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DISCUSSION

Maps prepared by United States Geological Survey (USGS) in
collaboration with the Federal Emergency Management Agency
(FEMA)funded Building Seismic Safety Council (BSSC) and

| the American Society of Civil Engineers (ASCE) The basisis

explained in commentaries prepared by BESC and ASCE andin
the references.
Ground motion values contoured on these maps incorporate:
+ atarget risk of structural collapse equal to 1% in 50 years
based upon a generic structural fragility
+ afactor of 1.1 to adjust from a geometric mean to the
maximum response regardless of direction
+ determini stic upper limits imposed near large, active faults,
which aretaken as 1.8 times the estimated me dian response
to the characteristic earthquake for the fault (1.8 15 used to
represent the 84th percentile response), but not less than
150% 2
As such, the values are different from those en the uniform-
hazard 2008 U3GS National Seismic Hazard Maps posted at:
http Hearthem ke usgs gowhar aps
Targer, more detailed versions of these maps are not provided
because it is recommended that the corresponding USGS web
tool (http:fearthquake usgs. govidesignmaps or
Ity e ontent seinstitute. org) beused to determine the mapped
value for aspecified location
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and Rulestales, K3, 2008, Docum entation for the 2008 Update of
the United States Mationdl Seismic Hazard Maps: U.§. Geological
Survey Open-File Repert 2008-1128, 61 p.

FIGURE 1613.3.1(1)

RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE (MCE;) GROUND MOTION RESPONSE
ACCELERATIONS FOR THE CONTERMINOUS UNITED STATES OF 0.2-SECOND SPECTRAL RESPONSE ACCELERATION
(5% OF CRITICAL DAMPING), SITE CLASS B
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FIGURE 1613.3.1(1)—continued
RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE (MCE;) GROUND MOTION RESPONSE
ACCELERATIONS FOR THE CONTERMINOUS UNITED STATES OF 0.2-SECOND SPECTRAL RESPONSE ACCELERATION
(5% OF CRITICAL DAMPING), SITE CLASS B
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100°

DISCUSSION REFERENCES

Maps prepared by United States Geological Survey (USGS) in  Building Seismic Safety Council, 2009, NEHRP Recommended

collabotation with the Federal Emergency Management Agency  Seismic Provisions for Mew Buil dings and Other Stmctures: FEMA

(FEMA)-funded Building Seismic Safety Council (BSSC) and  P-750/2003 Edition, Federal Emergency Management & gency,

the American Sesiety of Civil Engineers (ASCE) The basisis ~ Washington, DC

explained in commentaries prepared by BSSC and ASCE andin  Huang, Yin-Nan, Whittaker, 4 §., and Luco, Nicolas, 2008,

the references Maximum spectral demands in the near-Fault region, Earthquake

Spectra, Volume 24, Tssue 1, pp. 319-341

Luco, Micelas, Ellingwood, B R, Hamburger, R O, Hooper, 1D,
Kimball, IX , and Rircher, C & , 2007, Risk-Targeted versus
Current Seismic Design Meps for the Conterminous United States,
Structural Enginecrs Association of California 2007 Convention
Proceedings, pp. 163-175.

Ground motion values contoured on these maps incorporate:
+ atarget risk of structural collapse equal to 1% in 50 years
‘based upon a generic structural fragility
=+ afactor of 1.3 to adiustfrom a geometric mean to the
mazimum response regardless of direction
+ deterministic upper limits imposed near large, active faults,
which aretaken as 1.8 times the estimated median response  Petersen, MUD., Frankel, A.D ., Harmsen, 5.C,, Mueller, C.5.,
to the characteristic earthquake for the fault (1.8 isusedto Haller, ML, Wheeler, R L, Wessen, R L., Zeng, Tuchua,
represent the S4th percentile response), but not less than Boyd, 0.5, Perkins, D M., Luco, Nicolas, Field, EH., Wills, C.T,
60% g. and Rukstales, K5, 2008, Domum entation for the 2008 Update of
the United States Nationa Seismic Hazard Maps: T35, Geological
Survey Open-File Report 2008-1128, 61 p.

As such, the values are differcnt from those on the uniform-
hazard 2008 T5GS National Seismic Hazard Maps posted at:
http: e artheuake usgs.gov/hamaps

Larger, more detailed versions of these maps are not provided
because it is recommended that the corresponding USGS web
tool (http:fearthquake usgs gov/designmaps or
http:ffeontent seinstitite org) beused to determine the mapped
value for aspecified location

FIGURE 1613.3.1(2)
RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE (MCE,) GROUND MOTION RESPONSE
ACCELERATIONS FOR THE CONTERMINOUS UNITED STATES OF 1-SECOND SPECTRAL RESPONSE ACCELERATION
(5% OF CRITICAL DAMPING), SITE CLASS B

(continued)
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FIGURE 1613.3.1(2)—continued
RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE (MCE;) GROUND MOTION RESPONSE
ACCELERATIONS FOR THE CONTERMINOUS UNITED STATES OF 1-SECOND SPECTRAL RESPONSE ACCELERATION
(5% OF CRITICAL DAMPING), SITE CLASS B
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1.0 Second Spectral Response Acceleration (5% of Critical Damping)

DISCUSSION

IMaps prepared by United States Geological Survey (USGS) in
collaboration with the Federal Emergency Menagement Agency
(FEMA)-funded Building Scismic Safety Council (BSSC) and
the American Society of Civil Engineers (ASCE). The basis is
cxplained in commentarics prepared by BSSC and ASCE andin
the references.

Ground motion values contoured on these maps incorperae

+atarget rick of structural collapse equal to 1% in 50 years
based upen a generic structural fragility

» deterministic upper limits imposed near large, active fanlts,
which aretaken as 1.8 times the estimated median response
to the characteristic earthquake for the fault (1.8 is used to
represent the B4th percentile response), but not less than
150% and 60% g for 0.2 and 1.0 sec, respectively.

s such, the values are different from those on the uniform-
hazard 1998 USGE Mational Seismic Hazard Maps for Hawaii
posted at http:/feartheuake usgs.gov/hazmaps.

Larger, more detailed versions of these maps are not provided
because it is recommended that the corresponding TSGS web
tool thttp fearthquake. usgs.gov/designmaps or
hitp #icontent seinstitute org) beused to determine the mapped

value for aspecified location,
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Building Scismic Safety Council, 2003, NEHRP Recommended
Seismic Previsions for New Buildings and Other Structures: FEMA
P-750/2009 Edition, Federal Emergency Management A gency,
Washington, DC
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Kimball, T K., and Kircher, C A, 2007, Risk-Targeted versus
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Structural Engineers Association of California 2007 Convention
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FIGURE 1613.3.1(3)
RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE (MCE,) GROUND MOTION RESPONSE
ACCELERATIONS FOR HAWAII OF 0.2- AND 1-SECOND SPECTRAL RESPONSE ACCELERATION
(5% OF CRITICAL DAMPING), SITE CLASS B

2017 DISTRICT OF COLUMBIA BUILDING CODE

Areas with a constant spectral
response acceleration of 150% g

321

Deterministic zone boundary. The
ground motion inside the zone shall
be taken a3 the number shown
insidethe zone

£ i

R

L

Contours of spectral response
acceleration expressed as a percent
of gravity Hachures peint in
direstion of decreasing values

Areas with a constant spectral
response acceleration of 60% g

47

Deterministic zone boundary. The
ground moticn inside the zone shall
be taken as the number shown
inside the zone

Contours of spectral response
acceleration expressed as a percent
of gravity Hachures peint in
direstion of decreasing values




STRUCTURAL DESIGN

08

g SSVY19 ALIS ‘(DNIdINVA TVIILLIHD 40 %S)

NOILVH3T3IOIV ISNOdS3H TVHLIIdS ANOIIS-¢'0 40 YHSVIV HO4 SNOILVHITIOIV
3ISNOJS3H NOILOW ANNOYD (*IOI) INVNOHLYVYI A343AISNOD WNNIXVIN A3LIDHVL-NSIH

(r)1'e'e19L 3HNOIL

£p01-L002 Hodey
aqrg-uad(y fBaIng EOIBOT0AD) S ) (EHSerY J0] S4BT pRIRY SIS
qeqosd Juspuadap-auIn Jo BOISIATY L007 * C TsHE g
UV AT DD A 5D RIENT SO Phod T essay
C1-69] dd ‘sBupassorg
HORUIATOD) (0 BIWOJIED JO UOHEDOSSY $1a3 BuY [EImanng
‘531G A SMOWTILIRYUO)) 2T 10 sde uBisa (] INWSIAG WIHNS
snsa pARBETASN L007 D TYRINL PUE 3T TRqu
@ [ RRdeoE “O SREMqWRE g PoomET ‘SE[ean] @30T
Tpe-g1¢ 9d ] anss] b swnpop enoads
axenbyle ‘UolFal 1R U 2y} UF spUEEp [eRoads WnwEE R
‘QO0Z ‘SE[OAT] 00N PUE g Y RNy “We K- UL “Sueny
D “BoIFuTYSEY,
KOsy JuamESL TR A0USTI0 W EIpad VO NP 6002/0GE- d
VPRI 153 MUONAE JATIC) pIR SEWp [ Map] 50 ST0SIACLT ATWS B S
Papus wwoasy] MHAN ‘5007 U0 AaJes o1wsisg Buping

STIONTITITI

Sisjswoly 00S 00% 00€ 00 00L 0 001
L 1 1 1 1
[ T T T
S9N 00S  00F 00E 00C 00l 0 00l

o Rae] payyiads v o] anfes

paddeur sy ammmuap of past aq (1o 3nuswIEs Jaued) A
10 sde muBsapraoE s Fsnaenbymeaydny) [oo]
qas §Og [ Fupuodsaod au) T pApUIUIMOIAT 511 A5tEI3q
papracad jou amw sdew asaty Jo suolsIaA pafEap afom Jare]
sdemzeyynoF-sfsn axenbuyreairdyy e pagsod
e3jse [y 203 e pReTe [ IMWSIAG PUONRN SOGL) £007 PETR
- UTOJIIN 3T U0 ASOT] UH0I] JU3IIYTP 2L SAN[EA I ‘TINS S — i —
F94001
et 5531 30w inq (asuods ar ayuuaaiad yipg a3 Juasasdar —i—
01Past 818 ) eI Ayl 10] axerbiies JYsuMIBIR Y A1) o] g
25U0d5a1 URIHATT PAILTINSS AT} 53U '] 58 VAR A YoM
‘370e] sAMIE ‘3Ere] Tean pasodun syun addn susTITIAAp « o
TonIANp Jo s5a[p Fa3 asuodsar wnMITEETE
Aty 0] Meam 21NawoaF ¥ oI 1SUPE 0] ['] o 10J0RI ¥ . S
AyppiBery eagangs araua v wodn paseq
s1ak g Ul o4] 03 [enba asde][od [eInjanIE Jo yeu jaEm v . ——
ajerodioaut sdems as a1y 1O PAINOJUCT SAN[EA NOTOUT PUNOIL)
s30u2I23A1 T ——8E—
Ul puR GV PUR DEEd Aq paredaid saUEINa WILeD Ul paureldsm
s1s1Eq B4L, (HHGY) S13aWBng (11 J0 MAReg IBOLB N 9T —
PUE (OSS @) TOBOD AlaJeg OTmSEE BUpTN G pApU- (YD I
AomaBy U waBe ey AonaFIaury [RRAPa T AT A ToURIOGE[[od
ur(gng ) £saing [eatHo[oan) saielg patup Aq paredaid sy — a—
NOISSNLISIT —0—
—
Aqaeis jo 3
juaniade se passaidxa nopeiaaaae ¥ .wh — 0
asuodsai ferpads Jo anpes juiog
——
sonpea Smsmaiap Emat! Sannt — g7 —
30 noy3anp u quiod sasnpel raerd —
Jo tmaasad e se passardue nopeIa[a09 A S — 08—
asuodsal [enaads Jo sIeosy 2 sifps N
—Z—
Fognc] o veRIAlR I
asuodsal noads JUBISTHOD B 1 IM SEaIy ﬂ_ 8o ‘s[eAtEIU anoyu0)
/ uoneuerdxy
s — X
o081 SlEL 081

463

2017 DISTRICT OF COLUMBIA BUILDING CODE



STRUCTURAL DESIGN

g SSVY19 3LS ‘(DNIdINVA TVILLIHD 40 %S)
NOILYHIT3OIV ISNOdSIH TVHLI3dS ANODIS-0'L 40 YISYIV HO4 SNOILYHITIDOV
ISNOJS3IH NOILOIW ANNOYD (*JOIN) INVYNOHLEYI d343AISNOD WNWIXVIN AILIDHVLI-MSIH
(8)1'ee19L 34NOIA

£HO1-L007 Hoda Siajpwoly 005 00F 00€ 00C 00F 0 00l

AMT-uad) Mg 2180 [oany S TENSETY J0F S pReTeY oTmsIas L 1 1 | 1 { T
aneNIqeqord Juapuadap- 2wy Jo BOTSIANT L0027 I T ‘wERRd T T T T T T
C@Y TR DD NG “SD WM SO PAOG T vossay
£1-£91 dd ‘sSupsaserg S8l 00S 00 00€ 002 0ol o] 00k

UORTRAUC /(107 BIWOIITE JO W N N0 S5 S10awIB U [RIonng
‘331243 PEIUL) SHOUTIIINUOS 31 10] S UBISAT STWISISS U 1y
snema peRSRIAITL L007 VD FOUOIRI PUR I T TPquI

T [ IRdOSET (0 TEMQUIEE “ T P eoMBU[ SE[OANT 0INT
\ Lbg-61¢ dd ] 2nssT by amnlen en22dg
sy R TS ) J-T29T ST} U1 SpIR I 2405 ds TIMUIER]

08 ‘8007 “S2[001N 09N PUE G ISEHIY p, Ve - UL ‘Fuenpy
D “nosBurse
“£oua By Juaws Beue]y £ausSia urg [213pa U0 U §002/05L-d
YL $2IINng T30 PR SEUpME MIN] 103 SUOTIAOIT ATEBG

papuaTIIos ] CHAN ‘6007 TOUe) ABTeS 0 nustag Supmg e

STONTI AT T

ogeao] pagads © soj anfea

paddew ay auruuaisp of pasn 3q (S0 anjusuras Juawodyy Ay
0 sdemuBisap acd s8an axenbyieay, duy) oo1
Qam 00 Furpuodsazod T3 By PapUa WA 111 35TEIAG
papraoad 10u 3 sdew a5t Jo SUOISIBA paJIEIsp B30 W SR
sdvmrzeymoF s S axpbpeayday 2 pased
E3fse [y 30} sdEp{ pREZEH A Iag [BUONEN SOSM L00Z PETEY
St i ik S e B Bt e S -
B %409
e s5a] 30U g (2sveds aF [Ruaorad yipg Ayt Jwasaxdal .
o1 pasn 51 g') 1nEE aT) J03 axEnbiEs TN SHAIIERT) T 01 s g
astedsal UBpa W paIvsa Sy SAUN] g | S UAYE] AT GITGM,
“Sy[tieT 2AHE *2ERRean pasodun SHU] Jeckin ANSIITRAAp . N
uo IR Jo sealpwEal asuedsar IMUITREW
2T 01 URRW NNIWORT & WOTISUPE 03 ] J0 FEI Ty e f—
£qFe13 panganns auauad v wodn paseq
54 0C W o] o3 renba 2sdR[[00 TEIIINNS Jo NS JaBRI B . s
32J0dI00nT SARS 2833 UG PRINCINOD SAN[RA TOHOTE PUOID)
“saouasgar oy —e—
WP GOV PV S8 ST 4q paredaad 2 weius wwed wr paurerdsa
S1si52q UL (HOTY) SRWRUT AR Jo ASN0S WK URY 3T =S
U (DS [oune)) Liages a1wsRg FUPTNG pIpUN-(VITED JR
£otraBy U3 wraBewe ] Aoua Eraurg [2rapa I AT} i TOURIOGE[0d
w1 (S0g ) £aAmng [ParSoloar) sajeyg pajiupy &q paredard sdzp o
NOISSIOSKT —5—
P S
faueiE Jo i
jusasad e se passaidxa vones|aITe m.w_ —5—
asuodsal [epads jo anfea g o
sanpea Bmsanap RN y— —a—
| 30 vonoanp u uod soxnpey Asess B
3o 1uaasad e se passaidxa uonesa|aIzE ot —ftk—
aswodsar enoads jo sxnownoy g
—ik—
R
£ 0400 Jo HOTEIAEIE
semopriingey T v

\ ) WK\ / uopeuedxg ]
e

L
0Ll <081 o0L1 o081

2017 DISTRICT OF COLUMBIA BUILDING CODE

464



STRUCTURAL DESIGN

67°30° 67°00' 66°30° 66°00° 65°30° 65°00' 64°30°
-
— 10
///))‘\\\
T . e
\ \ 175 B
c intervals, % 5 =
ontour intervals, %og 3l
, \ iy
— N
a0 TORTOLA 1830
 pE— =T g = [UNITED KINGDOM)
1 ! ISLA DE CULEBRA
—_iEg (UNITED STATES) el T
Newl L .
s — SAINT THOMAS. o o
UNITED STATES) SAINT JOHN
— 10— S
s
—=g— 3
LA DE VIEQUES +
' (UNITED, STATES) 105 .
80 + r R G - W 18200
| 105 9% T4 = 2 Vol W
70 o
—— s =
e e
e | ] *
Sole o e r\ \ o o
= e
|—" e G
o e
- e '""7»\ 5 . E —
0.2 Second Spectral Response Acceleration (5% of Critical Damping)
67°30° 67°00° 66°30° 66°00° B5°30" B5°00° B4°30°"
19%00'
& - \\\
A S
B ~
e e SR e
/ e =
= PUE] ico
Contour intervals, %g / TED STATES) e
T =
P
e
o ; TORTOLA | 18°30°
— 11— o (UNITED KINGDOM)
3
@ .<' ,
— 75— 1, INT
£ & ; T I3 Py w
50 ( ? b | ) 2 A L b 2B v
o i —~ e W & g T . A5 P —
Y 7 s 7 ! \ Y / “3?—?.5’*—/‘_
— 50— \ / 7 ,‘f' T
& 3 ey Lo 3 ( ISLA DE MEQUES
g 82, S =% I %) (UNITED| STATES) 18°00°
44— £ g o -
— o ;W/ /L T . . Effﬁ/
—u— e &
A SAINT CROIX
— % il D_STAT!
// 1
| A
P
(rrr‘"“'“m o
7
r'_rrffr-rr‘ ‘
17430
1.0 Second Spectral Response Acceleration (5% of Critical Damping)
Explanation DISCUSSION
g Maps prepared by United States Geol ogical Survey (USGS) in 50 0 50 Miles
15 collaboration with the Federal Emergency Management A gency | I T R R N R RN ERNEN | |
(FEMA)funded Building Seismic Safety Council (BSSC) and T rr o1 ]
I the American Society of Civil Engineers (ASCE) The basis is 50 0 50 Kil t
Contours of spectral response explained in commentaries prepared by BSSC and ASCE and in ometers
acceleration expressed as a percent the references
of gravity Hachures pointin Ground motion walues contoured on these maps incorporate:
direction of decreasing values « atarget risk of structural collapse equal to 1% in 50 years
based upon a generic structural fragility REFERENCES
«afactor of 1.1 and 1.3 for 0.2 and 1.0 sec, respectively, to
adjust from a geometric mean to the mazimum respense Building Seismic Safety Council, 2009, NEHRP Recommended
¥ regardless of direction Seismic Provisions for Mew Buildings and Cther Structures: FEMA
s + deterministic upper limits imposed near large, active faults, %}75}?’2009 EDdJthny Federal Emergency Management A gency,
; which are taken as 1.8 times the estimated median response ashington,
Epinevaluelof spdctialivecponce to the characteristic earthquake for the Fault (1.8is used to Huang, Yin-Man, Whittaker, 4.5, and Luco, Micolas, 2008,
acceleration BXpI’ESSBd as apercent il *
of gravity represent the 84th percentile response), but net less than Mazimum spestral demands in the nearfault region, Earthauake
150% and 60% g for 0.2 and 1.0 sec, respectively Specira, Volume 24, Issue 1, pp. 319341
As such, the velues are different from those on the uniform- Luco, Nicolas, Ellingwaod, B.R., Hamburger, R O, Hooper, 1D,
hazard 2003 USGS National Seismic Hazard Maps for Puerto Kimball, 1K, and Kircher, C.A., 2007, Risk-Targeted versus
Rico and the U.S. Virgin Il ands posted at Current Seismic Design Maps for the Conterminous United States,
http:/fe artheuake vsgs govazn aps Structural Engineers Association of California 2007 Cenvention
Larger, move detailed versions of these maps are not provided Proceedings, pp. 163-175
because it is ¢ ded that the corre sponding USGS web Mueller, C.S,, Frankel, 4 D., Petersen, M D , and Leyendecker, EV,
tool (http: e arthquake usgs. gov/de signmaps or 2003, Documentation for the 2003 USGS Seismic Hazard Maps for
httpofic ontent seinstinate, org) beused to determine the mapped Fuerto Rico and the U.5. Virgin Islands: U.3. Geological Survey
\galne for a specified location Open-File Report 03-373

FIGURE 1613.3.1(6)
RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE (MCE,) GROUND MOTION RESPONSE ACCELERATIONS
FOR PUERTO RICO AND THE UNITED STATES VIRGIN ISLANDS OF 0.2- AND 1-SECOND SPECTRAL RESPONSE ACCELERATION
(5% OF CRITICAL DAMPING), SITE CLASS B
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Maps prepared by United States Geological Survey (USGS) in
collaboration with the Federal Emergency Management A gency
(FEMA)-funded Building Seismic Safety Council (BSSC). The
basis is explained in commentary prepared by BSSC and in the
references.

Ground motion values contoured on these maps incorporate:

« a target risk of structural collapse equal to 1% in 50 years
based upon a generic structural fragility

«a factor of 1.1 and 1.3 for 0.2 and 1.0 sec, respectively, to
adjust from a gecometric mean to the maximum response
regardless of direction

+ deterministic upper limits imposed near large, active faults,
which are taken as 1.8 times the estimated median response
to the characteristic carthquake for the fault (1.8 is used to
represent the 84th percentile response), but not less than
150% and 60% g for 0.2 and 1.0 sec, respectively.

As such, the values are different from those on the uniform-
hazard 2012 USGS National Seismic Hazard Maps for Guam
and the Northern Mariana Islands posted at
http://earthquake.usgs.gov/hazmaps.

Larger, more detailed versions of these maps are not provided
because it is ded that the cor ding USGS web
tool (http://earthquake.usgs.gov/designmaps) be used to

determine the mapped value for a specified location.
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DISCUSSION

Maps prepared by United States Geological Survey (USGS) in

ion with the Federal gency Agency
(FEMA)-funded Building Seismic Safety Council (BSSC). The
basis is explained in commentary prepared by BSSC and in the
references.

Ground motion values contoured on these maps incorporate:

« a target risk of structural collapse equal to 1% in 50 years
based upon a generic structural fragility

+a factor of 1.1 and 1.3 for 0.2 and 1.0 sec, respectively, to
adjust from a geometric mean to the maximum response
regardless of direction

« deterministic upper limits imposed near large, active faults,
which are taken as 1.8 times the estimated median response
to the characteristic carthquake for the fault (1.8 is used to
represent the 84th percentile response), but not less than
150% and 60% g for 0.2 and 1.0 sec, respectively.

As such, the values are different from those on the uniform-
hazard 2012 USGS National Seismic Hazard Maps for American
Samoa posted at http://earthquake.usgs.gov/hazmaps

Larger, more detailed versions of these maps are not provided
because it is reccommended that the corresponding USGS web
tool (http://carthquake.usgs.gov/designmaps) be used to
determine the mapped value for a specified location.
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TABLE 1613.3.5(1)
SEISMIC DESIGN CATEGORY BASED ON SHORT-PERIOD (

0.2 second) RESPONSE ACCELERATION

RISK CATEGORY
VALUE OF S,
lorll 111 \")
S,s<0.167g A A A
0.167g < S < 0.33g B B C
0.33g < S, <0.50g C C D
0.50g < S, D D D
TABLE 1613.3.5(2)
SEISMIC DESIGN CATEGORY BASED ON 1-SECOND PERIOD RESPONSE ACCELERATION
RISK CATEGORY
VALUE OF S,,,
lorll 111 \")
S,,<0.067g A A A
0.067g <5, <0.133g B B C
0.133g<S,,<0.20g C C D
0.20g<S,, D D D

allowable stress design (ASD) or two-thirds of the
required shear strength for load and resistance factor
design (LRFD) but not less than 10 kips (45 kN). For
the purpose of this section, the shear force and the axial
tensile force need not be considered to act simultane-
ously.

Exception: Where beams, girders, open web joist
and joist girders support a concrete slab or concrete
slab on metal deck that is attached to the beam or
girder with not less than ¥/ -inch-diameter (9.5 mm)
headed shear studs, at a spacing of not more than 12
inches (305 mm) on center, averaged over the length
of the member, or other attachment having equiva-
lent shear strength, and the slab contains continuous
distributed reinforcement in each of two orthogonal
directions with an area not less than 0.0015 times the
concrete area, the nominal axial tension strength of
the end connection shall be permitted to be taken as
half the required vertical shear strength for ASD or
one-third of the required shear strength for LRFD,
but not less than 10 kips (45 kN).

1615.4 Bearing wall structures. Bearing wall structures
shall have vertical ties in all load-bearing walls and longitudi-
nal ties, transverse ties and perimeter ties at each floor level
in accordance with this section and as shown in Figure
1615.4.

1615.4.1 Concrete wall structures. Precast bearing wall
structures constructed solely of reinforced or prestressed
concrete, or combinations of these shall conform to the
requirements of Sections 16.2.4 and 16.2.5 of ACI 318.

1615.4.2 Other bearing wall structures. Ties in bearing
wall structures other than those covered in Section
1615.4.1 shall conform to this section.

1615.4.2.1 Longitudinal ties. Longitudinal ties shall
consist of continuous reinforcement in slabs; continu-
ous or spliced decks or sheathing; continuous or spliced
members framing to, within or across walls; or connec-
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tions of continuous framing members to walls. Longi-
tudinal ties shall extend across interior load-bearing
walls and shall connect to exterior load-bearing walls
and shall be spaced at not greater than 10 feet (3038
mm) on center. Ties shall have a minimum nominal
tensile strength, T, given by Equation 16-41. For ASD
the minimum nominal tensile strength shall be permit-
ted to be taken as 1.5 times the allowable tensile stress
times the area of the tie.

T,=wLS<a,S (Equation 16-41)
where:

L =The span of the horizontal element in the
direction of the tie, between bearing walls, feet
(m).

w = The weight per unit area of the floor or roof in the
span being tied to or across the wall, psf (N/m?).

S = The spacing between ties, feet (m).

o, = A coefficient with a value of 1,500 pounds per
foot (2.25 kN/m) for masonry bearing wall
structures and a value of 375 pounds per foot (0.6
kN/m) for structures with bearing walls of cold-
formed steel light-frame construction.

1615.4.2.2 Transverse ties. Transverse ties shall con-
sist of continuous reinforcement in slabs; continuous or
spliced decks or sheathing; continuous or spliced mem-
bers framing to, within or across walls; or connections
of continuous framing members to walls. Transverse
ties shall be placed no farther apart than the spacing of
load-bearing walls. Transverse ties shall have minimum
nominal tensile strength 7, given by Equation 16-41.
For ASD the minimum nominal tensile strength shall
be permitted to be taken as 1.5 times the allowable ten-
sile stress times the area of the tie.

1615.4.2.3 Perimeter ties. Perimeter ties shall consist
of continuous reinforcement in slabs; continuous or
spliced decks or sheathing; continuous or spliced mem-
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bers framing to, within or across walls; or connections
of continuous framing members to walls. Ties around
the perimeter of each floor and roof shall be located
within 4 feet (1219 mm) of the edge and shall provide a
nominal strength in tension not less than 7,, given by
Equation 16-42. For ASD the minimum nominal tensile
strength shall be permitted to be taken as 1.5 times the
allowable tensile stress times the area of the tie.

T,=200w < B, (Equation 16-42)
For SI: T,=90.7w < B,

where:

w = As defined in Section 1615.4.2.1.

B; = A coefficient with a value of 16,000 pounds
(7200 kN) for structures with masonry bearing
walls and a value of 4,000 pounds (1300 kN) for
structures with bearing walls of cold-formed steel
light-frame construction.

1615.4.2.4 Vertical ties. Vertical ties shall consist of
continuous or spliced reinforcing, continuous or spliced
members, wall sheathing or other engineered systems.
Vertical tension ties shall be provided in bearing walls
and shall be continuous over the height of the building.
The minimum nominal tensile strength for vertical ties
within a bearing wall shall be equal to the weight of the
wall within that story plus the weight of the diaphragm

FIGURE 1615.4
LONGITUDINAL, PERIMETER, TRANSVERSE AND VERTICAL TIES
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tributary to the wall in the story below. No fewer than
two ties shall be provided for each wall. The strength of
each tie need not exceed 3,000 pounds per foot (450
kN/m) of wall tributary to the tie for walls of masonry
construction or 750 pounds per foot (140 kN/m) of wall
tributary to the tie for walls of cold-formed steel light-
frame construction.

T = Transverse
L = Longitudinal
V = Vertical

P = Perimeter
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CHAPTER 17
SPECIAL INSPECTIONS AND TESTS

SECTION 1701
GENERAL

1701.1 Scope. The provisions of this chapter shall govern the
quality, workmanship and requirements for materials cov-
ered. Materials of construction and tests shall conform to the
applicable standards listed in this code.

1701.2 New materials. New building materials, equipment,
appliances, systems or methods of construction not provided
for in this code, and any material of questioned suitability
proposed for use in the construction of a building or structure,
shall be subjected to the tests prescribed in this chapter and in
the approved rules to determine character, quality and limita-
tions of use.

SECTION 1702
DEFINITIONS

1702.1 Definitions. The following terms are defined in Chap-
ter 2:

APPROVED AGENCY.
APPROVED FABRICATOR.
CERTIFICATE OF COMPLIANCE.
DESIGNATED SEISMIC SYSTEM.
FABRICATED ITEM.
INTUMESCENT FIRE-RESISTANT COATINGS.
MAIN WINDFORCE-RESISTING SYSTEM.
MASTIC FIRE-RESISTANT COATINGS.
SPECIAL INSPECTION.

Continuous special inspection.

Periodic special inspection.
SPECIAL INSPECTOR.
SPRAYED FIRE-RESISTANT MATERIALS.
STRUCTURAL OBSERVATION.

SECTION 1703
APPROVALS

1703.1 Approved agency. An approved agency shall provide
all information as necessary for the building official to deter-
mine that the agency meets the applicable requirements spec-
ified in Sections 1703.1.1 through 1703.1.3.

1703.1.1 Independence. An approved agency shall be
objective, competent and independent from the contractor
and the registered design professional responsible for the
design and/or installation of the work being inspected. The
agency shall also disclose possible conflicts of interest to
the code official and the registered design professional in
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responsible charge so that objectivity can be confirmed.
The agency should not be owned or controlled by any per-
son associated with the project.

1703.1.2 Equipment. An approved agency shall have
adequate equipment to perform required tests. The equip-
ment shall be periodically calibrated.

1703.1.3 Personnel. An approved agency shall employ
experienced personnel educated in conducting, supervis-
ing and evaluating tests and special inspections.

1703.2 Written approval. Any material, appliance, equip-
ment, system or method of construction meeting the require-
ments of this code shall be approved in writing after
satisfactory completion of the required tests and submission
of required test reports.

1703.3 Record of approval. For any material, appliance,
equipment, system or method of construction that has been
approved, a record of such approval, including the conditions
and limitations of the approval, shall be kept on file in the
building official’s office and shall be available for public
review at appropriate times.

1703.4 Performance. Specific information consisting of test
reports conducted by an approved agency in accordance with
the appropriate referenced standards, or other such informa-
tion as necessary, shall be provided for the building official to
determine that the product, material or assembly meets the
applicable code requirements.

1703.4.1 Research and investigation. Sufficient techni-
cal data shall be submitted to the building official to sub-
stantiate the proposed use of any product, material or
assembly. If it is determined that the evidence submitted is
satisfactory proof of performance for the use intended, the
building official shall approve the use of the product,
material or assembly subject to the requirements of this
code. The costs, reports and investigations required under
these provisions shall be paid by the owner or the owner’s
authorized agent.

1703.4.2 Research reports. Supporting data, where nec-
essary to assist in the approval of products, materials or
assemblies not specifically provided for in this code, shall
consist of valid research reports from approved sources.

1703.5 Labeling. Products, materials or assemblies required
to be labeled shall be labeled in accordance with the proce-
dures set forth in Sections 1703.5.1 through 1703.5.4.

1703.5.1 Testing. An approved agency shall test a repre-
sentative sample of the product, material or assembly
being labeled to the relevant standard or standards. The
approved agency shall maintain a record of the tests per-
formed. The record shall provide sufficient detail to verify
compliance with the test standard.
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1703.5.2 Inspection and identification. The approved
agency shall periodically perform an inspection, which
shall be in-plant if necessary, of the product or material
that is to be labeled. The inspection shall verify that the
labeled product, material or assembly is representative of
the product, material or assembly tested.

1703.5.3 Label information. The label shall contain the
manufacturer’s identification, model number, serial num-
ber or definitive information describing the performance
characteristics of the product, material or assembly and the
approved agency’s identification.

1703.5.4 Method of labeling. Information required to be
permanently identified on the product, material or assem-
bly shall be acid etched, sand blasted, ceramic fired, laser
etched, embossed or of a type that, once applied, cannot be
removed without being destroyed.

1703.6 Evaluation and follow-up inspection services.
Where structural components or other items regulated by this
code are not visible for inspection after completion of a pre-
fabricated assembly, the owner or the owner’s authorized
agent shall submit a report of each prefabricated assembly.
The report shall indicate the complete details of the assembly,
including a description of the assembly and its components,
the basis upon which the assembly is being evaluated, test
results and similar information and other data as necessary
for the building official to determine conformance to this
code. Such a report shall be approved by the building official.

1703.6.1 Follow-up inspection. The owner or the owner’s
authorized agent shall provide for special inspections of
fabricated items in accordance with Section 1704.2.5.

1703.6.2 Test and inspection records. Copies of neces-
sary test and special inspection records shall be filed with
the building official.

SECTION 1704
SPECIAL INSPECTIONS AND TESTS,
CONTRACTOR RESPONSIBILITY AND
STRUCTURAL OBSERVATION

1704.1 General. Special inspections and tests, statements of
special inspections, responsibilities of contractors, submittals
to the building official and structural observations shall meet
the applicable requirements of this section.

1704.2 Special inspections and tests. Where application is
made to the building official for construction as specified in
Section 105, the owner or the owner’s authorized agent, other
than the contractor, shall employ one or more approved agen-
cies to provide special inspections and tests during construc-
tion on the types of work specified in Section 1705 and
identify the approved agencies to the building official. These
special inspections and tests are in addition to the inspections
by the building official that are identified in Section 110.

Exceptions:

1. Special inspections and tests are not required for
construction of a minor nature or as warranted by
conditions in the jurisdiction as approved by the
building official.
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2. Unless otherwise required by the building official,
special inspections and tests are not required for
Group U occupancies that are accessory to a resi-
dential occupancy including, but not limited to,
those listed in Section 312.1.

3. Special inspections and tests are not required for
portions of structures designed and constructed in
accordance with the cold-formed steel light-frame
construction provisions of Section 2211.7 or the
conventional light-frame construction provisions of
Section 2308.

4. The contractor is permitted to employ the approved
agencies where the contractor is also the owner.

1704.2.1 Special inspector qualifications. Prior to the
start of the construction, the owner shall provide written
documentation to the code official identifying approved
agency who will perform the special inspections and tests
during construction.

The registered design professional in responsible
charge and engineers of record involved in the design and/
or installation work for the project are not permitted to act
as the approved agency. The approved agency and its per-
sonnel shall comply with the independence requirements
in Section 1703.1.1.

1704.2.1.1 Personnel. An approved agency shall
employ or contract with experienced personnel edu-
cated in conducting, supervising and evaluating tests or
inspections, or both. Upon request by the code official,
documentation shall be provided demonstrating the
applicable agency’s accreditation as noted in ASTM
E329 and the pertinent training, certifications and other
qualifications of special inspection personnel perform-
ing special inspections or tests associated with the pro-
posed construction. The code official is authorized to
prescribe the manner of qualification documentation
and frequency of updating information regarding
agency or individual inspector approval. Persons pro-
viding special inspection services, including firms or
individual inspectors seeking approval of alternative
certifications or qualifications, or both, listed in ASTM
E329, are allowed to submit documentation demon-
strating equivalency. This documentation is allowed to
include evidence of meeting other recognized standards
or alternative certifications to demonstrate that the min-
imum qualifications, certification and experience
intended by ASTM E329 have been met. The code offi-
cial, if satisfied that equivalency has been demon-
strated, is authorized to approve the credentials of the
person.

1704.2.2 Access for special inspection. The construction
or work for which special inspection or testing is required
shall remain accessible and exposed for special inspection
or testing purposes until completion of the required special
inspections or tests.

1704.2.3 Statement of special inspections. The applicant
shall submit a statement of special inspections in accor-
dance with Section 106.3 as a condition for permit issu-
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ance. This statement shall be in accordance with Section
1704.3.

Exception: A statement of special inspections is not
required for portions of structures designed and con-
structed in accordance with the cold-formed steel light-
frame construction provisions of Section 2211.7 or the
conventional light-frame construction provisions of
Section 2308.

1704.2.4 Report requirement. Approved agencies shall
keep records of special inspections and tests. The
approved agency shall submit reports of special inspec-
tions and tests to the building official and to the registered
design professional in responsible charge. Reports shall
indicate that work inspected or tested was or was not com-
pleted in conformance to approved construction docu-
ments. Discrepancies shall be brought to the immediate
attention of the contractor for correction. If they are not
corrected, the discrepancies shall be brought to the atten-
tion of the building official and to the registered design
professional in responsible charge prior to the completion
of that phase of the work. A final report documenting
required special inspections and tests, and correction of
any discrepancies noted in the inspections or tests, shall be
submitted at a point in time agreed upon prior to the start
of work by the owner or the owner’s authorized agent to
the building official.

1704.2.5 Special inspection of fabricated items. Where
fabrication of structural, load-bearing or lateral load-
resisting members or assemblies is being conducted on the
premises of a fabricator’s shop, special inspections of the
fabricated items shall be performed during fabrication.

Exceptions:

1. Special inspections during fabrication are not
required where the fabricator maintains approved
detailed fabrication and quality control proce-
dures that provide a basis for control of the work-
manship and the fabricator’s ability to conform to
approved construction documents and this code.
Approval shall be based upon review of fabrica-
tion and quality control procedures and periodic
inspection of fabrication practices by the building
official.

2. Special inspections are not required where the
fabricator is registered and approved in accor-
dance with Section 1704.2.5.1.

1704.2.5.1 Fabricator approval. Special inspections
during fabrication are not required where the work is
done on the premises of a fabricator registered and
approved to perform such work without special inspec-
tion. Approval shall be based upon review of the fabri-
cator’s written procedural and quality control manuals
and periodic auditing of fabrication practices by an
approved agency. At completion of fabrication, the
approved fabricator shall submit a certificate of compli-
ance to the owner or the owner’s authorized agent for
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submittal to the building official as specified in Section
1704.5 stating that the work was performed in accor-
dance with the approved construction documents.

1704.3 Statement of special inspections. Where special
inspections or tests are required by Section 1705, the regis-
tered design professional in responsible charge shall prepare
a statement of special inspections in accordance with Section
1704.3.1 for submittal by the applicant in accordance with
Section 1704.2.3.

Exception: The statement of special inspections is permit-
ted to be prepared by a qualified person approved by the
building official for construction not designed by a regis-
tered design professional.

1704.3.1 Content of statement of special inspections.
The statement of special inspections shall identify the fol-
lowing:

1. The materials, systems, components and work
required to have special inspections or tests by the
building official or by the registered design profes-
sional responsible for each portion of the work.

2. The type and extent of each special inspection.
3. The type and extent of each test.

4. Additional requirements for special inspections or
tests for seismic or wind resistance as specified in
Sections 1705.11, 1705.12 and 1705.13.

5. For each type of special inspection, identification as
to whether it will be continuous special inspection,
periodic special inspection or performed in accor-
dance with the notation used in the referenced stan-
dard where the inspections are defined.

1704.3.2 Seismic requirements in the statement of spe-
cial inspections. Where Section 1705.12 or 1705.13 spec-
ifies special inspections or tests for seismic resistance, the
statement of special inspections shall identify the desig-
nated seismic systems and seismic force-resisting systems
that are subject to the special inspections or tests.

1704.3.3 Wind requirements in the statement of special
inspections. Where Section 1705.11 specifies special
inspection for wind resistance, the statement of special
inspections shall identify the main windforce-resisting
systems and wind-resisting components that are subject to
special inspections.

1704.4 Contractor responsibility. Each contractor responsi-
ble for the construction of a main wind- or seismic force-
resisting system, designated seismic system or a wind- or
seismic force-resisting component listed in the statement of
special inspections shall submit a written statement of
responsibility to the building official and the owner or the
owner’s authorized agent prior to the commencement of work
on the system or component. The contractor’s statement of
responsibility shall contain acknowledgment of awareness of
the special requirements contained in the statement of special
inspections.
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1704.5 Submittals to the building official. In addition to the
submittal of reports of special inspections and tests in accor-
dance with Section 1704.2.4, reports and certificates shall be
submitted by the owner or the owner’s authorized agent to the
building official for each of the following:

1. Certificates of compliance for the fabrication of struc-
tural, load-bearing or lateral load-resisting members or
assemblies on the premises of a registered and
approved fabricator in accordance with Section
1704.2.5.1.

2. Certificates of compliance for the seismic qualification
of nonstructural components, supports and attachments
in accordance with Section 1705.13.2.

3. Certificates of compliance for designated seismic sys-
tems in accordance with Section 1705.13.3.

4. Reports of preconstruction tests for shotcrete in accor-
dance with Section 1908.5.

5. Certificates of compliance for open web steel joists and
joist girders in accordance with Section 2207.5.

6. Reports of material properties verifying compliance
with the requirements of AWS D1.4 for weldability as
specified in Section 26.6.4 of ACI 318 for reinforcing
bars in concrete complying with a standard other than
ASTM A706 that are to be welded; and

7. Reports of mill tests in accordance with Section
20.2.2.5 of ACI 318 for reinforcing bars complying
with ASTM A615 and used to resist earthquake-
induced flexural or axial forces in the special moment
frames, special structural walls or coupling beams con-
necting special structural walls of seismic force-resist-
ing systems in structures assigned to Seismic Design
Category B, C, D, E or F.

SECTION 1705
REQUIRED SPECIAL INSPECTIONS AND TESTS

1705.1 General. Special inspections and tests of elements
and nonstructural components of buildings and structures
shall meet the applicable requirements of this section.

1705.1.1 Special cases. Special inspections and tests shall
be required for proposed work that is, in the opinion of the
building official, unusual in its nature, such as, but not
limited to, the following examples:

1. Construction materials and systems that are alterna-
tives to materials and systems prescribed by this
code.

2. Unusual design applications of materials described
in this code.

3. Materials and systems required to be installed in
accordance with additional manufacturer’s instruc-
tions that prescribe requirements not contained in
this code or in standards referenced by this code.
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1705.2 Steel construction. The special inspections and non-
destructive testing of steel construction in buildings, struc-
tures, and portions thereof shall be in accordance with this
section.

Exception: Special inspections of the steel fabrication
process shall not be required where the fabricator does not
perform any welding, thermal cutting or heating operation
of any kind as part of the fabrication process. In such
cases, the fabricator shall be required to submit a detailed
procedure for material control that demonstrates the fabri-
cator’s ability to maintain suitable records and procedures
such that, at any time during the fabrication process, the
material specification and grade for the main stress-carry-
ing elements are capable of being determined. Mill test
reports shall be identifiable to the main stress-carrying ele-
ments when required by the approved construction docu-
ments.

1705.2.1 Structural steel. Special inspections and nonde-
structive testing of structural steel elements in buildings,
structures and portions thereof shall be in accordance with
the quality assurance inspection requirements of AISC
360.

Exception: Special inspection of railing systems com-
posed of structural steel elements shall be limited to
welding inspection of welds at the base of cantilevered
rail posts.

1705.2.2 Cold-formed steel deck. Special inspections and
qualification of welding special inspectors for cold-formed
steel floor and roof deck shall be in accordance with the
quality assurance inspection requirements of SDI QA/QC.

1705.2.3 Open-web steel joists and joist girders. Special
inspections of open-web steel joists and joist girders in
buildings, structures and portions thereof shall be in accor-
dance with Table 1705.2.3.

1705.2.4 Cold-formed steel trusses spanning 60 feet or
greater. Where a cold-formed steel truss clear span is 60
feet (18 288 mm) or greater, the special inspector shall
verify that the temporary installation restraint/bracing and
the permanent individual truss member restraint/bracing
are installed in accordance with the approved truss submit-
tal package.

1705.3 Concrete construction. Special inspections and tests
of concrete construction shall be performed in accordance
with this section and Table 1705.3.

Exception: Special inspections and tests shall not be
required for:

1. Isolated spread concrete footings of buildings three
stories or less above grade plane that are fully sup-
ported on earth or rock.

2. Continuous concrete footings supporting walls of
buildings three stories or less above grade plane that
are fully supported on earth or rock where:

2.1. The footings support walls of light-frame
construction.
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TABLE 1705.2.3

SPECIAL INSPECTIONS AND TESTS

REQUIRED SPECIAL INSPECTIONS OF OPEN-WEB STEEL JOISTS AND JOIST GIRDERS

CONTINUOUS PERIODIC
TYPE SPECIAL SPECIAL REFERENCED STANDARD?
INSPECTION INSPECTION
1. Installation of open-web steel joists and joist girders.
a. End connections — welding or bolted. — X SJI specifications listed in Section 2207.1.
b. Bridging — horizontal or diagonal. —
1. Standard bridging. — X SJI specifications listed in Section 2207.1.
2. Bridging that differs from the SJI e
specifications listed in Section 2207.1.

For SI: 1 inch = 25.4 mm.
a. Where applicable, see also Section 1705.12, Special inspections for seismic resistance.

2.2. The footings are designed in accordance
with Table 1809.7.

2.3. The structural design of the footing is
based on a specified compressive strength,
f'., not more than 2,500 pounds per square
inch (psi) (17.2 MPa), regardless of the
compressive strength specified in the
approved construction documents or used
in the footing construction.

3. Nonstructural concrete slabs supported directly on
the ground, including prestressed slabs on grade,
where the effective prestress in the concrete is less
than 150 psi (1.03 MPa).

4. Concrete foundation walls constructed in accor-
dance with Table 1807.1.6.2.

5. Concrete patios, driveways and sidewalks, on grade.

1705.3.1 Welding of reinforcing bars. Special inspec-
tions of welding and qualifications of special inspectors
for reinforcing bars shall be in accordance with the
requirements of AWS D1.4 for special inspection and of
AWS D1.4 for special inspector qualification.

1705.3.2 Material tests. In the absence of sufficient data
or documentation providing evidence of conformance to
quality standards for materials in Chapters 19 and 20 of
ACI 318, the building official shall require testing of mate-
rials in accordance with the appropriate standards and cri-
teria for the material in Chapters 19 and 20 of ACI 318.

1705.4 Masonry construction. Special inspections and tests
of masonry construction shall be performed in accordance
with the quality assurance program requirements of TMS
402/ACI 530/ASCE 5 and TMS 602/ACI 530.1/ASCE 6.

Exception: Special inspections and tests shall not be
required for:

1. Empirically designed masonry, glass unit masonry
or masonry veneer designed in accordance with Sec-
tion 2109, 2110 or Chapter 14, respectively, where
they are part of a structure classified as Risk Cate-
gory L, I or I1L.
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2. Masonry foundation walls constructed in accordance
with  Table 1807.1.6.3(1), 1807.1.6.3(2),
1807.1.6.3(3) or 1807.1.6.3(4).

3. Masonry fireplaces, masonry heaters or masonry
chimneys installed or constructed in accordance
with Section 2111, 2112 or 2113, respectively.

1705.4.1 Empirically designed masonry, glass unit
masonry and masonry veneer in Risk Category IV.
Special inspections and tests for empirically designed
masonry, glass unit masonry or masonry veneer designed
in accordance with Section 2109, 2110 or Chapter 14,
respectively, where they are part of a structure classified
as Risk Category 1V shall be performed in accordance with
TMS 402/ACI 530/ASCE 5, Level B Quality Assurance.

1705.4.2 Vertical masonry foundation elements. Special
inspections and tests of vertical masonry foundation ele-
ments shall be performed in accordance with Section
1705.4.

1705.5 Wood construction. Special inspections of prefabri-
cated wood structural elements and assemblies shall be in
accordance with Section 1704.2.5. Special inspections of site-
built assemblies shall be in accordance with this section.

1705.5.1 High-load diaphragms. High-load diaphragms
designed in accordance with Section 2306.2 shall be
installed with special inspections as indicated in Section
1704.2. The special inspector shall inspect the wood struc-
tural panel sheathing to ascertain whether it is of the grade
and thickness shown on the approved construction docu-
ments. Additionally, the special inspector must verify the
nominal size of framing members at adjoining panel
edges, the nail or staple diameter and length, the number
of fastener lines and that the spacing between fasteners in
each line and at edge margins agrees with the approved
construction documents.

1705.5.2 Metal-plate-connected wood trusses spanning
60 feet or greater. Where a truss clear span is 60 feet (18
288 mm) or greater, the special inspector shall verify that
the temporary installation restraint/bracing and the perma-
nent individual truss member restraint/bracing are
installed in accordance with the approved truss submittal
package.
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SPECIAL INSPECTIONS AND TESTS

TABLE 1705.3
REQUIRED SPECIAL INSPECTIONS AND TESTS OF CONCRETE CONSTRUCTION

CONTINUOUS
Srdows |Pemoposreom | meremowes [ ke
INSPECTION
1. Inspect reinforcement, including prestressing o % ACT 318 Ch. 20, 25.2, 1908.4
tendons, and verify placement. 25.3,26.6.1-26.6.3 ’
2. Reinforcing bar welding:
a. Verify weldability of reinforcing bars — X
other than ASTM A706; AWS D14 -
b. Inspect single-pass fillet welds, maximum X ACI 318:26.6.4
’,¢"; and
c. Inspect all other welds. X
3. Inspect anchors cast in concrete. — X ACI318:17.8.2 —
4. Inspect anchors post-installed in hardened
concrete members.”
a. Adhesive anchors installed in horizontally
or upwardly inclined orientations to resist X ACI318:17.8.2.4 —
sustained tension loads.
b. Mechanical anchors and adhesive anchors
not defined in 4.a. X ACI318: 17.8.2
. . . . ACI 318: Ch. 19, 1904.1, 1904.2,
5. Verity use of required design mix. — X 26.4.3,26.4.4 1908.2, 1908.3
6. Prior to concrete placement, fabricate speci- ASTM C172
mens for strength tests, perform slump and air X L ASTM C31 1908.10
content tests, and determine the temperature of ACI318: 26.4.26.12
the concrete. C CEEh A
7. Inspect congretfs and sho.tcrete placement for X o ACI 318: 26.5 1908.6, 1908.7,
proper application techniques. 1908.8
8. Verify maintenance of specified curing tem- L X ACI318: 26.53-26.5.5 1908.9
perature and techniques.
9. Inspect prestressed concrete for:
a. Application of prestressing forces; and X — ACI 318:26.10 —
b. Grouting of bonded prestressing tendons. X —
10. Inspect erection of precast concrete members. — X ACI 318: Ch. 26.8 —
11. Verify in-situ concrete strength, prior to stress-
ing of tendons in post-tensioned concrete and . X ACI 318: 26.11.2 .
prior to removal of shores and forms from e
beams and structural slabs.
12. Inspect formwork for shape, location and
dimensions of the concrete member being — X ACI 318:26.11.1.2(b) —
formed.

For SI: 1 inch =25.4 mm.

a. Where applicable, see also Section 1705.12, Special inspections for seismic resistance.

b. Specific requirements for special inspection shall be included in the research report for the anchor issued by an approved source in accordance with 17.8.2 in
ACI 318, or other qualification procedures. Where specific requirements are not provided, special inspection requirements shall be specified by the registered
design professional and shall be approved by the building official prior to the commencement of the work.
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1705.6 Soils. Special inspections and tests of existing site soil
conditions, fill placement and load-bearing requirements
shall be performed in accordance with this section and Table
1705.6. The approved geotechnical report and the construc-
tion documents prepared by the registered design profession-
als shall be used to determine compliance. During fill
placement, the special inspector shall verify that proper mate-
rials and procedures are used in accordance with the provi-
sions of the approved geotechnical report.

Exception: Where Section 1803 does not require report-
ing of materials and procedures for fill placement, the spe-
cial inspector shall verify that the in-place dry density of
the compacted fill is not less than 90 percent of the maxi-
mum dry density at optimum moisture content determined
in accordance with ASTM D1557.

1705.7 Driven deep foundations. Special inspections and
tests shall be performed during installation of driven deep
foundation elements as specified in Table 1705.7. The
approved geotechnical report and the construction documents
prepared by the registered design professionals shall be used
to determine compliance.

1705.8 Cast-in-place deep foundations. Special inspections
and tests shall be performed during installation of cast-in-
place deep foundation elements as specified in Table 1705.8.
The approved geotechnical report and the construction docu-

SPECIAL INSPECTIONS AND TESTS

ments prepared by the registered design professionals shall
be used to determine compliance.

1705.9 Helical pile foundations. Continuous special inspec-
tions shall be performed during installation of helical pile
foundations. The information recorded shall include installa-
tion equipment used, pile dimensions, tip elevations, final
depth, final installation torque and other pertinent installation
data as required by the registered design professional in
responsible charge. The approved geotechnical report and
the construction documents prepared by the registered design
professional shall be used to determine compliance.

1705.10 Fabricated items. Special inspections of fabricated
items shall be performed in accordance with Section
1704.2.5.

1705.11 Special inspections for wind resistance. Special
inspections for wind resistance specified in Sections
1705.11.1 through 1705.11.3, unless exempted by the excep-
tions to Section 1704.2, are required for buildings and struc-
tures constructed in the following areas:

1. In wind Exposure Category B, where V_, as determined
in accordance with Section 1609.3.1 is 120 miles per
hour (52.8 m/sec) or greater.

2. In wind Exposure Category C or D, where V_, as deter-
mined in accordance with Section 1609.3.1 is 110 mph
(49 m/sec) or greater.

TABLE 1705.6
REQUIRED SPECIAL INSPECTIONS AND TESTS OF SOILS

TYPE

CONTINUOUS SPECIAL
INSPECTION

PERIODIC SPECIAL
INSPECTION

1. Verify materials below shallow foundations are adequate to achieve the design bearing

capacity.

— X

2. Verify excavations are extended to proper depth and have reached proper material. — X

3. Perform classification and testing of compacted fill materials.

— X

4. Verify use of proper materials, densities and lift thicknesses during placement and com-

paction of compacted fill.

5. Prior to placement of compacted fill, inspect subgrade and verify that site has been pre-

pared properly.

TABLE 1705.7
REQUIRED SPECIAL INSPECTIONS AND TESTS OF DRIVEN DEEP FOUNDATION ELEMENTS

TYPE

CONTINUOUS SPECIAL
INSPECTION

PERIODIC SPECIAL
INSPECTION

Verify element materials, sizes and lengths comply with the requirements. X —

Determine capacities of test elements and conduct additional load tests, as required. X —

Inspect driving operations and maintain complete and accurate records for each element. X —

bl Il Bl e

Verify placement locations and plumbness, confirm type and size of hammer, record number
of blows per foot of penetration, determine required penetrations to achieve design capacity, X —
record tip and butt elevations and document any damage to foundation element.

5. For steel elements, perform additional special inspections in accordance with Section

1705.2.

6. For concrete elements and concrete-filled elements, perform tests and additional special

inspections in accordance with Section 1705.3.

7. For specialty elements, perform additional inspections as determined by the registered

design professional in responsible charge.
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SPECIAL INSPECTIONS AND TESTS

TABLE 1705.8
REQUIRED SPECIAL INSPECTIONS AND TESTS OF CAST-IN-PLACE DEEP FOUNDATION ELEMENTS

CONTINUOUS SPECIAL | PERIODIC SPECIAL

TYPE INSPECTION INSPECTION
1. Inspect drilling operations and maintain complete and accurate records for each element. X —
2. Verify placement locations and plumbness, confirm element diameters, bell diameters (if
applicable), lengths, embedment into bedrock (if applicable) and adequate end-bearing X —

strata capacity. Record concrete or grout volumes.

3. For concrete elements, perform tests and additional special inspections in accordance with

Section 1705.3.

1705.11.1 Structural wood. Continuous special inspec-
tion is required during field gluing operations of elements
of the main windforce-resisting system. Periodic special
inspection is required for nailing, bolting, anchoring and
other fastening of elements of the main windforce-resist-
ing system, including wood shear walls, wood dia-
phragms, drag struts, braces and hold-downs.

Exception: Special inspections are not required for
wood shear walls, shear panels and diaphragms, includ-
ing nailing, bolting, anchoring and other fastening to
other elements of the main windforce-resisting system,
where the fastener spacing of the sheathing is more
than 4 inches (102 mm) on center.

