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Calculation method for seismic overturning moment carried by the bottom frames

Li Chushu' Li Li' Liu Chunming® Zhang Zhiguo'

(1 Beijing Construction Information Solution Engineering Consulting Beijing 100043  China;

2 Computers and Structures Inc. Berkeley 94704 USA)

Abstract: The formula in current codes is not suitable for all conditions when calculating seismic overturning moment

carried by the bottom frames. The limitation of the code formula was discussed to indicate that the code formula

underestimate the overturning moment carried by the bottom frames when the interaction between frame and shear wall was

not only the transfer of horizontal shear forces. Therefore according to the mechanical and structure knowledge a method

was proposed to calculate the overturning moment based on the resultant moment of base reaction. The selection of the

location of base moment action point was discussed and the easily handled calculation formula was given. To test the

influence of the limitation of the code formula and verify the proposed method
example and the rationality of the proposed method was stated.

Keywords: overturning moment; calculation method; ETABS software
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Methods to consider full P-A effects in structural design
Li Chushu' Li Li' Liu Chunming® Wei Xuhao'
(1 Beijing Construction Information Solution Engineering Consulting Beijing 100043  China;

2 Computers and Structures Inc.  Berkeley 94704 USA)
Abstract: Geometric stiffness and linear buckling analysis were analyzed based on the concepts for P-A effects which came
to the conclusion that these concepts have relationships in nature. Contributions of P-A and P-§ were analyzed as well.
First-order method second-order method and direct method were introduced and the common methods considering P-A
effects in the second-order method at home and abroad were introduced as two steps including: 1) considering P-A
contribution in analysis phrase; 2) considering P-§ contribution in member design phrase. With ETABS2013 software the
concrete realization method was put forward. It was especially suggested that linear buckling factor can be used as the
control conditions of stiffness to gravity ratio so the computation of stiffness to gravity ratio can be unified and simplified.
The benchmark problems proposed by AISC on P-A effects calculation were introduced as well.

Keywords: P-A effect; geometric stiffness; linear buckling analysis; ETABS; stiffness to gravity ratio; buckling factor
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Discussions and evolutions of specifications on the additional eccentricity and P-6 effect
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Abstract: Detailed discussions on specifications on the additional eccentricity and P-§ effect were presented, according to
the evolution of GB 50010 and comparison of ACI and EC2 codes. The expressions of the final design moment were given.

Also discussion for its logic problem in the procedure was presented. For the references, the expressions were given

according to the logic of ACI and EC2.

Keywords: additional eccentricity; P-§ effect; design moment of column

0 3§

I ] s UL 0 R S A TR o S it R
F & P-A B0 R AR 1) TESSH4 4
Hri B, 2% 1 F 57 Sl AL 7= A B P-A BT, X
NS 85 P-A vimkAE G JLA W EEgErT DL T 52)
FERBE T B B, 3 2 25 1 B SO0 A9 25 K &R
B0, K7 18y TR PR R R R 2R R P-6 Tk

F TR Rkt b A A B 22 5 DR R ), 4% [
T AR R B i O B X 25 A T R AL B, LA
FHREIFNZ 2. B, % & P-s vkl
RS IIfiCo JE P RIS, e 2 2 T A P R 2 T i T T
AR SCE 3 0 B T AR T 4 A RO BYE Y
A1l T A3 A, 60 24 i 5 [ ACT BEIE AR EC2 KL
TP ] LA, A B T L v 9 R R A Ak Kk 4%, T i
FHOC I BEME &, T KRBT AR S %
1 HRERREINERNEL

T ENRBE - 250 B S IR = AE A AL 4
GBJ 10—89 ( i #% 89 #3ti) .GB 50010—2002 ( i #k 02
F3E) (GB 50010—2010( & #x 10 #E) o Ky T R
Wi, LAF 58— R R AR 5% S0 g5, A =t R A
ENIOE - RTINSO G = A== e el (R S e TS
FHOCHETE , B A FE Z A AR SO 28t LA fi g
1.1 89 3™

(1) B hn g CoBE e,

e, =0.12(0.3h, —¢,)  (894.1.15-5)

89 MLY% J& o7 2 1 A7 B A9 i 22 IR+ A R
o1k TS A0 AN X Bk LA B it T 3 15 25 S SR A
AR S P L BB i o B o AR DO B e 85
JINHS TS R B A S DRI, A 0 B R R 0
B e, M

