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Abstract

To investigate the performance of steel frames filled with cross-laminated timber (CLT) shear
walls connected by U-shaped damping devices, this paper conducted low-cycle reversed loading
tests on scaled specimens of steel frames filled with CLT shear walls. Concurrently, simulation
analyses were performed using the OpenSees finite element software. The results indicate that
CLT walls can withstand both tensile and compressive loads, with structural ductility and energy
dissipation primarily achieved through the deformation of energy-dissipating connections. Lateral
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stiffness is provided by the CLT walls and the steel frame, while overall overturning resistance is
borne by the steel frame. The frame and CLT shear walls exhibit synergistic behavior, coupled
with good ductility. The load-displacement hysteresis curves obtained from finite element model
analyses closely match the experimental results.
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Figure 1. Specimen FSW
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Table 1. Mechanical properties of 105 mm thick three-layer SPF cross-laminated timber (CLT) material
F 1.105 mm =JZ SPF IERE AR (CLT)M RN FE 1 EE

PSR PURSYE  PURORAE O BURTREE O BUBUIREE RBUIRE O HE SKE

El E[MPa] 1EE[MPa] [MPa] [MPa] [MPa] [MPa] glem® %
TR T 28.2 11,700 15.4 19.3 15 0.5
‘ 0458 123
KSR 1] 7.0 9000 3.2 9 15 0.5
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Figure 2. Experimental loading device diagram
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Figure 3. Loading system
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Figure 4. Layout of displacement meter
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Figure 5. Specimen failure mode
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Figure 6. FSW hysteresis curve of the specimen
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Figure 7. Finite element model of composite wall based on simplified connection nodes
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Figure 8. Hysteresis curve comparison
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Table 2. Critical joint force

F2 XEHREN
il 11 mm 15 mm 18 mm 22 mm 25 mm 29 mm 36 mm
ke 182.79 197.1 218.02 227.38 237.57 289.32 310.89
JEi\ 197.183 224,101 238.076 245.367 249.636 253.426 256.049
W 7.874% 13.699% 9.199% 7.911% 5.079% —12.406% —17.640%
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Figure 9. Energy consumption curve
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Figure 10. Analysis of lateral force resistance of specimens
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Table 3. The proportion of lateral force resistance of shear walls in test specimens
= 3. WS MM bt
255 11 mm 15 mm 18 mm 22 mm 25 mm 29 mm 36 mm
JEDN 197.183 224.101 238.076 245.367 249.636 253.426 256.049
HEZE 166.674 181.003 186.975 188.774 191.01 192.01 192.1235
[ipa: iy 15.47% 19.23%  21.46% 23.06% 23.29% 23.79% 24.97%
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