Gow  [E5h+ATIRBERME EislR

Education

ltb'ﬁi *ﬂ'l&'l"l' Volume I

Arthur H. Nilson David Darwin Charles W. Dolan

| Design of

. § _Concrete
. Structures

~=m Concrete
= “|Structures

el EE e 4 o



Esr Lt RITEERAS

te e L 5181t

Design of Concrete Structures

sy

Volume I

Arthur H. Nilson
David Darwin

Charles W. Dolan

VSR B PX-A 1L



HERBEEEF 08-2014-090 =

Nilson

Design of concrete structures, 14e
9780073293493

Copyright © 2010 by McGraw-Hill Education.

All Rights reserved. No part of this publication may be reproduced or transmitted in any form or by any means,
electronic or mechanical , including without limitation photocopying, recording, taping, or any database, infor-

malion or retrieval system, without the prior written permission of the publisher.

This authorized Bilingual edition is jointly published by McGraw-Hill Education and Harbin Institute of Technol-
ogy Press. This edition is authorized for sale in the People’s Republic of China only, excluding Hong Kong,
Macao SAR and Taiwan.

Copyright © 2014 by McGraw-Hill Education and Harbin Institute of Technology Press.

REALIT A o A28 RN S S A5 TR T, %o A Y RS A o8 2 AN A AT 5 5 el 8 A ) A 4, F0 45
(ERBR FAE SR 3 , sOma AR5 2 A S TR R i R 4

AS B AR T F 224 57 A /R CLEW ) 2807t R RIS ZR 0 Tl R HH it S AR R, I RRAR 2845240
X FRAE Al N RAE AR BT A (A S ARSI TELX TR T B R B 1) #f

WAL © 2014 1 224655 A /K (M) Z0E H RS 715 05 2 Tl A2 R T A
A A EE AT MeGraw-Hill Education 23 & B D4R, TohRE & A8

E B IERRS B ( CIP) ¥R
TREE 45441511 = Design of concrete structures. 2 ;
i/ (%) R/RFR(Nilson, A.H. ), (%) K/K3L(Darwin,D. ),
(36) %% (Dolan, C. W. ) 4. — W ARIE R Tl A2 AR 2015, 1

ISBN 978-7-5603-4965-7

.- L1.OR- @ik @%-- M. OFREE L5 251333
V. DTU370.4

r ] A [ A CTP B2 7 (2014 ) 55 280092 =

RiERE THEHZ [EEE

HAREST  WAREE Tk K2 it

o HE PARIETTR R X EEIEA 105 #4 150006
B 0451-86414749

HE  hitp://hitpress. hit. edu. cn

Fil W IR EE T AR ED 55 A BR A R

787mmx1092mm 1/16 E[3K 27.75

2015 4E 1 A4 1 L 2015 4E 1 A58 1 YRERKI
ISBN 978-7-5603-4965-7

128.00 JC

R db 3 H O 3 o

= o Sf B

(o P D 2 ok [ 2 o 3 152 , AL 07 ST )



{5 AR % 88

(IR EE S5/ 1) /& ( Design of Concrete Structures) (55 14 W) B SCREMR, N T
2 AR TR LRI TAEE R R A 7R, PRUES | 5 s e, FeAT T RS kAT
T Z TR, i) TSR AT K N T HEF B RE R 2, A TIRIERS
4 B DA I o6 33 Bl , FRAT ] S WA ZR T Tl R AR TR B M ST 4R T
HEZ T AMEK R AL R F BN, HR T RiFER S, A TETEEGH, K
iITAA4r K Volume [ (F4E5 1 ~11 F) 1 Volume I (FUEEE 12 # ~ R WL, N
Ty P T 25 TN A T ORRR IR B XURS |, FRATTHRE 2% 5 19 5132 P9 20 4 P BCTE HH i
Pillrh, #EFENEWT .

B ik

TRGE KV B A B AR SN Bk g —E Bl A IR & &R B ALIE i
Nt AR 5 B D SRS R AT AR FI R ST o KR TR B 4 & B BRI AL
TRBE 1 (3 43 /K FH 422 OB, 2243 7K P DA S TR 388 - 1 it sh v, DR TR O 4 A Ak 22 il
BUFEAEA I B AR B 7, 38 A I R TR EE - Y 2 A e, R S BR B MR RE AN i £ 0T
b FEIRIKUE (B AR BR KR ) RFRR R () 25 Pl e S s SRR ) (A nR] (Bl ansiak
LGSR BB E R CRE IR AR BEIK ) FURFIR FRIP 7 15 (BI85 74P ) 6 Tt — 2 4h
Pa &+ R PERE

H2w MK

AR A F2 P B TR - S AR B R R TN B 22 | B9 8 2 R v e 4 N AT Y T
R TRE A ARG R A g 2 1 B L i R R - 4 A M BB 1 SR [R] e 2 A5 A
LA LB FE R OR R . AT — B RE T APRR ) - 285G 3R, A B f] S LA A1 8
(R FEATERE , [ B A 23 5 RIS 38 40 77 B 067 g i e iR . ORI T RES 2 S0HK,
PAME R A RIEEZER

