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Calculation Model of Equivalent Lateral Stiffness of Masonry Wall
Under Rotational Deformation Mechanism

GUO Meng', FAN Wang-sheng”, SUN Jing®
(1. Institute of Building Structures, China Academy of Building Research, Beijing 100013, China;
2. School of Civil Engineering, Beijing Jiaotong University. Beijing 100044, China)

Abstract: In order to study the equivalent lateral stiffness of masonry wall under rotational
deformation mechanism, the characteristics of masonry wall skeleton curve under rotational
deformation mechanism were analyzed and the equivalent height to width ratio parameter of
masonry wall was defined. Based on the principle that the series connection stiffness is equal to
the stiffness of the rectangular facade, the calculation formula of the equivalent height to width
ratio of the rotating main body of the non-rectangular facade was deduced. Based on the stiffness
attenuation law of rotational wall in elastic-plastic stage, the stiffness attenuation coefficient «
and the influence coefficient of the height to width ratio of the rotating main body g were obtained
by fitting the experimental data. Finally, the equivalent lateral stiffness calculation model of

masonry wall under rotational deformation mechanism was established and verified by literature
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data. The results show that in the algorithm of rotational deformation mechanism, the greater

the height to width ratio of the wall limb, the lower the equivalent lateral stiffness and the

smaller the seismic action. In the algorithm of rotational deformation mechanism, the magnitude

of earthquake action distributed by masonry wall is related to the direction, and the percentage of

earthquake action of the same wall limb is different in different earthquake direction. Using the

equivalent lateral stiffness of masonry wall under rotational deformation mechanism to check the

seismic resistance of masonry structure is helpful to find the weak link of masonry structure under

the existing seismic design.

Key words: masonry structure; masonry wall; rotational deformation; skeleton curve; equivalent

lateral stiffness; equivalent height to width ratio; calculation model
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Fig. 1 Partial Test Results in Reference [11]
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Fig.2 Partial Test Results in Reference [12]
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Fig. 4 Schematic Diagram of Skeleton Curve of

Masonry Wall
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Fig. 6 Schematic Diagram of Equivalent Lateral
Stiffness of Masonry Wall
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Table 1 Main Parameters and Test Results of Masonry Wall Specimens
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Fig.7 Scatter Diagram of Normalization in Stiffness
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Table 3  Test Results in Reference [20]

K./ K,/(kN « mm™) | xR

IR R e

(kN emm D | gl | Rem | 2/%

AQL2] 0. 65 47.78 18. 84 17. 62 6.92
BQL2YJ 0.95 37.52 14.78 13.31 11. 04
wJQ-2t21 | 1,75 81. 00 18.17 13.69 32.72
Wwit2z) 0.91 100. 00 30.05 32.28 —6.91
URM2L2 | 1,25 40. 00 12.87 9.94 29.48
URM4[23) | 1,25 41. 00 9.23 10.19 9.42

% 3 g T sCHR(21 ]~ [23 ] b gk AT i 35 S8 i)
PRSI B T S R S0 e L S L B R T
SR /N 1 MR AR B 0 L X S B AN
) B B 1 5 sh AR TR B 42

T 7% 338 5 3 S5 A8 e A D B2 55 88 ) g R L
B AE R WA G 0 A B IR AR B it . Rk
S HTE 10 AR 3 MG S5, T LAA S AR R T B30KS
JEE T RN B — 2 S E 0.

TR T — 4 SR ) BB R R AR B o AR
SCAE S M B T 5 B T 1) b R VR 5 AL G sk



110 AEHAFE TRFIR

2022

R STiRRP N s
4 EHHHHEiTie
4.1 EHloH

ey 35 R IR B 355 S TR IR L ROSE DL BT 11 45 AR R
JE 9 240 mm. 7K 32 1) S HEE AR T 500 kN BEE Bk
I it ) 5 i S 7RG TR 7 288 ) i A 5L 2 A P 184
TR,

rrrrrrrrrrrrrrrrrrrrrrrrr
lllllllllllllllllllllllll
llllllllllllllllllllllll

3000
900, 1 500600
L]
L]

1200 °%%00,1 2001900 1 200! 990 1 800,
: 1 1 1 |10200 1 1 I

0
A B C D E F G H J

(a) B R F(EHAL:mm)

i =7 T n
I I I | |
! | | | I I
! I [ I

AN I AN

AN AN
L \ N L

| | [ | [ | | |

-

ST
!

