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Experimental Study on Seismic Performance of Masonry
Walls Reinforced with Invisible Beam-Column
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(School of Civil Engineering, Shenyang Jianzhu University , Shenyang,China, 110168 )

Abstract ; The purpose of this paper is to analyze a method of reinforcement of invisible beam and
column to strengthen the masonry structure to improve its seismic performance. The method is
through the pseudo-static test of the wall, the influence of different invisible beam column sizes on
the seismic performance of reinforced wall is compared, and the formula for calculating the anti-
shear carrying capacity of reinforced rear wall is proposed. The finite element model is established
by ABAQUS, and the hysteresis is simulated. Curve, stiffness degradation curve and test curve
comparison. The results show that the calculated bearing capacity is basically consistent with the
measured results, and the simulation shows that the curve is basically consistent with the test
curve. The wider the width of the invisible column, the smaller the vertical steel sheet strain, and
the greater the height of the invisible beam ,the larger the horizontal and vertical steel sheet strain.
The conclusion is that the seismic performance of the reinforced wall is improved to different
extents compared with the unreinforced wall. As the width of the hidden column increases, the
shear capacity of the wall increases.
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Fig.1 The walls reinforced by invisible beam-column
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Table 1 Design parameters of the specimens ) ﬁ BE)_E.*E 1
gy P I BRE w6 -
Fi/mm o @/mmo H/MPa EI/KN EH I Abaqus HR IR FOTHR
w-0 - - 1.5 - =4\ 5 25 2 500 C3D8R, /S A LT
W-S-1 240x150 240x180 1.5 13.2 143 RS UL IR 3. BAA 3% SR T AR R
W-S-2 240x150 240x240 1.5 13.2 TR 38R P 5 4 ] 52 (A TS 2. R0 o 4% g 2
WoS o3 20150 24030 L 132 2 6 R PR 42, WA R 3, 7 1 e %
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Table 2 Basic mechanics parameters of the model

i 74 FPER i ik
PSR = WA I y WLE  fo/fe ko OEHEBH
(kg-m~3) H#/MPa ff/(°)
WAE 7 850 2.06 x 10° 0.30 — — — — —
ik 1 700 3177.3 0.15 30 0.1 1.16 0.666 7 0.005
NI 1 700 18 900 0.15 30 0.1 1.16 0.666 7 0. 005
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Table 3 Ultimate shear strength, displacement and ductility coefficients of specimens

[wiE v, i v g, AL A, v, 5 V. iR % A, 3k A AR A IR u

HE /KN %  Wft/mm /% /N Bfti/mm  WF/%  ffi/mm /% !

W-0 251.81 — 0.80 —  364.18 — 4.08 — 6. 44 — 158
W-S-1 258.18 2.53 0.88  10.00 454.39  24.77  4.44 8.82 727 12.89  1.64
W-S-2 302.21 20.02 0.91  13.75 436.28 19.80  3.61 -11.52 4.88  -24.20  1.35
W-S-3 399.14 58.51 1.03  28.75 479.86 31.76  1.67 -59.07 6.00 -6.83 3.59
W-S—4 33567 33.30 1.29  61.25 387.00  6.27  3.92 -3.92 9.05  40.53 2.3l
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Fig.4 The hysteresis curves of specimens
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Fig.5 The skeleton curves of specimens
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Fig. 6 The stiffness degradation curves
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Fig.7 Schematic diagram of steel sheet and points
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Fig. 8 Strain curves of steel sheet
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Table 4 The energy dissipation coefficient and the equivalent viscous damping ratio

R E, Wil E, #ith FERER MK C, SR L &,
ETRe A fE/kJ fieft/k) HHE KR/ % o B4R/ %
-0 3.068 2.002 1.53 — 0.24 —
W-S-1 4.899 3.387 1.56 3.27 0.25 4.85
W-S-2 5.051 3.057 1.65 7.84 0.26 9.47
W-S-3 4.825 2.562 1.88 22.88 0.30 24.73
W-S-4 6.192 3.274 1.89 23.53 0.30 25.40
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Wall-filled weak frame
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5 & ik

(1) BIE AL A RO AR = T R Y SE
VeI BE  SEZ T SRR 7 A BRI T R4 Y
K. B B R BB AR N 5 |, JT 244
AR BIR Ay 280412 g, D [T 358 A 140 2 % B 1 L
AR i A K

(2) ML R R A R, BB HE 89 58
JEOAS , 5 i) 4 NS/ | LR A 1) 409 7
ASTEME AN 5 Y BRI AL RS AR, B R
JEEBOAR: , At i) 4 IO BT AR R AV
For s F 18 1] 9 77 A ) i R 728
o TR A S RS S8 Ak T A T AN A
B AR

(3) BB ZRAE I 1A 05 REA AP w4 19
FERERE ) M HUREPERE. BEAS FUB AL 98 B8
T i J5 A 40 R E 28 3R 25 28 ot i FELJE 1L
WK

S 0k

[1] FBILE, A-mn e AR, 45 TR TR S it i A4 21

BhRYURMERE I SIS T T] . EEI A
F2£42,2019,40(7) 162 - 172.
(ZHENG Shansuo, NIU Huali, ZHENG Hao,
et al. Research on seismic behavior of brick
composite walls under acidic atmospheric
environment|[ J |. Journal of building structures ,
2019,40(7) :162 - 172.)

[2] LI Wenfeng, WANG Tao, CHEN Xi, et al,
Pseudo-dynamic tests on masonry residential
buildings seismically retrofitted by precast steel



56

Ve B R OR A cE 4R (A R RE A )

%36 %

[11]

reinforced concrete walls [ J ]. Earthquake
engineering and engineering vibration, 2017, 3
(16) :587 —588.