B3 % ZTMAEREZ i St

PSR EE A AT SIS AR B O FE 1.8 WA, 1. 9 15 LA S fh0 52
FEAR R G4 28 T ande) i X 6 MBOE . 2F I AR TN ZET, AR R 2] 1.8.1.9 WA
2 ARTEN IR EE R 50 e R TR R BE S FUEEARE . 32 M S b
FISE T, A48 TR 068 A AT RS e BN 1 A A L &, R H AR I A A FE B0 B9 4
S 7 2 A 1 R (P AR S DR 45 1 D e [ A ( 7 T PR (B PN 36 4 S A 45 T 55 ) B AE 58
4 ~6TNA

B4R ZEWARRREZ o STt

i ZANHBNREE EA BT AT SO A GRS BT R ) . IR &E +F
B 7y am /N T ILHT B 3R e VR A R R R N T RN 72 B N ) RN )

«3 s



i 5 | A4 TE R R E G R A, AR T 3 Py 5 D IR R ) 8950 A7 5 et ] s e
2 B AN FH 56 TR BE - S5 TH RIS 2008 RRPTBY TSR SCHIHLS: . 1 SEAIF SR O iE A
RYUITTERE , AR RAER (B R RTT M MR T T 8, 25, R B TIR BE 454
BOH L, 45 S AR BR S, , IR S DU BT A A B TR ik

HSE FhGE RN BOE PR

A T35 AR SRR B =2 ] R A AR R AR, U 1. 8 R v ] — T R 7 - A 4 TR B
AR X —(BUE R ANE F o S DR AT TR AR Py 1 % TOUA S0 A8 T4, 9 AR 5 - =[]
] SEREGS 1R B, LARH LR S AT FTRAGE 4 2 6] A A AR 1 AR

LI, TR - T ' R BT A, B4 0 T bR e B A I ) A S TR
e foh e ] 4 R S PR . MURSZEROA AT B, 4 ok rfn b R 9 R M A R T A
BESE ) /R RS S BN A AAH SR TR R AR B . L [ 9 A5 A 75 4 kL 4
RN R 25 R BEARAIR , 6 B0 fk 10 2 A= T RS RBEUR , SO0t PR Y 58] 49 s TR 56 - v e i
TR o Aol G PR, i 49 i A S I, R AR A A i B
A FRGSE 1 R R, RV B S o7 B R AR B 1 A A R A 2R . R T
5% iR BE L5 Z R IE AR, T P -0, XA DL T, a2 2 S e ) 4 A A
REE L2 MBA L1, RGN T2 8 RAEE R, P, X IR 49 i fef
KHAREAERSBIANR PR IER, FECER B ME TR REE, 518X
—REL, TS AN SR 2 B R AT A (L 2. 14 97) o AT AN 4 5 T LR
) B BUBRRE BV PR R 5 T REAGVERE . R AR TR M N, — BN 288 L 348 25 4
CFE B FF RS A . A, R S TR AW A Al vl ek )N R4 T8 JE AR (A8 T .

e w IREELMOFEHITERE

L AR EE L G5BT | T AR FROR A2 (e 1378 i Y , BV IE (AT 30
AR FHREBE L A B LD AN S5 A I R R RTRLD BRAE. S AF R, bl T S SR B AR
Pz B R TR IR R, S B8R INEAAE ], 5 AR, BTt
DT R TR A A AR o BRAT B Dy A G5 R A 1l 2 7R
JIESREGFTHR T , 73BT HAE IE 5 G AT 40T 48 SERERRTE

AT 4G 10 AR iy T DR A (P e TS, 87 YR 5 - 2 57 2 SR A O R A PR
{HEOR , A ¥ 2] s R f A A R IRSIE A =T ad oK.

B7 8 IREELZHMFRST SO

WAREE L G R R Z B R AGY S)  TAEACURZ S ) &R Z BRI Ty, 1t
b, SRR A T REAR AN, (ER P 1) 7= AR LA AR T, AR AR D B A A, — S
LR BT A A R AR R b RSO AR

JRAEBAT B /M 7 i AT AT B b 5P e A bR e, (E SRR 5 1R )
TEARSA 7 S P AR , B B 0 Z W X — B, 3R IR &R 454
IR SO A B PR ARV IR AR B, 55— T i, YRR A e i
7.2 JR -T2 p A AR R , TS AL AT PRAN B9 A7 O B BT A , R R A
PR,

. 4.



FRE A

W5 AR AZ F R B e SCRAE . R, R 2 B ) a0 ) A, 2 AR K
A K IAZ R, FEXFESL T A R 32 A, B o FE e M 32 1R . 3
VLB 32 FE R AL At b v ) 8 [ ¥ 4 | A3 22 e it RE AR sk HESR A b3 MTHR 00 32 FEAF 14 5%
RS2 TR AL S A5 AT A R 32 TR Wk . AR B R AR 32 A 4, — 7 T2
T ik, 55—y TR B A 4 R K

— A = AR A IR B 4 S A

(1) ¥ R A

(2) AR EE 4

(3)HEHE,

(1), (2) PIFEERCH W TEA TR & Eitit,

Fod K

3 R EE T A5 TR A T AR AR AT k. BESE 10.10.5 ~10.10.7 &
S5 T AR AT RN K 120 RS 6 EAN G TR S T AL AR A
., 2 EREE - 45K IESS 10.10.3.10. 10. 4 KA H T B —FitE . HEtE
] 1) 57 %o HE 2R AR AR AR 7 O SE ), BP — BN 2 O R ARV 2 B A A 3
IR,

XHEFTFERE S, TR RS R, EERELSMOTHHESN T 2SR
A p A RO 9 TR A B T S TE 9. 4 RN PEAR . A 9.2 45 .9. 3 WA
AN FLARLR , 2 9. 4 1R AR,

