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PREFACE

The “Building Code Requirements for Structural Concrete” (“Code’’) covers the materials, « <5ig. . ar.d 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: drawings and specifications; inspection; material>: lurability requirements;
concrete quality, mixing, and placing; formwork; embedded pipes; construction joints; . <info; cement details; analysis
and design; strength and serviceability; flexural and axial loads; shear and tors. u: development and splices of
reinforcement; slab systems; walls; footings; precast concrete; composite flexur.> me 1bers; prestressed concrete; shells
and folded plate members; strength evaluation of existing structures; provision. for seismic design; structural plain
concrete; strut-and-tie modeling in Appendix A; alternative design p.-ov sions in Appendix B; alternative load and
strength reduction factors in Appendix C; and anchoring to concrete in A, nendix 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 referen. < to the .ppropriate AWS standard.

Uses of the Code include adoption by reference in general bniluing codes, and earlier editions have been widely used
in this manner. The Code is written in a format that allows suct reference without change to its language. Therefore,
background details or suggestions for carrying out the requii c.aents or intent of the Code portion cannot be included.
The Commentary is provided for this purpose. Som= of the considerations of the committee in developing the Code
portion are discussed within the Commentary, wi:h ¢ mphasis given to the explanation of new or revised provisions.
Much of the research data referenced in prepari..e ‘he Code is cited for the user desiring to study individual questions
in greater detail. Other documents that provi fe ~aggestions for carrying out the requirements of the Code are also cited.

Keywords: admixtures; aggregates; anchorage (. ci 'ral); beam-column frame; beams (supports); building codes; cements; cold weather construction;
columns (supports); combined stress; comy sit ~consuruction (concrete and steel); composite construction (concrete to concrete); compressive strength;
concrete construction; concrete slabs; coner “5; cc astruction joints; continuity (structural); contraction joints; cover; curing; deep beams; deflections; drawings;
earthquake-resistant structures; embed'<d serv.ce ducts; flexural strength; floors; folded plates; footings; formwork (construction); frames; hot weather
construction; inspection; isolation joint<- joit. - (junctions); joists; lightweight concretes; load tests (structural); loads (forces); materials; mixing; mixture proportioning;
modulus of elasticity; moments; pive co. 'mns; pipes (tubing); placing; plain concrete; precast concrete; prestressed concrete; prestressing steels; quality control;
reinforced concrete; reinforcing stc »1s; 17 ofs; serviceability; shear strength; shear walls; shells (structural forms); spans; specifications; splicing; strength; strength
analysis; stresses; structural analysis, ~tructural concrete; structural design; structural integrity; T-beams; torsion; walls; water; welded wire reinforcement.

ACI 318M-78 was acopted as a standard of the American Concrete disclaims any and all responsibility for the stated principles. The Institute
Institute Nevem er 2007 to supersede ACI 318M-05 in accordance with the shall not be liable for any loss or damage arising therefrom. Reference to
Institute  stanaa. ‘ization procedure and was published July 2008. 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 © 2008, 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
of its content and recommendations and who will accept responsibility for retrieval system or device, unless permission in writing is obtained from the
the application of the material it contains. The American Concrete Institute copyright proprietors.

A~ omplc e U.f. Customary unit companion to ACI 318M has been
do ~lope ' 318; therefore, no U.S. Customary unit equivalents are included
n this locument.

ACI Committee Reports, Manuals, Guides, Standard Practices, and
( ommentaries are intended for guidance in planning, designing, executing,
and inspecting construction. This Commentary is intended for the use of
individuals who are competent to evaluate the significance and limitations

ACI 318 Building Code and Commentary


https://www.stdhive.com/standards/aci-318m-08-pdf/

2 TABLE OF CONTENTS

CONTENTS

INTRODUCGCTION ......coiiiiiicsssemnssrsssssssssmmsssssssssssssssssssssssssssssssssssssesssssssnmssnsssesssssssnnsnsnsssssssssnnnnnssnessssssnnnnnns 7
CHAPTER 1—GENERAL REQUIREMENTS .......cooocmmiiiniissnnmmnnnsssssssssssssssssssssssssssssssssssssssssnnmssssssnssnssns 9
R Bt o) o 1= RSP 9
1.2—Drawings and SPECITICALIONS........uiiiiutiie ettt et et s bt e e ah bt e e eab e e e sabe e e e be e e ent e e e anb e e e aabe e e enreeenreas 13

LIRS S 10157 o T=T o o BTSSP P PP RPPPI 14
1.4—Approval of special systems of design Or CONSIIUCTION ..........c.eiiiiiiiiiiii e 17
CHAPTER 2—NOTATION AND DEFINITIONS .....cooiiiiiiiiinssmnnrrissssssssssssssssssssssssmsssssssssssssssssssssesssssnnsd 19
P2 B @0 Yo [ 4T = (o] o S S 19
P B LY o1 o o T SR PUPUNPTR 28
CHAPTER 3—MATERIALS. .........eee e eeeec e s e e s s s s s s s s s s s s s n s s e n e n s e e e s e e s snnssnnnnas . N 41
T e TS o) 0 4 F= N =Y = SO UURPRRPN 41
3.2—CemENtitiOUS MALEIIAIS. ... ... iieeiiee et e et e e et e e s st e e s eeeesteeesneeesnseeeeansee et eeesnseeeaseeeeaneeeeanneeenn 41

