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Experimental Study on a New Type of Composite Wall Panel Joint
Integrating Load Bearing and Thermal Insulation
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2. Kaifeng Research Center for Engineering Repair and Material Recycle, Henan University, Kaifeng 475004, China)

Abstract: In order to address common issues with composite wall panel joints, such as the inflamma-
bility and easy detachment of insulation boards, while ensuring their seismic performance, a new type
of ceramisite concrete T-shaped composite wall panel joints integrating load-bearing capabilities with
thermal insulation was presented. The joints featured a unique sandwich-structured construction that
offered several advantages. They were eco-friendly and energy-efficient, lightweight but strong, with
good mechanical properties and a reliable insulation system connection. They could also prevent fires.
The hysteresis behavior, failure mechanisms, load bearing and deformation capacities, ductility, ener-
gy dissipation, and damage of the T-shaped composite wall panel joints were studied through seismic
tests. The results showed that the sequence of damage in the integrated composite wall panel joints
was from the web, to the flange, and finally to the core area of the joint. Areas of weakness mainly oc-
curred at the foot of the web, where the concrete was cracked or crushed and the reinforced bars were
stretched or bent. The joint core area demonstrated strong resilience with ample safety margins. The

joints were in line with the design requirements of "strong joints, weak components" and policies for
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wall panel innovation. With a ductility coefficient greater than 3, the safety performance of the joints

was good. Through the damage index assessment, the working states of the specimens at each stage

were 1dentified.

Keywords: load bearing and insulation integration; composite wall panel joint node; seismic test; hys-

teresis and skeleton curve; damage index
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Fig.3 Insulation board and reinforcement
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Table 2 Mechanical properties of concrete
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B ki JR E 1+ 100X 100X 100 22.8 2.21
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Table 3 Mechanical properties of reinforced bars

W EAE/mm f,/MPa f,/MPa Z/% A,/% 5

8 463.8 645.0 —53.57 234 1.39
12 460.5 590.5 —52.41 223 1.28
16 471.0 610.5 —51.84 225 1.29
20 463.1 586.2 —50.42 22.3 1.28
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Fig.7 Hysteresis and skeleton curves
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Fig.8 Strain curves of reinforced bars and concrete
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Table 4 Key parameters of test results
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A, /mm 12.13 15.76 11.92 16.32 12.09 16.07
P, /kN 22346 242.21 230.16 245.78 227.4 248.62
A, /mm  27.92  35.69 28.52 35.72 28.04 36.01

P,/kN 189.94 215.48 195.64 219.26 193.29 214.67

A,/mm 36.46 43.27 3594 4346 36.37 43.52
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Fig.10 Stiffness degradation curves
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Table 5 Adhesion damping coefficient

4 14, N 30,
PT-1 0.040 0 0.120 4 0.146 6
PT-2 0.042 6 0.126 5 0.1531
PT-3 0.039 2 0.123 4 0.153 1
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Table 6 Damage indicators of the specimens

HE

i AR S i 15 46 b
i 0.122 89
Tl i e 0.289 23
R B 0.791 96
{37 1.422 95
TrH 0.093 12
Jit 0.328 57
PT-2
i BR 0.823 03
7S 1.43271
Frad 0.093 37
PT 3 Jif e 0.282 41
e B 0.762 94
{37 1.389 78
4 & it

(1) &5 7 — Tl 28 % 235 4 5 Ol — A A Pl ok
TR BE 52 A AR A5, s B e T AR R R S K
Dy It v A TR AL AR A0 B AR T A T R A RE A A
OrHTEE R AR AT S B R PR R R

(2) 15 S50 X R FH U 2 T 7 6 405 5 4y b IR o1
IR IR o e S0 XKBEOE T JEE i
GAE B IR AR TR R AR Y AL X e
filf 25 0L AT 0 1Y R SR PR B T

(3) 3 b X 32 2 Sl Al 1Y A A i ol i 2R A
IR ST FERE A5 548 AR 2 AT 70 7 mT A B A
T o B T R T S (E B0 820 ~1900, 5
JEE fift 2 70 A 5 A BR A2 B8 AR 5 i IR 12 4% A 2 LU 40 3
A7, J 1S T A BE RH X ik 5 Bl 5 4y 0084 o, B REFE



J1iB A st SEVE B L, PR R RE L

(4) 38 33 Park-Ang X 2 ¥ i 75 Bt 475 52 50 ] LA

L34 b S e i R A B B T ARIRAS o Je IR 1
P AR FE SR s e RG22 T8 5 FE RE X 04
AR B AR Eon AT R TR BRI 2 ik
B 1.4, 4000 P R

S 3k

(1]

Wongkvanklom A, Posi P, Khotsopha B, et al. Struc-
tural lightweight concrete containing recycled light-
weight concrete aggregate [ J]. Ksce Journal of Civil En-
gineering, 2018, 22(8): 3077-3084.