B510 B RAT-HIATAA

AR TR - B e B () — T AR T B v R AR A A, ik — B ) IE Bl ME AR
3 2 2 g A B0IE DA C 32 IR A ) Ve e e s A AR Ak 5 | A N AR AR 5) 4 A
214 B far 0 3 s A /N TR K R A B R AR89 5] 4 A 5 (B ZEBE RS BE B /N T Y
R AR A E] X, E e R EE AN E A . X T BOREE 454 75 5 A 2R S X8R R 01 A
R RN AR L X SR AA e B W R BB X R A RRAFAER B X, (R, AR &+
ZEFIRAE AT 43 R A X3, 3 FH R ERE 1Y X 8 SO B IX, 17T A7 7E 5% il ¥4 14 B 4 1
WX, E R D-X, B 10.1 50 T AE# A D-X,

YR B A Ab TSR AR T L B BRI, D— X 8 o A 3l 5 A BR T 7 ok B v B AR
TRHE TP 35 |, N AR S A gL , 5 R AS {8 i 07 1 JE 40 A, XA LT, AT N FH AT 2R
R WP B X AL 7 SRR g AT - AP, 3X — S RN 52 J i [ 3 1T Ak, (] e
PR HAXT R EE R, W 10,2 BFR, FEFF - PIFF AR o YR 2R+ 2 FE ISR B9 A B
FEAIARAE 7 5 XA (TP, AT B LR R, BiAT I SE R ) .

B0 IR T

AR FE A AY N B PEIRAE 38 ) for 2R BOK AT ERAE R T, 36 BENR BE + P L T
Y BLDE TR BE HHEZR Y AR ik, HURER T, AT R R MBS E EHF AR SEH
BB, X ST 2 AR G AESS 20 TS . R 4 B4R B B A

« 5.



AR GeLs Fa (4 R 5 B De 5 S BT 28 L, th AR Rk

B2 5 T RARESL R S

ARG F AN L5+ e B A ARG O A BT BB SRR ERET FREREMI . BR—L
PRI S A RIS oAb A T RIBE AR R, SRR 1 ) 25 A 3 25 Ak
it BDE A A TR E - 454 , A FE A (R T AN RE T T, R IR A BT 5 b, 49 500 TR,
3k 37 PRI 08 S TR BGE - 3 1 it LA R AL B K A TR AT A S, TR S DE AR Y
TREE R —k, BHIL, ANATTRSE 4500 5 BAT RAF Bk alag etk . EF T4
{0 o 2N T A G5 M = LR AR T RN g, X VR B - 5 4 | R4S S AN A — A i 1
SRR (EY AROE O RIS 5 Rl | CRIESS R IS

B3 E R SR

AR A B2 AR 5 R RO T2, AR EE H AR R R E AT
(GEALFAT) B E KA E ., R8T 3 (5% 285 R B D ) sk A 55 /94
TRBE 5% b AR 11 S 7R sk P 32 S AR K i 5 48 2 BT 2 B, DA Sy B0 ) A, o
BRIV DA, A7 VU SORMU 5 0 2 AN KT 2 sk, D) SR X R, i 28R 9 0L 1) 4%
i .

FLACAE LT AR SORFEAE b AR T F 3R, XRS5 PR oAk IR
PR eI AT A KO N R . A AN/ FTAR A TC R 35 R O 30K B 7E
M S (A BE Ak | B SR R, A AR T SR K 3 B A I FR AR MR AR, S
W TG SR S AR, b XL 258 SO R 35 R R - R R s sl A R o . BRI SZ 0ol
(9, 20 A 4 TR ER I B £ Ak ] AR 7S R, T R R L Gl R, SR
FE A XA I BT, A R R SO, BLAT SR BUBTRE 7 .

147 BB

B f S M B 2 P AR T 3 1 (Ingerslev ) B KR M, I H1 28I 2% (Johansen ) Btk #R
5% TR A TE R JeE ARG PR A B M e 2k . X ARAE R, ARV Y8 M ek i 3h , AR TR 5 ke
IRPEECER bR AR B N 2 5 AR T E AR DR 5

A 1 e IR, 4 ) T T ) R SR (B AR AR £, SRR KR T 5 | i
B 468 Tl SR EL, AR AR B 4 A 3 il SRR/ | BRI T IA R A S R e 2 2 [] fY X
AR i th SR AR P R SAME LR X I, R A L shAk ), HRBfZ B, e
T JE IR ER 1 58 AR SURER ST, B m, =m,,  Forh 4558 3 WM TR, RT%R
4% R R BHE, — B 0. 9, B A KR/ A LA /N T 0. 005,

XU 14. 1 Frs 18] SOAR , 2 A b B0 — 2R B PR R B A B R 2 BB R PRARZS . X
FRE AR, B B — SRR B AR MM ek th T 4R S 7R AT 2R . A&l 14. 2a FIT7R , 34945 far 2R
VT Wi A, (B AR A | 97 5 X A3 R ), JFL 3 o P n ] 14 2b R, Bl
A T BB W N, AR S A SRR SR B A e By, B B L far AR Ak S G K, 8 v S Ak 2 1
K, YHETFE R RS 0, RS b ALk, i 14. 2¢ FTaR . HROBEIR AT 195
N E 14, 2d FrR, NOER, MEEE ASEAXMEZ R 1 2, W52 2 K4 ) WA
], B TS R AR d A, WHZR , R AT RS A oL 1,

. 6 .