R e Yo o =T o Fo L LT U Sy PO PTPUPRPPPPRN 42
BT = = O U OO PRR T 42
3.5—Steel rINOICEMENT ... ittt ettt esn e s r e e seneenes arees e denee i reesbeesneesbneeneenree s 43
BLB——AAMIXIUIES ....ooiiiiiiiiii i srr e s s sne e s s e sreeed e resser e s s e e e s s 49
B.7—St0rage Of MALEIIAIS ....ccueiiiiiiiieie ettt sttt e ste e s beeseeenbes eens Leateesbeessee e beesseesnbeesebeeneesneean 49
3.8—Referenced STANAArAS ...........ooiiiiii e e e e e s ane e nanee s 49
CHAPTER 4—DURABILITY REQUIREMENTS.......coiiiiiiiinennnnns friissst serssssssssssssssssssssssssssssssssssssssssnns 55
T 1Y 1= = SRR 55
4.2—ExXposure categories and CIASSES .........coouiiiiiiiiiiie el e et 55
4.3—Requirements for CONCIEIE MIXTUIES ........eeiiiiiiiiee e e et e s e e e e e e e et e nnn e e e snneeeas 57
4.4—Additional requirements for freezing-and-thawing EXPOSUIE ... ... i i 60
4.5—Alternative cementitious materials for SUIfate EXPOSUIE ..........ooiiiiiiii e e 61
CHAPTER 5—CONCRETE QUALITY, MIXING, .\MWO PLACING .......ccmiriiriiisnmmnnnrssssssssssssss s s ssssnssnes 63
L 1Y o Y L PR 63
5.2—SeleCtion Of CONCIEtE PrOPOIIONS. .. ...cciieueiiis iee ettt ettt et e et e b e e st e e bt e sa bt e sbeeease e beesseesaneeshneeneenneean 64
5.3—Proportioning on the basis of field experierice or trial mixtures, or DOt ........c.cooiiiiiiiii e 64
5.4—Proportioning without field experience Or “Hal iNIXEUIES ...........iiii e 69
5.5—Average compressive Strength 1o mtiOn i ... e e e s e e e e nnee 69
5.6—Evaluation and acCeptanCe Of CO MCTCIO ..oiii it e e e e s e e e e s e e e e et e e e e e nanreeeeeaanres 70
5.7—Preparation of equipment an™ Place of AEPOSIt........c.uuiiieii e e e e e s e e e e e e s anae e e e e e anees 75

Lo e Y 17T PSP PPRPP 76

Lo e 0o 1011 7= Y o T I OO TP TR PP 76

L L0 BT oo 1T To TP U OURPRPT 77

LT I R O o T T PP U OO OURPRPT 77
5.12—C0ld WEALHET FE TUITEIENTS ...ttt sttt sae e b e e et e e b e e shteebe e shb e e beeeaeeeabeesaeeeaneeseneenneenneean 78

5. 13—HOt Weather 1 dQUIIZMENTS ... e e et e e st e s n et e e s e e e s amr e e e snn e e e ann e e e nnneeennneeean 79

| CHAPTER € —F ORMWORK, EMBEDMENTS, AND CONSTRUCTION JOINTS .....coermemmeemrermsesennn: 81
(S B Bt o T o i {1 111 4 GRS PRRR PRI 81
6.2—Re. ~oval of forms, Shores, and rESNOMNG ..........oii i e e et e e e e st e e e e e e e enne e e e e e esneeeeaeeannnees 81
(SR St o T=Yo [0 1T o) £ g T ) o (o] 1= - U PRRRTR 83
B 0o g 1) (U o3 (1] N (o] 0| - OSSP PP UPUPPTRPRTRIN 84
ChAPTER 7—DETAILS OF REINFORCEMENT .....ccoviiciiisssssssssssesssssssssssssesssssssssssssssssssssssssssssssssssssnsns 87
A S €= a T F= o 4 T o €SP 87
7.2—MiIiNIMUM DENA IAMIEBLEIS ..ottt e ettt e e e e et b et e e e e s aa bt e e e e e s abe e e e e e s abseeeeesannreeeeseannneeeeeannnnee 87

S S = 1=T 2 o [0 T ST RUPRPPPPN 88
7.4—Surface conditions Of reINfOrCEMENT.......c..ei i e sen e r e nnee s 88

