5 52 45 5 ]
2024 4 5 J1

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 52 No. 5
May 2024

NEHS: 0253-374X(2024)05-0697-10

DOI: 10. 11908/j. issn. 0253-374x. 24031

AR FEREE IR IE XIS AR BT NI M At ae iR ie

HAEMR, AN, BHES, TmA°
(1. BEmeboll ks B TREERE  ITIF BT 210037;2. [RIFEA AR TREERE, L 200092;
3. BRATESTRHE (i) A RRAW, 118 202172)

TR Dok T A e AR A 5 U1 AT U FE RE ML
BT FE Y IS IR AR BT S PO P RE , 5 R TOURR e [ £
A SRS B L FEREIE T AT A AR N 2K X 6 A 2.4m g
AJGRPEHEART 1 B S AR A A A8l , O 3 <5 1
Fe IE A A ARBS A AT HEIsk s, SRIBOF 2347 1 55 3 8% 1) e
IR T2 P B2 B % 45 10T PR 2R X T 0 3 P R ) 52 e AL
o SRR BT BURERE I HE R S B AR Y s AE M i ) T
A 475 2 A P R RE I 4 ) AR FE RE BT A 1B 24 5 FE AE
PR BRI, 5k (A AR A 5 1 BCBRET A UL A0 475 5 39 DR TS ek
T i 28 1) A 8B TS A L g PR RE , T O g 9 L 2 B ]
S i R B AT RE 7 5 S 5 5 0 e e AR HE AR
RE I R MR 1) fe KRBT, (HAE VRS TH 26 00, #ERERE )
P27+ 3800, F RJZ AL A% f Al 0k 1/23, HAE IO B AEiE
HAE S 3 A5 U AR 00 P REATLIE , SRR AR RE I
PRSI AR Y J1555 BAT B TURNERE , il SCBUsR AR i T 4
A SRR BB B AR

RUIA) . IEACEA A BY A A 5 B B RE REIE 4 B Ty Tk
AE ; MR

hESES. TU366. 3 NHAFRERRS: A

Experimental Study on  Lateral
Resistance of Cross-Laminated Timber
Shear Walls with Innovative Energy-
Dissipating Connections

CHEN  Jiawei',
WANG Ruiming’
(1. College of Civil Engineering, Nanjing Forestry University,

XIONG Haibei*, PENG  Zengxin’,

Nanjing 210037, China; 2. College of Civil Engineering, Tongji
University, Shanghai 200092, China; 3. Lianling Construction
Technology (Shanghai) Co., Ltd., Shanghai 202172, China)

Abstract: To investigate the lateral performance of the
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cross-laminated timber (CLT) shear walls connected by

innovative  energy-dissipating connections with a

mechanism of “yielding of soft steel” and ‘“shear
deformation of rubber” , a series of monotonic and
reversed cyclic loading tests were conducted on six full-
scale specimens with a height of 2.4 meters, considering
various factors including vertical load distributions,
aspect ratios, and replaceability of the energy-dissipating
connections. A comparative test was also conducted on a
CLT wall specimen with common metal connections. The
failure process, mechanical properties, and the influence
of preset factors were obtained and analyzed. The results
indicate that the damage of the CLT walls with the
innovative energy-dissipating connections mainly
concentrates on the dissipative connections with yielding
fracture of the soft-steel dissipative sections and
debonding failure of the rubber, preventing the CLT
panels and screws from damage. The increase of the
vertical load effectively enhances the lateral resistance
performance of the wall, while the increase of aspect ratio
mainly improves the deformation capacity and ductility of
the wall. Compared with the wall with common metal
connections, the load-carrying capacity of the wall with
energy-dissipating connections is similar, but its ductility
increases by 26%, energy dissipation capability increases
by 38%, and the maximum inter-story drift can reach 1/23.
Moreover, the lateral performance of the wall repaired by
the in-situ replacement of the energy-dissipating
connections is similar to that of the original wall. The
results indicate that the CLT shear walls connected by
innovative energy-dissipating connections exhibits an
excellent seismic performance, which can achieve the
design objective of replaceable connections and repairable

structures after a strong earthquake.

SEAXNRE

5



698 [l o K 2 2 MCH 9K BE 2% O

%52 %

Keywords: cross-laminated timber; shear wall

structure; innovative energy-dissipating connections;

lateral performance; failure mode

ARIAE R —F ] FAE Eepr , AT AR AR R0
e R A S LA, A IR G M 325 I b (. i
TR “hak g B ofn” i E R AR R . IE
A AR (Cross-laminated timber, CLT) /2&%f 32 M
VL B A1 43 1E A B J2 AR5 B T8 WL Al b
AR R B8 AR RE L R ATk MR S 26
R R DL A, H T C O B SE SE ML T
s I SC iR g AR A i P A L SE A ) Y A R
PR,

