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Seismic Behavior of CLT Shear Walls Connected
with Tensile Bolted Joints and Screwed Steel Joints *!

Yunxiang ZHANG*2, Kenji KOBAYASHI*3 and Motoi Y ASUMURA *3

In order to provide the mechanical properties and seismic performance of CLT shear walls to which
tensile bolted joints and screwed steel joints were applied for vertical restraint, cyclic lateral loading
tests and pseudo-dynamic tests were conducted on 3-ply sugi CLT shear walls. Moreover, the analytical
model was validated by comparing the time-history earthquake response analysis and pseudo-dynamic
test results for these types of shear walls. The relation between the magnitude of input ground motion
and the horizontal displacement response was investigated by conducting time-history earthquake
response analysis on several earthquake records and artificial waves with variable magnitude of input
ground motion. Also, the possibility of replacing the tensile bolted joints by screwed steel joints was
discussed. The yield strength and the maximum strength of shear walls with screwed joints were 20%
higher than those with tensile bolts in the cyclic lateral loading tests. With the same seismic wave
input in the pseudo-dynamic tests, the maximum response displacements of screwed joint specimens
were smaller than those of tensile bolt specimens. Furthermore, the response displacement of
earthquake response analysis showed good agreement with pseudo-dynamic test results. It is suggested
that CLT shear walls with screwed steel joints give enough performance compared to shear walls with
tensile bolt joints.

Keywords : CLT shear wall, tensile bolt joints, screwed steel joints, pseudo-dynamic tests,
earthquake response analysis.
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(a) Tensile tests of an- (b) Joint loading tests of
chor bolts CLT with screwed
steel connectors

Fig. 1. Setup of tensile tests and joint loading tests.
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Fig. 2. Bolts, screws and U-shape connectors used for
the test.



74 e EHM, WG, N &

[AM225E Vol. 65, No. 2

RERfAD FERIEZ M16K)L b (SCM435 5 FEX 45109
HY) 6 AR%Fv, AN L T OANY FIZE
MLz UTRREY (HRE 245mm) O Fifz
MI16R)V b (SCM435 BEEEX 45109HH2Y) 2 A2 X
DR ISR OO 720 WEIZZ T ANy FIZHD
fFiy7ze—FEv (F#250kN) Tl L, CLT
FH O WIS L 22 ZE M EF (SDP-100C, % &
100 mm, HETHZFHIZEHTE) % v T M oMt
AR L7z MM ORI O
PR & o7 BAEOHIEY L b, YA 1EXD
720 O¥SFIFITF69KN (FRRAES3KN) &g &
NpZensn, CAIGAKR (i THRIMEISKN) %
FHW 723K 6 fRIC oW C— s lERER % 17\,
N7 1X 2 mm/min & L, 7 EDS KT 980%
VIFIE T4 5 THlEEIT - 726
212 EZAHHABRER
ABR490-M167 ~ # — KV ks »— )5 [iERER &
Y 2R OB TRBRIC B AW E - £ WR % Fig.
3127 T. ABRAO-MI6T v A —FKIL + 1 AKH:D
O BRI J71357 kN (F BRAE53 kN), e AT 0 1%
97 kN (FBEAEOS kN), #&J55 ki 771389 kN (T
BRAEST kKN) & 72 o720 F72, Y RA16R DK 1
1353 kN (FRRfE44 kN), %KM JI1Z108 kN (F R
94 kN), #JFiF 7112101 kN (FFRESS kN) & 7

S TYH—FNVLE, EXBOHBEEAIBE IR
710 FREANZIZFRBEDORKRE Ro/zZ L
5, ARWFZEIcB1r 5 CLT WABEME O BA#E L
T ABR-MI67 B —HRIV bz W25 &K b
EBIPERI6AZ W2 E AR OEEOMAED
WYL TH B EHIITFL 7,

2.2 FERYKFINAHEER

221 CLT MHEEBR&

CLT 78 2 Viig Sy BB IK 2 FEOBEEE % Fig. 412
Yo MOLEMATH & RN ML HHAE 2 DAL
ARERRE R IIBEZ V% CLT 1151000 mm,
HE3000mm, EX0mm D33 TI4 DAY
CLT 784 )V (JAS Mx60- 3-3 A fifEK, P&k
#104%, FHHEHE40kg/m®) & L7z LEICIE
90X 90 mm DEIH DN A > F (FE3EKZE10.5%,
3 430 kg/m®) & W, I AT L2 1390 %
150 mm OB O XA <% CEEHEKEI08%,
W EAT0 kg/m®) &z,

itr & CLT 783 VIZIERELI2 mm, & E200 mm
DOERAZ Y 22— (HBS D12-L200) 9 A% H T
B L7z E72, MM E CLT SRV OLE %
B3 2 7212 M & CLT 78 &V I JE &
45mm (270 mm X150 mm) DO % K2 5 &
X65mm, EE60mm DY A10RKTER L. it

