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Parametric Analysis on Mechanical Properties
of High Rise CLT-concrete Core-tube System

XIONG Huibei, WANG Zhifang, SONG Yijie
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: Based on the state-of-the-art of high-rise wood
structures and wood-concrete hybrid structures, combined
with the performance superiority of cross-laminated timber
(CLT), a hybrid structural system made of CLT shear wall
and concrete core-tube was proposed. By using the finite
element method, the effect of different parameters on the
mechanical properties of the hybrid structure was studied.
The results indicate that the variation of connection stiffness
of CLT plates has great influence on the vertical displacement
of CLT system. The increase of connection stiffness of CLT
shear walls can significantly reduce the vertical displacement
of CLT shear wall and the lateral displacements of global
system. With the increase of concrete core wall thickness,

the horizontal drift of global system decreases by 9.07% on
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average, but it has little effect on the vertical displacement of
CLT system. The change in the number of floors, to some
extent, has great influence on the global structural periods
and the lateral drifts, but it has little effect on the vertical
displacement of CLT system.

Key words: hybrid structure; high rise building; cross-
laminated timber (CLT); CLT-concrete core-tube structure;

parametric analysis
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Fig.1 High-rise CLT-concrete core-tube hybrid structure
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Fig.2 Schematic diagram of the hybrid structure (unit:

mm)
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Tab.1 Section of members and material strength

X 35 Mt MEEH JEE /mm
HIMEBY 5% C35 300~400
A0 Y X35 PR C35 300~400
ORI C35 120
ARBY S35k E1 175
AR AR E1 175

FEARKUE R 0. 55 kN « m 2, 330 b TEDHLRS 5 25 1
D 28, & ihaT 225 R fE 2 R 1A AR 1A 2 XU
BB BIE(ERS M AT EMAE) (GB
50009—2012) , B 1] 1E #RFE MR} 2 PR E R BUE,
W ERIRS) , RESHIAE TR 43 A% 35 mm TR
B4 RACHR BT K P2 A B R A Rk R 4, B 1
fEZRHL 2. 0 kN « m™?; BB #% 120 mm JBIR
B AR R B i A T2 A 20 mm RIEFROV-4F
7% JE B K A 8 AR T IS Ik 3R 4t LA A== T I A
FEER, = EEZE 2.5 kN » m 2. 2R A 1S3
AEER 2.0 kN » m %, BHEH# A AR 0. 50
kN o m™*, 25 & KU ik 3 % 485 44 7= A2 B8 XL 1) R
FEMA. AR AR R T HE A TR 2R A% BROBR 25 R I B AR
FRARA A A

REIEZR A RIBE L OHIREGEW TR
HEERA FEMRE CLT iR 5RE 2O WS
#, U N CLT tidt Z B &+, CLT #tk 5B %+
BB S E 3 Bin. 78 CLT iR T iR & &
B K TS CLT MR IR 1,
ISR RABRERE; CLT ik 5RE+Z
iR B SR AR » 5 n) A A e SR E
KOF-Z BT IR ET 5 CLT S 825, k87 X
T 4R AT &R A R A A T g R
B RPN, CLT b Z A i 84 dE CLT 5tk
555t CLT Stk 53R Z 6] iy % 2. 8% R L
T 3 kg G Mg i A,
CLT 3wl A L i T R A7 &5 CLT Btz
) P e ) 8, R RPLhL BUE R, a0 4a BT
N, BT CLT i a5 CLT 2
%, FEARZ BV R, B 1k AR Z )18 3, 0 4b
s s HBORET, T CLT St Sh% k2 8] i 4%,
Bi7 1k 38R 2 (8] (AR X 32 2, A0 dc R, Buhn g [E
H% FH HTT22, f ¥ 22 % F§ BMF 90 mm X 48
mmX3 mm X 116 mm, H IXIBET R & 8 mm X
100 mm.
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Fig.3 CLT floor-concrete core-tube bolted connection™
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SRR E =9 000 MPa, J2 75 35 mm. 54k
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9 5 JRIEACHETE B 3 7 (6] PR B Eso. CLT Hk
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Fig.5 Calculation diagram for elasticity modulus of
CLT panel