SCHK[3 ] 48,89 I 2 B4 [ R Y 2% pE 31 3.
] ) T RE 206, B O e, 2B (H - 2 e, =0 Y,
W e, =h/30;24 ey = 0.5hy i, Hl e, =0; Z [l e, 5
ey MZRIEX R, B (89 4.1.15 -5) ;)46 i e, =
0. 3hy KA TR KMo 14 S B g0 B (AT LA 938 58 o
10 BT BHEXT FR T 19 A BR A O BE A e =~ 0.27(1 +
3.28)h o ZWE S RRIEAE & K RR B L) .

e, AWANFERL 1) BRI A SR by F e, 1
BRER, 2 TR N, BB e, MG ORI, B
FRE2) CR—ATBRE, Y e, = 0.3k, JHEHN
Z WU B2 R T BRIE /M R 9 %2 42 %
KA FEASEAE

PR3] PSR, M e, =0, e, =
0.036h, = h/30 B}, 30032 T A 8k 1 AR 281 5
et 052 PR S A3 AR 3807 AR AR ] o 3 A4S S A
K BB P-M ARSI Z AR AR, P-M 18 L
553 WHIENE

(2) - BESE R R E

YEH A 24847, 1, #2205 T, Email : lics@ cisec. cn.,



545 % 1T

ERERT A BN OB P-6 ROV A AL BT AL S5 e 563

89 MIVE 4. 1.20 ZSHLE , TR 052 HEAG AR IR, 17
2 FEAG A2 A PSP 1 PR 8 X el 17 ) Al 0 B 1Y
ST, 200 o 8 V7 3P LA o 9 R R

- 1 t\
n= 1+ 1400@/;%(7) é’lfz (89 4.1.20 1)
0.5f.A
Y (89 4.1.20-2)
lO
£ =1.15-0.01 -~ (894.1.20 -3)

HLPSARYE BT o 1) DA S B R R (B8 B il 2
RIESLME (e fE y = fin(ma/l) X 5W
IS A B P RS PR B R y = 16f(P -
2n® +2) /510 FEENLRLLS B TR BE ) 15 B K
AT P T8 52) SR P T R B R /Ml 32 T
SRR (52 5080 A it i HL 32 FR TR B 0538 ) 53) %
RO IER A LT iR R, s1., =1
4) R R AT T RS PR RO 1,25 R BUA
£, =0.0033 Fl &, =0.0017, FELHAHE T2 2 DL AR s
89 ML 4wl T e R TRER A

0 S A SRR, 7E 89 FHL VI HL VAT BH #f 4k SC 38
T 530 2 B P-A N A P-6 R o MR FER
MEA I, 89 MLILAY 4. 1. 20 S50 2 TEH A1 B S
P-§ B o
1.2 02 g

(1) BRI -C 2

02 M 7. 3.3 Z5HE , BB LB e, B 20mm Fl
iU 5 180 T e R R SH A 1730 3w il A kAL, D
e, =max(20,h/30) ,

HRIE 5 B b A 200mm ZE 1500mm 38 B P, 276
th 02/10 FLILHN 89 ML e, {H, VLI 1 FF7R (10 FL3E
5502 BT AE B0 A o0 B 00 B0 2 — AR 1Y, TE L 1.3
).

55.0 4

—¢2(02/10)
500 | — ea(89,e0=0)
450 A ======= ea(89,e0=0.04h)
|| = = = = ea(89,e0-0.08h) =7
40.0 - == e (89,e0=0120)| =T
350 || = — —ea(8e0=0.16h)| e~ __==" -
300 | =—+=— ea(8oe0=02n) [ T __-=" -
— - — ea(8oe0=02ah)| " ==~ - e
25.0 A ceverneeennns ea(89,e0-028h) |~ __ -~ - -
200 - N T -
e _ - - —_——
150 e -
100 B e I IRy
.0 4 - - =
Er o — T T

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
BT 02/10 H3tE -5 89 AL Ay B L i % L

T Ha] LUE HTE e, HUE [ ,02 B35 5 89
MR T80 B A .02 M LTt T e,
(LR, ILTE e, =0, H h=600mm,02 #i5 5 89 Ml
—H0;(H 89 BN e, RBHE e, MG IITIZR MW/ 2

0(24 e,=0.3h, If,e, =0), 7 02 HIEH e, 5 e, T
K, BAIRX L 89 MFEXS e, MUE MBI (L 1.1 35N
Z9) PR IR AT o 02 RIS 30 A R A 1 3 el
BEE IR BB e, 2 — AN R L] Sk B B AL IR 3R 11 2
PARBEAAE, I ey TR