P e S T g T =T ) (o] (o7=Y 4 o= o USSP PPRPPN 89

ACI 318 Building Code and Commentary


https://www.stdhive.com/standards/aci-318m-08-pdf/

TABLE OF CONTENTS 3

7.6—Spacing liMits fOr reINfOrCEMENT .........oiuii ettt ae e s ab e e s b e eae e e be e eaeeebeesareenneenane s 920
7.7—Concrete protection fOr rEINFOICEMENT ............ii ettt st e b e e et b e e s e e et esabeeneesane s 91
7.8—Reinforcement details fOr COIUMNS .......co.uiii et e e e e e e e e s e e e b e e e s anneeesaneeeas 94
SO0 a1 0 T=To1 ) =PRI 95
7.10—Lateral reinforcement for COMPreSSION MEMDEIS .........oiiiiiiiiiie e e e e e e s e s re e e e s saraeeeeeannsbeeeeeeanees 96
7.11—Lateral reinforcement for fleXUral MEMDEIS ........ccuiiiiiiiie e r e nree s 98
7.12—Shrinkage and temperature reiNfOrCEMENT ..........oii it e e e et e e st e e s ae e e e asteeseneeeesnneeean 98
7.13—Requirements for STTUCTUAl INTEGNILY ........eviiieeiii e s e e e e e n e e 100
CHAPTER 8—ANALYSIS AND DESIGN—GENERAL CONSIDERATIONS ..........ccccoccrvenee. 0%
8.1—DESIGN MEINOGS ... ittt s e e s e s e b et e s b e e s ne e e s ar e e s nn e e e s e e e s ne e e nnne e s e s 103
=2 o - Vo 1o P 103
8.3—MethOods Of @NAIYSIS ....eeieiiiiee e e e e e e snnnee s e e e e s 104
8.4—Redistribution of moments in continuous flexural MEMDEIS ...........coo s e e 105
8.5—MOAUIUS OF EIASTICITY ...eecereeiii et e st e e e sne e e snreenes e aan e enr e s 107
8.6—Lightweight CONCIETE. .......oiiiiiiiii e e s see e es ees et esaee e 107
I 11117 0 L= OO PP S VPSPPSR 108
8.8—Effective stiffness to determine lateral defleCtioNS............coiiiiiiiii i e e 108
B.9—5PAN IENGHN ... bt bt et e b e e st e nh £ eneenae e e b e e e e e e nn e e nneeres 109
LS 0 0] 1 T R 110
8.11—Arrangement Of [IVE 108G ...........cueiiiiiieie e e s e rres rrees eeesanneesneee s s e e e sneeennees 110
8.12—T-DEaM CONSIIUCTION ......eeiiiie ettt s ettt e e e e 111
8.18—JOIST CONSITUCTION .....eiiitii ettt e e e e sriree s eeesis eaabeeesaseeesbeeesanreeeanseeesareeeeneeesanes 112
8.14—Separate floor fiNISN...........uiiie e e e s e e s e e snreeees ateeeeeeea——eeeesaa———eeeeean——reaeeaarraraaeaan 113
CHAPTER 9—STRENGTH AND SERVICEABILITY REQUIREN. 2N 1S.....cccmiiririnissnsssennnsssssssssnsenns 115
SR el 1= =T SR 115
S T2 o T To (U1 (=Y ] (=Y oo |1 USSR 115
9.3—DeSIgN SITENGLN ... e ettt e e e e s 117
9.4—Design strength for reiNfOrCEMENT .........ocoi i e e e e 121
9.5—C0oNtrol Of AEflECHONS ......couiiiii e ettt a e et b e sb e e r e sneenare s 121
CHAPTER 10—FLEXURE AND AXIAL LOADGJ ... i ccceeesnrisssssssssmssssssssssssssssssssssssssssssssnsssssssssssssnnnnes 129
O B ToTo o1 T TSSO PP PP PPPPPRTRPPRI 129
10.2—DeSIgN @SSUMIPLIONS ...t e i ettt e e ettt e e e e ettt et e e e e s bt eea e e e nseeeeaeaanseeeaaeaannteeeeeaannseeaeaeaansseeeaeann 129
10.3—General PrinCiples and FEQUITEIMETI R ... i ettt ettt e e e e e e e s bt e s abe e e s s b e e s aaneeesneeeebeeesanneeesnneeeaneeenans 131
10.4—Distance between lateral SUPPON 3 OF 'SXUrAl MEMDEIS .....cociiiiiiii e 134
10.5—Minimum reinforcement of fleXc=al MEMDEIS .........eiiiiiiii e e 134
10.6—Distribution of flexural reir ror.ement in beams and one-way SIabs ...........cccocieiiiiii i 135
O B LTt oI o= T 41 PP UPP PRI 137
10.8—Design dimensions for 2omMPression MEMDETS............eiiiiiiiii e e e e e naes 138
10.9—Limits for reinfore2me 2t 0 COMPreSSION MEMDEIS.......coiiiiii e 138
10.10—Slenderness effe >ts i.1 COMPreSSION MEMDEIS ......cc.uiiiiiiiiiee et sae et esre b e 140
10.11—Axially lo~2ded meminers supporting SIab SYSTEM.......coiiiiiiii e 148
10.12—Transmsior. of column loads through flOOr SYSTEM .......coiiiiiiiii e e 148
10.13—COomy 2SIle COMPIESSION MEMDEIS ... ..iiiiieiieiitiee e e ettt e e e e e ee e e e e e et e et e e e et e eeeessataeeeaeeaasssaeaesesstseeesesansseeeeesanseneanaan 149
10.14—Bearing SITENGLN ... ettt e e e sttt e e e s b e et e e e e e aa et e e e e e e anbe e e e e e anbeeeeeeaanneeeeeaan 152
CHANTEN '"1—SHEAR AND TORSION .......eeececcee e eeessss s ss s s s ss s s s s s s s s r s s n s s s s s s s e s s eesssessssssssssnsssnns 155
L B 1= T gy £ £=T g T |1 PSR PP RSP 155
11.z——Shear strength provided by concrete for nonprestressed MEMDErS..........cooiiiiiiii i 158
17.3—Shear strength provided by concrete for prestressed MEMDErS. ..........coiiiiiiiiiii e 160
11.4—Shear strength provided by shear reinfOrCEMENT ...........ouiiiiiii et 163
BT S D= oo (o g o) 1o o PSPPSR 168
B TSt 1= U 14T (o o SR 180
LI G =TT o o= g g1 PRSPPI 183
11.8—Provisions for brackets and COMDEIS...........eoi i s e e aneeenans 184
11.9—ProViSIONS fOr WAIIS ....cei ittt et e e ettt e e e e e ettt e e e s s beeeaa e s s seeeeeeeasseeeaeeassnseeeeeeansseaeeesnnsaeeeanann 188
11.10—Transfer of MOMENTS 10 COIUMNS ..ot e et e e s b e e e be e e sne e e s snn e e e snneeennes 190
11.11—Provisions for SIabs and fOOTINGS ........oiuiiiiiiie et st e et e e sne e e s sbe e e e snbeeeaaes 190