A BCDETFG HJ K
(b) MEBIEA M AN EE
N - =3
- ! |
[ L_— L_—
T
A B CDETFG HII K

(c) Hb7R1EH | £ iR # 3 E 1k

B 11 BHER~TREHEE

Fig. 11

M 11 Ca) A I - 4 38 1 56 40 45 T ABLVHJ %%

AN [R) 58 FE R AR S5 AL T — M T L — A )

I 110 7 0 35k 5 [ B, 36 3t % 44 2 Sl X AR ST 1T

B MRIESCERLIT] L1517 ]9 py it ae 25 L, o X

AN TE WA T 10 B F% 2 FAR A 11 (b) | (o)
FIioR .

R4 % 2 28 T LA T A0 A itk 5 4 P o B ) 25 A

B A W EE AR AR A 30 & A B R A5 R

Example Size and Rotating Body

WIEE 2= AE P R o Be e o), i 5 2R 5 T3k 4. [
B % AT B0 30 B T SR P 1 S I BE o E b 7R AR
Wt ESR I TR 4,

GIATER 4 B AT RN AR ik e R A e ] )
JE 43 T 52 AR AT 5 i B B 4 T b 752 AR A
FCAAAE DT i 25 5 . Sk R v b, 1) 0 T 355 20 TG 19
M RE AR5 07 ) JC O . BB R 555 T Ml 7% AR ] 7E S b
ARG I E S AN B AL T i R A
Per s 1)1 [8) 358 23 TC A9 b R AR H 5 07 ) A3 G A [R] b
AR 5 1) N 5 B R AE S A LA TE]

X T (A4 DEFG , Ho ) A2 i PR A& 2 Re ) ¢
T A A A PR R 28 BE i R 2 300 906 . IR H A T
AR AR T Wi JE A% e PR b R A 5K IR 4 > b
AR 7 18] ) A B 358 22 4 T Y 1 B A FH 7 1] 1)
Ao . 3 R 8807 BE AR T AR, M B
91.5%.

X Tl TR, H A~ T 1) A i IR 7 28 g ) A
) o AR e A 1T 7K 2% g W4 v i b R A 2
KB 24 b 72 A F 7 1w [ A B 35 JBO AR 2 07 A3k )
TFELE A 69. 0205 X4 M 78 AE H O 1) 1) 22 B+, K% i
S o

TO A 355 1) e 9 LU B K L RS ) R A e B AR T L L
SRR B B S RCH N W R N B AB Y B
FEEER B AL T JHE 4o T A b 5V FH X8 A AR i
i TR 98 Lo AN B s AL R H 43 T Y b =
YER (A S i 22 . X 5 45 M ME &2 A AT Y .

ARG, B AR TK 78 #h 5= AR 7 1) 1) A7 i
(R 7R 38 07 B B A 22 S ok R G Al 35k i R 28 T 2
B B SRR . S DR IIE AR KRR R B i i 22
2 B4 BRI AT PR 0 SR IO 3 5 i DA A %)
T [A) i TR SR FH 1 T A 1 89 77 0o 25 7y =0 im JHG 7R 2%
7o VR 558 P A 1T RO ST mT DA SE S R 2501 1Y
ERURY(ERE X2 DO Rk YRR SATTING Y [Br i R G s =
FEE AL T PR3

x4 ERHSEMEERAIE
Table 4 Comparison of Earthquake Action Shared by Wall Limb

R i A T L R IO o
B BLPE R
G2 HL R 161 22 HO T M 161 47
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AB 71.4 69.0 13.8 10.0 57.6 11.5 10. 0 42.4 8.5
DE 143.1 138.2 27.6 10. 0 115.4 23.1 35.6 151.1 30. 2
FG 143.1 138.2 27.6 20.0 115. 4 23.1 35.6 151.1 30. 2
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