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PREFACE

The “Building Code Requirements for Structural Concrete’” (“Code”) covers the materials, « 5ig. . ayd construction
of structural concrete used in buildings and where applicable in nonbuilding structures. The “ode also covers the
strength evaluation of existing concrete structures.

Among the subjects covered are: contract documents; inspection; materials; durav ity requirements; concrete
quality, mixing, and placing; formwork; embedded pipes; construction joints; reinfc :ceme 1t details; analysis and
design; strength and serviceability; flexural and axial loads; shear and torsion; developi. =nf and splices of reinforcement;
slab systems; walls; footings; precast concrete; composite flexural members; ~rest essed concrete; shells and folded
plate members; strength evaluation of existing structures; provisions for seismic du-ign; structural plain concrete; strut-
and-tie modeling in Appendix A; alternative design provisions in Appe.~di:. B; alternative load and strength reduction
factors in Appendix C; and anchoring to concrete in Appendix D.

The quality and testing of materials used in construction are ceverc 1 by reference to the appropriate ASTM standard
specifications. Welding of reinforcement is covered by referer e t. the ppropriate American Welding Society (AWS)
standard.

Uses of the Code include adoption by reference in genera! building codes, and earlier editions have been widely used
in this manner. The Code is written in a format that allows s..2a reference without change to its language. Therefore,
background details or suggestions for carrying out the requirements or intent of the Code portion cannot be included.
The Commentary is provided for this purpose. S me of e considerations of the committee in developing the Code
portion are discussed within the Commentary, ity eiaphasis given to the explanation of new or revised provisions.
Much of the research data referenced in prerar ag tne Code is cited for the user desiring to study individual questions
in greater detail. Other documents that pravic » s ggestions for carrying out the requirements of the Code are also cited.

Keywords: admixtures; aggregates; anchorage (s..'ct 'ral); beam-column frame; beams (supports); building codes; cements; cold weather construction;
columns (supports); combined stress; comp usit- consuruction (concrete and steel); composite construction (concrete to concrete); compressive strength;
concrete construction; concrete slabs; con v_tes' construction joints; continuity (structural); contract documents; contraction joints; cover; curing; deep
beams; deflections; earthquake-resistant - fructuics, embedded service ducts; flexural strength; floors; folded plates; footings; formwork (construction); frames;
hot weather construction; inspection:-i~olati.  joints; joints (junctions); joists; lightweight concretes; load tests (structural); loads (forces); materials; mixing; mixture
proportioning; modulus of elasticity; mc ments; pipe columns; pipes (tubing); placing; plain concrete; precast concrete; prestressed concrete; prestressing steels;
quality control; reinforced concrete rein orcing steels; roofs; serviceability; shear strength; shear walls; shells (structural forms); spans; splicing; strength; strength
analysis; stresses; structural analysis, “tructural concrete; structural design; structural integrity; T-beams; torsion; walls; water; welded wire reinforcement.

ACI 318-11+vas adoptcd as a standard of the American Concrete Institute
May 24, 2011, t supersede ACI 318-08 in accordance with the Institute’s
standara ~ation ¢~ cedure and was published August 2011.

A ompu ‘e mef ic companion to ACI 318 has been developed, 318M;
metric ¢ nivalents are provided only in Appendix F of this document.

AC" Committee Reports, Manuals, Guides, Standard Practices, and
C mmentaries are intended for guidance in planning, designing, executing,
end inspecting construction. This Commentary is intended for the use of
.ndividuals who are competent to evaluate the significance and limitations
of its content and recommendations, and who will accept responsibility for
the application of the material it contains. The American Concrete Institute
disclaims any and all responsibility for the stated principles. The Institute

shall not be liable for any loss or damage arising therefrom. Reference to
this Commentary shall not be made in contract documents. If items found
in this Commentary are desired by the licensed design professional to be
a part of the contract documents, they shall be restated and incorporated
in mandatory language.

Copyright © 2011, American Concrete Institute.

All rights reserved including rights of reproduction and use in any form
or by any means, including the making of copies by any photo process, or
by any electronic or mechanical device, printed or written or oral, or
recording for sound or visual reproduction or for use in any knowledge or
retrieval system or device, unless permission in writing is obtained from the
copyright proprietors.