ACI 318 Building Code and Commentary


https://www.stdhive.com/standards/aci-318m-08-pdf/

4 TABLE OF CONTENTS

CHAPTER 12—DEVELOPMENT AND SPLICES OF REINFORCEMENT .......ccccccmmrrmmssssnmmnnnnssnsnnns 203
12.1—Development oOf reinforCeMENT—GENEIAL...........iiiiiiiiiiiere ettt et esresnee e 203
12.2—Development of deformed bars and deformed Wire in TENSION...........ooiiiiiiiiiii e 204
12.3—Development of deformed bars and deformed wire in COMPIreSSION .........viiiuiiiiiiieiiie e 206
12.4—Development Of DUNAIEA DATS .....c.o.ueiii et e e sbr e e e e saneas 207
12.5—Development of standard hOOKS iN TENSION .........ciiiiiiiiiee e s 207
12.6—Development of headed and mechanically anchored deformed bars in tension...........c.cccee e, 210
12.7—Development of welded deformed wire reinforcement in tENSION ........cccvii i 212
12.8—Development of welded plain wire reinforcement in tENSION .........cuviiiii i 213
12.9—Development of PrestresSiNg STFANG ........oooeiiiiiiii e e 214
12.10—Development of flexural reinforcemMeNt—GENEIAL ............ccuuiiiiiiiiieee e e e e e e e e sarae e e e 216
12.11—Development of positive moment reinforCemMENt............ooi i s 213
12.12—Development of negative moment reinfOrCEMENT ..........coiiiii i e s 220
12.13—Development of Web reinfOrCEMENT ..........eiii e e e et e 220
12.14—Splices of reinfOrCeMENT—GENEIAl ........coiuiiiiiiie ettt e et e st e e sbeeeenneeesneeessnsees b enees Daas 224
12.15—Splices of deformed bars and deformed wire in teNSION ...........ceeiiiiiiiiiii e e el >....... 225
12.16—Splices of deformed bars in COMPIESSION .........eiiiiiiiiiie e e e e s sbe e e e saeeesnas eaeeesaneeeesaneas 227
12.17—Splice requirements fOr COIUMNS ..........uiiiiiiie e e s e e e sne e e e b e e e e naneas 228
12.18—Splices of welded deformed wire reinforcement in teNSION .........coocciiiiiiiiiiinee e, V. VTR 230
12.19—Splices of welded plain wire reinforcement in tENSION..........cooiiiiiiiiiiii el e 231

CHAPTER 13—TWO-WAY SLAB SYSTEMS......coeueecureeeesreeessssesssssssesen 20 esst erssssssssssssssssssnsanes 233
S T et ol ) o= U SO PR 233
LRSI C T Tt - L PO ST SUPUSTOPRRPRTN 234
13.3—SIab reinforCemMEeNt ..........ociiiiiieecee e e e i e st et e e re e e s 235
13.4—0pPeningS iN SIAD SYSTEIMS .......iiitiiiiiiiii et rtee s e e teeses aeesieeaseesbe e s beesbeesabeesaeesaneesbeeenreebee e 238
13.5—DESIGN PrOCEAUIES ....cciiiiiiiiie it ee ettt e e e ettt e e e e sttt e e e s eiaeeeseseateees aaaes feesessbeeeeeeaanbeeeeeesaanbeeeesaannbeeeeeesannneeeeesan 238
13.6—Direct design METNOA ..........ocui s el et ae e s e e s ae e s neene e e 241
13.7—Equivalent frame MELNOM ..o e e e ittt e st e e et e e s st e e st e e e aee e sne e e e snbeeeenreeesaneas 248

L0 Yl I o B e Y I s 253
T4.1—8COPE ..ttt . N PSSR 253
L e € LT 1T - | T e TP PSR U PRSP PPPRPRRITN 253
14.3—Minimum reinforcement............ccccovieerien it B . PPt 254
14.4—Walls designed as COMPIrESSION MEMIE BIS . i ittt e e e e e e e e e e ra b et e e e e s e beee e e e s aanbeeeeeeannbeeeeeeaannneeeeeaan 255
14.5—Empirical deSign METNOG. ... i et e e et e st e s b e e e e b e s nn e e e anr e e e enne e e nannes 255
14.6—NONDEAINNG WAIS......ceiiieeiie e et ittt ettt e e e ettt e e e e e et e e e e e e s a b e et e e e s abeeeeaesaaneeeeeseannbeeeeeeannneeeeenan 256
14.7—Walls @S Grade DEAIMS. .......ooiiiie il ettt st s e s e e e s b e e s e e e sbe e sen e s saeesan e e reesanesree e 256
14.8—Alternative design Of SIENAEI Wi l1S ... .. .ii e e e s e e e e e 257

CHAPTER 15—FOOTINGS . ... ciiiiiecimnnnsssssssssmsssssssssssssssssss s s ssssssssssssss s s ssssssssnmsssssssssssssnnnnsnsssssnssnnn 261
LS Es o7 o= T 261
15.2—L.080S @NA FEACHIONS ......oiii ittt bt et b e e bt e s ae e s bt e she e e st e e b e e s et e bt e sen e e neenan e et e e eneere e e 261
15.3—Footings suppaiting ~ircular or regular polygon-shaped columns or pedestals ..........coocveviieeeiiciieee e 262
R Y (ol o =T o T I e | (1 PP OTRR 262
BT ] 1o U g T (o o] 0 1N ST 263
15.6—Develop.nent of reinforcement iN TOOtNGS. .....coiuiii e e 264
ST YA 1 {10 N To) 1 o e =T o 1 PP 264
15.8— Trar. ~fer o1 force at base of column, wall, or reinforced pedestal ............ccceeiiiiiiiiiii e 264
TR o R oo To o TS (=T o] o =T I (oL ] 1] 0o T PSPPSR 266
1510~ -Combined fOOTINGS AN MALS ....ceiiuiiiiiiiii et e ettt a e sa bt e e s abe e e s bt e e sabe e e e bteesneeeeasbeeesnreeesaneas 267