1705.11.2 Cold-formed steel light-frame construction.
Periodic special inspection is required for welding opera-
tions of elements of the main windforce-resisting system.
Periodic special inspection is required for screw attach-
ment, bolting, anchoring and other fastening of elements
of the main windforce-resisting system, including shear
walls, braces, diaphragms, collectors (drag struts) and
hold-downs.

Exception: Special inspections are not required for
cold-formed steel light-frame shear walls and dia-
phragms, including screwing, bolting, anchoring and
other fastening to components of the windforce resist-
ing system, where either of the following applies:

1. The sheathing is gypsum board or fiberboard.

2. The sheathing is wood structural panel or steel
sheets on only one side of the shear wall, shear
panel or diaphragm assembly and the fastener
spacing of the sheathing is more than 4 inches
(102 mm) on center (o.c.).

1705.11.3 Wind-resisting components. Periodic special
inspection is required for fastening of the following sys-
tems and components:

1. Roof covering, roof deck and roof framing connec-
tions.
2. Exterior wall covering and wall connections to roof
and floor diaphragms and framing.
1705.12 Special inspections for seismic resistance. Special
inspections for seismic resistance shall be required as speci-
fied in Sections 1705.12.1 through 1705.12.9, unless
exempted by the exceptions of Section 1704.2.

Exception: The special inspections specified in Sections
1705.12.1 through 1705.12.9 are not required for struc-
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tures designed and constructed in accordance with one of
the following:

1. The structure consists of light-frame construction;
the design spectral response acceleration at short
periods, S, as determined in Section 1613.3.4, does
not exceed 0.5; and the building height of the struc-
ture does not exceed 35 feet (10 668 mm).

2. The seismic force-resisting system of the structure
consists of reinforced masonry or reinforced con-
crete; the design spectral response acceleration at
short periods, S, as determined in Section
1613.3.4, does not exceed 0.5; and the building
height of the structure does not exceed 25 feet (7620
mm).

3. The structure is a detached one- or two-family
dwelling not exceeding two stories above grade
plane and does not have any of the following hori-
zontal or vertical irregularities in accordance with
Section 12.3 of ASCE 7:

3.1. Torsional or extreme torsional irregularity.
3.2. Nonparallel systems irregularity.

3.3. Stiffness-soft story or stiffness-extreme
soft story irregularity.

3.4. Discontinuity in lateral strength-weak story
irregularity.
1705.12.1 Structural steel. Special inspections for seis-

mic resistance shall be in accordance with Section
1705.12.1.1 or 1705.12.1.2, as applicable.

1705.12.1.1 Seismic force-resisting systems. Special
inspections of structural steel in the seismic force-
resisting systems of buildings and structures assigned
to Seismic Design Category B, C, D, E or F shall be
performed in accordance with the quality assurance
requirements of AISC 341.

Exception: Special inspections are not required in
the seismic force-resisting systems of buildings and
structures assigned to Seismic Design Category B or
C that are not specifically detailed for seismic resis-
tance, with a response modification coefficient, R, of
3 or less, excluding cantilever column systems.

1705.12.1.2 Structural steel elements. Special inspec-
tions of structural steel elements in the seismic force-
resisting systems of buildings and structures assigned
to Seismic Design Category B, C, D, E or F other than
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those covered in Section 1705.12.1.1, including struts,
collectors, chords and foundation elements, shall be
performed in accordance with the quality assurance
requirements of AISC 341.

Exception: Special inspections of structural steel
elements are not required in the seismic force-resist-
ing systems of buildings and structures assigned to
Seismic Design Category B or C with a response
modification coefficient, R, of 3 or less.

1705.12.2 Structural wood. For the seismic force-resist-
ing systems of structures assigned to Seismic Design Cate-
gory C,D, E or F:

1. Continuous special inspection shall be required
during field gluing operations of elements of the
seismic force-resisting system.

2. Periodic special inspection shall be required for
nailing, bolting, anchoring and other fastening of
elements of the seismic force-resisting system,
including wood shear walls, wood diaphragms, drag
struts, braces, shear panels and hold-downs.

Exception: Special inspections are not required for
wood shear walls, shear panels and diaphragms, includ-
ing nailing, bolting, anchoring and other fastening to
other elements of the seismic force-resisting system,
where the fastener spacing of the sheathing is more
than 4 inches (102 mm) on center.

1705.12.3 Cold-formed steel light-frame construction.
For the seismic force-resisting systems of structures
assigned to Seismic Design Category C, D, E or F, peri-
odic special inspection shall be required:

1. For welding operations of elements of the seismic
force-resisting system; and

2. For screw attachment, bolting, anchoring and other
fastening of elements of the seismic force-resisting
system, including shear walls, braces, diaphragms,
collectors (drag struts) and hold-downs.

Exception: Special inspections are not required for
cold-formed steel light-frame shear walls and dia-
phragms, including screw installation, bolting, anchor-
ing and other fastening to components of the seismic
force-resisting system, where either of the following
applies:

1. The sheathing is gypsum board or fiberboard.

2. The sheathing is wood structural panel or steel
sheets on only one side of the shear wall, shear
panel or diaphragm assembly and the fastener
spacing of the sheathing is more than 4 inches
(102 mm) on center.

1705.12.4 Designated seismic systems. For structures
assigned to Seismic Design Category C, D, E or F, the spe-
cial inspector shall examine designated seismic systems
requiring seismic qualification in accordance with Section
13.2.2 of ASCE 7 and verify that the label, anchorage and
mounting conform to the certificate of compliance.
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1705.12.5 Architectural components. Periodic special
inspection is required for the erection and fastening of
exterior cladding, interior and exterior nonbearing walls
and interior and exterior veneer in structures assigned to
Seismic Design Category D, E or F.

Exception: Periodic special inspection is not required
for the following:

1. Exterior cladding, interior and exterior nonbear-
ing walls and interior and exterior veneer 30 feet
(9144 mm) or less in height above grade or walk-
ing surface.

2. Exterior cladding and interior and exterior veneer
weighing 5 psf (24.5 N/m?) or less.

3. Interior nonbearing walls weighing 15 psf (73.5
N/m?) or less.

1705.12.5.1 Access floors. Periodic special inspection
is required for the anchorage of access floors in struc-
tures assigned to Seismic Design Category D, E or F.

1705.12.6 Plumbing, mechanical and electrical compo-
nents. Periodic special inspection of plumbing, mechani-
cal and electrical components shall be required for the
following:

1. Anchorage of electrical equipment for emergency
and standby power systems in structures assigned to
Seismic Design Category C, D, E or F.

2. Anchorage of other electrical equipment in struc-
tures assigned to Seismic Design Category E or F.

3. Installation and anchorage of piping systems
designed to carry hazardous materials and their
associated mechanical units in structures assigned to
Seismic Design Category C, D, E or F.

4. Installation and anchorage of ductwork designed to
carry hazardous materials in structures assigned to
Seismic Design Category C, D, E or F.

5. Installation and anchorage of vibration isolation sys-
tems in structures assigned to Seismic Design Cate-
gory C, D, E or F where the approved construction
documents require a nominal clearance of '/, inch
(6.4 mm) or less between the equipment support
frame and restraint.

1705.12.7 Storage racks. Periodic special inspection is
required for the anchorage of storage racks that are 8 feet
(2438 mm) or greater in height in structures assigned to
Seismic Design Category D, E or F.

1705.12.8 Seismic isolation systems. Periodic special
inspection shall be provided for seismic isolation systems
in seismically isolated structures assigned to Seismic
Design Category B, C, D, E or F during the fabrication
and installation of isolator units and energy dissipation
devices.

1705.12.9 Cold-formed steel special bolted moment
frames. Periodic special inspection shall be provided for
the installation of cold-formed steel special bolted moment
frames in the seismic force-resisting systems of structures
assigned to Seismic Design Category D, E or F.
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SPECIAL INSPECTIONS AND TESTS

1705.13 Testing for seismic resistance. Testing for seismic
resistance shall be required as specified in Sections 1705.13.1
through 1705.13.4, unless exempted from special inspections
by the exceptions of Section 1704.2.

1705.13.1 Structural steel. Nondestructive testing for
seismic resistance shall be in accordance with Section
1705.13.1.1 or 1705.13.1.2, as applicable.

1705.13.1.1 Seismic force-resisting systems. Nonde-
structive testing of structural steel in the seismic force-
resisting systems of buildings and structures assigned
to Seismic Design Category B, C, D, E or F shall be
performed in accordance with the quality assurance
requirements of AISC 341.

Exception: Nondestructive testing is not required in
the seismic force-resisting systems of buildings and
structures assigned to Seismic Design Category B or
C that are not specifically detailed for seismic resis-
tance, with a response modification coefficient, R, of
3 or less, excluding cantilever column systems.

1705.13.1.2 Structural steel elements. Nondestructive
testing of structural steel elements in the seismic force-
resisting systems of buildings and structures assigned
to Seismic Design Category B, C, D, E or F other than
those covered in Section 1705.13.1.1, including struts,
collectors, chords and foundation elements, shall be
performed in accordance with the quality assurance
requirements of AISC 341.

Exception: Nondestructive testing of structural
steel elements is not required in the seismic force-
resisting systems of buildings and structures
assigned to Seismic Design Category B or C with a
response modification coefficient, R, of 3 or less.

1705.13.2 Nonstructural components. For structures
assigned to Seismic Design Category B, C, D, E or F,
where the requirements of Section 13.2.1 of ASCE 7 for
nonstructural components, supports or attachments are
met by seismic qualification as specified in Item 2 therein,
the registered design professional shall specify on the
approved construction documents the requirements for
seismic qualification by analysis, testing or experience
data. Certificates of compliance for the seismic qualifica-
tion shall be submitted to the building official as specified
in Section 1704.5.

1705.13.3 Designated seismic systems. For structures
assigned to Seismic Design Category C, D, E or F and
with designated seismic systems that are subject to the
requirements of Section 13.2.2 of ASCE 7 for certifica-
tion, the registered design professional shall specify on
the approved construction documents the requirements to
be met by analysis, testing or experience data as specified
therein. Certificates of compliance documenting that the
requirements are met shall be submitted to the building
official as specified in Section 1704.5.

1705.13.4 Seismic isolation systems. Seismic isolation
systems in seismically isolated structures assigned to Seis-
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mic Design Category B, C, D, E or F shall be tested in
accordance with Section 17.8 of ASCE 7.

1705.14 Sprayed fire-resistant materials. Special inspec-
tions and tests of sprayed fire-resistant materials applied to
floor, roof and wall assemblies and structural members shall
be performed in accordance with Sections 1705.14.1 through
1705.14.6. Special inspections shall be based on the fire-
resistance design as designated in the approved construction
documents. The tests set forth in this section shall be based on
samplings from specific floor, roof and wall assemblies and
structural members. Special inspections and tests shall be per-
formed after the rough installation of electrical, automatic
sprinkler, mechanical and plumbing systems and suspension
systems for ceilings, where applicable.

1705.14.1 Physical and visual tests. The special inspec-
tions and tests shall include the following to demonstrate
compliance with the listing and the fire-resistance rating:

1. Condition of substrates.

2. Thickness of application.

3. Density in pounds per cubic foot (kg/m?).
4. Bond strength adhesion/cohesion.

5. Condition of finished application.

1705.14.2 Structural member surface conditions. The
surfaces shall be prepared in accordance with the
approved fire-resistance design and the written instruc-
tions of approved manufacturers. The prepared surface of
structural members to be sprayed shall be inspected by the
special inspector before the application of the sprayed fire-
resistant material.

1705.14.3 Application. The substrate shall have a mini-
mum ambient temperature before and after application as
specified in the written instructions of approved manufac-
turers. The area for application shall be ventilated during
and after application as required by the written instructions
of approved manufacturers.

1705.14.4 Thickness. No more than 10 percent of the
thickness measurements of the sprayed fire-resistant mate-
rials applied to floor, roof and wall assemblies and struc-
tural members shall be less than the thickness required by
the approved fire-resistance design, but in no case less
than the minimum allowable thickness required by Section
1705.14.4.1.

1705.14.4.1 Minimum allowable thickness. For
design thicknesses 1 inch (25 mm) or greater, the mini-
mum allowable individual thickness shall be the design
thickness minus '/, inch (6.4 mm). For design thick-
nesses less than 1 inch (25 mm), the minimum allow-
able individual thickness shall be the design thickness
minus 25 percent. Thickness shall be determined in
accordance with ASTM E605. Samples of the sprayed
fire-resistant materials shall be selected in accordance
with Sections 1705.14.4.2 and 1705.14.4.3.
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1705.14.4.2 Floor, roof and wall assemblies. The
thickness of the sprayed fire-resistant material applied
to floor, roof and wall assemblies shall be determined
in accordance with ASTM E605, making not less than
four measurements for each 1,000 square feet (93 m?)
of the sprayed area, or portion thereof, in each story.

1705.14.4.3 Cellular decks. Thickness measurements
shall be selected from a square area, 12 inches by 12
inches (305 mm by 305 mm) in size. A minimum of
four measurements shall be made, located symmetri-
cally within the square area.

1705.14.4.4 Fluted decks. Thickness measurements
shall be selected from a square area, 12 inches by 12
inches (305 mm by 305 mm) in size. A minimum of
four measurements shall be made, located symmetri-
cally within the square area, including one each of the
following: valley, crest and sides. The average of the
measurements shall be reported.

1705.14.4.5 Structural members. The thickness of the
sprayed fire-resistant material applied to structural
members shall be determined in accordance with
ASTM E605. Thickness testing shall be performed on
not less than 25 percent of the structural members on
each floor.

1705.14.4.6 Beams and girders. At beams and girders
thickness measurements shall be made at nine locations
around the beam or girder at each end of a 12-inch (305
mm) length.

1705.14.4.7 Joists and trusses. At joists and trusses,
thickness measurements shall be made at seven loca-
tions around the joist or truss at each end of a 12-inch
(305 mm) length.

1705.14.4.8 Wide-flanged columns. At wide-flanged
columns, thickness measurements shall be made at 12
locations around the column at each end of a 12-inch
(305 mm) length.

1705.14.4.9 Hollow structural section and pipe col-
umns. At hollow structural section and pipe columns,
thickness measurements shall be made at a minimum of
four locations around the column at each end of a 12-
inch (305 mm) length.

1705.14.5 Density. The density of the sprayed fire-resis-
tant material shall not be less than the density specified in
the approved fire-resistance design. Density of the sprayed
fire-resistant material shall be determined in accordance
with ASTM E605. The test samples for determining the
density of the sprayed fire-resistant materials shall be
selected as follows:

1. From each floor, roof and wall assembly at the rate
of not less than one sample for every 2,500 square
feet (232 m?) or portion thereof of the sprayed area
in each story.

2. From beams, girders, trusses and columns at the rate
of not less than one sample for each type of struc-
tural member for each 2,500 square feet (232 m?) of
floor area or portion thereof in each story.
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1705.14.6 Bond strength. The cohesive/adhesive bond
strength of the cured sprayed fire-resistant material
applied to floor, roof and wall assemblies and structural
members shall not be less than 150 pounds per square foot
(psf) (7.18 kN/m?). The cohesive/adhesive bond strength
shall be determined in accordance with the field test speci-
fied in ASTM E736 by testing in-place samples of the
sprayed fire-resistant material selected in accordance with
Sections 1705.14.6.1 through 1705.14.6.3.

1705.14.6.1 Floor, roof and wall assemblies. The test
samples for determining the cohesive/adhesive bond
strength of the sprayed fire-resistant materials shall be
selected from each floor, roof and wall assembly at the
rate of not less than one sample for every 2,500 square
feet (232 m?) of the sprayed area, or portion thereof, in
each story.

1705.14.6.2 Structural members. The test samples for
determining the cohesive/adhesive bond strength of the
sprayed fire-resistant materials shall be selected from
beams, girders, trusses, columns and other structural
members at the rate of not less than one sample for each
type of structural member for each 2,500 square feet
(232 m?) of floor area or portion thereof in each story.

1705.14.6.3 Primer, paint and encapsulant bond
tests. Bond tests to qualify a primer, paint or encapsu-
lant shall be conducted when the sprayed fire-resistant
material is applied to a primed, painted or encapsulated
surface for which acceptable bond-strength perfor-
mance between these coatings and the fire-resistant
material has not been determined. A bonding agent
approved by the SFRM manufacturer shall be applied
to a primed, painted or encapsulated surface where the
bond strengths are found to be less than required val-
ues.

1705.15 Mastic and intumescent fire-resistant coatings.
Special inspections and tests for mastic and intumescent fire-
resistant coatings applied to structural elements and decks
shall be performed in accordance with AWCI 12-B. Special
inspections and tests shall be based on the fire-resistance
design as designated in the approved construction documents.

1705.16 Exterior insulation and finish systems (EIFS).
Special inspections shall be required for all EIFS applica-
tions.

Exceptions:

1. Special inspections shall not be required for EIFS
applications installed over a water-resistive barrier
with a means of draining moisture to the exterior.

2. Special inspections shall not be required for EIFS
applications installed over masonry or concrete
walls.

1705.16.1 Water-resistive barrier coating. A water-
resistive barrier coating complying with ASTM E2570
requires special inspection of the water-resistive barrier
coating when installed over a sheathing substrate.

1705.17 Fire-resistant penetrations and joints. In high-
rise buildings or in buildings assigned to Risk Category 111 or
IV, special inspections for through-penetrations, membrane
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penetration firestops, fire-resistant joint systems and perime-
ter fire barrier systems that are tested and listed in accordance
with Sections 714.3.1.2, 714.4.2, 715.3 and 715.4 shall be in
accordance with Section 1705.17.1 or 1705.17.2.

1705.17.1 Penetration firestops. Inspections of penetra-
tion firestop systems that are tested and listed in accor-
dance with Sections 714.3.1.2 and 714.4.2 shall be
conducted by an approved agency in accordance with
ASTM E2174.

1705.17.2 Fire-resistant joint systems. Inspection of fire-
resistant joint systems that are tested and listed in accor-
dance with Sections 715.3 and 715.4 shall be conducted by
an approved agency in accordance with ASTM E2393.

1705.18 Testing for smoke control. Smoke control systems
shall be tested by a special inspector.

1705.18.1 Testing scope. The test scope shall be as fol-
lows:

1. During erection of ductwork and prior to conceal-
ment for the purposes of leakage testing and record-
ing of device location.

2. Prior to occupancy and after sufficient completion
for the purposes of pressure difference testing, flow
measurements and detection and control verifica-
tion.

1705.18.2 Qualifications. Approved agencies for smoke
control testing shall have expertise in fire protection engi-
neering, mechanical engineering and certification as air
balancers.

1705.19 Underpinning. Underpinning of structures shall be
subject to special inspections in accordance with Chapter 17.
In addition to the special inspection for structural stability,
any new foundation elements installed as part of underpin-
ning operations shall be subject to special inspection as a per-
manent installation in accordance with the applicable sections
of Chapter 17, including, but not limited to, special inspec-
tions for soil, concrete, welding, sequencing and pile driving.

SECTION 1706
DESIGN STRENGTHS OF MATERIALS

1706.1 Conformance to standards. The design strengths
and permissible stresses of any structural material that are
identified by a manufacturer’s designation as to manufacture
and grade by mill tests, or the strength and stress grade is oth-
erwise confirmed to the satisfaction of the building official,
shall conform to the specifications and methods of design of
accepted engineering practice or the approved rules in the
absence of applicable standards.

1706.2 New materials. For materials that are not specifically
provided for in this code, the design strengths and permissible
stresses shall be established by tests as provided for in Sec-
tion 1707.
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SECTION 1707
ALTERNATIVE TEST PROCEDURE

1707.1 General. In the absence of approved rules or other
approved standards, the building official shall make, or cause
to be made, the necessary tests and investigations; or the
building official shall accept duly authenticated reports from
approved agencies in respect to the quality and manner of use
of new materials or assemblies as provided for in Section
104.11. The cost of all tests and other investigations required
under the provisions of this code shall be borne by the owner
or the owner’s authorized agent.

SECTION 1708
IN-SITU LOAD TESTS

1708.1 General. Whenever there is a reasonable doubt as to
the stability or load-bearing capacity of a completed building,
structure or portion thereof for the expected loads, an engi-
neering assessment shall be required. The engineering assess-
ment shall involve either a structural analysis or an in-situ
load test, or both. The structural analysis shall be based on
actual material properties and other as-built conditions that
affect stability or load-bearing capacity, and shall be con-
ducted in accordance with the applicable design standard. If
the structural assessment determines that the load-bearing
capacity is less than that required by the code, load tests shall
be conducted in accordance with Section 1708.2. If the build-
ing, structure or portion thereof is found to have inadequate
stability or load-bearing capacity for the expected loads,
modifications to ensure structural adequacy or the removal of
the inadequate construction shall be required.

1708.2 Test standards. Structural components and assem-
blies shall be tested in accordance with the appropriate refer-
enced standards. In the absence of a standard that contains an
applicable load test procedure, the test procedure shall be
developed by a registered design professional and approved.
The test procedure shall simulate loads and conditions of
application that the completed structure or portion thereof
will be subjected to in normal use.

1708.3 In-situ load tests. In-situ load tests shall be con-
ducted in accordance with Section 1708.3.1 or 1708.3.2 and
shall be supervised by a registered design professional. The
test shall simulate the applicable loading conditions specified
in Chapter 16 as necessary to address the concerns regarding
structural stability of the building, structure or portion
thereof.

1708.3.1 Load test procedure specified. Where a refer-
enced standard contains an applicable load test procedure
and acceptance criteria, the test procedure and acceptance
criteria in the standard shall apply. In the absence of spe-
cific load factors or acceptance criteria, the load factors
and acceptance criteria in Section 1708.3.2 shall apply.

1708.3.2 Load test procedure not specified. In the
absence of applicable load test procedures contained
within a standard referenced by this code or acceptance
criteria for a specific material or method of construction,
such existing structure shall be subjected to a test proce-
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dure developed by a registered design professional that
simulates applicable loading and deformation conditions.
For components that are not a part of the seismic force-
resisting system, at a minimum the test load shall be equal
to the specified factored design loads. For materials such
as wood that have strengths that are dependent on load
duration, the test load shall be adjusted to account for the
difference in load duration of the test compared to the
expected duration of the design loads being considered.
For statically loaded components, the test load shall be left
in place for a period of 24 hours. For components that
carry dynamic loads (e.g., machine supports or fall arrest
anchors), the load shall be left in place for a period consis-
tent with the component’s actual function. The structure
shall be considered to have successfully met the test
requirements where the following criteria are satisfied:

1. Under the design load, the deflection shall not
exceed the limitations specified in Section 1604.3.

2. Within 24 hours after removal of the test load, the
structure shall have recovered not less than 75 per-
cent of the maximum deflection.

3. During and immediately after the test, the structure
shall not show evidence of failure.

SECTION 1709
PRECONSTRUCTION LOAD TESTS

1709.1 General. Where proposed construction is not capable
of being designed by approved engineering analysis, or
where proposed construction design method does not comply
with the applicable material design standard, the system of
construction or the structural unit and the connections shall
be subjected to the tests prescribed in Section 1709. The
building official shall accept certified reports of such tests
conducted by an approved testing agency, provided that such
tests meet the requirements of this code and approved proce-
dures.

1709.2 Load test procedures specified. Where specific load
test procedures, load factors and acceptance criteria are
included in the applicable referenced standards, such test pro-
cedures, load factors and acceptance criteria shall apply. In
the absence of specific test procedures, load factors or accep-
tance criteria, the corresponding provisions in Section 1709.3
shall apply.

1709.3 Load test procedures not specified. Where load test
procedures are not specified in the applicable referenced stan-
dards, the load-bearing and deformation capacity of structural
components and assemblies shall be determined on the basis
of a test procedure developed by a registered design profes-
sional that simulates applicable loading and deformation con-
ditions. For components and assemblies that are not a part of
the seismic force-resisting system, the test shall be as speci-
fied in Section 1709.3.1. Load tests shall simulate the appli-
cable loading conditions specified in Chapter 16.

1709.3.1 Test procedure. The test assembly shall be sub-
jected to an increasing superimposed load equal to not less
than two times the superimposed design load. The test
load shall be left in place for a period of 24 hours. The
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tested assembly shall be considered to have successfully
met the test requirements if the assembly recovers not less
than 75 percent of the maximum deflection within 24
hours after the removal of the test load. The test assembly
shall then be reloaded and subjected to an increasing
superimposed load until either structural failure occurs or
the superimposed load is equal to two and one-half times
the load at which the deflection limitations specified in
Section 1709.3.2 were reached, or the load is equal to two
and one-half times the superimposed design load. In the
case of structural components and assemblies for which
deflection limitations are not specified in Section
1709.3.2, the test specimen shall be subjected to an
increasing superimposed load until structural failure
occurs or the load is equal to two and one-half times the
desired superimposed design load. The allowable superim-
posed design load shall be taken as the lesser of:

1. The load at the deflection limitation given in Section
1709.3.2.

2. The failure load divided by 2.5.
3. The maximum load applied divided by 2.5.

1709.3.2 Deflection. The deflection of structural members
under the design load shall not exceed the limitations in
Section 1604.3.

1709.4 Wall and partition assemblies. Load-bearing wall
and partition assemblies shall sustain the test load both with
and without window framing. The test load shall include all
design load components. Wall and partition assemblies shall
be tested both with and without door and window framing.

1709.5 Exterior window and door assemblies. The design
pressure rating of exterior windows and doors in buildings
shall be determined in accordance with Section 1709.5.1 or
1709.5.2. For the purposes of this section, the required design
pressure shall be determined using the allowable stress design
load combinations of Section 1605.3.

Exception: Structural wind load design pressures for win-
dow units smaller than the size tested in accordance with
Section 1709.5.1 or 1709.5.2 shall be permitted to be
higher than the design value of the tested unit provided
such higher pressures are determined by accepted engi-
neering analysis. All components of the small unit shall be
the same as the tested unit. Where such calculated design
pressures are used, they shall be validated by an additional
test of the window unit having the highest allowable
design pressure.

1709.5.1 Exterior windows and doors. Exterior windows
and sliding doors shall be tested and labeled as conform-
ing to AAMA/WDMA/CSA101/1.S.2/A440. The label
shall state the name of the manufacturer, the approved
labeling agency and the product designation as specified in
AAMA/WDMA/CSA101/1.S.2/A440.  Exterior  side-
hinged doors shall be tested and labeled as conforming to
AAMA/WDMA/CSA101/1.S.2/A440 or comply with Sec-
tion 1709.5.2. Products tested and labeled as conforming
to AAMA/WDMA/CSA 101/1.S.2/A440 shall not be sub-
ject to the requirements of Sections 2403.2 and 2403.3.
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1709.5.2 Exterior windows and door assemblies not
provided for in Section 1709.5.1. Exterior window and
door assemblies shall be tested in accordance with ASTM
E330. Structural performance of garage doors and rolling
doors shall be determined in accordance with either
ASTM E330 or ANSI/DASMA 108, and shall meet the
acceptance criteria of ANSI/DASMA 108. Exterior win-
dow and door assemblies containing glass shall comply
with Section 2403. The design pressure for testing shall be
calculated in accordance with Chapter 16. Each assembly
shall be tested for 10 seconds at a load equal to 1.5 times
the design pressure.

1709.6 Skylights and sloped glazing. Skylights and sloped
glazing shall comply with the requirements of Chapter 24.

1709.7 Test specimens. Test specimens and construction
shall be representative of the materials, workmanship and
details normally used in practice. The properties of the mate-
rials used to construct the test assembly shall be determined
on the basis of tests on samples taken from the load assembly
or on representative samples of the materials used to con-
struct the load test assembly. Required tests shall be con-
ducted or witnessed by an approved agency.
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CHAPTER 18
SOILS AND FOUNDATIONS

SECTION 1801
GENERAL

1801.1 Scope. The provisions of this chapter shall apply to
building and foundation systems.

1801.2 Design basis. Allowable bearing pressures, allowable
stresses and design formulas provided in this chapter shall be
used with the allowable stress design load combinations
specified in Section 1605.3. The quality and design of materi-
als used structurally in excavations and foundations shall
comply with the requirements specified in Chapters 16, 19,
21, 22 and 23 of this code. Excavations and fills shall also
comply with Chapter 33.

SECTION 1802
DEFINITIONS

1802.1 Definitions. The following words and terms are
defined in Chapter 2:

DEEP FOUNDATION.

DRILLED SHAFT.
Socketed drilled shaft.

HELICAL PILE.

MICROPILE.

SHALLOW FOUNDATION.

SECTION 1803
GEOTECHNICAL INVESTIGATIONS

1803.1 General. Geotechnical investigations shall be con-
ducted in accordance with Section 1803.2 and reported in
accordance with Section 1803.6. Where required by the
building official or where geotechnical investigations involve
in-situ testing, laboratory testing or engineering calculations,
such investigations shall be conducted by a registered design
professional.

1803.2 Investigations required. Geotechnical investiga-
tions shall be conducted in accordance with Sections 1803.3
through 1803.5.

Exception: The building official shall be permitted to
waive the requirement for a geotechnical investigation
where satisfactory data from adjacent areas is available
that demonstrates an investigation is not necessary for any
of the conditions in Sections 1803.5.1 through 1803.5.6
and Sections 1803.5.10 and 1803.5.11.

1803.3 Basis of investigation. Soil classification shall be
based on observation and any necessary tests of the materials
disclosed by borings, test pits or other subsurface exploration
made in appropriate locations. Additional studies shall be
made as necessary to evaluate slope stability, soil strength,
position and adequacy of load-bearing soils, the effect of
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moisture variation on soil-bearing capacity, compressibility,
liquefaction and expansiveness.

1803.3.1 Scope of investigation. The scope of the geo-
technical investigation including the number and types of
borings or soundings, the equipment used to drill or sam-
ple, the in-situ testing equipment and the laboratory testing
program shall be determined by a registered design pro-
fessional.

1803.4 Qualified representative. The investigation proce-
dure and apparatus shall be in accordance with generally
accepted engineering practice. The registered design profes-
sional shall have a fully qualified representative on site
during all boring or sampling operations.

1803.5 Investigated conditions. Geotechnical investigations
shall be conducted as indicated in Sections 1803.5.1 through
1803.5.12.

1803.5.1 Classification. Soil materials shall be classified
in accordance with ASTM D2487.

1803.5.2 Questionable soil. Where the classification,
strength or compressibility of the soil is in doubt or where
a load-bearing value superior to that specified in this code
is claimed, the building official shall be permitted to
require that a geotechnical investigation be conducted.

1803.5.3 Expansive soil. In areas likely to have expansive
soil, the building official shall require soil tests to deter-
mine where such soils do exist.

Soils meeting all four of the following provisions shall
be considered expansive, except that tests to show compli-
ance with Items 1, 2 and 3 shall not be required if the test
prescribed in Item 4 is conducted:

1. Plasticity index (PI) of 15 or greater, determined in
accordance with ASTM D4318.

2. More than 10 percent of the soil particles pass a No.
200 sieve (75 pm), determined in accordance with
ASTM D422.

3. More than 10 percent of the soil particles are less
than 5 micrometers in size, determined in accor-
dance with ASTM D422.

4. Expansion index greater than 20, determined in
accordance with ASTM D4829.

1803.5.4 Ground water table. A subsurface soil investi-
gation shall be performed to determine whether the exist-
ing ground water table is above or within 5 feet (1524
mm) below the elevation of the lowest floor level where
such floor is located below the finished ground level adja-
cent to the foundation.

Exception: A subsurface soil investigation to deter-
mine the location of the ground water table shall not be
required where waterproofing is provided in accor-
dance with Section 1805.
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1803.5.5 Deep foundations. Where deep foundations will
be used, a geotechnical investigation shall be conducted
and shall include all of the following, unless sufficient
data upon which to base the design and installation is oth-
erwise available:

1. Recommended deep foundation types and installed
capacities.

2. Recommended center-to-center spacing of deep
foundation elements.

3. Driving criteria.
4. Installation procedures.

5. Field inspection and reporting procedures (to
include procedures for verification of the installed
bearing capacity where required).

6. Load test requirements.

7. Suitability of deep foundation materials for the
intended environment.

8. Designation of bearing stratum or strata.
9. Reductions for group action, where necessary.

1803.5.6 Rock strata. Where subsurface explorations at
the project site indicate variations in the structure of rock
upon which foundations are to be constructed, a sufficient
number of borings shall be drilled to sufficient depths to
assess the competency of the rock and its load-bearing
capacity.

1803.5.7 Excavation near foundations. Where excava-
tion will reduce support from any foundation, a registered
design professional shall prepare an assessment of the
structure as determined from examination of the structure,
the review of available design documents and, if neces-
sary, excavation of test pits. The registered design profes-
sional shall determine the requirements for underpinning
and protection and prepare site-specific plans, details and
sequence of work for submission. Such support shall be
provided by underpinning, sheeting and bracing, or by
other means acceptable to the building official.

1803.5.8 Compacted fill material. Where shallow foun-
dations will bear on compacted fill material more than 12
inches (305 mm) in depth, a geotechnical investigation
shall be conducted and shall include all of the following:

1. Specifications for the preparation of the site prior to
placement of compacted fill material.

2. Specifications for material to be used as compacted
fill.

3. Test methods to be used to determine the maximum
dry density and optimum moisture content of the
material to be used as compacted fill.

4. Maximum allowable thickness of each lift of com-
pacted fill material.

5. Field test method for determining the in-place dry
density of the compacted fill.

6. Minimum acceptable in-place dry density expressed
as a percentage of the maximum dry density deter-
mined in accordance with Item 3.
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7. Number and frequency of field tests required to
determine compliance with Item 6.

1803.5.9 Controlled low-strength material (CLSM).
Where shallow foundations will bear on controlled low-
strength material (CLSM), a geotechnical investigation
shall be conducted and shall include all of the following:

1. Specifications for the preparation of the site prior to
placement of the CLSM.

2. Specifications for the CLSM.

3. Laboratory or field test method(s) to be used to
determine the compressive strength or bearing
capacity of the CLSM.

4. Test methods for determining the acceptance of the
CLSM in the field.

5. Number and frequency of field tests required to
determine compliance with Item 4.

1803.5.10 Alternate setback and clearance. Where set-
backs or clearances other than those required in Section
1808.7 are desired, the building official shall be permitted
to require a geotechnical investigation by a registered
design professional to demonstrate that the intent of Sec-
tion 1808.7 would be satisfied. Such an investigation shall
include consideration of material, height of slope, slope
gradient, load intensity and erosion characteristics of slope
material.

1803.5.11 Seismic Design Categories C through F. For
structures assigned to Seismic Design Category C, D, E or
F, a geotechnical investigation shall be conducted, and
shall include an evaluation of all of the following potential
geologic and seismic hazards:

1. Slope instability.

2. Liquefaction.

3. Total and differential settlement.
4

. Surface displacement due to faulting or seismically
induced lateral spreading or lateral flow.

1803.5.12 Seismic Design Categories D through F. For
structures assigned to Seismic Design Category D, E or F,
the geotechnical investigation required by Section
1803.5.11 shall also include all of the following as appli-
cable:

1. The determination of dynamic seismic lateral earth
pressures on foundation walls and retaining walls
supporting more than 6 feet (1.83 m) of backfill
height due to design earthquake ground motions.

2. The potential for liquefaction and soil strength loss
evaluated for site peak ground acceleration, earth-
quake magnitude and source characteristics consis-
tent with the maximum considered earthquake
ground motions. Peak ground acceleration shall be
determined based on one of the following:

2.1. A site-specific study in accordance with
Section 21.5 of ASCE 7.

2.2. In accordance with Section 11.8.3 of
ASCE 7.
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3. An assessment of potential consequences of lique-
faction and soil strength loss including, but not lim-
ited to, the following:

3.1. Estimation of total and differential settle-
ment.

3.2. Lateral soil movement.
3.3. Lateral soil loads on foundations.

3.4. Reduction in foundation soil-bearing
capacity and lateral soil reaction.

3.5. Soil downdrag and reduction in axial and
lateral soil reaction for pile foundations.

3.6. Increases in soil lateral pressures on retain-
ing walls.

3.7. Flotation of buried structures.

4. Discussion of mitigation measures such as, but not
limited to, the following:

4.1. Selection of appropriate foundation type
and depths.

4.2. Selection of appropriate structural systems
to accommodate anticipated displacements
and forces.

4.3. Ground stabilization.

4.4. Any combination of these measures and
how they shall be considered in the design
of the structure.

1803.6 Reporting. Where geotechnical investigations are
required, a written report of the investigations shall be sub-
mitted to the building official by the permit applicant at the
time of permit application. This geotechnical report shall
include, but need not be limited to, the following information:

1. A plot showing the location of the soil investigations.

2. A complete record of the soil boring and penetration
test logs and soil samples.

3. A record of the soil profile.
4. Elevation of the water table, if encountered.

5. Recommendations for foundation type and design cri-
teria, including but not limited to: bearing capacity of
natural or compacted soil; provisions to mitigate the
effects of expansive soils; mitigation of the effects of
liquefaction, differential settlement and varying soil
strength; and the effects of adjacent loads.

6. Expected total and differential settlement.

7. Deep foundation information in accordance with Sec-
tion 1803.5.5.

8. Special design and construction provisions for foun-
dations of structures founded on expansive soils, as
necessary.

9. Compacted fill material properties and testing in
accordance with Section 1803.5.8.

10. Controlled low-strength material properties and test-
ing in accordance with Section 1803.5.9.
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SECTION 1804
EXCAVATION, GRADING AND FILL

1804.1 Excavation near foundations. Excavation for any
purpose shall not reduce lateral support from any foundation
or adjacent foundation without first underpinning or protect-
ing the foundation against detrimental lateral or vertical
movement, or both.

1804.2 Underpinning. Where underpinning is chosen to pro-
vide the protection or support of adjacent structures, the
underpinning system shall be designed and installed in accor-
dance with provisions of this chapter and Chapter 33, and
special inspections shall be performed in accordance with
Chapter 17.

1804.2.1 Underpinning sequencing. Underpinning shall
be installed in a sequential manner that protects the neigh-
boring structure and the working construction site. The
sequence of installation shall be identified in the approved
construction documents.

1804.3 Placement of backfill. The excavation outside the
foundation shall be backfilled with soil that is free of organic
material, construction debris, cobbles and boulders or with a
controlled low-strength material (CLSM). The backfill shall
be placed in lifts and compacted in a manner that does not
damage the foundation or the waterproofing or dampproofing
material.

Exception: CLSM need not be compacted.

1804.4 Site grading. The ground immediately adjacent to the
foundation shall be sloped away from the building at a slope
of not less than one unit vertical in 20 units horizontal (5-per-
cent slope) for a minimum distance of 10 feet (3048 mm)
measured perpendicular to the face of the wall. If physical
obstructions or lot lines prohibit 10 feet (3048 mm) of hori-
zontal distance, a 5-percent slope shall be provided to an
approved alternative method of diverting water away from
the foundation. Swales used for this purpose shall be sloped a
minimum of 2 percent where located within 10 feet (3048
mm) of the building foundation. Impervious surfaces within
10 feet (3048 mm) of the building foundation shall be sloped
a minimum of 2 percent away from the building.

Exception: Where climatic or soil conditions warrant, the
slope of the ground away from the building foundation
shall be permitted to be reduced to not less than one unit
vertical in 48 units horizontal (2-percent slope).

The procedure used to establish the final ground level
adjacent to the foundation shall account for additional settle-
ment of the backfill.

1804.5 Grading and fill in flood hazard areas. In flood haz-
ard areas established in Section 1612.3, grading, fill, or both,
shall not be approved:

1. Unless such fill is placed, compacted and sloped to
minimize shifting, slumping and erosion during the rise
and fall of flood water and, as applicable, wave action.

2. In floodways, unless it has been demonstrated through
hydrologic and hydraulic analyses performed by a reg-
istered design professional in accordance with standard
engineering practice that the proposed grading or fill, or
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both, will not result in any increase in flood levels
during the occurrence of the design flood.

3. In coastal high hazard areas, unless such fill is con-
ducted and/or placed to avoid diversion of water and
waves toward any building or structure.

4. Where design flood elevations are specified but flood-
ways have not been designated, unless it has been
demonstrated that the cumulative effect of the proposed
flood hazard area encroachment, when combined with
all other existing and anticipated flood hazard area
encroachment, will not increase the design flood eleva-
tion more than 1 foot (305 mm) at any point.

1804.6 Compacted fill material. Where shallow foundations
will bear on compacted fill material, the compacted fill shall
comply with the provisions of an approved geotechnical
report, as set forth in Section 1803.

Exception: Compacted fill material 12 inches (305 mm)
in depth or less need not comply with an approved report,
provided the in-place dry density is not less than 90 per-
cent of the maximum dry density at optimum moisture
content determined in accordance with ASTM D1557. The
compaction shall be verified by special inspection in
accordance with Section 1705.6.

1804.7 Controlled low-strength material (CLSM). Where
shallow foundations will bear on controlled low-strength
material (CLSM), the CLSM shall comply with the provi-
sions of an approved geotechnical report, as set forth in Sec-
tion 1803.

SECTION 1805
DAMPPROOFING AND WATERPROOFING

1805.1 General. Walls or portions thereof that retain earth
and enclose interior spaces and floors below grade shall be
waterproofed and dampproofed in accordance with this sec-
tion, with the exception of those spaces containing groups
other than residential and institutional where such omission is
not detrimental to the building or occupancy.

Ventilation for crawl spaces shall comply with Section
1203.4.

1805.1.1 Story above grade plane. Where a basement is
considered a story above grade plane and the finished
ground level adjacent to the basement wall is below the
basement floor elevation for 25 percent or more of the
perimeter, the floor and walls shall be dampproofed in
accordance with Section 1805.2 and a foundation drain
shall be installed in accordance with Section 1805.4.2. The
foundation drain shall be installed around the portion of
the perimeter where the basement floor is below ground
level. The provisions of Sections 1803.5.4, 1805.3 and
1805.4.1 shall not apply in this case.

1805.1.2 Under-floor space. The finished ground level of
an under-floor space such as a crawl space shall not be
located below the bottom of the footings. Where there is
evidence that the ground water table rises to within 6
inches (152 mm) of the ground level at the outside build-
ing perimeter, or that the surface water does not readily
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drain from the building site, the ground level of the under-
floor space shall be as high as the outside finished ground
level, unless an approved drainage system is provided.
The provisions of Sections 1803.5.4, 1805.2, 1805.3 and
1805.4 shall not apply in this case.

1805.1.2.1 Flood hazard areas. For buildings and
structures in flood hazard areas as established in Sec-
tion 1612.3, the finished ground level of an under-floor
space such as a crawl space shall be equal to or higher
than the outside finished ground level on at least one
side.

Exception: Under-floor spaces of Group R-3 build-
ings that meet the requirements of FEMA TB 11.

1805.1.3 Ground water control. Where the ground water
table is lowered and maintained at an elevation not less
than 6 inches (152 mm) below the bottom of the lowest
floor, the floor and walls shall be dampproofed in accor-
dance with Section 1805.2. The design of the system to
lower the ground water table shall be based on accepted
principles of engineering that shall consider, but not nec-
essarily be limited to, permeability of the soil, rate at
which water enters the drainage system, rated capacity of
pumps, head against which pumps are to operate and the
rated capacity of the disposal area of the system.

1805.2 Dampproofing. Where hydrostatic pressure will not
occur as determined by Section 1803.5.4, floors and walls for
other than wood foundation systems shall be dampproofed in
accordance with this section. Wood foundation systems shall
be constructed in accordance with AWC PWF.

1805.2.1 Floors. Dampproofing materials for floors shall
be installed between the floor and the base course required
by Section 1805.4.1, except where a separate floor is pro-
vided above a concrete slab.

Where installed beneath the slab, dampproofing shall
consist of not less than 6-mil (0.006 inch; 0.152 mm) poly-
ethylene with joints lapped not less than 6 inches (152
mm), or other approved methods or materials. Where per-
mitted to be installed on top of the slab, dampproofing
shall consist of mopped-on bitumen, not less than 4-mil
(0.004 inch; 0.102 mm) polyethylene, or other approved
methods or materials. Joints in the membrane shall be
lapped and sealed in accordance with the manufacturer’s
installation instructions.

1805.2.2 Walls. Dampproofing materials for walls shall
be installed on the exterior surface of the wall, and shall
extend from the top of the footing to above ground level.

Dampproofing shall consist of a bituminous material, 3
pounds per square yard (16 N/m?) of acrylic modified
cement, '/, inch (3.2 mm) coat of surface-bonding mortar
complying with ASTM C887, any of the materials permit-
ted for waterproofing by Section 1805.3.2 or other
approved methods or materials.

1805.2.2.1 Surface preparation of walls. Prior to
application of dampproofing materials on concrete
walls, holes and recesses resulting from the removal of
form ties shall be sealed with a bituminous material or
other approved methods or materials. Unit masonry
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walls shall be parged on the exterior surface below
ground level with not less than */; inch (9.5 mm) of
Portland cement mortar. The parging shall be coved at
the footing.

Exception: Parging of unit masonry walls is not
required where a material is approved for direct
application to the masonry.

1805.3 Waterproofing. Where the ground water investiga-
tion required by Section 1803.5.4 indicates that a hydrostatic
pressure condition exists, and the design does not include a
ground water control system as described in Section
1805.1.3, walls and floors shall be waterproofed in accor-
dance with this section.

1805.3.1 Floors. Floors required to be waterproofed shall
be of concrete and designed and constructed to withstand
the hydrostatic pressures to which the floors will be sub-
jected.

Waterproofing shall be accomplished by placing a
membrane of rubberized asphalt, butyl rubber, fully
adhered/fully bonded HDPE or polyolefin composite
membrane or not less than 6-mil [0.006 inch (0.152 mm)]
polyvinyl chloride with joints lapped not less than 6 inches
(152 mm) or other approved materials under the slab.
Joints in the membrane shall be lapped and sealed in
accordance with the manufacturer’s installation instruc-
tions.

1805.3.2 Walls. Walls required to be waterproofed shall
be of concrete or masonry and shall be designed and con-
structed to withstand the hydrostatic pressures and other
lateral loads to which the walls will be subjected.

Waterproofing shall be applied from the bottom of the
wall to not less than 12 inches (305 mm) above the maxi-
mum elevation of the ground water table. The remainder
of the wall shall be dampproofed in accordance with Sec-
tion 1805.2.2. Waterproofing shall consist of two-ply hot-
mopped felts, not less than 6-mil (0.006 inch; 0.152 mm)
polyvinyl chloride, 40-mil (0.040 inch; 1.02 mm) poly-
mer-modified asphalt, 6-mil (0.006 inch; 0.152 mm) poly-
ethylene or other approved methods or materials capable
of bridging nonstructural cracks. Joints in the membrane
shall be lapped and sealed in accordance with the manu-
facturer’s installation instructions.

1805.3.2.1 Surface preparation of walls. Prior to the
application of waterproofing materials on concrete or
masonry walls, the walls shall be prepared in accor-
dance with Section 1805.2.2.1.

1805.3.3 Joints and penetrations. Joints in walls and
floors, joints between the wall and floor and penetrations
of the wall and floor shall be made water tight utilizing
approved methods and materials.

1805.4 Subsoil drainage system. Where a hydrostatic pres-
sure condition does not exist, dampproofing shall be provided
and a base shall be installed under the floor and a drain
installed around the foundation perimeter. A subsoil drainage
system designed and constructed in accordance with Section
1805.1.3 shall be deemed adequate for lowering the ground-
water table.
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1805.4.1 Floor base course. Floors of basements, except
as provided for in Section 1805.1.1, shall be placed over a
floor base course not less than 4 inches (102 mm) in thick-
ness that consists of gravel or crushed stone containing not
more than 10 percent of material that passes through a No.
4 (4.75 mm) sieve.

Exception: Where a site is located in well-drained
gravel or sand/gravel mixture soils, a floor base course
is not required.

1805.4.2 Foundation drain. A drain shall be placed
around the perimeter of a foundation that consists of
gravel or crushed stone containing not more than 10-per-
cent material that passes through a No. 4 (4.75 mm) sieve.
The drain shall extend a minimum of 12 inches (305 mm)
beyond the outside edge of the footing. The thickness shall
be such that the bottom of the drain is not higher than the
bottom of the base under the floor, and that the top of the
drain is not less than 6 inches (152 mm) above the top of
the footing. The top of the drain shall be covered with an
approved filter membrane material. Where a drain tile or
perforated pipe is used, the invert of the pipe or tile shall
not be higher than the floor elevation. The top of joints or
the top of perforations shall be protected with an approved
filter membrane material. The pipe or tile shall be placed
on not less than 2 inches (51 mm) of gravel or crushed
stone complying with Section 1805.4.1, and shall be cov-
ered with not less than 6 inches (152 mm) of the same
material.

1805.4.3 Drainage discharge. The floor base and founda-
tion perimeter drain shall discharge by gravity or mechan-
ical means into an approved drainage system that complies
with the Plumbing Code.

Exception: Where a site is located in well-drained
gravel or sand/gravel mixture soils, a dedicated drain-
age system is not required.

SECTION 1806
PRESUMPTIVE LOAD-BEARING
VALUES OF SOILS

1806.1 Load combinations. The presumptive load-bearing
values provided in Table 1806.2 shall be used with the allow-
able stress design load combinations specified in Section
1605.3. The values of vertical foundation pressure and lateral
bearing pressure given in Table 1806.2 shall be permitted to
be increased by one-third where used with the alternative
basic load combinations of Section 1605.3.2 that include
wind or earthquake loads.

1806.2 Presumptive load-bearing values. The load-bearing
values used in design for supporting soils near the surface
shall not exceed the values specified in Table 1806.2 unless
data to substantiate the use of higher values are submitted and
approved. Where the building official has reason to doubt the
classification, strength or compressibility of the soil, the
requirements of Section 1803.5.2 shall be satisfied.

Presumptive load-bearing values shall apply to materials
with similar physical characteristics and dispositions. Mud,
organic silt, organic clays, peat or unprepared fill shall not be
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assumed to have a presumptive load-bearing capacity unless
data to substantiate the use of such a value are submitted.

Exception: A presumptive load-bearing capacity shall be
permitted to be used where the building official deems the
load-bearing capacity of mud, organic silt or unprepared
fill is adequate for the support of lightweight or temporary
structures.

1806.3 Lateral load resistance. Where the presumptive val-
ues of Table 1806.2 are used to determine resistance to lateral
loads, the calculations shall be in accordance with Sections
1806.3.1 through 1806.3.4.

1806.3.1 Combined resistance. The total resistance to lat-
eral loads shall be permitted to be determined by combin-
ing the values derived from the lateral bearing pressure
and the lateral sliding resistance specified in Table 1806.2.

1806.3.2 Lateral sliding resistance limit. For clay, sandy
clay, silty clay, clayey silt, silt and sandy silt, in no case
shall the lateral sliding resistance exceed one-half the dead
load.

1806.3.3 Increase for depth. The lateral bearing pres-
sures specified in Table 1806.2 shall be permitted to be
increased by the tabular value for each additional foot (305
mm) of depth to a maximum of 15 times the tabular value.

1806.3.4 Increase for poles. Isolated poles for uses such
as flagpoles or signs and poles used to support buildings
that are not adversely affected by a '/,-inch (12.7 mm)
motion at the ground surface due to short-term lateral
loads shall be permitted to be designed using lateral bear-
ing pressures equal to two times the tabular values.

SECTION 1807
FOUNDATION WALLS, RETAINING
WALLS AND EMBEDDED POSTS AND POLES

1807.1 Foundation walls. Foundation walls shall be
designed and constructed in accordance with Sections
1807.1.1 through 1807.1.6. Foundation walls shall be sup-
ported by foundations designed in accordance with Section
1808.

1807.1.1 Design lateral soil loads. Foundation walls shall
be designed for the lateral soil loads set forth in Section
1610.

1807.1.2 Unbalanced backfill height. Unbalanced back-
fill height is the difference in height between the exterior
finish ground level and the lower of the top of the concrete
footing that supports the foundation wall or the interior
finish ground level. Where an interior concrete slab on
grade is provided and is in contact with the interior surface
of the foundation wall, the unbalanced backfill height shall
be permitted to be measured from the exterior finish
ground level to the top of the interior concrete slab.

1807.1.3 Rubble stone foundation walls. Foundation
walls of rough or random rubble stone shall not be less
than 16 inches (406 mm) thick. Rubble stone shall not be
used for foundation walls of structures assigned to Seismic
Design Category C, D, E or F.

1807.1.4 Permanent wood foundation systems. Perma-
nent wood foundation systems shall be designed and
installed in accordance with AWC PWF. Lumber and ply-
wood shall be treated in accordance with AWPA Ul
(Commodity Specification A, Use Category 4B and Sec-
tion 5.2) and shall be identified in accordance with Section
2303.1.9.1.

1807.1.5 Concrete and masonry foundation walls. Con-
crete and masonry foundation walls shall be designed in
accordance with Chapter 19 or 21, as applicable.

Exception: Concrete and masonry foundation walls
shall be permitted to be designed and constructed in
accordance with Section 1807.1.6.

1807.1.6 Prescriptive design of concrete and masonry
foundation walls. Concrete and masonry foundation walls
that are laterally supported at the top and bottom shall be
permitted to be designed and constructed in accordance
with this section.

1807.1.6.1 Foundation wall thickness. The thickness
of prescriptively designed foundation walls shall not be
less than the thickness of the wall supported, except
that foundation walls of at least 8-inch (203 mm) nomi-

TABLE 1806.2
PRESUMPTIVE LOAD-BEARING VALUES

LATERAL BEARING LATERAL SLIDING RESISTANCE
CLASS OF MATERIALS VER;‘;’;;STJ%‘Q'(D:J'ON PRESSURE — ——— : -
P (psf/ft below natural grade) | Coefficient of friction Cohesion (psf)
1. Crystalline bedrock 12,000 1,200 0.70 —
2. Sedimentary and foliated rock 4,000 400 0.35 —
3. Sandy gravel and/or gravel (GW and GP) 3,000 200 0.35 —
4. Sand, silty sand, clayey sand, silty gravel
and clayey gravel (SW, SP, SM, SC, GM 2,000 150 0.25 —
and GC)
5. Clay, sandy clay, silty clay, clayey silt, silt
and sandy silt (CL, ML, MH and CH) 1,500 100 130

For SI: 1 pound per square foot = 0.0479kPa, 1 pound per square foot per foot = 0.157 kPa/m.

a. Coefficient to be multiplied by the dead load.

b. Cohesion value to be multiplied by the contact area, as limited by Section 1806.3.2.
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nal width shall be permitted to support brick-veneered
frame walls and 10-inch-wide (254 mm) cavity walls
provided the requirements of Section 1807.1.6.2 or
1807.1.6.3 are met.

1807.1.6.2 Concrete foundation walls. Concrete foun-
dation walls shall comply with the following:

SOILS AND FOUNDATIONS

the table is reduced by multiplying the spacing by
0.67 or 0.83, respectively.

. Vertical reinforcement, when required, shall be
placed nearest the inside face of the wall a dis-
tance, d, from the outside face (soil face) of the
wall. The distance, d, is equal to the wall thick-
ness, ¢, minus 1.25 inches (32 mm) plus one-half

1. The thiciness shall comply with the requirements the bar diameter, d,, [d = - (125 + d, / 2)]. The
) ) ) ) reinforcement shall be placed within a tolerance of
2. The size and spacing of vertical reinforcement + 3/, inch (9.5 mm) where d is less than or equal to
shown in Table 1807.1.6.2 are based on the use 8 inches (203 mm) or + '/, inch (12.7 mm) where d
of reinforcement with a minimum yield s.trength is greater than 8 inches (203 mm).
of 60,000 pounds per square inch (psi) (414 ) ) )
MPa).Vertical reinforcement with a minimum 4. In lieu of the reinforcement shown in Table
yield strength of 40,000 psi (276 MPa) or 50,000 1807.1.6.2,. smaller remforcmg bqr sizes with
psi (345 MPa) shall be permitted, provided the closgr spacings that prov1de an equlvalept Cross-
same size bar is used and the spacing shown in sectional area of reinforcement per unit length
shall be permitted.
TABLE 1807.1.6.2
CONCRETE FOUNDATION WALLS"*
MINIMUM VERTICAL REINFORCEMENT-BAR SIZE AND SPACING (inches)
MAXIMUM MAXIMUM Design lateral soil load® (psf per foot of depth)
WALL UNBALANCED 30° | 259 50
HEIGHT BACKFILL
(feet) HEIGHT® (feet) Minimum wall thickness (inches)
7.5 9.5 115 7.5 9.5 115 7.5 9.5 115
5 4 PC PC PC PC PC PC PC PC PC
5 PC PC PC PC PC PC PC PC PC
4 PC PC PC PC PC PC PC PC PC
6 5 PC PC PC PC PC PC PC PC PC
6 PC PC PC PC PC PC PC PC PC
4 PC PC PC PC PC PC PC PC PC
7 5 PC PC PC PC PC PC PC PC PC
6 PC PC PC PC PC PC #5 at 48 PC PC
7 PC PC PC #5 at 46 PC PC #6 at 48 PC PC
4 PC PC PC PC PC PC PC PC PC
5 PC PC PC PC PC PC PC PC PC
8 6 PC PC PC PC PC PC #5 at43 PC PC
7 PC PC PC #5 at41 PC PC #6 at 43 PC PC
8 #5 at 47 PC PC #6 at 43 PC PC #6 at 32 #6 at 44 PC
4 PC PC PC PC PC PC PC PC PC
5 PC PC PC PC PC PC PC PC PC
6 PC PC PC PC PC PC #5 at 39 PC PC
? 7 PC PC PC #5 at 37 PC PC #6 at 38 #5 at 37 PC
8 #5 at41 PC PC #6 at 38 #5 at 37 PC #7 at 39 #6 at 39 #4 at 48
9d #6 at 46 PC PC #7 at 41 #6 at 41 PC #7 at 31 #7 at 41 #6 at 39
4 PC PC PC PC PC PC PC PC PC
5 PC PC PC PC PC PC PC PC PC
6 PC PC PC PC PC PC #5 at 37 PC PC
10 7 PC PC PC #6 at 48 PC PC #6 at 35 #6 at 48 PC
8 #5 at 38 PC PC #T7 at 47 #6 at 47 PC #7 at 35 #7 at 47 #6 at 45
94 #6 at 41 #4 at 48 PC #7 at 37 #7 at 48 #4 at 48 #6 at 22 #7 at 37 #7 at 47
104 #7 at 45 #6 at 45 PC #7 at 31 #7 at 40 #6 at 38 #6 at 22 #7 at 30 #7 at 38

For SI: 1 inch =25.4 mm, 1 foot =304.8 mm, 1 pound per square foot per foot = 0.157 kPa/m.

a.
b
c.
d. Where unbalanced backfill height exceeds 8 feet and design lateral soil loads from Table 1610.1 are used, the requirements for 30 and 45 psf per foot of depth

c.