American Concrete Institute Copyrighted Material—www.concrete.org


https://www.stdhive.com/standards/aci-318-11-pdf/

2 STRUCTURAL CONCRETE BUILDING CODE (ACI 318-11) AND COMMENTARY

CONTENTS

INTRODUGCTION ....cuemiiiiiiiiissssmmnsnnsssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssssss s sassssssssnnnsssssssssssnnnnnnssssssssss 7
CHAPTER 1—GENERAL REQUIREMENTS ......ccooommtriininsssnmmnssssssssssssssssss s s ssssssssssssssssssssssssssmnssssssnnnses 9
B B T o] o 1= PO PO PRPR PRI 9
L2 O o]0 (= Tex fe (o ToT [ 4 =T o1 (=TSP PRSI 14
LIRS S 1015 o T=T 1 {To o PSPV PR 15
1.4—Approval of special systems of design or CONSITUCHION ........coooiiiriiiii e s 17
CHAPTER 2—NOTATION AND DEFINITIONS .....cooiiiiiiiisesmmnnrinnsssssssssssssssssssmssssssssssssssssssssssssssssnsd 19
P e 0o T [ g o) = o] o T O PO TSP PP PSP OTTT PR 19
2.2—DEFINIHIONS ...ttt h e e bt bt e neenne e s r e e sreesnne e reesneenneess nee s s 29
CHAPTER 3—MATERIALS. ... ccccecmrrrnnsissssssssssssssssssssssssssssssssssssssssssssssssssssnmmnsssssnss sssnnl snsessinssnns 43
R Bl =TS (3o 44 F= N =T =L SRR 43
3.2—CemENtitioUS MALEIIAIS . .....ouieiiiiie ettt e ettt e st e e st e eeebeeesneeeeseeeeanteeeat eeesnseeeeanteeeaneeesnneeenn 43
TR e Yo [0 [=Te Fo L (T OO Uy PSSP OPPPRPRON 44
G == O S PP 44
OS] (== I =T g1 (0] (oT=T o g =T o | O P PP RPPRRPI 45
BB AGMIXIUIES ...ttt ettt et ste e e sbeee s st e e s aaneeesabeeeesnneesanseeesnneessss e (snnestbeeeanteeeaseeesbeeeeanbeeeanneeesaneeean 50
B.7—S10rage Of MALEHIAIS ....c.eeiiiiieiii ettt sttt sre e s neesbes eens Leabeesaeeanbeesaeeebeesaeeenbeenaeenaneas 51
3.8—Referenced STANAArAS ...........ooi i e e e e nree s 51
CHAPTER 4—DURABILITY REQUIREMENTS......ccooiiiiiiiennnnns Goiinsst sennssssssssssmsssssssssssssssssssssssssnssnns 57
R B 1Y =Y | PSSP PPRPPI 57
4.2—EXposure categories And CIASSES ......ccoiueeiiiiiiiiiee et res D tres teeerss e e e et et e sse e e e as e e e et et e e e e e an e e e e nr e e e ane e nnee s 57
4.3—Requirements for CONCIEtE MIXTUIES ........coiiiiiiiiee e e ettt e sr e n e s e e e e sanee s 59
4.4—Additional requirements for freezing-and-thawing EXPOSUIE ... ... i iiiiiiiieeeee e e 62
4.5—Alternative cementitious materials for SUIfate EXPOSUIE ..........cooiiiii i e e 63
CHAPTER 5—CONCRETE QUALITY, MIXING, .\MWO PLACING .......ccmmrrrrninsnemmnnnsssssssssssnsssssssnssnes 65
Lo B 1T oY | T SO PU P PPPROPIN 65
5.2—Selection Of CONCIELE PrOPOIIONS. .. ...cc.iiiueiiis iee ettt ettt et b ettt e sb et et eeeae e e beesaeeeaseesbeeeabeeneesareeneenane s 66
5.3—Proportioning on the basis of field experierice or trial mixtures, or BOth ........c.cooiiiiiiii e 66
5.4—Proportioning without field experience Or “rHal iNIXEUIES ..........eiiii i e 71
5.5—Average compressive Strength 1o mtiOn i ... e e e e e e rnbe e e e e sneee 71
5.6—Evaluation and acCeptanCe Of CO MCTEIE ...ii i ittt e e e e e sa e e e s te e e sneeesneeeeaneeeennneeeanneeean 72
5.7—Preparation of equipment ana pPlace Sf EPOSIE..........iiiiiie e e e sneee s 77
LS e |V D1 T PSPPSR OUPPRPRN 78
Lo T 00 0177 o o [PPSR 78
Lo (O B =T oot | (] T PSP S TP PPP R OUPPRPRN 79
L B B 7 1T PSP PPRRPI 79
5.12—Cold WeALEI Fe TUITEIAENTS ...ttt b et e bt st s be e sae e e b e e s ar e e ne e seneeneenene s 80
5.13—HOt WeATNET 1 YU ZMEBNTS ...ttt e et e e ettt e s b et e e b et e e aa b e e e aaseeesabeeeenreeeanneeesaneeean 81
CHAPTER € —t ORMWORK, EMBEDMENTS, AND CONSTRUCTION JOINTS .....ccveureureureneneeaens 83
B. 1138100 OF TO MWOTK ... et h e e e b e e s e e e b e e s e e e s b e e eae e e be e e e e e ane e saneeneesane s 83
6.2—Rei ~oval of forms, Shores, and FESNOTING .......ooiuiii i sb e b e e aar e e snnee e saneeean 83
(SR S o T=To (4011 ) S g WeTo] g ToT =) - PSSP P PP PPPROPIN 85
0] 4 11 {0 o1 ([T ] o £ PSP PU PO UPPP PRSP 86
ChAPTER 7—DETAILS OF REINFORCEMENT ........coiiiiimmmmrrrinsssssssmsnssssssssssssmsssssssssssssssssssssssnsnssnns 89
A S = Ta Lo F= T ol 4 T To 4 PO P T UPPPPIN 89
7.2—MinIMUM DENA GIBMELEIS ......coiiiieei ettt e e et et e s et e e b et e e aa b et e sne e e sne e e e anreeeanneeesaneeean 89
RS o = 1= 0T 110 To T O POTSPPUPPPPRR PRI 90
7.4—Surface conditions Of FEINFOICEMENT... ..o ittt sttt e et b e e b e e b e e sabeeneesane s 20
7.5—Placing reiNfOrCEMENT ... et e e e e e e et e s b e e e b e e e e an e e e e e re e e sn e e e e anre e e annn e e nneeean 91