12. 9T B TS M E A0 A0 , B R A02S A R RSS2 Hh 5 o B 4 SR e | i G A9 1
BLHLTE

B15 T MRS

FTIE (R T ) | B S B W A 2% A (%) M 25 R o A, e 25 A7 TG A 12
o AL N S i RAE , HOZE R K AR E IR AR ER T, WA R A9 & ar 2%
SRR RE AR TR TR, AT IA R RS R T 4 AR IE A TR, AT AL
5 SRR A 220 (B ES L 4, SRl R — N RS AN A T AR 3
B R A B S AT A A, (R E RE AR O AR 4. 1% R GE T TR
M AT

%16 7 LAl 5 AL

FEAH I F A YT T LR BN SRA5 A 38 A SRR S5 A A A% i 4 b R
£, MhFEAE BT ERAE R A2 R AR R A TR, SERRBET AP S FEAR B R — R B
FA) R TTC AN I A i — R ) PRAEL ; — S 45 M AN [ 38 43 ) Bt AN Y S TR B R /N, sk
GEF & AR DN R AR B ST TR, BRI AN [R]85 A0 T KA 25 , Ui/ INGS #4) AR DT e B
HE,

RSN b ARTTRE AT « (1) W45 0 far 282 3o 5 R AR T e b RS 0 )25 (2) 7R 32
o 8 G b+ AU K RO I + R R AN RE R IR TR
U DA 20 152 AT A A TR B A S DR, o oy % 2 2 MR TR M T SR R R 2
A Al R 20 IR ER WHZRs 1 2 TR B 4R SR RS IPER . X
FEMIEEREFR AT R IR , R A B BRI SR 2 7

B17E PihhE

2+ RS ABAA RO R TGS A RS o] Y B SR, YIRS TR e
PG T RS2 b 2 S R s 28 U 2 A PR Bt | 1 SR FHPY 0 S P i, 2k B il
T 65 P AL B R [ R 11, R B AN T BR AN TR . 2 {RU s, MR AR A A AE
SRETZR LAWY, ELAAZIRE % AR PH b T 2 ] PRl A= (4 e g

ST W e S o Ve 0SB N Y, o e i (OB ot S O WA B w0 -5
— AR T 3 m, SRR RS ETE 3 ~6 m BHEETE, MHBE Y + 5% —8oE T8
BERT 6 m HYIEM,

18w IREETEAAKR

AR T 22 T B BT AN AR e S A BT, B AR A R RIEERY X BB A AR 4G
BE— RO A R A A AN, 2 TR R — A A TR B R R b R, E AR
ZEHRR PR — AR SRR TR L, S5 R IR R A B XA
PR 2 B MRS R PR R B 2 7 TR AR R S SRR DI AR R E R, R
AT i S TD BE AN I8 B R i L T 5 KB b 2 4 A A TR+ 25 A A

H519 % M IIREE L

T 77 TR B - S5 1 A S, T o R R A T 5 R AR e A TN TR O - R
JEAE XTI A1, A=A RE T, 1 P AT AR T 43 B 4 A ar 5 | 1) 1

-7 .



1. RBEJE—Fh3Z FEYERE RAFAUADRL (B HTRR BB, TN S 454 b= A — &
(T A7, 4 PR AR SR A A4 b eT BE R BRI 7, IE R BRARZS T, 44/ ML 2
AL AT R T 2 AYE R Y, S SE b 7R IR H A AT, A a3k S BN ) 3
[RIVE T AT A BT A B S IR EE AT hE . TRINA BB LR FN )N 2 4
28 o 56 A 7 A e SR R -, AN(EL AT R B SN K B R AR A oK, 1T L AT DA A
AT RS R

20 % PRI

b 7R A ph b S AR R 2 B AH BT e Rl 1 AR B 1 B Y R A s R G | i
B, MR P I g . W24 0 X, B 5 R AR MR . ARG & |, R
A F e bR 2 1 A4 BE ALK T 3 7R AN 2 o) b RR A AR, — D T, M B 72 3, 75— Jr i R A
gh¥afe TR R, FBES WA AR 2, T Res R RS E R, fURRITMEY
SR BT R S AR