(2) P BRI R R E 0

02 FAE 7. 3. 10 X fifCo P3G K R EL m ML, 58
455 89 ML —B, X BT R ) HAR A

TR O B e, BORRAR, BAR m BTG
Lt 89 BTG/, (AR B TR (RPARE HE
BER, 20 (1)), 02 Mi7.3.9.7.3.10.7.3. 12 f
LA T Anfa) 25 & P-A R0/ STER R P-6 RN/ TR, 3X
e i 2

(3) BT AR

B A B R o 1 0 2 R R A R A 2 Sl A
RN AT IR . RIEIE B, 255 o, M
0, AT A R (89 MIYEH 2 FAE Rk, B
2 e, MIUEARINE ) :

1

1 \2
M, = Nne, = M + Ne, +Nh0[1400(;0) glfz] (1)

b M, R BETTS REAE s M AN 43 500 A
BAGREN AN E(CEREFT T HRT
P-A S0 ) o

HRAE (1) AT IR 458

1) TSR M, % F = # 02 f: )i A M Ne,
CBREn g BB 50 12 HE N5 4 5 5 i 3 B 5
R (B5 =30) o #5304 W FL S LA, 2) BRAR B
T OB e, X m MTHEA M, H B R AR fn o0 B
WRFBIIME S, B =W RS e, AEMA LR,
3) T e, WIBCAE, BT L 02 B 76 #4 (AR 38 1 it
e 89 MFE B ARSF . BRI, BR e, =0 H h=600mm (iX fif
00 02 HLIEAN 89 HLIL 1Y e, —HE, WL 1) Z 4, Y
[ =y N
1.3 10 ;"

(1) B B e,

10 B3 6.2.5 Z5BH i 0B e, 5 02 Y — 3L,
Bl e, = max(20,h/30) ,

(2) % e R 1 P-8 3K €, -8, 1

10 M4 6. 2.4 £ R H1 5 36 B ACL LA AH LW
C,-8, 35 (ACT i FRh C, -8, 05) K B 1B P-6
ROV, R PR B 1 e e ik T8 =X, B AE ) 89/02 B 1,
BT —E

M= Cnq,M, (106.2.4-1)

cC =0.7 03M1
m — Y +U. M

2

(10 6.2.4 -2)



564 @M

a5 2015 4E

1
M = 1H 1300(M2/N+ea)/h0( h
_0.5/4
¢ N

A €, =1.0,

10 B35 5.3.4.6.2. 4 2P AR T Qnfey %5 1& P-A
RO P-8 RN, AHRT 02 LY R o, 7655 % 4544
R (5.3.4 %) Bk — 0 T e TH 4 B o v
P-AZU 25 18 B T P-A W) Hr )i (5.3. 4
HRLE , P-A 3 AT B2 X 45 44 W8 6 45 47 ol ——% 1 %
AN 58 B B i B R R ) .

(3) BBt E

P P2 58 06 R (SEAT 6. 2. 4 8L, Ik
IF R M, AN R IR i O B ) 31 B4, AHL o, R
T e, s SRS P BEE 00 A o0 B 3E— 25 XE M 3E AT
R——7E45 H ACLFI EC2 R i AL FR T3 12305 , 43 %F
XAEHERFITINE) L7 5 e, F1C,-C, , AN
MBS A

M, =Cmn.M+Ne, =C M+ Ne, +

e ey () 6] @
A2 |10 BHEE o, 197 SLoh A5 0L
25 (10 6.2.4 1) HOR B985, -4 M4
AR A S A B
FALFERCEE T — B P-8 RN Z )5, 2 W F BL vt il .
o 7 H 708 A SR IE R 095 i
o W ey = M/N H(2) e, 7 305 10 G
R ¢, 0.
XFHE (1) (2) B, 75— 22538 FF R ITiHe
(1)10 LR B S 0, T = M2
RIS BT ey, EVHD P 25 2 25
KGR A KA T LA €, A 5
SORTEMT T, 4578 2 2 18] (9 4H HL o 2R 08 i & 4%, A
F TR SE.
(2)10 551 A C, % 1% b W33 4 0
O P-5. S AR O B 2 X H
P 0 9 R SR 6 0. 7
S, =10, B LA C,n, 1T
ACT B Cm, 35, ACL HXF €, 28 LR SCHE“a

correction factor relating the actual moment diagram to an

l 2

) . (106.2.4-3)