American Concrete Institute Copyrighted Material—www.concrete.org


https://www.stdhive.com/standards/aci-318-11-pdf/

STRUCTURAL CONCRETE BUILDING CODE (ACI 318-11) AND COMMENTARY 3

7.6—Spacing limits fOr reINFOrCEMENT .........oi et e st e s bt e e et e e e sab e e e sabe e e anbe e e saneeesnbeee s 92
7.7—Concrete protection for rEINTOTCEMENT ... e e e e e e e e e e e e e sare e e e e e sabaeeeeesensaeeeeeaannes 93
7.8—Reinforcement details fOr COIUMNS .........iiiiiiiii et s e e an e e sbe e e r e sb e sreeeneenane s 96
RS e O7e g =Yoo T TP T P PR PR 97
7.10—Transverse reinforcement for COMPresSSioN MEMDEIS .......ccc.uii et e s 98
7.11—Transverse reinforcement for flexural MEMDEIS ..........ooiiiiiiii e e 101
7.12—Shrinkage and temperature reinfOrCEMENT .............ooii i e 101
7.13—Requirements for STTUCTUIAl INTEGIITY ... .eeiiiiie ittt e e sab e e sb e e e e nre e s nnes 104
CHAPTER 8—ANALYSIS AND DESIGN—GENERAL CONSIDERATIONS .........ccccceeeveennee. 107
8.1—DESIGN METNOAS......ciiii ettt b e e s e e e E e e s ae e e b e e saee e b e e s he e e ae e re e e r e e e s 107
e B2 W o = To [T o F PP PUPP 107
8.3—MethOdS Of ANAIYSIS ...ceiiutiieiiii ettt e bt e et e s nee e e sabeeesbeeesneeesnnneesnnnee s eeeas eenanreeenaees 108
8.4—Redistribution of moments in continuous flexural MEMDEIS ...........cooiiiiiiii e e e 109
8.5—MOdUIUS OF EIASTICITY ....ecureieieee e e e s e e snn e e nere e e e en e nnree s 111
8.6—Lightweight CONCIETE.........iii et e e snree s ] e et rane e dare e e e e e 111
S U111 0 L= O PP S TSP PPOPRPR PP 112
8.8—Effective stiffness to determine lateral defleCtioNS...........c.ooiiiii i e e 112
e S o= Lo T (Yo o | (N SRR 113
B.10——COIUMNS ...ttt ettt ettt ene e sbe e e seesne e e beessnesaneesnneeneesne el e ennee st atenateesseenneenneeeneenne e 114
8.11—Arrangement Of [IVE [08Q...........cueiiiiie e sree e s nrees eeesannee e e e e s e e nanre e annes 114
8.12—T-DEamM CONSIIUCTION ......eii et s et ee et 115
8.13—JOIST CONSIIUCTION ...t rre e et e s eeeans eaabeeesneeesaneeesanbe e e saneeeaneeesanreesannes 116
8.14—Separate flOOr fINISN.......oii ettt sees e eeeate e e st e e e e e sn e e e s b e anr e nnes 117
CHAPTER 9—STRENGTH AND SERVICEABILITY REQUIREN. 2N TS....ccoommrrrinssssssssssnsnssssssssnsens 119
LS B C LT =Y - | O SO T S TSP PPPR PR 119
9.2—ReqUIrE SITENGEN ... ettt e s et ettt eee e e s nteeee e e e n b e eeeaeeanneeeee e e e nneeeeeeaanreeeeeeaanreeeaaean 119
9.3—DeSIGN SIENGIN ...t et e e r e a e 122
9.4—Design strength for reiNfOrCemMENt ..........oocuiiii e e e e 126
9.5—CONtrol Of AEFIECHIONS ......ceiiiiiiiiie e ettt b et a e b e bt e st e b e e san e e b e e saneene e e 126
CHAPTER 10—FLEXURE AND AXIAL LOADGS ... . cccceeeesrissssssssssssssssssssssssssssssssssssssssssnssssssssssssssnnnns 135
0T B To o o1 T TSP PP OPPURRRRTRN 135
10.2—DeSIgN @SSUMIPLIONS ... e i ettt e e e ettt e e e e et et e e e e e ateeeaaeaannseeeeeaaanneeeaeeaannseeeeaeaansseneaeeaannnneaaean 135
10.3—General PrinCiples @and FEOUITEIMETI R ... i ittt ettt e et et e s b e e e aab e e e e be e e sne e e e asseeeaabe e e anreesnneeeanreeaans 137
10.4—Distance between lateral SUPPON 3 OF 'SXUral MEMDEIS .....cooiiiiiiii e 140
10.5—Minimum reinforcement of flEXc=al MEMDEIS ........oiiiiii e e 140
10.6—Distribution of flexural reir ror.ement in beams and one-way SIabs .............coccii i 141
L L=t o o= =T g1 PSPPSR 143
10.8—Design dimensions for 2omMpPresSSioN MEMDEIS. ...........iiiiiiiii e e e e sne e e s snreenans 144
10.9—Limits for reinforc2me 2t 01 COMPreSSION MEMDEIS......ccoiiiiiii e e 144
10.10—Slenderness effe 2S i\) COMPreSSION MEMDEIS ......cueiiiiiiii et e e e 146
10.11—Axially lo24ed memi.>ers supporting SIab SYSIEM.........oii e 154
10.12—Transm sior. of column loads through flOOr SYSTEM .......coiiiiiiie e 154
10.13—COomMy 2SIlL COMPIESSION MEMDEIS ......ueeiieiiiieeeiieeeeeee ettt e et e e eeeeesateeeateeeeaneeeeasseeeanseeeaneeeaneeeeanseeeanseeesneeeeanseeans 155
10.14—Bearing SrENGIN .. ..ot e e e s e e e R e e e e e a et e e e e e e e e e e e e e s ne e e e anreenan 158
CHANTEN '1—SHEAR AND TORSION .......cooiiiiieemnrrinnsssssss s ssssssss s sssssss s s sssssssssssnns s nnes 161
O B 1= gy £ 1= T |1 PO U PSPPI 161
11.z—Shear strength provided by concrete for nonprestressed MEMDErS..........coiiiiiiiiiiiiii e 164
11.3—Shear strength provided by concrete for prestressed MEMDErS. ........c.coiiiiiiiiiii e 166
11.4—Shear strength provided by shear reinforCEMENT ............oi i e 169
LIRS T D= TS g (o] g o] £ o o PSPPSR 174
G e (o T T (o o IO TP PP PP OPSPP PP 186
L B LYY o3 o 1= Y= o LTSS 189
11.8—Provisions for brackets and COMDEIS...........coiiiiiiiii e e re e 190
11.9—PrOVISIONS FOF WAIIS ...ttt b e sae e b e e e et e bt e sa e e e bt e sa bt e bt e ean e e b e e sareeaneesaneeneennneens 194
11.10—Transfer of MOMENTS 10 COIUMNS ........oueiiiiii e e e s e s e e e e e e sne e e e nnreenans 196
11.11—Provisions for slabs and fOOTINGS ........ooeeiiiiiie e e e e 196

