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Finite Element Analysis of Fire Resistance of Brick
Masonry Wall Strengthened by Invisible
Beam-Column Method
WANG Fengchi,LIU Keyi,XU Shubing

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang,China, 110168 )

Abstract ; In order to solve the problem of poor seismic and fire resistance of simple brick masonry
structure , an invisible beam-column reinforced method, which attaches steel plate on both sides of
the masonry and connects the steel plate with bolts,is put forward. The finite element analysis soft-
ware ABAQUS is used to simulate the influence of different size of the invisible beam and column
on stress distribution, failure mode, ultimate bearing capacity and ultimate displacement of rein-
forced wall in the case of fire and post-earthquake fires. Under the action of fire,the ultimate load
of the optimal reinforced wall sheet W-S-2 is 143.93% ,136. 98% ,145. 46% higher than that of
the unreinforced wall sheet under 200 C ,400 C,800 C respectively. The ultimate displacement at
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200 1,400 C,is increased by 78.41% ,53. 10% respectively. Under the action of post-earth-
quake fire,the ultimate load of the optimal reinforced wall sheet W-S-2 is 182.47% ,170.79% .
170.97% higher than that of the unreinforced wall sheet under 200 °C ,400 T ,800 C respective-
ly. The ultimate displacement at 200 C,400 C,is increased by 35.34% .10.31% respectively.
Compared with the unreinforced wall,the integral stress of the strengthened wall is increased and

distributed more evenly ,the equivalent plastic strain of each part is reduced,and the occurrence of

the crack has been delayed. The ultimate load of the strengthened wall is higher than that of the un-

strengthened wall. The invisible beam-column method can effectively improve the fire resistance of

brick masonry walls.

Key words :invisible beam-column method ;reinforce ;masonry structure ; finite element analysis
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Fig.2 The model of masonry and steel
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Table 1 Basic mechanics parameters of the model

MELEFR %/ (kg-m ™) BHERTE/MPa AR L NIk £ [ORES fw/fo k FitEZ 8
LY 7 850 2.06 x10° 0.30 — — — — —
{TLEN 1700 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

F2 BAIEIHSEL
Table 2 Design parameters of the models
G5 FE x 5/ mm FE 5 x %iE/mm PRmP IR B/ mm R T /KN
W-S-0 — — 0 —
W-S-1 240 x 150 240 x 180 20 13.2
W-S-2 240 x 150 240 x 240 20 13.2
W-S-3 240 x 150 240 x 300 20 13.2
W-S-4 240 x 180 240 x 240 20 13.2
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Fig.3 Temperature field of the wall
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Fig.7 Load-displacement curve of walls at different
temperatures under the action of fire
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Table 3 Ultimate load and ultimate displacement of wall plates at different temperatures under the action of fire

i ] e B i 2% . Wz PR 5%
G /T e B /KN N e FR A #%/mm N
& = H B/ % P sl %
200 3092.18 — 6.53 —
W-S-0 400 3013.52 — 6. 61 —
800 2 808.26 — 9.53 —
200 7 469. 88 141.57 12.26 87.75
W-S-1 400 7 051. 50 134. 00 11.30 70. 95
800 6 807. 45 142. 41 9.75 23.08
200 7 542.67 143.93 11.65 78. 41
W-S-2 400 7 141.45 136. 98 10. 12 53.10
800 6 893.08 145. 46 9.47 -0.63
200 7 232.91 133.91 10. 31 57.89
IW-S-3 400 6 978.73 131.58 9.74 47.35
800 6 509. 62 131. 80 10.31 81.85
200 7 044. 82 127. 83 10.97 67.99
W-S-4 400 6 668.97 121.30 9.49 43.57
800 6 418. 10 128. 54 8.63 -9.44




462 WHERKESMARBFR)

o534 3

CINDY-8Y P18 2713 N w I il i N S | 2 E RO
JE B3 A 0 RS2 % 44t 1 A /N (EL I
A R Ao 28 5 BRI A 9 B2 S 1 L ] O R | B
JEAE R SF 4240 mm x 240 mm K32 % [ fif 25,
BE Sl R W -S -2, W -S -4 1
BT DL B Y RO AT 58 BE AR R BRI 22
1) D JBE TR B35 AR R AN A% AR R Ao 2 4 e 5
H/N  FERIE A R SH A R B BB 22 RSF A
240 mm x 150 mm B in (B R0CR e . BRAE Ak
KAEHTF ,W =S =2 gy 7 ks

4 MR KA R AR B A
A BRITIHTH R
B 4 0075 38 DI 1o i
#s @K P75 4 s B AT
Yt LIRS — A Hr TR @

TSRS, e 4 AN R T 4555 A i PR
T B SRS, i HE W -S -0 5 W -S -
1 far 8 — LA Hh £k ( ULIEL 8 ) X bk vl 1 . o [
S BRI e B ey 282 B S 34 K 150 BH RO Jon [
PRl LA i R 3k RE ).

M4 TR, @R VER S, nEss
i PR 5 4% PR A 8 X2 i 3k 8 P 55 1 DK
N AT 55 e W B A7 % ) i 2 T B8 1) T i
TG 5 0 1 4% A2 AN R T A A BR A
A KT RIMESE AW - S =2 A X
Xof A B ey 28K 110 48 T I A R0, AR BR A7 A A A
200 T FA A E. W =S — 1 [ & 5 2%
R = RS W - S -2 fR$r, H
1E200 THI400 C T X BRAL R 1 32 T+ 11
FW-S-2,FAHHERAEKKERT,
W =S =1 Byl gy Aty

Rd MFRUEKIAEHTT AN [ 25 oAl BR ey 2855 1 FRAS #

Table 4 The ultimate load and ultimate displacement of wall plates at different temperatures under the action

of post-earthquake fire

e B 167 2% : W BRA
45 iR/ T e B A7 48/ kN . % BR A %/ mm -
5 L/ % L= H A/ %
200 2389.78 — 11.49 —
W-S-0 400 2 343. 63 — 12.03 —
800 2224.14 — 14. 89 —
200 6 750. 33 182. 47 15.55 35.34
wW-S-1 400 6 346. 35 170. 79 13.27 10. 31
800 6 026.71 170.97 10. 80 -27.47
200 6 863. 83 187.22 15.12 31.59
W-S-2 400 6 427.31 174.25 11.36 -5.57
800 6 065.91 172.73 10.52 -29.35
200 6 654.28 178. 45 13. 05 13.58
W-S-3 400 6 358.32 171. 30 11.46 -4.74
800 5793.56 160. 49 11.20 -24.78
200 6 340. 49 165.32 12.19 6.09
W-S-4 400 5461.09 133.02 10. 42 -13.38
800 5699. 12 156. 24 9.15 -38.55
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Fig.8 Load-displacement curve of walls at different

temperatures under the action of
post-earthquake fire
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