B A ARG — M UL CLT A b VE b 57 ) 5%
SRR, ot N ER T SRS AR R D 4
I LS IR AR R o I AR 1R N A X
CLT 8y Sy R R IT 1 25T 3858 1T
NCHRE A B PP R R B AR )2 A A
AR g Ty O TR 8 v ey 2k A R R N AT
M S PERERYSE N , 45 RIS CLT 87 S 55 nd el
W R R 28 35 v, {EHAR A =X S 4 o M e A
TE— & Th 25 ] - O M) g B A0 45 2 24 b 7E
AL By 77 A A TR AR B 2 S it L CLT i
AEFZE T B B sl ik A e A SR AR
@ R 2 A il A 2 il S5 PR AR IR, 35k AR )
FAR W R A, Toik S 3% 2 X S A M R
SRR B, R PR AR B R 7 e R ™ 2, Bt A
DB Q) 5 I35k F2 SR EE 1 4 1 SR AR B
FEHLRE S, SR 1M, 538 4 IR BU By ShuhidE L e Re 1
ReRE , BT S PUR A B S B AE S 2
JE XA T3 A

SRy itk — AR T IE A A AR BY I S el o p
HE, &5 E2 A $2 10 T 2Rty 28, E2nl 139y 2
FHAA Rl PF A T PR S SR h Y Shihnd 4k
JIZEERE 2 5 . BRI I & L Polastr %R H
WP 470 B SR A Ry DF42 3% 12 D sl 4 88 1) PR 0 4 , 3
MR S B 5 Lu 54 7R 8 P4 rh R
U RVFNFEREE LASR T (A FR A A% 5 FERERE T 5
He 55 FESG A R 10 PRagE g | APIZEAEREE, BTk
SRR T BRI FEREMERE . Sy — v, E N Ab
S Z At g | A B BT S P hLE O Dk
CLT 59 5% tERE . Wrzesniak 55 R A BF
JEBHJE A AR 38 4 JR U piad 44, Sk H AT A 8%

e S b A AR U 5 D Arenzo SR A TITAN V
PR 4 SR DU BT 1, 16 45 SR R RS A
FEI N FEVE R IR ; Hashemi 250 5 ) FE $2 FE 2
B 5 EAAERN A A N T IESS R GRS ik,
R TR R B B IFERERE ), HLATSE A A
Zhang SV BGUE T Z2FLANAR R 47RO FERERE ) (il HAT
PIRE T s B ESS e G AR &5 . Chen F1 Xiong
SR T IO e R AR BT VAR T S AR REAIL
il B A TR BARREDT Y S hihnid 4, a1y AU
AT Sl T PSSR AR AR B R AR BV
FERERE ST, AT REGR AR 5 BB AR RER , i i i
LR R . SR, H ATET S ZE AR RE P Y
SHehiE L r o i AL T USSR I B AR
REPLBY SHuhriE#:00 2 R CLT 8 Jisi k47 il 55
WFoE A A .

SR, AR S i B FRE R T S AR B
BEERE T vERe s it o 5L T B AR R AR
BomEGE g5 R R TR BRI I IE A AR
5 55 B, BRI T S A = )k L OF
S3 M T TOURR S [ fr 28K v 9 LU SRR RE 1% 4507 A B 46
P 5 DR 2R RS AT 7 1 B 4 2 e R, LAY A B
RIFEREZE 42 1 AC A AR BT Ty 2540 0 s HR LS
Xt

1 JReM#ER

1.1 Rt

R T T 6 A BT AR RE I #E CLT 85 i 2
FORAE ARG IO 68 ) far 28K L 35k 1A o5 58 Lk S FE BB
FEA AT B A A DR 2R A e R, IR AR, SRR A AR
CLT BY J7 3% % FH B BURE 8 3% 42 1 o35 4w i 2
fegge o vERe, it 17— Rl 4B %4 CLT 8
1% RGO EE Y O 2. 4m, BEE R 2. 4m
o 1. 2m, WIS HLE 1.

A RGHER WL 1o BB hs A 1 Heal 2 B
1. 2m %8 CLT SR 4B, B 3 )2 35mm JE AT fin &
KREAZER (E290) IEAZ I GMN . 2. 4m B ik R
FH 35 M 32710 A3 2 B, SR K S5E ie
Y A K (Laminated veneer lumber, LVL) , "%
PR O 8.0 mm < 100 mm B4 B BCIR4T , &1 A 8] #E
9 100mm, i i 4 A B T IR AR 2% 100mm
Qb PSR AT BT AR AR

FEREPUHIE A SAERET BT F LA A AH R Y
M A S FERENLIE, 2 & Jm i 2R FFE BB AR R



555 WAkt , 45 OB AURE REE 42 1E A e B AR BY Jy R o R g 699
1 EXEKEAREAERMESERIEREZITSE
Tab.1 Design parameters of specimens for lateral resistance test of CLT shear walls
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Fig. 1 Geometric detail of specimens (unit: mm)
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Fig. 2 Innovative energy-dissipating angle bracket and hold-down
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Fig. 3 Test setup and test instruments
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Tab.2 Mechanical performance parameters of tested CLT shear walls
R P /kN A,/mm P, /kN A,/mm P/kN A/mm  K/(kNemm ") D
D—A1—V0—R 95.1 41.4 117.7 93.0 117.7 93.0 2.30 2.25
D—AlI—V1I—R 115.4 33.7 124.7 75.2 120.5 90.9 3.42 2.70
D—A1—V2—R 144.2 27.5 160. 8 74.4 154.1 88.3 5.24 3.21
D—A2—V0—R 32.5 32.8 43.0 94.5 36.5 98.2 0.99 3.00
D—A1—V0—Rx* 83.3 44.1 98.0 76.7 89.9 92.2 1.89 2.09
C—A1—V0—R 103.5 35.5 112.7 48.3 111.5 54.2 2.91 1.53
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