CHEAPTER 16—PRECAST CONCRETE .......cccciimmmrrrinnissssssssnnsssssssssss s ssssssssssssssssssssssssssssssssssnsssses 269
LT RS ToTo oL T T PO U PP URTPPPRPPRIN 269
LT € LT T - | T TP U TR PP U RTPPPOPRRTN 269
16.3—Distribution of fOrces among MEMDEIS .........ooi i e e e e 270
L e Y = g gl o= e [T o | o PR PTRR 270
L RS (0o (BT T (Yo 1 O P U PPUSTPPPOPRRTN 271
16.6—CoNNection and DEAING AESIGN .......uiiiiiiiiiie ettt hb e e st et e s bt e e sab e e e e abee e saeeeessbeeeebeeesanes 273

ACI 318 Building Code and Commentary


https://www.stdhive.com/standards/aci-318m-08-pdf/

TABLE OF CONTENTS 5

16.7—Items embedded after concrete PlaCEMENT ...........oo i e 275
16.8—Marking and identifiCatiON .............oocuiiiiii e e e 275
LI =V To {11 T ORI 275
16.10—Strength evaluation of precast CONSIIUCTION ..........oouiiiiiiiiii e e neennee e 275
CHAPTER 17—COMPOSITE CONCRETE FLEXURAL MEMBERS.........ccccccmmmiiiinnemnnnnnssssssnnnnnns 277
LA RS TeTe ] o1 PP UP PP UPSPPPRPI 277
Qe € LT LT - | O T T PO PSPV PP PR PPPRPRPRI 277
LIRS =1 10T (12T TR T PSSRSO PRSPPI i
17.4—Vertical Shear SIrENGIN.........coi e seeesne e s sneeen e 208
17.5—Horizontal Shear SIrENGLN ... e e s e n e e ne et 275
17.6—TiIeS fOr NOMZONTAI SNEA ........eiiiiiie et e e e e e e ee e e e s et e e be e enr e e e naneeead 279
CHAPTER 18—PRESTRESSED CONCRETE ........cccoosrmmtmiiiiisssssmsssnsssssssssssssssssssssssssssssnssnst sesss mmsens 281
LRI RS TeTe] o1 PP PO O VPP S PUPSPTPRPI 281
18.2—GIBNEIAL ... ccueiitii ettt ettt bttt h et e e s n e s b e e ene e neesaneseneennesennefen ereest Ceaneenreesre e 282
18.3—DESIgN ASSUMIPLIONS ...ttt e st e e s ree e s re e e e s e e e sne e e sneeesnmnee s nneesnnneeas eesnneessnnnesanneeennns 283
18.4—Serviceability requirements—FIeXUral MEMDEIS .........cooiiiiiiii e e e e s e e e snee e 284
18.5—Permissible stresses in prestressing STEEl........oocvii i e e 287
18.6—L0SS Of PrESIIESS ... ittt et e et snr e e s e e e ees aeeanned heeeeaneeenane e e e e e e e 287
18.7—FIexXural STTENGLN ... e e e s ees ee aateeee s e ee e e e s e a b e e e e e e annreeeeaas 289
18.8—Limits for reinforcement of flexural MemMDErS ... e 290
18.9—Minimum bonded reiNfOrCEMENT ..........oiiiiiiiiii e ettt 291
18.10—Statically indeterminate STTUCIUIES...........coiiiiiiii i e ettt sb e ereenne e 293
18.11—Compression members—Combined flexure and axial [0ads............ | i e 294
B RC T B2ty P o T S =) o PRSPPI 294
18.13—Post-tensioned tendon anChOrage ZONES .........ccuii it e et e e e nee e e 297
18.14—Design of anchorage zones for monostrand or single 16 mm liameter bar tendons ............ccceeviiiniiiiiieeiiieens 302
18.15—Design of anchorage zones for multistrand tENAONS .. 1ot 303
18.16—Corrosion protection for UNbONAEd tENAONS ........cciiei i e e s e e enee e e 304
18.17—POSt-1ENSIONING AUCES ...t ettt e e e e et e e e e e e e e e s e b s e e e e e s e sne et e e s e aanteeeeeesannneeeeeaan 304
18.18—Grout fOr DONAEA TENAONS.......ouiiiiieie ettt et she e e st e sae e et e e sae e sar e e sbeeean e e sbeeeneeanee e 304
18.19—Protection for PrestreSSING STEEI ........o i e e e e s s e e e e nane 306
18.20—Application and measurement Of PreSIIE TSI G IUrCE .uuiiiiiiiiiiiee e et et e e e e e e e et e e e e e st e e e e e sarae e e e e seasaeeeaeaas 306
18.21—Post-tensioning anChorages @Nd COUUIE 3 ...ii i iiieeeeie e sree et sre e e e e e e s sne e sene e e e ne e e snneessnneeseneeennns 307
18.22—EXternal POSt-tENSIONING ......c.ooii it i ittt sh e e e e h e e et e e s ae e s b e e sbeesae e e sbeesneeree e 308
CHAPTER 19—SHELLS AND FOLDED PLATE MEMBERS .......ceciuecuecssssssssssssssssssssssssssssssssssens 309
19.1—58C0PE aNd AEfiNITIONS ... oot e e et s et e s b et e e st e e e an e e e sane e e e be e e nnne e e snneeeaneeenane 309
19.2—ANAIYSIS ANA AESIGN .. e ettt e e ettt e e e e e ettt e e e e s b e et e e e e b e et e e e e e h R e et e e e e ane e e e e e e e nrreeeeeaaarnreeeeaan 311
19.3—Design Strength Of MATLTIAIS ... ...ttt e et e e e e e et e e e e e e ante e e e e e s nseeeeeesannneeeaeann 313
RS S Lo [ =T () (o] (o= 4 R o S TSP UP PP UPPPTPRPN 313
RS E 070 g 1) (¥ o (o] o I T PRSP TP URTOPPRPRPPRI 315
CHAPTER 20— STR=NGTH EVALUATION OF EXISTING STRUCTURES ........ccccoiviimrrrnieenrnninns 317
20.1—Strength 2WaluatioN—GENEIAI .........eoiiiiiieieee et b et b e nb e et e e sae e s b e e nneesaneenes 317
20.2—De*ermination of required dimensions and material Properties ...........oouruiiiriee e 318
PP e CoT= Y A o] o o =Y [ = T PP UPPPPPTRN 319
L R e o Y=o g To I o2 1 (T o PP SP TP 320
PP oo o) =1 g oY ot 1 =] = SRR 320
AN (oY= o g1 (o gl To /=T i [ =T I 11 TS 322
PO ST (PSPPSR 322
CHAPTER 21—EARTHQUAKE-RESISTANT STRUCTURES ........coo oo sssssn e 323
P2 B B 1= T = U = Yo U1 =T00T= T oL £ PP U PP PRRO 323
21.2—0rdiNary MOMENT FIrAMES ......ceiiiiiiiiii ettt e bt e e et e e s e e e e b et e e ab e e e ease e e sa bt e e eabe e e sanreeeabneesanbeeesanes 328
21.3—Intermediate MOMENT fFTAMES.......ciiiiiieii ettt b et e b s a bt e n e e eb e e et e e s ae e san e e sneesaneeres 329
21.4—Intermediate precast STrUCIUIAl WaIS .............oi i e e 333
21.5—Flexural members of special MOMENT frAMES.........coiiiiiii i e e e e e e e et e e e e e snsaeeeaeaan 333