American Concrete Institute Copyrighted Material—www.concrete.org


https://www.stdhive.com/standards/aci-318-11-pdf/

4 STRUCTURAL CONCRETE BUILDING CODE (ACI 318-11) AND COMMENTARY

CHAPTER 12—DEVELOPMENT AND SPLICES OF REINFORCEMENT .......cccccccmmmmmmssssnmmmnnnsessnnnes 209
12.1—Development of reinfOrCeMENT—GENEIAL...........cuiiiiiii et e s s e sne e e abreenan 209
12.2—Development of deformed bars and deformed Wire in tENSION...........ceiiiiiii e e 210
12.3—Development of deformed bars and deformed wWire in COMPrESSION ......cccuuiiiiiiiiiiie et 212
12.4—Development Of DUNAIEA DAIS ..........cuoiiiiii et sa e st e s e e e an e e e e ne e e sneeeeanreenans 213
12.5—Development of standard hOOKS iIN tENSION ...........oeiiiiiiiiiiie e e e e e e e e e e e e e st e e e e e seanneeas 213
12.6—Development of headed and mechanically anchored deformed bars in tenSioN...........cooocvviiiee e 216
12.7—Development of welded deformed wire reinforcement in tENSION .............oooiiiiiiiiiiiiiiie e 218
12.8—Development of welded plain wire reinforcement in tENSION ..........ooi i e 220
12.9—Development Of PrestreSSING STTANG .........oi it e e st e e e et e e s saeeeesnteesanseeesnneeeanaeeenans 220
12.10—Development of flexural reinforcemMent—GENEIal ............coiiiiiiiiiiie e e 222
12.11—Development of positive moment reinforCemMeNt.......... .o 22
12.12—Development of negative moment reinforCement ............c.oooeiiii i e 226
12.13—Development of Web reinfOrCEMENt ... e e s 227
12.14—Splices Of reinforCe@MENt—GENEIAL ..........cociiiiiiiieit et e e see e sne e e s snreesnnneeesnseees e 230
12.15—Splices of deformed bars and deformed wire in tENSION .........ccceiiiiiiiiiiiiieeree e e e e 231
12.16—Splices of deformed bars iN COMPIESSION ..........viiiiiiiiiiiiie et e e e e srrae e e e s e snaaeas ataeeaeesesrees 233
12.17—Splice requiremMents fOr COIUMNS ........ooiiiiiie et e e e e snne e s e e s e ene e e s nreenan 234
12.18—Splices of welded deformed wire reinforcement in tENSION ..........cooiiiiii i e 236
12.19—Splices of welded plain wire reinforcement in tENSION............ooiiiiiiiii s sl e 237

