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Analytical solution for internal force and displacement of three-limb shear
wall under horizontal load
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Abstract: Multi-limb shear walls and the relevant composite structures are essential components of high-rise
structures in modern designs. However, it is inaccurate to demonstrate the core method that calculating the
internal force of multi-limb walls in codes, specifications, and textbooks of civil engineering, in which the
superposition distribution method is adopted to solve the differential equations for the restrained moment of
coupling beams. In this paper, a new method is proposed to solve the inertial forces and displacements of three
limb shear walls under three types of horizontal loads, and the analytical equations are given. The method solves
the restrained bending moment of coupling beams by transforming the two second-order differential equations
into the four first-order differential equations. Then the fundamental solution matrix is obtained for the
coefficient matrix of differential equations. By comparing the internal force calculated by these two methods with
those from Midas, it is found that the results from the traditional method are 10% less than those from the FE
method and the new method. Besides, the new method improves the traditional way by avoiding the concept of
distribution factor, the stiffness and the relevant position of coupling beams, and the integrity of the shear wall,
etc. The proposed new method can provide reference for the expression of internal forces and displacements in
composite structures of shear wall and frame.

Keywords: coupling beam; three-limb shear wall; internal force; displacement; analytical solutions

E-mail: zhuyp@lut.cn

HEWH: HEMKITAH B A SZ R (IRT_17RS1). Hift4
B R %5 (1302FKDA030)

fEZ N REM, 81, #z

WIRMER : 5, Wi-LHFEE

Wk H . 2018-11-01



2k FHioi

REMGRE + =BT T RAE P BT 9 0 AR e 2 57 -

51

[l

= SR H 45 R, AR BE L 5T 155 LU
BORBIBTMAZ W, REA = R 45 KPS, T
Z T m R R E A b . WU (B ) 8
BREEHY, WIS R e s g
T 22 B05T I g (4 J AR N 0 ik ik 0% R E SR Y 23
BTk Al WIBAHESR A5k | A BRELIC A R AR
W, WIRRE Y TS RS A
TrEE T 5 N AR BT A N . (e
PR/INTT 0BT Jy 45 v n] e B ORE 357 7 TR g IE 2
Frtse XUB (BRI ) 87 s — Mot R i ik
71 LA 5 1) % 22 00 A (AT AU 45 R IE R AR
P HIE5A8 2 vk DU, DA 3 R s v 5 ) R AR R
path= e b7 NP V™ 21 TP S & VAN 1
4 B R AP Ry R AL T 2RO
()R I T EE ) B 25 (8] B Ty 5 4544, 5 LG
FENH T R S M B hr otk 1T N IR, {EHCAG
RAPBEMARMSEE L, TTRIFARRAE, AMT
Fo. RSP ERASO SRR T
WAL, FIRET TESrE R (ERBA 4
HARGAT, 5 Jm 8 2 B B3 e e )

St A 2 U B g i 5 A T SR A I [ R v
B, ooy 7 R B G LUBCINME , — SRR T LT
AT T 1k D FE A A H O DT BRI AR T, Ik
] A R AR 4 USO8 (4 B4 o AR S s 2 f
22 B89 Tk N g A s T, BIAE — 5 (R SR 4
N B T AR AL, R 22 I R
DAL R A AL AR SR R I ik b, Y A
o Ir BT 2 IR0 RN I A R, R
BAE n AR5 FEE N 8 — A J7 Rt AT oK
i, SRIEHGE TR SRR AT AN s AR A D)
Xt o3 BE AR R T ORI g SRR A
K, BEENE RRERSE o AR, HART 2
FAl1F, BOUM AL 2 BRG], PRoR 22 1057
Ji5EN T U BB . WB AR, 1R45E
BRI A E AR, - ARE
IS, AHERMACKER, XEHAR
WOR R P 1Y, 7 5000 fol o0 D7 R A B ISR g 3303 T
R BO™ A B 25 RN T 5 52 PR 45 R R i 2 i
AN, ATRESFECLAUR 5P 22 g, BEH @AY
I, NI e A R R 25, W