ACI 318 Building Code and Commentary


https://www.stdhive.com/standards/aci-318m-08-pdf/

6 TABLE OF CONTENTS

21.6—Special moment frame members subjected to bending and axial 10ad............cccooeeriiiiiiiiiiiee e 339
21.7—Joints of special MOMENT fTAMES..........cuiiiiie et e e e e s e e e e n e e e snn e e e nne e e s enne e e nnnees 343
21.8—Special moment frames constructed USING PreCcast CONCIELE........cciuiiiiiiie e 347
21.9—Special structural walls and COUPIING DEAMS ......ccouiiiiii et s saneas 349
21.10—Special structural walls constructed using precast CONCIETE .........cuii it 356
21.11—Structural diaphragms @nd trUSSES .........cciiiiiiiiiie et s re e b sr e e sre e san e e reesaneers 357
P I e o 0 g o P (o] o F OSSPSR PR PPRR 362
21.13—Members not designated as part of the seismic-force-resisting SyStem ...........ccccooiiiie e 365
CHAPTER 22—STRUCTURAL PLAIN CONCRETE .......ccooeommrrrinnnsssmsnnsssssssssssssss s ssssssssssssss s sssnsses 369
P2 B oo o1 SRRSO P PR 369
P I 1 =T o PSSP 3¢
PG e 1o ] | - PO PO S 370
22.4—DeSIgN MELNOM .......ooi ettt e e ettt e e e st e e e e e e e aae e e e e e e aanee e e e e e s neeeeeeeaansbeeeeeeannnnneeeenannns eeaant 371
P2 S (=] T |10 (Y] o | o PSPPI PP 371
22.8—WAIS ...ttt h e h e e e b et e n et e e br e e e an b et e eann e e ebeeeeanneeeanneeenned s W W . SR 373
P e o To) 1o OO o STTR 374
22.8—PeAESTAIS ..ot e e e e e e n e e s nne e nnee e s reeed aeenanne e e e e e nnes 376
22.9—PreCast MEIMDEIS ...t et s et e e r e e s s et e sane e e s re e e e nn e e eamnee e et e eas e eanneeenreeeaneeennns 376
22.10—Plain concrete in earthquake-resisting StrUCIUIES ..........ooocviiiiiieiiie e et e e 376
APPENDIX A—STRUT-AND-TIE MODELS ......... o eeceeeceeeeereessenrresnslsn eeel seneitenesssesseessssssssssssses 379
N B 1= 101 o o PSSP PPR 379
A.2—Strut-and-tie model deSigN PrOCEAUNE ..........cociiriieiieriiestiesreesree e s f e ettt e et sn e e sneesaneenes 386
AB—SHENGLh OF SITULS ...t e e s 2200 e ettt e e st e et e e et e e s be e e e snb e e e nnte e e saneas 388
F NS 1 (=T g o g I (=Y SRR PP 391
A.5—Strength of NOAAl ZONES.......cceiiiiiiiiie e e e et st 392