(10 6.2.4 —4)

equivalent uniform moment diagram” , 5 /& 14, C, &
IR S50 A i 28 S AL A R X S B 25 4 B B I,
5 M, F1M, A5G IFEEEE A OB . R, 10 AL
WX C,, FBUETE R o TR B S e ok A
A R i A [ 25 R (L P o e AT 2 R B I (2

L1 ox 89 BV n R HEHE IR E) , BHE EX A28
IEAIE 0.5 +0. 5M /M,  JBUEIE R [0,1]; ACT I
EC2 B2 0.6 +0.4M, /M, , BUETEE M [0.4,1],
10 H4 705 3eF IR 70 L A4 B , AR XY A8 25 R b R i
A S B R A (P G S S, U AR TP AR AR
B U A BN 3 A P-8 RNt h——3X L
JAAi AR K b = A F A 1) 3 4 F R, R () SR 5
) AT TR

(3)10 FLIE Y m, %5 89/02 ML n FEAT T H L,
TRAN LB A SC UL o X BT O AR 1, AR
R X G RN E R ER [, 2H X
e, He i, T B Rk 2 iR 2 K, R (1) (89,02
) 1) 1y = 1. 25H, 15K (2) (10 FLYE) /9 1, T AR
SPHBIBCH H, (R R, BORE AT S HE K ), LR
ACI Xt 8, A3 3 T 0 2 R AR 2 A 28, BT L
AT ARSI 1, = H, (X ANE5 8 Toik EE X (10
6.2.4 -3)fHH WL 2. 197) .

(4)89/02 FL U 2R FI it O BEIS K R 8k, IF
FE n BT P R B B B e, (H B 200 5 R i
THE AR =384 1 e, (W(1) ) o 10 MYER A
1, ARSEVFT FF AT 1 A 3 0 MR 2, {H R 2 4 B
(55 =300 e, ANBET L, 1 0 T & S 8UE 1 6 &
WA, Y R ARG 1M ELAE 2, 715
TG B e, B IE 575 HUE 19 25 R 4 ie (TR
o1 89/02/10 L HHv s %o i T2 A8 v =l X6l AR T 55 114 70
OZERAE, 25 N > f,0h B HUHEHINR OB - e,
“ DA AN 7 1 1) B AR 0 BE” —— 25 R 9 2%
Hy , TRE AT By A B 53, B, 5 R o A
CBE e, ASFI 1) BB A ] )

(5)EGEARE, —MIEOT 10 M4 (2) 02
e (D) AT RSN, EEW KE C,
M5 I AFIEE =303 BER N T e /eq0 WITH(2) 42
N, 51N C,, K75 B P o 245 40 1 D0 ok %5 5% P-6 U
JEA R (A5 =3 B B e /e FEAR A B AEAS
Tt
2 MEEZKRBERITHTERIXIE

Tl A 7 A0 22 o A S AT A, O
JBUG , XK SRR 9 3 8 ik [ Rt X 14 A 56 L
0o AN EE M % 36 B ACT MLV AR EC2 Bl
M HUE AR, 7 TRBE 5T IS AL A L, %) 3k
] RS R 7 1 18 % L o

IRE , ¥ B 3 0 42 R A0 I 5 B RO RG , A
SO M EEAF S U, DUE TS
2.1 ACI #3E"

ACI 318 3 4R A Z AU, H4n 02,05 .08 11




545 % 1T

ZEREET A BN CoBE RN P-8 RO A G HLE IR 1L S5 18 565

(BT ) |, ¥6 BB A 3 32 A A OGN 25 B AR 1R
AR ASCARYE ACE318-11 JRAFATITIE

(1)1 0E BTN IT .

A BT AR AR B AR N P, M, M,
(AT R B i e, # XA P, M) J5 , ACT
5T BN S X M D B B AR IR e, =
MJ/P, < e, WG Z X4 40 JEAT 0k M, =
Poe, i o ACI10.10.6.5 ZHLE B/MROBEH e,
= (0.6 +0.03h)in 5 e, . = (15.2 +0.03h)mm ,

SR G PR — 2 2% IR R OR

(2) B8R 2 : 0 AR R B

LR R B B A IS A S, (R R
RONE) FTCINFS ZRE S, (ML PFASE SN ) | IX R A
W AT A5 20 A PR A A AL 54 M, LG
MESH M, .