VA S VOISR AE B8 KT i 845 TR 22 JRHE 4R 85
BP9 700 sR A, At AU IR AE Rl Y 3 0 9 b BY
Tk I 2% 165 RE AR 2R B [R) TARRF N TR &
A FRIRE . WX 7 R AL AR R LA
A, T AR B A RS UE R

AR SCH 3k X o) R B SR A, X = s
T A RVAE 22 T (S vD 13 - S AR LT
AROX— M, SRIH NIRRT, X2 E
22 JBCRCN B ik 1) e AT A 25 O IS AR, 3 R A
i 2 O Y L, 5 S0 — BB A

1 ERARTEBTXNES

1.1 TEREEWNE

AR IEAE N O R — )2 b i % R 1k
RS Z S E LSS (WK 1); @
A K8 BAE [l — K- B 7 B A A, HAE R —45
Qb ff RN R A S5 QT R B2 S AR, NIBEAAS
P R A ) TR I, BOKF- TEARX 51 5,
HAFE AR mAE, BEITERN, AUT 3
AR X U8 [ 457 5

q
1 ZSRENERER
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Table 1 Parameters of beam coupling
SR ZHOBE RANY,
Sk PR AR T T AR A 0.66 1.2 0.66 2.52
Bl BB ESE 0.59895 3.6 0.59895  4.7979
L G 0.12484  0.75032  0.12484
S SHCAT S A T, 0.13438  0.28966 0.13438  0.55842
ST A PR AR A BL R A 0.24064  0.51871  0.24064
B RAFNERE T 0.0036 0.0036
AL T, 0.003 0.003
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(1) MRPEEEALGE L (11), KX (13), K
(23). 2 (29) HHEAXLSEHICAL (21) 1, X
AR y,, y, BRI,

(2) RISy, p, HA(24) ~ K (30)

THREBE R, ERNT
(3) =X (35) HEKEAE, ZE8S80T
B 2,

R CREACA (21) 7520 14 A RS

y, =—4.51152x107 x(33.06962¢" 77 —
697.037675¢ "% ) +1.2561x 107 x
(35.81057e"9%%* —83.37563e "%>*) +0.462026x

v, =—4.5113x107 x(33.06962¢" " —
697.037675¢ "1*%7) —1.2561x 107 x
(35.81057e™9%* —83.37563¢ ") +0.46202.x

e AR 25 U 2 S o B 32 TT LA Ak 4 )

L, EAR O R, (AR SO % i Sk
HCHE R RS A 0~ 1.5m BUME RS 11 225
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AR T RS A 22N K, SRR ) ST o
TR AT, NIRRTk 3, R 3
my, m,, FPTERARCE I v, NERE T M,
FERFF S My, My, My WS ¥,
Va, Vi WEEIEEY T,
X2 ZE55H

Table 2 Comprehensive parameters

B BHOH

ERS
c 11.0556 11.0556
a 9.0905x107* 9.0905x107*
B 0.0023163 0.0023163
|2 0.00082190 0.00082190
5 6.1745x107°
u 0.0228136
K 0.019675 3.1382x107°
b 0.462026 0.46202

©, —4.51152x107° 1.2561x10° —4.51130x107° —1.2561x107°

SCHR[ 1] B8 B 45 R 3k 4 i .

JESTEHE AP Midas Z285, 87 sk E%
MR TE, Z M WIE R, S R [
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+, BEMEREE R 2.55 x 107 (kN/m*) HoAl R i R~
FE H AR . 1520 2% PSRRI A 5 s o

Xt R U 3 R A RS R AR MRS L& 6
FE7s o

P P 5 R R0 BT 1 oR MR G o 2 S R T A%
GER M, PR 10% L4, 78 6~8 JZfi#
Mridedl RILP 58 E RS R — R, HAAR R 58
RURH 22 AN, S B R U A AT vk B8 2 A B B A5 3

(4) fiditss
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Table 3 Calculation results of internal forces

