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Experimental study on seismic behavior of a new type
assembled insulation integrated wall
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Abstract: In order to realize the goal of load-bearing and thermal insulation integration of prefabricated steel
residential buildings, a new type of load-bearing and thermal insulation integration wall with concealed bracing
was proposed. The interior of the wall is steel braced frame, filled with foamed cement and other thermal
insulation materials, and the exterior is provided with bidirectional steel mesh and mortar layer. The filling of

foamed cement in the frame has great influence on the horizontal bearing capacity and lateral stiffness of the
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structure. Taking the height-width ratio of the walls and the existence of concealed bracing in the walls as the
variable parameters, six one-bay and one-story integrated walls were tested under low-cycle reversed loads, and
the horizontal bearing capacity, lateral stiffness and hysteresis characteristics of each specimen were obtained.
The results show that the setting of concealed bracing can obviously improve the horizontal bearing capacity and
lateral stiffness of the load-bearing and thermal insulation integration wall. Compared with steel braced frame,
the new type of load-bearing and thermal insulation integration wall has higher horizontal bearing capacity and
lateral stiffness, and its energy dissipation capacity and deformation characteristics are also better. The height-
width ratio has a significant impact on the lateral resistance of load-bearing and thermal insulation integration
wall. The larger the height-width ratio is, the smaller the horizontal bearing capacity, and lateral stiffness and
energy dissipation capacity of the wall will also be. The calculation formula of the horizontal bearing capacity of
the new type of load-bearing and thermal insulation integration wall was provided, and the calculation results are
in good agreement with the experiment.

Keywords: wall; seismic behavior; horizontal bearing capacity; lateral stiffness; prefabricated residential

buildings
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Table 1 Design parameters of specimens
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50 mm X 50 R

QB-1 1400 mmX1 300 mm TR 0.9
mm X4 mm

QB-2 1400 mm X1 300 mm TCEEFT 140 0.9
50 mm X 50

QB-3 1400 mm X 1300 mm 200 0.9
mm X4 mm
60 mm X 60

QB-4 1000 mm X1 800 mm 200 1.8
mm X 4 mm
60 mm X 60

QB-5 1000 mm X3 800 mm 200 3.8
mm X4 mm
60 mm X 60

QB-6 1000 mm x4 300 mm 200 4.3

mm X4 mm
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Fig. 1 Internal structure of specimen
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Fig.2 Geometric dimensions and structures of specimen
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Table 2 Mechanical properties of steel
R JEJE /mm o - N o
e ETSET HRORE A JEIRRE/MPa  fTRRE/MPa R MR /GPa WiRMHEK R/ %
S1-1 8 6.8 H 4 7 308. 1 469.5 0.66 233.2 19.2
S1-2 8 7.2 H 4 7 286.3 461.6 0.62 240.9 20. 4
S2-1 4 4.0 W AE 400. 8 487.0 0.82 185.8 25.0
S2-2 4 4.0 A FE 409. 9 491.5 0.83 176.0 25.7
S3-1 4 4.7 60X 60 44 13 408.2 480. 2 0.85 141.1 21.0
$3-2 4 4.7 60 60 Y45 3 ¥ 413.0 480. 2 0.86 180. 1 17.5
S4-1 4 4.0 50 50 4 3 404. 4 459.5 0.88 183.5 17.3
S4-2 4 4.2 50X 50 44 3 5 400. 5 460. 3 0.87 187.6 15.2
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Table 3 Measured values of characteristic points on

skeleton curves

5 S 4% 35 AT DL v — A 8 A 0 B I Y
QB-3 1Y) 4 #1 2 WI B & QB-4 19 2. 53 £% .QB-5 1Y
10. 08 1% \QB-6 11 14. 07 £ , 3¢ W 1& 9 Lo X — M fb 5%
A B0 91 85 A S 3 R ), L S5 AR B0 I B v T
{14 348 TR /0N o QB-3 7E Bk BR A £ A AT A B K Y
H 2R R W] QB-3 B 3k A% FR o 2% B 45 A 5 4
EIINE | MV | A1 O e o e 5 5

x4 BEASTHRHIERNEK,
Table 4 Secant stiffness K; of specimens regarding

characteristic point

[IRGRINAN R BR A 28k At

A4 — —

K,/(kNemm ") K, K,/(kNemm ") K,

QB-1 31.82 0.48 19.93 0.89
QB-2 45.72 0.68 14. 33 0. 64
QB-3 66. 83 1.00 22.50 1.00
QB-4 26.40 0.40 10.91 0.48
QB-5 6.63 0.10 2.92 0.13
QB-6 4.75 0.07 2.44 0.11