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

CONCRETE FLEXURAL AND COMPRESSION MEJ IBERS...........ccooeemmmmmmnnnnnnmmnnnessnnnnes 395
L S oo o1 T PSP S PP P OPPPPURROE 395
APPENDIX C—ALTERNATIVE LOAD AND STR=1'3TH REDUCTION FACTORS ......ocooieeeiveeeeeenns 403
(O B oo o 1T o TSP PP PPN 403
C.9.2—ReqUIrEd SITENGN ...t e ettt e a e s ae e e b e e s ae e ea bt e she e e ase e sbe e e re e be e sabeenneenaee s 403
(O3 IR Tt B T=Y o g TR=] 11T o | (SRR 405
APPENDIX D—ANCHORING TO CONCRETE.......cccociiriinissnsssnnsnsssssssssss s sssssssssssssssssssssssssssssssssnes 409
(D B B 1= 01T ] o - ST PO TR PP TR PPPOPRRTRTN 409
D.2—SCOpEe ..oovveeeriieeeiieeee PSR 411
D.3—General requirements.... ..... PSR 412
D.4—General requirements for 5:-ength Of @NCNOIS ......c...iiiiiii e 414
D.5—Design requirem 2nte for teNSIle 10AAING .....coiieiiiiiiee e 419
D.6—Design requirame 2ts fOr Shear I0AAING.........ooi ittt e e e st e e e e e e e e e s e e e e e e e e e anreeeas 428
D.7—Interaction of t€.2Sile aNd SNEATK fOTCES........ooiiiiii e s e st e e st e e et e e senee e e saneeeabeeeeane 436
D.8—Requirea =dge distances, spacings, and thicknesses to preclude splitting failure ............ccccovieiineinneee 437
D.9—INCHaNc A Of @NCNOTIS ...t ettt sttt e sa e e bt e sa e e sar e s aeesn et e re e ne 438
APPEND\X E—STEEL REINFORCEMENT INFORMATION ......ccoiiiiiiieemmnnnsssssssmssss s sssssssssnsss s 439
A-TEDIX F—EQUIVALENCE BETWEEN SI-METRIC, MKS-METRIC, AND U.S. CUSTOMARY
UNITS OF NONHOMOGENOUS EQUATIONS IN THE CODE .........ccccciirnnnnnnnsssssssssssnnnes 441
COMMENTARY REFERENCES. ........cccooomiiiiiiissmnsrsssnssssssssss s ssssssssssss s s sssssssssmss s s ssssssssnsnnsssssnnnsnns 449
L 10 467

ACI 318 Building Code and Commentary


https://www.stdhive.com/standards/aci-318m-08-pdf/

INTRODUCTION 7

this paragraph is set.

provisions were renumbered for this edition.

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.

Except for Chapters 4 and 21, substantive changes from 318M-05 are indicated with vertical lines in the margin (editor’ai
changes not indicated). Changes to the provisions of Chapters 4 and 21 are not indicated by a vertical line becaus= t. :

.

INTRODUCTION

This Commentary discusses some of the considerations of
Committee 318 in developing the provisions contained in
“Building Code Requirements for Structural Concrete (ACI
318M-08),” hereinafter called the Code or the 2008 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 whc wir1
to study the background material in depth.

As the name implies, “Building Code Reg virewents for
Structural Concrete” is meant to be used as vart of a legally
adopted building code and as such r.cot ailer in form and
substance from documents that provic = det .iled specifications,
recommended practice, compi te design procedures, or
design aids.

The Code is intended to cov:r all buildings of the usual
types, both large ~aud small. Requirements more stringent
than the Code {>rovisions may be desirable for unusual
construction. The “ode and Commentary cannot replace
sound engine *ring knowledge, experience, and judgment.

A Uilding cole states only the minimum requirements
pacess v to provide for public health and safety. The Code
s ba. 2d on this principle. For any structure, the owner or the
licensed design professional may require the quality of
raaterials and construction to be higher than the minimum

“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 philos-
ophy, see Siess, C. P., “Research, Building Codes, and Engineering Practice,” ACI
JOURNAL, Proceedings V. 56, No. 5, May 1960, p. 1105.

requirements necessary to protect the public »s s.ited in the
Code. However, lower standards are not pc mited.

The Commentary directs attention to other documents that
provide suggestions for carryii g out the requirements and
intent of the Code. Howevis. ‘hose documents and the
Commentary are not a nart « f the "ode.

The Code has nu lega’ status unless it is adopted by the
government bodies “aving the police power to regulate
building {'esi :n and construction. Where the Code has not
been adonte" 1t 1nay serve as a reference to good practice
even tk ough. it nas no legal status.

Ti.2 Co e provides a means of establishing minimum standards
for «cceptance of designs and construction by legally
ar ointed 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 drawings, specifications, and 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 specifi-
cations. Other ACI publications, such as “Specifications for
Structural Concrete (ACI 301M)” 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
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Program for Fusion-Bonded Epoxy Coating Applicator
Plants. In addition, “Standard Specification for Agencies
Engaged in Construction Inspecting and/or Testing” (ASTM
E329-06a) specifies performance requirements for inspection
and testing agencies.

Design reference materials illustrating applications of the
Code requirements may be found in the following documents.
The design aids listed may be obtained from the sponsoring
organization.

Design aids:

“ACI Design Handbook,” Publication SP-17(97), Amer-
ican Concrete Institute, Farmington Hills, MI, 1997, 482 pp.
(This provides tables and charts for design of eccentrically
loaded columns by the Strength Design Method of the 1995
Code. Provides design aids for use in the engineering design
and analysis of reinforced concrete slab systems carrying
loads by two-way action. Design aids are also provided for
the selection of slab thickness and for reinforcement required
to control deformation and assure adequate shear and
flexural strengths.)

“ACI Detailing Manual—2004,” ACI Committee 315,
Publication SP-66(04), American Concrete Institute, Farm-
ington Hills, MI, 2004, 212 pp. (Includes the standard, ACI
315-99, and report, ACI 315R-04. Provides recommended
methods and standards for preparing engineering drawings,
typical details, and drawings placing reinforcing steel in
reinforced concrete structures. Separate sections define
responsibilities of both engineer and reinforcing bar detailer.)

“Guide to Durable Concrete (ACI 201.2R-01),” ACI
Committee 201, American Concrete Institute, Farmington
Hills, MI, 2001, 41 pp. (This describes specific types of
concrete deterioration. It contains a discussion of the mech-
anisms involved in deterioration and the recommended
requirements for individual components of the concrete,
quality considerations for concrete mixtures, construction
procedures, and influences of the exposure environment.

“Guide for the Design of Durable Parking Structures
(362.1R-97 (Reapproved 2002)),” ACI Committee 362,
American Concrete Institute, Farmington Hills, MI, 1997, 33 pp.
(This summarizes practical information regarding design of
parking structures for durability. It also includes information
about design issues related to parking structure construction
and maintenance.)