= x m; m, ;m3 M, Vi ( kN) M,,

11 0~1.5 4.5245 4.5245 9.049 1.125 0.6804 0.6804

10 1.5~4.5 9.7105 9.7106 28.4702 10.125 1.46023 1.46023

9 4.5~7.5 11.3661 11.3664 51.2026 28.125 1.70919 1.70919

8 7.5~10.5 13.5699 13.5703 78.3435 55.125 2.04069 2.04069

7 10.5~13.5 15.9705 15.971 110.2843 91.125 2.40147 2.40147

6 13.5~16.5 18.2523 18.253 147.5505 136.125 2.74471 2.74471

5 16.5~19.5 20.0779 20.0787 186.9462 190.125 3.01923 3.01923

4 19.5~22.5 21.0284 21.0294 229.004 253.125 3.16217 3.16217

3 22.5~25.5 20.5272 20.5284 270.0596 325.125 3.08680 3.08680

2 25.5~28.5 17.737 17.7385 305.5351 406.125 2.66722 2.66722

1 28.5~31.5 11.4092 11.4111 328.3554 496.125 1.71567 1.71567

0 31.5~33 1.7344 1.7357 331.8255 544.5 0.26081 0.26081

= x M=, M=M; My (KN-N)  ¥=F; (kN) 7y (KN) Ni=N; (kN) N (kN)

5= (kN - N)

11 0~1.5 -7.924 -0.989 -5.946 0 0 0.6804 0

10 1.5~4.5 —18.345 -2.2901 —13.765 0.722 1.556 1.4602 0

9 4.5~7.5 -23.078 -2.881 -17.316 1.444 3.112 1.7091 0

8 7.5~10.5 -23.219 -2.899 —17.422 2.166 4.668 2.0406 0

7 10.5~13.5 -19.159 -2.392 —-14.375 2.887 6.224 2.4014 0

6 13.5~16.5 —11.426 —1.426 -8.573 3.609 7.780 2.7447 0

5 16.5~19.5 3.179 0.397 2.385 4.331 9.336 3.0192 0

4 19.5~22.5 24.121 3.011 18.098 5.053 10.892 3.1621 0

3 22.5~25.5 55.0654 6.874 41.317 5.769 12.437 3.0868 0

2 25.5~28.5 100.590 12.558 75.475 6.497 14.004 2.6672 0

1 28.5~31.5 167.770 20.944 125.881 7.299 15.733 1.7156 0

0 31.5~33 212.675 26.550 159.574 7.941 17.117 0.2608 0

x4 NAHEER
Table 4 Calculation results of internal forces

2 x m; Z;m M, V, (kN) M, M,,—‘Zij;ms M=M; (kKN - N) M, (kN+N) V=F; (kN) ¥, (kN) N;=N; (kN)
11 0 7.405 7.405 0 0.557 0.557 —7.405 -0.924 -5.556 0 0 0.557
10 3 16.157 23.562 4.5 1.215 1.215 —19.063 -2.380 —14.303 0.722 1.556 1.772
9 6 19.246 42.808 18 1.447 1.447 —-24.812 -3.098 -18.617 1.444 3.112 3.219
8 9 23.364 66.172 40.5 1.757 1.757 —25.680 -3.206 —19.268 2.166 4.668 4.976
7 12 27.958 93.830 72 2.102 2.102 -21.847 -2.727 -16.392 2.887 6.224 7.078
6 15 32314 126.144 112.5 2.430 2.430 —13.667 -1.706 —10.255 3.609 7.780 9.508
5 18  35.957 162.101 162 2.704 2.704 -0.134 -0.017 -0.101 4.331 9.336 12.212
4 21 38.412 200.513 220.5 2.888 2.888 19.944 2.490 14.964 5.053 10.892 15.100
3 24 37.858 238.371 288 2.846 2.846 49.572 6.189 37.195 5.769 12.437 17.946
2 27  33.660 272.031 364.5 2.531 2.531 92.397 11.535 69.327 6.497 14.004 20.477
1 30 22.176 294.207 450 1.667 1.667 155.702 19.438 116.826 7.299 15.733 22.144

0 33 0 294.207 544.5 0 0 250.293 31.247 187.800 7.941 17.117 22.144
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