For design lateral soil loads, see Section 1610.
. Provisions for this table are based on design and construction requirements specified in Section 1807.1.6.2.

“PC” means plain concrete.

are not applicable (see Section 1610).
For height of unbalanced backfill, see Section 1807.1.2.
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5. Concrete cover for reinforcement measured from 1807.1.6.3 Masonry foundation walls. Masonry foun-
the inside face of the wall shall not be less than ¥/, dation walls shall comply with the following:

inch (19.1 mm). Concrete cover for reinforcement 1. The thickness shall comply with the require-
measured from the outside face of the wall shall ments of Table 1807163(1) for plain masonry

o
not be less than 17/, inches (38 mm) for No. 5 bars walls or Table 1807.1.6.3(2), 1807.1.6.3(3) or

and smaller, and not less than 2 inches (51 mm) 1807.1.6.3(4) for masonry walls with reinforce-
for larger bars.

ment.
6. Concrete shall have a specified compressive 2. Vertical reinforcement shall have a minimum
strength, f _, of not less than 2,500 psi (17.2 yield strength of 60,000 psi (414 MPa).

MPa).

7. The unfactored axial load per linear foot of wall
shall not exceed 1.2 7 f ', where ¢ is the specified

3. The specified location of the reinforcement
shall equal or exceed the effective depth dis-
tance, d, noted in Tables 1807.1.6.3(2),

wall thickness in inches. 1807.1.6.3(3) and 1807.1.6.3(4) and shall be
1807.1.6.2.1 Seismic requirements. Based on the measured from the face of the exterior (soil)
seismic design category assigned to the structure in side of the wall to the center of the vertical rein-
accordance with Section 1613, concrete foundation forcement. The reinforcement shall be placed
walls designed using Table 1807.1.6.2 shall be sub- within the tolerances specified in TMS 602/ACI
ject to the following limitations: 530.1/ASCE 6, Article 3.4.B.11, of the speci-

1. Seismic Design Categories A and B. Not less fied location.

than one No. 5 bar shall be provided around 4. Grout shall comply with Section 2103.3.
window, door and similar sized opeqings. The 5. Concrete masonry units shall comply with
bar shall be anchored to develop f, in tension ASTM C90.

at the corners of openings. . )
6. Clay masonry units shall comply with ASTM

2. Seismic Design Categories C, D, E and F. C652 for hollow brick, except compliance with
Tal?les shall not be used except as allowed for ASTM C62 or ASTM C216 shall be permitted
plain concrete members in Section 1905.1.7. where solid masonry units are installed in

accordance with Table 1807.1.6.3(1) for plain
masonry.

TABLE 1807.1.6.3(1)
PLAIN MASONRY FOUNDATION WALLS*"®

MINIMUM NOMINAL WALL THICKNESS (inches)
MAXIMUM(:’ZQI)'L HEIGHT I\BIIAAé:x:lI{\f_ "#‘é?é##’:gﬁg Design lateral soil load® (psf per foot of depth)
30 45' 60
4 (or less) 8 8 8
5 8 10 10
7 6 10 12 10 (solid)
7 12 10 (solid®) 10 (solid®)
4 (or less) 8 8 8
5 8 10 12
8 6 10 12 12 (solid®)
7 12 12 (solid®) Note d
8 10 (solid®) 12 (solid®) Note d
4 (or less) 8 8 8
5 8 10 12
9 6 12 12 12 (solid®)
7 12 (solid®) 12 (solid®) Note d
8 12 (solid®) Note d Note d
9f Note d Note d Note d

For SI: 1 inch =25.4 mm, 1 foot=304.8 mm, 1 pound per square foot per foot = 0.157 kPa/m.

. For design lateral soil loads, see Section 1610.

. Provisions for this table are based on design and construction requirements specified in Section 1807.1.6.3.

. Solid grouted hollow units or solid masonry units.

. A design in compliance with Chapter 21 or reinforcement in accordance with Table 1807.1.6.3(2) is required.

. For height of unbalanced backfill, see Section 1807.1.2.
Where unbalanced backfill height exceeds 8 feet and design lateral soil loads from Table 1610.1 are used, the requirements for 30 and 45 psf per foot of depth
are not applicable (see Section 1610).

-0 a0 o
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7. Masonry units shall be laid in running bond and
installed with Type M or S mortar in accor-
dance with Section 2103.2.1.

8. The unfactored axial load per linear foot of wall
shall not exceed 1.2 ¢f', where 1 is the specified
wall thickness in inches and /', is the specified
compressive strength of masonry in pounds per
square inch.

9. At least 4 inches (102 mm) of solid masonry
shall be provided at girder supports at the top of
hollow masonry unit foundation walls.

10. Corbeling of masonry shall be in accordance
with Section 2104.1. Where an 8-inch (203
mm) wall is corbeled, the top corbel shall not
extend higher than the bottom of the floor fram-
ing and shall be a full course of headers at least

TABLE 1807.1.6.3(2)

SOILS AND FOUNDATIONS

6 inches (152 mm) in length or the top course
bed joint shall be tied to the vertical wall projec-
tion. The tie shall be W2.8 (4.8 mm) and spaced
at a maximum horizontal distance of 36 inches
(914 mm). The hollow space behind the cor-
belled masonry shall be filled with mortar or
grout.

1807.1.6.3.1 Alternative foundation wall rein-
forcement. In lieu of the reinforcement provisions
for masonry foundation walls in Table
1807.1.6.3(2), 1807.1.6.3(3) or 1807.1.6.3(4), alter-
native reinforcing bar sizes and spacings having an
equivalent cross-sectional area of reinforcement per
linear foot (mm) of wall shall be permitted to be
used, provided the spacing of reinforcement does
not exceed 72 inches (1829 mm) and reinforcing bar
sizes do not exceed No. 11.

8-INCH MASONRY FOUNDATION WALLS WITH REINFORCEMENT WHERE d > 5 INCHES® " ©

MINIMUM VERTICAL REINFORCEMENT-BAR SIZE AND SPACING (inches)
MAXIMUM V_VALL HEIGHT MA;E&%EE%:-(;}?#ED Design lateral soil load®
(feet-inches) (feet-inches) (psf per foot of depth)
30° 45° 60
4-0 (or less) #4 at 48 #4 at 48 #4 at 48
7.4 5-0 #4 at 48 #4 at 48 #4 at 48
6-0 #4 at 48 #5 at 48 #5 at 48
7-4 #5 at 48 #6 at 48 #7 at 48
4-0 (or less) #4 at 48 #4 at 48 #4 at 48
5-0 #4 at 48 #4 at 48 #4 at 48
8-0 6-0 #4 at 48 #5 at 48 #5 at 48
7-0 #5 at 48 #6 at 48 #7 at 48
8-0 #5 at 48 #6 at 48 #7 at 48
4-0 (or less) #4 at 48 #4 at 48 #4 at 48
5-0 #4 at 48 #4 at 48 #5 at 48
8-8 6-0 #4 at 48 #5 at 48 #6 at 48
7-0 #5 at 48 #6 at 48 #7 at 48
8-8° #6 at 48 #7 at 48 #8 at 48
4-0 (or less) #4 at 48 #4 at 48 #4 at 48
5-0 #4 at 48 #4 at 48 #5 at 48
6-0 #4 at 48 #5 at 48 #6 at 48
-4 7-0 #5 at 48 #6 at 48 #7 at 48
8-0 #6 at 48 #7 at 48 #8 at 48
9-4° #7 at 48 #8 at 48 #9 at 48
4-0 (or less) #4 at 48 #4 at 48 #4 at 48
5-0 #4 at 48 #4 at 48 #5 at 48
6-0 #4 at 48 #5 at 48 #6 at 48
10-0 7-0 #5 at 48 #6 at 48 #7 at 48
8-0 #06 at 48 #7 at 48 #8 at 48
9-0° #7 at 48 #8 at 48 #9 at 48
10-0° #7 at 48 #9 at 48 #9 at 48

For SI: 1 inch =25.4 mm, 1 foot =304.8 mm, 1 pound per square foot per foot = 0.157 kPa/m.
For design lateral soil loads, see Section 1610.

a.
. Provisions for this table are based on design and construction requirements specified in Section 1807.1.6.3.
. For alternative reinforcement, see Section 1807.1.6.3.1.
. For height of unbalanced backfill, see Section 1807.1.2.
. Where unbalanced backfill height exceeds 8 feet and design lateral soil loads from Table 1610.1 are used, the requirements for 30 and 45 psf per foot of depth

o o o o

are not applicable. See Section 1610.
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1807.1.6.3.2 Seismic requirements. Based on the
seismic design category assigned to the structure in
accordance with Section 1613, masonry foundation
walls designed using Tables 1807.1.6.3(1) through
1807.1.6.3(4) shall be subject to the following lim-
itations:

1. Seismic Design Categories A and B. No addi-
tional seismic requirements.

2. Seismic Design Category C. A design using
Tables 1807.1.6.3(1) through 1807.1.6.3(4) is
subject to the seismic requirements of Section
7.4.3 of TMS 402/ACI 530/ASCE 5.

3. Seismic Design Category D. A design using
Tables 1807.1.6.3(2) through 1807.1.6.3(4) is
subject to the seismic requirements of Section
7.4.4 of TMS 402/ACI 530/ASCE 5.

4. Seismic Design Categories E and F. A design
using Tables 1807.1.6.3(2) through 1807.1.6.3(4)

is subject to the seismic requirements of Section
7.4.5 of TMS 402/ACI 530/ASCE 5.

1807.2 Retaining walls. Retaining walls shall be designed in
accordance with Sections 1807.2.1 through 1807.2.3.

1807.2.1 General. Retaining walls shall be designed to
ensure stability against overturning, sliding, excessive
foundation pressure and water uplift. Where a keyway is
extended below the wall base with the intent to engage
passive pressure and enhance sliding stability, lateral soil
pressures on both sides of the keyway shall be considered
in the sliding analysis.

1807.2.2 Design lateral soil loads. Retaining walls shall
be designed for the lateral soil loads set forth in Section
1610.

1807.2.3 Safety factor. Retaining walls shall be designed
to resist the lateral action of soil to produce sliding and
overturning with a minimum safety factor of 1.5 in each
case. The load combinations of Section 1605 shall not

TABLE 1807.1.6.3(3)
10-INCH MASONRY FOUNDATION WALLS WITH REINFORCEMENT WHERE d > 6.75 INCHES = >°

MINIMUM VERTICAL REINFORCEMENT-BAR SIZE AND SPACING (inches)
MAXIMUM V.VALL HEIGHT MA;II\MCIIJ('\IQIEI'.‘?I;:-(?I-'I\‘%ED Design lateral soil load® (psf per foot of depth)
(feet-inches) (feet-inches) . "
30 45 60

4-0 (or less) #4 at 56 #4 at 56 #4 at 56

7.4 5-0 #4 at 56 #4 at 56 #4 at 56
6-0 #4 at 56 #4 at 56 #5 at 56

7-4 #4 at 56 #5 at 56 #6 at 56

4-0 (or less) #4 at 56 #4 at 56 #4 at 56

5-0 #4 at 56 #4 at 56 #4 at 56

8-0 6-0 #4 at 56 #4 at 56 #5 at 56
7-0 #4 at 56 #5 at 56 #6 at 56

8-0 #5 at 56 #6 at 56 #7 at 56

4-0 (or less) #4 at 56 #4 at 56 #4 at 56

5-0 #4 at 56 #4 at 56 #4 at 56

8-8 6-0 #4 at 56 #4 at 56 #5 at 56
7-0 #4 at 56 #5 at 56 #6 at 56

8-8¢ #5 at 56 #7 at 56 #8 at 56

4-0 (or less) #4 at 56 #4 at 56 #4 at 56

5-0 #4 at 56 #4 at 56 #4 at 56

6-0 #4 at 56 #5 at 56 #5 at 56

-4 7-0 #4 a1 56 45 at 56 #6 at 56
8-0 #5 at 56 #6 at 56 #7 at 56

9-4¢ #6 at 56 #7 at 56 #7 at 56

4-0 (or less) #4 at 56 #4 at 56 #4 at 56

5-0 #4 at 56 #4 at 56 #4 at 56

6-0 #4 at 56 #5 at 56 #5 at 56

10-0 7-0 #5 at 56 #6 at 56 #7 at 56
8-0 #5 at 56 #7 at 56 #8 at 56

9-0° #6 at 56 #7 at 56 #9 at 56

10-0¢ #7 at 56 #8 at 56 #9 at 56

For SI: 1 inch =25.4 mm, 1 foot =304.8 mm, 1 pound per square foot per foot = 1.157 kPa/m.

a. For design lateral soil loads, see Section 1610.

. Provisions for this table are based on design and construction requirements specified in Section 1807.1.6.3.

. For alternative reinforcement, see Section 1807.1.6.3.1.

. For height of unbalanced backfill, see Section 1807.1.2.

. Where unbalanced backfill height exceeds 8 feet and design lateral soil loads from Table 1610.1 are used, the requirements for 30 and 45 psf per foot of depth
are not applicable. See Section 1610.

o o o o
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apply to this requirement. Instead, design shall be based on
0.7 times nominal earthquake loads, 1.0 times other nomi-
nal loads, and investigation with one or more of the vari-
able loads set to zero. The safety factor against lateral
sliding shall be taken as the available soil resistance at the
base of the retaining wall foundation divided by the net
lateral force applied to the retaining wall.

Exception: Where earthquake loads are included, the
minimum safety factor for retaining wall sliding and
overturning shall be 1.1.

1807.3 Embedded posts and poles. Designs to resist both
axial and lateral loads employing posts or poles as columns
embedded in earth or in concrete footings in earth shall be in
accordance with Sections 1807.3.1 through 1807.3.3.

1807.3.1 Limitations. The design procedures outlined in
this section are subject to the following limitations:

1. The frictional resistance for structural walls and
slabs on silts and clays shall be limited to one-half of

SOILS AND FOUNDATIONS

the normal force imposed on the soil by the weight
of the footing or slab.

2. Posts embedded in earth shall not be used to provide
lateral support for structural or nonstructural materi-
als such as plaster, masonry or concrete unless brac-
ing is provided that develops the limited deflection
required.

Wood poles shall be treated in accordance with AWPA
Ul for sawn timber posts (Commodity Specification A,
Use Category 4B) and for round timber posts (Commodity
Specification B, Use Category 4B).

1807.3.2 Design criteria. The depth to resist lateral loads
shall be determined using the design criteria established in
Sections 1807.3.2.1 through 1807.3.2.3, or by other meth-
ods approved by the building official.

1807.3.2.1 Nonconstrained. The following formula
shall be used in determining the depth of embedment

TABLE 1807.1.6.3(4)
12-INCH MASONRY FOUNDATION WALLS WITH REINFORCEMENT WHERE d > 8.75 INCHES® " °

MINIMUM VERTICAL REINFORCEMENT-BAR SIZE AND SPACING (inches)
MAXIMUM UNBALANCED
MAXIM:’;\Q‘Y.\:‘ACI;]I;:EIGHT BACKFILL HEIGHT® Design lateral soil load® (psf per foot of depth)
( ! ) (feet-inches) 30° 25° 60
4 (or less) #4 at 72 #4 at 72 #4 at 72
7.4 5-0 #4 at 72 #4 at 72 #4 at 72
) 6-0 #4 at 72 #4 at 72 #5 at 72
7-4 #4 at 72 #5 at72 #6 at 72
4 (or less) #4 at 72 #4 at 72 #4 at 72
5-0 #4 at 72 #4 at 72 #4 at 72
8-0 6-0 #4 at 72 #4 at 72 #5 at 72
7-0 #4 at 72 #5 at 72 #6 at 72
8-0 #5at 72 #6 at 72 #8 at 72
4 (or less) #4 at 72 #4 at 72 #4 at 72
5-0 #4 at 72 #4 at 72 #4 at 72
8-8 6-0 #4 at 72 #4 at 72 #5 at 72
7-0 #4 at 72 #5at72 #6 at 72
8-8° #5at 72 #7 at 72 #8 at 72
4 (or less) #4 at 72 #4 at 72 #4 at 72
5-0 #4 at 72 #4 at 72 #4 at 72
9.4 6-0 #4 at 72 #5at72 #5 at 72
) 7-0 #4 at 72 #5 at72 #6 at 72
8-0 #5 at 72 #6 at 72 #7 at 72
9-4¢ #6 at 72 #7 at 72 #8 at 72
4 (or less) #4 at 72 #4 at 72 #4 at 72
5-0 #4 at 72 #4 at 72 #4 at 72
6-0 #4 at 72 #5 at72 #5 at 72
10-0 7-0 #4 at 72 #6 at 72 #6 at 72
8-0 #5at 72 #6 at 72 #7 at 72
9-0° #6 at 72 #7 at 72 #8 at 72
10-0° #7 at 72 #8 at 72 #9 at 72

For SI: 1 inch =25.4 mm, 1 foot =304.8 mm, 1 pound per square foot per foot = 0.157 kPa/m.
a. For design lateral soil loads, see Section 1610.

o o o o

are not applicable. See Section 1610.
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. Provisions for this table are based on design and construction requirements specified in Section 1807.1.6.3.
. For alternative reinforcement, see Section 1807.1.6.3.1.
. For height of unbalanced backfill, see Section 1807.1.2.

Where unbalanced backfill height exceeds 8 feet and design lateral soil loads from Table 1610.1 are used, the requirements for 30 and 45 psf per foot of depth
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required to resist lateral loads where no lateral con-
straint is provided at the ground surface, such as by a
rigid floor or rigid ground surface pavement, and where
no lateral constraint is provided above the ground sur-
face, such as by a structural diaphragm.

d=0.5A{1+[1+ (4.36n/A)]"*} (Equation 18-1)

where:

A =234P/Sb).

b = Diameter of round post or footing or diagonal
dimension of square post or footing, feet (m).

d = Depth of embedment in earth in feet (m) but not
over 12 feet (3658 mm) for purpose of computing
lateral pressure.

h = Distance in feet (m) from ground surface to point
of application of “P.”

P = Applied lateral force in pounds (kN).

S, = Allowable lateral soil-bearing pressure as set
forth in Section 1806.2 based on a depth of one-
third the depth of embedment in pounds per
square foot (psf) (kPa).

1807.3.2.2 Constrained. The following formula shall
be used to determine the depth of embedment required
to resist lateral loads where lateral constraint is pro-
vided at the ground surface, such as by a rigid floor or
pavement.

J_ [A25Ph

or alternatively

o M,
S5b

where:

(Equation 18-2)

(Equation 18-3)

M, = Moment in the post at grade, in foot-pounds
(kN-m).

S; = Allowable lateral soil-bearing pressure as set
forth in Section 1806.2 based on a depth equal to
the depth of embedment in pounds per square
foot (kPa).

1807.3.2.3 Vertical load. The resistance to vertical
loads shall be determined using the vertical foundation
pressure set forth in Table 1806.2.

1807.3.3 Backfill. The backfill in the annular space
around columns not embedded in poured footings shall be
by one of the following methods:

1. Backfill shall be of concrete with a specified com-
pressive strength of not less than 2,000 psi (13.8
MPa). The hole shall not be less than 4 inches (102
mm) larger than the diameter of the column at its
bottom or 4 inches (102 mm) larger than the diago-
nal dimension of a square or rectangular column.
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2. Backfill shall be of clean sand. The sand shall be
thoroughly compacted by tamping in layers not
more than 8 inches (203 mm) in depth.

3. Backfill shall be of controlled low-strength material
(CLSM).

SECTION 1808
FOUNDATIONS

1808.1 General. Foundations shall be designed and con-
structed in accordance with Sections 1808.2 through 1808.9.
Shallow foundations shall also satisfy the requirements of
Section 1809. Deep foundations shall also satisfy the require-
ments of Section 1810.

1808.2 Design for capacity and settlement. Foundations
shall be so designed that the allowable bearing capacity of the
soil is not exceeded, and that differential settlement is mini-
mized. Foundations in areas with expansive soils shall be
designed in accordance with the provisions of Section
1808.6.

1808.3 Design loads. Foundations shall be designed for the
most unfavorable effects due to the combinations of loads
specified in Section 1605.2 or 1605.3. The dead load is per-
mitted to include the weight of foundations and overlying fill.
Reduced live loads, as specified in Sections 1607.10 and
1607.12, shall be permitted to be used in the design of foun-
dations.

1808.3.1 Seismic overturning. Where foundations are
proportioned using the load combinations of Section
1605.2 or 1605.3.1, and the computation of seismic over-
turning effects is by equivalent lateral force analysis or
modal analysis, the proportioning shall be in accordance
with Section 12.13.4 of ASCE 7.

1808.3.2 Surcharge. No fill or other surcharge loads shall
be placed adjacent to any building or structure unless such
building or structure is capable of withstanding the addi-
tional loads caused by the fill or the surcharge. Existing
footings or foundations that will be affected by any exca-
vation shall be underpinned or otherwise protected against
settlement and shall be protected against detrimental lat-
eral or vertical movement or both.

Exception: Minor grading for landscaping purposes
shall be permitted where done with walk-behind equip-
ment, where the grade is not increased more than 1 foot
(305 mm) from original design grade or where
approved by the building official.

1808.4 Vibratory loads. Where machinery operations or
other vibrations are transmitted through the foundation, con-
sideration shall be given in the foundation design to prevent
detrimental disturbances of the soil.

1808.5 Shifting or moving soils. Where it is known that the
shallow subsoils are of a shifting or moving character, foun-
dations shall be carried to a sufficient depth to ensure stabil-

ity.
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1808.6 Design for expansive soils. Foundations for buildings shape of the soil support, the plate or stiffened plate action
and structures founded on expansive soils shall be designed of the slab as well as both center lift and edge lift condi-
in accordance with Section 1808.6.1 or 1808.6.2. tions. Such alternative methods shall be rational and the

Exception: Foundation design need not comply with Sec-
tion 1808.6.1 or 1808.6.2 where one of the following con-
ditions is satisfied:

1. The soil is removed in accordance with Section
1808.6.3.

2. The building official approves stabilization of the
soil in accordance with Section 1808.6.4.

1808.6.1 Foundations. Foundations placed on or within
the active zone of expansive soils shall be designed to
resist differential volume changes and to prevent structural
damage to the supported structure. Deflection and racking
of the supported structure shall be limited to that which
will not interfere with the usability and serviceability of
the structure.

Foundations placed below where volume change
occurs or below expansive soil shall comply with the fol-
lowing provisions:

1. Foundations extending into or penetrating expansive
soils shall be designed to prevent uplift of the sup-
ported structure.

2. Foundations penetrating expansive soils shall be
designed to resist forces exerted on the foundation
due to soil volume changes or shall be isolated from
the expansive soil.

1808.6.2 Slab-on-ground foundations. Moments, shears
and deflections for use in designing slab-on-ground, mat
or raft foundations on expansive soils shall be determined
in accordance with WRI/CRSI Design of Slab-on-Ground
Foundations or PTI DC 10.5. Using the moments, shears
and deflections determined above, nonprestressed slabs-
on-ground, mat or raft foundations on expansive soils shall
be designed in accordance with WRI/CRSI Design of Slab-
on-Ground Foundations and post-tensioned slab-on-
ground, mat or raft foundations on expansive soils shall be
designed in accordance with PTI DC 10.5. It shall be per-
mitted to analyze and design such slabs by other methods
that account for soil-structure interaction, the deformed

FACE OF
STRUCTURE

basis for all aspects and parameters of the method shall be
available for peer review.

1808.6.3 Removal of expansive soil. Where expansive
soil is removed in lieu of designing foundations in accor-
dance with Section 1808.6.1 or 1808.6.2, the soil shall be
removed to a depth sufficient to ensure a constant moisture
content in the remaining soil. Fill material shall not con-
tain expansive soils and shall comply with Section 1804.5
or 1804.6.

Exception: Expansive soil need not be removed to the
depth of constant moisture, provided the confining
pressure in the expansive soil created by the fill and
supported structure exceeds the swell pressure.

1808.6.4 Stabilization. Where the active zone of expan-
sive soils is stabilized in lieu of designing foundations in
accordance with Section 1808.6.1 or 1808.6.2, the soil
shall be stabilized by chemical, dewatering, presaturation
or equivalent techniques.

1808.7 Foundations on or adjacent to slopes. The place-
ment of buildings and structures on or adjacent to slopes
steeper than one unit vertical in three units horizontal (33.3-
percent slope) shall comply with Sections 1808.7.1 through
1808.7.5.

1808.7.1 Building clearance from ascending slopes. In
general, buildings below slopes shall be set a sufficient
distance from the slope to provide protection from slope
drainage, erosion and shallow failures. Except as provided
in Section 1808.7.5 and Figure 1808.7.1, the following cri-
teria will be assumed to provide this protection. Where the
existing slope is steeper than one unit vertical in one unit
horizontal (100-percent slope), the toe of the slope shall be
assumed to be at the intersection of a horizontal plane
drawn from the top of the foundation and a plane drawn
tangent to the slope at an angle of 45 degrees (0.79 rad) to
the horizontal. Where a retaining wall is constructed at the
toe of the slope, the height of the slope shall be measured
from the top of the wall to the top of the slope.

FACE OF
" FOOTING

TOP OF
SLOPE

AT LEAST THE SMALLER
OF H/3 AND 40 FEET

‘ TOE OF
~ N SLOPE
\\

AT LEAST THE SMALLER OF H/2 AND 15 FEET

For SI: 1 foot = 304.8 mm.

FIGURE 1808.7.1
FOUNDATION CLEARANCES FROM SLOPES
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1808.7.2 Foundation setback from descending slope
surface. Foundations on or adjacent to slope surfaces shall
be founded in firm material with an embedment and set
back from the slope surface sufficient to provide vertical
and lateral support for the foundation without detrimental
settlement. Except as provided for in Section 1808.7.5 and
Figure 1808.7.1, the following setback is deemed adequate
to meet the criteria. Where the slope is steeper than 1 unit
vertical in 1 unit horizontal (100-percent slope), the
required setback shall be measured from an imaginary
plane 45 degrees (0.79 rad) to the horizontal, projected
upward from the toe of the slope.

1808.7.3 Pools. The setback between pools regulated by
this code and slopes shall be equal to one-half the building
footing setback distance required by this section. That por-
tion of the pool wall within a horizontal distance of 7 feet
(2134 mm) from the top of the slope shall be capable of
supporting the water in the pool without soil support.

1808.7.4 Foundation elevation. On graded sites, the top
of any exterior foundation shall extend above the elevation
of the street gutter at point of discharge or the inlet of an
approved drainage device a minimum of 12 inches (305
mm) plus 2 percent. Alternate elevations are permitted
subject to the approval of the building official, provided it
can be demonstrated that required drainage to the point of
discharge and away from the structure is provided at all
locations on the site.

1808.7.5 Alternate setback and clearance. Alternate set-
backs and clearances are permitted, subject to the approval
of the building official. The building official shall be per-
mitted to require a geotechnical investigation as set forth
in Section 1803.5.10.

1808.8 Concrete foundations. The design, materials and
construction of concrete foundations shall comply with Sec-
tions 1808.8.1 through 1808.8.6 and the provisions of Chap-
ter 19.

Exception: Where concrete footings supporting walls of
light-frame construction are designed in accordance with
Table 1809.7, a specific design in accordance with Chap-
ter 19 is not required.

1808.8.1 Concrete or grout strength and mix propor-
tioning. Concrete or grout in foundations shall have a
specified compressive strength (f’,) not less than the larg-
est applicable value indicated in Table 1808.8.1.

Where concrete is placed through a funnel hopper at the
top of a deep foundation element, the concrete mix shall
be designed and proportioned so as to produce a cohesive
workable mix having a slump of not less than 4 inches
(102 mm) and not more than 8 inches (204 mm). Where
concrete or grout is to be pumped, the mix design includ-
ing slump shall be adjusted to produce a pumpable mix-
ture.

1808.8.2 Concrete cover. The concrete cover provided
for prestressed and nonprestressed reinforcement in foun-
dations shall be no less than the largest applicable value
specified in Table 1808.8.2. Longitudinal bars spaced less
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than 1'/, inches (38 mm) clear distance apart shall be con-
sidered bundled bars for which the concrete cover pro-
vided shall also be no less than that required by Section
20.6.1.3.4 of ACI 318. Concrete cover shall be measured
from the concrete surface to the outermost surface of the
steel to which the cover requirement applies. Where con-
crete is placed in a temporary or permanent casing or a
mandrel, the inside face of the casing or mandrel shall be
considered the concrete surface.

1808.8.3 Placement of concrete. Concrete shall be placed
in such a manner as to ensure the exclusion of any foreign
matter and to secure a full-size foundation. Concrete shall
not be placed through water unless a tremie or other
method approved by the building official is used. Where
placed under or in the presence of water, the concrete shall
be deposited by approved means to ensure minimum seg-
regation of the mix and negligible turbulence of the water.
Where depositing concrete from the top of a deep founda-
tion element, the concrete shall be chuted directly into
smooth-sided pipes or tubes or placed in a rapid and con-
tinuous operation through a funnel hopper centered at the
top of the element.

1808.8.4 Protection of concrete. Concrete foundations
shall be protected from freezing during depositing and for
a period of not less than five days thereafter. Water shall
not be allowed to flow through the deposited concrete.

1808.8.5 Forming of concrete. Concrete foundations are
permitted to be cast against the earth where, in the opinion
of the building official, soil conditions do not require
formwork. Where formwork is required, it shall be in
accordance with Section 26.11 of ACI 318.

1808.8.6 Seismic requirements. See Section 1905 for
additional requirements for foundations of structures
assigned to Seismic Design Category C, D, E or F.

For structures assigned to Seismic Design Category D,
E or F, provisions of Section 18.13 of ACI 318 shall apply
where not in conflict with the provisions of Sections 1808
through 1810.

Exceptions:

1. Detached one- and two-family dwellings of light-
frame construction and two stories or less above
grade plane are not required to comply with the
provisions of Section 18.13 of ACI 318.

2. Section 18.13.4.3(a) of ACI 318 shall not apply.

1808.9 Vertical masonry foundation elements. Vertical
masonry foundation elements that are not foundation piers as
defined in Section 202 shall be designed as piers, walls or
columns, as applicable, in accordance with TMS 402/ACI
530/ASCE 5.

SECTION 1809
SHALLOW FOUNDATIONS

1809.1 General. Shallow foundations shall be designed and
constructed in accordance with Sections 1809.2 through
1809.13.
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TABLE 1808.8.1
MINIMUM SPECIFIED COMPRESSIVE STRENGTH f'. OF CONCRETE OR GROUT

FOUNDATION ELEMENT OR CONDITION SPECIFIED COMPRESSIVE STRENGTH, f',
1. Foundations for structures assigned to Seismic Design Category A, B or C 2,500 psi
2a.F c?undatiops for Group Rhor U qccupancies of light-frame construction, two stories or less in 2,500 psi
height, assigned to Seismic Design Category D, E or F ’
2b. Foundations for other structures assigned to Seismic Design Category D, E or F 3,000 psi
3. Precast nonprestressed driven piles 4,000 psi
4. Socketed drilled shafts 4,000 psi
5. Micropiles 4,000 psi
6. Precast prestressed driven piles 5,000 psi

For SI: 1 pound per square inch = 0.00689 MPa.

TABLE 1808.8.2
MINIMUM CONCRETE COVER

FOUNDATION ELEMENT OR CONDITION

MINIMUM COVER

1. Shallow foundations

In accordance with Section 20.6 of ACI 318

2. Precast nonprestressed deep foundation elements
Exposed to seawater
Not manufactured under plant conditions
Manufactured under plant control conditions

3 inches
2 inches
In accordance with Section 20.6.1.3.3 of ACI 318

3. Precast prestressed deep foundation elements
Exposed to seawater
Other

2.5 inches
In accordance with Section 20.6.1.3.3 of ACI 318

4. Cast-in-place deep foundation elements not enclosed by a steel pipe, tube or permanent casing |2.5 inches

5. Cast-in-place deep foundation elements enclosed by a steel pipe, tube or permanent casing |1 inch

6. Structural steel core within a steel pipe, tube or permanent casing

2 inches

7. Cast-in-place drilled shafts enclosed by a stable rock socket

1.5 inches

For SI: 1 inch = 25.4 mm.

1809.2 Supporting soils. Shallow foundations shall be built
on undisturbed soil, compacted fill material or controlled
low-strength material (CLSM). Compacted fill material shall
be placed in accordance with Section 1804.5. CLSM shall be
placed in accordance with Section 1804.6.

1809.3 Stepped footings. The top surface of footings shall be
level. The bottom surface of footings shall be permitted to
have a slope not exceeding one unit vertical in 10 units hori-
zontal (10-percent slope). Footings shall be stepped where it
is necessary to change the elevation of the top surface of the
footing or where the surface of the ground slopes more than
one unit vertical in 10 units horizontal (10-percent slope).

1809.4 Depth and width of footings. The minimum depth of
footings below the undisturbed ground surface shall be 12
inches (305 mm). Where applicable, the requirements of Sec-
tion 1809.5 shall also be satisfied. The minimum width of
footings shall be 12 inches (305 mm).

1809.5 Frost protection. Except where otherwise protected
from frost, foundations and other permanent supports of
buildings and structures shall be protected from frost by one
or more of the following methods:

1. Extending below the frost line of the locality.
2. Constructing in accordance with ASCE 32.
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3. Erecting on solid rock.

Exception: Free-standing buildings meeting all of the
following conditions shall not be required to be pro-
tected:

1. Assigned to Risk Category 1.

2. Area of 600 square feet (56 m?) or less for light-
frame construction or 400 square feet (37 m?) or
less for other than light-frame construction.

3. Eave height of 10 feet (3048 mm) or less.

Shallow foundations shall not bear on frozen soil unless
such frozen condition is of a permanent character.

1809.6 Location of footings. Footings on granular soil shall
be so located that the line drawn between the lower edges of
adjoining footings shall not have a slope steeper than 30
degrees (0.52 rad) with the horizontal, unless the material
supporting the higher footing is braced or retained or other-
wise laterally supported in an approved manner or a greater
slope has been properly established by engineering analysis.

1809.7 Prescriptive footings for light-frame construction.
Where a specific design is not provided, concrete or masonry-
unit footings supporting walls of light-frame construction shall
be permitted to be designed in accordance with Table 1809.7.
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TABLE 1809.7
PRESCRIPTIVE FOOTINGS SUPPORTING
WALLS OF LIGHT-FRAME CONSTRUCTION®® ¢ %¢

NUMBER OF FLOORS WIDTH OF THICKNESS OF
SUPPORTED BY THE FOOTING' | FOOTING (inches) | FOOTING (inches)

1 12 6
2 15 6
3 18 !¢

For SI: 1 inch =25.4 mm, 1 foot=304.8 mm.
a. Depth of footings shall be in accordance with Section 1809.4.

b. The ground under the floor shall be permitted to be excavated to the
elevation of the top of the footing.

c. Interior stud-bearing walls shall be permitted to be supported by isolated
footings. The footing width and length shall be twice the width shown in
this table, and footings shall be spaced not more than 6 feet on center.

d. See Section 1905 for additional requirements for concrete footings of
structures assigned to Seismic Design Category C, D, E or F.

e. For thickness of foundation walls, see Section 1807.1.6.

f. Footings shall be permitted to support a roof in addition to the stipulated
number of floors. Footings supporting roof only shall be as required for
supporting one floor.

g. Plain concrete footings for Group R-3 occupancies shall be permitted to
be 6 inches thick.

1809.8 Plain concrete footings. The edge thickness of plain

concrete footings supporting walls of other than light-frame

construction shall not be less than 8 inches (203 mm) where

placed on soil or rock.

Exception: For plain concrete footings supporting Group
R-3 occupancies, the edge thickness is permitted to be 6
inches (152 mm), provided that the footing does not
extend beyond a distance greater than the thickness of the
footing on either side of the supported wall.

1809.9 Masonry-unit footings. The design, materials and
construction of masonry-unit footings shall comply with Sec-
tions 1809.9.1 and 1809.9.2, and the provisions of Chapter
21.

Exception: Where a specific design is not provided,
masonry-unit footings supporting walls of light-frame
construction shall be permitted to be designed in accor-
dance with Table 1809.7.

1809.9.1 Dimensions. Masonry-unit footings shall be laid
in Type M or S mortar complying with Section 2103.2.1
and the depth shall not be less than twice the projection
beyond the wall, pier or column. The width shall not be
less than 8 inches (203 mm) wider than the wall supported
thereon.

1809.9.2 Offsets. The maximum offset of each course in
brick foundation walls stepped up from the footings shall
be 1'/, inches (38 mm) where laid in single courses, and 3
inches (76 mm) where laid in double courses.

1809.10 Pier and curtain wall foundations. Except in Seis-
mic Design Categories D, E and F, pier and curtain wall
foundations shall be permitted to be used to support light-
frame construction not more than two stories above grade
plane, provided the following requirements are met:

1. All load-bearing walls shall be placed on continuous
concrete footings bonded integrally with the exterior
wall footings.
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2. The minimum actual thickness of a load-bearing
masonry wall shall not be less than 4 inches (102 mm)
nominal or 3% inches (92 mm) actual thickness, and
shall be bonded integrally with piers spaced 6 feet
(1829 mm) on center (o.c.).

3. Piers shall be constructed in accordance with Chapter
21 and the following:

3.1. The unsupported height of the masonry piers
shall not exceed 10 times their least dimension.

3.2. Where structural clay tile or hollow concrete
masonry units are used for piers supporting
beams and girders, the cellular spaces shall be
filled solidly with concrete or Type M or S mor-
tar.

Exception: Unfilled hollow piers shall be per-
mitted where the unsupported height of the
pier is not more than four times its least
dimension.

3.3. Hollow piers shall be capped with 4 inches (102
mm) of solid masonry or concrete or the cavi-
ties of the top course shall be filled with con-
crete or grout.

4. The maximum height of a 4-inch (102 mm) load-bear-
ing masonry foundation wall supporting wood frame
walls and floors shall not be more than 4 feet (1219
mm) in height.

5. The unbalanced fill for 4-inch (102 mm) foundation
walls shall not exceed 24 inches (610 mm) for solid
masonry, nor 12 inches (305 mm) for hollow masonry.

1809.11 Steel grillage footings. Grillage footings of struc-
tural steel elements shall be separated with approved steel
spacers and be entirely encased in concrete with at least 6
inches (152 mm) on the bottom and at least 4 inches (102
mm) at all other points. The spaces between the shapes shall
be completely filled with concrete or cement grout.

1809.12 Timber footings. Timber footings shall be permitted
for buildings of Type V construction and as otherwise
approved by the building official. Such footings shall be
treated in accordance with AWPA Ul (Commodity Specifi-
cation A, Use Category 4B). Treated timbers are not required
where placed entirely below permanent water level, or where
used as capping for wood piles that project above the water
level over submerged or marsh lands. The compressive
stresses perpendicular to grain in untreated timber footings
supported upon treated piles shall not exceed 70 percent of
the allowable stresses for the species and grade of timber as
specified in the ANSI/AWC NDS.

1809.13 Footing seismic ties. Where a structure is assigned
to Seismic Design Category D, E or F, individual spread foot-
ings founded on soil defined in Section 1613.3.2 as Site Class
E or F shall be interconnected by ties. Unless it is demon-
strated that equivalent restraint is provided by reinforced con-
crete beams within slabs on grade or reinforced concrete
slabs on grade, ties shall be capable of carrying, in tension or
compression, a force equal to the lesser of the product of the
larger footing design gravity load times the seismic coeffi-
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cient, S, divided by 10 and 25 percent of the smaller footing
design gravity load.

SECTION 1810
DEEP FOUNDATIONS

1810.1 General. Deep foundations shall be analyzed,
designed, detailed and installed in accordance with Sections
1810.1 through 1810.4.

1810.1.1 Geotechnical investigation. Deep foundations
shall be designed and installed on the basis of a geotechni-
cal investigation as set forth in Section 1803.

1810.1.2 Use of existing deep foundation elements.
Deep foundation elements left in place where a structure
has been demolished shall not be used for the support of
new construction unless satisfactory evidence is submitted
to the building official, which indicates that the elements
are sound and meet the requirements of this code. Such
elements shall be load tested or redriven to verify their
capacities. The design load applied to such elements shall
be the lowest allowable load as determined by tests or
redriving data.

1810.1.3 Deep foundation elements classified as col-
umns. Deep foundation elements standing unbraced in air,
water or fluid soils shall be classified as columns and
designed as such in accordance with the provisions of this
code from their top down to the point where adequate lat-
eral support is provided in accordance with Section
1810.2.1.

Exception: Where the unsupported height to least hori-
zontal dimension of a cast-in-place deep foundation
element does not exceed three, it shall be permitted to
design and construct such an element as a pedestal in
accordance with ACI 318.

1810.1.4 Special types of deep foundations. The use of
types of deep foundation elements not specifically men-
tioned herein is permitted, subject to the approval of the
building official, upon the submission of acceptable test
data, calculations and other information relating to the
structural properties and load capacity of such elements.
The allowable stresses for materials shall not in any case
exceed the limitations specified herein.

1810.2 Analysis. The analysis of deep foundations for design
shall be in accordance with Sections 1810.2.1 through
1810.2.5.

1810.2.1 Lateral support. Any soil other than fluid soil
shall be deemed to afford sufficient lateral support to pre-
vent buckling of deep foundation elements and to permit
the design of the elements in accordance with accepted
engineering practice and the applicable provisions of this
code.

Where deep foundation elements stand unbraced in air,
water or fluid soils, it shall be permitted to consider them
laterally supported at a point 5 feet (1524 mm) into stiff
soil or 10 feet (3048 mm) into soft soil unless otherwise
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approved by the building official on the basis of a geotech-
nical investigation by a registered design professional.

1810.2.2 Stability. Deep foundation elements shall be
braced to provide lateral stability in all directions. Three or
more elements connected by a rigid cap shall be consid-
ered braced, provided that the elements are located in
radial directions from the centroid of the group not less
than 60 degrees (1 rad) apart. A two-element group in a
rigid cap shall be considered to be braced along the axis
connecting the two elements. Methods used to brace deep
foundation elements shall be subject to the approval of the
building official.

Deep foundation elements supporting walls shall be
placed alternately in lines spaced at least 1 foot (305 mm)
apart and located symmetrically under the center of grav-
ity of the wall load carried, unless effective measures are
taken to provide for eccentricity and lateral forces, or the
foundation elements are adequately braced to provide for
lateral stability.

Exceptions:

1. Isolated cast-in-place deep foundation elements
without lateral bracing shall be permitted where
the least horizontal dimension is no less than 2
feet (610 mm), adequate lateral support in accor-
dance with Section 1810.2.1 is provided for the
entire height and the height does not exceed 12
times the least horizontal dimension.

2. A single row of deep foundation elements with-
out lateral bracing is permitted for one- and two-
family dwellings and lightweight construction
not exceeding two stories above grade plane or
35 feet (10 668 mm) in building height, provided
the centers of the elements are located within the
width of the supported wall.

1810.2.3 Settlement. The settlement of a single deep
foundation element or group thereof shall be estimated
based on approved methods of analysis. The predicted set-
tlement shall cause neither harmful distortion of, nor insta-
bility in, the structure, nor cause any element to be loaded
beyond its capacity.

1810.2.4 Lateral loads. The moments, shears and lateral
deflections used for design of deep foundation elements
shall be established considering the nonlinear interaction
of the shaft and soil, as determined by a registered design
professional. Where the ratio of the depth of embedment
of the element to its least horizontal dimension is less than
or equal to six, it shall be permitted to assume the element
is rigid.
1810.2.4.1 Seismic Design Categories D through F.
For structures assigned to Seismic Design Category D,
E or F, deep foundation elements on Site Class E or F
sites, as determined in Section 1613.3.2, shall be
designed and constructed to withstand maximum
imposed curvatures from earthquake ground motions
and structure response. Curvatures shall include free-
field soil strains modified for soil-foundation-structure
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interaction coupled with foundation element deforma-
tions associated with earthquake loads imparted to the
foundation by the structure.

Exception: Deep foundation elements that satisfy
the following additional detailing requirements shall
be deemed to comply with the curvature capacity
requirements of this section.

1. Precast prestressed concrete piles detailed in
accordance with Section 1810.3.8.3.3.

2. Cast-in-place deep foundation elements with a
minimum longitudinal reinforcement ratio of
0.005 extending the full length of the element
and detailed in accordance with Sections
18.7.5.2, 18.7.5.3 and 18.7.5.4 of ACI 318 as
required by Section 1810.3.9.4.2.2.

1810.2.5 Group effects. The analysis shall include group
effects on lateral behavior where the center-to-center spac-
ing of deep foundation elements in the direction of lateral
force is less than eight times the least horizontal dimen-
sion of an element. The analysis shall include group
effects on axial behavior where the center-to-center spac-
ing of deep foundation elements is less than three times
the least horizontal dimension of an element. Group
effects shall be evaluated using a generally accepted
method of analysis; the analysis for uplift of grouped ele-
ments with center-to-center spacing less than three times
the least horizontal dimension of an element shall be eval-
uated in accordance with Section 1810.3.3.1.6.

1810.3 Design and detailing. Deep foundations shall be
designed and detailed in accordance with Sections 1810.3.1
through 1810.3.12.

1810.3.1 Design conditions. Design of deep foundations
shall include the design conditions specified in Sections
1810.3.1.1 through 1810.3.1.6, as applicable.
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1810.3.1.1 Design methods for concrete elements.
Where concrete deep foundations are laterally sup-
ported in accordance with Section 1810.2.1 for the
entire height and applied forces cause bending moments
no greater than those resulting from accidental eccen-
tricities, structural design of the element using the load
combinations of Section 1605.3 and the allowable
stresses specified in this chapter shall be permitted. Oth-
erwise, the structural design of concrete deep founda-
tion elements shall use the load combinations of Section
1605.2 and approved strength design methods.

1810.3.1.2 Composite elements. Where a single deep
foundation element comprises two or more sections of
different materials or different types spliced together,
each section of the composite assembly shall satisfy the
applicable requirements of this code, and the maximum
allowable load in each section shall be limited by the
structural capacity of that section.

1810.3.1.3 Mislocation. The foundation or superstruc-
ture shall be designed to resist the effects of the mislo-
cation of any deep foundation element by no less than 3
inches (76 mm). To resist the effects of mislocation,
compressive overload of deep foundation elements to

110 percent of the allowable design load shall be per-
mitted.

1810.3.1.4 Driven piles. Driven piles shall be designed
and manufactured in accordance with accepted engi-
neering practice to resist all stresses induced by han-
dling, driving and service loads.

1810.3.1.5 Helical piles. Helical piles shall be designed
and manufactured in accordance with accepted engi-
neering practice to resist all stresses induced by instal-
lation into the ground and service loads.

1810.3.1.6 Casings. Temporary and permanent casings
shall be of steel and shall be sufficiently strong to resist
collapse and sufficiently water tight to exclude any for-
eign materials during the placing of concrete. Where a
permanent casing is considered reinforcing steel, the
steel shall be protected under the conditions specified
in Section 1810.3.2.5. Horizontal joints in the casing
shall be spliced in accordance with Section 1810.3.6.

1810.3.2 Materials. The materials used in deep founda-
tion elements shall satisfy the requirements of Sections
1810.3.2.1 through 1810.3.2.8, as applicable.

1810.3.2.1 Concrete. Where concrete is cast in a steel
pipe or where an enlarged base is formed by compact-
ing concrete, the maximum size for coarse aggregate
shall be */, inch (19.1 mm). Concrete to be compacted
shall have a zero slump.

1810.3.2.1.1 Seismic hooks. For structures assigned
to Seismic Design Category C, D, E or F, the ends of
hoops, spirals and ties used in concrete deep founda-
tion elements shall be terminated with seismic
hooks, as defined in ACI 318, and shall be turned
into the confined concrete core.

1810.3.2.1.2 ACI 318 Equation (25.7.3.3). Where
this chapter requires detailing of concrete deep foun-
dation elements in accordance with Section 18.7.5.4
of ACI 318, compliance with Equation (25.7.3.3) of
ACT 318 shall not be required.

1810.3.2.2 Prestressing steel. Prestressing steel shall
conform to ASTM A416.

1810.3.2.3 Steel. Structural steel H-piles and structural
steel sheet piling shall conform to the material require-
ments in ASTM A6. Steel pipe piles shall conform to
the material requirements in ASTM A252. Fully
welded steel piles shall be fabricated from plates that
conform to the material requirements in ASTM A36,
ASTM A283, ASTM A572, ASTM A588 or ASTM
A690.

1810.3.2.4 Timber. Timber deep foundation elements
shall be designed as piles or poles in accordance with
ANSI/AWC NDS. Round timber elements shall con-
form to ASTM D25. Sawn timber elements shall con-
form to DOC PS-20.

1810.3.2.4.1 Preservative treatment. Timber deep
foundation elements used to support permanent
structures shall be treated in accordance with this
section unless it is established that the tops of the

2017 DISTRICT OF COLUMBIA BUILDING CODE



untreated timber elements will be below the lowest
ground water level assumed to exist during the life
of the structure. Preservative and minimum final
retention shall be in accordance with AWPA Ul
(Commodity Specification E, Use Category 4C) for

SOILS AND FOUNDATIONS

1810.3.2.7 Increased allowable compressive stress
for cased cast-in-place elements. The allowable com-
pressive stress in the concrete shall be permitted to be
increased as specified in Table 1810.3.2.6 for those
portions of permanently cased cast-in-place elements

round timber elements and AWPA Ul (Commodity
Specification A, Use Category 4B) for sawn timber
elements. Preservative-treated timber elements shall
be subject to a quality control program administered
by an approved agency. Element cutoffs shall be
treated in accordance with AWPA M4.

1810.3.2.5 Protection of materials. Where boring
records or site conditions indicate possible deleterious
action on the materials used in deep foundation ele-
ments because of soil constituents, changing water lev-
els or other factors, the elements shall be adequately
protected by materials, methods or processes approved
by the building official. Protective materials shall be
applied to the elements so as not to be rendered ineffec-
tive by installation. The effectiveness of such protective
measures for the particular purpose shall have been
thoroughly established by satisfactory service records
or other evidence.

1810.3.2.6 Allowable stresses. The allowable stresses
for materials used in deep foundation elements shall not
exceed those specified in Table 1810.3.2.6.

that satisfy all of the following conditions:
l.

The design shall not use the casing to resist any
portion of the axial load imposed.

. The casing shall have a sealed tip and be mandrel

driven.

. The thickness of the casing shall not be less than

manufacturer’s standard gage No.14 (0.068 inch)
(1.75 mm).

. The casing shall be seamless or provided with

seams of strength equal to the basic material and
be of a configuration that will provide confine-
ment to the cast-in-place concrete.

. The ratio of steel yield strength (F)) to specified

compressive strength (f ') shall not be less than
SiX.

. The nominal diameter of the element shall not be

greater than 16 inches (406 mm).

1810.3.2.8 Justification of higher allowable stresses.
Use of allowable stresses greater than those specified in

Section 1810.3.2.6 shall be permitted where supporting

TABLE 1810.3.2.6

ALLOWABLE STRESSES FOR MATERIALS USED IN DEEP FOUNDATION ELEMENTS

MATERIAL TYPE AND CONDITION

MAXIMUM ALLOWABLE STRESS*

1. Concrete or grout in compression®
Cast-in-place with a permanent casing in accordance with Section 1810.3.2.7
Cast-in-place in a pipe, tube, other permanent casing or rock
Cast-in-place without a permanent casing
Precast nonprestressed
Precast prestressed

04f"
033f".
03f",
0.33f".

033 f.-0.27f,

2. Nonprestressed reinforcement in compression

0.4 f, <30,000 psi

3. Steel in compression
Cores within concrete-filled pipes or tubes
Pipes, tubes or H-piles, where justified in accordance with Section 1810.3.2.8
Pipes or tubes for micropiles
Other pipes, tubes or H-piles

0.5 F, < 32,000 psi
0.5 F, < 32,000 psi
0.4 F, < 32,000 psi
0.35 F, < 16,000 psi

Other conditions

Helical piles 0.6F,<05F,
4. Nonprestressed reinforcement in tension
Within micropiles 0.6 f,

0.5/, <24,000 psi

5. Steel in tension
Pipes, tubes or H-piles, where justified in accordance with Section 1810.3.2.8
Other pipes, tubes or H-piles
Helical piles

0.5 F, < 32,000 psi
0.35 F, < 16,000 psi
0.6 F,<05F,

6. Timber

In accordance with the ANSI/AWC NDS

a. f',is the specified compressive strength of the concrete or grout; f, is the compressive stress on the gross concrete section due to effective prestress forces
only; f, is the specified yield strength of reinforcement; F, is the specified minimum yield stress of steel; F, is the specified minimum tensile stress of

y

structural steel.

b. The stresses specified apply to the gross cross-sectional area within the concrete surface. Where a temporary or permanent casing is used, the inside face of

the casing shall be considered the concrete surface.
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data justifying such higher stresses is filed with the
building official. Such substantiating data shall include
the following:

1. A geotechnical investigation in accordance with
Section 1803.

2. Load tests in accordance with Section
1810.3.3.1.2, regardless of the load supported by
the element.

The design and installation of the deep foundation
elements shall be under the direct supervision of a reg-
istered design professional knowledgeable in the field
of soil mechanics and deep foundations who shall sub-
mit a report to the building official stating that the ele-
ments as installed satisfy the design criteria.

1810.3.3 Determination of allowable loads. The allow-
able axial and lateral loads on deep foundation elements
shall be determined by an approved formula, load tests or
method of analysis.
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1810.3.3.1 Allowable axial load. The allowable axial
load on a deep foundation element shall be determined
in accordance with Sections 1810.3.3.1.1 through
1810.3.3.1.9.

1810.3.3.1.1 Driving criteria. The allowable com-
pressive load on any driven deep foundation element
where determined by the application of an approved
driving formula shall not exceed 40 tons (356 kN).
For allowable loads above 40 tons (356 kN), the
wave equation method of analysis shall be used to
estimate driveability for both driving stresses and
net displacement per blow at the ultimate load.
Allowable loads shall be verified by load tests in
accordance with Section 1810.3.3.1.2. The formula
or wave equation load shall be determined for grav-
ity-drop or power-actuated hammers and the ham-
mer energy used shall be the maximum consistent
with the size, strength and weight of the driven ele-
ments. The use of a follower is permitted only with
the approval of the building official. The introduc-
tion of fresh hammer cushion or pile cushion mate-
rial just prior to final penetration is not permitted.

1810.3.3.1.2 Load tests. Where design compressive
loads are greater than those determined using the
allowable stresses specified in Section 1810.3.2.6,
where the design load for any deep foundation ele-
ment is in doubt, or where cast-in-place deep foun-
dation elements have an enlarged base formed either
by compacting concrete or by driving a precast base,
control test elements shall be tested in accordance
with ASTM D1143 or ASTM D4945. At least one
element shall be load tested in each area of uniform
subsoil conditions. Where required by the building
official, additional elements shall be load tested
where necessary to establish the safe design capac-
ity. The resulting allowable loads shall not be more
than one-half of the ultimate axial load capacity of
the test element as assessed by one of the published
methods listed in Section 1810.3.3.1.3 with consid-
eration for the test type, duration and subsoil. The

ultimate axial load capacity shall be determined by a
registered design professional with consideration
given to tolerable total and differential settlements at
design load in accordance with Section 1810.2.3. In
subsequent installation of the balance of deep foun-
dation elements, all elements shall be deemed to
have a supporting capacity equal to that of the con-
trol element where such elements are of the same
type, size and relative length as the test element; are
installed using the same or comparable methods and
equipment as the test element; are installed in simi-
lar subsoil conditions as the test element; and, for
driven elements, where the rate of penetration (e.g.,
net displacement per blow) of such elements is equal
to or less than that of the test element driven with the
same hammer through a comparable driving dis-
tance.

1810.3.3.1.3 Load test evaluation methods. It shall
be permitted to evaluate load tests of deep founda-
tion elements using any of the following methods:

1. Davisson Offset Limit.

2. Brinch-Hansen 90-percent Criterion.
3. Butler-Hoy Criterion.
4

. Other methods approved by the building offi-
cial.

1810.3.3.1.4 Allowable frictional resistance. The
assumed frictional resistance developed by any
uncased cast-in-place deep foundation element shall
not exceed one-sixth of the bearing value of the soil
material at minimum depth as set forth in Table
1806.2, up to a maximum of 500 psf (24 kPa), unless
a greater value is allowed by the building official on
the basis of a geotechnical investigation as specified
in Section 1803 or a greater value is substantiated by
a load test in accordance with Section 1810.3.3.1.2.
Frictional resistance and bearing resistance shall not
be assumed to act simultaneously unless determined
by a geotechnical investigation in accordance with
Section 1803.