“CRSI Handbook,” Concrete Reinforcing Steel Institute,
Schaumburg, IL, 9th Edition, 2002, 648 pp. (This provides
tabulated designs for structural elements and slab systems.
Design examples are provided to show the basis of and use
of the load tables. Tabulated designs are given for beams;
square, round, and rectangular columns; one-way slabs; and
one-way joist construction. The design tables for two-way
slab systems include flat plates, flat slabs, and waffle slabs.

The chapters on foundations provide design tables for square
footings, pile caps, drilled piers (caissons), and cantilevered
retaining walls. Other design aids are presented for crack
control; and development of reinforcement and lap splices.)

“Reinforcement Anchorages and Splices,” Concrete
Reinforcing Steel Institute, Schaumburg, IL, 4th Edition,
1997, 100 pp. (This provides accepted practices in splicing
reinforcement. The use of lap splices, mechanical splices,
and welded splices are described. Design data are presented
for development and lap splicing of reinforcement.)

“Structural Welded Wire Reinforcement Manual of Stan-
dard Practice,” Wire Reinforcement Institute, Hartford, CT,
6th Edition, Apr. 2001, 38 pp. (This describes welded wire
reinforcement material, gives nomenclature and wire size
and weight tables. Lists specifications and properties and
manufacturing limitations. Book has latest code require-
ments as code affects welded wire. Also gives development
length and splice length tables. Manual contains customary
units and soft metric units.)

“Structural Welded Wire Reinforcement Detailing
Manual,” Wire Reinforcement Institute, Hartford, CT,
1994, 252 pp. (The manual, in addition to including ACI 318
provisions and design aids, also includes: detailing guidance
on welded wire reinforcement in one-way and two-way
slabs; precast/prestressed concrete components; columns
and beams; cast-in-place walls; and slabs-on-ground. In
addition, there are tables to compare areas and spacings of
high-strength welded wire with conventional reinforcing.)

“Strength Design of Reinforced Concrete Columns,”
Portland Cement Association, Skokie, IL, 1978, 48 pp. (This
provides design tables of column strength in terms of load in
kips versus moment in ft-kips for concrete strength of 5000 psi
and Grade 60 reinforcement. Design examples are included.
Note that the PCA design tables do not include the strength
reduction factor ¢ in the tabulated values; M, /¢ and P,/¢
must be used when designing with this aid.)

“PCI Design Handbook—Precast and Prestressed
Concrete,” Precast/Prestressed Concrete Institute, Chicago, IL,
6th Edition, 2004, 736 pp. (This provides load tables for
common industry products, and procedures for design and
analysis of precast and prestressed elements and structures
composed of these elements. Provides design aids and examples.)

‘“Design and Typical Details of Connections for Precast and
Prestressed Concrete,” Precast/Prestressed Concrete Institute,
Chicago, IL, 2nd Edition, 1988, 270 pp. (This updates available
information on design of connections for both structural and
architectural products, and presents a full spectrum of typical
details. This provides design aids and examples.)

“Post-Tensioning Manual,” Post-Tensioning Institute,
Phoenix, AZ, 6th Edition, 2006, 354 pp. (This provides
comprehensive coverage of post-tensioning systems, speci-
fications, design aids, and construction concepts.)
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CHAPTER 1 — GENERAL REQUIREMENTS

CODE
1.1 — Scope

1.1.1 — This Code provides minimum requirements
for design and construction of structural concrete
members of any structure erected under requirements
of the legally adopted general building code of which
this Code forms a part. In areas without a legally
adopted building code, this Code defines minimum
acceptable standards for materials, design, and
construction practice. This Code also covers the
strength evaluation of existing concrete structures.

For structural concrete, f; shall not be less than 17 MPa.
No maximum value of f; shall apply unless restricted
by a specific Code provision.

COMMENTARY
R1.1 — Scope

The American Concrete Institute “Building Code Require-
ments for Structural Concrete (ACI 318M-08),” referred to
as the Code or 2008 Code, provides minimum requirements
for structural concrete design or construction.

The 2008 Code revised the previous standard “Building
Code Requirements for Structural Concrete (ACI
318M-05).” This standard includes in one document the
rules for all concrete used for structural purposes including
both plain and reinforced concrete. The term “structural
concrete” is used to refer to all plain or reinforced concrete
used for structural purposes. This covers the spectrum of
structural applications of concrete from nonreinforced
concrete to concrete containing nonprestressed reinforce-
ment, prestressing steel, or composite steel shapes, pipe, or
tubing. Requirements for structural plain concrete are in
Chapter 22.

Prestressed concrete is included under the definition of
reinforced concrete. Provisions of the Code apply to
prestressed concrete except for those that are stated to apply
specifically to nonprestressed concrete.

Chapter 21 of the Code contains provisions for design and
detailing of earthquake-resistant structures. See 1.1.8.

Appendix A of Codes prior to 2002 contained provisions for
an alternate method of design for nonprestressed reinforced
concrete members using service loads (without load factors)
and permissible service load stresses. The Alternate Design
Method was intended to give results that were slightly more
conservative than designs by the Strength Design Method of
the Code. The Alternate Design Method of the 1999 Code
may be used in place of applicable sections of this Code.

Appendix A of the Code contains provisions for the design
of regions near geometrical discontinuities, or abrupt
changes in loadings.

Appendix B of this Code contains provisions for reinforce-
ment limits based on 0.750,, determination of the strength
reduction factor ¢, and moment redistribution that have been
in the Code for many years, including the 1999 Code. The
provisions are applicable to reinforced and prestressed
concrete members. Designs made using the provisions of
Appendix B are equally acceptable as those based on the
body of the Code, provided the provisions of Appendix B
are used in their entirety.
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