S5 ¥4 RT RE I 37 AR AE A, PRI ah Tk G T R

(1) B A5 F AR AL 88 BRI BE AR ER 7 | 76 1 RRAE FH R 4540 28 T BRI 7E — 2 Y L Y

(2) BEHEF HE T A G540 , G54 ) 46 1 A UM, 76 & AR B R AE SR AR TR Ik, 4544 475 BE 1
AR SER,

A5 ESEITA HH RR, 75 3 T A 2RI Tl K2 + K TR 2B B Sl o B i R 2 & K I K
3 FE— I RN R A

TATREBITAEE
2014 £ 11 A



fE& &

WEE H. JE/RFRE N4k — BN F N AR BE 25 9 F o8 2802 , JF e 2 TR S
B, fih 1956 4FARFERSS IR K2 T 2EBe A2, PHR AT oT A AR « B IR Bt - 25 FA 1% 3
FI TR IR EE 5B TR, & 1991 4EIBIR, 1978 ~ 1985 4EATIZ AL 45 #) T#E &
FAE, SRR AT AL S R BE 272 (ACT) BEFTMIE 4322 (318-D) TEN I Z 1>
ARZEREZ G, AR RIREE L7 m I TR V2 A AT, 1974 484K 56 [H TR &8+
21K 7K (Wason ) M EHIFFE2Z 1986 1987 4F P ik 36 EITR BE 1 2= 2 IR fR 22 AR 30K
1993 4F3K3E R EE L2 AR Y . JR/RARBE 2 L HIREE ¥ oA B S L MERE
AR THES(ASCE) &+, MPFBEARORA MR Z A R K2 LR TR L 2= A 1
UM, JFF 1991 42435 B A BEZ, Ml e S W W de K 2% AR K28 Rk 22 3 TR 2%
FHHEATRIF 582 T, MR8 E 2 BT W45 4 TRE W , 7388 B T3 TAEZ i,
SHINFEEH BT, M 1948 4 F Wi AR K2 4K 2% 122007, 1956 4F T 2% /R K2F 3R A1
S0 ,1967 A F I KA SR SRR -2,

K.+ FRIRIC 1974 A 36 [ U= T R 24T 2, 1982 4F AT 4544 T4 5 60 6L S5 50
% A, 1990 AEPHEAE N + K T2 B E. Bl 723 (Deane E Ackers) 7ZSH #4%, 2007 ~
2008 AT EIREE + 245 0 WIRZF S REET L ZE 7 4x 224 FIHT; 5 IR EE T Fh4
b ZE 5145 408 BYRT FAT b3 EREE - 2= 2 dE U 7325 318 B (Al FIAE A B ) A
ACI-ASCE 3B S5HiHl %\ 25 51 4% 445 W2 G, 3K 7R SO 2 400 777 TR 368 1= 445 ) R A 42
il A S TRE - RS R RE T T N4 R K T AE TR Rk R A TR B - T LA
WA TAE, 3K 1992 4E £ EIREE+2F 2 R. 2187 (Arthur R. Anderson) #1996
AF 3 RV 22 ST T 2 5 B T B S5 F BT T B BTk, 3K 2005 4F 32 R
Bt AT W PLA (Joe W. Kelly) %, flidk3EE A TR S Z TR, 4245 1985 4F
R/RHF L. #1101 JR (Walter L. Huber) AR TRMFFEHRK 1991 4EBELHHIEH ( Moisseiff) # |
1996 4E A1 2000 4F 4+ AR TFERTUT 2 1997 4EHAfE R. L83 (Richard R. Torrens ) # il
2008 4E S+ L. 45545 L ( Dennis L. Tewksbury ) % Ath R 22 BURAL 55 1M 8 32 HE %
Wik2f R TR L 2 A AR, R SE oK T RS- 854 TR R ATE g 2, 36
EREE Ao AR TRES S+, MRS TR, 76 TR BE bR 5 4546 5 1 45
ST, T 2003 F4EAREHRE LR SAR TRABINK AL, MIRTT24 10
2 7E L G ZE TR TAEDU4E, i 1967 4E 1968 4EAEREZS IR K2f4r k2 + i+
2247, 1974 ARG R R A B i A Ak i 200,

ARWT W. 222 1991 4EH e AR B K224 2, 1998 ~ 2001 4F4F F& F4F, 2002 44
5% H.T. FAFR(H. T. Person) T2###% ., ML EIRE - FS@B R4 £ (318-

. 9 .



R) , EEIREE T F S mimihiE 2 358 BARHE Z R4S FEH ACI-ASCE B HiR#E +
423 B FERSFE, FEEZHEN TR SEEYT, hS 5K R -l e 5 e
BRBg R X BRPAGE R G AP K B E RIS (R R 7 Klg) Pl
ZCE ARG TR, Rl FEAR R S AR BB S BT TS, i TRE BN SR B
+ A TR, b 1973 FEREE L AR TE¥S T. Y. Lin (HKRER) ¥, B TFiEsh
TIREE+ KW 1R EE 5 & b 2005 EIREEIRE LA S WE R LA
¥ MR EEIREE L SMBN RE L F St REFE AN 4R EE + 5 1Y
AR, MREMESH TR, 18 SR E T 25111, fh 1965 45T BRE K2R ¥+
i, 1967 4FF1 1989 4F-7EREAS /R K25 70 AR+ Fid 4244

- 10 -



—_—t b

Rl =

514 fROBEEEZ5TH) BUT TR B AR — 200 35 5 IR 2 BRAR R 5 45419 %
JIPERE, R A EE A TR N BT RE R RE JT . 2 hUAS SR FH [ s B ], N
2R IR 2008 hiSE ETRBE 45 1 L ( ACI318M-08 ) 4T T B #T .