1810.3.3.1.5 Uplift capacity of a single deep foun-
dation element. Where required by the design, the
uplift capacity of a single deep foundation element
shall be determined by an approved method of anal-
ysis based on a minimum factor of safety of three or
by load tests conducted in accordance with ASTM
D3689. The maximum allowable uplift load shall
not exceed the ultimate load capacity as determined
in Section 1810.3.3.1.2, using the results of load
tests conducted in accordance with ASTM D3689,
divided by a factor of safety of two.

Exception: Where uplift is due to wind or seis-
mic loading, the minimum factor of safety shall
be two where capacity is determined by an analy-
sis and one and one-half where capacity is deter-
mined by load tests.

1810.3.3.1.6 Uplift capacity of grouped deep
foundation elements. For grouped deep foundation
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elements subjected to uplift, the allowable working
uplift load for the group shall be calculated by a gen-
erally accepted method of analysis. Where the deep
foundation elements in the group are placed at a cen-
ter-to-center spacing less than three times the least
horizontal dimension of the largest single element,
the allowable working uplift load for the group is
permitted to be calculated as the lesser of:

1. The proposed individual allowable working
uplift load times the number of elements in the
group.

2. Two-thirds of the effective weight of the
group and the soil contained within a block
defined by the perimeter of the group and the
length of the element, plus two-thirds of the
ultimate shear resistance along the soil block.

1810.3.3.1.7 Load-bearing capacity. Deep founda-
tion elements shall develop ultimate load capacities
of at least twice the design working loads in the des-
ignated load-bearing layers. Analysis shall show that
no soil layer underlying the designated load-bearing
layers causes the load-bearing capacity safety factor
to be less than two.

1810.3.3.1.8 Bent deep foundation elements. The
load-bearing capacity of deep foundation elements
discovered to have a sharp or sweeping bend shall
be determined by an approved method of analysis or
by load testing a representative element.

1810.3.3.1.9 Helical piles. The allowable axial
design load, P, of helical piles shall be determined
as follows:
P,=05P, (Equation 18-4)
where P, is the least value of:

1. Sum of the areas of the helical bearing plates
times the ultimate bearing capacity of the soil
or rock comprising the bearing stratum.

2. Ultimate capacity determined from well-docu-
mented correlations with installation torque.

. Ultimate capacity determined from load tests.
. Ultimate axial capacity of pile shaft.

. Ultimate axial capacity of pile shaft couplings.

AN L bW

. Sum of the ultimate axial capacity of helical
bearing plates affixed to pile.

1810.3.3.2 Allowable lateral load. Where required by
the design, the lateral load capacity of a single deep
foundation element or a group thereof shall be deter-
mined by an approved method of analysis or by lateral
load tests to at least twice the proposed design working
load. The resulting allowable load shall not be more
than one-half of the load that produces a gross lateral

movement of 1 inch (25 mm) at the lower of the top of

foundation element and the ground surface, unless it
can be shown that the predicted lateral movement shall
cause neither harmful distortion of, nor instability in,
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the structure, nor cause any element to be loaded
beyond its capacity.

1810.3.4 Subsiding soils. Where deep foundation ele-
ments are installed through subsiding fills or other subsid-
ing strata and derive support from underlying firmer
materials, consideration shall be given to the downward
frictional forces that may be imposed on the elements by
the subsiding upper strata.

Where the influence of subsiding fills is considered as
imposing loads on the element, the allowable stresses
specified in this chapter shall be permitted to be increased
where satisfactory substantiating data are submitted.

1810.3.5 Dimensions of deep foundation elements. The
dimensions of deep foundation elements shall be in accor-
dance with Sections 1810.3.5.1 through 1810.3.5.3, as
applicable.

1810.3.5.1 Precast. The minimum lateral dimension of
precast concrete deep foundation elements shall be 8
inches (203 mm). Corners of square elements shall be
chamfered.

1810.3.5.2 Cast-in-place or grouted-in-place. Cast-
in-place and grouted-in-place deep foundation elements
shall satisfy the requirements of this section.

1810.3.5.2.1 Cased. Cast-in-place deep foundation
elements with a permanent casing shall have a nom-
inal outside diameter of not less than 8 inches (203
mm).

1810.3.5.2.2 Uncased. Cast-in-place deep founda-
tion elements without a permanent casing shall have
a diameter of not less than 12 inches (305 mm). The
element length shall not exceed 30 times the average
diameter.

Exception: The length of the element is permit-
ted to exceed 30 times the diameter, provided the
design and installation of the deep foundations
are under the direct supervision of a registered
design professional knowledgeable in the field of
soil mechanics and deep foundations. The regis-
tered design professional shall submit a report to
the building official stating that the elements
were installed in compliance with the approved
construction documents.

1810.3.5.2.3 Micropiles. Micropiles shall have an
outside diameter of 12 inches (305 mm) or less. The
minimum diameter set forth elsewhere in Section
1810.3.5 shall not apply to micropiles.

1810.3.5.3 Steel. Steel deep foundation elements shall
satisfy the requirements of this section.

1810.3.5.3.1 Structural steel H-piles. Sections of
structural steel H-piles shall comply with the
requirements for HP shapes in ASTM A6, or the fol-
lowing:

1. The flange projections shall not exceed 14
times the minimum thickness of metal in
either the flange or the web and the flange
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widths shall not be less than 80 percent of the
depth of the section.

2. The nominal depth in the direction of the web
shall not be less than 8 inches (203 mm).

3. Flanges and web shall have a minimum nomi-
nal thickness of */; inch (9.5 mm).

1810.3.5.3.2 Fully welded steel piles fabricated
from plates. Sections of fully welded steel piles fab-
ricated from plates shall comply with the following:

1. The flange projections shall not exceed 14
times the minimum thickness of metal in
either the flange or the web and the flange
widths shall not be less than 80 percent of the
depth of the section.

2. The nominal depth in the direction of the web
shall not be less than 8 inches (203 mm).

3. Flanges and web shall have a minimum nomi-
nal thickness of */, inch (9.5 mm).

1810.3.5.3.3 Structural steel sheet piling. Individ-
ual sections of structural steel sheet piling shall con-
form to the profile indicated by the manufacturer,
and shall conform to the general requirements speci-
fied by ASTM A6.

1810.3.5.3.4 Steel pipes and tubes. Steel pipes and
tubes used as deep foundation elements shall have a
nominal outside diameter of not less than 8§ inches
(203 mm). Where steel pipes or tubes are driven
open ended, they shall have a minimum of 0.34
square inch (219 mm?) of steel in cross section to
resist each 1,000 foot-pounds (1356 Nm) of pile
hammer energy, or shall have the equivalent
strength for steels having a yield strength greater
than 35,000 psi (241 MPa) or the wave equation
analysis shall be permitted to be used to assess com-
pression stresses induced by driving to evaluate if
the pile section is appropriate for the selected ham-
mer. Where a pipe or tube with wall thickness less
than 0.179 inch (4.6 mm) is driven open ended, a
suitable cutting shoe shall be provided. Concrete-
filled steel pipes or tubes in structures assigned to
Seismic Design Category C, D, E or F shall have a
wall thickness of not less than */,, inch (5 mm). The
pipe or tube casing for socketed drilled shafts shall
have a nominal outside diameter of not less than 18
inches (457 mm), a wall thickness of not less than */,
inch (9.5 mm) and a suitable steel driving shoe
welded to the bottom; the diameter of the rock
socket shall be approximately equal to the inside
diameter of the casing.

Exceptions:

1. There is no minimum diameter for steel
pipes or tubes used in micropiles.

2. For mandrel-driven pipes or tubes, the min-
imum wall thickness shall be '/, inch (2.5
mm).

1810.3.5.3.5 Helical piles. Dimensions of the cen-
tral shaft and the number, size and thickness of heli-
cal bearing plates shall be sufficient to support the
design loads.

1810.3.6 Splices. Splices shall be constructed so as to pro-
vide and maintain true alignment and position of the com-
ponent parts of the deep foundation element during
installation and subsequent thereto and shall be designed
to resist the axial and shear forces and moments occurring
at the location of the splice during driving and for design
load combinations. Where deep foundation elements of
the same type are being spliced, splices shall develop not
less than 50 percent of the bending strength of the weaker
section. Where deep foundation elements of different
materials or different types are being spliced, splices shall
develop the full compressive strength and not less than 50
percent of the tension and bending strength of the weaker
section. Where structural steel cores are to be spliced, the
ends shall be milled or ground to provide full contact and
shall be full-depth welded.

Splices occurring in the upper 10 feet (3048 mm) of the
embedded portion of an element shall be designed to resist
at allowable stresses the moment and shear that would
result from an assumed eccentricity of the axial load of 3
inches (76 mm), or the element shall be braced in accor-
dance with Section 1810.2.2 to other deep foundation ele-
ments that do not have splices in the upper 10 feet (3048
mm) of embedment.

1810.3.6.1 Seismic Design Categories C through F.
For structures assigned to Seismic Design Category C,
D, E or F splices of deep foundation elements shall
develop the lesser of the following:

1. The nominal strength of the deep foundation ele-
ment.

2. The axial and shear forces and moments from the
seismic load effects including overstrength factor
in accordance with Section 12.4.3 or 12.14.3.2 of
ASCE 7.

1810.3.7 Top of element detailing at cutoffs. Where a
minimum length for reinforcement or the extent of closely
spaced confinement reinforcement is specified at the top
of a deep foundation element, provisions shall be made so
that those specified lengths or extents are maintained after
cutoff.

1810.3.8 Precast concrete piles. Precast concrete piles
shall be designed and detailed in accordance with Sections
1810.3.8.1 through 1810.3.8.3.

1810.3.8.1 Reinforcement. Longitudinal steel shall be
arranged in a symmetrical pattern and be laterally tied
with steel ties or wire spiral spaced center to center as
follows:

1. At not more than 1 inch (25 mm) for the first five
ties or spirals at each end; then

2. At not more than 4 inches (102 mm), for the
remainder of the first 2 feet (610 mm) from each
end; and then
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3. At not more than 6 inches (152 mm) elsewhere.
The size of ties and spirals shall be as follows:

1. For piles having a least horizontal dimension
of 16 inches (406 mm) or less, wire shall not
be smaller than 0.22 inch (5.6 mm) (No. 5
gage).

2. For piles having a least horizontal dimension
of more than 16 inches (406 mm) and less than
20 inches (508 mm), wire shall not be smaller
than 0.238 inch (6 mm) (No. 4 gage).

3. For piles having a least horizontal dimension
of 20 inches (508 mm) and larger, wire shall
not be smaller than '/, inch (6.4 mm) round or
0.259 inch (6.6 mm) (No. 3 gage).

1810.3.8.2 Precast nonprestressed piles. Precast non-
prestressed concrete piles shall comply with the
requirements of Sections 1810.3.8.2.1 through
1810.3.8.2.3.

1810.3.8.2.1 Minimum reinforcement. Longitudi-
nal reinforcement shall consist of at least four bars
with a minimum longitudinal reinforcement ratio of
0.008.

1810.3.8.2.2 Seismic reinforcement in Seismic
Design Categories C through F. For structures
assigned to Seismic Design Category C, D, E or F,
precast nonprestressed piles shall be reinforced as
specified in this section. The minimum longitudinal
reinforcement ratio shall be 0.01 throughout the
length. Transverse reinforcement shall consist of
closed ties or spirals with a minimum */; inch (9.5
mm) diameter. Spacing of transverse reinforcement
shall not exceed the smaller of eight times the diam-
eter of the smallest longitudinal bar or 6 inches (152
mm) within a distance of three times the least pile
dimension from the bottom of the pile cap. Spacing
of transverse reinforcement shall not exceed 6
inches (152 mm) throughout the remainder of the
pile.

1810.3.8.2.3 Additional seismic reinforcement in
Seismic Design Categories D through F. For struc-
tures assigned to Seismic Design Category D, E or
F, transverse reinforcement shall be in accordance
with Section 1810.3.9.4.2.

1810.3.8.3 Precast prestressed piles. Precast pre-
stressed concrete piles shall comply with the require-
ments of Sections 1810.3.8.3.1 through 1810.3.8.3.3.

1810.3.8.3.1 Effective prestress. The effective pre-
stress in the pile shall not be less than 400 psi (2.76
MPa) for piles up to 30 feet (9144 mm) in length,
550 psi (3.79 MPa) for piles up to 50 feet (15 240
mm) in length and 700 psi (4.83 MPa) for piles
greater than 50 feet (15 240 mm) in length.

2017 DISTRICT OF COLUMBIA BUILDING CODE

SOILS AND FOUNDATIONS

Effective prestress shall be based on an assumed
loss of 30,000 psi (207 MPa) in the prestressing
steel. The tensile stress in the prestressing steel shall
not exceed the values specified in ACI 318.

1810.3.8.3.2 Seismic reinforcement in Seismic
Design Category C. For structures assigned to Seis-
mic Design Category C, precast prestressed piles
shall have transverse reinforcement in accordance
with this section. The volumetric ratio of spiral rein-
forcement shall not be less than the amount required
by the following formula for the upper 20 feet (6096
mm) of the pile.

p,=0.12f' ./ f, (Equation 18-5)

where:

f'. = Specified compressive strength of concrete,
psi (MPa).

S = Yield strength of spiral reinforcement < 85,000
psi (586 MPa).

p, = Spiral reinforcement index (vol. spiral/vol.
core).

At least one-half the volumetric ratio required by
Equation 18-5 shall be provided below the upper 20
feet (6096 mm) of the pile.

1810.3.8.3.3 Seismic reinforcement in Seismic
Design Categories D through F. For structures
assigned to Seismic Design Category D, E or F, pre-
cast prestressed piles shall have transverse reinforce-
ment in accordance with the following:

1. Requirements in ACI 318, Chapter 18, need
not apply, unless specifically referenced.

2. Where the total pile length in the soil is 35 feet
(10 668 mm) or less, the lateral transverse
reinforcement in the ductile region shall occur
through the length of the pile. Where the pile
length exceeds 35 feet (10 668 mm), the duc-
tile pile region shall be taken as the greater of
35 feet (10 668 mm) or the distance from the
underside of the pile cap to the point of zero
curvature plus three times the least pile dimen-
sion.

3. In the ductile region, the center-to-center spac-
ing of the spirals or hoop reinforcement shall
not exceed one-fifth of the least pile dimen-
sion, six times the diameter of the longitudinal
strand or 8 inches (203 mm), whichever is
smallest.

4. Circular spiral reinforcement shall be spliced
by lapping one full turn and bending the end
of each spiral to a 90-degree hook or by use of
a mechanical or welded splice complying with
Section 25.5.7 of ACI 318.

5. Where the transverse reinforcement consists
of circular spirals, the volumetric ratio of spi-
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ral transverse reinforcement in the ductile
region shall comply with the following:

p,=0.25(F"./f,)(A, /A, - 1.0)
[0.5+ 1.4P/(f'.A)]
(Equation 18-6)
but not less than
p,=0.12(F"./1,,)
[0.5+ 1L.4P/(f' . AD]> 0.12f" /f,,
(Equation 18-7)

and need not exceed:
p,=0.021 (Equation 18-8)
where:

A, =Pile cross-sectional area, square inches
(mm?).

A, =Core area defined by spiral outside
diameter, square inches (mm?).

f'. =Specified compressive strength of
concrete, psi (MPa).

f., = Yield strength of spiral reinforcement <
( 85,000 psi (586 MPa).

P = Axial load on pile, pounds (kN), as
determined from Equations 16-5 and 16-
7.

p, = Volumetric ratio (vol. spiral/vol. core).

This required amount of spiral reinforce-
ment is permitted to be obtained by providing
an inner and outer spiral.

. Where transverse reinforcement consists of

rectangular hoops and cross ties, the total
cross-sectional area of lateral transverse rein-
forcement in the ductile region with spacing,
s, and perpendicular dimension, /., shall con-
form to:

Ay=03s h (f' If,)A, /A, - 1.0)
[0.5+ 1.4P/(f’", A))]
(Equation 18-9)
but not less than:

A, =0.12sh (f'./f,) [0.5+ LAP/f', A))]
(Equation 18-10)
where:
fn = yield strength of transverse
reinforcement < 70,000 psi (483 MPa).

h, = Cross-sectional dimension of pile core
measured center to center of hoop
reinforcement, inch (mm).

s =Spacing of transverse reinforcement
measured along length of pile, inch
(mm).

A,, =Cross-sectional area of tranverse
reinforcement, square inches (mm?).

f'. =Specified compressive strength of
concrete, psi (MPa).

The hoops and cross ties shall be equivalent to
deformed bars not less than No. 3 in size. Rectangu-
lar hoop ends shall terminate at a corner with seis-
mic hooks.

Outside of the length of the pile requiring trans-
verse confinement reinforcing, the spiral or hoop
reinforcing with a volumetric ratio not less than one-
half of that required for transverse confinement rein-
forcing shall be provided.

1810.3.9 Cast-in-place deep foundations. Cast-in-place
deep foundation elements shall be designed and detailed
in accordance with Sections 1810.3.9.1 through
1810.3.9.6.

1810.3.9.1 Design cracking moment. The design
cracking moment (¢M,) for a cast-in-place deep foun-
dation element not enclosed by a structural steel pipe
or tube shall be determined using the following equa-
tion:

oM, = 3,/f".S, (Equation 18-11)

For SI: oM, = 0.25,/f".S,,
where:

f'. = Specified compressive strength of concrete or
grout, psi (MPa).

S,, = Elastic section modulus, neglecting reinforcement
and casing, cubic inches (mm?®).

1810.3.9.2 Required reinforcement. Where subject to
uplift or where the required moment strength deter-
mined using the load combinations of Section 1605.2
exceeds the design cracking moment determined in
accordance with Section 1810.3.9.1, cast-in-place deep
foundations not enclosed by a structural steel pipe or
tube shall be reinforced.

1810.3.9.3 Placement of reinforcement. Reinforce-
ment where required shall be assembled and tied
together and shall be placed in the deep foundation ele-
ment as a unit before the reinforced portion of the ele-
ment is filled with concrete.

Exceptions:

1. Steel dowels embedded 5 feet (1524 mm) or
less shall be permitted to be placed after con-
creting, while the concrete is still in a semi-
fluid state.

2. For deep foundation elements installed with a
hollow-stem auger, tied reinforcement shall be
placed after elements are concreted, while the
concrete is still in a semifluid state. Longitudi-
nal reinforcement without lateral ties shall be
placed either through the hollow stem of the
auger prior to concreting or after concreting,
while the concrete is still in a semifluid state.
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3. For Group R-3 and U occupancies not exceed-
ing two stories of light-frame construction,
reinforcement is permitted to be placed after
concreting, while the concrete is still in a
semifluid state, and the concrete cover
requirement is permitted to be reduced to 2
inches (51 mm), provided the construction
method can be demonstrated to the satisfac-
tion of the building official.

1810.3.9.4 Seismic reinforcement. Where a structure
is assigned to Seismic Design Category C, reinforce-
ment shall be provided in accordance with Section
1810.3.9.4.1. Where a structure is assigned to Seismic
Design Category D, E or F, reinforcement shall be pro-
vided in accordance with Section 1810.3.9.4.2.

Exceptions:

1. Isolated deep foundation elements supporting
posts of Group R-3 and U occupancies not
exceeding two stories of light-frame construc-
tion shall be permitted to be reinforced as
required by rational analysis but with not less
than one No. 4 bar, without ties or spirals,
where detailed so the element is not subject to
lateral loads and the soil provides adequate
lateral support in accordance with Section
1810.2.1.

2. Isolated deep foundation elements supporting
posts and bracing from decks and patios
appurtenant to Group R-3 and U occupancies
not exceeding two stories of light-frame con-
struction shall be permitted to be reinforced as
required by rational analysis but with not less
than one No. 4 bar, without ties or spirals,
where the lateral load, E, to the top of the ele-
ment does not exceed 200 pounds (890 N) and
the soil provides adequate lateral support in
accordance with Section 1810.2.1.

3. Deep foundation elements supporting the con-
crete foundation wall of Group R-3 and U
occupancies not exceeding two stories of
light-frame construction shall be permitted to
be reinforced as required by rational analysis
but with not less than two No. 4 bars, without
ties or spirals, where the design cracking
moment determined in accordance with Sec-
tion 1810.3.9.1 exceeds the required moment
strength determined using the load combina-
tions with overstrength factor in Section
12.4.3.2 or 12.14.3.2 of ASCE 7 and the soil
provides adequate lateral support in accor-
dance with Section 1810.2.1.

4. Closed ties or spirals where required by Sec-
tion 1810.3.9.4.2 shall be permitted to be lim-
ited to the top 3 feet (914 mm) of deep
foundation elements 10 feet (3048 mm) or less
in depth supporting Group R-3 and U occu-
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pancies of Seismic Design Category D, not
exceeding two stories of light-frame construc-
tion.

1810.3.9.4.1 Seismic reinforcement in Seismic
Design Category C. For structures assigned to Seis-
mic Design Category C, cast-in-place deep founda-
tion elements shall be reinforced as specified in this
section. Reinforcement shall be provided where
required by analysis.

A minimum of four longitudinal bars, with a
minimum longitudinal reinforcement ratio of
0.0025, shall be provided throughout the minimum
reinforced length of the element as defined below
starting at the top of the element. The minimum
reinforced length of the element shall be taken as the
greatest of the following:

1. One-third of the element length.

2. A distance of 10 feet (3048 mm).

3. Three times the least element dimension.
4

. The distance from the top of the element to the
point where the design cracking moment
determined in accordance with Section
1810.3.9.1 exceeds the required moment
strength determined using the load combina-
tions of Section 1605.2.

Transverse reinforcement shall consist of closed
ties or spirals with a minimum */, inch (9.5 mm)
diameter. Spacing of transverse reinforcement shall
not exceed the smaller of 6 inches (152 mm) or 8-
longitudinal-bar diameters, within a distance of
three times the least element dimension from the
bottom of the pile cap. Spacing of transverse rein-
forcement shall not exceed 16 longitudinal bar
diameters throughout the remainder of the rein-
forced length.

Exceptions:

1. The requirements of this section shall not
apply to concrete cast in structural steel
pipes or tubes.

2. A spiral-welded metal casing of a thickness
not less than the manufacturer’s standard
No. 14 gage (0.068 inch) is permitted to
provide concrete confinement in lieu of the
closed ties or spirals. Where used as such,
the metal casing shall be protected against
possible deleterious action due to soil con-
stituents, changing water levels or other
factors indicated by boring records of site
conditions.

1810.3.9.4.2 Seismic reinforcement in Seismic
Design Categories D through F. For structures
assigned to Seismic Design Category D, E or F, cast-
in-place deep foundation elements shall be rein-
forced as specified in this section. Reinforcement
shall be provided where required by analysis.
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A minimum of four longitudinal bars, with a
minimum longitudinal reinforcement ratio of 0.005,
shall be provided throughout the minimum rein-
forced length of the element as defined below start-
ing at the top of the element. The minimum
reinforced length of the element shall be taken as the
greatest of the following:

1. One-half of the element length.

2. A distance of 10 feet (3048 mm).

3. Three times the least element dimension.
4

. The distance from the top of the element to the
point where the design cracking moment
determined in accordance with Section
1810.3.9.1 exceeds the required moment
strength determined using the load combina-
tions of Section 1605.2.

Transverse reinforcement shall consist of closed
ties or spirals no smaller than No. 3 bars for ele-
ments with a least dimension up to 20 inches (508
mm), and No. 4 bars for larger elements. Through-
out the remainder of the reinforced length outside
the regions with transverse confinement reinforce-
ment, as specified in Section 1810.3.9.4.2.1 or
1810.3.9.4.2.2, the spacing of transverse reinforce-
ment shall not exceed the least of the following:

1. 12 longitudinal bar diameters;

2. One-half the least dimension of the element;
and

3. 12 inches (305 mm).
Exceptions:

1. The requirements of this section shall not
apply to concrete cast in structural steel
pipes or tubes.

2. A spiral-welded metal casing of a thickness
not less than manufacturer’s standard No.
14 gage (0.068 inch) is permitted to pro-
vide concrete confinement in lieu of the
closed ties or spirals. Where used as such,
the metal casing shall be protected against
possible deleterious action due to soil con-
stituents, changing water levels or other
factors indicated by boring records of site
conditions.

1810.3.9.4.2.1 Site Classes A through D. For
Site Class A, B, C or D sites, transverse confine-
ment reinforcement shall be provided in the ele-
ment in accordance with Sections 18.7.5.2,
18.7.5.3 and 18.7.5.4 of ACI 318 within three
times the least element dimension of the bottom
of the pile cap. A transverse spiral reinforcement
ratio of not less than one-half of that required in
Section 18.7.5.4(a) of ACI 318 shall be permit-
ted.

1810.3.9.4.2.2 Site Classes E and F. For Site
Class E or F sites, transverse confinement rein-
forcement shall be provided in the element in

accordance with Sections 18.7.5.2, 18.7.5.3 and
18.7.5.4 of ACI 318 within seven times the least
element dimension of the pile cap and within
seven times the least element dimension of the
interfaces of strata that are hard or stiff and strata
that are liquefiable or are composed of soft- to
medium-stiff clay.

1810.3.9.5 Belled drilled shafts. Where drilled shafts
are belled at the bottom, the edge thickness of the bell
shall not be less than that required for the edge of foot-
ings. Where the sides of the bell slope at an angle less
than 60 degrees (1 rad) from the horizontal, the effects
of vertical shear shall be considered.

1810.3.9.6 Socketed drilled shafts. Socketed drilled
shafts shall have a permanent pipe or tube casing that
extends down to bedrock and an uncased socket drilled
into the bedrock, both filled with concrete. Socketed
drilled shafts shall have reinforcement or a structural
steel core for the length as indicated by an approved
method of analysis.

The depth of the rock socket shall be sufficient to
develop the full load-bearing capacity of the element
with a minimum safety factor of two, but the depth
shall not be less than the outside diameter of the pipe or
tube casing. The design of the rock socket is permitted
to be predicated on the sum of the allowable load-bear-
ing pressure on the bottom of the socket plus bond
along the sides of the socket.

Where a structural steel core is used, the gross
cross-sectional area of the core shall not exceed 25 per-
cent of the gross area of the drilled shaft.

1810.3.10 Micropiles. Micropiles shall be designed and
detailed in accordance with Sections 1810.3.10.1 through
1810.3.10.4.

1810.3.10.1 Construction. Micropiles shall develop
their load-carrying capacity by means of a bond zone in
soil, bedrock or a combination of soil and bedrock.
Micropiles shall be grouted and have either a steel pipe
or tube or steel reinforcement at every section along the
length. It shall be permitted to transition from deformed
reinforcing bars to steel pipe or tube reinforcement by
extending the bars into the pipe or tube section by at
least their development length in tension in accordance
with ACI 318.

1810.3.10.2 Materials. Reinforcement shall consist of
deformed reinforcing bars in accordance with ASTM
A615 Grade 60 or 75 or ASTM A722 Grade 150.

The steel pipe or tube shall have a minimum wall
thickness of ¥/, inch (4.8 mm). Splices shall comply
with Section 1810.3.6. The steel pipe or tube shall have
a minimum yield strength of 45,000 psi (310 MPa) and
a minimum elongation of 15 percent as shown by mill
certifications or two coupon test samples per 40,000
pounds (18 160 kg) of pipe or tube.

1810.3.10.3 Reinforcement. For micropiles or portions
thereof grouted inside a temporary or permanent casing
or inside a hole drilled into bedrock or a hole drilled
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with grout, the steel pipe or tube or steel reinforcement
shall be designed to carry at least 40 percent of the
design compression load. Micropiles or portions
thereof grouted in an open hole in soil without tempo-
rary or permanent casing and without suitable means of
verifying the hole diameter during grouting shall be
designed to carry the entire compression load in the
reinforcing steel. Where a steel pipe or tube is used for
reinforcement, the portion of the grout enclosed within
the pipe is permitted to be included in the determination
of the allowable stress in the grout.

1810.3.10.4 Seismic reinforcement. For structures
assigned to Seismic Design Category C, a permanent
steel casing shall be provided from the top of the micro-
pile down to the point of zero curvature. For structures
assigned to Seismic Design Category D, E or F, the
micropile shall be considered as an alternative system
in accordance with Section 104.11. The alternative sys-
tem design, supporting documentation and test data
shall be submitted to the building official for review
and approval.

1810.3.11 Pile caps. Pile caps shall be of reinforced con-
crete, and shall include all elements to which vertical deep
foundation elements are connected, including grade beams
and mats. The soil immediately below the pile cap shall
not be considered as carrying any vertical load. The tops
of vertical deep foundation elements shall be embedded
not less than 3 inches (76 mm) into pile caps and the caps
shall extend at least 4 inches (102 mm) beyond the edges
of the elements. The tops of elements shall be cut or
chipped back to sound material before capping.

1810.3.11.1 Seismic Design Categories C through F.
For structures assigned to Seismic Design Category C,
D, E or F, concrete deep foundation elements shall be
connected to the pile cap by embedding the element
reinforcement or field-placed dowels anchored in the
element into the pile cap for a distance equal to their
development length in accordance with ACI 318. It
shall be permitted to connect precast prestressed piles
to the pile cap by developing the element prestressing
strands into the pile cap provided the connection is duc-
tile. For deformed bars, the development length is the
full development length for compression, or tension in
the case of uplift, without reduction for excess rein-
forcement in accordance with Section 25.4.10 of ACI
318. Alternative measures for laterally confining con-
crete and maintaining toughness and ductile-like
behavior at the top of the element shall be permitted
provided the design is such that any hinging occurs in
the confined region.

The minimum transverse steel ratio for confinement
shall not be less than one-half of that required for col-
umns.

For resistance to uplift forces, anchorage of steel
pipes, tubes or H-piles to the pile cap shall be made by
means other than concrete bond to the bare steel sec-
tion. Concrete-filled steel pipes or tubes shall have
reinforcement of not less than 0.01 times the cross-sec-
tional area of the concrete fill developed into the cap
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and extending into the fill a length equal to two times
the required cap embedment, but not less than the
development length in tension of the reinforcement.

1810.3.11.2 Seismic Design Categories D through F.
For structures assigned to Seismic Design Category D,
E or F, deep foundation element resistance to uplift
forces or rotational restraint shall be provided by
anchorage into the pile cap, designed considering the
combined effect of axial forces due to uplift and bend-
ing moments due to fixity to the pile cap. Anchorage
shall develop a minimum of 25 percent of the strength
of the element in tension. Anchorage into the pile cap
shall comply with the following:

1. In the case of uplift, the anchorage shall be capa-
ble of developing the least of the following:

1.1. The nominal tensile strength of the longi-
tudinal reinforcement in a concrete ele-
ment.

1.2. The nominal tensile strength of a steel
element.

1.3. The frictional force developed between
the element and the soil multiplied by 1.3.

Exception: The anchorage is permitted to be
designed to resist the axial tension force
resulting from the seismic load effects includ-
ing overstrength factor in accordance with
Section 12.4.3 or 12.14.3.2 of ASCE 7.

2. In the case of rotational restraint, the anchorage
shall be designed to resist the axial and shear
forces, and moments resulting from the seismic
load effects including overstrength factor in
accordance with Section 12.4.3 or 12.14.3.2 of
ASCE 7 or the anchorage shall be capable of
developing the full axial, bending and shear nom-
inal strength of the element.

Where the vertical lateral-force-resisting elements
are columns, the pile cap flexural strengths shall exceed
the column flexural strength. The connection between
batter piles and pile caps shall be designed to resist the
nominal strength of the pile acting as a short column.
Batter piles and their connection shall be designed to
resist forces and moments that result from the applica-
tion of seismic load effects including overstrength fac-
tor in accordance with Section 12.4.3 or 12.14.3.2 of
ASCE 7.

1810.3.12 Grade beams. For structures assigned to Seis-
mic Design Category D, E or F, grade beams shall comply
with the provisions in Section 18.13.3 of ACI 318 for
grade beams, except where they are designed to resist the
seismic load effects including overstrength factor in accor-
dance with Section 12.4.3 or 12.14.3.2 of ASCE 7.

1810.3.13 Seismic ties. For structures assigned to Seismic
Design Category C, D, E or F, individual deep foundations
shall be interconnected by ties. Unless it can be demon-
strated that equivalent restraint is provided by reinforced
concrete beams within slabs on grade or reinforced con-
crete slabs on grade or confinement by competent rock,
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hard cohesive soils or very dense granular soils, ties shall
be capable of carrying, in tension or compression, a force
equal to the lesser of the product of the larger pile cap or
column design gravity load times the seismic coefficient,
Sps» divided by 10, and 25 percent of the smaller pile or
column design gravity load.

Exception: In Group R-3 and U occupancies of light-
frame construction, deep foundation elements support-
ing foundation walls, isolated interior posts detailed so
the element is not subject to lateral loads or exterior
decks and patios are not subject to interconnection
where the soils are of adequate stiffness, subject to the
approval of the building official.

1810.4 Installation. Deep foundations shall be installed in
accordance with Section 1810.4. Where a single deep founda-
tion element comprises two or more sections of different
materials or different types spliced together, each section
shall satisfy the applicable conditions of installation.

1810.4.1 Structural integrity. Deep foundation elements
shall be installed in such a manner and sequence as to pre-
vent distortion or damage that may adversely affect the
structural integrity of adjacent structures or of foundation
elements being installed or already in place and as to avoid
compacting the surrounding soil to the extent that other
foundation elements cannot be installed properly.

1810.4.1.1 Compressive strength of precast concrete
piles. A precast concrete pile shall not be driven before the
concrete has attained a compressive strength of at least 75
percent of the specified compressive strength (f'.), but not
less than the strength sufficient to withstand handling and
driving forces.

1810.4.1.2 Casing. Where cast-in-place deep founda-
tion elements are formed through unstable soils and
concrete is placed in an open-drilled hole, a casing shall
be inserted in the hole prior to placing the concrete.
Where the casing is withdrawn during concreting, the
level of concrete shall be maintained above the bottom
of the casing at a sufficient height to offset any hydro-
static or lateral soil pressure. Driven casings shall be
mandrel driven their full length in contact with the sur-
rounding soil.

1810.4.1.3 Driving near uncased concrete. Deep
foundation elements shall not be driven within six ele-
ment diameters center to center in granular soils or
within one-half the element length in cohesive soils of
an uncased element filled with concrete less than 48
hours old unless approved by the building official. 1f
the concrete surface in any completed element rises or
drops, the element shall be replaced. Driven uncased
deep foundation elements shall not be installed in soils
that could cause heave.

1810.4.1.4 Driving near cased concrete. Deep foun-
dation elements shall not be driven within four and one-
half average diameters of a cased element filled with
concrete less than 24 hours old unless approved by the
building official. Concrete shall not be placed in cas-
ings within heave range of driving.
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1810.4.1.5 Defective timber piles. Any substantial
sudden increase in rate of penetration of a timber pile
shall be investigated for possible damage. If the sudden
increase in rate of penetration cannot be correlated to
soil strata, the pile shall be removed for inspection or
rejected.

1810.4.2 Identification. Deep foundation materials shall
be identified for conformity to the specified grade with
this identity maintained continuously from the point of
manufacture to the point of installation or shall be tested
by an approved agency to determine conformity to the
specified grade. The approved agency shall furnish an
affidavit of compliance to the building official.

1810.4.3 Location plan. A plan showing the location and
designation of deep foundation elements by an identifica-
tion system shall be filed with the building official prior to
installation of such elements. Detailed records for ele-
ments shall bear an identification corresponding to that
shown on the plan.

1810.4.4 Preexcavation. The use of jetting, augering or
other methods of preexcavation shall be subject to the
approval of the building official. Where permitted, preex-
cavation shall be carried out in the same manner as used
for deep foundation elements subject to load tests and in
such a manner that will not impair the carrying capacity of
the elements already in place or damage adjacent struc-
tures. Element tips shall be driven below the preexcavated
depth until the required resistance or penetration is
obtained.

1810.4.5 Vibratory driving. Vibratory drivers shall only
be used to install deep foundation elements where the ele-
ment load capacity is verified by load tests in accordance
with Section 1810.3.3.1.2. The installation of production
elements shall be controlled according to power consump-
tion, rate of penetration or other approved means that
ensure element capacities equal or exceed those of the test
elements.

1810.4.6 Heaved elements. Deep foundation elements
that have heaved during the driving of adjacent elements
shall be redriven as necessary to develop the required
capacity and penetration, or the capacity of the element
shall be verified by load tests in accordance with Section
1810.3.3.1.2.

1810.4.7 Enlarged base -cast-in-place elements.
Enlarged bases for cast-in-place deep foundation elements
formed by compacting concrete or by driving a precast
base shall be formed in or driven into granular soils. Such
elements shall be constructed in the same manner as suc-
cessful prototype test elements driven for the project.
Shafts extending through peat or other organic soil shall be
encased in a permanent steel casing. Where a cased shaft
is used, the shaft shall be adequately reinforced to resist
column action or the annular space around the shaft shall
be filled sufficiently to reestablish lateral support by the
soil. Where heave occurs, the element shall be replaced
unless it is demonstrated that the element is undamaged
and capable of carrying twice its design load.
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1810.4.8 Hollow-stem augered, cast-in-place elements.
Where concrete or grout is placed by pumping through a
hollow-stem auger, the auger shall be permitted to rotate
in a clockwise direction during withdrawal. As the auger is
withdrawn at a steady rate or in increments not to exceed 1
foot (305 mm), concreting or grouting pumping pressures
shall be measured and maintained high enough at all times
to offset hydrostatic and lateral earth pressures. Concrete
or grout volumes shall be measured to ensure that the vol-
ume of concrete or grout placed in each element is equal to
or greater than the theoretical volume of the hole created
by the auger. Where the installation process of any ele-
ment is interrupted or a loss of concreting or grouting
pressure occurs, the element shall be redrilled to 5 feet
(1524 mm) below the elevation of the tip of the auger
when the installation was interrupted or concrete or grout
pressure was lost and reformed. Augered cast-in-place ele-
ments shall not be installed within six diameters center to
center of an element filled with concrete or grout less than
12 hours old, unless approved by the building official. If
the concrete or grout level in any completed element drops
due to installation of an adjacent element, the element
shall be replaced.

1810.4.9 Socketed drilled shafts. The rock socket and
pipe or tube casing of socketed drilled shafts shall be thor-
oughly cleaned of foreign materials before filling with
concrete. Steel cores shall be bedded in cement grout at
the base of the rock socket.

1810.4.10 Micropiles. Micropile deep foundation ele-
ments shall be permitted to be formed in holes advanced
by rotary or percussive drilling methods, with or without
casing. The elements shall be grouted with a fluid cement
grout. The grout shall be pumped through a tremie pipe
extending to the bottom of the element until grout of suit-
able quality returns at the top of the element. The follow-
ing requirements apply to specific installation methods:

1. For micropiles grouted inside a temporary casing,
the reinforcing bars shall be inserted prior to with-
drawal of the casing.The casing shall be withdrawn
in a controlled manner with the grout level main-
tained at the top of the element to ensure that the
grout completely fills the drill hole. During with-
drawal of the casing, the grout level inside the cas-
ing shall be monitored to verify that the flow of
grout inside the casing is not obstructed.

2. For a micropile or portion thereof grouted in an open
drill hole in soil without temporary casing, the mini-
mum design diameter of the drill hole shall be veri-
fied by a suitable device during grouting.

3. For micropiles designed for end bearing, a suitable
means shall be employed to verify that the bearing
surface is properly cleaned prior to grouting.

4. Subsequent micropiles shall not be drilled near ele-
ments that have been grouted until the grout has had
sufficient time to harden.
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5. Micropiles shall be grouted as soon as possible after
drilling is completed.

6. For micropiles designed with a full-length casing,
the casing shall be pulled back to the top of the bond
zone and reinserted or some other suitable means
employed to assure grout coverage outside the cas-
ing.

1810.4.11 Helical piles. Helical piles shall be installed to
specified embedment depth and torsional resistance crite-
ria as determined by a registered design professional. The
torque applied during installation shall not exceed the
maximum allowable installation torque of the helical pile.

1810.4.12 Special inspection. Special inspections in
accordance with Sections 1705.7 and 1705.8 shall be pro-
vided for driven and cast-in-place deep foundation ele-
ments, respectively. Special inspections in accordance
with Section 1705.9 shall be provided for helical piles.
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CHAPTER 19
CONCRETE

Italics are used for text within Sections 1903 through 1905 of this code to indicate provisions that differ from ACI 318.

SECTION 1901
GENERAL

1901.1 Scope. The provisions of this chapter shall govern the
materials, quality control, design and construction of concrete
used in structures.

1901.2 Plain and reinforced concrete. Structural concrete
shall be designed and constructed in accordance with the
requirements of this chapter and ACI 318 as amended in Sec-
tion 1905 of this code. Except for the provisions of Sections
1904 and 1907, the design and construction of slabs on grade
shall not be governed by this chapter unless they transmit ver-
tical loads or lateral forces from other parts of the structure to
the soil.

1901.3 Anchoring to concrete. Anchoring to concrete shall
be in accordance with ACI 318 as amended in Section 1905,
and applies to cast-in (headed bolts, headed studs and hooked
J- or L-bolts), post-installed expansion (torque-controlled and
displacement-controlled), undercut and adhesive anchors.

1901.4 Composite structural steel and concrete struc-
tures. Systems of structural steel acting compositely with
reinforced concrete shall be designed in accordance with Sec-
tion 2206 of this code.

1901.5 Construction documents. The construction docu-
ments for structural concrete construction shall include:

1. The specified compressive strength of concrete at the
stated ages or stages of construction for which each
concrete element is designed.

2. The specified strength or grade of reinforcement.

3. The size and location of structural elements, rein-
forcement and anchors.

4. Provision for dimensional changes resulting from
creep, shrinkage and temperature.

5. The magnitude and location of prestressing forces.

6. Anchorage length of reinforcement and location and
length of lap splices.

7. Type and location of mechanical and welded splices
of reinforcement.

8. Details and location of contraction or isolation joints
specified for plain concrete.

9. Minimum concrete compressive strength at time of
posttensioning.

10. Stressing sequence for posttensioning tendons.

11. For structures assigned to Seismic Design Category
D, E or F, a statement if slab on grade is designed as a
structural diaphragm.
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1901.6 Special inspections and tests. Special inspections
and tests of concrete elements of buildings and structures and
concreting operations shall be as required by Chapter 17.

SECTION 1902
DEFINITIONS

1902.1 General. The words and terms defined in ACI 318
shall, for the purposes of this chapter and as used elsewhere
in this code for concrete construction, have the meanings
shown in ACI 318 as modified by Section 1905.1.1.

SECTION 1903
SPECIFICATIONS FOR TESTS AND MATERIALS

1903.1 General. Materials used to produce concrete, con-
crete itself and testing thereof shall comply with the applica-
ble standards listed in ACI 318.

Exception: The following standards as referenced in
Chapter 35 shall be permitted to be used.

1. ASTM C150
2. ASTM C595
3. ASTM C1157

1903.2 Special inspections. Where required, special inspec-
tions and tests shall be in accordance with Chapter 17.

1903.3 Glass fiber-reinforced concrete. Glass fiber-rein-
forced concrete (GFRC) and the materials used in such con-
crete shall be in accordance with the PCI MNL 128 standard.

1903.4 Flat wall insulating concrete form (ICF) systems.
Insulating concrete form material used for forming flat con-
crete walls shall conform to ASTM E2634.

SECTION 1904
DURABILITY REQUIREMENTS

1904.1 Structural concrete. Structural concrete shall con-
form to the durability requirements of ACI 318.

Exception: For Group R-2 and R-3 occupancies not more
than three stories above grade plane, the specified com-
pressive strength, f*, for concrete in basement walls, foun-
dation walls, exterior walls and other vertical surfaces
exposed to the weather shall be not less than 3,000 psi
(20.7 MPa).

1904.2 Nonstructural concrete. The registered design profes-
sional shall assign nonstructural concrete a freeze-thaw expo-
sure class, as defined in ACI 318, based on the anticipated
exposure of nonstructural concrete. Nonstructural concrete
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shall have a minimum specified compressive strength, f*, of
2,500 psi (17.2 MPa) for Class FO; 3,000 psi (20.7 MPa) for
Class F1; and 3,500 psi (24.1 MPa) for Classes F2 and F3.
Nonstructural concrete shall be air entrained in accordance

with ACI 318.

SECTION 1905
MODIFICATIONS TO ACI 318

1905.1 General. The text of ACI 318 shall be modified as
indicated in Sections 1905.1.1 through 1905.1.8.

1905.1.1 ACI 318, Section 2.3. Modify existing defini-
tions and add the following definitions to ACI 318, Sec-
tion 2.3.

DESIGN DISPLACEMENT. Total lateral displace-
ment expected for the design-basis earthquake, as spec-
ified by Section 12.8.6 of ASCE 7.

DETAILED PLAIN CONCRETE STRUCTURAL
WALL. A wall complying with the requirements of
Chapter 14, including 14.6.2.

ORDINARY PRECAST STRUCTURAL WALL. A
precast wall complying with the requirements of Chap-
ters 1 through 13, 15, 16 and 19 through 26.

ORDINARY REINFORCED CONCRETE
STRUCTURAL WALL. A cast-in-place wall com-
plying with the requirements of Chapters 1 through 13,
15, 16 and 19 through 26.

ORDINARY STRUCTURAL PLAIN CONCRETE
WALL. A wall complying with the requirements of
Chapter 14, excluding 14.6.2.

SPECIAL STRUCTURAL WALL. A cast-in-place
or precast wall complying with the requirements of
18.2.4 through 18.2.8, 18.10 and 18.11, as applicable,
in addition to the requirements for ordinary reinforced
concrete structural walls or ordinary precast structural
walls, as applicable. Where ASCE 7 refers to a “spe-
cial reinforced concrete structural wall,” it shall be
deemed to mean a “special structural wall.”

1905.1.2 ACI 318, Section 18.2.1. Modify ACI 318 Sec-
tions 18.2.1.2 and 18.2.1.6 to read as follows:
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18.2.1.2 — Structures assigned to Seismic Design Cate-
gory A shall satisfy requirements of Chapters 1 through
17 and 19 through 26; Chapter 18 does not apply.
Structures assigned to Seismic Design Category B, C,
D, E or F also shall satisfy 18.2.1.3 through 18.2.1.7, as
applicable. Except for structural elements of plain con-
crete complying with Section 1905.1.7 of the Building
Code, structural elements of plain concrete are prohib-
ited in structures assigned to Seismic Design Category
C, D, EorF.

18.2.1.6 — Structural systems designated as part of the
seismic force-resisting system shall be restricted to
those permitted by ASCE 7. Except for Seismic Design
Category A, for which Chapter 18 does not apply, the
following provisions shall be satisfied for each struc-
tural system designated as part of the seismic force-

resisting system, regardless of the seismic design cate-
gory:
(a) Ordinary moment frames shall satisfy 18.3.

(b) Ordinary reinforced concrete structural walls
and ordinary precast structural walls need not
satisfy any provisions in Chapter 18.

(c) Intermediate moment frames shall satisfy 18.4.

(d) Intermediate precast structural walls shall sat-
isfy 18.5.

(e) Special moment frames shall satisfy 18.6
through 18.9.

(f) Special structural walls shall satisfy 18.10.

(g) Special structural walls constructed using pre-
cast concrete shall satisfy 18.11.

All special moment frames and special structural
walls shall also satisfy 18.2.4 through 18.2.8.

1905.1.3 ACI 318, Section 18.5. Modify ACI 318, Sec-
tion 18.5, by adding new Section 18.5.2.2 and renumber-
ing existing Sections 18.5.2.2 and 18.5.2.3 to become
18.5.2.3 and 18.5.2.4, respectively.

18.5.2.2 — Connections that are designed to yield shall
be capable of maintaining 80 percent of their design
strength at the deformation induced by the design dis-
placement or shall use Type 2 mechanical splices.

18.5.2.3 — For elements of the connection that are not
designed to yield the required strength shall be based
on 1.5 § of the yielding portion of the connection.

18.5.2.4 — In structures assigned to SDC D, E or F, wall
piers shall be designed in accordance with 18.10.8 or
18.14 in ACI 318.

1905.1.4 ACI 318, Section 18.11. Modify ACI 318, Sec-
tion 18.11.2.1, to read as follows:

18.11.2.1 — Special structural walls constructed using
precast concrete shall satisfy all the requirements of
18.10 for cast-in-place special structural walls in addi-
tion to 18.5.2.

1905.1.5 ACT 318, Section 18.13.1.1. Modify ACI 318,
Section 18.13.1.1, to read as follows:

18.13.1.1 — Foundations resisting earthquake-induced
forces or transferring earthquake-induced forces
between a structure and ground shall comply with the
requirements of 18.13 and other applicable provisions
of ACI 318 unless modified by Chapter 18 of the Build-
ing Code.

1905.1.6 ACI 318, Section 14.6. Modify ACI 318, Sec-

tion 14.6, by adding new Section 14.6.2 to read as follows:

14.6.2 — Detailed plain concrete structural walls.

14.6.2.1 — Detailed plain concrete structural walls are
walls conforming to the requirements of ordinary struc-
tural plain concrete walls and 14.6.2.2.

14.6.2.2 — Reinforcement shall be provided as follows:

(a) Vertical reinforcement of at least 0.20 square
inch (129 mm?) in cross-sectional area shall be
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provided continuously from support to support
at each corner, at each side of each opening
and at the ends of walls. The continuous verti-
cal bar required beside an opening is permitted
to substitute for one of the two No. 5 bars
required by 14.6.1.

(b) Horizontal reinforcement at least 0.20 square
inch (129 mm?) in cross-sectional area shall be
provided:

1. Continuously at structurally connected roof
and floor levels and at the top of walls;

2. At the bottom of load-bearing walls or in
the top of foundations where doweled to the
wall; and

3. At a maximum spacing of 120 inches (3048
mm).

Reinforcement at the top and bottom of open-
ings, where used in determining the maximum
spacing specified in Item 3 above, shall be con-
tinuous in the wall.

CONCRETE

thickness, a minimum of one bar shall be pro-
vided at the top and bottom of the footing. Con-
tinuity of reinforcement shall be provided at
corners and intersections.

Exceptions:

1. In Seismic Design Categories A, B
and C, detached one- and two-
Sfamily dwellings three stories or less
in height constructed with stud-
bearing walls are permitted to have
plain  concrete footings without
longitudinal reinforcement.

2. For foundation systems consisting of
a plain concrete footing and a plain
concrete stemwall, a minimum of
one bar shall be provided at the top
of the stemwall and at the bottom of
the footing.

3. Where a slab on ground is cast
monolithically with the footing, one
No. 5 bar is permitted to be located

1905.1.7 ACI 318, Section 14.1.4. Delete ACI 318, Sec-

tion 14.1.4, and replace with the following: ar cither the iop of the slab or

bottom of the footing.

1905.1.8 ACI 318, Section 17.2.3. Modify ACI 318 Sec-
tions 17.2.3.4.2,17.2.3.4.3(d) and 17.2.3.5.2 to read as fol-
14.1.4.1 — Structures assigned to Seismic Design Cate- lows:

14.1.4 — Plain concrete in structures assigned to Seis-
mic Design Category C, D, E or F.

gory C, D, E or F shall not have elements of structural
plain concrete, except as follows:

(a) Structural plain concrete basement, foundation
or other walls below the base as defined in
ASCE 7 are permitted in detached one- and
two-family dwellings three stories or less in
height constructed with stud-bearing walls. In
dwellings assigned to Seismic Design Category
D or E, the height of the wall shall not exceed 8
feet (2438 mm), the thickness shall be not less
than 7'/, inches (190 mm), and the wall shall
retain no more than 4 feet (1219 mm) of unbal-
anced fill. Walls shall have reinforcement in
accordance with 14.6.1.

(b) Isolated footings of plain concrete supporting
pedestals or columns are permitted, provided
the projection of the footing beyond the face of
the supported member does not exceed the foot-
ing thickness.

Exception: In detached one- and two-fam-
ily dwellings three stories or less in height,
the projection of the footing beyond the
face of the supported member is permitted
to exceed the footing thickness.

(c) Plain concrete footings supporting walls are
permitted, provided the footings have at least
two continuous longitudinal reinforcing bars.
Bars shall not be smaller than No. 4 and shall
have a total area of not less than 0.002 times
the gross cross-sectional area of the footing.
For footings that exceed 8 inches (203 mm) in
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17.2.3.4.2 — Where the tensile component of the
strength-level earthquake force applied to anchors
exceeds 20 percent of the total factored anchor tensile
force associated with the same load combination,
anchors and their attachments shall be designed in
accordance with 17.2.3.4.3. The anchor design tensile
strength shall be determined in accordance with
17.2.3.4.4.

Exception: Anchors designed to resist wall out-of-
plane forces with design strengths equal to or
greater than the force determined in accordance
with ASCE 7 Equation 12.11-1 or 12.14-10 shall be
deemed to satisfy Section 17.2.3.4.3(d).

17.2.3.4.3(d) — The anchor or group of anchors shall be
designed for the maximum tension obtained from
design load combinations that include E, with E
increased by €, The anchor design tensile strength
shall be calculated from 17.2.3.4.4.

17.2.3.5.2 — Where the shear component of the
strength-level earthquake force applied to anchors
exceeds 20 percent of the total factored anchor shear
force associated with the same load combination,
anchors and their attachments shall be designed in
accordance with 17.2.3.5.3. The anchor design shear
strength for resisting earthquake forces shall be deter-
mined in accordance with 17.5.

Exceptions:

1. For the calculation of the in-plane shear
strength of anchor bolts attaching wood sill
plates of bearing or nonbearing walls of light-
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frame wood structures to foundations or foun-
dation stem walls, the in-plane shear strength
in accordance with 17.5.2 and 17.5.3 need not
be computed and 17.2.3.5.3 shall be deemed
to be satisfied provided all of the following are
met:

1.1. The allowable in-plane shear strength
of the anchor is determined in accor-
dance with ANSI/AWC NDS Table 11E
for lateral design values parallel to
grain.

1.2. The maximum anchor nominal diame-
ter is 5/8 inch (16 mm).

1.3. Anchor bolts are embedded into con-
crete a minimum of 7 inches (178 mm).

1.4. Anchor bolts are located a minimum of
1%/, inches (45 mm) from the edge of
the concrete parallel to the length of
the wood sill plate.

1.5. Anchor bolts are located a minimum of
15 anchor diameters from the edge of
the concrete perpendicular to the
length of the wood sill plate.

1.6. The sill plate is 2-inch (51 mm) or 3-
inch (76 mm) nominal thickness.

2. For the calculation of the in-plane shear

strength of anchor bolts attaching cold-
formed steel track of bearing or nonbearing
walls of light-frame construction to founda-
tions or foundation stem walls, the in-plane
shear strength in accordance with 17.5.2 and
17.5.3 need not be computed and 17.2.3.5.3
shall be deemed to be satisfied provided all of
the following are met:

2.1. The maximum anchor nominal diame-
ter is 5/8 inch (16 mm).

2.2. Anchors are embedded into concrete a
minimum of 7 inches (178 mm).

2.3. Anchors are located a minimum of 17/,
inches (45 mm) from the edge of the
concrete parallel to the length of the
track.

2.4. Anchors are located a minimum of 15
anchor diameters from the edge of the
concrete perpendicular to the length of
the track.

2.5. The track is 33 to 68 mil (0.84 mm to
1.73 mm) designation thickness.

Allowable in-plane shear strength of exempt

anchors, parallel to the edge of concrete, shall be
permitted to be determined in accordance with
AISI S100 Section E3.3.1.

3. In light-frame construction bearing or non-

bearing walls, shear strength of concrete
anchors less than or equal to 1 inch [25 mm]

in diameter attaching sill plate or track to
foundation or foundation stem wall need not
satisfy 17.2.3.5.3(a) through (c) when the
design strength of the anchors is determined
in accordance with 17.5.2.1(c).

SECTION 1906
STRUCTURAL PLAIN CONCRETE

1906.1 Scope. The design and construction of structural plain
concrete, both cast-in-place and precast, shall comply with
the minimum requirements of ACI 318, as modified in Sec-
tion 1905.

Exception: For Group R-3 occupancies and buildings of
other occupancies less than two stories above grade plane
of light-frame construction, the required footing thickness
of ACI 318 is permitted to be reduced to 6 inches (152
mm), provided that the footing does not extend more than
4 inches (102 mm) on either side of the supported wall.

SECTION 1907
MINIMUM SLAB PROVISIONS

1907.1 General. The thickness of concrete floor slabs sup-
ported directly on the ground shall not be less than 3'/, inches
(89 mm). A 6-mil (0.006 inch; 0.15 mm) polyethylene vapor
retarder with joints lapped not less than 6 inches (152 mm)
shall be placed between the base course or subgrade and the
concrete floor slab, or other approved equivalent methods or
materials shall be used to retard vapor transmission through
the floor slab.

Exception: A vapor retarder is not required:

1. For detached structures accessory to occupancies in
Group R-3, such as garages, utility buildings or
other unheated facilities.

2. For unheated storage rooms having an area of less
than 70 square feet (6.5 m?) and carports attached to
occupancies in Group R-3.

3. For buildings of other occupancies where migration
of moisture through the slab from below will not be
detrimental to the intended occupancy of the build-
ing.

4. For driveways, walks, patios and other flatwork that
will not be enclosed at a later date.

5. Where approved based on local site conditions.

SECTION 1908
SHOTCRETE

1908.1 General. Shotcrete is mortar or concrete that is pneu-
matically projected at high velocity onto a surface. Except as
specified in this section, shotcrete shall conform to the
requirements of this chapter for plain or reinforced concrete.