CHAPTER 13—TWO-WAY SLAB SYSTEMS.......cccoiiiiininmsnennrsnsssssssnns e i . 239
B TR Bt o] o1 S SRR 239
LR C LT Y - | T P RSO URO PSRRI 240
13.3—SIab reinforCement ..........cooiiiii e i e s e srer s e et 241
13.4—0PpEeNiNgS iN SIAD SYSIEMS .......iiiiiiiii ettt fee sttt eses Daeesabeesteesae e e bt e easeebeesaresneesaneebeenaneans 244
LS R D= T (o o o] foTe7=To (U] =TS SO o SO PP UPR R 244
13.6—Direct design METNOM .......c..iiiie e e bt e e e e e e et e e e s e e s b e e e e anr e e e smn e e e s re e e e neeesnns 247
13.7—Equivalent frame METNOM ...........ooiii e e ettt et e e et e e s st e e s beeeeanee e e enseeesnbeeeeneeesnees 254

L0 el I o R I e I s 259
T4 1——8COPE ...ttt . N PSP UR 259
e C LT Y - | A e TSP UP PR UUPRPPURRTRN 259
14.3—Minimum reinforcement...........ccccceviveeenen B . PP 260
14.4—Walls designed as COmMPresSiON MEMERIS.. i e e e e e s s e e ane e e e 261
14.5—Empirical deSign METNOG ... ...ooiii e et e e a bt a e e s e b e e e be e e s b e e e e anbe e s aane e e saneeeabeeenans 261
T4.6—NONDEANNG WAIS.......eeiiiiieiiiii et ettt e e e s e st e e n e e e an e e e sane e e s r e e e eneeesnneeeanreesannneesaneeeanneeenan 262
14.7—WalIS @S Grade DEAMS.......eiiiiiii e ettt e e e et e e e e e e e e e e s b e e e e e e s e sn e et e e e e ane e e e e e e e b e e e e e e e anreeeeeean 262
14.8—Alternative design Of SIENAEI Wi IS ... . .ei e r e e e e 263

CHAPTER 15—FOOTINGS ‘... ciiiicsecemnnnssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssssssssnnnnnnsnsnnssnn 267
T B Tt o SO URTOPRRPSRTR 267
15.2—L08dS @NA FEACHIANS .......oii ittt e e e s r e e e b e e s ae e e e s e r e e e e ne e e s n e e e ane e e s n e e nne e e e re e e e 267
15.3—Footings suppniting ircular or regular polygon-shaped columns or pedestals ..........cccoevvieiiieeiiieeiniie e 268
B e Y FoTa a1 o T oI (] 101 PSR 268
15.5—=S8hear iN FOOTINES ... e b e e e s e e s b e e s e e e b e e s e e sane e saeeeneesrenaas 269
15.6—Develop. 1ent of reinforcement in fOOTINGS.......ooi i e e 270
oI (Vo (19t N Yo 1 o e (=T o] ([ PO PR UPPPOPRNE 270
15.8— Trar.>fer ol force at base of column, wall, or reinforced pedestal .............ooo i 270
RN SR o= Yo o T =) (=Y o) oT=Yo I (oo ] 10 o USSR 272
15/10- -Combined fOOtINGS @NA MALS .....cuiiiiii ittt st e e b e e sae e et e e saeesabeesaeesabeesaneeneenaneans 273

CHEAPTER 16—PRECAST CONCRETE .......ccociirmmmmmmminssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssssssns 275
BT B Tt o= O PP R PP PP PPOPRRON 275
LS LT Y - | RSSO UP PP UPPTSURUPRTRN 275
16.3—Distribution of fOrces amoNg MEMDETS ..........uiiiiiii ettt e e st e e sbe e e sbeeeenareenans 276
ISR e V1= Ta g o =T e [T T o TSP UPRP PR 276
SRS (0o (8] = U101 (=Y [ PSPPSR 277
16.6—Connection and DEANNG ESIGN .......eiiiiiiiiiiieie ettt a e et e e s ae e et e e sheeeabeesbe e eabeebeesareenneesaneens 279