S AR AR PR TR A
4% 7l F,/kN “/ F,/kN w/ Fy/kN ol iy
mm mm mm
ElA 227.39 13.14 299.51 19.60 270.14 30.68 2.33
QB-1 fili 232.54 14.26 293.21 19.38 289.92 23.95 1.68
Il 229.97 13.70 296.36 19.49 280.03 27.32 2.00
iE 140,58 6.20 257.62 15.93 207.02 19.99 3.22
QB-2 il 119.52 4.72 220.68 15.27 168.76 19.33 4.10
¥ 130.05 5.46 239.15 15.60 187.89 19.66 3.60
iE 249.74 5.55 560.65 25.72 551.56 27.71 4.99
QB-3 flil 240.61 6.99 481.69 23.81 425.57 25.72 3.68
HI{H 245.18 6.27 521.17 24.77 488.57 26.72 4.26
Efb] 162.76 10.71 310.52 26.62 259.25 34.34 3.21
QB-4 fili 169.55 10.38 318.86 28.04 282.55 34.19 3.29
{6 166.16 10.55 314.69 27.33 270.90 34.27 3.25
Il 65.58 13.92 118.17 35.03 74.11 55.97 4.02
QB-5 fll 62.07 12.61 140.74 42.04 129.98 52.52 4.16
B 63.83 13.27 129.46 38.54 102.05 54.25 4.09
] 56.93 16.99 122.30 49.04 109.14 69.89 4.11
QB-6 fl 59.40 15.92 143.41 63.03 117.90 69.40 4.36
HfH 58.17 16.46 132.86 56.04 113.52 69.65 4.23
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Fig. 11 Curves of stiffness degradation
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Table 5 Energy dissipation values of specimens at

ultimate load

WA h, he E./(kNemm) E,
QB-1 0.147 1.75 28 284. 60 0.72
QB-2 0.126 1.50 14 356. 69 0.37
QB-3 0. 084 1.00 39 078. 30 1. 00
QB-4 0. 080 0.95 24 402. 68 0.62
QB-5 0.075 0.89 12 746. 49 0.33
QB-6 0.074 0. 88 12 638. 02 0.32

el R B 265 R W B 80 R 45 R A 25 R R BELJE 8
S QB-3 MR 8 19 HAE 5 I, 3 12 B R Ao 28007 1 SRR RS EL N
A A PR AT 25 B4 SR BRFE R S5 i 1F QIB-3 A AR Y LU A o

QB-1 # B faf 2% o5 19 22 BUFE BE (H 0 QB-3 1Y
725, 3X S O K K e AR AE R W] A2 AR g
I H R WK e 5 80 22 0] £ A BE SR FE Rl W R T 45
FEFERE , BT DL — IRk BS IRFERE RE ) B 3 K T4l
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Fig. 12 [Equivalent viscous damping coefficient of

specimens
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Fig. 13 steel bracing strain
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Fig. 14 Calculation diagram of horizontal bearing capacity
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Table 6 Comparison of horizontal bearing capacity of specimens calculated by different methods

. QB-3 QB-4 QB-5 QB-6

W TIRmMAN BE | HREAN | REG | FRMAN | BE | REAN | RE/Y
k(7] 501. 54 —10.54 344.67 8.09 172.11 22,29 150. 34 4.83
SCik[21] 483.03 —7.32 342.02 8.69 234.18 80. 90 220. 25 65.78
SCHik[25] 629. 87 20. 86 437.58 39.05 253.58 95. 88 229. 31 72. 60
SCHik[26] 457.21 —12.27 297.03 —5.61 142. 28 9.90 122. 86 —7.52
SCHik[27] 436. 36 —16.27 308. 69 —1.91 200. 85 55.15 186. 92 40. 69
SCik[28] 367.38 —29.51 255. 92 —18.67 141.57 9.36 126.72 —4.62
CHk[29] 360. 28 —30.87 251. 20 —20.18 137.50 6.21 122. 74 —7.62
SCHk[30] 362. 04 —30.53 251.93 —19.94 137. 34 6.09 122. 47 —7.82
56 521.17 314.69 129. 46 132. 86
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Table 7 Comparison between calculated results of
horizontal bearing capacity and ultimate load test

results of specimens

FENUE TR P/kN F /KN P/F,..
QB-3 560. 17 521.17 1.07
QB-4 313.59 314.69 1.00
QB-5 137.50 129. 46 1.06
QB-6 119. 54 132. 86 0.90

5 i
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