1908.2 Proportions and materials. Shotcrete proportions
shall be selected that allow suitable placement procedures
using the delivery equipment selected and shall result in fin-
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ished in-place hardened shotcrete meeting the strength
requirements of this code.

1908.3 Aggregate. Coarse aggregate, if used, shall not
exceed */, inch (19.1 mm).

1908.4 Reinforcement. Reinforcement used in shotcrete
construction shall comply with the provisions of Sections
1908.4.1 through 1908.4.4.

1908.4.1 Size. The maximum size of reinforcement shall
be No. 5 bars unless it is demonstrated by preconstruction
tests that adequate encasement of larger bars will be
achieved.

1908.4.2 Clearance. When No. 5 or smaller bars are used,
there shall be a minimum clearance between parallel rein-
forcement bars of 2'/, inches (64 mm). When bars larger
than No. 5 are permitted, there shall be a minimum clear-
ance between parallel bars equal to six diameters of the
bars used. When two curtains of steel are provided, the
curtain nearer the nozzle shall have a minimum spacing
equal to 12 bar diameters and the remaining curtain shall
have a minimum spacing of six bar diameters.

Exception: Subject to the approval of the building offi-
cial, required clearances shall be reduced where it is
demonstrated by preconstruction tests that adequate
encasement of the bars used in the design will be
achieved.

1908.4.3 Splices. Lap splices of reinforcing bars shall uti-
lize the noncontact lap splice method with a minimum
clearance of 2 inches (51 mm) between bars. The use of
contact lap splices necessary for support of the reinforcing
is permitted when approved by the building official, based
on satisfactory preconstruction tests that show that ade-
quate encasement of the bars will be achieved, and pro-
vided that the splice is oriented so that a plane through the
center of the spliced bars is perpendicular to the surface of
the shotcrete.

1908.4.4 Spirally tied columns. Shotcrete shall not be
applied to spirally tied columns.

1908.5 Preconstruction tests. Where preconstruction tests
are required by Section 1908.4, a test panel shall be shot,
cured, cored or sawn, examined and tested prior to com-
mencement of the project. The sample panel shall be repre-
sentative of the project and simulate job conditions as closely
as possible. The panel thickness and reinforcing shall repro-
duce the thickest and most congested area specified in the
structural design. It shall be shot at the same angle, using the
same nozzleman and with the same concrete mix design that
will be used on the project. The equipment used in precon-
struction testing shall be the same equipment used in the
work requiring such testing, unless substitute equipment is
approved by the building official. Reports of preconstruction
tests shall be submitted to the building official as specified in
Section 1704.5.

1908.6 Rebound. Any rebound or accumulated loose aggre-
gate shall be removed from the surfaces to be covered prior to
placing the initial or any succeeding layers of shotcrete.
Rebound shall not be used as aggregate.
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1908.7 Joints. Except where permitted herein, unfinished
work shall not be allowed to stand for more than 30 minutes
unless edges are sloped to a thin edge. For structural elements
that will be under compression and for construction joints
shown on the approved construction documents, square joints
are permitted. Before placing additional material adjacent to
previously applied work, sloping and square edges shall be
cleaned and wetted.

1908.8 Damage. In-place shotcrete that exhibits sags,
sloughs, segregation, honeycombing, sand pockets or other
obvious defects shall be removed and replaced. Shotcrete
above sags and sloughs shall be removed and replaced while
still plastic.

1908.9 Curing. During the curing periods specified herein,
shotcrete shall be maintained above 40°F (4°C) and in moist
condition.

1908.9.1 Initial curing. Shotcrete shall be kept continu-
ously moist for 24 hours after shotcreting is complete or
shall be sealed with an approved curing compound.

1908.9.2 Final curing. Final curing shall continue for
seven days after shotcreting, or for three days if high-
early-strength cement is used, or until the specified
strength is obtained. Final curing shall consist of the initial
curing process or the shotcrete shall be covered with an
approved moisture-retaining cover.

1908.9.3 Natural curing. Natural curing shall not be used
in lieu of that specified in this section unless the relative
humidity remains at or above 85 percent, and is authorized
by the registered design professional and approved by the
building official.

1908.10 Strength tests. Strength tests for shotcrete shall be
made by an approved agency on specimens that are represen-
tative of the work and which have been water soaked for at
least 24 hours prior to testing. When the maximum-size
aggregate is larger than */; inch (9.5 mm), specimens shall
consist of not less than three 3-inch-diameter (76 mm) cores
or 3-inch (76 mm) cubes. When the maximum-size aggregate
is ¥/, inch (9.5 mm) or smaller, specimens shall consist of not
less than 2-inch-diameter (51 mm) cores or 2-inch (51 mm)
cubes.

1908.10.1 Sampling. Specimens shall be taken from the
in-place work or from test panels, and shall be taken at
least once each shift, but not less than one for each 50
cubic yards (38.2 m®) of shotcrete.

1908.10.2 Panel criteria. When the maximum-size aggre-
gate is larger than */; inch (9.5 mm), the test panels shall
have minimum dimensions of 18 inches by 18 inches (457
mm by 457 mm). When the maximum-size aggregate is */;
inch (9.5 mm) or smaller, the test panels shall have mini-
mum dimensions of 12 inches by 12 inches (305 mm by
305 mm). Panels shall be shot in the same position as the
work, during the course of the work and by the nozzlemen
doing the work. The conditions under which the panels are
cured shall be the same as the work.

1908.10.3 Acceptance criteria. The average compressive
strength of three cores from the in-place work or a single
test panel shall equal or exceed 0.85 f’, with no single core
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less than 0.75 f’.. The average compressive strength of
three cubes taken from the in-place work or a single test
panel shall equal or exceed /', with no individual cube less
than 0.88 .. To check accuracy, locations represented by
erratic core or cube strengths shall be retested.
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CHAPTER 20
ALUMINUM

SECTION 2001
GENERAL

2001.1 Scope. This chapter shall govern the quality, design,
fabrication and erection of aluminum.

SECTION 2002
MATERIALS

2002.1 General. Aluminum used for structural purposes in
buildings and structures shall comply with AA ASM 35 and
AA ADM 1. The nominal loads shall be the minimum design
loads required by Chapter 16.
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CHAPTER 21

SECTION 2101 DIMENSIONS.
GENERAL Nominal.
21Q1.1 Scope. This chapte'r shall govern the materials, Specified.
design, construction and quality of masonry.
. FIREPLACE.
2101.2 Design methods. Masonry shall comply with the pro-
visions of TMS 402/ACI 530/ASCE 5 or TMS 403 as wellas ~ FIREPLACE THROAT.
applicable requirements of this chapter. FOUNDATION PIER.
2101.2.1 Masonry veneer. Masonry veneer shall comply HEAD JOINT.
with the provisions of Chapter 14. MASONRY.

2101.3 Special inspection. The special inspection of
masonry shall be as defined in Chapter 17, or an itemized
testing and inspection program shall be provided that meets
or exceeds the requirements of Chapter 17.

SECTION 2102
DEFINITIONS AND NOTATIONS

2102.1 General. The following terms are defined in Chapter 2:
AAC MASONRY.
ADOBE CONSTRUCTION.
Adobe, stabilized.
Adobe, unstabilized.
AREA.

Gross cross-sectional.

Net cross-sectional.
AUTOCLAVED AERATED CONCRETE (AAC).
BED JOINT.

BRICK.

Calcium silicate (sand lime brick).

Clay or shale.

Concrete.

CAST STONE.
CELL.

CHIMNEY.
CHIMNEY TYPES.

High-heat appliance type.

Low-heat appliance type.

Masonry type.

Medium-heat appliance type.
COLLAR JOINT.
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Glass unit masonry.

Plain masonry.

Reinforced masonry.

Solid masonry.

Unreinforced (plain) masonry.

MASONRY UNIT.

Hollow.
Solid.

MORTAR.

MORTAR, SURFACE-BONDING.
PRESTRESSED MASONRY.
RUNNING BOND.

SPECIFIED COMPRESSIVE STRENGTH OF

MASONRY, f",.

STONE MASONRY.
STRENGTH.

Design strength.
Nominal strength.

Required strength.

TIE, WALL.
TILE, STRUCTURAL CLAY.
WALL.

Cavity wall.
Dry-stacked, surface-bonded wall.

Parapet wall.

WYTHE.

NOTATIONS.

d, = Diameter of reinforcement, inches (mm).

F, = Allowable tensile or compressive
reinforcement, psi (MPa).

f. = Modulus of rupture, psi (MPa).

stress

in
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S 'aac = Specified compressive strength of AAC masonry, the

minimum compressive strength for a class of AAC
masonry as specified in ASTM C1386, psi (MPa).

f'., = Specified compressive strength of masonry at age of
28 days, psi (MPa).

S = Specified compressive strength of masonry at the
time of prestress transfer, psi (MPa).

K = The lesser of the masonry cover, clear spacing
between adjacent reinforcement, or five times d,,
inches (mm).

L, = Distance between supports, inches (mm).

I, = Required development length or lap length of
reinforcement, inches (mm).

P = The applied load at failure, pounds (N).

S, = Thickness of the test specimen measured parallel to
the direction of load, inches (mm).

S, = Width of the test specimen measured parallel to the

loading cylinder, inches (mm).

SECTION 2103
MASONRY CONSTRUCTION MATERIALS

2103.1 Masonry units. Concrete masonry units, clay or shale
masonry units, stone masonry units, glass unit masonry and
AAC masonry units shall comply with Article 2.3 of TMS
602/ACI 503.1/ASCE 6. Architectural cast stone shall con-
form to ASTM C1364.

Exception: Structural clay tile for nonstructural use in
fireproofing of structural members and in wall furring
shall not be required to meet the compressive strength
specifications. The fire-resistance rating shall be deter-
mined in accordance with ASTM E119 or UL 263 and
shall comply with the requirements of Table 602.

2103.1.1 Second-hand units. Second-hand masonry units
shall not be reused unless they conform to the require-
ments of new units. The units shall be of whole, sound
materials and free from cracks and other defects that will
interfere with proper laying or use. Old mortar shall be
cleaned from the unit before reuse.

2103.2 Mortar. Mortar for masonry construction shall com-
ply with Section 2103.2.1,2103.2.2, 2103.2.3 or 2103.2.4.

2103.2.1 Masonry mortar. Mortar for use in masonry
construction shall conform to Articles 2.1 and 2.6 A of
TMS 602/ACI 530.1/ASCE 6.

2103.2.2 Surface-bonding mortar. Surface-bonding
mortar shall comply with ASTM C887. Surface bonding
of concrete masonry units shall comply with ASTM C946.

2103.2.3 Mortars for ceramic wall and floor tile. Port-
land cement mortars for installing ceramic wall and floor
tile shall comply with ANSI A108.1A and ANSI A108.1B
and be of the compositions indicated in Table 2103.2.3.
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TABLE 2103.2.3
CERAMIC TILE MORTAR COMPOSITIONS

LOCATION MORTAR COMPOSITION
.1 : .
Scratchcoat 1 cement; '/, hydrated lime;
4 dry or 5 damp sand
Walls .1 e
Setting bed and 1 cement; /, hydrated lime;
leveling coat 5 damp sa.nd to 1 cement
1 hydrated lime, 7 damp sand
1 cement;'/,, hydrated lime;
Floors Setting bed 5 dry or 6 damp sand; or 1
cement; 5 dry or 6 damp sand
. Scratchcoat and 1 cement;'/, hydrated lime;
Ceilings )
sand bed 2'/, dry sand or 3 damp sand

2103.2.3.1 Dry-set Portland cement mortars. Pre-
mixed prepared Portland cement mortars, which require
only the addition of water and are used in the installa-
tion of ceramic tile, shall comply with ANSI A118.1.
The shear bond strength for tile set in such mortar shall
be as required in accordance with ANSI A118.1. Tile
set in dry-set Portland cement mortar shall be installed
in accordance with ANSI A108.5.

2103.2.3.2 Latex-modified Portland cement mortar.
Latex-modified Portland cement thin-set mortars in
which latex is added to dry-set mortar as a replacement
for all or part of the gauging water that are used for the
installation of ceramic tile shall comply with ANSI
A118.4. Tile set in latex-modified Portland cement
shall be installed in accordance with ANSI A108.5.

2103.2.3.3 Epoxy mortar. Ceramic tile set and grouted
with chemical-resistant epoxy shall comply with ANSI
A118.3. Tile set and grouted with epoxy shall be
installed in accordance with ANSI A108.6.

2103.2.3.4 Furan mortar and grout. Chemical-resis-
tant furan mortar and grout that are used to install
ceramic tile shall comply with ANSI A118.5. Tile set
and grouted with furan shall be installed in accordance
with ANSI A108.8.

2103.2.3.5 Modified epoxy-emulsion mortar and
grout. Modified epoxy-emulsion mortar and grout that
are used to install ceramic tile shall comply with ANSI
A118.8. Tile set and grouted with modified epoxy-
emulsion mortar and grout shall be installed in accor-
dance with ANSI A108.9.

2103.2.3.6 Organic adhesives. Water-resistant organic
adhesives used for the installation of ceramic tile shall
comply with ANSI A136.1. The shear bond strength
after water immersion shall be not less than 40 psi (275
kPa) for Type I adhesive and not less than 20 psi (138
kPa) for Type II adhesive when tested in accordance
with ANSI A136.1. Tile set in organic adhesives shall
be installed in accordance with ANSI A108.4.
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2103.2.3.7 Portland cement grouts. Portland cement
grouts used for the installation of ceramic tile shall
comply with ANSI A118.6. Portland cement grouts for
tile work shall be installed in accordance with ANSI
A108.10.

2103.2.4 Mortar for adhered masonry veneer. Mortar
for use with adhered masonry veneer shall conform to
ASTM C270 for Type N or S, or shall comply with ANSI
A118.4 for latex-modified Portland cement mortar.

2103.3 Grout. Grout shall comply with Article 2.2 of TMS
602/ACI 530.1/ASCE 6.

2103.4 Metal reinforcement and accessories. Metal rein-
forcement and accessories shall conform to Article 2.4 of
TMS 602/ACI 530.1/ASCE 6. Where unidentified reinforce-
ment is approved for use, not less than three tension and three
bending tests shall be made on representative specimens of
the reinforcement from each shipment and grade of reinforc-
ing steel proposed for use in the work.

SECTION 2104
CONSTRUCTION

2104.1 Masonry construction. Masonry construction shall
comply with the requirements of Sections 2104.1.1 and
2104.1.2 and with TMS 602/ACI 530.1/ASCE 6.

2104.1.1 Support on wood. Masonry shall not be sup-
ported on wood girders or other forms of wood construc-
tion except as permitted in Section 2304.12.

2104.1.2 Molded cornices. Unless structural support and
anchorage are provided to resist the overturning moment,
the center of gravity of projecting masonry or molded cor-
nices shall lie within the middle one-third of the support-
ing wall. Terra cotta and metal cornices shall be provided
with a structural frame of approved noncombustible mate-
rial anchored in an approved manner.

SECTION 2105
QUALITY ASSURANCE

2105.1 General. A quality assurance program shall be used
to ensure that the constructed masonry is in compliance with
the approved construction documents.

The quality assurance program shall comply with the
inspection and testing requirements of Chapter 17 and TMS
602/ACI 530.1/ASCE 6.

SECTION 2106
SEISMIC DESIGN

2106.1 Seismic design requirements for masonry. Masonry
structures and components shall comply with the require-
ments in Chapter 7 of TMS 402/ACI 530/ASCE 5 depending
on the structure’s seismic design category.
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SECTION 2107
ALLOWABLE STRESS DESIGN

2107.1 General. The design of masonry structures using
allowable stress design shall comply with Section 2106 and
the requirements of Chapters 1 through 8 of TMS 402/ACI
530/ASCE 5 except as modified by Sections 2107.2 through
2107.4.

2107.2 TMS 402/ACI 530/ASCE 5, Section 8.1.6.7.1.1, lap
splices. As an alternative to Section 8.1.6.7.1.1, it shall be
permitted to design lap splices in accordance with Section
2107.2.1.

2107.2.1 Lap splices. The minimum length of lap splices
for reinforcing bars in tension or compression, /,, shall be

1,=0.002d,f, (Equation 21-1)
For SI: [, = 0.29d, .

but not less than 12 inches (305 mm). In no case shall the
length of the lapped splice be less than 40 bar diameters.

where:
d, = Diameter of reinforcement, inches (mm).

f. = Computed stress in reinforcement due to design
loads, psi (MPa).

In regions of moment where the design tensile stresses
in the reinforcement are greater than 80 percent of the
allowable steel tension stress, F,, the lap length of splices
shall be increased not less than 50 percent of the minimum
required length. Other equivalent means of stress transfer
to accomplish the same 50 percent increase shall be per-
mitted. Where epoxy coated bars are used, lap length shall
be increased by 50 percent.

2107.3 TMS 402/ACI 530/ASCE 5, Section 8.1.6.7, splices
of reinforcement. Modify Section 8.1.6.7 as follows:

8.1.6.7 — Splices of reinforcement. Lap splices, welded
splices or mechanical splices are permitted in accordance
with the provisions of this section. All welding shall conform
to AWS D1.4. Welded splices shall be of ASTM A706 steel
reinforcement. Reinforcement larger than No. 9 (M #29) shall
be spliced using mechanical connections in accordance with
Section 8.1.6.7.3.

2107.4 TMS 402/ACI 530/ASCE 5, Section 8.3.6, maxi-
mum bar size. Add the following to Chapter 8:

8.3.6 — Maximum bar size. The bar diameter shall not
exceed one-eighth of the nominal wall thickness and shall not
exceed one-quarter of the least dimension of the cell, course
or collar joint in which it is placed.

SECTION 2108
STRENGTH DESIGN OF MASONRY

2108.1 General. The design of masonry structures using
strength design shall comply with Section 2106 and the
requirements of Chapters 1 through 7 and Chapter 9 of TMS
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402/ACI 530/ASCE 5, except as modified by Sections 2108.2
through 2108.3.

Exception: AAC masonry shall comply with the require-
ments of Chapters 1 through 7 and Chapter 11 of TMS
402/ACI 530/ASCE 5.

2108.2 TMS 402/ACI 530/ASCE 5, Section 9.3.3.3, devel-
opment. Modify the second paragraph of Section 9.3.3.3 as
follows:

The required development length of reinforcement shall be
determined by Equation (9-16), but shall not be less than 12
inches (305 mm) and need not be greater than 72 d,,.

2108.3 TMS 402/ACI 530/ASCE 5, Section 9.3.3.4, splices.
Modify items (c) and (d) of Section 9.3.3.4 as follows:

9.3.3.4 (c) — A welded splice shall have the bars butted and
welded to develop at least 125 percent of the yield
strength, fy, of the bar in tension or compression, as
required. Welded splices shall be of ASTM A706 steel
reinforcement. Welded splices shall not be permitted in
plastic hinge zones of intermediate or special reinforced
walls.

9.3.3.4 (d) — Mechanical splices shall be classified as Type
1 or 2 in accordance with Section 18.2.7.1 of ACI 318.
Type 1 mechanical splices shall not be used within a plas-
tic hinge zone or within a beam-column joint of intermedi-
ate or special reinforced masonry shear walls. Type 2
mechanical splices are permitted in any location within a
member.

SECTION 2109
EMPIRICAL DESIGN OF MASONRY

2109.1 General. Empirically designed masonry shall con-
form to the requirements of Appendix A of TMS 402/ACI
530/ASCE 5, except where otherwise noted in this section.

2109.1.1 Limitations. The use of empirical design of
masonry shall be limited as noted in Section A.1.2 of TMS
402/ACT 530/ASCE 5. The use of dry-stacked, surface-
bonded masonry shall be prohibited in Risk Category IV
structures. In buildings that exceed one or more of the lim-
itations of Section A.1.2 of TMS 402/ACI 530/ASCE 5,
masonry shall be designed in accordance with the engi-
neered design provisions of Section 2101.2 or the founda-
tion wall provisions of Section 1807.1.5.

Section A.1.2.2 of TMS 402/ACI 530/ASCE 5 shall be
modified as follows:

A.1.2.2 — Wind. Empirical requirements shall not apply
to the design or construction of masonry for buildings,
parts of buildings, or other structures to be located in
areas where V_, as determined in accordance with Sec-

asd

tion 1609.3.1 of the Building Code exceeds 110 mph.

2109.2 Surface-bonded walls. Dry-stacked, surface-bonded
concrete masonry walls shall comply with the requirements
of Appendix A of TMS 402/ACI 530/ASCE 5, except where
otherwise noted in this section.

2109.2.1 Strength. Dry-stacked, surface-bonded concrete
masonry walls shall be of adequate strength and propor-
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tions to support all superimposed loads without exceeding
the allowable stresses listed in Table 2109.2.1. Allowable
stresses not specified in Table 2109.2.1 shall comply with
the requirements of TMS 402/ACI 530/ASCE 5.

TABLE 2109.2.1
ALLOWABLE STRESS GROSS CROSS-SECTIONAL
AREA FOR DRY-STACKED, SURFACE-BONDED
CONCRETE MASONRY WALLS

DESCRIPTION MAXIMUM ALLOWABLE STRESS (psi)
Compression standard block 45
Flexural tension
Horizontal span 30
Vertical span 18
Shear 10

For SI: 1 pound per square inch = 0.006895 MPa.

2109.2.2 Construction. Construction of dry-stacked, sur-
face-bonded masonry walls, including stacking and level-
ing of units, mixing and application of mortar and curing
and protection shall comply with ASTM C946.

2109.3 Adobe construction. Adobe construction shall com-
ply with this section and shall be subject to the requirements
of this code for Type V construction, Appendix A of TMS
402/ACI 530/ASCE 5, and this section.

2109.3.1 Unstabilized adobe. Unstabilized adobe shall
comply with Sections 2109.3.1.1 through 2109.3.1.4.

2109.3.1.1 Compressive strength. Adobe units shall
have an average compressive strength of 300 psi (2068
kPa) when tested in accordance with ASTM C67. Five
samples shall be tested and no individual unit is permit-
ted to have a compressive strength of less than 250 psi
(1724 kPa).

2109.3.1.2 Modulus of rupture. Adobe units shall
have an average modulus of rupture of 50 psi (345 kPa)
when tested in accordance with the following proce-
dure. Five samples shall be tested and no individual

unit shall have a modulus of rupture of less than 35 psi
(241 kPa).
2109.3.1.2.1 Support conditions. A cured unit shall
be simply supported by 2-inch-diameter (51 mm)
cylindrical supports located 2 inches (51 mm) in
from each end and extending the full width of the
unit.

2109.3.1.2.2 Loading conditions. A 2-inch-diame-
ter (51 mm) cylinder shall be placed at midspan par-
allel to the supports.

2109.3.1.2.3 Testing procedure. A vertical load
shall be applied to the cylinder at the rate of 500
pounds per minute (37 N/s) until failure occurs.

2109.3.1.2.4 Modulus of rupture determination.
The modulus of rupture shall be determined by the
equation:

f,=3PL/2S,(S) (Equation 21-2)
where, for the purposes of this section only:

S, = Width of the test specimen measured parallel
to the loading cylinder, inches (mm).
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Modulus of rupture, psi (MPa).

L = Distance between supports, inches (mm).

S, = Thickness of the test specimen measured
parallel to the direction of load, inches (mm).
P = The applied load at failure, pounds (N).

2109.3.1.3 Moisture content requirements. Adobe
units shall have a moisture content not exceeding 4 per-
cent by weight.

2109.3.1.4 Shrinkage cracks. Adobe units shall not
contain more than three shrinkage cracks and any sin-
gle shrinkage crack shall not exceed 3 inches (76 mm)
in length or '/ inch (3.2 mm) in width.
2109.3.2 Stabilized adobe. Stabilized adobe shall comply
with Section 2109.3.1 for unstabilized adobe in addition to
Sections 2109.3.2.1 and 2109.3.2.2.

2109.3.2.1 Soil requirements. Soil used for stabilized
adobe units shall be chemically compatible with the
stabilizing material.

2109.3.2.2 Absorption requirements. A 4-inch (102
mm) cube, cut from a stabilized adobe unit dried to a
constant weight in a ventilated oven at 212°F to 239°F
(100°C to 115°C), shall not absorb more than 2'/, per-
cent moisture by weight when placed upon a constantly
water-saturated, porous surface for seven days. A mini-
mum of five specimens shall be tested and each speci-
men shall be cut from a separate unit.

2109.3.3 Allowable stress. The allowable compressive
stress based on gross cross-sectional area of adobe shall
not exceed 30 psi (207 kPa).

2109.3.3.1 Bolts. Bolt values shall not exceed those set
forth in Table 2109.3.3.1.

TABLE 2109.3.3.1
ALLOWABLE SHEAR ON BOLTS IN ADOBE MASONRY

DIAMETER OF BOLTS MINIMUM EMBEDMENT SHEAR
(inches) (inches) (pounds)

1/ R R

2
5/8 12 200
3, 15 300
e 18 400

1 21 500
1'/, 24 600

For SI: 1 inch=25.4 mm, 1 pound =4.448 N.

2109.3.4 Detailed requirements. Adobe construction

shall comply with Sections 2109.3.4.1 through 2109.3.4.9.
2109.3.4.1 Number of stories. Adobe construction
shall be limited to buildings not exceeding one story,
except that two-sfory construction is allowed when
designed by a registered design professional.

2109.3.4.2 Mortar. Mortar for adobe construction shall
comply with Sections 2109.3.4.2.1 and 2109.3.4.2.2.

2109.3.4.2.1 General. Mortar for stabilized adobe
units shall comply with this chapter or adobe soil.
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Adobe soil used as mortar shall comply with mate-
rial requirements for stabilized adobe. Mortar for
unstabilized adobe shall be Portland cement mortar.

2109.3.4.2.2 Mortar joints. Adobe units shall be
laid with full head and bed joints and in full running
bond.

2109.3.4.3 Parapet walls. Parapet walls constructed of
adobe units shall be waterproofed.

2109.3.4.4 Wall thickness. The minimum thickness of
exterior walls in one-story buildings shall be 10 inches
(254 mm). The walls shall be laterally supported at
intervals not exceeding 24 feet (7315 mm). The mini-
mum thickness of interior load-bearing walls shall be 8
inches (203 mm). In no case shall the unsupported
height of any wall constructed of adobe units exceed 10
times the thickness of such wall.

2109.3.4.5 Foundations. Foundations for adobe con-
struction shall be in accordance with Sections
2109.3.4.5.1 and 2109.3.4.5.2.

2109.3.4.5.1 Foundation support. Walls and parti-
tions constructed of adobe units shall be supported
by foundations or footings that extend not less than
6 inches (152 mm) above adjacent ground surfaces
and are constructed of solid masonry (excluding
adobe) or concrete. Footings and foundations shall
comply with Chapter 18.

2109.3.4.5.2 Lower course requirements. Stabi-
lized adobe units shall be used in adobe walls for the
first 4 inches (102 mm) above the finished first-floor
elevation.

2109.3.4.6 Isolated piers or columns. Adobe units
shall not be used for isolated piers or columns in a load-
bearing capacity. Walls less than 24 inches (610 mm)
in length shall be considered isolated piers or columns.

2109.3.4.7 Tie beams. Exterior walls and interior load-
bearing walls constructed of adobe units shall have a
continuous tie beam at the level of the floor or roof
bearing and meeting the following requirements.

2109.3.4.7.1 Concrete tie beams. Concrete tie
beams shall be a minimum depth of 6 inches (152
mm) and a minimum width of 10 inches (254 mm).
Concrete tie beams shall be continuously reinforced
with a minimum of two No. 4 reinforcing bars. The
specified compressive strength of concrete shall be
at least 2,500 psi (17.2 MPa).

2109.3.4.7.2 Wood tie beams. Wood tie beams
shall be solid or built up of lumber having a mini-
mum nominal thickness of 1 inch (25 mm), and shall
have a minimum depth of 6 inches (152 mm) and a
minimum width of 10 inches (254 mm). Joints in
wood tie beams shall be spliced a minimum of 6
inches (152 mm). No splices shall be allowed within
12 inches (305 mm) of an opening. Wood used in tie
beams shall be approved naturally decay-resistant or
preservative-treated wood.
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2109.3.4.8 Exterior finish. Exterior walls constructed
of unstabilized adobe units shall have their exterior sur-
face covered with a minimum of two coats of Portland
cement plaster having a minimum thickness of */, inch
(19.1 mm) and conforming to ASTM (C926. Lathing
shall comply with ASTM C1063. Fasteners shall be
spaced at 16 inches (406 mm) on center maximum.
Exposed wood surfaces shall be treated with an
approved wood preservative or other protective coating
prior to lath application.

2109.3.4.9 Lintels. Lintels shall be considered struc-
tural members and shall be designed in accordance with
the applicable provisions of Chapter 16.

SECTION 2110
GLASS UNIT MASONRY

2110.1 General. Glass unit masonry construction shall com-
ply with Chapter 13 of TMS 402/ACI 530/ASCE 5 and this
section.

2110.1.1 Limitations. Solid or hollow approved glass
block shall not be used in fire walls, party walls, fire barri-
ers, fire partitions or smoke barriers, or for load-bearing
construction. Such blocks shall be erected with mortar and
reinforcement in metal channel-type frames, structural
frames, masonry or concrete recesses, embedded panel
anchors as provided for both exterior and interior walls or
other approved joint materials. Wood strip framing shall
not be used in walls required to have a fire-resistance rat-
ing by other provisions of this code.

Exceptions:

1. Glass-block assemblies having a fire protection
rating of not less than */, hour shall be permitted
as opening protectives in accordance with Sec-
tion 716 in fire barriers, fire partitions and smoke
barriers that have a required fire-resistance rating
of 1 hour or less and do not enclose exit stairways
and ramps or exit passageways.

2. Glass-block assemblies as permitted in Section
404.6, Exception 2.

SECTION 2111
MASONRY FIREPLACES

2111.1 General. The construction of masonry fireplaces,
consisting of concrete or masonry, shall be in accordance
with this section.

2111.2 Fireplace drawings. The construction documents
shall describe in sufficient detail the location, size and con-
struction of masonry fireplaces. The thickness and character-
istics of materials and the clearances from walls, partitions
and ceilings shall be indicated.

2111.3 Footings and foundations. Footings for masonry
fireplaces and their chimneys shall be constructed of concrete
or solid masonry at least 12 inches (305 mm) thick and shall
extend at least 6 inches (153 mm) beyond the face of the fire-
place or foundation wall on all sides. Footings shall be
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founded on natural undisturbed earth or engineered fill below
frost depth. In areas not subjected to freezing, footings shall
be at least 12 inches (305 mm) below finished grade.

2111.3.1 Ash dump cleanout. Cleanout openings, located
within foundation walls below fireboxes, when provided,
shall be equipped with ferrous metal or masonry doors and
frames constructed to remain tightly closed, except when
in use. Cleanouts shall be accessible and located so that
ash removal will not create a hazard to combustible mate-
rials.

2111.4 Seismic reinforcement. In structures assigned to
Seismic Design Category A or B, seismic reinforcement is
not required. In structures assigned to Seismic Design Cate-
gory C or D, masonry fireplaces shall be reinforced and
anchored in accordance with Sections 2111.4.1, 2111.4.2 and
2111.5. In structures assigned to Seismic Design Category E
or F, masonry fireplaces shall be reinforced in accordance
with the requirements of Sections 2101 through 2108.

2111.4.1 Vertical reinforcing. For fireplaces with chim-
neys up to 40 inches (1016 mm) wide, four No. 4 continu-
ous vertical bars, anchored in the foundation, shall be
placed in the concrete between wythes of solid masonry or
within the cells of hollow unit masonry and grouted in
accordance with Section 2103.3. For fireplaces with chim-
neys greater than 40 inches (1016 mm) wide, two addi-
tional No. 4 vertical bars shall be provided for each
additional 40 inches (1016 mm) in width or fraction
thereof.

2111.4.2 Horizontal reinforcing. Vertical reinforcement
shall be placed enclosed within '/,-inch (6.4 mm) ties or
other reinforcing of equivalent net cross-sectional area,
spaced not to exceed 18 inches (457 mm) on center in con-
crete; or placed in the bed joints of unit masonry at a mini-
mum of every 18 inches (457 mm) of vertical height. Two
such ties shall be provided at each bend in the vertical
bars.

2111.5 Seismic anchorage. Masonry fireplaces and founda-
tions shall be anchored at each floor, ceiling or roof line more
than 6 feet (1829 mm) above grade with two */,,-inch by 1-inch
(4.8 mm by 25 mm) straps embedded a minimum of 12 inches
(305 mm) into the chimney. Straps shall be hooked around the
outer bars and extend 6 inches (152 mm) beyond the bend.
Each strap shall be fastened to a minimum of four floor joists
with two '/,-inch (12.7 mm) bolts.

Exception: Seismic anchorage is not required for the fol-
lowing:

1. In structures assigned to Seismic Design Category
A.

2. Where the masonry fireplace is constructed com-
pletely integral to the exterior masonry walls.

2111.6 Firebox walls. Masonry fireboxes shall be con-
structed of solid masonry units, hollow masonry units grouted
solid, stone or concrete. When a lining of firebrick at least 2
inches (51 mm) in thickness or other approved lining is pro-
vided, the minimum thickness of back and sidewalls shall
each be 8 inches (203 mm) of solid masonry, including the
lining. The width of joints between firebricks shall be not
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greater than '/, inch (6.4 mm). When no lining is provided,
the total minimum thickness of back and sidewalls shall be 10
inches (254 mm) of solid masonry. Firebrick shall conform to
ASTM C27 or ASTM C1261 and shall be laid with medium-
duty refractory mortar conforming to ASTM C199.

2111.6.1 Steel fireplace units. Steel fireplace units are
permitted to be installed with solid masonry to form a
masonry fireplace provided they are installed according to
either the requirements of their listing or the requirements
of this section. Steel fireplace units incorporating a steel
firebox lining shall be constructed with steel not less than
'/, inch (6.4 mm) in thickness, and an air-circulating cham-
ber which is ducted to the interior of the building. The fire-
box lining shall be encased with solid masonry to provide
a total thickness at the back and sides of not less than 8
inches (203 mm), of which not less than 4 inches (102
mm) shall be of solid masonry or concrete. Circulating air
ducts employed with steel fireplace units shall be con-
structed of metal or masonry.

2111.7 Firebox dimensions. The firebox of a concrete or
masonry fireplace shall have a minimum depth of 20 inches
(508 mm). The throat shall be not less than 8 inches (203
mm) above the fireplace opening. The throat opening shall
not be less than 4 inches (102 mm) in depth. The cross-sec-
tional area of the passageway above the firebox, including the
throat, damper and smoke chamber, shall be not less than the
cross-sectional area of the flue.

Exception: Rumford fireplaces shall be permitted pro-
vided that the depth of the fireplace is not less than 12
inches (305 mm) and at least one-third of the width of the
fireplace opening, and the throat is not less than 12 inches
(305 mm) above the lintel, and at least '/,, the cross-sec-
tional area of the fireplace opening.

2111.8 Lintel and throat. Masonry over a fireplace opening
shall be supported by a lintel of noncombustible material. The
minimum required bearing length on each end of the fireplace
opening shall be 4 inches (102 mm). The fireplace throat or
damper shall be located not less than 8 inches (203 mm)
above the top of the fireplace opening.

2111.8.1 Damper. Masonry fireplaces shall be equipped
with a ferrous metal damper located not less than 8 inches
(203 mm) above the top of the fireplace opening. Dampers
shall be installed in the fireplace or at the top of the flue
venting the fireplace, and shall be operable from the room
containing the fireplace. Damper controls shall be permit-
ted to be located in the fireplace.

2111.9 Smoke chamber walls. Smoke chamber walls shall
be constructed of solid masonry units, hollow masonry units
grouted solid, stone or concrete. The total minimum thickness
of front, back and sidewalls shall be 8 inches (203 mm) of
solid masonry. The inside surface shall be parged smooth
with refractory mortar conforming to ASTM C199. When a
lining of firebrick not less than 2 inches (51 mm) thick, or a
lining of vitrified clay not less than */; inch (15.9 mm) thick,
is provided, the total minimum thickness of front, back and
sidewalls shall be 6 inches (152 mm) of solid masonry,
including the lining. Firebrick shall conform to ASTM C1261
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and shall be laid with refractory mortar conforming to ASTM
C199. Vitrified clay linings shall conform to ASTM C315.

2111.9.1 Smoke chamber dimensions. The inside height
of the smoke chamber from the fireplace throat to the
beginning of the flue shall be not greater than the inside
width of the fireplace opening. The inside surface of the
smoke chamber shall not be inclined more than 45 degrees
(0.76 rad) from vertical when prefabricated smoke cham-
ber linings are used or when the smoke chamber walls are
rolled or sloped rather than corbeled. When the inside sur-
face of the smoke chamber is formed by corbeled
masonry, the walls shall not be corbeled more than 30
degrees (0.52 rad) from vertical.

2111.10 Hearth and hearth extension. Masonry fireplace
hearths and hearth extensions shall be constructed of concrete
or masonry, supported by noncombustible materials, and
reinforced to carry their own weight and all imposed loads.
No combustible material shall remain against the underside
of hearths or hearth extensions after construction.

2111.10.1 Hearth thickness. The minimum thickness of
fireplace hearths shall be 4 inches (102 mm).

2111.10.2 Hearth extension thickness. The minimum
thickness of hearth extensions shall be 2 inches (51 mm).

Exception: When the bottom of the firebox opening is
raised not less than 8 inches (203 mm) above the top of
the hearth extension, a hearth extension of not less than
3/g-inch-thick (9.5 mm) brick, concrete, stone, tile or
other approved noncombustible material is permitted.

2111.11 Hearth extension dimensions. Hearth extensions
shall extend not less than 16 inches (406 mm) in front of, and
not less than 8 inches (203 mm) beyond, each side of the fire-
place opening. Where the fireplace opening is 6 square feet
(0.557 m?) or larger, the hearth extension shall extend not less
than 20 inches (508 mm) in front of, and not less than 12
inches (305 mm) beyond, each side of the fireplace opening.

2111.12 Fireplace clearance. Any portion of a masonry fire-
place located in the interior of a building or within the exte-
rior wall of a building shall have a clearance to combustibles
of not less than 2 inches (51 mm) from the front faces and
sides of masonry fireplaces and not less than 4 inches (102
mm) from the back faces of masonry fireplaces. The airspace
shall not be filled, except to provide fireblocking in accor-
dance with Section 2111.13.

Exceptions:

1. Masonry fireplaces listed and labeled for use in con-
tact with combustibles in accordance with UL 127
and installed in accordance with the manufacturer’s
instructions are permitted to have combustible mate-
rial in contact with their exterior surfaces.

2. When masonry fireplaces are constructed as part of
masonry or concrete walls, combustible materials
shall not be in contact with the masonry or concrete
walls less than 12 inches (306 mm) from the inside
surface of the nearest firebox lining.

3. Exposed combustible trim and the edges of sheath-
ing materials, such as wood siding, flooring and dry-
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wall, are permitted to abut the masonry fireplace
sidewalls and hearth extension, in accordance with
Figure 2111.12, provided such combustible trim or
sheathing is not less than 12 inches (306 mm) from
the inside surface of the nearest firebox lining.

4. Exposed combustible mantels or rim is permitted to
be placed directly on the masonry fireplace front
surrounding the fireplace opening, provided such
combustible materials shall not be placed within 6
inches (153 mm) of a fireplace opening. Combusti-
ble material directly above and within 12 inches
(305 mm) of the fireplace opening shall not project
more than '/, inch (3.2 mm) for each 1-inch (25 mm)
distance from such opening. Combustible materials
located along the sides of the fireplace opening that
project more than 1'/, inches (38 mm) from the face
of the fireplace shall have an additional clearance
equal to the projection.

W MASONRY COMBUSTIBLE SHEATHING

‘% EDGE ABUTTING MASONRY
12" MIN. FROM FIREBOX

2" CLEARANCE (AIRSPACE)
TO COMBUSTIBLE FRAMING

I

s
7 FRAME WALL

L
===

™ WOOD MANTEL

For SI: 1 inch =25.4 mm

FIGURE 2111.12
ILLUSTRATION OF EXCEPTION TO
FIREPLACE CLEARANCE PROVISION

2111.13 Fireplace fireblocking. All spaces between fire-
places and floors and ceilings through which fireplaces pass
shall be fireblocked with noncombustible material securely
fastened in place. The fireblocking of spaces between wood
joists, beams or headers shall be to a depth of 1 inch (25 mm)
and shall only be placed on strips of metal or metal lath laid
across the spaces between combustible material and the
chimney.

2111.14 Exterior air. Factory-built or masonry fireplaces
covered in this section shall be equipped with an exterior air
supply to ensure proper fuel combustion unless the room is
mechanically ventilated and controlled so that the indoor
pressure is neutral or positive.

2111.14.1 Factory-built fireplaces. Exterior combustion
air ducts for factory-built fireplaces shall be listed compo-
nents of the fireplace, and installed according to the fire-
place manufacturer’s instructions.

2111.14.2 Masonry fireplaces. Listed combustion air
ducts for masonry fireplaces shall be installed according to
the terms of their listing and manufacturer’s instructions.
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2111.14.3 Exterior air intake. The exterior air intake
shall be capable of providing all combustion air from the
exterior of the dwelling. The exterior air intake shall not be
located within a garage, attic, basement or crawl space of
the dwelling nor shall the air intake be located at an eleva-
tion higher than the firebox. The exterior air intake shall
be covered with a corrosion-resistant screen of '/,-inch
(6.4 mm) mesh.

2111.14.4 Clearance. Unlisted combustion air ducts shall
be installed with a minimum 1-inch (25 mm) clearance to
combustibles for all parts of the duct within 5 feet (1524
mm) of the duct outlet.

2111.14.5 Passageway. The combustion air passageway
shall be not less than 6 square inches (3870 mm?) and not
more than 55 square inches (0.035 m?), except that com-
bustion air systems for listed fireplaces or for fireplaces
tested for emissions shall be constructed according to the
fireplace manufacturer’s instructions.

2111.14.6 Outlet. The exterior air outlet is permitted to be
located in the back or sides of the firebox chamber or
within 24 inches (610 mm) of the firebox opening on or
near the floor. The outlet shall be closable and designed to
prevent burning material from dropping into concealed
combustible spaces.

SECTION 2112
MASONRY HEATERS

2112.1 Definition. A masonry heater is a heating appliance
constructed of concrete or solid masonry, hereinafter referred
to as “masonry,” which is designed to absorb and store heat
from a solid fuel fire built in the firebox by routing the
exhaust gases through internal heat exchange channels in
which the flow path downstream of the firebox may include
flow in a horizontal or downward direction before entering
the chimney and which delivers heat by radiation from the
masonry surface of the heater.

2112.2 Installation. Masonry heaters shall be installed in
accordance with this section and comply with one of the fol-
lowing:
1. Masonry heaters shall comply with the requirements of
ASTM E1602.

2. Masonry heaters shall be listed and labeled in accor-
dance with UL 1482 or EN 15250 and installed in
accordance with the manufacturer’s instructions.

2112.3 Footings and foundation. The firebox floor of a
masonry heater shall be a minimum thickness of 4 inches
(102 mm) of noncombustible material and be supported on a

noncombustible footing and foundation in accordance with
Section 2113.2.

2112.4 Seismic reinforcing. In structures assigned to Seismic
Design Category D, E or F, masonry heaters shall be
anchored to the masonry foundation in accordance with Sec-
tion 2113.3. Seismic reinforcing shall not be required within
the body of a masonry heater with a height that is equal to or
less than 3.5 times its body width and where the masonry
chimney serving the heater is not supported by the body of
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the heater. Where the masonry chimney shares a common
wall with the facing of the masonry heater, the chimney por-
tion of the structure shall be reinforced in accordance with
Section 2113.

2112.5 Masonry heater clearance. Combustible materials
shall not be placed within 36 inches (914 mm) or the distance
of the allowed reduction method from the outside surface of a
masonry heater in accordance with NFPA 211, Section 12.6,
and the required space between the heater and combustible
material shall be fully vented to permit the free flow of air
around all heater surfaces.

Exceptions:

1. Where the masonry heater wall thickness is at least 8
inches (203 mm) of solid masonry and the wall
thickness of the heat exchange channels is not less
than 5 inches (127 mm) of solid masonry, combusti-
ble materials shall not be placed within 4 inches
(102 mm) of the outside surface of a masonry heater.
A clearance of not less than 8 inches (203 mm) shall
be provided between the gas-tight capping slab of
the heater and a combustible ceiling.

2. Masonry heaters listed and labeled in accordance
with UL 1482 or EN 15250 and installed in accor-
dance with the manufacturer’s instructions.

SECTION 2113
MASONRY CHIMNEYS

2113.1 General. The construction of masonry chimneys con-
sisting of solid masonry units, hollow masonry units grouted
solid, stone or concrete shall be in accordance with this sec-
tion.

2113.2 Footings and foundations. Footings for masonry
chimneys shall be constructed of concrete or solid masonry
not less than 12 inches (305 mm) thick and shall extend at
least 6 inches (152 mm) beyond the face of the foundation or
support wall on all sides. Footings shall be founded on natural
undisturbed earth or engineered fill below frost depth. In
areas not subjected to freezing, footings shall be not less than
12 inches (305 mm) below finished grade.

2113.3 Seismic reinforcement. In structures assigned to
Seismic Design Category A or B, seismic reinforcement is
not required. In structures assigned to Seismic Design Cate-
gory C or D, masonry chimneys shall be reinforced and
anchored in accordance with Sections 2113.3.1, 2113.3.2 and
2113.4. In structures assigned to Seismic Design Category E
or F, masonry chimneys shall be reinforced in accordance
with the requirements of Sections 2101 through 2108 and
anchored in accordance with Section 2113.4.

2113.3.1 Vertical reinforcement. For chimneys up to 40
inches (1016 mm) wide, four No. 4 continuous vertical
bars anchored in the foundation shall be placed in the con-
crete between wythes of solid masonry or within the cells
of hollow unit masonry and grouted in accordance with
Section 2103.3. Grout shall be prevented from bonding
with the flue liner so that the flue liner is free to move with
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thermal expansion. For chimneys greater than 40 inches
(1016 mm) wide, two additional No. 4 vertical bars shall
be provided for each additional 40 inches (1016 mm) in
width or fraction thereof.

2113.3.2 Horizontal reinforcement. Vertical reinforce-
ment shall be placed enclosed within '/-inch (6.4 mm)
ties, or other reinforcing of equivalent net cross-sectional
area, spaced not to exceed 18 inches (457 mm) on center
in concrete, or placed in the bed joints of unit masonry, at
not less than every 18 inches (457 mm) of vertical height.
Two such ties shall be provided at each bend in the verti-
cal bars.

2113.4 Seismic anchorage. Masonry chimneys and founda-
tions shall be anchored at each floor, ceiling or roof line more
than 6 feet (1829 mm) above grade with two */-inch by 1-
inch (4.8 mm by 25 mm) straps embedded not less than 12
inches (305 mm) into the chimney. Straps shall be hooked
around the outer bars and extend 6 inches (152 mm) beyond
the bend. Each strap shall be fastened to not less than four
floor joists with two '/,-inch (12.7 mm) bolts.

Exception: Seismic anchorage is not required for the fol-
lowing:

1. In structures assigned to Seismic Design Category
A.

2. Where the masonry chimney is constructed com-
pletely integral to the exterior masonry walls.

2113.5 Corbeling. Masonry chimneys shall not be corbeled
more than half of the chimney’s wall thickness from a wall or
foundation, nor shall a chimney be corbeled from a wall or
foundation that is less than 12 inches (305 mm) in thickness
unless it projects equally on each side of the wall, except that
on the second story of a two-story dwelling, corbeling of
chimneys on the exterior of the enclosing walls is permitted
to equal the wall thickness. The projection of a single course
shall not exceed one-half the unit height or one-third of the
unit bed depth, whichever is less.

2113.6 Changes in dimension. The chimney wall or chim-
ney flue lining shall not change in size or shape within 6
inches (152 mm) above or below where the chimney passes
through floor components, ceiling components or roof com-
ponents.

2113.7 Offsets. Where a masonry chimney is constructed
with a fireclay flue liner surrounded by one wythe of
masonry, the maximum offset shall be such that the centerline
of the flue above the offset does not extend beyond the center
of the chimney wall below the offset. Where the chimney off-
set is supported by masonry below the offset in an approved
manner, the maximum offset limitations shall not apply. Each
individual corbeled masonry course of the offset shall not
exceed the projection limitations specified in Section 2113.5.

2113.8 Additional load. Chimneys shall not support loads
other than their own weight unless they are designed and con-
structed to support the additional load. Masonry chimneys are
permitted to be constructed as part of the masonry walls or
concrete walls of the building.
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2113.9 Termination. Chimneys shall extend not less than 2
feet (610 mm) higher than any portion of the building within
10 feet (3048 mm), but shall not be less than 3 feet (914 mm)
above the highest point where the chimney passes through the
roof.

2113.9.1 Chimney caps. Masonry chimneys shall have a
concrete, metal or stone cap, sloped to shed water, a drip
edge and a caulked bond break around any flue liners in
accordance with ASTM C1283.

2113.9.2 Spark arrestors. Where a spark arrestor is
installed on a masonry chimney, the spark arrestor shall
meet all of the following requirements:

1. The net free area of the arrestor shall be not less than
four times the net free area of the outlet of the chim-
ney flue it serves.

2. The arrestor screen shall have heat and corrosion
resistance equivalent to 19-gage galvanized steel or
24-gage stainless steel.

3. Openings shall not permit the passage of spheres
having a diameter greater than '/, inch (12.7 mm)
nor block the passage of spheres having a diameter
less than */, inch (9.5 mm).

4. The spark arrestor shall be accessible for cleaning
and the screen or chimney cap shall be removable to
allow for cleaning of the chimney flue.

2113.9.3 Rain caps. Where a masonry or metal rain cap is
installed on a masonry chimney, the net free area under the
cap shall be not less than four times the net free area of the
outlet of the chimney flue it serves.

2113.10 Wall thickness. Masonry chimney walls shall be
constructed of concrete, solid masonry units or hollow
masonry units grouted solid with not less than 4 inches (102
mm) nominal thickness.

2113.10.1 Masonry veneer chimneys. Where masonry is
used as veneer for a framed chimney, through flashing and
weep holes shall be provided as required by Chapter 14.

2113.11 Flue lining (material). Masonry chimneys shall be
lined. The lining material shall be appropriate for the type of
appliance connected, according to the terms of the appliance
listing and the manufacturer’s instructions.

2113.11.1 Residential-type appliances (general). Flue
lining systems shall comply with one of the following:

1. Clay flue lining complying with the requirements of
ASTM C315.

2. Listed chimney lining systems complying with UL
1777.

3. Factory-built chimneys or chimney units listed for
installation within masonry chimneys.

4. Other approved materials that will resist corrosion,
erosion, softening or cracking from flue gases and
condensate at temperatures up to 1,800°F (982°C).

2113.11.1.1 Flue linings for specific appliances. Flue
linings other than those covered in Section 2113.11.1
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intended for use with specific appliances shall comply
with Sections 2113.11.1.2 through 2113.11.1.4 and
Sections 2113.11.2 and 2113.11.3.

2113.11.1.2 Gas appliances. Flue lining systems for
gas appliances shall be in accordance with the Fuel Gas
Code.

2113.11.1.3 Pellet fuel-burning appliances. Flue lin-
ing and vent systems for use in masonry chimneys with
pellet fuel-burning appliances shall be limited to flue
lining systems complying with Section 2113.11.1 and
pellet vents listed for installation within masonry chim-
neys (see Section 2113.11.1.5 for marking).

2113.11.1.4 Oil-fired appliances approved for use
with L-vent. Flue lining and vent systems for use in
masonry chimneys with oil-fired appliances approved
for use with Type L vent shall be limited to flue lining
systems complying with Section 2113.11.1 and listed
chimney liners complying with UL 641 (see Section
2113.11.1.5 for marking).

2113.11.1.5 Notice of usage. When a flue is relined
with a material not complying with Section 2113.11.1,
the chimney shall be plainly and permanently identified
by a label attached to a wall, ceiling or other conspicu-
ous location adjacent to where the connector enters the
chimney. The label shall include the following message
or equivalent language: “This chimney is for use only
with (type or category of appliance) that burns (type of
fuel). Do not connect other types of appliances.”

2113.11.2 Concrete and masonry chimneys for
medium-heat appliances.

2113.11.2.1 General. Concrete and masonry chimneys
for medium-heat appliances shall comply with Sections
2113.1 through 2113.5.

2113.11.2.2 Construction. Chimneys for medium-heat
appliances shall be constructed of solid masonry units
or of concrete with walls not less than 8 inches (203
mm) thick, or with stone masonry not less than 12
inches (305 mm) thick.

2113.11.2.3 Lining. Concrete and masonry chimneys
shall be lined with an approved medium-duty refrac-
tory brick not less than 4'/, inches (114 mm) thick laid
on the 4'/,-inch bed (114 mm) in an approved medium-
duty refractory mortar. The lining shall start 2 feet (610
mm) or more below the lowest chimney connector
entrance. Chimneys terminating 25 feet (7620 mm) or
less above a chimney connector entrance shall be lined
to the top.

2113.11.2.4 Multiple passageway. Concrete and
masonry chimneys containing more than one passage-
way shall have the liners separated by a minimum 4-
inch-thick (102 mm) concrete or solid masonry wall.

2113.11.2.5 Termination height. Concrete and
masonry chimneys for medium-heat appliances shall
extend not less than 10 feet (3048 mm) higher than any
portion of any building within 25 feet (7620 mm).
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2113.11.2.6 Clearance. A minimum clearance of 4
inches (102 mm) shall be provided between the exterior
surfaces of a concrete or masonry chimney for
medium-heat appliances and combustible material.

2113.11.3 Concrete and masonry chimneys for high-
heat appliances.

2113.11.3.1 General. Concrete and masonry chimneys
for high-heat appliances shall comply with Sections
2113.1 through 2113.5.

2113.11.3.2 Construction. Chimneys for high-heat
appliances shall be constructed with double walls of
solid masonry units or of concrete, each wall to be not
less than 8 inches (203 mm) thick with a minimum air-
space of 2 inches (51 mm) between the walls.

2113.11.3.3 Lining. The inside of the interior wall shall
be lined with an approved high-duty refractory brick,
not less than 4'/, inches (114 mm) thick laid on the 4'/,-
inch bed (114 mm) in an approved high-duty refractory
mortar. The lining shall start at the base of the chimney
and extend continuously to the top.

2113.11.3.4 Termination height. Concrete and
masonry chimneys for high-heat appliances shall
extend not less than 20 feet (6096 mm) higher than any
portion of any building within 50 feet (15 240 mm).

2113.11.3.5 Clearance. Concrete and masonry chim-
neys for high-heat appliances shall have approved
clearance from buildings and structures to prevent
overheating combustible materials, permit inspection
and maintenance operations on the chimney and pre-
vent danger of burns to persons.

2113.12 Clay flue lining (installation). Clay flue liners shall
be installed in accordance with ASTM C1283 and extend
from a point not less than 8 inches (203 mm) below the low-
est inlet or, in the case of fireplaces, from the top of the
smoke chamber to a point above the enclosing walls. The lin-
ing shall be carried up vertically, with a maximum slope no
greater than 30 degrees (0.52 rad) from the vertical.

Clay flue liners shall be laid in medium-duty nonwater-
soluble refractory mortar conforming to ASTM C199 with
tight mortar joints left smooth on the inside and installed to
maintain an airspace or insulation not to exceed the thickness
of the flue liner separating the flue liners from the interior
face of the chimney masonry walls. Flue lining shall be sup-
ported on all sides. Only enough mortar shall be placed to
make the joint and hold the liners in position.

2113.13 Additional requirements.

2113.13.1 Listed materials. Listed materials used as flue
linings shall be installed in accordance with the terms of
their listings and the manufacturer’s instructions.
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2113.13.2 Space around lining. The space surrounding a
chimney lining system or vent installed within a masonry
chimney shall not be used to vent any other appliance.

Exception: This shall not prevent the installation of a
separate flue lining in accordance with the manufac-
turer’s instructions.

2113.14 Multiple flues. When two or more flues are located
in the same chimney, masonry wythes shall be built between
adjacent flue linings. The masonry wythes shall be at least 4
inches (102 mm) thick and bonded into the walls of the chim-
ney.

Exception: When venting only one appliance, two flues
are permitted to adjoin each other in the same chimney
with only the flue lining separation between them. The
joints of the adjacent flue linings shall be staggered not
less than 4 inches (102 mm).

2113.15 Flue area (appliance). Chimney flues shall not be
smaller in area than the area of the connector from the appli-
ance. Chimney flues connected to more than one appliance
shall be not less than the area of the largest connector plus 50
percent of the areas of additional chimney connectors.

Exceptions:

1. Chimney flues serving oil-fired appliances sized in
accordance with NFPA 31.

2. Chimney flues serving gas-fired appliances sized in
accordance with the Fuel Gas Code.

2113.16 Flue area (masonry fireplace). Flue sizing for
chimneys serving fireplaces shall be in accordance with Sec-
tion 2113.16.1 or 2113.16.2.

2113.16.1 Minimum area. Round chimney flues shall
have a minimum net cross-sectional area of not less than
'/,, of the fireplace opening. Square chimney flues shall
have a minimum net cross-sectional area of not less than
'/,o of the fireplace opening. Rectangular chimney flues
with an aspect ratio less than 2 to 1 shall have a minimum
net cross-sectional area of not less than '/,, of the fire-
place opening. Rectangular chimney flues with an aspect
ratio of 2 to 1 or more shall have a minimum net cross-
sectional area of not less than '/, of the fireplace opening.