American Concrete Institute Copyrighted Material—www.concrete.org


https://www.stdhive.com/standards/aci-318-11-pdf/

STRUCTURAL CONCRETE BUILDING CODE (ACI 318-11) AND COMMENTARY 5

16.7—Iltems embedded after CONCrete PIACEMENT .........coii i e e e et e e e e e st e e e e e snbe e e e e e sanseaeaaean 281
16.8—Marking and ideNtifiCAtION ..........crie it e e e e e e e e e e e e e e e nn 281
LC e o FoT oo [T TSR PU P URTOTPRPRURRTIN 281
16.10—Strength evaluation of Precast CONSIIUCTION .........ooiiiiiiiii e e e b e e saree e 281
CHAPTER 17—COMPOSITE CONCRETE FLEXURAL MEMBERS.........ccccccommiimnnnnnmmnnnnnnsssssnnenns 283
LA B Teo o1 T TP P U P PP PRPPPRUPRRRTRN 283
B2 € 1= =Y - SRR 283
B2 St o] 1 o SRR Zo-
17.4—Vertical ShEar SIrENGLN...........eii e e s r e e s s e e sne e e s ne e e s anre e e annneesneeesanne 254
17.5—Horizontal sShear StrenNGth ... sne e 264
17.6—TieS fOr NOMZONTAI SNEAF ......coi et e e e et e e e e e s bt e e e e e et e e e e e snreeeas 285
CHAPTER 18—PRESTRESSED CONCRETE ........ccccossmmmmiiininssssensnnssssssssssssssssssssssssssssssnss vesss ssnns 287
LRSI B Lo o o1 T PO PR U PRI S SPURSRTRN 287
T8.2——GIBNEIAL.......eiitii ittt a e et r e e e e r e e snnesreenre e aereeas A 288
18.3—DeSIgN ASSUMPLIONS ...ttt e ettt e s e e e ss e e ene e e sne e e s snneesanre e e s nneesnnee e eesannneesnneesanneenan 289
18.4—Serviceability requirements—FIexXural MEMDEIS ..........coiiiiiiii e e 290
18.5—Permissible stresses in PrestresSiNg StEEL..........eiii i e e 293
18.6——L 0SS Of PrESIIESS ...t e e s e s e ee e enned neeesanreeeanne e s e e e anreenn 293
18.7—FIeXUral StrENGN........oii et e st e ettt e s e 294
18.8—Limits for reinforcement of flexural MEMDENS ... it il e 296
18.9—Minimum bonded reiNfOrCEMENT .........ooi e ettt e e e e e e e e e nnree e 296
18.10—Statically indeterminate SITUCIUIES..........oii i it et ee ettt e e e e st e e s b e e e snt e e e s eeeesnneeeenneeeenns 298
18.11—Compression members—Combined flexure and axial [0ads............ i 299
18. 125180 SYSIEIMS ...ttt et e e e s Ea ettt e e b e e e e e a b et e s ne e e e be e e e en b e e e e nn e e nneeeeanreenan 300
18.13—Post-tensioned tendon anNChOrage ZONES .........coii it e et e e 302
18.14—Design of anchorage zones for monostrand or single 5/ in. C'ameter bar tendons .........ccccooeciieiiiiiiiiee e 307
18.15—Design of anchorage zones for multistrand tENAONS .. ciri....i e s 309
18.16—Corrosion protection for uUNbONAEd TENAONS .........coie i et eeeeneesane e 309
18.17—POSt-1ENSIONING AUCES ......eeieiiieii et e ettt e e et e e e e e e e e e s b e e et e e s asn e et e e e e aanb et e e e e annnneeeeeanneneeeean 310
LRI Re e G110 (o) g oo aTo L= I8 (=Y aTo (o] o T SRR 310
18.19—Protection for PrestreSSING STEEI .......oo i e e e e e e e s e 311
18.20—Application and measurement Of PrESIIC TSI G IUrCTE wuuiiiiiiiiiiiee et e et e et e e e e et e e e e e st e e e e e s enbe e e e e e eanreeeaaean 311
18.21—Post-tensioning anChorages @Nd COUUIE 3 ...iii i iiieiiiiie et e e e s e s r e s e s snn e e e s r e e e snreesanneesanreeens 312
18.22—EXtErnal POST-TENSIONING ... .eeeiiiiie e et ottt ettt et e ettt e s bt e e e shb e e e aabe e e snte e e aaseeeanbe e e sneeesabeeeeanreeeans 313
CHAPTER 19—SHELLS AND FOL)DED PLATE MEMBERS.......eeeeeeeeeeceecee e e eneennnnnnnnes 315
19.1—5C0PE AN AEFINITIONS ... oottt s h et e sh bt e e e a b et e saae e e e abe e e e aabe e e e neeesaneeeeanreeaans 315
19.2—ANAIYSIS @NA AESIGN .. et ettt e et e et e s e e e s e e e e e n et e s n et e e aR e e e e e r et e e ne e e e ne e e e anr e e e e nn e e s nneeeanreenan 317
19.3—Design strength Of MateTalS.........oouiii e e e 319
19.4—Shell FEINOICEMTNT. ... ettt b e et e bt e e et e bt e e bt e eae e sa bt e bt e eae e e bt e eareeneesereenneennnean 319
RS 00T o1 W T (o) o IO OSSPV OUPURRRRTRN 321
CHAPTER 20— STR=ZNGTH EVALUATION OF EXISTING STRUCTURES. ..........ccccirmmmnnnnnnssnnnens 323
20.1—Strength WaluatioN—GENEIAI .........iiiiiiiieie ettt b et e b e st e bt e sab e e sbeeean e e abeeenneeneeseee 323
20.2—De ‘ermination of required dimensions and material Properties ..........ueuiiiiiieii e 324
P2 e R (=L o] o To=To (U = T PRSPPI 325
R e W Y= Yo R e o o7 1 (=T = OO TR U RO U R PROPTT 326
PP e o=t o) =L g (oY o 1 (=T o = WP PP 326
20.6—Provision fOr IOWEr 1080 FAEING ....eeiiieieiiie e e e s n e e sne e e e sne e e e e e e snn e e e s ne e e e nr e e e nnnes 328
PO S = (=] YOS PPURPPPR 328
CHAPTER 21—EARTHQUAKE-RESISTANT STRUCTURES ......c.ccovureureeuresaresseressesasessssessessssesens 329
P I B =Yg oY = I = To [T =Y 41T o) SRR SSTRRP 329
21.2—0rdiNary MOMENT fTAMES .......ciiitiiiit ettt ettt ea ettt e st e e bt e she e e st e abe e e s e e be e sa bt e bt e na bt e sbeeemneebeesnneeneenene 335
21.3—Intermediate MOMENT fFTAMES......cooi it e e e e et et sb e e e s b e e e s b e e e sar e e e sne e e e nreesnnes 335
21.4—Intermediate precast StrUCIUIAl WaIS ...........uuiiiiiiiii e r e e e e e e aaaaeeeeeeanan 339
21.5—Flexural members of special MOMENT frAMES.........ccuiiiiiie e e 340