BRGEHE 22, FEK AR, 45 B B 45 M B Ak
FIXFHR B[ T] . R TR =% 4k, 2009,
49(5) :625 - 630.

( CAI Xianhui, LI Gang, CHENG Gengdong.
Countermeasures and problems for seismic
enhancement of masonry structures[ J . Journal
of Dalian university of technology, 2009, 49
(5):625-630.)

HOTAR, A — I A AR By R L A
SHURMIAZE RS SRR [ T]. &35 b
@,2011,30(11) :209 - 213.

(CAO Wanlin,ZHOU Zhongyi, WANG Qing,
et al. Experimental study on base vibration
isolation and anti-seismic masonry structure in
rural areas by shaking table test [ J]. Journal of
vibration and shock, 2011, 30 (11):209 -
213.)

RAREL, IR TR A 5 BRI S50 11
EPURMEREBLAR ST T]. TREHRE S I E
& ,2011,33(3) :121 - 126.

(ZENG Yinzhi, LI Baohua,XU Fuquan, et al.
Seismic behavior analysis of masonry structures

in rural area [ J |. Earthquake resistant
engineering and retrofitting, 2011, 33 (3 ).
121 -126.)

TRIANTAFILLOU T C. Strengthening of
masonry structures using epoxy-bonded FRP
laminates [ J ]. Journal of composites for
construction, 1998 ,2(2) :96 — 104.
SECONDINS T, MORBIN A. Flexural and
shear strengthening of unreinforced masonry
with FRP bars [ J]. Composites science and
technology ,2006,66(2) :289 —296.
GILSTRAP J M, DOLAN C W. Out-of plane
bending of FRP-reinforced masonry walls[J].
Composites science and technology, 1998, 58
(8):1277 - 1284.

EHSANIM R, SAADATMANESH H,
VELAZQUEZDIMAS J 1. Behavior of retrofitted
URM walls under simulated earthquake loading
[J]. Journal of composites for construction,
2015,3(3) ;134 - 142.

AI-SALLOUM Y A, ALMUSALLAM T H.
Load capacity of concrete masonry block walls
strengthened with epoxy-bonded GFRP sheets
[J]. Journal of composites for materials,
2005,19(19) ;1719 - 1745.

BENEDETTI A S. Analytical models for
shear-displacement curves of unreinforced and
FRP reinforced masonry panels [ J .
Construction and building materials, 2006, 22
(3):175 - 185.

BANK L C. Composites for construction:
structural design with FRP materials| M ]. New
York:John Wiley and Sons,2006.

GAWADY E L,LESTUZZI P, BADOUX M.
A seismic retrofitting of unreinforced masonry
walls using FRP [ J]. Composites part B

[14]

[15]

[16]

[17]

[18]

[19]

[20]

engineering ,2006,37(2/3) ;148 - 162.

SRR, TR, AR R, S N — K JR RS T
JE AT i e W) PR B DR M AR g [J] 2
FRl 5 TR ,2014,31(2) .71 - 77.

( GUO Meng, ZHANG Ying, XU Fuquan,
et al. Experiment on seimic performance of
medium-height brick masonry wall
strengthened with steel-meshed cement mortar
[J]. Journal of architecture and civil
engineering ,2014,31(2) .71 -77.)

FRUIRE AR, G226 SC. o A PR VR BE 4 [ T
iR PR R I I A ST (], AR T
P24 ,2018,51(6) :43 - 53.

(DENG Mingke, YANG Shuo, LIANG Xingwen.
Experimental studies on seismic behavior of
unreinforced masonry walls strengthened with
HDC layer [ J]. China civil engineering
journal ,2018,51(6) :43 -53.)

R rr B, PN ARG, A5 AR5 A% ARG
W - REWES I E SRR [ 1],
HEEHI2A R 2018 ,39(12) ;153 - 167.

( CHEN Zaixian, SUN Kailin, ZHU Xingji,
et al. Experimental study on strengthening
method of low strength brick masonry using
steel plate and polymer mortar[ J ]. Journal of
building structures, 2018, 39 (12 ). 153 -
167.)

PINSCHE. KGR 12 7 AE SR [ v £ 52 3 17
[I]. SR A B 5T, 2005, 31 (6) -84 —
86.

(SUN Wenbin. Analytical study on reinforced
concrete beam strengthened by steel plate[J].
Building science research of Sichuan,2005,31
(6):84-86.)

ITE AR ERG, Th SIE R B9 7 o [ A A
SAEM A R [T ], 1 Il £ 5, 2010, 30
(1):108 -109.

(WU Mang, CUI Xiguang, WANG Shuai.
Application of reinforced column wrapped
with steel plate in the building structure[J].
Sichaun architecture, 2010, 30 (1) 108 -
109.)

Zs Ui N RSE b ks
W RBI IR HT [ T]. PR Ao 4, 2003,
31(10) ;1157 - 1162.

(YU Qiong, LI Siming. Comparison and
analysis about RC beam-column’ s joints
strengthened by enlarging column section or by
bonding steel plate [ J ]. Journal of tongji
university ,2003,31(10) ;1157 - 1162. )

e N R AN AR b5 R & el st
ARG MR : JGI/T101—2015[ ST, dL3T . v
Pl SR Tl AiAE 2015,

( People’ s Republic of China Ministry of
Housing and Urban-Rural Development. Code
for seismic text of building:JGJ/T101—2015
[ S]. Beijing: China Architecture & Building
Press,2015. )

(DTS A E BESCHE AL XK A