2113.16.2 Determination of minimum area. The mini-
mum net cross-sectional area of the flue shall be deter-
mined in accordance with Figure 2113.16. A flue size
providing not less than the equivalent net cross-sectional
area shall be used. Cross-sectional areas of clay flue lin-
ings are as provided in Tables 2113.16(1) and 2113.16(2)
or as provided by the manufacturer or as measured in the
field. The height of the chimney shall be measured from
the firebox floor to the top of the chimney flue.
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FIGURE 2113.16

FLUE SIZES FOR MASONRY CHIMNEYS

TABLE 2113.16(1)
NET CROSS-SECTIONAL AREA OF ROUND FLUE SIZES®

FLUE SIZE, INSIDE DIAMETER CROSS-SECTIONAL AREA (square
(inches) inches)
6 28
7 38
8 50
10 78
107, 90
12 113
15 176
18 254

For SI: 1 inch =25.4 mm, 1 square inch = 645.16 mm®.

a.Flue sizes are based on ASTM C315.
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TABLE 2113.16(2)
NET CROSS-SECTIONAL AREA OF SQUARE
AND RECTANGULAR FLUE SIZES

FLUE SIZE, OUTSIDE NOMINAL CROSS-SECTIONAL AREA
DIMENSIONS (inches) (square inches)
4.5%x8.5 23
4.5x13 34
8x38 42
8.5x8.5 49
8x12 67
8.5x%x13 76
12 x 12 102
8.5x18 101
13 x13 127
12 x 16 131
13 x 18 173
16 x 16 181
16 x 20 222
18 x 18 233
20 x 20 298
20 x 24 335
24 x 24 431

For SI: 1 inch = 25.4 mm, 1 square inch = 645.16 mm?®.

2113.17 Inlet. Inlets to masonry chimneys shall enter from
the side. Inlets shall have a thimble of fireclay, rigid refrac-
tory material or metal that will prevent the connector from
pulling out of the inlet or from extending beyond the wall of
the liner.

2113.18 Masonry chimney cleanout openings. Cleanout
openings shall be provided within 6 inches (152 mm) of the
base of each flue within every masonry chimney. The upper
edge of the cleanout shall be located not less than 6 inches
(152 mm) below the lowest chimney inlet opening. The
height of the opening shall be not less than 6 inches (152
mm). The cleanout shall be provided with a noncombustible
cover.

Exception: Chimney flues serving masonry fireplaces,
where cleaning is possible through the fireplace opening.

2113.19 Chimney clearances. Any portion of a masonry
chimney located in the interior of the building or within the
exterior wall of the building shall have a minimum airspace
clearance to combustibles of 2 inches (51 mm). Chimneys
located entirely outside the exterior walls of the building,
including chimneys that pass through the soffit or cornice,
shall have a minimum airspace clearance of 1 inch (25 mm).
The airspace shall not be filled, except to provide fireblock-
ing in accordance with Section 2113.20.

Exceptions:

1. Masonry chimneys equipped with a chimney lining
system listed and labeled for use in chimneys in
contact with combustibles in accordance with UL
1777, and installed in accordance with the manufac-
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turer’s instructions, are permitted to have combusti-
ble material in contact with their exterior surfaces.

2. Where masonry chimneys are constructed as part of
masonry or concrete walls, combustible materials
shall not be in contact with the masonry or concrete
wall less than 12 inches (305 mm) from the inside
surface of the nearest flue lining.

3. Exposed combustible trim and the edges of sheath-
ing materials, such as wood siding, are permitted to
abut the masonry chimney sidewalls, in accordance
with Figure 2113.19, provided such combustible
trim or sheathing is not less than 12 inches (305
mm) from the inside surface of the nearest flue lin-
ing. Combustible material and #rim shall not overlap
the corners of the chimney by more than 1 inch (25

mm).
Z A 7Y AVj 4
A
% g /s COMBUSTIBLE SHEATHING
A 4 12" FROM FLUE LINING
LAY
I i I

1" CLEARANCE (AIRSPACE)
TO COMBUSTIBLE SHEATHING

FIGURE 2113.19
ILLUSTRATION OF EXCEPTION THREE
CHIMNEY CLEARANCE PROVISION

2113.20 Chimney fireblocking. All spaces between chim-
neys and floors and ceilings through which chimneys pass
shall be fireblocked with noncombustible material securely
fastened in place. The fireblocking of spaces between wood
joists, beams or headers shall be self-supporting or be placed
on strips of metal or metal lath laid across the spaces between
combustible material and the chimney.
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CHAPTER 22
STEEL

SECTION 2201
GENERAL

2201.1 Scope. The provisions of this chapter govern the qual-
ity, design, fabrication and erection of steel construction.

SECTION 2202
DEFINITIONS

2202.1 Definitions. The following terms are defined in Chap-
ter 2:

STEEL CONSTRUCTION, COLD-FORMED.
STEEL JOIST.
STEEL ELEMENT, STRUCTURAL.

SECTION 2203
IDENTIFICATION AND PROTECTION OF
STEEL FOR STRUCTURAL PURPOSES

2203.1 Identification. Identification of structural steel ele-
ments shall be in accordance with AISC 360. Identification of
cold-formed steel members shall be in accordance with AISI
S100. Identification of cold-formed steel light-frame con-
struction shall also comply with the requirements contained
in AIST S200 or AISI S220, as applicable. Other steel fur-
nished for structural load-carrying purposes shall be properly
identified for conformity to the ordered grade in accordance
with the specified ASTM standard or other specification and
the provisions of this chapter. Steel that is not readily identifi-
able as to grade from marking and test records shall be tested
to determine conformity to such standards.

2203.2 Protection. Painting of structural steel elements shall
be in accordance with AISC 360. Painting of open-web steel
joists and joist girders shall be in accordance with SJI CJ, SJI
JG, SJI K and SJI LH/DLH. Individual structural members
and assembled panels of cold-formed steel construction shall
be protected against corrosion in accordance with the require-
ments contained in AISI S100. Protection of cold-formed
steel light-frame construction shall be in accordance with
AISI S200 or AISI S220, as applicable.

SECTION 2204
CONNECTIONS

2204.1 Welding. The details of design, workmanship and
technique for welding and qualification of welding personnel
shall be in accordance with the specifications listed in Sec-
tions 2205, 2206, 2207, 2208, 2210 and 2211. For special
inspection of welding, see Section 1705.2.

2204.2 Bolting. The design, installation and inspection of
bolts shall be in accordance with the requirements of Sections
2205, 2206, 2207, 2210 and 2211. For special inspection of
the installation of high-strength bolts, see Section 1705.2.
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2204.3 Anchor rods. Anchor rods shall be set in accordance
with the approved construction documents. The protrusion of
the threaded ends through the connected material shall fully
engage the threads of the nuts but shall not be greater than the
length of the threads on the bolts.

SECTION 2205
STRUCTURAL STEEL

2205.1 General. The design, fabrication and erection of
structural steel elements in buildings, structures and portions
thereof shall be in accordance with AISC 360.

2205.2 Seismic design. Where required, the seismic design,
fabrication and erection of buildings, structures and portions
thereof shall be in accordance with Section 2205.2.1 or
2205.2.2, as applicable.

2205.2.1 Structural steel seismic force-resisting sys-
tems. The design, detailing, fabrication and erection of
structural steel seismic force-resisting systems shall be in
accordance with the provisions of Section 2205.2.1.1 or
2205.2.1.2, as applicable.

2205.2.1.1 Seismic Design Category B or C. Struc-
tures assigned to Seismic Design Category B or C shall
be of any construction permitted in Section 2205.
Where a response modification coefficient, R, in accor-
dance with ASCE 7, Table 12.2-1, is used for the
design of structures assigned to Seismic Design Cate-
gory B or C, the structures shall be designed and
detailed in accordance with the requirements of AISC
341.

Exception: The response modification coefficient,
R, designated for “Steel systems not specifically
detailed for seismic resistance, excluding cantilever
column systems” in ASCE 7, Table 12.2-1, shall be
permitted for systems designed and detailed in
accordance with AISC 360, and need not be
designed and detailed in accordance with AISC 341.

2205.2.1.2 Seismic Design Category D, E or F. Struc-
tures assigned to Seismic Design Category D, E or F
shall be designed and detailed in accordance with AISC
341, except as permitted in ASCE 7, Table 15.4-1.

2205.2.2 Structural steel elements. The design, detailing,
fabrication and erection of structural steel elements in
seismic force-resisting systems other than those covered in
Section 2205.2.1, including struts, collectors, chords and
foundation elements, shall be in accordance with AISC
341 where either of the following applies:

1. The structure is assigned to Seismic Design Cate-
gory D, E or F, except as permitted in ASCE 7,
Table 15.4-1.
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2. A response modification coefficient, R, greater
than 3 in accordance with ASCE 7, Table 12.2-1,
is used for the design of the structure assigned to
Seismic Design Category B or C.

SECTION 2206
COMPOSITE STRUCTURAL STEEL
AND CONCRETE STRUCTURES

2206.1 General. Systems of structural steel elements acting
compositely with reinforced concrete shall be designed in
accordance with AISC 360 and ACI 318, excluding ACI 318
Chapter 14.

2206.2 Seismic design. Where required, the seismic design,
fabrication and erection of composite steel and concrete sys-
tems shall be in accordance with Section 2206.2.1.

2206.2.1 Seismic requirements for composite structural
steel and concrete construction. Where a response modi-
fication coefficient, R, in accordance with ASCE 7, Table
12.2-1, is used for the design of systems of structural steel
acting compositely with reinforced concrete, the structures
shall be designed and detailed in accordance with the
requirements of AISC 341.

SECTION 2207
STEEL JOISTS

2207.1 General. The design, manufacture and use of open-
web steel joists and joist girders shall be in accordance with
one of the following Steel Joist Institute (SJI) specifications:

1. SJICJ
2. SJIIK
3. SIILH/DLH
4. SJ1JG

2207.1.1 Seismic design. Where required, the seismic
design of buildings shall be in accordance with the addi-
tional provisions of Section 2205.2 or 2211.6.

2207.2 Design. The registered design professional shall indi-
cate on the construction documents the steel joist and steel
joist girder designations from the specifications listed in Sec-
tion 2207.1; and shall indicate the requirements for joist and
joist girder design, layout, end supports, anchorage, bridging
design that differs from the SJI specifications listed in Sec-
tion 2207.1, bridging termination connections and bearing
connection design to resist uplift and lateral loads. These doc-
uments shall indicate special requirements as follows:

1. Special loads including:
1.1. Concentrated loads.
1.2. Nonuniform loads.
1.3. Net uplift loads.
1.4. Axial loads.
1.5. End moments.

1.6. Connection forces.
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2. Special considerations including:

2.1. Profiles for joist and joist girder configurations
that differ from those defined by the SJI specifi-
cations listed in Section 2207.1.

2.2. Oversized or other nonstandard web openings.
2.3. Extended ends.

3. Live and total load deflection criteria for joists and joist
girder configurations that differ from those defined by
the SJI specifications listed in Section 2207.1.

2207.3 Calculations. The steel joist and joist girder manufac-
turer shall design the steel joists and steel joist girders in
accordance with the SJI specifications listed in Section
2207.1 to support the load requirements of Section 2207.2.
The registered design professional shall be permitted to
require submission of the steel joist and joist girder calcula-
tions as prepared by a registered design professional respon-
sible for the product design. Where requested by the
registered design professional, the steel joist manufacturer
shall submit design calculations with a cover letter bearing
the seal and signature of the joist manufacturer’s registered
design professional. In addition to the design calculations
submitted under seal and signature, the following shall be
included:

1. Bridging design that differs from the SJI specifications
listed in Section 2207.1, such as cantilevered condi-
tions and net uplift.

2. Connection design for:

2.1. Connections that differ from the SJI specifica-
tions listed in Section 2207.1, such as flush-
framed or framed connections.

2.2. Field splices.
2.3. Joist headers.

2207.4 Steel joist drawings. Steel joist placement plans shall
be provided to show the steel joist products as specified on
the approved construction documents and are to be utilized
for field installation in accordance with specific project
requirements as stated in Section 2207.2. Steel joist place-
ment plans shall include, at a minimum, the following:

1. Listing of applicable loads as stated in Section 2207.2
and used in the design of the steel joists and joist gird-
ers as specified in the approved construction docu-
ments.

2. Profiles for joist and joist girder configurations that dif-
fer from those defined by the SJI specifications listed in
Section 2207.1.

3. Connection requirements for:
3.1. Joist supports.
3.2. Joist girder supports.
3.3. Field splices.
3.4. Bridging attachments.

4. Live and total load deflection criteria for joists and joist
girder configurations that differ from those defined by
the SJI specifications listed in Section 2207.1.
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5. Size, location and connections for bridging.
6. Joist headers.

Steel joist placement plans do not require the seal and sig-
nature of the joist manufacturer’s registered design profes-
sional.

2207.5 Certification. At completion of manufacture, the steel
joist manufacturer shall submit a certificate of compliance to
the owner or the owner’s authorized agent for submittal to the
building official as specified in Section 1704.5 stating that
work was performed in accordance with approved construc-
tion documents and with SJI specifications listed in Section
2207.1.

SECTION 2208
STEEL CABLE STRUCTURES

2208.1 General. The design, fabrication and erection includ-
ing related connections, and protective coatings of steel cables
for buildings shall be in accordance with ASCE 19.

2208.2 Seismic requirements for steel cable. The design
strength of steel cables shall be determined by the provisions
of ASCE 19 except as modified by these provisions.

1. A load factor of 1.1 shall be applied to the prestress
force included in 7, and T, as defined in Section 3.12.

2. In Section 3.2.1, Item (c) shall be replaced with “1.5 T,”
and Item (d) shall be replaced with “1.5 T ,.”

SECTION 2209
STEEL STORAGE RACKS

2209.1 Storage racks. The design, testing and utilization of
storage racks made of cold-formed or hot-rolled steel struc-
tural members shall be in accordance with RMI/ANSI MH
16.1. Where required by ASCE 7, the seismic design of stor-
age racks shall be in accordance with Section 15.5.3 of ASCE
7.

SECTION 2210
COLD-FORMED STEEL

2210.1 General. The design of cold-formed carbon and low-
alloy steel structural members shall be in accordance with
AISI S100. The design of cold-formed stainless-steel struc-
tural members shall be in accordance with ASCE 8. Cold-
formed steel light-frame construction shall also comply with
Section 2211. Where required, the seismic design of cold-
formed steel structures shall be in accordance with the addi-
tional provisions of Section 2210.2.

2210.1.1 Steel decks. The design and construction of cold-
formed steel decks shall be in accordance with this section.

2210.1.1.1 Noncomposite steel floor decks. Noncom-
posite steel floor decks shall be permitted to be designed
and constructed in accordance with ANSI/SDI-NC1.0.

2210.1.1.2 Steel roof deck. Steel roof decks shall be
permitted to be designed and constructed in accordance
with ANSI/SDI-RDI.0.
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2210.1.1.3 Composite slabs on steel decks. Composite
slabs of concrete and steel deck shall be permitted to be
designed and constructed in accordance with SDI-C.

2210.2 Seismic requirements for cold-formed steel struc-
tures. Where a response modification coefficient, R, in accor-
dance with ASCE 7, Table 12.2-1, is used for the design of
cold-formed steel structures, the structures shall be designed
and detailed in accordance with the requirements of AISI
S100, ASCE 8, or, for cold-formed steel special-bolted
moment frames, AISI S110.

SECTION 2211
COLD-FORMED STEEL
LIGHT-FRAME CONSTRUCTION

2211.1 General. The design and installation of structural and
nonstructural members utilized in cold-formed steel light-
frame construction where the specified minimum base steel
thickness is not greater than 0.1180 inches (2.997 mm) shall
be in accordance with AISI S200 and Sections 2211.2 through
2211.7, or AISI S220, as applicable.

2211.2 Header design. Headers, including box and back-to-
back headers, and double and single L-headers shall be
designed in accordance with AISI S212 or AISI S100.

2211.3 Truss design. Cold-formed steel trusses shall be
designed in accordance with AISI S214, Sections 2211.3.1
through 2211.3.4 and accepted engineering practice.

2211.3.1 Truss design drawings. The truss design draw-
ings shall conform to the requirements of Section B2.3 of
AISI S214 and shall be provided with the shipment of
trusses delivered to the job site. The truss design drawings
shall include the details of permanent individual truss
member restraint/bracing in accordance with Section B6(a)
or B 6(c) of AISI S214 where these methods are utilized to
provide restraint/bracing.

2211.3.2 Deferred submittals. AISI S214 Section B4.2
shall be deleted.

2211.3.3 Trusses spanning 60 feet or greater. The owner
or the owner’s authorized agent shall contract with a regis-
tered design professional for the design of the temporary
installation restraint/bracing and the permanent individual
truss member restraint/bracing for trusses with clear spans
60 feet (18 288 mm) or greater. Special inspection of
trusses over 60 feet (18 288 mm) in length shall be in
accordance with Section 1705.2.

2211.3.4 Truss quality assurance. Trusses not part of a
manufacturing process that provides requirements for qual-
ity control done under the supervision of a third-party qual-
ity control agency, shall be manufactured in compliance
with Sections 1704.2.5 and 1705.2, as applicable.

2211.4 Structural wall stud design. Structural wall studs
shall be designed in accordance with either AISI S211 or AISI
S100.

2211.5 Floor and roof system design. Framing for floor and
roof systems in buildings shall be designed in accordance with
either AISI S210 or AISI S100.
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2211.6 Lateral design. Light-frame shear walls, diagonal
strap bracing that is part of a structural wall and diaphragms
used to resist wind, seismic and other in-plane lateral loads
shall be designed in accordance with AISI S213.

2211.7 Prescriptive framing. Detached one- and two-family
dwellings and townhouses, less than or equal to three stories
above grade plane, shall be permitted to be constructed in
accordance with AISI S230 subject to the limitations therein.
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CHAPTER 23
wOOD

SECTION 2301
GENERAL

2301.1 Scope. The provisions of this chapter shall govern the
materials, design, construction and quality of wood members
and their fasteners.

2301.2 General design requirements. The design of struc-
tural elements or systems, constructed partially or wholly of
wood or wood-based products, shall be in accordance with
one of the following methods:

1. Allowable stress design in accordance with Sections
2304, 2305 and 2306.

2. Load and resistance factor design in accordance with
Sections 2304, 2305 and 2307.

3. Conventional light-frame construction in accordance

with Sections 2304 and 2308.
4. AWC WFCM in accordance with Section 2309.

5. The design and construction of log structures in accor-
dance with the provisions of ICC 400.

2301.3 Nominal sizes. For the purposes of this chapter,
where dimensions of lumber are specified, they shall be
deemed to be nominal dimensions unless specifically desig-
nated as actual dimensions (see Section 2304.2).

SECTION 2302
DEFINITIONS

2302.1 Definitions. The following terms are defined in Chap-
ter 2:

ACCREDITATION BODY.

BRACED WALL LINE.

BRACED WALL PANEL.
COLLECTOR.

CONVENTIONAL LIGHT-FRAME CONSTRUCTION.
CRIPPLE WALL.
CROSS-LAMINATED TIMBER.
DIAPHRAGM, UNBLOCKED.
DRAG STRUT.

ENGINEERED WOOD RIM BOARD.
FIBERBOARD.

GABLE.

GRADE (LUMBER).

HARDBOARD.

NAILING, BOUNDARY.

NAILING, EDGE.

NAILING, FIELD.
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NOMINAL SIZE (LUMBER).
PARTICLEBOARD.
PERFORMANCE CATEGORY.
PREFABRICATED WOOD I-JOIST.
SHEAR WALL.
Shear wall, perforated.
Shear wall segment, perforated.
STRUCTURAL COMPOSITE LUMBER.
Laminated strand lumber (LSL).
Laminated veneer lumber (LVL).
Oriented strand lumber (OSL).
Parallel strand lumber (PSL).
STRUCTURAL GLUED-LAMINATED TIMBER.
TIE-DOWN (HOLD-DOWN).
TREATED WOOD.
Fire-retardant-treated wood.
Preservative-treated wood.
WOOD SHEAR PANEL.
WOOD STRUCTURAL PANEL.
Composite panels.
Oriented strand board (OSB).
Plywood.

SECTION 2303
MINIMUM STANDARDS AND QUALITY

2303.1 General. Structural sawn lumber; end-jointed lumber;
prefabricated wood I-joists; structural glued-laminated tim-
ber; wood structural panels; fiberboard sheathing (when used
structurally); hardboard siding (when used structurally); par-
ticleboard; preservative-treated wood; structural log mem-
bers; structural composite lumber; round timber poles and
piles; fire-retardant-treated wood; hardwood plywood; wood
trusses; joist hangers; nails; and staples shall conform to the
applicable provisions of this section.

2303.1.1 Sawn lumber. Sawn lumber used for load-sup-
porting purposes, including end-jointed or edge-glued
lumber, machine stress-rated or machine-evaluated lum-
ber, shall be identified by the grade mark of a lumber grad-
ing or inspection agency that has been approved by an
accreditation body that complies with DOC PS 20 or
equivalent. Grading practices and identification shall com-
ply with rules published by an agency approved in accor-
dance with the procedures of DOC PS 20 or equivalent
procedures.
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2303.1.1.1 Certificate of inspection. In lieu of a grade
mark on the material, a certificate of inspection as to
species and grade issued by a lumber grading or inspec-
tion agency meeting the requirements of this section is
permitted to be accepted for precut, remanufactured or
rough-sawn lumber and for sizes larger than 3 inches
(76 mm) nominal thickness.

2303.1.1.2 End-jointed lumber. Approved end-jointed
lumber is permitted to be used interchangeably with
solid-sawn members of the same species and grade.
End-jointed lumber used in an assembly required to
have a fire-resistance rating shall have the designation
“Heat Resistant Adhesive” or “HRA” included in its
grade mark.

2303.1.2 Prefabricated wood I-joists. Structural capaci-
ties and design provisions for prefabricated wood I-joists
shall be established and monitored in accordance with
ASTM D5055.

2303.1.3 Structural glued-laminated timber. Glued-
laminated timbers shall be manufactured and identified as
required in ANSI/AITC A 190.1 and ASTM D3737.

2303.1.4 Structural glued cross-laminated timber.
Cross-laminated timbers shall be manufactured and identi-
fied in accordance with ANSI/APA PRG 320.

2303.1.5 Wood structural panels. Wood structural pan-
els, when used structurally (including those used for sid-
ing, roof and wall sheathing, subflooring, diaphragms and
built-up members), shall conform to the requirements for
their type in DOC PS 1, DOC PS 2 or ANSI/APA PRP
210. Each panel or member shall be identified for grade,
bond classification, and Performance Category by the
trademarks of an approved testing and grading agency.
The Performance Category value shall be used as the
“nominal panel thickness” or “panel thickness” whenever
referenced in this code. Wood structural panel components
shall be designed and fabricated in accordance with the
applicable standards listed in Section 2306.1 and identi-
fied by the trademarks of an approved testing and inspec-
tion agency indicating conformance to the applicable
standard. In addition, wood structural panels when perma-
nently exposed in outdoor applications shall be of Exterior
type, except that wood structural panel roof sheathing
exposed to the outdoors on the underside is permitted to be
Exposure 1 type.

2303.1.6 Fiberboard. Fiberboard for its various uses shall
conform to ASTM C208. Fiberboard sheathing, when used
structurally, shall be identified by an approved agency as
conforming to ASTM C208.

2303.1.6.1 Jointing. To ensure tight-fitting assemblies,
edges shall be manufactured with square, shiplapped,
beveled, tongue-and-groove or U-shaped joints.

2303.1.6.2 Roof insulation. Where used as roof insula-
tion in all types of construction, fiberboard shall be pro-
tected with an approved roof covering.

2303.1.6.3 Wall insulation. Where installed and fire-
blocked to comply with Chapter 7, fiberboards are per-
mitted as wall insulation in all types of construction. In
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fire walls and fire barriers, unless treated to comply
with Section 803.1 for Class A materials, the boards
shall be cemented directly to the concrete, masonry or
other noncombustible base and shall be protected with
an approved noncombustible veneer anchored to the
base without intervening airspaces.

2303.1.6.3.1 Protection. Fiberboard wall insulation
applied on the exterior of foundation walls shall be
protected below ground level with a bituminous
coating.

2303.1.7 Hardboard. Hardboard siding used structurally
shall be identified by an approved agency conforming to
CPA/ANSI A135.6. Hardboard underlayment shall meet
the strength requirements of ’/,,-inch (5.6 mm) or '/,-inch
(6.4 mm) service class hardboard planed or sanded on one
side to a uniform thickness of not less than 0.200 inch (5.1
mm). Prefinished hardboard paneling shall meet the
requirements of CPA/ANSI A135.5. Other basic hard-
board products shall meet the requirements of CPA/ANSI
A135.4. Hardboard products shall be installed in accor-
dance with manufacturer’s recommendations.

2303.1.8 Particleboard. Particleboard shall conform to
ANSI A208.1. Particleboard shall be identified by the
grade mark or certificate of inspection issued by an
approved agency. Particleboard shall not be utilized for
applications other than indicated in this section unless the
particleboard complies with the provisions of Section
2306.3.

2303.1.8.1 Floor underlayment. Particleboard floor
underlayment shall conform to Type PBU of ANSI
A208.1. Type PBU underlayment shall not be less than
'/,-<inch (6.4 mm) thick and shall be installed in accor-
dance with the instructions of the Composite Panel
Association.

2303.1.9 Preservative-treated wood. Lumber, timber,
plywood, piles and poles supporting permanent structures
required by Section 2304.12 to be preservative treated
shall conform to the requirements of the applicable AWPA
Standard U1 and M4 for the species, product, preservative
and end use. Preservatives shall be listed in Section 4 of
AWPA Ul. Lumber and plywood used in wood founda-
tion systems shall conform to Chapter 18.

2303.1.9.1 Identification. Wood required by Section
2304.12 to be preservative treated shall bear the quality
mark of an inspection agency that maintains continuing
supervision, testing and inspection over the quality of
the preservative-treated wood. Inspection agencies for
preservative-treated wood shall be listed by an accredi-
tation body that complies with the requirements of the
American Lumber Standards Treated Wood Program,
or equivalent. The quality mark shall be on a stamp or
label affixed to the preservative-treated wood, and
shall include the following information:

1. Identification of treating manufacturer.
2. Type of preservative used.
3. Minimum preservative retention (pcf).

4. End use for which the product is treated.
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5. AWPA standard to which the product was
treated.

6. Identity of the accredited inspection agency.

2303.1.9.2 Moisture content. Where preservative-
treated wood is used in enclosed locations where dry-
ing in service cannot readily occur, such wood shall be
at a moisture content of 19 percent or less before being
covered with insulation, interior wall finish, floor cov-
ering or other materials.

2303.1.10 Structural composite lumber. Structural
capacities for structural composite lumber shall be estab-
lished and monitored in accordance with ASTM D5456.

2303.1.11 Structural log members. Stress grading of
structural log members of nonrectangular shape, as typi-
cally used in log buildings, shall be in accordance with
ASTM D3957. Such structural log members shall be iden-
tified by the grade mark of an approved lumber grading or
inspection agency. In lieu of a grade mark on the material,
a certificate of inspection as to species and grade issued by
a lumber grading or inspection agency meeting the
requirements of this section shall be permitted.

2303.1.12 Round timber poles and piles. Round timber
poles and piles shall comply with ASTM D3200 and
ASTM D25, respectively.

2303.1.13 Engineered wood rim board. Engineered
wood rim boards shall conform to ANSI/APA PRR 410 or
shall be evaluated in accordance with ASTM D7672.
Structural capacities shall be in accordance with ANSI/
APA PRR 410 or established in accordance with ASTM
D7672. Rim boards conforming to ANSI/APA PRR 410
shall be marked in accordance with that standard.

2303.2 Fire-retardant-treated wood. Fire-retardant-treated
wood is any wood product which, when impregnated with
chemicals by a pressure process or other means during manu-
facture, shall have, when tested in accordance with ASTM
E84 or UL 723, a listed flame spread index of 25 or less and
show no evidence of significant progressive combustion
when the test is continued for an additional 20-minute period.
Additionally, the flame front shall not progress more than
10'/, feet (3200 mm) beyond the centerline of the burners at
any time during the test.

2303.2.1 Pressure process. For wood products impreg-
nated with chemicals by a pressure process, the process
shall be performed in closed vessels under pressures not
less than 50 pounds per square inch gauge (psig) (345
kPa).

2303.2.2 Other means during manufacture. For wood
products produced by other means during manufacture,
the treatment shall be an integral part of the manufacturing
process of the wood product. The treatment shall provide
permanent protection to all surfaces of the wood product.

2303.2.3 Testing. For wood products produced by other
means during manufacture, other than a pressure process,
all sides of the wood product shall be tested in accordance
with and produce the results required in Section 2303.2.
Wood structural panels shall be permitted to test only the
front and back faces.
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2303.2.4 Labeling. Fire-retardant-treated lumber and
wood structural panels shall be labeled. The label shall
contain the following items:

1. The identification mark of an approved agency in
accordance with Section 1703.5.

Identification of the treating manufacturer.
The name of the fire-retardant treatment.
The species of wood treated.

Flame spread and smoke-developed index.

Method of drying after treatment.

NS kv

Conformance with appropriate standards in accor-
dance with Sections 2303.2.5 through 2303.2.8.

8. For fire-retardant-treated wood exposed to weather,
damp or wet locations, include the words “No
increase in the listed classification when subjected
to the Standard Rain Test” (ASTM D2898).

2303.2.5 Strength adjustments. Design values for
untreated lumber and wood structural panels, as specified
in Section 2303.1, shall be adjusted for fire-retardant-
treated wood. Adjustments to design values shall be based
on an approved method of investigation that takes into
consideration the effects of the anticipated temperature
and humidity to which the fire-retardant-treated wood
will be subjected, the type of treatment and redrying pro-
cedures.

2303.2.5.1 Wood structural panels. The effect of
treatment and the method of redrying after treatment,
and exposure to high temperatures and high humidities
on the flexure properties of fire-retardant-treated soft-
wood plywood shall be determined in accordance with
ASTM D5516. The test data developed by ASTM
D5516 shall be used to develop adjustment factors,
maximum loads and spans, or both, for untreated ply-
wood design values in accordance with ASTM D6305.
Each manufacturer shall publish the allowable maxi-
mum loads and spans for service as floor and roof
sheathing for its treatment.

2303.2.5.2 Lumber. For each species of wood that is
treated, the effects of the treatment, the method of
redrying after treatment and exposure to high tempera-
tures and high humidities on the allowable design prop-
erties of fire-retardant-treated Iumber shall be
determined in accordance with ASTM D5664. The test
data developed by ASTM D5664 shall be used to
develop modification factors for use at or near room
temperature and at elevated temperatures and humidity
in accordance with ASTM D6841. Each manufacturer
shall publish the modification factors for service at
temperatures of not less than 80°F (27°C) and for roof
framing. The roof framing modification factors shall
take into consideration the climatological location.

2303.2.6 Exposure to weather, damp or wet locations.
Where fire-retardant-treated wood is exposed to weather,
or damp or wet locations, it shall be identified as “Exte-
rior” to indicate there is no increase in the listed flame
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spread index as defined in Section 2303.2 when subjected
to ASTM D2898.

2303.2.7 Interior applications. Interior fire-retardant-
treated wood shall have moisture content of not over 28
percent when tested in accordance with ASTM D3201
procedures at 92-percent relative humidity. Interior fire-
retardant-treated wood shall be tested in accordance with
Section 2303.2.5.1 or 2303.2.5.2. Interior fire-retardant-
treated wood designated as Type A shall be tested in
accordance with the provisions of this section.

2303.2.8 Moisture content. Fire-retardant-treated wood
shall be dried to a moisture content of 19 percent or less
for lumber and 15 percent or less for wood structural pan-
els before use. For wood kiln-dried after treatment
(KDAT), the kiln temperatures shall not exceed those used
in kiln drying the lumber and plywood submitted for the
tests described in Section 2303.2.5.1 for plywood and
2303.2.5.2 for lumber.

2303.2.9 Type I and II construction applications. See
Section 603.1 for limitations on the use of fire-retardant-
treated wood in buildings of Type I or II construction.

2303.3 Hardwood and plywood. Hardwood and decorative
plywood shall be manufactured and identified as required in
HPVA HP-1.

2303.4 Trusses. Wood trusses shall comply with Sections
2303.4.1 through 2303.4.7.

2303.4.1 Design. Wood trusses shall be designed in accor-
dance with the provisions of this code and accepted engi-
neering practice. Members are permitted to be joined by
nails, glue, bolts, timber connectors, metal connector
plates or other approved framing devices.

2303.4.1.1 Truss design drawings. The written,
graphic and pictorial depiction of each individual truss
shall be provided to the building official for approval
prior to installation. Truss design drawings shall also be
provided with the shipment of trusses delivered to the
job site. Truss design drawings shall include, at a mini-
mum, the information specified below:

Slope or depth, span and spacing;
Location of all joints and support locations;
Number of plies if greater than one;

Required bearing widths;
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Design loads as applicable, including;
5.1. Top chord live load;
5.2. Top chord dead load,
5.3. Bottom chord live load;
5.4. Bottom chord dead load;
5.5. Additional loads and locations; and

5.6. Environmental design criteria and loads
(wind, rain, snow, seismic, etc.).

6. Other lateral loads, including drag strut loads;

7. Adjustments to wood member and metal con-
nector plate design value for conditions of use;
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8. Maximum reaction force and direction, includ-
ing maximum uplift reaction forces where
applicable;

9. Metal-connector-plate type, size and thickness
or gage, and the dimensioned location of each
metal connector plate except where symmetri-
cally located relative to the joint interface;

10. Size, species and grade for each wood member;

11. Truss-to-truss connections and truss field
assembly requirements;

12. Calculated span-to-deflection ratio and maxi-
mum vertical and horizontal deflection for live
and total load as applicable;

13. Maximum axial tension and compression forces
in the truss members;

14. Required permanent individual truss member
restraint location and the method and details of
restraint/bracing to be used in accordance with
Section 2303.4.1.2.

2303.4.1.2 Permanent individual truss member
restraint. Where permanent restraint of truss members
is required on the truss design drawings, it shall be
accomplished by one of the following methods:

1. Permanent individual truss member restraint/
bracing shall be installed using standard industry
lateral restraint/bracing details in accordance
with generally accepted engineering practice.
Locations for lateral restraint shall be identified
on the truss design drawing.

2. The trusses shall be designed so that the buckling
of any individual truss member is resisted inter-
nally by the individual truss through suitable
means (i.e., buckling reinforcement by T-rein-
forcement or L-reinforcement, proprietary rein-
forcement, etc.). The buckling reinforcement of
individual members of the trusses shall be
installed as shown on the truss design drawing or
on supplemental truss member buckling rein-
forcement details provided by the truss designer.

3. A project-specific permanent individual truss
member restraint/bracing design shall be permit-
ted to be specified by any registered design pro-
fessional.

2303.4.1.3 Trusses spanning 60 feet or greater. The
owner or the owner’s authorized agent shall contract
with any qualified registered design professional for
the design of the temporary installation restraint/brac-
ing and the permanent individual truss member
restraint/bracing for all trusses with clear spans 60 feet
(18 288 mm) or greater.

2303.4.1.4 Truss designer. The individual or organiza-
tion responsible for the design of trusses.

2303.4.1.4.1 Truss design drawings. Where
required by the registered design professional, the
building official or the statutes of the jurisdiction in
which the project is to be constructed, each individ-
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ual truss design drawing shall bear the seal and sig-
nature of the truss designer.

Exceptions:

1. Where a cover sheet and truss index sheet
are combined into a single sheet and
attached to the set of truss design drawings,
the single cover/truss index sheet is the
only document required to be signed and
sealed by the truss designer.

2. When a cover sheet and a truss index sheet
are separately provided and attached to the
set of truss design drawings, the cover
sheet and the truss index sheet are the only
documents required to be signed and sealed
by the truss designer.

2303.4.2 Truss placement diagram. The truss manufac-
turer shall provide a truss placement diagram that identi-
fies the proposed location for each individually designated
truss and references the corresponding truss design draw-
ing. The truss placement diagram shall be provided as part
of the truss submittal package, and with the shipment of
trusses delivered to the job site. Truss placement diagrams
that serve only as a guide for installation and do not devi-
ate from the permit submittal drawings shall not be
required to bear the seal or signature of the truss designer.

2303.4.3 Truss submittal package. The truss submittal
package provided by the truss manufacturer shall consist
of each individual truss design drawing, the truss place-
ment diagram, the permanent individual truss member
restraint/bracing method and details and any other struc-
tural details germane to the trusses; and, as applicable, the
cover/truss index sheet.

2303.4.4 Anchorage. The design for the transfer of loads
and anchorage of each truss to the supporting structure is
the responsibility of the registered design professional.

2303.4.5 Alterations to trusses. Truss members and com-
ponents shall not be cut, notched, drilled, spliced or other-
wise altered in any way without written concurrence and
approval of a registered design professional. Alterations
resulting in the addition of loads to any member (e.g.,
HVAC equipment, piping, additional roofing or insula-
tion, etc.) shall not be permitted without verification that
the truss is capable of supporting such additional loading.

2303.4.6 TPI 1 specifications. In addition to Sections
2303.4.1 through 2303.4.5, the design, manufacture and
quality assurance of metal-plate-connected wood trusses
shall be in accordance with TPI 1. Job-site inspections
shall be in compliance with Section 110.4, as applicable.

2303.4.7 Truss quality assurance. Trusses not part of a
manufacturing process in accordance with either Section
2303.4.6 or a referenced standard, which provides require-
ments for quality control done under the supervision of a
third-party quality control agency, shall be manufactured
in compliance with Sections 1704.2.5 and 1705.5, as
applicable.
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2303.5 Test standard for joist hangers. Joist hangers shall
be in accordance with ASTM D7147.

2303.6 Nails and staples. Nails and staples shall conform to
requirements of ASTM F1667. Nails used for framing and
sheathing connections shall have minimum average bending
yield strengths as follows: 80 kips per square inch (ksi) (551
MPa) for shank diameters larger than 0.177 inch (4.50 mm)
but not larger than 0.254 inch (6.45 mm), 90 ksi (620 MPa)
for shank diameters larger than 0.142 inch (3.61 mm) but not
larger than 0.177 inch (4.50 mm) and 100 ksi (689 MPa) for
shank diameters of at least 0.099 inch (2.51 mm) but not
larger than 0.142 inch (3.61 mm).

2303.7 Shrinkage. Consideration shall be given in design to
the possible effect of cross-grain dimensional changes con-
sidered vertically which may occur in lumber fabricated in a
green condition.

SECTION 2304
GENERAL CONSTRUCTION REQUIREMENTS

2304.1 General. The provisions of this section apply to
design methods specified in Section 2301.2.

2304.2 Size of structural members. Computations to deter-
mine the required sizes of members shall be based on the net
dimensions (actual sizes) and not nominal sizes.

2304.3 Wall framing. The framing of exterior and interior
walls shall be in accordance with the provisions specified in
Section 2308 unless a specific design is furnished.

2304.3.1 Bottom plates. Studs shall have full bearing on a
2-inch-thick (actual 1'/,-inch, 38 mm) or larger plate or sill
having a width at least equal to the width of the studs.

2304.3.2 Framing over openings. Headers, double joists,
trusses or other approved assemblies that are of adequate
size to transfer loads to the vertical members shall be pro-
vided over window and door openings in load-bearing
walls and partitions.

2304.3.3 Shrinkage. Wood walls and bearing partitions
shall not support more than two floors and a roof unless an
analysis satisfactory to the building official shows that
shrinkage of the wood framing will not have adverse
effects on the structure or any plumbing, electrical or
mechanical systems or other equipment installed therein
due to excessive shrinkage or differential movements
caused by shrinkage. The analysis shall also show that the
roof drainage system and the foregoing systems or equip-
ment will not be adversely affected or, as an alternate,
such systems shall be designed to accommodate the differ-
ential shrinkage or movements.

2304.4 Floor and roof framing. The framing of wood-
joisted floors and wood-framed roofs shall be in accordance
with the provisions specified in Section 2308 unless a spe-
cific design is furnished.

2304.5 Framing around flues and chimneys. Combustible
framing shall be a minimum of 2 inches (51 mm), but shall
not be less than the distance specified in Sections 2111 and

545



wOooD

2113 and the Mechanical Code, from flues, chimneys and
fireplaces, and 6 inches (152 mm) away from flue openings.

2304.6 Exterior wall sheathing. Wall sheathing on the out-
side of exterior walls, including gables, and the connection of
the sheathing to framing shall be designed in accordance with
the general provisions of this code and shall be capable of
resisting wind pressures in accordance with Section 1609.

2304.6.1 Wood structural panel sheathing. Where wood
structural panel sheathing is used as the exposed finish on
the outside of exterior walls, it shall have an exterior expo-
sure durability classification. Where wood structural panel
sheathing is used elsewhere, but not as the exposed finish,
it shall be of a type manufactured with exterior glue (Expo-
sure 1 or Exterior). Wood structural panel sheathing, con-
nections and framing spacing shall be in accordance with
Table 2304.6.1 for the applicable wind speed and exposure
category where used in enclosed buildings with a mean
roof height not greater than 30 feet (9144 mm) and a topo-
graphic factor (K ,) of 1.0.

2304.7 Interior paneling. Softwood wood structural panels
used for interior paneling shall conform to the provisions of
Chapter 8 and shall be installed in accordance with Table
2304.10.1. Panels shall comply with DOC PS 1, DOC PS 2 or
ANSI/APA PRP 210. Prefinished hardboard paneling shall
meet the requirements of CPA/ANSI A135.5. Hardwood ply-
wood shall conform to HPVA HP-1.

2304.8 Floor and roof sheathing. Structural floor sheathing
and structural roof sheathing shall comply with Sections
2304.8.1 and 2304.8.2, respectively.

2304.8.1 Structural floor sheathing. Structural floor
sheathing shall be designed in accordance with the general
provisions of this code and the special provisions in this
section.

Floor sheathing conforming to the provisions of Table
2304.8(1), 2304.8(2), 2304.8(3) or 2304.8(4) shall be
deemed to meet the requirements of this section.

TABLE 2304.6.1
MAXIMUM NOMINAL DESIGN WIND SPEED, V, , PERMITTED FOR

asd

WOOD STRUCTURAL PANEL WALL SHEATHING USED TO RESIST WIND PRESSURES* " °©

MINIMUM MINIMUM PANEL NAIL MAXIMUM NOMINAL
MINIMUM NAIL wooD NOMINAL MAXIMUM SPACING DESIGN WIND SPEED, V,_,¢ (MPH)
STRUCTURAL PANEL WALL STUD .
Size Penetration | pANEL SPAN THICKNESS SPACING _ Edges ~ Field Wind exposure category
(inches) RATING (inches) (inches) | (inches o.c.) | (inches o.c.) B c D
24/0 3/8 6 12 110 90 85
6d common 15
(2.0"x0.113") ’ 12 110 100 90
24/16 s 6
6 150 125 110
6 12 130 110 105
6 150 125 110
8d common 1.75 24/16 76
(2.5"x0.131") 6 12 110 90 85
6 110 90 85

For SI: 1 inch =25.4 mm, 1 mile per hour = 0.447 m/s.

a. Panel strength axis shall be parallel or perpendicular to supports. Three-ply plywood sheathing with studs spaced more than 16 inches on center shall be

applied with panel strength axis perpendicular to supports.

b. The table is based on wind pressures acting toward and away from building surfaces in accordance with Section 30.7 of ASCE 7. Lateral requirements shall

be in accordance with Section 2305 or 2308.

c. Wood structural panels with span ratings of wall-16 or wall-24 shall be permitted as an alternative to panels with a 24/0 span rating. Plywood siding rated 16
on center or 24 on center shall be permitted as an alternative to panels with a 24/16 span rating. Wall-16 and plywood siding 16 on center shall be used with

studs spaced a maximum of 16 inches on center.
d. V,, shall be determined in accordance with Section 1609.3.1.

TABLE 2304.8(1)
ALLOWABLE SPANS FOR LUMBER FLOOR AND ROOF SHEATHING**

MINIMUM NET THICKNESS (inches) OF LUMBER PLACED

SPAN (inches)

Perpendicular to supports

Diagonally to supports

Surfaced dry° |

Surfaced unseasoned

Surfaced dry° | Surfaced unseasoned

Floors
24 3/4 32 3/4 25/32
16 5/8 11/16 5/8 11/16
Roofs
24 5/8 11/16 3/4 25/32

For SI: 1 inch = 25.4 mm.

a. Installation details shall conform to Sections 2304.8.1 and 2304.8.2 for floor and roof sheathing, respectively.
b. Floor or roof sheathing complying with this table shall be deemed to meet the design criteria of Section 2304.8.

¢. Maximum 19-percent moisture content.
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TABLE 2304.8(2)
SHEATHING LUMBER, MINIMUM GRADE REQUIREMENTS: BOARD GRADE
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SOLID FLOOR OR ROOF SHEATHING

SPACED

ROOF SHEATHING

GRADING RULES

Utility

Standard

NLGA, WCLIB, WWPA

4 common or utility

3 common or standard

NLGA, WCLIB, WWPA, NSLB or NELMA

No. 3

No. 2

SPIB

Merchantable

Construction common

RIS

TABLE 2304.8(3)
ALLOWABLE SPANS AND LOADS FOR WOOD STRUCTURAL PANEL SHEATHING AND
SINGLE-FLOOR GRADES CONTINUOUS OVER TWO OR MORE SPANS WITH STRENGTH AXIS PERPENDICULAR TO SUPPORTS®>®

SHEATHING GRADES ROOF* FLOOR!
Panel span rating roof/ | Panel thickness Maximum span (inches) Load*(psf) Maximum span
floor span (inches) With edge support’ Without edge support Total load Live load (inches)
16/0 3/8 16 16 40 30 0
20/0 A 20 20 40 30 0
24/0 STl 24 200 40 30 0
24/16 /A 24 24 50 40 16
32/16 5 32 28 40 30 16"
40/20 19/32>5/8’3/4’7/8 40 32 40 30 20M
48/24 ) 48 36 45 35 24
54/32 e 1 54 40 45 35 32
60/32 7/8, 11/8 60 48 45 35 32
SINGLE FLOOR GRADES ROOF® FLOOR‘
P . Panel thickness Maximum span (inches) Load*(psf) Maximum span
anel span rating ) - - . N
(inches) With edge support Without edge support Total load Live load (inches)
16 o.c. 1/2,19/32,5/8 24 24 50 40 16"
200c. oS 3 3 40 30 200
24 o.c. B/, 48 36 35 25 24
320.c. 7/8, 1 48 40 50 40 32
48 o.c. 13/, 1Y, 60 48 50 40 48

For SI: 1 inch = 25.4 mm, 1 pound per square foot = 0.0479 kN/m>.
a. Applies to panels 24 inches or wider.
b. Floor and roof sheathing complying with this table shall be deemed to meet the design criteria of Section 2304.8.

c. Uniform load deflection limitations '/ 5, of span under live load plus dead load, '/,,, under live load only.

d. Panel edges shall have approved tongue-and-groove joints or shall be supported with blocking unless '/,-inch minimum thickness underlayment or 1'/, inches of
approved cellular or lightweight concrete is placed over the subfloor, or finish floor is ¥/,-inch wood strip. Allowable uniform load based on deflection of '/, of
span is 100 pounds per square foot except the span rating of 48 inches on center is based on a total load of 65 pounds per square foot.

e. Allowable load at maximum span.

f. Tongue-and-groove edges, panel edge clips (one midway between each support, except two equally spaced between supports 48 inches on center), lumber
blocking or other. Only lumber blocking shall satisfy blocked diaphragm requirements.

g. For '/,-inch panel, maximum span shall be 24 inches.

h. Span is permitted to be 24 inches on center where */,-inch wood strip flooring is installed at right angles to joist.

i. Span is permitted to be 24 inches on center for floors where 1'/, inches of cellular or lightweight concrete is applied over the panels.
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TABLE 2304.8(4)
ALLOWABLE SPAN FOR WOOD STRUCTURAL PANEL COMBINATION SUBFLOOR-UNDERLAYMENT (SINGLE FLOOR)**
(Panels Continuous Over Two or More Spans and Strength Axis Perpendicular to Supports)

MAXIMUM SPACING OF JOISTS (inches)
IDENTIFICATION
16 20 | 24 32 | 48
Species group® Thickness (inches)
1 3 _ _
1 /, s, /,
5 3 7 _ _
2,3 / /y /s
3 7 _ _
4 /s A 1
Sing]e floor span ratingd 16 o.c. 20 o.c. 24 o.c. 32 o.c. 48 o.c.

For SI: 1 inch = 25.4 mm, 1 pound per square foot = 0.0479 kN/m?.

a. Spans limited to value shown because of possible effects of concentrated loads. Allowable uniform loads based on deflection of '/, of span is 100 pounds per
square foot except allowable total uniform load for 1'/-inch wood structural panels over joists spaced 48 inches on center is 65 pounds per square foot. Panel
edges shall have approved tongue-and-groove joints or shall be supported with blocking, unless '/,-inch minimum thickness underlayment or 1'/, inches of
approved cellular or lightweight concrete is placed over the subfloor, or finish floor is */,-inch wood strip.

b. Floor panels complying with this table shall be deemed to meet the design criteria of Section 2304.8.

o

. Applicable to all grades of sanded exterior-type plywood. See DOC PS 1 for plywood species groups.

d. Applicable to Underlayment grade, C-C (Plugged) plywood, and Single Floor grade wood structural panels.

TABLE 2304.8(5)
ALLOWABLE LOAD (PSF) FOR WOOD STRUCTURAL PANEL ROOF SHEATHING CONTINUOUS
OVER TWO OR MORE SPANS AND STRENGTH AXIS PARALLEL TO SUPPORTS
(Plywood Structural Panels Are Five-Ply, Five-Layer Unless Otherwise Noted)*"°

] ] LOAD AT MAXIMUM SPAN (psf)
PANEL GRADE THICKNESS (inch) MAXIMUM SPAN (inches) -
Live Total
» 24 20 30
B 24 35¢ 45°
Structural I sheathing ', 24 40° 50°
1/ 00 ¥y 24 70 80
B0, 24 90 100
M 16 40 50
5/, 24 20 25
Sheathing, other grades covered ', 24 25 30
in DOC PS 1 or DOC PS 2 9 24 40° 50°
s 24 45¢ 55¢
5/, 24 60° 65°

For SI: 1 inch = 25.4 mm, 1 pound per square foot = 0.0479 kN/m?.
a. Roof sheathing complying with this table shall be deemed to meet the design criteria of Section 2304.8.
b. Uniform load deflection limitations '/ 4, of span under live load plus dead load, '/,,, under live load only. Edges shall be blocked with lumber or other

approved type of edge supports.

¢. For composite and four-ply plywood structural panel, load shall be reduced by 15 pounds per square foot.

2304.8.2 Structural roof sheathing. Structural roof
sheathing shall be designed in accordance with the general
provisions of this code and the special provisions in this
section.

Roof sheathing conforming to the provisions of Table
2304.8(1), 2304.8(2), 2304.8(3) or 2304.8(5) shall be
deemed to meet the requirements of this section. Wood
structural panel roof sheathing shall be bonded by exterior
glue.

2304.9 Lumber decking. Lumber decking shall be designed
and installed in accordance with the general provisions of this
code and Sections 2304.9.1 through 2304.9.5.3.
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2304.9.1 General. Each piece of lumber decking shall be
square-end trimmed. When random lengths are furnished,
each piece shall be square end trimmed across the face so
that at least 90 percent of the pieces are within 0.5 degrees
(0.00873 rad) of square. The ends of the pieces shall be
permitted to be beveled up to 2 degrees (0.0349 rad) from
the vertical with the exposed face of the piece slightly lon-
ger than the opposite face of the piece. Tongue-and-
groove decking shall be installed with the tongues up on
sloped or pitched roofs with pattern faces down.

2304.9.2 Layup patterns. Lumber decking is permitted to
be laid up following one of five standard patterns as
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defined in Sections 2304.9.2.1 through 2304.9.2.5. Other
patterns are permitted to be used provided they are sub-
stantiated through engineering analysis.

2304.9.3.2 Nailing. The length of nails connecting lam-
inations shall be not less than two and one-half times
the net thickness of each lamination. Where decking

2304.9.2.1 Simple span pattern. All picces shall be
supported on their ends (i.e., by two supports).

2304.9.2.2 Two-span continuous pattern. All pieces
shall be supported by three supports, and all end joints
shall occur in line on alternating supports. Supporting
members shall be designed to accommodate the load
redistribution caused by this pattern.

2304.9.2.3 Combination simple and two-span con-
tinuous pattern. Courses in end spans shall be alter-
nating simple-span pattern and two-span continuous
pattern. End joints shall be staggered in adjacent
courses and shall bear on supports.

2304.9.2.4 Cantilevered pieces intermixed pattern.
The decking shall extend across a minimum of three
spans. Pieces in each starter course and every third
course shall be simple span pattern. Pieces in other
courses shall be cantilevered over the supports with end
joints at alternating quarter or third points of the spans.
Each piece shall bear on at least one support.

2304.9.2.5 Controlled random pattern. The decking
shall extend across a minimum of three spans. End
joints of pieces within 6 inches (152 mm) of the end
joints of the adjacent pieces in either direction shall be
separated by at least two intervening courses. In the end
bays, each piece shall bear on at least one support.
Where an end joint occurs in an end bay, the next piece
in the same course shall continue over the first inner
support for at least 24 inches (610 mm). The details of
the controlled random pattern shall be as specified for
each decking material in Section 2304.9.3.3, 2304.9.4.3
or 2304.9.5.3.

Decking that cantilevers beyond a support for a hor-
izontal distance greater than 18 inches (457 mm), 24
inches (610 mm) or 36 inches (914 mm) for 2-inch (51
mm), 3-inch (76 mm) and 4-inch (102 mm) nominal
thickness decking, respectively, shall comply with the
following:

1. The maximum cantilevered length shall be 30
percent of the length of the first adjacent interior
span.

2. A structural fascia shall be fastened to each deck-
ing piece to maintain a continuous, straight line.

3. There shall be no end joints in the decking
between the cantilevered end of the decking and
the centerline of the first adjacent interior span.

supports are 48 inches (1219 mm) on center or less,
side nails shall be installed not more than 30 inches
(762 mm) on center alternating between top and bottom
edges, and staggered one-third of the spacing in adja-
cent laminations. Where supports are spaced more than
48 inches (1219 mm) on center, side nails shall be
installed not more than 18 inches (457 mm) on center
alternating between top and bottom edges and stag-
gered one-third of the spacing in adjacent laminations.
Two side nails shall be installed at each end of butt-
jointed pieces.

Laminations shall be toenailed to supports with 20d
or larger common nails. Where the supports are 48
inches (1219 mm) on center or less, alternate lamina-
tions shall be toenailed to alternate supports; where
supports are spaced more than 48 inches (1219 mm) on
center, alternate laminations shall be toenailed to every
support.

2304.9.3.3 Controlled random pattern. There shall be
a minimum distance of 24 inches (610 mm) between
end joints in adjacent courses. The pieces in the first
and second courses shall bear on at least two supports
with end joints in these two courses occurring on alter-
nate supports. A maximum of seven intervening
courses shall be permitted before this pattern is
repeated.

2304.9.4 Two-inch sawn tongue-and-groove decking.
Two-inch (51 mm) sawn tongue-and-groove decking shall
comply with Sections 2304.9.4.1 through 2304.9.4.3.

2304.9.4.1 General. Two-inch (51 mm) decking shall
have a maximum moisture content of 15 percent. Deck-
ing shall be machined with a single tongue-and-groove
pattern. Each decking piece shall be nailed to each sup-
port.

2304.9.4.2 Nailing. Each piece of decking shall be toe-
nailed at each support with one 16d common nail
through the tongue and face-nailed with one 16d com-
mon nail.

2304.9.4.3 Controlled random pattern. There shall be
a minimum distance of 24 inches (610 mm) between
end joints in adjacent courses. The pieces in the first
and second courses shall bear on at least two supports
with end joints in these two courses occurring on alter-
nate supports. A maximum of seven intervening
courses shall be permitted before this pattern is
repeated.

2304.9.5 Three- and four-inch sawn tongue-and-groove
decking. Three- and four-inch (76 mm and 102 mm) sawn

2304.9.3 Mechanically laminated decking. Mechani-
cally laminated decking shall comply with Sections
2304.9.3.1 through 2304.9.3.3.

tongue-and-groove decking shall comply with Sections
2304.9.5.1 through 2304.9.5.3.

2304.9.5.1 General. Three-inch (76 mm) and four-inch

2304.9.3.1 General. Mechanically laminated decking
consists of square-edged dimension lumber laminations
set on edge and nailed to the adjacent pieces and to the
supports.
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(102 mm) decking shall have a maximum moisture
content of 19 percent. Decking shall be machined with
a double tongue-and-groove pattern. Decking pieces
shall be interconnected and nailed to the supports.
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2304.9.5.2 Nailing. Each piece shall be toenailed at
each support with one 40d common nail and face-
nailed with one 60d common nail. Courses shall be
spiked to each other with 8-inch (203 mm) spikes at
maximum intervals of 30 inches (762 mm) through pre-
drilled edge holes penetrating to a depth of approxi-
mately 4 inches (102 mm). One spike shall be installed
at a distance not exceeding 10 inches (254 mm) from
the end of each piece.

