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CLT 壁を有する RC 架構の耐震性能評価に関する研究：その 2 実験

結果と考察 

Velázquez Mesa Alejandro，村田 晃康，杉本 佳奈， 

Pradhan Sujan, 尹ロク現, 真田 靖士，五十田 博,  

迫田 丈志, 太田 勤, 菊池 紀惠, 高畑 真二 

 

Study on the Seismic Performance Evaluation of RC Frame with CLT Panels 

Part 2 Experimental results and discussions on infilled frames with a column-sway mechanism 

1. Introduction 

Details of four specimens and the experimental program to 

investigate the seismic performance of RC frame with CLT infills 

were described in Part 1. This part explains the experimental 

results.  

2. Experimental Results 

The shear force vs. drift angle relationship of each specimen is 

shown in Fig. 1, whereas Fig. 2 compares the backbone curve of 

each specimen. Fig. 3 shows the visually observed rocking 

behavior of CLT panels during the drift cycle of R = +6.0% rad. 

In addition, Fig. 4 shows damage to all specimens after the testing. 

The response of each specimen and their comparisons are 

summarized below. 

2.1 Experimental behavior  

Flexural cracks appeared at the top of the tensile column (south 

side column) during the first loading cycle of R = +0.06% rad for 

all the specimens with CLT infills. In contrast, it appeared at the 

top of the tensile column during the drift cycle to R = +0.16% rad 

for specimen BF without CLT infill. For all the specimens with 

CLT infills, vertical cracks appeared in the CLT panels during 

the cycle of R = +0.06% rad. Shear cracks occurred and developed 

at the bottom of both columns under the cycle of R = +0.38% rad 

for all the specimens with CLT infills, while it initially appeared 

at the bottom of the compression column (north side column) 

during the drift cycle to R = +0.32% rad for specimen BF. For 

specimens BF and WF, the column longitudinal rebar yielding 

was observed during the drift cycle to R = +0.5% rad, while it 

appeared during the drift cycle to R = -0.38% rad for specimens 

WFBA and WFBCA. During the loading cycle to R = +0.75% rad, 

the rocking behavior of the CLT walls was visually observed for 

all the specimens with CLT infills, as shown in Fig. 3. For 

specimen WFBA, during the loading cycle to R = -1.5% rad, the 

top corner of the north CLT wall started to protrude in the out-of-

plane direction; however, such out-of-plane protrusion was 

limited even up to the final drift of R = 10% rad. The maximum 

strength (Qmax) of 140 kN was recorded during the drift cycle of 

R = +3.0% rad for the BF, while that was recorded 302 kN during 

the drift cycle to R = +4.0% rad, -299 kN and 332 kN during the 

drift cycle to R = -6.0% rad for specimens WF, WFBA and WFBCA, 

respectively. The buckling of column longitudinal rebar was 

visually observed during the drift cycle to R = +6.0% rad for all 

specimens. That caused the drop of strength to lower than 80% of 

the maximum strength (Qmax) at the drift of R = +7.5% rad for 

specimen BF, as shown in Fig. 1(a). However, the lateral strength 

remained almost stable up to the drift of R = +10.0% rad for 

specimen WF, as shown in Fig. 1(b). The lateral strength was 
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Fig. 2 Envelop curves of positive loading 

 

Fig. 3 Rocking behavior of BA 

 

400

300

200

100

0

S
h

e
a

r 
fo

rc
e

 (
k
N

)

1086420

Drift angle (% rad)

□ Flexural cracking ■ Shear cracking ◆ Yielding of column longitudinal rebar  

◇ Yielding of column shear reinforcement ● Maximum strength (Qmax)  ○ 0.8Qmax  

▲ Buckling of column longitudinal rebar  

  

(a) BF (b) WF 

  

(c) WFBA (d) WFBCA 

Fig. 1 Shear force vs. drift angle relationships 
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dropped to approximately 87% and 82% of the maximum 

capacity for specimens WFBA and WFBCA, respectively. The 

support of axial loads acting on the specimens by the CLT walls 

is considered to be the main reason behind the phenomenon.  

2.2 Comparison among the specimens 

The initial stiffness and the maximum strength significantly 

increased for the specimens with CLT infills compared to the 

specimen BF, as shown in Fig. 2, i.e., the maximum strengths for 

specimens WF, WFBA, WFBCA were 2.2, 2.1, and 2.4 times higher 

than that of the specimen BF. As shown in Fig. 1, after the 

yielding of the column longitudinal rebar, the stiffness 

significantly decreased for specimen BF, whereas it was a little 

moderate for other specimens with CLT infills. Furthermore, the 

strength of the specimens with CLT infills did not drop by 80% 

of the maximum strength even during the large deformation 

showing a positive effect on the seismic performance of the 

structure. Regarding the connection methods between the RC 

frame and the CLT infills, the initial stiffness of specimen WFBA 

was higher than that of specimen WF, as shown in Fig. 2. 

However, the lateral strength of the specimens was approximately 

the same. This resulted from the pulling out of the anchors 

between CLT and RC beam in the specimen WFBA before the 

specimen exhibited the maximum strength. The specimen WFBCA 

showed an increase in stiffness and strength by approximately 

10% compared to the specimen WF. The reason behind such 

strength increment was likely to be mainly due to the anchors 

between CLT infills and the RC column since the anchors 

between the CLT and RC beam had already been pulled out 

before the specimen exhibited the maximum strength, as 

mentioned above. It was observed that the shear reinforcement 

bars of the column yielded during the smaller drift cycle (R = 

+2.0% rad) for the specimens with CLT infills compared to the 

specimen BF (R = +3.0% rad). Which might be due to the transfer 

of the punching forces from the CLT infills to the RC column 

after the formation of the shear crack of the columns. Focusing 

on the damage to the beams, several cracks were observed over 

the entire length of the beams in the specimens with CLT walls 

compared to the specimen BF, as shown in Fig. 4, which was also 

considered due to the punching effect of CLT infills on the RC 

beam. For specimen WF, many cracks appeared in the beam-

column joints, which were caused due to the use of pin supports 

at the beginning of loading (up to R = +2.0% rad), while no 

additional cracks were observed after changing to the fixed 

support. 

3. Conclusions 

1) Experimental study showed that the presence of CLT infills 

increased the stiffness and the maximum strength of the RC 

frame.  

2) The strength of the specimens with CLT infills did not drop 

by 80% of the maximum strength even during the large 

deformation showing the positive effect on the seismic 

performance of the structure.  

3) Shear reinforcement bars in the column yielded early in the 

specimens with CLT walls due to punching forces acting 

from the CLT walls to the columns. In addition, damage to 

the beams was also more significantly observed by the 

presence of the CLT walls. 
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R = 10.0%rad (Lp : the plastic hinge length) 

Fig. 4 Damage observed after the tests 
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