M =M, +5M, (ACI 10 -18, 10 -19)

TSR %E T P-A 5Tk ( ACI R10. 10, 10.
10.4,R10.10.4) ,5, BCH 1, RFfEMF B2 2%
R R e i P-6 BTk

M, =s.M (ACI 10 -11)
M, R B B i &S A
C
S = P =0 (ACI 10 -12)
- 0.75P
M
Cm=0.6+0.4M—“‘>0.4 (ACI 10 -16)

b
M, F M, 510 BER) M, F1 M, 3 ST
_ wEl
© o (kl,)?
RO AZ T BRI AR E A0 kT APRSF b
WO L1, AR TC SRR BT LA KL, 502 10 FEIE Y
L, 3%l 10 FU3E 1, JCH, 1% o
L CACL10 - 13) iy EI, 75 ZH a7 3T -
0.4E1I,
T 148,
E, RS LR, 1, BRI
B, = BAEEAEME
T B R AR ) ey 2R HE
(ACI 10.10.6.2)
1E ACI 43CUA R10.10.6.2 B, % &1 fif
FFEAE R AARAS RO, o] LA fL Hi B B, = 0. 6,
BAER (ACI 10 - 15) {2y EI = 0.25E 1, .
HF6,.=1.0, P, LII/NF0.75P, , MR P,
KFa 2T 0.75P, Kl ik.
A LA Y, ACT 7 b B fe /M O BEFIAG 1 2 B 25
B B S B B BORAE I (P-8 BTAR) | o 7% 14 50

(ACI 10 - 13)

El

(ACI 10 -15)

B, 25 Py B SO, O T R AN . O T IE
JPEFRKE 10 LG R ACT BEIE 4 BH I AR 0 BB e, (
€ win FEARTA , ACT SR T A4 2 fie /DM D oL B O HE 220 ) 75
B2 gz

ea(lo)
e,(ACl,e,=0)
1] ==m=—-- e,(ACl,e,=0.01h)
= = = = e,(ACle,=0.02h
T = - = - = e;(ACle,=0.03h
g = = = e,(ACl,e,=0.04h,

[
v o uC
S}

I

450 H — = e,(ACle=0.05h .
a00 H LT SlGmooe /
35.0 S
300 = e ==
250 +— == p— ===
200 = :__. /
150 £
00 ST —— e
50 -+ — — e
0.0 . =~ — ——

B2 R 10 BLYES ACHHLEL RN i CoBE X H

FE AR ALV, 2EAT R OGTE -

(D) ACL e, 55 ey H5E e K e, /)N, 1X 55 89
ALTE AL ALY R B R R (2 ¢, =0. 08
i, X T 300mm 2 1500mm 4 e, HE) , Ui
2 X0 5/ = 2N S ) I TS R G AN M
ey =0 I, ACL BLYEHY e, KT 10 B, X th Al /5 i
ACT Fy g/ Mo BEAJE 2 S gk R/ N P T AL

(2) N ACT XS ¥ 4 P-6 R0 B AL L 2 v, W] L
HREME B H I e, |, CHE TIRERERY) 24
R C, -6, 00 SRR, £ 1.3, B
ZA7 I 10 BIVEAERAT 6. 2.4 W, JIRAT T e, T2
FEEANBEA RO, R TE AT 58 T AR Z ),
LHIE e, MEFEIHOR . BB ST E LA
i LU s (e, B2 B e, IE G5 A
)R BERK . T LLAT By 4 2 B00FT 6. 2. 4 it %
JE e, X M, PTIOKR, X RE 10 BB (2) AT R Bk
A

M, =Cn, (M+Ne,) =

€, [0+ Ne, 4 Nho[l;m(%)zgu]} (2-1)

(2 -1) b (2) B e 08, A0 2 B 3 b, =
iU A Py 3 SCERARIE A8 (S IR (1) ), i HR AR AR
FeT eq=M/NIE XL, K(2-1)5=(1) M, MY
TR RAZET C, .