2304.9.5.3 Controlled random pattern. There shall be
a minimum distance of 48 inches (1219 mm) between
end joints in adjacent courses. Pieces not bearing on a
support are permitted to be located in interior bays pro-
vided the adjacent pieces in the same course continue
over the support for at least 24 inches (610 mm). This
condition shall not occur more than once in every six
courses in each interior bay.

2304.10 Connectors and fasteners. Connectors and fasten-
ers shall comply with the applicable provisions of Sections
2304.10.1 through 2304.10.7.

2304.10.1 Fastener requirements. Connections for wood
members shall be designed in accordance with the appro-
priate methodology in Section 2301.2. The number and
size of fasteners connecting wood members shall not be
less than that set forth in Table 2304.10.1.

2304.10.2 Sheathing fasteners. Sheathing nails or other
approved sheathing connectors shall be driven so that their
head or crown is flush with the surface of the sheathing.

2304.10.3 Joist hangers and framing anchors. Connec-
tions depending on joist hangers or framing anchors, ties
and other mechanical fastenings not otherwise covered are
permitted where approved. The vertical load-bearing
capacity, torsional moment capacity and deflection char-
acteristics of joist hangers shall be determined in accor-
dance with ASTM D7147.

2304.10.4 Other fasteners. Clips, staples, glues and other
approved methods of fastening are permitted where
approved.

2304.10.5 Fasteners and connectors in contact with pre-
servative-treated and fire-retardant-treated wood. Fas-
teners, including nuts and washers, and connectors in
contact with preservative-treated and fire-retardant-treated
wood shall be in accordance with Sections 2304.10.5.1
through 2304.10.5.4. The coating weights for zinc-coated
fasteners shall be in accordance with ASTM A153.

2304.10.5.1 Fasteners and connectors for preserva-
tive-treated wood. Fasteners, including nuts and wash-
ers, in contact with preservative-treated wood shall be
of hot-dipped zinc-coated galvanized steel, stainless
steel, silicon bronze or copper. Fasteners other than
nails, timber rivets, wood screws and lag screws shall
be permitted to be of mechanically deposited zinc-
coated steel with coating weights in accordance with
ASTM B695, Class 55 minimum. Connectors that are
used in exterior applications and in contact with preser-
vative-treated wood shall have coating types and
weights in accordance with the treated wood or connec-
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tor manufacturer’s recommendations. In the absence of
manufacturer's recommendations, a minimum of
ASTM A653, Type G185 zinc-coated galvanized steel,
or equivalent, shall be used.

Exception: Plain carbon steel fasteners, including
nuts and washers, in SBX/DOT and zinc borate pre-
servative-treated wood in an interior, dry environ-
ment shall be permitted.

2304.10.5.2 Fastenings for wood foundations. Fas-
tenings, including nuts and washers, for wood founda-
tions shall be as required in AWC PWF.

2304.10.5.3 Fasteners for fire-retardant-treated
wood used in exterior applications or wet or damp
locations. Fasteners, including nuts and washers, for
fire-retardant-treated wood used in exterior applica-
tions or wet or damp locations shall be of hot-dipped
zinc-coated galvanized steel, stainless steel, silicon
bronze or copper. Fasteners other than nails, timber riv-
ets, wood screws and lag screws shall be permitted to
be of mechanically deposited zinc-coated steel with
coating weights in accordance with ASTM B695, Class
55 minimum.

2304.10.5.4 Fasteners for fire-retardant-treated
wood used in interior applications. Fasteners, includ-
ing nuts and washers, for fire-retardant-treated wood
used in interior locations shall be in accordance with
the manufacturer’s recommendations. In the absence of
manufacturer’s recommendations, Section 2304.10.5.3
shall apply.

2304.10.6 Load path. Where wall framing members are
not continuous from the foundation sill to the roof, the
members shall be secured to ensure a continuous load
path. Where required, sheet metal clamps, ties or clips
shall be formed of galvanized steel or other approved cor-
rosion-resistant material not less than 0.0329-inch (0.836
mm) base metal thickness.

2304.10.7 Framing requirements. Wood columns and
posts shall be framed to provide full end bearing. Alterna-
tively, column-and-post end connections shall be designed
to resist the full compressive loads, neglecting end-bearing
capacity. Column-and-post end connections shall be fas-
tened to resist lateral and net induced uplift forces.

2304.11 Heavy timber construction. Where a structure, por-
tion thereof or individual structural elements are required by
provisions of this code to be of heavy timber, the building
elements therein shall comply with the applicable provisions
of Sections 2304.11.1 through 2304.11.4. Minimum dimen-
sions of heavy timber shall comply with the applicable
requirements in Table 2304.11 based on roofs or floors sup-
ported and the configuration of each structural element, or in
Sections 2304.11.2 through 2304.11.4. Lumber decking shall
be in accordance with Section 2304.9.

2304.11.1 Details of heavy timber structural members.
Heavy timber structural members shall be detailed and
constructed in accordance with Sections 2304.11.1
through 2304.11.1.3.
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TABLE 2304.10.1
FASTENING SCHEDULE
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DESCRIPTION OF BUILDING ELEMENTS

NUMBER AND TYPE OF FASTENER

SPACING AND LOCATION

Roof

1. Blocking between ceiling joists, rafters or trusses
to top plate or other framing below

3-8d common (2'/,” x 0.131"); or
3-10d box (3" x 0.128"); or

3-3" x 0.131" nails; or

3-3" 14 gage staples, '/, crown

Each end, toenail

Blocking between rafters or truss not at the wall
top plate, to rafter or truss

2-8d common (2'/,” x 0.131")
2-3" % (0.131" nails
2-3" 14 gage staples

Each end, toenail

2-16 d common (3'/,” x 0.162")

3-3" x 0.131" nails End nail
3-3" 14 gage staples
16d common (3'/,” x 0.162") @ 6" o.c.

Flat blocking to truss and web filler 3" x0.131" nails @ 6" o.c. Face nail

3" x 14 gage staples @ 6" o.c

2. Ceiling joists to top plate

3-8d common (2'/,” x 0.131"); or
3-10d box (3" x 0.128"); or

3-3" x (0.131" nails; or

3-3" 14 gage staples, ’/,," crown

Each joist, toenail

3. Ceiling joist not attached to parallel rafter, laps

3-16d common (3'/,” x 0.162"); or
4-10d box (3" x 0.128"); or

over partitions (no thrust) " W Face nail
(see Section 2308.7.3.1, Table 2308.7.3.1) 4-3"x 0.131" nails; or
4-3" 14 gage staples, /" crown
4. Ceiling joist attached to parallel rafter (heel joint) .
(see Section 2308.7.3.1, Table 2308.7.3.1) Per Table 2308.7.3.1 Face nail
3-10d common (3" x 0.148"); or
. 4-10d box (3" x 0.128"); .
5. Collar tie to rafter 437 x 0?71(3(1 " nails; or ); or Face nail
4-3" 14 gage staples, /" crown
3-10 common (3" x 0.148"); or
6 Raft uss 10 toD blat 3-16d box (3'/,” x 0.135"); or
. Rafter or roof truss to top plate ) " . -
(See Section 2308.7.5, Table 2308.7.5) 4-10d box (3" x 0.128"); or Toenail
4-3" x (0.131 nails; or
4-3" 14 gage staples, ’/,," crown
2-16d common (3'/,” x 0.162"); or
3-10d box (3" x 0.128"); or .
. End nail
3-3" x 0.131"” nails; or nanat
7 Roof raf . 1 hio raf . 3-3" 14 gage staples, '/, crown; or
. Roof rafters to ridge valley or hip ratters; or roo v P
rafter to 2-inch ridge beam 3-10d common (3'/,"  0.148"); or
3-16d box (3'/,” x 0.135"); or
4-10d box (3" x 0.128"); or Toenail

4-3" x (0.131" nails; or
4-3" 14 gage staples, ’/,," crown
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TABLE 2304.10.1—continued

FASTENING SCHEDULE

DESCRIPTION OF BUILDING ELEMENTS

NUMBER AND TYPE OF FASTENER

SPACING AND LOCATION

Wall

. Stud to stud (not at braced wall panels)

16d common (3'/,” x 0.162");

24" o.c. face nail

10d box (3" x 0.128"); or
3" x 0.131" nails; or

3-3" 14 gage staples, ’/,,” crown

16" o.c. face nail

. Stud to stud and abutting studs at intersecting wall

corners (at braced wall panels)

16d common (3'/,” x 0.162"); or

16" o.c. face nail

16d box (3'/,"” x 0.135"); or

12" o.c. face nail

3” x 0.131" nails; or

3-3" 14 gage staples, /,,” crown

12" o.c. face nail

10.

Built-up header (2" to 2" header)

16d common (3'/,” x 0.162"); or

16" o.c. each edge, face nail

16d box (3'/," x 0.135")

12" o.c. each edge, face nail

11.

Continuous header to stud

4-8d common (2'/,” x 0.131"); or

4-10d box (3" x 0.128")

Toenail

12.

Top plate to top plate

16d common (3'/,” % 0.162"); or

16" o.c. face nail

10d box (3" x 0.128"); or
3” x 0.131" nails; or

3" 14 gage staples, ’/,,” crown

12" o.c. face nail

13.

Top plate to top plate, at end joints

8-16d common (3'/,” x 0.162"); or

12-10d box (3" x 0.128"); or
12-3" x 0.131" nails; or

12-3" 14 gage staples, ’/,;" crown

Each side of end joint, face nail
(minimum 24" lap splice length
each side of end joint)

14.

Bottom plate to joist, rim joist, band joist or block-
ing (not at braced wall panels)

16d common (3'/,” x 0.162"); or

16" o.c. face nail

16d box (3'," x 0.135"); or
3" x 0.131" nails; or

3" 14 gage staples, ’/,,” crown

12" o.c. face nail

15.

Bottom plate to joist, rim joist, band joist or block-
ing at braced wall panels

2-16d common (3'/,” x 0.162"); or

3-16d box (3'/,” x 0.135"); or
4-3" % 0.131" nails; or
4-3" 14 gage staples, ’/,," crown

16" o.c. face nail

16.

Stud to top or bottom plate

4-8d common (2'/,” x 0.131"); or

4-10d box (3" x 0.128"); or
4-3" % 0.131" nails; or

4-3" 14 gage staples, ’/," crown;

Toenail

or

2-16d common (3'/,” x 0.162"); or

3-10d box (3" x 0.128"); or
3-3" x 0.131" nails; or
3-3" 14 gage staples, /,,” crown

End nail

17.

Top or bottom plate to stud

2-16d common (3'/,” x 0.162"); or

3-10d box (3" x 0.128"); or
3-3" x 0.131" nails; or
3-3" 14 gage staples, /" crown

End nail

18.

Top plates, laps at corners and intersections

2-16d common (3'/,” x 0.162"); or

3-10d box (3" x 0.128"); or
3-3" x 0.131" nails; or

3-3" 14 gage staples, /,” crown

Face nail
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TABLE 2304.10.1—continued

FASTENING SCHEDULE
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DESCRIPTION OF BUILDING ELEMENTS

NUMBER AND TYPE OF FASTENER

SPACING AND LOCATION

Wwall

19.

1" brace to each stud and plate

2-8d common (2'/,” x 0.131"); or
2-10d box (3" x 0.128"); or

2-3" % 0.131" nails; or

2-3" 14 gage staples, /,” crown

Face nail

20.

1" x 6" sheathing to each bearing

2-8d common (2'/,” % 0.131"); or
2-10d box (3" x 0.128")

Face nail

21.

1" x 8" and wider sheathing to each bearing

3-8d common (2'/," x 0.131"); or
3-10d box (3” x 0.128")

Face nail

Floor

22.

Joist to sill, top plate, or girder

3-8d common (2'/," x 0.131"); or floor
3-10d box (3" x 0.128"); or

3-3" % 0.131" nails; or

3-3" 14 gage staples, '/,;" crown

Toenail

23.

Rim joist, band joist, or blocking to top plate, sill or
other framing below

8d common (2'/,” x 0.131"); or
10d box (3" x 0.128"); or
3" x 0.131” nails; or

3" 14 gage staples, '/,,” crown

6" o.c., toenail

24.

1" x 6" subfloor or less to each joist

2-8d common (2'/," x 0.131"); or
2-10d box (3" x 0.128")

Face nail

25.

2" subfloor to joist or girder

2-16d common (3'/,” x 0.162")

Face nail

26.

2" planks (plank & beam — floor & roof)

2-16d common (3'/,” x 0.162")

Each bearing, face nail

27.

Built-up girders and beams, 2" lumber layers

20d common (4" % 0.192")

32" o.c., face nail at top and bot-
tom staggered on opposite sides

10d box (3" x 0.128"); or
3" % 0.131" nails; or

3" 14 gage staples, ’/," crown

24" o.c. face nail at top and bot-
tom staggered on opposite sides

And:

2-20d common (4" x 0.192"); or
3-10d box (3" x 0.128"); or
3-3" x 0.131"” nails; or

3-3" 14 gage staples, '/, crown

Ends and at each splice, face nail

28.

Ledger strip supporting joists or rafters

3-16d common (3'/,” x 0.162"); or
4-10d box (3" x 0.128"); or

4-3" % 0.131" nails; or

4-3" 14 gage staples, /,” crown

Each joist or rafter, face nail

29.

Joist to band joist or rim joist

3-16d common (3'/," x 0.162"); or
4-10d box (3" x 0.128"); or

4-3" % 0.131" nails; or

4-3" 14 gage staples, ’/,," crown

End nail

30.

Bridging or blocking to joist, rafter or truss

2-8d common (2'/,” x 0.131"); or
2-10d box (3" x 0.128"); or

2-3" % 0.131" nails; or

2-3" 14 gage staples, /,” crown

Each end, toenail
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TABLE 2304.10.1—continued
FASTENING SCHEDULE

DESCRIPTION OF BUILDING ELEMENTS NUMBER AND TYPE OF FASTENER | SPACING AND LOCATION

Wood structural panels (WSP), subfloor, roof and interior wall sheathing to framing and particleboard wall sheathing to framing®

Edges Intermediate supports
(inches) (inches)
6d common or deformed (2" x 0.113") 6 12
(subfloor and wall)
8d box or deformed (2'/,” x 0.113") (roof) 6 12
\ 1 23/, x 0.113" nail (subfloor and wall) 6 12
31 0=
£ 1°/," 16 gage staple, ’/,” crown 4 8
(subfloor and wall)
2% x 0.113" nail (roof) 4 8
1°/," 16 gage staple, ’/," crown (roof) 3 6
8d common (2'/,” x 0.131"); or 6 12
" s 6d deformed (2" x 0.113")
32. °L, =0 5 -
2°/" x 0.113" nail; or 4 8
2" 16 gage staple, ’/,;" crown
; | 10d common (3" x 0.148"); or 6 12
33. -1, .
8d deformed (2'/,” x 0.131")
Other exterior wall sheathing
1'/," galvanized roofing nail 3 6
34. '/," fiberboard sheathing” (’/\¢" head diameter); or
1'/," 16 gage staple with ’/,;” or 1" crown
1%/," galvanized roofing nail 3 6
35. »/,," fiberboard sheathing” ("/,¢" diameter head); or
1'/," 16 gage staple with ’/,;" or 1” crown
Wood structural panels, combination subfloor underlayment to framing
8d common (2!/,” x 0.131"); or 6 12
36. %/, and 1 ? ’
4 ANC eSS 6d deformed (2" x 0.113")
37 T _qn 8d common (2'/,” x 0.131"); or 6 12
©s 8d deformed (2'/,” x 0.131")
| . 10d common (3" x 0.148"); or 6 12
38. 1" —1Y," .
8d deformed (2'/,” x 0.131")
Panel siding to framing
6d corrosion-resistant siding 6 12
39. '," or less (17/" % 0.106"); or
6d corrosion-resistant casing (2" x 0.099")
8d corrosion-resistant siding 6 12
40, . (2°/" % 0.128"); or
CE 8d corrosion-resistant casing
(2'7," x 0.113")

(continued)
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TABLE 2304.10.1—continued
FASTENING SCHEDULE

DESCRIPTION OF BUILDING ELEMENTS NUMBER AND TYPE OF FASTENER | SPACING AND LOCATION
Wood structural panels (WSP), subfloor, roof and interior wall sheathing to framing and particleboard wall sheathing to framing®
Edges Intermediate supports
(inches) (inches)
Interior paneling
41,17, 4d casing (1'/,” x 0.080"); or 6 12
4d finish (1'/,” x 0.072")
4. 3 6d casing (2" x 0.099"); or 6 12
6d finish (Panel supports at 24 inches)

For SI: 1 inch =25.4 mm.

a. Nails spaced at 6 inches at intermediate supports where spans are 48 inches or more. For nailing of wood structural panel and particleboard diaphragms and
shear walls, refer to Section 2305. Nails for wall sheathing are permitted to be common, box or casing.

b. Spacing shall be 6 inches on center on the edges and 12 inches on center at intermediate supports for nonstructural applications. Panel supports at 16 inches
(20 inches if strength axis in the long direction of the panel, unless otherwise marked).

c. Where a rafter is fastened to an adjacent parallel ceiling joist in accordance with this schedule and the ceiling joist is fastened to the top plate in accordance
with this schedule, the number of toenails in the rafter shall be permitted to be reduced by one nail.

TABLE 2304.11
MINIMUM DIMENSIONS OF HEAVY TIMBER STRUCTURAL MEMBERS
MINIMUM NOMINAL MINIMUM GLUED- MINIMUM STRUCTURAL
SOLID SAWN SIZE LAMINATED NET SIZE COMPOSITE LUMBER NET SIZE
HEAVY TIMBER STRUCTURAL Width, Depth, Width, Depth, Width, Depth,
SUPPORTING ELEMENTS inch inch inch inch inch inch
Columns;
Floor loads only Framed sawn or glued-laminated
or combined floor | timber arches that spring from the 8 8 6%/, 8'/, 7 7',
and roof loads floor line;
Framed timber trusses
Wood beams and girders 6 10 5 10'/, 5', 9'/,
Columns (roof and ceiling loads);
Lower half of: wood-frame
or glued-laminated arches 6 8 5 8!/, 5, 7',
that spring from the floor
line or from grade
Upper half of: wood-frame
Roof loads only or glued-laminated arches 6 6 5 6 51 sl
that spring from the floor 4 2
line or from grade
Framed timber trusses and other
roof framing®;
Framed or glued-laminated 4° 6 3° 6'/; 31/ 5',
arches that spring from the top
of walls or wall abutments

For SI: 1 inch = 25.4 mm.

a. Spaced members shall be permitted to be composed of two or more pieces not less than 3 inches nominal in thickness where blocked solidly throughout their
intervening spaces or where spaces are tightly closed by a continuous wood cover plate of not less than 2 inches nominal in thickness secured to the underside

of the members. Splice plates shall be not less than 3 inches nominal in thickness.

b. Where protected by approved automatic sprinklers under the roof deck, framing members shall be not less than 3 inches nominal in width.

2304.11.1.1 Columns. Minimum dimensions of col-
umns shall be in accordance with Table 2304.11. Col-
umns shall be continuous or superimposed throughout
all stories and connected in an approved manner. Gird-
ers and beams at column connections shall be closely
fitted around columns and adjoining ends shall be cross
tied to each other, or intertied by caps or ties, to transfer
horizontal loads across joints. Wood bolsters shall not
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be placed on tops of columns unless the columns sup-
port roof loads only. Where traditional heavy timber
detailing is used, connections shall be by means of rein-
forced concrete or metal caps with brackets, by prop-
erly designed steel or iron caps, with pintles and base
plates, by timber splice plates affixed to the columns by
metal connectors housed within the contact faces, or by
other approved methods.
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2304.11.1.2 Floor framing. Minimum dimensions of
floor framing shall be in accordance with Table
2304.11. Approved wall plate boxes or hangers shall be
provided where wood beams, girders or trusses rest on
masonry or concrete walls. Where intermediate beams
are used to support a floor, they shall rest on top of
girders, or shall be supported by an approved metal
hanger into which the ends of the beams shall be
closely fitted. Where traditional heavy timber detailing
is used, these connections shall be permitted to be sup-
ported by ledgers or blocks securely fastened to the
sides of the girders.

2304.11.1.3 Roof framing. Minimum dimensions of
roof framing shall be in accordance with Table
2304.11. Every roof girder and not less than every
alternate roof beam shall be anchored to its supporting
member to resist forces as required in Chapter 16.

2304.11.2 Partitions and walls. Partitions and walls shall
comply with Section 2304.11.2.1 or 2304.11.2.2.

2304.11.2.1 Exterior walls. Exterior walls shall be per-
mitted to be cross-laminated timber meeting the
requirements of Section 2303.1.4.

2304.11.2.2 Interior walls and partitions. Interior
walls and partitions shall be of solid wood construction
formed by not less than two layers of 1-inch (25 mm)
matched boards or laminated construction 4 inches
(102 mm) thick, or of 1-hour fire-resistance-rated con-
struction.

2304.11.3 Floors. Floors shall be without concealed
spaces. Wood floors shall be constructed in accordance
with Section 2304.11.3.1 or Section 2304.11.3.2.

2304.11.3.1 Cross-laminated timber floors. Cross-
laminated timber shall be not less than 4 inches (102
mm) in actual thickness. Cross-laminated timber shall
be continuous from support to support and mechani-
cally fastened to one another. Cross-laminated timber
shall be permitted to be connected to walls without a
shrinkage gap provided that swelling or shrinking is
considered in the design. Corbelling of masonry walls
under the floor shall be permitted to be used.

2304.11.3.2 Sawn or glued-laminated plank floors.
Sawn or glued-laminated plank floors shall be one of
the following:

1. Sawn or glued-laminated planks, splined or
tongue-and-groove, of not less than 3 inches (76
mm) nominal in thickness covered with I-inch
(25 mm) nominal dimension tongue-and-groove
flooring, laid crosswise or diagonally, '*/,,-inch
(12 mm) wood structural panel or '/,-inch (12.7
mm) particleboard.

2. Planks not less than 4 inches (102 mm) nominal
in width set on edge close together and well
spiked and covered with 1-inch (25 mm) nominal
dimension flooring or '*/,,-inch (12 mm) wood
structural panel or '/,-inch (12.7 mm) particle-
board.
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3. The lumber shall be laid so that continuous lines
of joints will occur only at points of support.
Floors shall not extend closer than '/, inch (12.7
mm) to walls.

4. Such '/,-inch (12.7 mm) space shall be covered
by a molding fastened to the wall and so arranged
that it will not obstruct the swelling or shrinkage
movements of the floor. Corbelling of masonry
walls under the floor shall be permitted to be used
in place of molding.

2304.11.4 Roof decks. Roofs shall be without concealed
spaces and roof decks shall be constructed in accordance
with Section 2304.11.4.1 or 2304.11.4.2. Other types of
decking shall be an alternative that provides equivalent
fire resistance and structural properties. Where supported
by a wall, roof decks shall be anchored to walls to resist
forces determined in accordance with Chapter 16. Such
anchors shall consist of steel bolts, lags, screws or
approved hardware of sufficient strength to resist pre-
scribed forces.

2304.11.4.1 Cross-laminated timber roofs. Cross-
laminated timber roofs shall be not less than 3 inches
(76 mm) nominal in thickness and shall be continuous
from support to support and mechanically fastened to
one another.

2304.11.4.2 Sawn, wood structural panel, or glued-
laminated plank roofs. Sawn, wood structural panel, or
glued-laminated plank roofs shall be one of the follow-
ing:
1. Sawn or glued laminated, splined or tongue-and-
groove plank, not less than 2 inches (51 mm)
nominal in thickness.

2. 1'/g-inch-thick (32 mm) wood structural panel
(exterior glue).

3. Planks not less than 3 inches (76 mm) nominal in
width, set on edge close together and laid as
required for floors.

2304.11.5 Roof decks. Where supported by a wall, roof
decks shall be anchored to walls to resist uplift forces
determined in accordance with Chapter 16. Such anchors
shall consist of steel or iron bolts of sufficient strength to
resist vertical uplift of the roof.

2304.12 Protection against decay and termites. Wood shall
be protected from decay and termites in accordance with the
applicable provisions of Sections 2304.12.1 through
2304.12.7.

2304.12.1 Locations requiring water-borne preserva-
tives or naturally durable wood. Wood used above
ground in the locations specified in Sections 2304.12.1.1
through 2304.12.1.5, 2304.12.3 and 2304.12.5 shall be
naturally durable wood or preservative-treated wood using
water-borne preservatives, in accordance with AWPA Ul
for above-ground use.

2304.12.1.1 Joists, girders and subfloor. Wood joists
or wood structural floors that are closer than 18 inches
(457 mm) or wood girders that are closer than 12 inches
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(305 mm) to the exposed ground in crawl spaces or
unexcavated areas located within the perimeter of the
building foundation shall be of naturally durable or pre-
servative-treated wood.

2304.12.1.2 Wood supported by exterior foundation
walls. Wood framing members, including wood sheath-
ing, that are in contact with exterior foundation walls
and are less than 8 inches (203 mm) from exposed earth
shall be of naturally durable or preservative-treated
wood.

2304.12.1.3 Exterior walls below grade. Wood fram-
ing members and furring strips in direct contact with
the interior of exterior masonry or concrete walls below
grade shall be of naturally durable or preservative-
treated wood.

2304.12.1.4 Sleepers and sills. Sleepers and sills on a
concrete or masonry slab that is in direct contact with
earth shall be of naturally durable or preservative-
treated wood.

2304.12.1.5 Wood siding. Clearance between wood
siding and earth on the exterior of a building shall not
be less than 6 inches (152 mm) or less than 2 inches (51
mm) vertical from concrete steps, porch slabs, patio
slabs and similar horizontal surfaces exposed to the
weather except where siding, sheathing and wall fram-
ing are of naturally durable or preservative-treated
wood.

2304.12.2 Other locations. Wood used in the locations
specified in Sections 2304.12.2.1 through 2304.12.2.5
shall be naturally durable wood or preservative-treated
wood in accordance with AWPA Ul. Preservative-treated
wood used in interior locations shall be protected with two
coats of urethane, shellac, latex epoxy or varnish unless
water-borne preservatives are used. Prior to application of
the protective finish, the wood shall be dried in accordance
with the manufacturer’s recommendations.

2304.12.2.1 Girder ends. The ends of wood girders
entering exterior masonry or concrete walls shall be
provided with a '/,-inch (12.7 mm) airspace on top,
sides and end, unless naturally durable or preservative-
treated wood is used.

2304.12.2.2 Posts or columns. Posts or columns sup-
porting permanent structures and supported by a con-
crete or masonry slab or footing that is in direct contact
with the earth shall be of naturally durable or preserva-
tive-treated wood.

Exception: Posts or columns that are not exposed to
the weather, are supported by concrete piers or metal
pedestals projected at least 1 inch (25 mm) above
the slab or deck and 8 inches (203 mm) above
exposed earth and are separated by an impervious
moisture barrier.

2304.12.2.3 Supporting member for permanent
appurtenances. Naturally durable or preservative-
treated wood shall be utilized for those portions of
wood members that form the structural supports of
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buildings, balconies, porches or similar permanent
building appurtenances where such members are
exposed to the weather without adequate protection
from a roof, eave, overhang or other covering to pre-
vent moisture or water accumulation on the surface or
at joints between members.

Exception: When a building is located in a geo-
graphical region where experience has demonstrated
that climatic conditions preclude the need to use
durable materials where the structure is exposed to
the weather.

2304.12.2.4 Laminated timbers. The portions of
glued-laminated timbers that form the structural sup-
ports of a building or other structure and are exposed to
weather and not fully protected from moisture by a
roof, eave or similar covering shall be pressure treated
with preservative or be manufactured from naturally
durable or preservative-treated wood.

2304.12.2.5 Supporting members for permeable
floors and roofs. Wood structural members that sup-
port moisture-permeable floors or roofs that are
exposed to the weather, such as concrete or masonry
slabs, shall be of naturally durable or preservative-
treated wood unless separated from such floors or roofs
by an impervious moisture barrier.

2304.12.3 Wood in contact with the ground or fresh
water. Wood used in contact with exposed earth shall be
naturally durable for both decay and termite resistance or
preservative treated in accordance with AWPA Ul for soil
or fresh water use.

Exception: Untreated wood is permitted where such
wood is continuously and entirely below the ground-
water level or submerged in fresh water.

2304.12.3.1 Posts or columns. Posts and columns that
are supporting permanent structures and embedded in
concrete that is exposed to the weather or in direct con-
tact with the earth shall be of preservative-treated
wood.

2304.12.4 Termite protection. In geographical areas
where hazard of termite damage is known to be very
heavy, wood floor framing in the locations specified in
Section 2304.12.2.1 and exposed framing of exterior
decks or balconies shall be of naturally durable species
(termite resistant) or preservative treated in accordance
with AWPA Ul for the species, product preservative and
end use or provided with approved methods of termite
protection.

2304.12.5 Wood used in retaining walls and cribs.
Wood installed in retaining or crib walls shall be preserva-
tive treated in accordance with AWPA Ul for soil and
fresh water use.

2304.12.6 Attic ventilation. For artic ventilation, see Sec-
tion 1203.2.

2304.12.7 Under-floor ventilation (crawl space). For
under-floor ventilation (crawl space), see Section 1203 .4.
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2304.13 Long-term loading. Wood members supporting
concrete, masonry or similar materials shall be checked for
the effects of long-term loading using the provisions of the
ANSI/AWC NDS. The total deflection, including the effects
of long-term loading, shall be limited in accordance with Sec-
tion 1604.3.1 for these supported materials.

Exception: Horizontal wood members supporting
masonry or concrete nonstructural floor or roof surfacing
not more than 4 inches (102 mm) thick need not be
checked for long-term loading.

SECTION 2305
GENERAL DESIGN REQUIREMENTS FOR
LATERAL FORCE-RESISTING SYSTEMS

2305.1 General. Structures using wood-frame shear walls or
wood-frame diaphragms to resist wind, seismic or other lat-
eral loads shall be designed and constructed in accordance
with AWC SDPWS and the applicable provisions of Sections
2305, 2306 and 2307.

2305.1.1 Openings in shear panels. Openings in shear
panels that materially affect their strength shall be detailed
on the plans and shall have their edges adequately rein-
forced to transfer all shearing stresses.

2305.2 Diaphragm deflection. The deflection of wood-
frame diaphragms shall be determined in accordance with
AWC SDPWS. The deflection (A) of a blocked wood struc-
tural panel diaphragm uniformly fastened throughout with
staples is permitted to be calculated in accordance with Equa-
tion 23-1. If not uniformly fastened, the constant 0.188 (For
SI: 1/1627) in the third term shall be modified by an approved
method.

SvL™ vl Z(A X) .
= +—+0.188Le, + ——— Equation 23-1
" 8E4b 4Gt e (Eq )
0. OSZVL vL | Le, Z(A X)
For SI: A = ——— + —=
EAb 4 Gt 1 627 T 2b
where:
A = Area of chord cross section, in square inches (mm?).
b = Diaphragm width, in feet (mm).
E = Elastic modulus of chords, in pounds per square inch (N/
mm?).
e, = Staple deformation, in inches (mm) [see Table
2305.2(1)].
Gt = Panel rigidity through the thickness, in pounds per inch
(N/mm) of panel width or depth [see Table 2305.2(2)].
L = Diaphragm length, in feet (mm).
1% = Maximum shear due to design loads in the direction under
consideration, in pounds per linear foot (plf) (N/mm).
A = The calculated deflection, in inches (mm).
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2(AX) = Sum of individual chord-splice slip values on both sides
of the diaphragm, each multiplied by its distance to the
nearest support.

TABLE 2305.2(1)
e, VALUES (inches) FOR USE IN CALCULATING DIAPHRAGM
AND SHEAR WALL DEFLECTION DUE TO FASTENER SLIP
(Structural 1)>°

LOAD PER FASTENER® FASTENER DESIGNATIONS
(pounds) 14-Ga staple x 2 inches long

60 0.011

80 0.018

100 0.028

120 0.04

140 0.053

160 0.068

For SI: 1 inch =25.4 mm, 1 foot=304.8 mm, 1 pound =4.448 N.

a. Increase e, values 20 percent for plywood grades other than Structural 1.

b. Load per fastener = maximum shear per foot divided by the number of
fasteners per foot at interior panel edges.

c. Decrease e, values 50 percent for seasoned lumber (moisture content < 19
percent).

2305.3 Shear wall deflection. The deflection of wood-frame
shear walls shall be determined in accordance with AWC
SDPWS. The deflection (A) of a blocked wood structural
panel shear wall uniformly fastened throughout with staples is
permitted to be calculated in accordance with Equation 23-2.

8vh’ | vh .
= =+ =+ + -
A= 745 Gt 0.75he, d a3 (Equation 23-2)
vh’ vh | he, h
. — + = — g
ForSLA = 3545 7 Gi T a07.6 %
where
A = Area of boundary element cross section in square inches

(mm?) (vertical member at shear wall boundary).
= Wall width, in feet (mm).

d, = Vertical elongation of overturning anchorage (including
fastener slip, device elongation, anchor rod elongation, etc.)
at the design shear load (v).

E = Elastic modulus of boundary element (vertical member at
shear wall boundary), in pounds per square inch (N/mm?).

e, = Staple deformation, in inches (mm) [see Table 2305.2(1)].

G, = Panel rigidity through the thickness, in pounds per inch
(N/mm) of panel width or depth [see Table 2305.2(2)].

h = Wall height, in feet (mm).

v = Maximum shear due to design loads at the top of the wall, in
pounds per linear foot (N/mm).

A = The calculated deflection, in inches (mm).
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TABLE 2305.2(2)
VALUES OF Gt FOR USE IN CALCULATING DEFLECTION OF WOOD STRUCTURAL PANEL SHEAR WALLS AND DIAPHRAGMS

VALUES OF Gt (Ib/in. panel depth or width)
PANEL SPAN Other Structural |
TYPE RATING ™31y 4-ply 5-ply 0SB 3-ply 4-ply 5-ply 0SB
plywood plywood plywood?® plywood plywood plywood*®
24/0 25,000 32,500 37,500 77,500 32,500 42,500 41,500 77,500
24/16 27,000 35,000 40,500 83,500 35,000 45,500 44,500 83,500
Sheathing 32/16 27,000 35,000 40,500 83,500 35,000 45,500 44,500 83,500
40/20 28,500 37,000 43,000 88,500 37,000 48,000 47,500 88,500
48/24 31,000 40,500 46,500 96,000 40,500 52,500 51,000 96,000
16 o.c. 27,000 35,000 40,500 83,500 35,000 45,500 44,500 83,500
20 o.c. 28,000 36,500 42,000 87,000 36,500 47,500 46,000 87,000
Single Floor 24 o.c. 30,000 39,000 45,000 93,000 39,000 50,500 49,500 93,000
32o.c. 36,000 47,000 54,000 110,000 47,000 61,000 59,500 110,000
48 o.c. 50,500 65,500 76,000 155,000 65,500 85,000 83,500 155,000
Other Structural |

Thickness A-A, . All Other A-A, . All Other

(in) A-C Marine Grades A-C Marine Grades

', 24,000 31,000 24,000 31,000 31,000 31,000

11/32 25,500 33,000 25,500 33,000 33,000 33,000

3/8 26,000 34,000 26,000 34,000 34,000 34,000

5, 38,000 49,500 38,000 49,500 49,500 49,500

', 38,500 50,000 38,500 50,000 50,000 50,000

19/32 49,000 63,500 49,000 63,500 63,500 63,500

Sanded Plywood Y, 49,500 64,500 49,500 64,500 64,500 64,500

3/, 50,500 65,500 50,500 65,500 65,500 65,500

3/4 51,000 66,500 51,000 66,500 66,500 66,500

7/8 52,500 68,500 52,500 68,500 68,500 68,500

1 73,500 95,500 73,500 95,500 95,500 95,500

11/8 75,000 97,500 75,000 97,500 97,500 97,500

For SI: 1 inch =25.4 mm, 1 pound/inch = 0.1751 N/mm.

a. Applies to plywood with five or more layers; for five-ply/three-layer plywood, use values for four ply.

SECTION 2306
ALLOWABLE STRESS DESIGN

2306.1 Allowable stress design. The design and construction
of wood elements in structures using allowable stress design
shall be in accordance with the following applicable stan-
dards:

American Wood Council.

NDS National Design Specification for
Wood Construction
SDPWS Special Design Provisions for Wind

and Seismic
American Institute of Timber Construction.

AITC 104 Typical Construction Details
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AITC 110 Standard Appearance Grades for Struc-
tural Glued Laminated Timber

AITC 113 Standard for Dimensions of Structural
Glued Laminated Timber

AITC 117 Standard Specifications for Structural
Glued Laminated Timber of Softwood
Species

AITC 119 Standard Specifications for Structural

Glued Laminated Timber of Hardwood
Species

ANSI/AITC A190.1
AITC 200

Structural Glued Laminated Timber

Inspection Manual
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American Society of Agricultural and Biological

Engineers.
ASABE EP 484.2  Diaphragm Design of Metal-clad, Post-
Frame Rectangular Buildings
ASABE EP 486.2  Shallow Post Foundation Design
ASABE 559.1 Design Requirements and Bending

Properties for Mechanically Laminated
Columns

APA—The Engineered Wood Association.
Panel Design Specification

Plywood Design Specification Supplement 1—
Design & Fabrication of Plywood Curved Panel

Plywood Design Specification Supplement 2—
Design & Fabrication of Glued Plywood-lumber Beams

Plywood Design Specification Supplement 3—
Design & Fabrication of Plywood Stressed-skin Panels

Plywood Design Specification Supplement 4—
Design & Fabrication of Plywood Sandwich Panels

Plywood Design Specification Supplement 5—
Design & Fabrication of All-plywood Beams

EWS T300 Glulam Connection Details

EWS S560 Field Notching and Drilling of Glued
Laminated Timber Beams

EWS S475 Glued Laminated Beam Design Tables

EWS X450 Glulam in Residential Construction

EWS X440 Product and Application Guide: Glulam

EWS R540 Builders Tips: Proper Storage and Han-

2306.1.4 Lumber decking. The capacity of lumber deck-
ing arranged according to the patterns described in Section
2304.9.2 shall be the lesser of the capacities determined
for flexure and deflection according to the formulas in
Table 2306.1.4.

TABLE 2306.1.4
ALLOWABLE LOADS FOR LUMBER DECKING

dling of Glulam Beams
Truss Plate Institute, Inc.

TPI 1 National Design Standard for Metal
Plate Connected Wood Truss Construc-
tion

2306.1.1 Joists and rafters. The design of rafter spans is
permitted to be in accordance with the AWC STIJR.

2306.1.2 Plank and beam flooring. The design of plank
and beam flooring is permitted to be in accordance with
the AWC Wood Construction Data No. 4.

2306.1.3 Treated wood stress adjustments. The allowable
unit stresses for preservative-treated wood need no adjust-
ment for treatment, but are subject to other adjustments.

The allowable unit stresses for fire-retardant-treated
wood, including fastener values, shall be developed from
an approved method of investigation that considers the
effects of anticipated temperature and humidity to which
the fire-retardant-treated wood will be subjected, the type
of treatment and the redrying process. Other adjustments
are applicable except that the impact load duration shall
not apply.
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ALLOWABLE AREA LOAD®"
PATTERN
Flexure Deflection

8F,d 384AE’d
Simple span G, = Cp = —
ple sp b 26 A R
8F,d’ '’
Two-span continuous Gy = Zb O) = 185AE'd.
6 o2
Combination simple-and | _ 8F,d’ o. = 131AE d
two-span continuous b %6 A 12
P 105AEd’
Cantilevered pieces G, = 20F,d A 12

intermixed b 326

Controlled random layup

Mechanically laminated o, = 20F,d’ o. = 100AF ’f_
decking b 326 A ro12
ik decki o 207,d* | _ 100AE’d’
-inch decking b= T |G 7T T 15
176 / 12
20F,d” Zh
3-inch and 4-inch decking | o, = —2[7- Gy = 1164AE 4
3I°6 o2

For SI: 1 inch =25.4 mm.
a. ¢, = Allowable total uniform load limited by bending.
6, = Allowable total uniform load limited by deflection.
b. d = Actual decking thickness.
[ = Span of decking.
F,' = Allowable bending stress adjusted by applicable factors.
E' = Modulus of elasticity adjusted by applicable factors.
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2306.2 Wood-frame diaphragms. Wood-frame diaphragms
shall be designed and constructed in accordance with AWC
SDPWS. Where panels are fastened to framing members with
staples, requirements and limitations of AWC SDPWS shall
be met and the allowable shear values set forth in Table
2306.2(1) or 2306.2(2) shall be permitted. The allowable
shear values in Tables 2306.2(1) and 2306.2(2) are permitted
to be increased 40 percent for wind design.

2306.2.1 Gypsum board diaphragm ceilings. Gypsum
board diaphragm ceilings shall be in accordance with Sec-
tion 2508.5.

2306.3 Wood-frame shear walls. Wood-frame shear walls
shall be designed and constructed in accordance with AWC
SDPWS. Where panels are fastened to framing members with
staples, requirements and limitations of AWC SDPWS shall
be met and the allowable shear values set forth in Table
2306.3(1), 2306.3(2) or 2306.3(3) shall be permitted. The
allowable shear values in Tables 2306.3(1) and 2306.3(2) are
permitted to be increased 40 percent for wind design. Panels
complying with ANSI/APA PRP-210 shall be permitted to
use design values for Plywood Siding in the AWC SDPWS.

SECTION 2307
LOAD AND RESISTANCE FACTOR DESIGN

2307.1 Load and resistance factor design. The design and
construction of wood elements and structures using load and
resistance factor design shall be in accordance with ANSI/
AWC NDS and AWC SDPWS.

SECTION 2308
CONVENTIONAL LIGHT-FRAME CONSTRUCTION

2308.1 General. The requirements of this section are
intended for conventional light-frame construction. Other
construction methods are permitted to be used, provided a
satisfactory design is submitted showing compliance with
other provisions of this code. Interior nonload-bearing parti-
tions, ceilings and curtain walls of conventional light-frame
construction are not subject to the limitations of Section
2308.2. Detached one- and two-family dwellings and multi-
ple single-family dwellings (townhouses) not more than three
stories above grade plane in height with a separate means of
egress and their accessory structures shall comply with the
Residential Code.

2308.1.1 Portions exceeding limitations of conventional
light-frame construction. When portions of a building of
otherwise conventional light-frame construction exceed
the limits of Section 2308.2, those portions and the sup-
porting load path shall be designed in accordance with
accepted engineering practice and the provisions of this
code. For the purposes of this section, the term “portions”
shall mean parts of buildings containing volume and area
such as a room or a series of rooms. The extent of such
design need only demonstrate compliance of the noncon-
ventional light-framed elements with other applicable pro-
visions of this code and shall be compatible with the
performance of the conventional light-framed system.
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2308.1.2 Connections and fasteners. Connectors and fas-
teners used in conventional construction shall comply with
the requirements of Section 2304.10.

2308.2 Limitations. Buildings are permitted to be con-
structed in accordance with the provisions of conventional
light-frame construction, subject to the limitations in Sections
2308.2.1 through 2308.2.6.

2308.2.1 Stories. Structures of conventional light-frame
construction shall be limited in story height in accordance
with Table 2308.2.1.

TABLE 2308.2.1
ALLOWABLE STORY HEIGHT

ALLOWABLE STORY

SEISMIC DESIGN CATEGORY ABOVE GRADE PLANE

A and B Three stories
C Two stories
D and E* One story

For SI: 1 inch=25.4 mm.

a. For the purposes of this section, for buildings assigned to Seismic Design
Category D or E, cripple walls shall be considered to be a story unless
cripple walls are solid blocked and do not exceed 14 inches in height.

2308.2.2 Allowable floor-to-floor height. Maximum
floor-to-floor height shall not exceed 11 feet, 7 inches
(3531 mm). Exterior bearing wall and interior braced wall
heights shall not exceed a stud height of 10 feet (3048
mm).

2308.2.3 Allowable loads. Loads shall be in accordance
with Chapter 16 and shall not exceed the following:

1. Average dead loads shall not exceed 15 psf (718 N/m?)
for combined roof and ceiling, exterior walls, floors
and partitions.

Exceptions:

1. Subject to the limitations of Section
2308.6.10, stone or masonry veneer up to the
lesser of 5 inches (127 mm) thick or 50 psf
(2395 N/m?) and installed in accordance with
Chapter 14 is permitted to a height of 30 feet
(9144 mm) above a noncombustible founda-
tion, with an additional 8 feet (2438 mm) per-
mitted for gable ends.

2. Concrete or masonry fireplaces, heaters and
chimneys shall be permitted in accordance
with the provisions of this code.

2. Live loads shall not exceed 40 psf (1916 N/m?) for
floors.

3. Ground snow loads shall not exceed 50 psf (2395 N/
m?).
2308.2.4 Ultimate wind speed. V , shall not exceed 130
miles per hour (57 m/s) (3-second gust).
Exceptions:

1. V,, shall not exceed 140 mph (61.6 m/s) (3-sec-
ond gust) for buildings in Exposure Category B
that are not located in a hurricane-prone region.
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TABLE 2306.2(1)—continued
ALLOWABLE SHEAR VALUES (POUNDS PER FOOT) FOR WOOD STRUCTURAL PANEL DIAPHRAGMS UTILIZING STAPLES
WITH FRAMING OF DOUGLAS FIR-LARCH, OR SOUTHERN PINE? FOR WIND OR SEISMIC LOADING'

CASE 1 Blocki " CASE 2 . CASE 6
Load [ ocking typical, Load Framing Load
‘ if used Lill [ typical 1Lld
WDy WDy [ Wo_y W T
gga I T 1 1 354 gga
7 | | l | | | | | [ 7 7 \
N T T T [ . \ ]
— Continuous panel joints \——— Diaphragm boundary L Continuous panel joints
Framing
Blocking

For SI: 1 inch =25.4 mm, 1 pound per foot = 14.5939 N/m.

a.

o o o o

For framing of other species: (1) Find specific gravity for species of lumber in ANSI/AWC NDS. (2) For staples find shear value from table above for
Structural I panels (regardless of actual grade) and multiply value by 0.82 for species with specific gravity of 0.42 or greater, or 0.65 for all other species.

. Space fasteners maximum 12 inches on center along intermediate framing members (6 inches on center where supports are spaced 48 inches on center).

. Framing at adjoining panel edges shall be 3 inches nominal or wider.

. Staples shall have a minimum crown width of ’/ , inch and shall be installed with their crowns parallel to the long dimension of the framing members.

. The minimum nominal width of framing members not located at boundaries or adjoining panel edges shall be 2 inches.

. For shear loads of normal or permanent load duration as defined by the ANSI/AWC NDS, the values in the table above shall be multiplied by 0.63 or 0.56,

respectively.
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TABLE 2306.2(2)
ALLOWABLE SHEAR VALUES (POUNDS PER FOOT) FOR WOOD STRUCTURAL PANEL BLOCKED DIAPHRAGMS
UTILIZING MULTIPLE ROWS OF STAPLES (HIGH-LOAD DIAPHRAGMS) WITH FRAMING OF
DOUGLAS FIR-LARCH OR SOUTHERN PINE® FOR WIND OR SEISMIC LOADING® ¢

BLOCKED DIAPHRAGMS
Cases 1 and 2¢
MINIMUM NOMINAL Fastener Spacing Per Line at
M, | M| W oF i " s
PANEL GRADE: | STAPLE | oENETRATION |  PANEL MEMBER AT LINES OF (inches)
GAGE' IN FRAMING THICKNESS ADJOINING PANEL | FASTENERS
' - EDGES AND 4 | 24, | 2
(inches) (inch) BOUNDARIES® Fastener Spacing Per Line at
Other Panel Edges (inches)
6 4 4 3 3 2
15 3 2 600 |600| 860 | 960 |1,060]1,200
14 gage ? 4 3 860 [900|1,160(1,295 1,295 1,400
Structural I grades 2
staples 9, 3 2 600 |600| 875 | 960 [1,075(1,200
2 4 3 875 [900(1,1751,4401,475|1,795
15 3 2 540 [540| 735 | 865 | 915 1,080
Sheathing single 2 4 3 735 |810|1,005|1,105[1,105(1,195
floor and other 14 gage 2 ) 3 2 600 |600] 865 | 960 |1,065] 1,200
grades covered in staples fx 4 3 865 [9001,130(1,430(1,370]1,485
DOC PS 1 and PS 2 ’ ’ ’ ;
R 4 3 865 [900(1,130(1,490|1,430]1,545

For SI: 1 inch =25.4 mm, 1 pound per foot = 14.5939 N/m.

a.

b.

(e}

B ue

For framing of other species: (1) Find specific gravity for species of framing lumber in ANSI/AWC NDS. (2) For staples, find shear value from table above
for Structural I panels (regardless of actual grade) and multiply value by 0.82 for species with specific gravity of 0.42 or greater, or 0.65 for all other species.
Fastening along intermediate framing members: Space fasteners a maximum of 12 inches on center, except 6 inches on center for spans greater than 32
inches.

. Panels conforming to PS 1 or PS 2.
. This table gives shear values for Cases 1 and 2 as shown in Table 2306.2(1). The values shown are applicable to Cases 3, 4, 5 and 6 as shown in Table

2306.2(1), providing fasteners at all continuous panel edges are spaced in accordance with the boundary fastener spacing.

. The minimum nominal depth of framing members shall be 3 inches nominal. The minimum nominal width of framing members not located at boundaries or

adjoining panel edges shall be 2 inches.
Staples shall have a minimum crown width of 7/ inch, and shall be installed with their crowns parallel to the long dimension of the framing members.

. High-load diaphragms shall be subject to special inspection in accordance with Section 1705.5.1.
. For shear loads of normal or permanent load duration as defined by the ANSI/AWC NDS, the values in the table above shall be multiplied by 0.63 or 0.56,

respectively.

(continued)
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UTILIZING MULTIPLE ROWS OF STAPLES (HIGH-LOAD DIAPHRAGMS) WITH FRAMING OF

TABLE 2306.2(2)—continued
ALLOWABLE SHEAR VALUES (POUNDS PER FOOT) FOR WOOD STRUCTURAL PANEL BLOCKED DIAPHRAGMS

DOUGLAS FIR-LARCH OR SOUTHERN PINE FOR WIND OR SEISMIC LOADING

s
114 1/2°
i1 7 3/8" v
212 38 " PE—
T2 - .
3B | | r
TABLE
SPACING
3" NOMINAL—TWO LINES
| 7720 I I
| S s . . 2/PANELJOINT
312 172"
‘ W2 | @emmeeeemeeereeeeeeeeee
1 3/ " 3/ "
i e o

TABLE
SPACING

4" NOMINAL—TWO LINES

wOooD

3/ i [~
g2 N - . £, PANEL JOINT
13/4" e . /4)
312" 3/8"
3B [ P P
'I/ 1
134" :
Iz RS

TABLE

SPACIN

4" NOMINAL—THREE

G

LINES

/—FAN EL EDGE

21/2"-31/2"
)
5-7 EQUAL

TABLE

SPACING

TYPICAL BOUNDARY FASTENING
(Shown is two lines staggered.)

NOTE: SPACE PANEL END AND EDGE JOINT 1/8 INCH. REDUCE SPACING BETWEEN LINES OF NAILS AS NECESSARY TO

MAINTAIN MINIMUM 3/8 INCH FASTERNER EDGE MARGINS, MINIMUM SPACING BETWEEN LINES IS 3/8 INCH
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TABLE 2306.3(1)
ALLOWABLE SHEAR VALUES (POUNDS PER FOOT) FOR WOOD STRUCTURAL PANEL SHEAR WALLS UTILIZING STAPLES WITH
FRAMING OF DOUGLAS FIR-LARCH OR SOUTHERN PINE? FOR WIND OR SEISMIC LOADING® " &

PANELS APPLIED OVER '/," OR %/,"
MINIMUM NOMINAL MINIMUM PANELS APPLIED DIRECT TO FRAMING GYPSUM SHEATHINZG 8
FASTENER " "
PANEL GRADE | PANEL THICKNESS PENETRATION IN Fastener spacing at panel Fastener spacing at panel
(inch) FRAMING (inches) | Staple size" edges (inches) Staple size" edges (inches)
6 4 3 24 6 4 3 24
Y, 155 | 235 | 315 | 400 155 | 235 | 310 | 400
1
Structural | " s 1 PL16 7170 1 260 | 345 | 440 | 216 Gage | 155 | 235 | 310 | 400
sheathing Gage
5 185 | 280 | 375 | 475 155 | 235 | 300 | 400
5/ Sor /¢ 145 | 220 | 295 | 375 110 | 165 | 220 | 285
Sheathing, ply- Y 1 140 | 210 | 280 | 360 140 | 210 | 280 | 360
wood siding® 8 1'/,16 2 16 Gage
except Group 5 "6 . Gage | 155 | 230 | 310 | 395 140 | 210 | 280 | 360
Species, 5 170 | 255 | 335 | 430 140 | 210 | 280 | 360
ANSI/APA PRP
.. 3
210 siding 9 V516 1 ygs | 280 | 375 | 475 — — | — | =] —
Gage

For SI: 1 inch =25.4 mm, 1 pound per foot = 14.5939 N/m.

a.

b.

For framing of other species: (1) Find specific gravity for species of lumber in ANSI/AWC NDS. (2) For staples find shear value from table above for
Structural I panels (regardless of actual grade) and multiply value by 0.82 for species with specific gravity of 0.42 or greater, or 0.65 for all other species.
Panel edges backed with 2-inch nominal or wider framing. Install panels either horizontally or vertically. Space fasteners maximum 6 inches on center along
intermediate framing members for */g-inch and 7/ -inch panels installed on studs spaced 24 inches on center. For other conditions and panel thickness, space
fasteners maximum 12 inches on center on intermediate supports.

. */¢-inch panel thickness or siding with a span rating of 16 inches on center is the minimum recommended where applied directly to framing as exterior siding.

For grooved panel siding, the nominal panel thickness is the thickness of the panel measured at the point of fastening.

d. Framing at adjoining panel edges shall be 3 inches nominal or wider.

¢

. Values apply to all-veneer plywood. Thickness at point of fastening on panel edges governs shear values.
. Where panels are applied on both faces of a wall and fastener spacing is less than 6 inches on center on either side, panel joints shall be offset to fall on

different framing members, or framing shall be 3 inches nominal or thicker at adjoining panel edges.

. In Seismic Design Category D, E or F, where shear design values exceed 350 pounds per linear foot, all framing members receiving edge fastening from

abutting panels shall be not less than a single 3-inch nominal member, or two 2-inch nominal members fastened together in accordance with Section 2306.1 to
transfer the design shear value between framing members. Wood structural panel joint and sill plate nailing shall be staggered at all panel edges. See ANSI/
AWC SDPWS for sill plate size and anchorage requirements.

. Staples shall have a minimum crown width of ’/ , inch and shall be installed with their crowns parallel to the long dimension of the framing members.

For shear loads of normal or permanent load duration as defined by the ANSI/AWC NDS, the values in the table above shall be multiplied by 0.63 or 0.56,
respectively.

TABLE 2306.3(2)
ALLOWABLE SHEAR VALUES (plf) FOR WIND OR SEISMIC LOADING ON SHEAR WALLS OF FIBERBOARD
SHEATHING BOARD CONSTRUCTION UTILIZING STAPLES FOR TYPE V CONSTRUCTION ONLY®" ¢ d¢

ALLOWABLE SHEAR VALUE
(pounds per linear foot)

THICKNESS AND GRADE FASTENER SIZE STAPLE SPACING AT PANEL EDGES (inches)®
4 3 2
No. 16 gage galvanized staple, /" crown' 150 200 225

'/, or #/,," Structural
No. 16 gage galvanized staple, 1" crown’ 220 290 325

For SI: 1 inch =25.4 mm, 1 pound per foot = 14.5939 N/m.

a
b

- o a0

. Fiberboard sheathing shall not be used to brace concrete or masonry walls.
. Panel edges shall be backed with 2-inch or wider framing of Douglas Fir-larch or Southern Pine. For framing of other species: (1) Find specific gravity for

species of framing lumber in ANSI/AWC NDS. (2) For staples, multiply the shear value from the table above by 0.82 for species with specific gravity of 0.42
or greater, or 0.65 for all other species.

. Values shown are for fiberboard sheathing on one side only with long panel dimension either parallel or perpendicular to studs.
. Fastener shall be spaced 6 inches on center along intermediate framing members.
. Values are not permitted in Seismic Design Category D, E or F.

Staple length shall be not less than 1'/, inches for **/;,-inch sheathing or 1'/, inches for '/,-inch sheathing.
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TABLE 2306.3(3)
ALLOWABLE SHEAR VALUES FOR WIND OR SEISMIC FORCES FOR SHEAR WALLS OF LATH AND
PLASTER OR GYPSUM BOARD WOOD FRAMED WALL ASSEMBLIES UTILIZING STAPLES

SHEAR
THICKNESS WALL STAPLE SPACING® ac :
TYPE OF MATERIAL OF MATERIAL | CONSTRUCTION | MAXIMUM (inches) VA("')LI’f')E MINIMUM STAPLE SIZE "2
1. Expanded metal or woven wire 1w 7w
lath and Portland cement plaster /g Unblocked 6 180  |No. 16 gage galv. staple, '/J" legs
. */¢" lath and '
2. Gypsum lath, plain or perforated Y Slast Unblocked 5 100 |No. 16 gage galv. staple, 1'/," long
," plaster
" x 2" x 8 Unblocked 4 75
3. Gypsum sheating U d Blocked! 4 175 |No. 16 gage galv. staple, 1°/,” long
”n x ’
? Unblocked 7 100
Unblocked* 7 75
Unblocked® 4 110
n Unblocked 7 100 No. 16 Iv. stanle. 1'/." 1
0. age galv. staple, on,
: Unblocked 4 125 gage & i ? &
Blocked® 7 125
4. Gypsum board, gypsum veneer "
base or water-resistant gypsum Blocked 4 150
backing board Unblocked 7 115
nblocke
4 145 |No. 16 gage galv. staple, 1'/,"
o 7 145  |legs,1°/)" long
/g Blocked®
4 175
Blocked® Base ply: 9 250 No. 16 gage galv. staple 1°/;" long
Two-ply Face ply: 7 No. 15 gage galv. staple, 2'/,” long

For SI: 1 inch =25.4 mm, 1 foot = 304.8 mm, 1 pound per foot = 14.5939 N/m.

a. These shear walls shall not be used to resist loads imposed by masonry or concrete walls (see AWC SDPWS). Values shown are for short-term loading due to
wind or seismic loading. Walls resisting seismic loads shall be subject to the limitations in Section 12.2.1 of ASCE 7. Values shown shall be reduced 25

percent for normal loading.
. Applies to fastening at studs, top and bottom plates and blocking.