American Concrete Institute Copyrighted Material—www.concrete.org


https://www.stdhive.com/standards/aci-318-11-pdf/

6 STRUCTURAL CONCRETE BUILDING CODE (ACI 318-11) AND COMMENTARY

21.6—Special moment frame members subjected to bending and axial [0ad...........cooouiiiiiiiiiiieii e 346
21.7—Joints of SpecCial MOMENT fTAMES. .......oiiiiiiiiee et b e e rab e e s b e e e snr e e e aane e e sab e e e eneeesanees 350
21.8—Special moment frames constructed using precast CONCIEte............occiiiiiiiiiiiiie e 354
21.9—Special structural walls and CoupliNg DEAMS ..o e 356
21.10—Special structural walls constructed USING Precast CONCIELE ..........coiii it e 365
21.11—Structural diaphragms @Nd trUSSES .......cciuiiiiiiiieiie ittt ettt et ettt e e b e e shbeeseeabe e eabeesaeesabeesneesnneenees 366
P2 I o o T g o =1 1] o PP PP 371
21.13—Members not designated as part of the seismic-force-resisting sSystem ............ccoeooiiiiiiiin e 374
CHAPTER 22—STRUCTURAL PLAIN CONCRETE ......cceeuremueusscssesssesssesssssssssssssssssssssssssssssssssees 377
P2 B e o] o 1= T TP PP UPPRPRTPRON 377
P 0 1 =1 1) o PP 3/C
P22 e 1o T o 1 - PP 378
22.4—DeSIgN MENOU ... oottt b e s e e e b e e s e e e b e e s ae e e seesae e e reesane s reesanesnes ee et 379
22.5—S8trength dESIGN .......ooiiii e e e e s a e e e e e s 380
22.8—WAIIS ...ttt e e h e e et e e e e e R et e e b et e s ne e e e neeenanreeeenneeenned s o W . S 381
Py e Lo (10T L PSSP PR eereeeea e 382
22.8—PeAESIAIS ... e e e e e e ne e e s nre e e nnnre e s reeed reenannn e e e e e nnnes 384
22.9—PreCast MEMDEIS .....couiiiiieiie ettt b e bt b e e sa et et e e eae e e b e e saeeeabeesbee it e na s eabeenseeeaneennnenaneenees 384
22.10—Plain concrete in earthquake-resisting StrUCIUIES ..........coociiiiiiiiiiiie e et e 384
APPENDIX A—STRUT-AND-TIE MODELS..........cccoosmmmrrrnnnnnnmmsnnnsssssnnstion ees N s 387
L B = 0111 - T ST PSSP U SR UPPOPRTPRON 387
A.2—Strut-and-tie model deSign PrOCEAUIE ...........coceiriiirieriieitieereeree e f e et e ettt neee 394
A.B—SHrength Of STTULS ...eeeiiii e e e s a2 e ettt e st e e st e e e nte e e naee e e sabe e e eneeesanes 396
F S (=T g o g I o) N (=Y PP PSP RPPR 399
A.5—Strength of NOAAl ZONES.......cceiiiiiiiiee e es e ettt et 400

APPENDIX B—ALTERNATIVE PROVISIONS FOR REIN"Oh“ED AND PRESTRESSED

CONCRETE FLEXURAL AND COMPRESSION MEJ IBERS...........cccoossmmmmmmmnnnsnmnnnssssnnnes 403
o S TeT o o T T PP PP PPPPI 403
APPENDIX C—ALTERNATIVE LOAD AND STR=v'3TH REDUCTION FACTORS ........cccocvemmmmnnnnns 411
(O3 B Tt o TS PP U SRR 411
C.9.2—ReqUIrEd SIIENGLN ..o ettt a ettt e e ae et e e et e et e e shb e e ne e ehe e e bt e ean e e be e e e e enneenees 411
(O e T B 1= T oo IR =Y o o | (o [ T TP P USSP UPPTRPRTPRON 413
APPENDIX D—ANCHORING TO CONCRETE......ccccocmimriinissssssnnnssssssssssmssssssssssssssssssssssssssssssssssssnes 417
D B B = 0111 - T sSSP TP URROPPRURPOTRON 417
DS oo o 1= T PP 421
(DI T O 1T o T=Y = L C=Yo [0 T=T0 =T o £ SRR 422
D.4—General requirements for s:7ength of @NCNOTIS..........ooiiiiii e e 430
D.5—Design requirem:znte for tensile 10adING ..........cooiiiiiiie e e 436
D.6—Design requirame s for Shear I0AdING.........ooi e e e e et e e e e e e e e e e e b e e e e e e anreeeas 450
D.7—Interaction of te.2Sile and SNEAK fOICES.........ooiiii e e e e 461
D.8—Requirea =2dge distances, spacings, and thicknesses to preclude splitting failure ... 462
D.9—Initaliaiar and inSPection Of @NCNOIS .........oo i e ne e 463
APPEND\X E—STEEL REINFORCEMENT INFORMATION ......ccoiiiiiiicmecmenrssesssssssssse s s sssssssssmsnssnees 467
AZFTEDIX F—EQUIVALENCE BETWEEN SI-METRIC, MKS-METRIC, AND U.S. CUSTOMARY
UNITS OF NONHOMOGENOUS EQUATIONS IN THE CODE ........ccccmmiimninnnnmmnnnnnnsssssnnees 469
COMMENTARY REFERENCES. .........cccoccimmiiiniissmsnsnssssssssssssssss s sssssssssssssssssssssssssssssssssssssssnnssssnssnnsnses 477
119 497