2.2 EC2 #isg!”

XEHY 1 P-8 (R0, EC2 AHXTF ACT B4 44—
e HFR [ 10 KT A BRI OO BEABE A& FHXT P-6 400
AR PR RIS EC2 JEAAHA],

(BB HE BTN T,

WA BT AT AR G5 BN T Ny, My, Mg
(ZEAS T o B R i I, A Ny, My,) J5 L EC2



566 O O4 MW 2015 4f
T S T LART Sk B ot — B RN R RO Ly WA 25T B, 5 UK 8
JUAT 5t B3 L B - 1/r = KK,1/r, (EC2 5.34)

e, = 01,72 (EC25.2)
Horp 1, SR A S B
0, = 6o, x,, (EC25.1)

Ao, 2 1 200 B 0ol 28 0, X S A I 15
SRR BEHTI R B BOR 240 (CFE  JEAL L m Ry 2q0) 50
AR B, & — > “ NDP ( National Dependent
Parameter) " 2R A1 ZH, WO 25 [F 7T DL A O o€ LS
B, EC2 #E#{di 1 0. 005,

AR R T LB A B M, = e,N, o
Horp e, R T55 T fie /Mg DB e, (EC2 6.2 55)
HEX He, . =h/30=20mm,

EC2 JUA s B i O BE A E X (HAE R AE S 16m
I, #R ) 4 B O BE RS 5 FR R 02/10 #)
o —F,

(2) B8R 2: B BHTROK

BT ARTA 4 B ek (2R 207 TR 5 1E P-A TRk AY
T RA A B J2 18075 AL £ 7 11 172 ot
4 P-8 TTHR) LEC2 SR JH = 5 i (44 LWV EE vk (2540
TBOR Z A0 AN 40 SO 3k ) Sk iR 4T 45 HE B TR, T T
A B il

1) 25 40 iR 2 80 ( Moment Magnification Factor
Method )

M., = M,.,(factor) (EC25.31)
Hrp Moy, = My, + M o
M,, =0.6M, +0.4M, = 0.4M, (EC25.32)

Mo 801 My, 55 10 LY M, A1 M, 2 UL,

factor =1 +B/[ (Ny/Ny,) —1] (EC25.28)
Hep =m/cy e TTLABCH 85 Ny, IR 40 32 HE A RR
RGBT, 9 Ny = EL/(BL,)" o By FIARST IR
N AR T 1) b A JCSORI B o 2 TN
JEVERS, BT S T BT = 0.3E .1, . E.
TRBE L PR, 1, S BB

DA MEME T I, EC2 R T A R R EE S
ACTHY C,-6, 2 —5 , L2 REHARIME o

2) %4 Xl 3 (Nominal Curvature Method )

My = My, + M, (EC25.31)
H Moy = My, + M,

M, =0.6M, +0.4M, =0.4M,, (EC25.32)

BT B 2 RN

M, = Nge, (EC25.33)

e, 25 MR R HE

e, = (1/1)l3/c (EC25.8.8.2(3))

2 K BT e i 2, BN 1K Ol 1, AR
FARAST 0 A EC2 5.8.8.3(1) 4%, 1/r, = &,/
(0.45d) , &y = f/E, 5, Horb £, B9 75 i e oik B2 3
THE, d IR B 132 H T8 3 52 5089 3 1 BE s (B R 3%
FEREIEIY Ay ) o

FeE 10 MG RN C, -0, L3R Eal i EC2 1Y
2 SO o SR AR EE I 455 s BC2 IR 11
BT BH (A FZIERAE)

e’

M, = CmM+NeB+N(3.~‘6};O) (3)

Feda(3) 520(2) , ol LA 6 b [ 8 g 4 22
EC2 Lt 10 Byt B3 28 1 L5, e dE 2 A — a5k
JeR AR B EC2 S, 5 €, X M 47 I8 Fff
T o B 53 A6 1% BEE AN 25 Ne, 125 1 it 36 B0 0
HNEHE N (e, 12/3. 6hy ) 3 =I00, Y5 15 M Hh 3% 5 tH Ok
WESAR I8

H T i N b 5 2 SR BT B 5, 10 RS R
89/02 HL 35 1Y 1/1400 75 4 1/1300 ( WL =% (1) F1 =t
(2)) . 1E89 MG+, HEH &, =0.0017 ,h/hy = 1.1,
1510 K &, BIBESEE ] 10,0021, 7EX(3)
Hols 10 B S50 A E R B AL e =X, wT L
REI(HE, A HERE)