. Maximum framing spacing of 24 inches on center.

o oo o

framing members.

. Except as noted, shear values are based on a maximum framing spacing of 16 inches on center.

. All edges are blocked, and edge fastening is provided at all supports and all panel edges.
Staples shall have a minimum crown width of ’/, inch, measured outside the legs, and shall be installed with their crowns parallel to the long dimension of the

g. Staples for the attachment of gypsum lath and woven-wire lath shall have a minimum crown width of ¥/, inch, measured outside the legs.

2. Where V,, exceeds 130 mph (3-second gust), the
provisions of either AWC WFCM or ICC 600 are

permitted to be used.

2308.2.5 Allowable roof span. Ceiling joist and rafter
framing constructed in accordance with Section 2308.7
and trusses shall not span more than 40 feet (12 192 mm)
between points of vertical support. A ridge board in accor-
dance with Section 2308.7 or 2308.7.3.1 shall not be con-
sidered a vertical support.

2308.2.6 Risk category limitation. The use of the provi-
sions for conventional light-frame construction in this sec-
tion shall not be permitted for Risk Category IV buildings
assigned to Seismic Design Category B, C, D or F.

2308.3 Foundations and footings. Foundations and footings
shall be designed and constructed in accordance with Chapter
18. Connections to foundations and footings shall comply
with this section.

2017 DISTRICT OF COLUMBIA BUILDING CODE

2308.3.1 Foundation plates or sills. Foundation plates or
sills resting on concrete or masonry foundations shall
comply with Section 2304.3.1. Foundation plates or sills
shall be bolted or anchored to the foundation with not less
than '/,-inch-diameter (12.7 mm) steel bolts or approved
anchors spaced to provide equivalent anchorage as the
steel bolts. Bolts shall be embedded at least 7 inches (178
mm) into concrete or masonry. Bolts shall be spaced not
more than 6 feet (1829 mm) on center and there shall be
not less than two bolts or anchor straps per piece with one
bolt or anchor strap located not more than 12 inches (305
mm) or less than 4 inches (102 mm) from each end of each
piece. A properly sized nut and washer shall be tightened
on each bolt to the plate.

Exceptions:

1. Along braced wall lines in structures assigned to
Seismic Design Category E, steel bolts with a
minimum nominal diameter of */; inch (15.9 mm)
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or approved anchor straps load-rated in accor-
dance with Section 2304.10.3 and spaced to pro-
vide equivalent anchorage shall be used.

2. Bolts in braced wall lines in structures over two
stories above grade shall be spaced not more than
4 feet (1219 mm) on center.

2308.3.2 Braced wall line sill plate anchorage in Seis-
mic Design Categories D and E. Sill plates along braced
wall lines in buildings assigned to Seismic Design Cate-
gory D or E shall be anchored with anchor bolts with steel
plate washers between the foundation sill plate and the
nut, or approved anchor straps load-rated in accordance
with Section 2304.10.3. Such washers shall be a minimum
of 0.229 inch by 3 inches by 3 inches (5.82 mm by 76 mm
by 76 mm) in size. The hole in the plate washer is permit-
ted to be diagonally slotted with a width of up to */, inch
(4.76 mm) larger than the bolt diameter and a slot length
not to exceed 1%/, inches (44 mm), provided a standard cut
washer is placed between the plate washer and the nut.

2308.4 Floor framing. Floor framing shall comply with this
section.

2308.4.1 Girders. Girders for single-story construction or
girders supporting loads from a single floor shall be not
less than 4 inches by 6 inches (102 mm by 152 mm) for
spans 6 feet (1829 mm) or less, provided that girders are
spaced not more than 8 feet (2438 mm) on center. Other
girders shall be designed to support the loads specified in
this code. Girder end joints shall occur over supports.

Where a girder is spliced over a support, an adequate tie
shall be provided. The ends of beams or girders supported
on masonry or concrete shall not have less than 3 inches
(76 mm) of bearing.

2308.4.1.1 Allowable girder spans. The allowable
spans of girders that are fabricated of dimension lumber
shall not exceed the values set forth in Table
2308.4.1.1(1) or 2308.4.1.1(2).

2308.4.2 Floor joists. Floor joists shall comply with this
section.

2308.4.2.1 Span. Spans for floor joists shall be in
accordance with Table 2308.4.2.1(1) or 2308.4.2.1(2)
or the AWC STJR.

2308.4.2.2 Bearing. The ends of each joist shall have
not less than 1'/, inches (38 mm) of bearing on wood or
metal, or not less than 3 inches (76 mm) on masonry,
except where supported on a 1-inch by 4-inch (25 mm
by 102 mm) ribbon strip and nailed to the adjoining
stud.

2308.4.2.3 Framing details. Joists shall be supported
laterally at the ends and at each support by solid block-
ing except where the ends of the joists are nailed to a
header, band or rim joist or to an adjoining stud or by
other means. Solid blocking shall be not less than 2
inches (51 mm) in thickness and the full depth of the
joist. Joist framing from opposite sides of a beam,
girder or partition shall be lapped at least 3 inches (76
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mm) or the opposing joists shall be tied together in an
approved manner. Joists framing into the side of a
wood girder shall be supported by framing anchors or
on ledger strips not less than 2 inches by 2 inches (51
mm by 51 mm).

2308.4.2.4 Notches and holes. Notches on the ends of
joists shall not exceed one-fourth the joist depth.
Notches in the top or bottom of joists shall not exceed
one-sixth the depth and shall not be located in the mid-
dle third of the span. Holes bored in joists shall not be
within 2 inches (51 mm) of the top or bottom of the
joist and the diameter of any such hole shall not exceed
one-third the depth of the joist.

2308.4.3 Engineered wood products. Engineered wood
products shall be installed in accordance with manufac-
turer’s recommendations. Cuts, notches and holes bored in
trusses, structural composite lumber, structural glued-lam-
inated members or I-joists are not permitted except where
permitted by the manufacturer’s recommendations or
where the effects of such alterations are specifically con-
sidered in the design of the member by a registered design
professional.

2308.4.4 Framing around openings. Trimmer and header
joists shall be doubled, or of lumber of equivalent cross
section, where the span of the header exceeds 4 feet (1219
mm). The ends of header joists more than 6 feet (1829
mm) in length shall be supported by framing anchors or
joist hangers unless bearing on a beam, partition or wall.
Tail joists over 12 feet (3658 mm) in length shall be sup-
ported at the header by framing anchors or on ledger strips
not less than 2 inches by 2 inches (51 mm by 51 mm).

2308.4.4.1 Openings in floor diaphragms in Seismic
Design Categories B, C, D and E. Openings in hori-
zontal diaphragms in Seismic Design Categories B, C, D
and E with a dimension that is greater than 4 feet (1219
mm) shall be constructed with metal ties and blocking in
accordance with this section and Figure 2308.4.4.1(1).
Metal ties shall be not less than 0.058 inch [1.47 mm (16
galvanized gage)] in thickness by 1'/, inches (38 mm) in
width and shall have a yield stress not less than 33,000
psi (227 Mpa). Blocking shall extend not less than the
dimension of the opening in the direction of the tie and
blocking. Ties shall be attached to blocking in accor-
dance with the manufacturer’s instructions but with not
less than eight 16d common nails on each side of the
header-joist intersection.

Openings in floor diaphragms in Seismic Design
Categories D and E shall not have any dimension
exceeding 50 percent of the distance between braced
wall lines or an area greater than 25 percent of the area
between orthogonal pairs of braced wall lines [see Fig-
ure 2308.4.4.1(2)]; or the portion of the structure con-
taining the opening shall be designed in accordance
with accepted engineering practice to resist the forces
specified in Chapter 16, to the extent such irregular
opening affects the performance of the conventional
framing system.
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2308.4.4.2 Vertical offsets in floor diaphragms in
Seismic Design Categories D and E. In Seismic
Design Categories D and E, portions of a floor level
shall not be vertically offset such that the framing
members on either side of the offset cannot be lapped
or tied together in an approved manner in accordance
with Figure 2308.4.4.2 unless the portion of the struc-
ture containing the irregular offset is designed in accor-
dance with accepted engineering practice.

Exception: Framing supported directly by founda-
tions need not be lapped or tied directly together.

2308.4.5 Joists supporting bearing partitions. Bearing
partitions parallel to joists shall be supported on beams,
girders, doubled joists, walls or other bearing partitions.
Bearing partitions perpendicular to joists shall not be off-
set from supporting girders, walls or partitions more than
the joist depth unless such joists are of sufficient size to
carry the additional load.

2308.4.6 Lateral support. Floor and ceiling framing with
a nominal depth-to-thickness ratio not less than 5 to 1 shall
have one edge held in line for the entire span. Where the
nominal depth-to-thickness ratio of the framing member
exceeds 6 to 1, there shall be one line of bridging for each
8 feet (2438 mm) of span, unless both edges of the mem-
ber are held in line. The bridging shall consist of not less
than 1-inch by 3-inch (25 mm by 76 mm) lumber, double
nailed at each end, or equivalent metal bracing of equal
rigidity, full-depth solid blocking or other approved
means. A line of bridging shall also be required at supports
where equivalent lateral support is not otherwise provided.

2308.4.7 Structural floor sheathing. Structural floor
sheathing shall comply with the provisions of Section
2304.8.1.

2308.4.8 Under-floor ventilation. For under-floor venti-
lation, see Section 1203 .4.

2308.4.9 Floor framing supporting braced wall panels.
Where braced wall panels are supported by cantilevered
floors or are set back from the floor joist support, the floor
framing shall comply with Section 2308.6.7.

2308.4.10 Anchorage of exterior means of egress com-
ponents in Seismic Design Categories D and E. Exterior
egress balconies, exterior stairways and ramps and similar
means of egress components in structures assigned to Seis-
mic Design Category D or E shall be positively anchored
to the primary structure at not more than 8 feet (2438 mm)
on center or shall be designed for lateral forces. Such
attachment shall not be accomplished by use of toenails or
nails subject to withdrawal.

2308.5 Wall construction. Walls of conventional light-frame
construction shall be in accordance with this section.

2308.5.1 Stud size, height and spacing. The size, height
and spacing of studs shall be in accordance with Table
2308.5.1.

Studs shall be continuous from a support at the sole
plate to a support at the top plate to resist loads perpendic-
ular to the wall. The support shall be a foundation or floor,
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ceiling or roof diaphragm or shall be designed in accor-
dance with accepted engineering practice.

Exception: Jack studs, trimmer studs and cripple studs
at openings in walls that comply with Table
2308.4.1.1(1) or 2308.4.1.1(2).

2308.5.2 Framing details. Studs shall be placed with their
wide dimension perpendicular to the wall. Not less than
three studs shall be installed at each corner of an exterior
wall.

Exceptions:

1. In interior nonbearing walls and partitions, studs are
permitted to be set with the long dimension parallel
to the wall.

2. At corners, two studs are permitted, provided that
wood spacers or backup cleats of */g-inch-thick (9.5
mm) wood structural panel, */4-inch (9.5 mm) Type
M “Exterior Glue” particleboard, 1-inch-thick (25
mm) lumber or other approved devices that will
serve as an adequate backing for the attachment of
facing materials are used. Where fire-resistance rat-
ings or shear values are involved, wood spacers,
backup cleats or other devices shall not be used
unless specifically approved for such use.

2308.5.3 Plates and sills. Studs shall have plates and sills
in accordance with this section.

2308.5.3.1 Bottom plate or sill. Studs shall have full
bearing on a plate or sill. Plates or sills shall be not less
than 2 inches (51 mm) nominal in thickness and have a
width not less than the width of the wall studs.

2308.5.3.2 Top plates. Bearing and exterior wall studs
shall be capped with double top plates installed to pro-
vide overlapping at corners and at intersections with
other partitions. End joints in double top plates shall be
offset not less than 48 inches (1219 mm), and shall be
nailed in accordance with Table 2304.10.1. Plates shall
be a nominal 2 inches (51 mm) in depth and have a
width not less than the width of the studs.

Exception: A single top plate is permitted, provided
that the plate is adequately tied at corners and inter-
secting walls by not less than the equivalent of 3-inch
by 6-inch (76 mm by 152 mm) by 0.036-inch-thick
(0.914 mm) galvanized steel plate that is nailed to
each wall or segment of wall by six 8d [2'/,” x 0.113”
(64-mm by 2.87 mm)] box nails or equivalent on each
side of the joint. For the butt-joint splice between adja-
cent single top plates, not less than the equivalent of a 3-
inch by 12-inch (76 mm by 304 mm) by 0.036-inch-
thick (0.914 mm) galvanized steel plate that is nailed to
each wall or segment of wall by 12 8d [2'/,-inch x 0.113-
inch (64 mm by 2.87 mm)] box nails on each side of the
joint shall be required, provided that the rafters, joists or
trusses are centered over the studs with a tolerance of not
more than 1 inch (25 mm). The top plate shall not be
required over headers that are in the same plane and in
line with the upper surface of the adjacent top plates and
are tied to adjacent wall sections as required for the
butt joint splice between adjacent single top plates.
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TABLE 2308.4.1.1(1)

HEADER AND GIRDER SPANS® ® FOR EXTERIOR BEARING WALLS

(Maximum spans for Douglas Fir-Larch, Hem-Fir, Southern Pine and Spruce-Pine-Fir® and required number of jack studs)

GROUND SNOW LOAD (psf)°
30 | 50
G'RD'ESFLSPQggT*:ﬁAGDERS SIZE Building width® (feet)
20 28 36 20 28 36
Span NJ¢ Span NJ¢ Span NJ¢ Span NJ¢ Span NJ¢ Span NJ¢
22x4 36 1 32 1 2-10 1 32 1 29 1 26 1
22%6 55 1 48 1 42 1 48 1 41 1 38 2
22x8 6-10 1 511 2 54 2 511 2 52 2 47 2
22x10 8-5 2 73 2 6-6 2 73 2 63 2 57 2
22x 12 9-9 2 85 2 7-6 2 85 2 73 2 6-6 2
Roof and ceiling 3-2x8 8-4 1 7-5 1 6-8 1 7-5 1 6-5 2 5-9 2
32x 10 10-6 1 9-1 2 82 2 9-1 2 7-10 2 7-0 2
32x 12 122 2 107 2 9.5 2 107 2 92 2 82 2
42x8 92 1 84 1 78 1 84 1 75 1 6-8 1
42x10 118 1 10-6 1 9.5 2 10-6 1 9-1 2 82 2
42x12 14-1 1 122 2 10-11 2 122 2 107 2 9.5 2
22x4 3-1 1 29 1 25 1 29 1 25 1 22 1
22%6 46 1 40 1 37 2 41 1 37 2 33 2
22x8 59 2 50 2 46 2 52 2 46 2 4-1 2
22x10 7-0 2 62 2 56 2 64 2 56 2 520 2
N 22x 12 81 2 71 2 65 2 74 2 65 2 59 3
Se(;‘ig’r Cg;zgig?]‘ig?e 32x8 72 1 63 2 58 2 65 2 58 2 51 2
32x 10 89 2 78 2 611 2 711 2 6-11 2 63 2
32x12 102 2 811 2 80 2 92 2 80 2 73 2
42x8 81 1 73 1 67 1 75 1 66 1 511 2
42x10 10-1 1 810 2 80 2 91 2 80 2 72 2
42x12 119 2 103 2 93 2 107 2 93 2 84 2
22x4 28 1 24 1 21 1 27 1 23 1 20 1
22%6 311 1 35 2 30 2 3-10 2 34 2 30 2
22x8 520 2 44 2 3-10 2 4-10 2 42 2 39 2
22x10 6-1 2 53 2 48 2 511 2 51 2 47 3
N 22x12 71 2 6-1 3 55 3 6-10 2 511 3 54 3
f){;’é’g’lg:rﬂ;gi;%ior 32x8 63 2 55 2 410 2 6-1 2 53 2 48 2
32x 10 77 2 67 2 511 2 75 2 65 2 59 2
32x12 810 2 78 2 610 2 87 2 75 2 68 2
42x8 72 1 63 2 57 2 7-0 1 6-1 2 55 2
42x10 89 2 77 2 6-10 2 87 2 75 2 67 2
42x12 102 2 810 2 711 2 911 2 87 2 78 2
22x4 27 1 23 1 20 1 26 1 22 1 1-11 1
22%6 39 2 33 2 211 2 38 2 32 2 210 2
22x8 49 2 42 2 39 2 47 2 40 2 38 2
22x10 59 2 51 2 47 3 58 2 411 2 45 3
N 22x12 6-8 2 510 3 53 3 66 2 59 3 52 3
Sez(iircségﬁi;f‘]‘iz’:: 32x8 511 2 52 2 48 2 59 2 51 2 47 2
32x10 73 2 64 2 58 2 71 2 62 2 57 2
32x12 8-5 2 74 2 67 2 82 2 72 2 65 3
42x8 6-10 1 6-0 2 55 2 68 1 510 2 53 2
42x10 84 2 74 2 67 2 82 2 72 2 65 2
42x12 98 2 8-6 2 78 2 9.5 2 83 2 75 2
N 22x4 21 1 1-8 1 1-6 2 20 1 1-8 1 15 2
Slggrf’s‘;?i‘%go’;gd two 22%6 31 2 28 2 24 2 30 2 27 2 23 2
22 %8 310 2 34 2 30 3 310 2 34 2 211 3
(continued)
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HEADER AND GIRDER SPANS*® FOR EXTERIOR BEARING WALLS

TABLE 2308.4.1.1(1)—continued

wOooD

(Maximum spans for Douglas Fir-Larch, Hem-Fir, Southern Pine and Spruce-Pine-Fir® and required number of jack studs)

GROUND SNOW LOAD (psf)®
30 | 50
G'RDESF:JSPAP(";';.:E’EDERS SIZE Building width® (feet)
20 28 36 20 28 36
Span NJ¢ Span Ny Span Ny Span NJ¢ Span NJ¢ Span Ny¢

22% 10 4-9 2 4-1 3 3-8 3 4-8 2 4-0 3 3.7 3

22 % 12 5-6 3 4-9 3 4-3 3 55 3 4-8 3 42 3

32x8 4-10 2 42 2 3-9 2 4-9 2 4-1 2 3-8 2
Roof, ceiling, and two 3210 5-11 2 51 2 4.7 3 5-10 2 5-0 2 4-6 3
clear span floors 32x 12 6-10 2 5-11 3 5-4 3 6-9 2 5-10 3 53 3

42x8 5.7 2 4-10 2 4-4 2 5-6 2 49 2 4.3 2

42 % 10 6-10 2 5-11 2 53 2 6-9 2 5-10 2 52 2

42 %12 7-11 2 6-10 2 6-2 3 7-9 2 6-9 2 6-0 3

For SI: 1 inch =25.4 mm, 1 pound per square foot = 0.0479 kPa.
a. Spans are given in feet and inches.
b. Spans are based on minimum design properties for No. 2 grade lumber of Douglas Fir-Larch, Hem-Fir and Spruce-Pine Fir. No. 1 or better grade lumber shall

be used for Southern Pine.
. Building width is measured perpendicular to the ridge. For widths between those shown, spans are permitted to be interpolated.

(e}

d. NJ - Number of jack studs required to support each end. Where the number of required jack studs equals one, the header is permitted to be supported by an

approved framing anchor attached to the full-height wall stud and to the header.

e. Use 30 psf ground snow load for cases in which ground snow load is less than 30 psf and the roof live load is equal to or less than 20 psf.

TABLE 2308.4.1.1(2)

HEADER AND GIRDER SPANS*® FOR INTERIOR BEARING WALLS

(Maximum spans for Douglas Fir-Larch, Hem-Fir, Southern Pine and Spruce-Pine-Fir® and required number of jack studs)

BUILDING WIDTH® (feet)

HEADERS AND
GIRDERS SIZE 20 28 36
SUPPORTING Span Ny Span NJ¢ Span Ny
2-2 x4 3-1 1 2-8 1 2-5 1
2-2x6 4-6 1 3-11 1 3-6 1
2-2x8 5-9 1 5-0 2 4-5 2
2-2x 10 7-0 2 6-1 2 5-5 2
2-2x12 8-1 2 7-0 2 6-3 2
One floor only 3-2x8 7-2 1 6-3 1 5-7 2
3-2x10 8-9 1 7-7 2 6-9 2
3-2x12 10-2 2 8-10 2 7-10 2
4-2x8 9-0 1 7-8 1 6-9 1
4-2x10 10-1 1 8-9 1 7-10 2
4-2x12 11-9 1 10-2 2 9-1 2
2-2 x4 2-2 1 1-10 1 1-7 1
2-2x6 3-2 2 2-9 2 2-5 2
2-2x8 4-1 2 3-6 2 3-2 2
2-2x 10 4-11 2 4-3 2 3-10 3
2-2x12 5-9 2 5-0 3 4-5 3
Two floors 3-2x8 5-1 2 4-5 2 3-11 2
3-2x10 6-2 2 5-4 2 4-10 2
3-2x12 7-2 2 6-3 2 5-7 3
4-2x8 6-1 1 5-3 2 4-8 2
4-2x10 7-2 2 6-2 2 5-6 2
4-2x12 8-4 2 7-2 2 6-5 2

For SI: 1 inch =25.4 mm, 1 foot =304.8 mm.
a. Spans are given in feet and inches.
b. Spans are based on minimum design properties for No. 2 grade lumber of Douglas Fir-Larch, Hem-Fir and Spruce-Pine Fir. No. 1 or better grade lumber shall

be used for Southern Pine.

o

. Building width is measured perpendicular to the ridge. For widths between those shown, spans are permitted to be interpolated.

d. NJ - Number of jack studs required to support each end. Where the number of required jack studs equals one, the header is permitted to be supported by an

approved framing anchor attached to the full-height wall stud and to the header.
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TABLE 2308.4.2.1(1)
FLOOR JOIST SPANS FOR COMMON LUMBER SPECIES
(Residential sleeping areas, live load = 30 psf, L/A = 360)

DEAD LOAD = 10 psf DEAD LOAD = 20 psf
s;ggxe SPECIES AND GRADE 2x6 2x8 2x10 | 2x12 2x6 | 2x8 2x10 2x12
(inches) Maximum floor joist spans
(ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.)
Douglas Fir-Larch ~ |SS 12-6 16-6 21-0 25-7 12-6 16-6 21-0 25-7
Douglas Fir-Larch #1 12-0 15-10 20-3 24-8 12-0 15-7 19-0 22-0
Douglas Fir-Larch  |#2 11-10 15-7 19-10 23-0 11-6 14-7 17-9 20-7
Douglas Fir-Larch ~ |#3 9-8 12-4 15-0 17-5 8-8 11-0 13-5 15-7
Hem-Fir SS 11-10 15-7 19-10 24-2 11-10 15-7 19-10 24-2
Hem-Fir #1 11-7 15-3 19-5 23-7 11-7 15-2 18-6 21-6
Hem-Fir #2 11-0 14-6 18-6 22-6 11-0 14-4 17-6 20-4
Hem-Fir #3 9-8 12-4 15-0 17-5 8-8 11-0 13-5 15-7
12 Southern Pine SS 12-3 16-2 20-8 25-1 12-3 16-2 20-8 25-1
Southern Pine #1 11-10 15-7 19-10 24-2 11-10 15-7 18-7 22-0
Southern Pine #2 11-3 14-11 18-1 21-4 10-9 13-8 16-2 19-1
Southern Pine #3 9-2 11-6 14-0 16-6 8-2 10-3 12-6 14-9
Spruce-Pine-Fir SS 11-7 15-3 19-5 23-7 11-7 15-3 19-5 23-7
Spruce-Pine-Fir #1 11-3 14-11 19-0 23-0 11-3 14-7 17-9 20-7
Spruce-Pine-Fir #2 11-3 14-11 19-0 23-0 11-3 14-7 17-9 20-7
Spruce-Pine-Fir #3 9-8 12-4 15-0 17-5 8-8 11-0 13-5 15-7
Douglas Fir-Larch SS 11-4 15-0 19-1 23-3 11-4 15-0 19-1 23-0
Douglas Fir-Larch  |#1 10-11 14-5 18-5 21-4 10-8 13-6 16-5 19-1
Douglas Fir-Larch  |#2 10-9 14-1 17-2 19-11 9-11 12-7 15-5 17-10
Douglas Fir-Larch ~ |#3 8-5 10-8 13-0 15-1 7-6 9-6 11-8 13-6
Hem-Fir SS 10-9 14-2 18-0 21-11 10-9 14-2 18-0 21-11
Hem-Fir #1 10-6 13-10 17-8 20-9 10-4 13-1 16-0 18-7
Hem-Fir #2 10-0 13-2 16-10 19-8 9-10 12-5 15-2 17-7
Hem-Fir #3 8-5 10-8 13-0 15-1 7-6 9-6 11-8 13-6
o Southern Pine SS 11-2 14-8 18-9 22-10 11-2 14-8 18-9 22-10
Southern Pine #1 10-9 14-2 18-0 21-4 10-9 13-9 16-1 19-1
Southern Pine #2 10-3 13-3 15-8 18-6 9-4 11-10 14-0 16-6
Southern Pine #3 7-11 10-10 12-1 14-4 7-1 8-11 10-10 12-10
Spruce-Pine-Fir SS 10-6 13-10 17-8 21-6 10-6 13-10 17-8 21-4
Spruce-Pine-Fir #1 10-3 13-6 17-2 19-11 9-11 12-7 15-5 17-10
Spruce-Pine-Fir #2 10-3 13-6 17-2 19-11 9-11 12-7 15-5 17-10
Spruce-Pine-Fir #3 8-5 10-8 13-0 15-1 7-6 9-6 11-8 13-6
(continued)
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TABLE 2308.4.2.1(1)—continued
FLOOR JOIST SPANS FOR COMMON LUMBER SPECIES
(Residential sleeping areas, live load = 30 psf, L/A = 360)

wOooD

DEAD LOAD = 10 psf DEAD LOAD = 20 psf
sgggﬁe SPECIES AND GRADE 2x6 | 2x8 | 2x10 | 2x12 2x6 | 2x8 | 2x10 [ 2x12
(inches) Maximum floor joist spans
(ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.)
Douglas Fir-Larch SS 10-8 14-1 18-0 21-10 10-8 14-1 18-0 21-0
Douglas Fir-Larch #1 10-4 13-7 16-9 19-6 9-8 12-4 15-0 17-5
Douglas Fir-Larch #2 10-1 12-10 15-8 18-3 9-1 11-6 14-1 16-3
Douglas Fir-Larch #3 7-8 9-9 11-10 13-9 6-10 8-8 10-7 12-4
Hem-Fir SS 10-1 13-4 17-0 20-8 10-1 13-4 17-0 20-7
Hem-Fir #1 9-10 13-0 16-4 19-0 9-6 12-0 14-8 17-0
Hem-Fir #2 9-5 12-5 15-6 17-1 8-11 11-4 13-10 16-1
192 Hem-Fir #3 7-8 9-9 11-10 13-9 6-10 8-8 10-7 12-4
Southern Pine SS 10-6 13-10 17-8 21-6 10-6 13-10 17-8 21-6
Southern Pine #1 10-1 13-4 16-5 19-6 9-11 12-7 14-8 17-5
Southern Pine #2 9-6 12-1 14-4 16-10 8-6 10-10 12-10 15-1
Southern Pine #3 7-3 9-1 11-0 13-1 6-5 8-2 9-10 11-8
Spruce-Pine-Fir SS 9-10 13-0 16-7 20-2 9-10 13-0 16-7 19-6
Spruce-Pine-Fir #1 9-8 12-9 15-8 18-3 9-1 11-6 14-1 16-3
Spruce-Pine-Fir #2 9-8 12-9 15-8 18-3 9-1 11-6 14-1 16-3
Spruce-Pine-Fir #3 7-8 9-9 11-10 13-9 6-10 8-8 10-7 12-4
Douglas Fir-Larch SS 9-11 13-1 16-8 20-3 9-11 13-1 16-2 18-9
Douglas Fir-Larch | #1 9-7 12-4 15-0 17-5 8-8 11-0 13-5 15-7
Douglas Fir-Larch #2 9-1 11-6 14-1 16-3 8-1 10-3 12-7 14-7
Douglas Fir-Larch | #3 6-10 8-8 10-7 12-4 6-2 7-9 9-6 11-0
Hem-Fir SS 9-4 12-4 15-9 19-2 9-4 12-4 15-9 18-5
Hem-Fir #1 9-2 12-0 14-8 17-0 8-6 10-9 13-1 15-2
Hem-Fir #2 8-9 11-4 13-10 16-1 8-0 10-2 12-5 14-4
24 Hem-Fir #3 6-10 8-8 10-7 12-4 6-2 7-9 9-6 11-0

Southern Pine SS 9-9 12-10 16-5 19-11 9-9 12-10 16-5 19-8
Southern Pine #1 9-4 12-4 14-8 17-5 8-10 11-3 13-1 15-7
Southern Pine #2 8-6 10-10 12-10 15-1 7-7 9-8 11-5 13-6
Southern Pine #3 6-5 8-2 9-10 11-8 5-9 7-3 8-10 10-5
Spruce-Pine-Fir SS 9-2 12-1 15-5 18-9 9-2 12-1 15-0 17-5
Spruce-Pine-Fir #1 8-11 11-6 14-1 16-3 8-1 10-3 12-7 14-7
Spruce-Pine-Fir #2 8-11 11-6 14-1 16-3 8-1 10-3 12-7 14-7
Spruce-Pine-Fir #3 6-10 8-8 10-7 12-4 6-2 7-9 9-6 11-0

For SI: 1 inch =25.4 mm, | foot=304.8 mm, | pound per square foot = 0.0479 kPa.

Note: Check sources for availability of lumber in lengths greater than 20 feet.
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TABLE 2308.4.2.1(2)
FLOOR JOIST SPANS FOR COMMON LUMBER SPECIES
(Residential living areas, live load = 40 psf, L/A = 360)

DEAD LOAD = 10 psf DEAD LOAD = 20 psf
s;gg;a SPECIES AND GRADE 2x6 2x8 2x10 | 2x12 2x6 | 2x8 2x10 2x12
(inches) Maximum floor joist spans
(ft. - in.) (ft. - in.) (ft.-in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.)
Douglas Fir-Larch SS 11-4 15-0 19-1 23-3 11-4 15-0 19-1 23-3
Douglas Fir-Larch #1 10-11 14-5 18-5 22-0 10-11 14-2 17-4 20-1
Douglas Fir-Larch #2 10-9 14-2 17-9 20-7 10-6 13-3 16-3 18-10
Douglas Fir-Larch #3 8-8 11-0 13-5 15-7 7-11 10-0 12-3 14-3
Hem-Fir SS 10-9 14-2 18-0 21-11 10-9 14-2 18-0 21-11
Hem-Fir #1 10-6 13-10 17-8 21-6 10-6 13-10 16-11 19-7
Hem-Fir #2 10-0 13-2 16-10 20-4 10-0 13-1 16-0 18-6
Hem-Fir #3 8-8 11-0 13-5 15-7 7-11 10-0 12-3 14-3
12 Southern Pine SS 11-2 14-8 18-9 22-10 11-2 14-8 18-9 22-10
Southern Pine #1 10-9 14-2 18-0 21-11 10-9 14-2 16-11 20-1
Southern Pine #2 10-3 13-6 16-2 19-1 9-10 12-6 14-9 17-5
Southern Pine #3 8-2 10-3 12-6 14-9 7-5 9-5 11-5 13-6
Spruce-Pine-Fir SS 10-6 13-10 17-8 21-6 10-6 13-10 17-8 21-6
Spruce-Pine-Fir #1 10-3 13-6 17-3 20-7 10-3 13-3 16-3 18-10
Spruce-Pine-Fir #2 10-3 13-6 17-3 20-7 10-3 13-3 16-3 18-10
Spruce-Pine-Fir #3 8-8 11-0 13-5 15-7 7-11 10-0 12-3 14-3
Douglas Fir-Larch SS 10-4 13-7 17-4 21-1 10-4 13-7 17-4 21-0
Douglas Fir-Larch #1 9-11 13-1 16-5 19-1 9-8 12-4 15-0 17-5
Douglas Fir-Larch #2 9-9 12-7 15-5 17-10 9-1 11-6 14-1 16-3
Douglas Fir-Larch #3 7-6 9-6 11-8 13-6 6-10 8-8 10-7 12-4
Hem-Fir SS 9-9 12-10 16-5 19-11 9-9 12-10 16-5 19-11
Hem-Fir #1 9-6 12-7 16-0 18-7 9-6 12-0 14-8 17-0
Hem-Fir #2 9-1 12-0 15-2 17-7 8-11 11-4 13-10 16-1
16 Hem-Fir #3 7-6 9-6 11-8 13-6 6-10 8-8 10-7 12-4
Southern Pine SS 10-2 13-4 17-0 20-9 10-2 13-4 17-0 20-9
Southern Pine #1 9-9 12-10 16-1 19-1 9-9 12-7 14-8 17-5
Southern Pine #2 9-4 11-10 14-0 16-6 8-6 10-10 12-10 15-1
Southern Pine #3 7-1 8-11 10-10 12-10 6-5 8-2 9-10 11-8
Spruce-Pine-Fir SS 9-6 12-7 16-0 19-6 9-6 12-7 16-0 19-6
Spruce-Pine-Fir #1 9-4 12-3 15-5 17-10 9-1 11-6 14-1 16-3
Spruce-Pine-Fir #2 9-4 12-3 15-5 17-10 9-1 11-6 14-1 16-3
Spruce-Pine-Fir #3 7-6 9-6 11-8 13-6 6-10 8-8 10-7 12-4
(continued)
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TABLE 2308.4.2.1(2)—continued

FLOOR JOIST SPANS FOR COMMON LUMBER SPECIES
(Residential living areas, live load = 40 psf, L/A = 360)

wOooD

DEAD LOAD = 10 psf DEAD LOAD = 20 psf
sggé:slze SPECIES AND GRADE 2x6 | 2x8 | 2x10 [ 2x12 2x6 | 2xs8 2x10 2x12
(inches) Maximum floor joist spans
(ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.) (ft. - in.)
Douglas Fir-Larch | SS 9-8 12-10 16-4 19-10 9-8 12-10 16-4 19-2
Douglas Fir-Larch | #1 9-4 12-4 15-0 17-5 8-10 11-3 13-8 15-11
Douglas Fir-Larch #2 9-1 11-6 14-1 16-3 8-3 10-6 12-10 14-10
Douglas Fir-Larch | #3 6-10 8-8 10-7 12-4 6-3 7-11 9-8 11-3
Hem-Fir SS 9-2 12-1 15-5 18-9 9-2 12-1 15-5 18-9
Hem-Fir #1 9-0 11-10 14-8 17-0 8-8 10-11 13-4 15-6
Hem-Fir #2 8-7 11-3 13-10 16-1 8-2 10-4 12-8 14-8
Hem-Fir #3 6-10 8-8 10-7 12-4 6-3 7-11 9-8 11-3
192 Southern Pine SS 9-6 12-7 16-0 19-6 9-6 12-7 16-0 19-6
Southern Pine #1 9-2 12-1 14-8 17-5 9-0 11-5 13-5 15-11
Southern Pine #2 8-6 10-10 12-10 15-1 7-9 9-10 11-8 13-9
Southern Pine #3 6-5 8-2 9-10 11-8 5-11 7-5 9-0 10-8
Spruce-Pine-Fir SS 9-0 11-10 15-1 18-4 9-0 11-10 15-1 17-9
Spruce-Pine-Fir # 8-9 11-6 14-1 16-3 8-3 10-6 12-10 14-10
Spruce-Pine-Fir #2 8-9 11-6 14-1 16-3 8-3 10-6 12-10 14-10
Spruce-Pine-Fir #3 6-10 8-8 10-7 12-4 6-3 7-11 9-8 11-3
Douglas Fir-Larch | SS 9-0 11-11 15-2 18-5 9-0 11-11 14-9 17-1
Douglas Fir-Larch #1 8-8 11-0 13-5 15-7 7-11 10-0 12-3 14-3
Douglas Fir-Larch | #2 8-1 10-3 12-7 14-7 7-5 9-5 11-6 13-4
Douglas Fir-Larch | #3 6-2 7-9 9-6 11-0 5-7 7-1 8-8 10-1
Hem-Fir SS 8-6 113 14-4 17-5 8-6 11-3 14-4 16-10°
Hem-Fir #1 8-4 10-9 13-1 15-2 7-9 9-9 11-11 13-10
Hem-Fir #2 7-11 10-2 12-5 14-4 7-4 9-3 11-4 13-1
5,  |HemFir #3 6-2 7-9 9-6 11-0 5-7 7-1 8-8 10-1
Southern Pine SS 8-10 11-8 14-11 18-1 8-10 11-8 14-11 18-0
Southern Pine #1 8-6 11-3 13-1 15-7 8-1 10-3 12-0 14-3
Southern Pine # 7-7 9-8 11-5 13-6 7-0 8-10 10-5 12-4
Southern Pine #3 5-9 7-3 8-10 10-5 5-3 6-8 8-1 9-6
Spruce-Pine-Fir SS 8-4 11-0 14-0 17-0 8-4 11-0 13-8 15-11
Spruce-Pine-Fir #1 8-1 10-3 12-7 14-7 7-5 9-5 11-6 13-4
Spruce-Pine-Fir #2 8-1 10-3 12-7 14-7 7-5 9-5 11-6 13-4
Spruce-Pine-Fir #3 6-2 7-9 9-6 11-0 5-7 7-1 8-8 10-1

For SI: 1 inch =25.4 mm, 1 foot =304.8 mm, 1 pound per square foot = 0.0479 kPa.

Note: Check sources for availability of lumber in lengths greater than 20 feet.

a. End bearing length shall be increased to 2 inches.
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Where bearing studs are spaced at 24-inch (610 mm)
intervals, top plates are less than two 2-inch by 6-inch
(51 mm by 152 mm) or two 3-inch by 4-inch (76 mm
by 102 mm) members and the floor joists, floor trusses
or roof trusses that they support are spaced at more than
16-inch (406 mm) intervals, such joists or trusses shall
bear within 5 inches (127 mm) of the studs beneath or a
third plate shall be installed.

2308.5.4 Nonload-bearing walls and partitions. In non-
load-bearing walls and partitions, that are not part of a
braced wall panel, studs shall be spaced not more than 24
inches (610 mm) on center. In interior nonload-bearing
walls and partitions, studs are permitted to be set with the
long dimension parallel to the wall. Where studs are set
with the long dimensions parallel to the wall, use of utility
grade lumber or studs exceeding 10 feet (3048 mm) is not
permitted. Interior nonload-bearing partitions shall be
capped with not less than a single top plate installed to
provide overlapping at corners and at intersections with
other walls and partitions. The plate shall be continuously
tied at joints by solid blocking not less than 16 inches (406
mm) in length and equal in size to the plate or by '/,-inch
by 1'/,-inch (12.7 mm by 38 mm) metal ties with spliced
sections fastened with two 16d nails on each side of the
joint.

2308.5.5 Openings in walls and partitions. Openings in
exterior and interior walls and partitions shall comply with
Sections 2308.5.5.1 through 2308.5.5.3.

2308.5.5.1 Openings in exterior bearing walls. Head-
ers shall be provided over each opening in exterior
bearing walls. The size and spans in Table
2308.4.1.1(1) are permitted to be used for one- and
two-family dwellings. Headers for other buildings shall
be designed in accordance with Section 2301.2, Item 1
or 2. Headers shall be of two pieces of nominal 2-inch
(51 mm) framing lumber set on edge as permitted by
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Table 2308.4.1.1(1) and nailed together in accordance
with Table 2304.10.1 or of solid lumber of equivalent
size.

Wall studs shall support the ends of the header in
accordance with Table 2308.4.1.1(1). Each end of a lin-
tel or header shall have a bearing length of not less than
1'/, inches (38 mm) for the full width of the lintel.

2308.5.5.2 Openings in interior bearing partitions.
Headers shall be provided over each opening in interior
bearing partitions as required in Section 2308.5.5.1.
The spans in Table 2308.4.1.1(2) are permitted to be
used. Wall studs shall support the ends of the header in
accordance with Table 2308.4.1.1(1) or 2308.4.1.1(2),
as applicable.

2308.5.5.3 Openings in interior nonbearing parti-
tions. Openings in nonbearing partitions are permitted
to be framed with single studs and headers. Each end of
a lintel or header shall have a bearing length of not less
than 1'/, inches (38 mm) for the full width of the lintel.

2308.5.6 Cripple walls. Foundation cripple walls shall be
framed of studs that are not less than the size of the stud-
ding above and not less than 14 inches (356 mm) in length,
or shall be framed of solid blocking. Where exceeding 4
feet (1219 mm) in height, such walls shall be framed of
studs having the size required for an additional story. See
Section 2308.6.6 for cripple wall bracing.

2308.5.7 Bridging. Unless covered by interior or exterior
wall coverings or sheathing meeting the minimum require-
ments of this code, stud partitions or walls with studs hav-
ing a height-to-least-thickness ratio exceeding 50 shall
have bridging that is not less than 2 inches (51 mm) in
thickness and of the same width as the studs fitted snugly
and nailed thereto to provide adequate lateral support.
Bridging shall be placed in every stud cavity and at a fre-
quency such that no stud so braced shall have a height-to-

TABLE 2308.5.1
SIZE, HEIGHT AND SPACING OF WOOD STUDS®

BEARING WALLS NONBEARING WALLS

STUD SIZE Supporting roof | Supporting one floor, | Supporting two floors, )
(inches) Laterally unsupported | and ceiling only roof and ceiling roof and ceiling Laterally unsupported Spacing
stud height® (feet) stud height® (feet) (inches)

Spacing (inches)

2 x 3b — — — — 10 16

2x4 10 24 16 — 14 24

3 x4 10 24 24 16 14 24

2x5 10 24 24 — 16 24

2%x6 10 24 24 16 20 24

For SI: 1 inch =25.4 mm, 1 foot =304.8 mm.

a. Listed heights are distances between points of lateral support placed perpendicular to the plane of the wall. Increases in unsupported height are permitted
where justified by an analysis.

b. Shall not be used in exterior walls.

c. Utility-grade studs shall not be spaced more than 16 inches on center or support more than a roof and ceiling, or exceed 8 feet in height for exterior walls and
load-bearing walls or 10 feet for interior nonload-bearing walls.
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least-thickness ratio exceeding 50 with the height of the
stud measured between horizontal framing and bridging or
between bridging, whichever is greater.

2308.5.8 Pipes in walls. Stud partitions containing plumb-
ing, heating or other pipes shall be framed and the joists
underneath spaced to provide proper clearance for the pip-
ing. Where a partition containing piping runs parallel to
the floor joists, the joists underneath such partitions shall
be doubled and spaced to permit the passage of pipes and
shall be bridged. Where plumbing, heating or other pipes
are placed in, or partly in, a partition, necessitating the cut-
ting of the soles or plates, a metal tie not less than 0.058
inch (1.47 mm) (16 galvanized gage) and 1'/, inches (38
mm) in width shall be fastened to each plate across and to
each side of the opening with not less than six 16d nails.

2308.5.9 Cutting and notching. In exterior walls and
bearing partitions, wood studs are permitted to be cut or
notched to a depth not exceeding 25 percent of the width
of the stud. Cutting or notching of studs to a depth not
greater than 40 percent of the width of the stud is permit-
ted in nonbearing partitions supporting no loads other than
the weight of the partition.

2308.5.10 Bored holes. Bored holes not greater than 40
percent of the stud width are permitted to be bored in any
wood stud. Bored holes not greater than 60 percent of the
stud width are permitted in nonbearing partitions or in any
wall where each bored stud is doubled, provided not more
than two such successive doubled studs are so bored. In no
case shall the edge of a bored hole be nearer than */; inch
(15.9 mm) to the edge of the stud. Bored holes shall not be
located at the same section of stud as a cut or notch.

2308.5.11 Exterior wall sheathing. Except where stucco
construction that complies with Section 2510 is installed,
the outside of exterior walls, including gables, of enclosed
buildings shall be sheathed with one of the materials of the
nominal thickness specified in Table 2308.5.11 with fas-
teners in accordance with the requirements of Section
2304.10 or fasteners designed in accordance with accepted
engineering practice. Alternatively, sheathing materials
and fasteners complying with Section 2304.6 shall be per-
mitted.

2308.6 Wall bracing. Buildings shall be provided with exte-
rior and interior braced wall lines as described in Sections
2308.6.1 through 2308.6.10.2.

2308.6.1 Braced wall lines. For the purpose of determin-
ing the amount and location of bracing required along each
story level of a building, braced wall lines shall be desig-
nated as straight lines through the building plan in both the
longitudinal and transverse direction and placed in accor-
dance with Table 2308.6.1 and Figure 2308.6.1. Braced
wall line spacing shall not exceed the distance specified in
Table 2308.6.1. In structures assigned to Seismic Design
Category D or E, braced wall lines shall intersect perpen-
dicularly to each other.

2308.6.2 Braced wall panels. Braced wall panels shall be
placed along braced wall lines in accordance with Table
2308.6.1 and Figure 2308.6.1 and as specified in Table
2308.6.3(1). A braced wall panel shall be located at each
end of the braced wall line and at the corners of intersect-
ing braced wall lines or shall begin within the maximum
distance from the end of the braced wall line in accor-
dance with Table 2308.6.1. Braced wall panels in a braced
wall line shall not be offset from each other by more than
4 feet (1219 mm). Braced wall panels shall be clearly indi-
cated on the plans.

2308.6.3 Braced wall panel methods. Construction of
braced wall panels shall be by one or a combination of the
methods in Table 2308.6.3(1). Braced wall panel length
shall be in accordance with Section 2308.6.4 or 2308.6.5.

2308.6.4 Braced wall panel construction. For Methods
DWB, WSP, SFB, PBS, PCP and HPS, each panel must be
not less than 48 inches (1219 mm) in length, covering
three stud spaces where studs are spaced 16 inches (406
mm) on center and covering two stud spaces where studs
are spaced 24 inches (610 mm) on center. Braced wall
panels less than 48 inches (1219 mm) in length shall not
contribute toward the amount of required bracing. Braced
wall panels that are longer than the required length shall
be credited for their actual length. For Method GB, each
panel must be not less than 96 inches (2438 mm) in length
where applied to one side of the studs or 48 inches (1219
mm) in length where applied to both sides.

TABLE 2308.5.11
MINIMUM THICKNESS OF WALL SHEATHING

SHEATHING TYPE MINIMUM THICKNESS "g%g"gg";’g&'é—

Diagonal wood boards ’/, inch 24 inches on center
Structural fiberboard '/, inch 16 inches on center
Wood structural panel In accordance with Tables 2308.6.3(2) and 2308.6.3(3) —

M-S “Exterior Glue” and M-2 “Exterior Glue” In accordance with Section 2306.3 and Table 2308.6.3(4) —
particleboard

Gypsum sheathing '/, inch 16 inches on center
Reinforced cement mortar 1 inch 24 inches on center
Hardboard panel siding In accordance with Table 2308.6.3(5) —

For SI: 1 inch =25.4 mm.
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BRACED PANELS ALLOWED
UP TO 4’ OFFSET FROM NS

BRACED WALL LINE 3'
<
=

\@’A
MAX DISTANCE FROM END >S7
OF BWL TO BRACED PANEL By, ~
PER TABLE 2308.6.1 R
\/’\/
o7
b
- <>
~ =

BWL 2 CAN BE CONSIDERED
SEPARATE BWL FROM BWL 3
IF IT HAS BRACED PANELS
PER TABLE 2308.6.1
EXAMPLES OF THE
SUM OF BRACING PER BWL
BWL 1 =BWP 1A+ BWP 1B + BWP 1C
BWL 3 = BWP 3A +3B

/ BRACED PANELS ALLOWED UP TO
‘(— 4' OFFSET FROM BRACED WALL LINE
CONTINUOUS FOUNDATION AND
BRACED CRIPPLE WALL RECOMMENDED
UNDER LOWER STORY BRACED WALL
PANELS

EXAMPLES OF THE
SUM OF BRACING PER BWL
BWL 1 =BWP 1A + BWP 1B + BWP1C

MAX DISTANCE OF BWP EXTENDING OVER
OPENING BELOW IN SEISMIC DESIGN
CATEGORIES D AND E IN ACCORDANCE
WITH SECTION 2308.6.8.1

For SI: 1 foot = 304.8 mm.

FIGURE 2308.6.1
BASIC COMPONENTS OF THE LATERAL BRACING SYSTEM
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TABLE 2308.6.1°

WALL BRACING REQUIREMENTS

BRACED PANEL LOCATION,

MAXIMUM DISTANCE

0.75<8,,<1.00: Each end
and < 25'- 0" o.c. (mini-
mum 37% of wall length)°®

0.75 < §,,< 1.00: Each end
and <25'- 0" o.c. (minimum
75% of wall length)

Sps>1.00: Each end and <
25'-0" o.c. (minimum 48%
of wall length)®

Sps > 1.00: Each end and <
25'-0" o.c. (minimum
100% of wall length)®

SEISMIC STORY s“Pn:():(:r'\\lncl;JgF SPACING (0.C.) AND MINIMUM PERCENTAGE (X) OF BRACED WALL
DESIGN CONDITION (SEE BRACED PANELS FROM EACH
CATEGORY | SECTION 2308.2) WALL LINES END OF BRACED
Bracing method® WALL LINE
LIB DWB, WSP SFB, PBS, PCP, HPS, GB®¢
E E 35-0" Eazcsh'_egl(,igr;d Each end and < 25'- 0" o.c. [Each end and < 25'- 0" o.c. 12'- 6"
Aand B H ﬂ 35'-0" Eazcsh,_eg,(,i(?l;d Each end and < 25'- 0" o.c. [Each end and < 25'- 0" o.c. 12'- 6"
] 35'-0" NP Each end and < 25'- 0" o.c. [Each end and < 25'- 0" o.c. 12'- 6"
— 35'-0" NP Each end and < 25'- 0” o.c. |Each end and < 25'- 0" o.c. 12'- 6"
C
Each end and <25'- 0" o.c. |Each end and < 25'- 0" o.c.
H 35'-0" NP (minimum 25% of wall (minimum 25% of wall 12'- 6"
length)® length)®
Sps <0.50: Each end and < |S,,; < 0.50: Each end and <
25'-0" o.c. (minimum 21% [25’- 0" o.c. (minimum 43%
of wall length)® of wall length)®
0.5<5,,<0.75: Each end |0.5 < §,<0.75: Each end
and < 25'- 0" o.c. (mini-  [and <25'- 0" o.c. (minimum
mum 32% of wall length)® [59% of wall length)°
DandE B 25'-0" NP 8- 0"

For SI: 1 inch =25.4 mm, 1 foot = 304.8 mm.
NP = Not Permitted.
a. This table specifies minimum requirements for braced wall panels along interior or exterior braced wall lines.
b. See Section 2308.6.3 for full description of bracing methods.
c¢. For Method GB, gypsum wallboard applied to framing supports that are spaced at 16 inches on center.

d. The required lengths shall be doubled for gypsum board applied to only one face of a braced wall panel.
e. Percentage shown represents the minimum amount of bracing required along the building length (or wall length if the structure has an irregular shape).
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Vertical joints of panel sheathing shall occur over studs
and adjacent panel joints shall be nailed to common fram-
ing members. Horizontal joints shall occur over blocking
or other framing equal in size to the studding except where
waived by the installation requirements for the specific
sheathing materials. Sole plates shall be nailed to the floor
framing in accordance with Section 2308.6.7 and top
plates shall be connected to the framing above in accor-
dance with Section 2308.6.7.2. Where joists are perpen-
dicular to braced wall lines above, blocking shall be
provided under and in line with the braced wall panels.

2308.6.5 Alternative bracing. An alternate braced wall
(ABW) or a portal frame with hold-downs (PFH) de-
scribed in this section is permitted to substitute for a 48-
inch (1219 mm) braced wall panel of Method DWB,
WSP, SFB, PBS, PCP or HPS. For Method GB, each 96-
inch (2438 mm) section (applied to one face) or 48-inch
(1219 mm) section (applied to both faces) or portion
thereof required by Table 2308.6.1 is permitted to be
replaced by one panel constructed in accordance with
Method ABW or PFH.

2308.6.5.1. Alternate braced wall (ABW). An ABW
shall be constructed in accordance with this section and
Figure 2308.6.5.1. In one-story buildings, each panel
shall have a length of not less than 2 feet 8 inches (813
mm) and a height of not more than 10 feet (3048 mm).
Each panel shall be sheathed on one face with */,-inch
(3.2 mm) minimum-thickness wood structural panel
sheathing nailed with 8d common or galvanized box
nails in accordance with Table 2304.10.1 and blocked
at wood structural panel edges. Two anchor bolts
installed in accordance with Section 2308.3.1 shall be
provided in each panel. Anchor bolts shall be placed at
each panel outside quarter points. Each panel end stud
shall have a hold-down device fastened to the founda-
tion, capable of providing an approved uplift capacity
of not less than 1,800 pounds (8006 N). The hold-down
device shall be installed in accordance with the manu-
facturer’s recommendations. The ABW shall be sup-
ported directly on a foundation or on floor framing
supported directly on a foundation that is continuous
across the entire length of the braced wall line. This
foundation shall be reinforced with not less than one
No. 4 bar top and bottom. Where the continuous foun-
dation is required to have a depth greater than 12 inches
(305 mm), a minimum 12-inch by 12-inch (305 mm by
305 mm) continuous footing or turned-down slab edge
is permitted at door openings in the braced wall line.
This continuous footing or turned-down slab edge shall
be reinforced with not less than one No. 4 bar top and
bottom. This reinforcement shall be lapped 15 inches
(381 mm) with the reinforcement required in the con-
tinuous foundation located directly under the braced
wall line.

Where the ABW is installed at the first story of two-
story buildings, the wood structural panel sheathing
shall be provided on both faces, three anchor bolts shall
be placed at one-quarter points and tie-down device
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uplift capacity shall be not less than 3,000 pounds (13
344 N).

2308.6.5.2 Portal frame with hold-downs (PFH). A
PFH shall be constructed in accordance with this sec-
tion and Figure 2308.6.5.2. The adjacent door or win-
dow opening shall have a full-length header.

In one-story buildings, each panel shall have a length
of not less than 16 inches (406 mm) and a height of not
more than 10 feet (3048 mm). Each panel shall be
sheathed on one face with a single layer of ¥/4-inch (9.5
mm) minimum-thickness wood structural panel sheath-
ing nailed with 8d common or galvanized box nails in
accordance with Figure 2308.6.5.2. The wood structural
panel sheathing shall extend up over the solid sawn or
glued-laminated header and shall be nailed in accor-
dance with Figure 2308.6.5.2. A built-up header con-
sisting of at least two 2-inch by 12-inch (51 mm by 305
mm) boards, fastened in accordance with Item 24 of
Table 2304.10.1 shall be permitted to be used. A spacer,
if used, shall be placed on the side of the built-up beam
opposite the wood structural panel sheathing. The
header shall extend between the inside faces of the first
full-length outer studs of each panel. The clear span of
the header between the inner studs of each panel shall
be not less than 6 feet (1829 mm) and not more than 18
feet (5486 mm) in length. A strap with an uplift capacity
of not less than 1,000 pounds (4,400 N) shall fasten the
header to the inner studs opposite the sheathing. One
anchor bolt not less than ¥, inch (15.9 mm) diameter
and installed in accordance with Section 2308.3.1 shall
be provided in the center of each sill plate. The studs at
each end of the panel shall have a hold-down device fas-
tened to the foundation with an uplift capacity of not
less than 3,500 pounds (15 570 N).

Where a panel is located on one side of the opening,
the header shall extend between the inside face of the
first full-length stud of the panel and the bearing studs
at the other end of the opening. A strap with an uplift
capacity of not less than 1,000 pounds (4400 N) shall
fasten the header to the bearing studs. The bearing
studs shall also have a hold-down device fastened to the
foundation with an uplift capacity of not less than 1,000
pounds (4400 N). The hold-down devices shall be an
embedded strap type, installed in accordance with the
manufacturer’s recommendations. The PFH panels
shall be supported directly on a foundation that is con-
tinuous across the entire length of the braced wall line.
This foundation shall be reinforced with not less than
one No. 4 bar top and bottom. Where the continuous
foundation is required to have a depth greater than 12
inches (305 mm), a minimum 12-inch by 12-inch (305
mm by 305 mm) continuous footing or turned-down
slab edge is permitted at door openings in the braced
wall line. This continuous footing or turned-down slab
edge shall be reinforced with not less than one No. 4
bar top and bottom. This reinforcement shall be lapped
not less than 15 inches (381 mm) with the reinforce-
ment required in the continuous foundation located
directly under the braced wall line.
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