American Concrete Institute Copyrighted Material—www.concrete.org


https://www.stdhive.com/standards/aci-318-11-pdf/

STRUCTURAL CONCRETE BUILDING CODE (ACI 318-11) AND COMMENTARY 7

this paragraph is set.

The ACI Building Code Requirements for Structural Concrete (“Code”) and Commentary are presented in a side-by-side
column format, with Code text placed in the left column and the corresponding Commentary text aligned in the right column.
To further distinguish the Code from the Commentary, the Code has been printed in Helvetica, the same type face in which

This paragraph is set in Times Roman, and all portions of the text exclusive to the Commentary are printed in this type face. Commentary
section numbers are preceded by an “R” to further distinguish them from Code section numbers.

Substantive changes from 318-08 are indicated with vertical lines in the margin (editorial changes not indicated).

INTRODUCTION

This Commentary discusses some of the considerations of
Committee 318 in developing the provisions contained in
“Building Code Requirements for Structural Concrete (ACI
318-11),” hereinafter called the Code or the 2011 Code.
Emphasis is given to the explanation of new or revised
provisions that may be unfamiliar to Code users. In addition,
comments are included for some items contained in previous
editions of the Code to make the present commentary
independent of the previous editions. Comments on specific
provisions are made under the corresponding chapter and
section numbers of the Code.

The Commentary is not intended to provide a complete
historical background concerning the development of the
Code, nor is it intended to provide a detailed résumé of the
studies and research data reviewed by the committee in
formulating the provisions of the Code. However, references
to some of the research data are provided for those who wish
to study the background material in depth.

As the name implies, “Building Code Requirements for
Structural Concrete” is meant to be used as part of a legally
adopted building code and as such must differ in form and
substance from documents that provide detailed specifications,
recommended practice, complete design procedures, or
design aids.

The Code is intended to cover all buildings of the usual
types, both large and small. Requirements more stringent
than the Code provisions may be desirable for unusual
construction. The Code and Commentary cannot replace
sound engineering knowledge, experience, and judgment.

A building code states only the minimum requirements
necessary to provide for public health and safety. The Code
is based on this principle. For any structure, the owner or the
licensed design professional may require the quality of
materials and construction to be higher than the minimum
requirements necessary to protect the public as stated in the
Code. However, lower standards are not permitted.

“For a history of the ACI Building Code, see Kerekes, F., and Reid, H. B., Jr., “Fifty
Years of Development in Building Code Requirements for Reinforced Concrete,” ACI
JOURNAL, Proceedings V. 50, No. 6, Feb. 1954, p. 441. For a discussion of code
philosophy, see Siess, C. P., “Research, Building Codes, and Engineering Practice,”
ACI JOURNAL, Proceedings V. 56, No. 5, May 1960, p. 1105.

The Commentary directs attention to other documents that
provide suggestions for carrying out the requirements and
intent of the Code. However, those documents and the
Commentary are not a part of the Code.

The Code has no legal status unless it is adopted by the
government bodies having the police power to regulate
building design and construction. Where the Code has not
been adopted, it may serve as a reference to good practice
even though it has no legal status.

The Code provides a means of establishing minimum standards
for acceptance of designs and construction by legally
appointed building officials or their designated representatives.
The Code and Commentary are not intended for use in settling
disputes between the owner, engineer, architect, contractor, or
their agents, subcontractors, material suppliers, or testing
agencies. Therefore, the Code cannot define the contract
responsibility of each of the parties in usual construction.
General references requiring compliance with the Code in the
project specifications should be avoided since the contractor is
rarely in a position to accept responsibility for design details or
construction requirements that depend on a detailed knowledge
of the design. Design-build construction contractors, however,
typically combine the design and construction responsibility.
Generally, the contract documents should contain all of the
necessary requirements to ensure compliance with the Code.
In part, this can be accomplished by reference to specific
Code sections in the project specifications. Other ACI
publications, such as “Specifications for Structural Concrete
(ACI 301)” are written specifically for use as contract
documents for construction.

It is recommended to have testing and certification programs
for the individual parties involved with the execution of
work performed in accordance with this Code. Available for
this purpose are the plant certification programs of the
Precast/Prestressed Concrete Institute, the Post-Tensioning
Institute, and the National Ready Mixed Concrete Associa-
tion; the personnel certification programs of the American
Concrete Institute and the Post-Tensioning Institute; and the
Concrete Reinforcing Steel Institute’s Voluntary Certification
Program for Fusion-Bonded Epoxy Coating Applicator
Plants. In addition, “Standard Specification for Agencies
Engaged in Construction Inspecting and/or Testing” (ASTM
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