2
M, = C_M+ Ne, +Nh0[141W(%0) ]

BHEA LR TR -1) 5(2), HE: 0
HIFIR e, 75 02/10 M55 EC2 AR, @R (3
- 1) B IERAS R EL, RE1/1400 A5 1 171300, RE S
10 BLFE—HF (010 Bya i ¢, 2% &, M (EC2
5.34) K BRIACH 1 & SO EC2 MLYE AR SF A
LSRN ST, AT AR A AN 10 BB £, <1
AOIOL, I ¢, = 1, B ARAF o 3 BLIA 5 B 48 Y
89 HUESRA ¢, iR iR F W, 75 KA 0 2
Jeig, s Ak iR i R 5 e, (B R %) 2AZ,
'''''' KA 032 B O, B 2, =17 ,02/10 JETE B R
FHAH ) 28 R, SR e AR B it 38 T LAGR ) (e,
+e,)/h,  ROR M T @, = (&, + 83/)/}10 °

NS A5 EC2 AR [w) 1 B0 g O 5 R 25 i 52
XS B IE B F A S, 10 By =0 (2) o]
LB N

2
M. = €M+ Ney + Nbo[ () 2] @-2)

(3-1)

PCAS PR, oy T b ) B, ] AR o 4%
UL EC2 ML, i LR [ BT 0 2R R ) ot Ak 7 02



545 % 1T

ERERT A BN OB P-6 ROV A AL BT AL S5 e 567

a2 -2) e, Rk A2 -2)
XA EC2 (AL PR 0T 10 FLFE i S Ne,
Rk, TWEMETA (2 -2) WG M, K&
10, W LA R 6. 2.3 A0k uEAT 5, G — 4R %
JE6. 2.4 G5, AR BEAS IR 46 I 0 BE 3R 3K 1
A
3 xfP-MHEXHERRIITIE

FERYH -5 ¢ R 4k P-M 2 HE B i IR ith £k
JE XA TE A A T R B R ) BT I RO R
AR R A AR A, BT P-M-M R DG T . 3X
ST R 1 1 AT R T P SR Al (LA X SR 1 32 25 R 3R
J1) AE B KN TR i /i S5 A S AR IR T U
P- M 8t AR A T Bk - AR A 194 o7 g 1oy 2 5 2R 75 3 1Y
(PR EE FTRAZ L 10 B 6.2.1 2%) .

HOE B A P-M Ol 2 B3 TR (R
CiSDesigner #icfF ™ 3B A ) o A S5 R il R 4L B
BOAR /M0 B, B8 R/ M Fs AR A EB B/
T B, F s e AR A, BF BOA KA B, C R
4 0, FG B Kb B, GD B /M B, D 8
WL A PMM (19 A 155 AH I R A PR B 118,
VEE W i ATHE LR

K ACT ALY P-M 2 anl&l 4 frs (A K
ETABS {15 11%) . ACI MLYE A P-M {28 4E T & —
SR H 2R, X &R A ACT 10.3. 6.1 /110.3.6.2
(5T ER 3l He B AR BT S AR R 1975

A
4

> %

/

B4 ACL BT Ay S A AT
P-M fh4k

b G

B3 o O A SR A
P-M fh 4k

YR BT 3, ACT SR T 9 2 d5 /) i o B 09 48 728
€ in = (15.240.03h ) , 9 J2& BEA A7 15 SUEE A il
320 WA BT R A 5 R K T 83 T Ney o0
HeH AU 7 PR UEARIAE AR /MO B AT B0 T, BE
W RAE LG I A, AR 1k ME PERE IR, Rt mT L L A
N ey =0, B e, . A2 A i i 7R 287 45 il s 7
JiAflA] . AT 89 MTERE—E.
4 Fit5EL

i 5 X 3 [ 89/02/10 ML Y G 1] X 1L, LA B *f

ACI EC2 BT A [y T L, 1T DL LA T 48 B HE 3K
T B0 i o B85 0 25 A 1 P-8 280 A 3 7 2 %
HAS S JE B, sl ad ACL A EC2, nf LA H - B s
o B/ M0 B ) S22 76 25 R 4 — 8007 22 ik
QLS AT B AN Y 5 R, P — 2P X S AT
R XA B A SR 1A 2 1 . MO, Xk 7
A [ R AL 3, TR R B 4 T EC2,

B LI U E 12 10 8070 76 b B
it o BN SEAG 1 P-6 200 4 e 132 4 b A7 7 1)
R, N TE G A P-6 SLNEI B T 7E R B n, %
JE e, T LK S A 25 R 25 R e, DR IEAT R, IX A
WS AR E RS EC2 AT (X (2) H(2 -
2)) . 89/02 HLIE 22 AT LA AT L B ARG i R R
AR RE A A2 i O BEL RS K R B mp, e 2K 3K ) Rk U5 A
e, JEWA MBI (n BA o, MFIE, HELMEITE
TR RS =T A 2 B0 BE . L (1)),
A B 7E 10 BLYE 2009 4F7 A MAER & UL
FEn, TRRA 6,0 XA EIERA —E B, A1
BFTEAHL P-6 B e, , B )5 1E AR ik
H— YA, 2k B R T A (2 -3) o T
X (2) 52 -1) (2 -2) (2 -3),