— B &, SGHEAT IR BRI SR AR FE 25 50, iR ME LU T 3T, H TR AR B
B R REEES | AFIRLFH , RIS AR SR AS W BB Y, by Bk 522 4 M okeg 33 6 3 1 2R
FFAE i, TN EEXHREE 1 B9 0 A T 21 RE AN A TR 5k - 2540 1 32 77 14 B
HAMPIAR, B—J T, 450 TR £ 2L 5 SRS L e L mEs, Hit,
PAVRZ)BRAg A 3eml I BOR TR A T B R B . AR DATERUAR S, W 2 T
DA T R R

AU TIREE 2% 5257 24 A0 52 e i A 2= e At o
T HAREE T 2RSS BTk B A T AR A BT B, 3 | R An Y 4 5545
M, AR BB M Sk, 28 WA, 9 5 T A RHERE R
BilRE, T SSPTRRTAHSE A TR B A TN S IR EE S5

TREE - G5 U T 48 5 32 B 24 M A9 3, ] e o 2 i A 22 [ A 8 0 i, JHE
2008 WA RZ B E AL BT T HRKREMPURIR T, 5 — A, A i
PO AL, TR N T E B N2 30 T L AR b DR AR T P A R A
B BILAG B85 11 7 9% o

A5 B BRTR B - G5 HRLAE 2008 WCE BT N AR Z A0, i85 I AT 38 B A MR 22 i
B 2008 A& T R A 3 F et e 1 393 A P BT T N 2

XA AT 2 IR A AT RA B — B EF R, RIS —5, B
HRLEBYEBE T RSN R 1AL B P rh UL AR T T E P ) B [ Al R i) A R S AR A 15
Tk, T IS B AR ER 1 /AT Rk T 450 Tk B AR 5 1, 350 0) 3 U 485 44 B it i L
BB E.

KTEEH AT A G TE T RN 7 — R e A FE A BN 45 8 R ey 4% E Y
WA | T far R RN K ST 2T S5 AR B THEE 5 0 vk B AR B - S5 MR A 1

HTisE 2R FHE R A A0 g i BT SR S, ARG T G5k
WITHTEA IR SRS R , 8 224 A TR 3 4E H 35 1 SC AT R s
o — H AT AT LR E O (8 R R A TR W ok TR LU Bh 45 MR,
I3z oL FH B R AR I AR O PN 25 AT ILAS 45 Bir 3 228 30K

A5 T — 2P R SR EE L TR 32 2E e PR, 58— T B R
PUR JEAS B2 (AT REAE KA 5B DUAEDFR) 50 1 S54510 50 2 MR 48 3 S 2 T 4R
152 153 BT S0t , 565 4 T2 WAERIEE 32 10 510t 55 5 TR A, R e A
56 6 TEIREE MR FHYERE , 55 8 B AE 55 13 AT 4 15 G T B ) AR R i) A
INZE, RO R 2EET A 12 TAEZR T FIAE 18 TE45 MR R 207, (H X 343 PN 4%
S ATHER N A —R, ATE R ARSI A F RN E . IRIEEE L, A A A BT

- 11 -



XA AE 90 AL Ja AR R TR 9 Ebt & R 0 1), — MRAE R 0 A 56 — 2 AR SR 1 .
VE# KB, X RS8R A SRR AN A TR - 25 it R4t THE W il & . iR —
PASS 12 BERIES 18 BAHC N A TT IR HE UHRS 7 TR EE L ZH M A6 pr 55T 56 9
FRAE 5 10 BEAT PP RIS 11 FEANARIREE 77 S8t [RIE AT R AR AR 14 i
T RS 13 ERIRNEE 14 .15 PRIk T ERL AR AR
ST RIEE T4 ik AR, 56 16 .17 B AYBEAHAITHY 58 258 20 BHUR R THEA ik
GAEW I A IR R . A2 2A BRI , 56 19 FEHUN IR EE L o] 46 R —~24 0 ) 2
iR,

R R sl B RMEA T S S0, T EGE T B A KRNI E S %,

EFAE R @ 24ae i Rt — P E PR R A, REZ P A FEE N Z )0
FH B AR 9 RRAS R 36 B 2% (R A e~ - e il . 5 B8 B0~ 1% s 7 th L3
PR FHFFATZ , i R 9 B TR B8 TR (R SR ] s B 67 il ) R A 1 3 0T B
B, ZARHAR, S T EE R,

IR FZBHIREAEREXN, ZPRESE 14 R, IET 1923 FRE/RKEEM TR
L E91E C. JE 54 (Leonard C. Urquhart) Z A /KW E. #E 58 ( Charles E. O’
Rourke ) BEZMVESL . EIZBAFFLAY 86 4FH i B 5T ke MR EAL PN o0 H 75 ik
A RCHE AR RAS R RFEE B, X BEE 2 ~4 WROL 2 THIATIR BE - 451 1 B 2R3
M. BEZIRAEIITREG - 1845 ( George Winter) B ¥2 5 R w58z — R T ZBHE 5.6
RGBT, IRFFEIR 5B MEE — 2 T 5 7.8.9 IREIT, ¥ 7 T X BN EM
W, 55 10,1112 Wi Je /R AREER FiR R AL BT (IR AR AR 1982 4F LAt
BRI RS R T - SRR SCBEZ eI T a4k TR

JEIRFRBAZ KT« IR IR SCHAR AR K22 A R B - 2 2 83— R 58 % 58
13 MUAIETT . A T7ETR%E - 5 0 iR & Ao 5 202 O A R IR A 15 |, [R5
EEEREAN B EFRNTREZLE 600005 T IS 7R 58E i 25 HRE 2, % 45 1 8 m
e