o 40 Py Vertical Loads Py
120 120 ﬂ H/ Stopper \Eﬁ
100 100 [ Loading Bean -
g 80 ’_’; 80 =T qv:DH &=
=N 3 w0 EF pisplacement o ide P
S LI ks
' 0 20 40 6 80 100 120 ’ 0 20 40 60 80 100 120 g JAS WG0-3-3 CLT U-shape Connector
Displacement (mm) Displacement (mm) s TonetloBelts  pisplacament and Sorens (L=65m)
frefatons
(a) Tensile tests of an- (b) Joint loading tests of il sin
chor bolts. CLT with screwed = e Foundation Frane et | b=
steel connectors. S Erare— L T Era—
. . . . . = - Unit: mm
Fig. 3. Load-displacement relationships of tensile tests
and joint loading tests. Fig. 4. Test setup of CLT shear walls.
Table 1. List of CLT shear wall test specimens.
. Vertical Loading Number of
Specimen Fasteners load (kN) Schedule™! specimen
TB-5M 5 mono 1
TB-5C 1SO 2
———————Tensile bolts (TB
TB-15M ensile bolts (TB) s mono 1
TB-15C 1SO 2
V16-15M U-shape connectors (=4.5mm) 15 mono 1
V16-15C with 16 screws (V16) 1SO 2
V24-15M U-shape connectors (=6.0mm) 15 mono 1
V24-15C with 24 screws (V24) 1SO 2

*I'mono: monotonic loading, ISO : Loading schedule according to 1SO21581.
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(a) Failure mode of tensile bolts

(b) Failure mode of screws

Fig. 5. Failure mode of tensile bolts and screws.

Note: (a) No damage was observed around the open-
ing. Tensile bolts were drawn about 40 mm.
(b) Screws were withdrawn from the CLT
panel and no damage was observed at the
4.5 mm thick U-shape connector. The screws
showed bending deformation and failure at the
shear plane or the plastic hinge.
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Fig. 6. Load-displacement relationship of cyclic lateral
loading tests.
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Fig.7. Comparison of yield load, maximum load and
stiffness obtained from cyclic lateral loading
tests.
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Table 2. Test results of monotonic and cyclic loading tests of CLT shear walls.

e , D,  Pux Dw P, D K . .
Specimen™ - Direction — 0 o kN mm kN mm  kN/mm L BT
TB-5M n 1418 222 2521 1719 2092 >1719 064  >524 <032

T 1541 232 2875 1882 2402 >1882 066  >529 <03l
TB5C-1 1503 236 2313 1507 2082  >1507 069  >530 <029
ave. 1522 234 2594 1694 2242 >1694 068  >529 <030
+ 1516 220 2799 1909 2340 >1909 070  >573 <029
TB5C-2 1547 208 2388 1771 2112 >1771 075  >631 <028
ave. 1531 214 2594 1840 2226 >1840 073  >602 <028
TB-15M + 1691 229 2778 1698 2321  >1698 074  >542 <032
n 1619 198 3011 1846 2443 >1846 082  >619 <028
TB-15C-1 1598 200 2528 1661 2211  >1661 080  >603 <027
ave. 1609 199 2760 1754 2327  >1754 081  >611 <028
+ 1596 208 2070 1839 2443  >1839 077  >578 <028
TB-15C-2 1599 205 2538 1665 2227  >1665 078  >586 <028
ave. 1597 206 2754 1752 2335 >1752 077  >582 <028
V16-15M n 2414 377 3364 1028 3263 1740 064 342 0.39
n 1798 207 3279 804 3164 1453 087 398 0.37
V16-15C-1 270 279 3587 %1 3365 1656 081 401 038
ave. 2034 243 3433 877 3265 1555 084 400 037
+ 1928 201 3314 1242 3193 1466 096 442 0.39
V16-15C-2 1796 278 3079 838 2912 1669 068 370 0.38
ave. 1862 239 3197 1040 3053 1568 082 406 0.39
V24-15M + 2549 286 4349 1235 4124 1792 089 387 0.39
T 2869 268 5371 1003 5131 1839 111 384 0.38
V24-15C-1 2308 221 4127 950 3876 1490 107 401 0.39
ave. 2588 245 4749 977 4503 1664 109 392 0.39
n 2387 248 4681 939 4495 1598 102 298 046
V24-15C-2 2240 200 4044 964 3849 1587 116 462 0.34
ave. 2314 224 4363 92 4172 1593 109 380 0.40

*I Refer to Tablel.

*2 Tensile bolts were not broken.

Py is the yield load, D, is the yield displacement, P, is the maximum load, D, is the displacement at maximum

load, P, is ultimate load, D, is the ultimate displacement, K is stiffness, u is the ductility factor.
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Fig. 9. Seismic waves for pseudo-dynamic tests.
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Table 3. Hysteresis parameters of CLT shear wall

systems.
P " Specimen
arameter B V16
Prx (N) 27620 33150
Dy (mm) 180 9%
D, (mm) 180 156
Py (N) 17980 30010
C (N/mm) 1.482 1.011
C, (N/mm) 0.070 0.040
Cs (N/mm) 0.001*! -0.110
Cy 0.061 0.199
Cs 0.844 0.707
Cs 0.315 0.166
C; 0.198 0.304
Cs 0.043 0.061
Cy 0.878 0.758

*I Tensile bolts were not broken (Assumed value).
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Fig. 11. Comparison of simulated load-displacement relationships with experimental results.

Table 4. Comparison of the simulated maximum displacement responses with experimental results.

Max. displacement response (mm)

Specimen type Input seismic waves - - - Ratio
Experimental Simulation

BSL 580 gal 1954 192.0 1.02

TB El Centro 500 gal 132.1 90.7 1.46

JMA KOBE NS 500 gal 165.0 1464 1.13

BSL 580 gal 170.5 160.2 1.06

V16 El Centro 500 gal 54.1 40.6 1.33

JMA KOBE NS 500 gal 749 86.4 0.87
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