2
M, =C.M+Ne, + CmNho[ﬁ(%) ¢] 2-3)

R J WA BT UL I A9 s , A SR A X X L8R A I
BB ANRIRIE AT T X, B2 T K
TAREBO A AR g )N O3 S A — S J5URR KA, iy
GEREAE XS LT 1 A R RS B

& % X #t

[ 1] 2467, Zor, XURW], 5. g5M Bt hanfe 421 %
JE P-A LR T]. HESILEH, 2014, 44(5) .78-82.

[ 2] GBJ 10-89 iREE L LM BLTMIEL S].

[ 3] FEEEGR, VLU, JRIRSE, S5 5N TR BE 1 SEA AL 1
Bt [M].2 b dbaT: iR i, 1993.

[ 4] GB50010—2002 REEH45 BTl S]. Jbnt.
e S R Tl 3 A, 2002.

[ 5] GB50010—2010 JR%E L5 HVELS]. dbnt.
E ALl AL, 2011

[ 6 ] Building code requirements for structural concrete ( ACI
318-11) and commentary [ S ]. America Concrete
Institute, 2011.

[ 7] EN 1992-1-1 Eurocode 2 :design of concrete structures—
part 1-1: general rules and rules for buildings [ S].
European Committee for Standardization, 2004.

[ 8 ] CiSDesigner: {5 A MR BE L AG PFBCTHER A (v1.0)
FPFAIM]. JE st Ut 545 ik TRE A RA
A, 2015.



P-M-M #H 5% ] B A5 7l S HASARTT 18
(PHETED
=844, R, WHE, = I

LR FEIE TREEHARAR, b5 100043)
[HRZE] e i 0 PRTR 5 A M )5, AR S — o DR A g B A VRV - M AR TET P-M-ML AR ST 0 B B
i, P-M-M A SR T2 50 7 Yt - A 1 IEARR I AR B B FROR A v A o 45 A VR AEH AN A OSBRI AE - 73 Bt
PR T P-M 2 %A B MBI LA SR IR BE(MN) B RL . fa MR A B IR 2 N A, (A4
I B IR R AR R “Ais” 5 R B TR, R VS A R SO E #EAT T REEAT 8
[RHEIA] P-M-M MIKH: HOEEE: SMREE P B RA: RE KR RS R i R

Generation of P-M-M interactive surface and discussion on its shape
Li Chushu, Chen Yunbo, Rui Jidong, Li Li
(Beijing Construction Information Solution Engineering Consulting Co. Ltd., Beijing 100043, China)

Abstract: Based on the key points at strains of ultimate state of section directly, a fast algorithm to generate the P-M-M
interactive surface was proposed. This surface is the cornerstone for the ultimate strength design of reinforced concrete
normal section. According to the strain state both of concrete and reinforcements, each failure state in P-M curve was
discussed, as well as its ultimate strength capacity vector (M,N) mathematical expression. The argument of that when
concrete reaches its ultimate compression strain and reinforcement reaches its ultimate tensile strain simultaneously, the
section is at the critical state of eccentric compression and tension, was proposed. Some further discussions for those
specifications in design code were presented.

Keywords: P-M-M interactive surface; numerical algorithm; reinforced concrete element; failure state; ultimate strength
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Discussion of ultimate strength design for beam normal section based on its strain
Li Chushu, Rui Jidong, Li Li, Chen Yunbo

(Beijing Construction Information Solution Engineering Consulting Co. Ltd., Beijing 100043, China)
Abstract: Based on the strain, some issues on ultimate strength design for beam normal section was discussed. The limit
of reinforcement tensile strain and the minimum ratio of reinforcement in beam, have physical relationship. According to
ACI and EC2, an alternative method for beam design was proposed. By this method, the increase of reinforcement is
small, however, could keep the ductility of beam sufficiently. Suggestions of same the minimum ratio of reinforcement
and same method for beam reinforcement calculation in both seismic and non-seismic design were also proposed.
Keywords: ultimate state; strain; limit of reinforcement tensile strain; minimum ratio of reinforcement; ductility; an

alternative reinforcement calculation method for beam
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