A5 BRAGHZ B B PE B & ZAWE R BRI T A XHZ AR F DA AR A 42 18 A e L
VEE 4 BB LA T 0o % 5 AN S K240 % LR (Paul Barr) MR FEHLf7 ML K22
{A4% N. Z 24 (Robert N. Emerson) VFIZEALM L K2F A, AR (A. Fafitis) . 4474
PET K2 R, F3EME - 1575 (R. Craig Henderson ) |, % o 18 M 37 K2 32 7 307 % 4% ( Max
Porter) B 5048 K 2% 77 DT A ( Pizhong Qiao #1%) | F& 2 W AR EE TR 2F P35 2% - Aiv{H ( Aziz
Saber) FIfRZ R KF R B 5 - HiIH{A4#& ( Eric Steinberg) . /B # #% 95 — & /K ( McGraw —
Hill) S A At TAEA B R R T E i B A L - M3 A ( Debra Hash) JHAT4w4EI& 2% -
1i Y1 7¢ ( Lorraine Buczek ) FIE[ 12 BEAEAN YD - 3 i ( Melissa Leick) ,

SR AR XA A R TE e AR B AN R s B IR B A R A T+
oy T i AR E LB, AT A 20 B B R BT RRAS AR PRI, FRB TR IR - IRAR
- O AR R EE T R BB AE

TE H BRHE
XD - ERX
BREFW. 82



About the Authors ‘

Arthur H. Nilson was engaged in research, teaching, and consulting relating to struc-
tural concrete for over 40 years. He has been a member of the faculty of the College
of Engineering at Cornell University since 1956, in charge of undergraduate and grad-
uate courses in the design of reinforced concrete and prestressed concrete structures
until his retirement in 1991. He served as Chairman of the Department of Structural
Engineering from 1978 to 1985. Dr. Nilson has served on many professional com-
mittees, including Building Code Subcommittee 318-D of the American Concrete
Institute (ACI). His pioneering work on high-strength concrete has been widely
recognized. He was awarded the ACI Wason Medal for materials research in 1974, the
ACI Wason Medal for best technical paper in 1986 and 1987, and the ACI Structural
Research Award in 1993. Professor Nilson is an Honorary Member of ACI and a
Fellow in the American Society of Civil Engineers (ASCE). He has been honored by
the civil engineering student body at Cornell for outstanding teaching. He was elected
Professor Emeritus in 1991. He has held research appointments or lectureships at the
University of Manchester, Salford University, and the Technical University of Milan.
He is a registered professional engineer in several states and, prior to entering teaching,
was engaged in full-time professional practice. He received the B.S. degree from
Stanford University in 1948, the M.S. from Cornell in 1956, and the Ph.D. from the
University of California at Berkeley in 1967.

David Darwin has been a member of the faculty at the University of Kansas since
1974 and has been director of the Structural Engineering and Materials Laboratory
since 1982. He was appointed the Deane E. Ackers Distinguished Professor of Civil
Engineering in 1990. Dr. Darwin served as President of the American Concrete
Institute in 2007-2008 and is a member and past chair of ACI Committees 224 on
Cracking and 408 on Bond and Development of Reinforcement. He is also a member
of ACI Building Code Subcommittee 318-B on Reinforcement and Development and
of ACI-ASCE Committee 445 on Shear and Torsion. Dr. Darwin is an acknowledged
expert on concrete crack control and bond between steel reinforcement and concrete.
He received the ACI Arthur R. Anderson Award in 1992 for his research efforts in
plain and reinforced concrete, the ACI Structural Research Award in 1996, and the
ACI Joe W. Kelly Award in 2005 for his contributions to teaching and design. He has
also received a number of awards from the American Society of Civil Engineers,
including the Walter L. Huber Civil Engineering Research Prize in 1985; the Moisseiff
Award in 1991; the State-of-the-Art of Civil Engineering Award in 1996 and 2000; the
Richard R. Torrens Award in 1997; and the Dennis L. Tewksbury Award in 2008. He
has been honored for his teaching by the civil engineering students at the University

i



ii

About the Authors

of Kansas. He is past editor of the ASCE Journal of Structural Engineering. Professor
Darwin is a Fellow of ACI and ASCE. He is a licensed professional engineer and
serves as a consultant in the fields of concrete materials and structures. He was hon-
ored with the Distinguished Alumnus Award from the University of Illinois Civil and
Environmental Engineering Alumni Association in 2003. Between his M.S. and Ph.D.
degrees, he served four years with the U.S. Army Corps of Engineers. He received the
B.S. and M.S. degrees from Cornell University in 1967 and 1968 and the Ph.D. from
the University of [llinois at Urbana-Champaign in 1974.

Charles W. Dolan has been on the faculty at the University of Wyoming since 1991,
serving as Department Head from 1998 to 2001. He was appointed the H. T. Person
Professor of Engineering in 2002. He is currently chair of Building Code Subcommittee
318-R of the American Concrete Institute. He has served as chair of the Technical
Activities Committee, of ACI Committee 358 on Transit Guideways, and of ACI-ASCE
Committee 423 on Prestressed Concrete. In private design practice for nearly 20 years,
he was the project engineer on the Walt Disney World Monorail, the Detroit Downtown
Peoplemover guideway, and the Dallas—Fort Worth Airport transit system guideway
and is responsible for the conceptual design of the Dubai Palm Island monorail. He
received the T. Y. Lin Award from ASCE in 1973 for outstanding contributions to the
field of prestressed concrete and the Arthur R. Anderson award from ACI in 2005 for
advancements in the design of reinforced and prestressed concrete structures. A
Fellow in ACI and the Prestressed Concrete Institute (PCI), he is an internationally
recognized leader in the development of fiber reinforced polymers for concrete rein-
forcement. He is a registered professional engineer and a consultant in the design of
structural concrete. He received the B.S. from the University of Massachusetts in 1965
and the M.S. and Ph.D. from Cornell University in 1967 and 1989.