TRE A, RV, X E . S B RLIR B H RN 3
BYEREBT T [T]. JREH %4, 2021, 42(4): 80-91.
Zhang A 1., Zhu T, Liu X C. Study on flexural perfor-
mance of H-shaped steel beam wrapped with ceramsite
concrete [J]. Journal of Building Structures, 2021, 42
(4): 80-91. (in Chinese)

2, B, W, S FORLIR B 09 O o e
[J]. sERER W ), 2020, 39(11): 3407-3418, 3452.
LiX G, YanF J, Yue X T, et al. Research progress on
ceramsite concrete [J]. Bulletin of the Chinese Ceramic
Society, 2020, 39(11): 3407-3418, 3452. (in Chinese)
Farahani J N, Shafigh P, Alsubari B, et al. Engineer-
ing properties of lightweight aggregate concrete contain-
ing binary and ternary blended cement [J]. Journal of
Cleaner Production, 2017, 149.: 976-988.

il Z #+, W0, FEE . JoO IR 5 & GFRP % #1F
B PERERTSY [J]. TAR 1%, 2021, 38(3): 112-121.
HeZ7Z, PanP, Wang H S. Axial performances of a GFRP
connector for sandwich insulation wall panels [J]. Engi-
neering Mechanics, 2021, 38(3): 112-121. (in Chinese)
MaS C, Hou D F, Bao P, et al. Influence of alkali-re-
sistant glass fiber on seismic performance of precast ce-
ramsite concrete sandwich wall panels [J]. Structures,
2022, 38: 94-107.

SR AEHT R P, TR bR, AF L R AR A A A 4l TR B
HE S8 rf oy BT AR Mk AR R I B S (7). 0 ) AR A
2022,39(4):707-716.

Zhang J X, Zhao X Y, Ding C L, et al. Experimental
research on seismic behavior of frame interior joints
with high strength reinforcing bars and steel fiber con-
crete [J]. Chinese Journal of Applied Mechanics,
2022, 39(4): 707-716. (in Chinese)

T, e, Ak OBUZ FT AL Al i [ AR B A% 5 1 B
PRI AT 5 [T]. By W K LAE 24, 2021, 41(3):
568-572, 585.

Wang Y, Xiong Z M, Zhang B. Experimental study of
seismic performance of rural brick walls rein-forced with

double-layer packing belt [J]. Journal of Disaster Pre-

[9]

[11]

[12]

[13]

[16]

[17]

[18]

vention and Mitigationg Engineering, 2021, 41(3) :
568-572, 585. (in Chinese)

LT R EEE IR, 2R SRR A R IR BE A AR L
RS B VR RROT S [T i AR R w4l , 2018, 37(5) -
1531-1537.

Jiang X L., Xue Y Z, Jiang N, et al. Connection perfor-
mance research of new type gypsum concrete composite
L-shaped wall [J]. Bulletin of the Chinese Ceramic So-
ciety, 2018, 37(5): 1531-1537. (in Chinese)
RS TR AE : GB 50176—1993[S]. Jb 3t -
Hh A SR Tl S A, 2021,

BRI ISR JGT 101—1996[S . Jbat: h
Fel SR Tl H A, 2015,

i J2 A LR BE 45 BRI : JGT 3—2010[S]. b
AU E SR Tl R, 2010,

Soheil S F, Varma A H, Seo J, et al. Cyclic lateral
loading behavior of composite plate shear walls/Con-
crete Filled [J]. Journal of Structural Engineering,
2021, 147(10) : 04021145.

SR, 22, T — 1), 45 .C80 i i VR 5E 1 AW A BY 7 %
PURR I R AT FE[T]. LA TR 240, 2014,
47(12):27-38.

Han J Q, Li L, Wang Y G, et al. Experimental study
on seismic ductility of C80 high strength concrete-steel
composite shear walls [J]. China Civil Engineering
Journal, 2014, 47(12): 27-38. (in Chinese)

Gu Q, Zhao D F, Tan Y, et al. Experimental study on
L-shaped precast concrete superposed shear walls under
quasi-static cyclic loading with different axial compres-
sive load ratios [J]. Engineering Structures, 2022,
254: 113857.

Zhang Z D, Singh A, Derveni F, et al. Cyclic experi-
ments on isolated steel sheet connections for CEFS
framed steel sheet sheathed shear walls with new configu-
rations [J]. Engineering Structures, 2021, 244: 112805.
INEAE, A A5 ST TR e T 0 B A A 0 L
W PERE IR BTIE[ T]. AR TR, 2017,50(10) :9-17.
Sun G H, Fang Y Z, Jiang M, et al. Experimental in-
vestigation on cyclic shear behavior of reinforced con-
crete shear wall panels [J]. China Civil Engineering
Journal, 2017, 50(10): 9-17. (in Chinese)

Park Y J, Ang A H. Mechanistic seismic damage mod-
el for reinforced concrete [J]. Journal of Structural Engi-
neering, 1985, 111(4): 722-739.

MRk 904, B VE AR 18 T 1 A9 3 1 B - 45 48 Park-
Ang SO BERILT ] A BF R 224 ( A AR BR 4 D L 2010,
38(8):1103-1107.

Chen L Z, Jiang HJ, Lu X L. Modified park-ang dam-
age model for reinforced concrete structures [J]. Jour-
nal of Tongji University (Natural Science) , 2010, 38
(8): 1103-1107. (in Chinese)

(ALt R FF)

403