Preface

The fourteenth edition of Design of Concrete Structures has the same dual objectives
as the previous work: first to establish a firm understanding of the behavior of struc-
tural concrete, then to develop proficiency in the methods used in current design
practice. To produce this SI Edition, the text has been updated in accordance with the
provisions of the metric version of the 2008 American Concrete Institute (ACI)
Building Code (ACI 318M-08).

It is generally recognized that mere training in special design skills and codified
procedures is inadequate for successful professional practice. As new research becomes
available and new design methods are continually introduced, these procedures are
subject to frequent changes. To understand and keep abreast of these rapid develop-
ments and to engage safely in innovative design, the engineer needs a thorough ground-
ing in the basic performance of concrete and steel as structural materials, and in the
behavior of reinforced concrete members and structures. On the other hand, the main
business of the structural engineer is to design structures safely, economically, and
efficiently. Consequently, with this basic understanding as a firm foundation, famil-
iarity with current design procedures is essential. This edition, like the preceding ones,
addresses both needs.

The text not only presents the basic mechanics of structural concrete and methods
for the design of individual members for bending, shear, torsion, and axial forces, but
also provides much detail pertaining to applications in the various types of structural
systems, including an extensive presentation of slabs, footings, foundations, and retain-
ing walls. The important topic of joint design is included. The chapter on flexural
design has been expanded to improve the presentation of both the basic material and
the example problems, coverage of seismic design is updated, and an introduction to
prestressed concrete is included, as in previous editions.

There have been a number of significant changes in the 2008 ACI Building Code,
which governs design practice in most of the United States and serves as a model code
in many other countries as well. Among these are a reorganization of the provisions
for both slender column and earthquake design, the former with some simplification
compared to earlier Codes and the latter with some important additions; and the addition
of headed studs for use as shear reinforcement in two-way slabs and headed deformed
bars as another option for use in anchoring reinforcement.

In addition to changes in the ACI Code, the text includes the modified compres-
sion field theory method of shear design as updated in the 2008 Interim Revisions to
the American Association of State Highway and Transportation Officials (AASHTO)
LRFD Bridge Design Specifications.

A feature of the text is the comprehensive presentation of all aspects of slab
design. A chapter covering one-way and two-way edge-supported and column-supported
slabs, including the new Code material on headed studs, is followed by chapters on slab
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analysis and design based on the theory of plasticity covering, respectively, the yield
line method for analysis and the strip method for design of slabs, both particularly
useful for innovative structures.

A special strength of the text is the analysis chapter, which includes load com-
binations for use in design, a description of envelope curves for moment and shear,
guidelines for proportioning members under both gravity and lateral loads, and
procedures for developing preliminary designs of reinforced concrete structures.

Most present-day design is carried out using computer programs, either general-
purpose, commercially available software or individual programs written for special
needs. Step-by-step procedures are given throughout the book to guide the student and
engineer through the increasingly complex methodology of current design, with the
emphasis on understanding the design process. Once mastered, these procedures
are easily converted into flowcharts to aid in programming. References are given,
where appropriate, to the more widely used commercial programs.

The text will be found suitable for either a one or two-semester course in the
design of concrete structures. If the curriculum permits only a single course (probably
taught in the fourth undergraduate year), the following will provide a good basis: the
introduction and treatment of materials found in Chapters 1 and 2, respectively; the
material on flexure, shear, and anchorage in Chapters 3, 4, and 5; Chapter 6 on serv-
iceability; Chapter 8 on short columns; and the introduction to one and two-way slabs
found in the first four sections of Chapter 13. Time may or may not permit classroom
coverage of frame analysis or building systems, Chapters 12 and 18, but these
could well be assigned as independent reading, concurrent with the earlier work of
the course. In the authors’ experience, such complementary outside reading tends to
enhance student motivation.

The text is more than adequate for a second course, most likely taught in the first
year of graduate study. The authors have found that this is an excellent opportunity to
provide students with a more general understanding of reinforced concrete structural
design, often beginning with Chapters 12 and 18 and followed by the increasingly
important topics of torsion, Chapter 7; slender columns, Chapter 9; the strut-and-tie
method, Chapter 10; and the design and detailing of joints, Chapter 11. It should also
offer an opportunity for a much expanded study of slabs, including the remaining sec-
tions of Chapter 13, plus the methods for slab analysis and design based on plasticity
theory found in Chapters 14 and 15, yield line analysis and the strip method of design.
Other topics appropriate to a second course include foundations and retaining walls,
Chapters 16 and 17, and the introduction to seismic design in Chapter 20. Prestressed
concrete is sufficiently important to justify a separate course. If time constraints do
not permit this, Chapter 19 provides an introduction and can be used as the text for a
one-credit-hour course.

At the end of each chapter, the user will find extensive reference lists, which
provide an entry into the literature for those wishing to increase their knowledge
through independent study.

The authors are especially pleased to provide our readers with a true SI Edition.
While the text has always been available worldwide, the presentation has in the past been
limited to inch-pound units, which are customary in the United States. Well aware of the
lack of applicability of inch-pound units throughout the rest of the world, it has been a
goal of the authors to develop a version of the text in SI units based on the metric version
of the ACI Code, ACI 318M. With this volume, that goal has been achieved.

A brief historical note may be of interest. This book is the fourteenth edition of
a textbook originated in 1923 by Leonard C. Urquhart and Charles E. O’Rourke, both