R EH MR E E, =11 000 MPa,
W7 W SRR L Es 00 =9 000 MPa. #2557 YI2E Hok
%) CLT RS 8 Y& G, =1/16 X E;, &~ 680
MPa, S B U Gy =1/10 X G, =68 MPa. 7
R R CLT b2 80in 2 fiis, K EL
Er F1 Er 43R £ 1 LR 7 R MESOR
m T B E Gy Gre 1 G332 R LR T 3
/l\ﬁrﬂéﬂﬁilﬁ’ﬂ—‘lzﬁlj\] E"Jiﬁ]ﬁﬁa "ULT\'URLﬂI 'UrRéZ\r
FZR 75 AE DL AT A L. TREE R % R S R R
FHREE T S A A A AR AR (TR B - 451X
I ) (GB 50010—2010) M%) Fr iR 5% + Bl 52 k. &
B DAV B R i RN W X2 B I B N )

*=2 CLT#H#ESH
Tab.2 Material parameters for CLT panel
R R/ MPa B & /MPa bEL/N 4
EL Er Er Girr Gre GmR vt URL VTR
11 000 9000 9000 680 680 68 0.20 0.18 0.21
2.1.2 CLT WREEARH LR
CLT B Jisi ik & vhyrhr s B 4 . f S 20 F B 3
WRET R AT - B =P AR A 6 B, B 6
L Fy RIERTT 2 Fo RIEIERTEL Fy AR PR 2R

uy FIBIROIHE s s FEAEAIFS  uu HIRIROIES ko
WILRRIEE ki A EFHBERIBE s ey S T R BLRIBE. AR 4
Gavric BT 45 R, 185 3 P A BY NI B2 248,
3 Rt o h BRI B %5 8, o T
TEREE, s RE A BIBRETHE R,  REZPLT I, v
RFZ M, 1 ARG 4T & (half-lap joint), p
RFEHEHEHET 2 (spline joint).

Fi
Fpp--------- ;{ ------ kpz
pl
Fybommmmmmmmm et 0
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kel
[0} uy U u, u

B 6 CLT W ERERE- B = g™
Fig.6 Trilinear load-displacement model of CLT
panel connection’®
£3 ZHEERSHE
Tab.3 Parameters of trilinear load-displacement model®!

b <kNﬂ-m§£ﬂ> 3/ kN fi% /mm

ke kp ke F,

Fn F, Uy Um Un

t 4.6 0.7 —2.8 41.048.039.0 8.8 20 24
b 3202 0 36100100 1.1 30 30
t 2.7 0.4 —0.9 19.0 24.0 19.0 7.3 18 23
v 20 0.2 —16 23.027.022.012.0 29 32
I 13 0.1 —0.1 3.2 5.3 42 2.6 24 32
* b 0.9 0.1 —0.5 49 7.3 5.9 57 34 38

X-rad #EH: W B ]38 T Rothoblaas B 7 244t
(7= S T RS 3], Xorad ARG FRITAE R 40 /&
7 i A BRI SR A Xorad FEENIE S 800
4 FiRt.

Bl 7 X-rad EEEHEERO

Fig.7 X-rad connector spring simulation®’
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ESHE X T BBl LRSS
0. AP e (P A7 WE R 22 52 19 A5 B 07 280 1) 1) 2 I 2.
4T = 5 15 B B RTR BE 1 R R o A B il
2R B LR PR BT UINIREEER 1. 9 kN » mm ™, HihriI
JEBL 2.4 kKN « mm 1.

%4 Xerad EEERSHE
Tab.4 Parameters of X-rad model™

Xorad BN 3 HIEE/ (kN < o D)
BT g; o
KT hT ;i; o

BB ZOE
F8 EiERTER
Fig.8 Connecting element model
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it SAP2000 A FRICE M #E S 5 R IE S &
RBY IR EE 00 R A S5 L. TR B + M ik
BY 5% A AR LA & CLT BY 1 5% 5 880 ¥ 2% A 5%
(shel) BTN, B BU AN E] 9 Fi.
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Fig.9 Schematic diagram of the structural model
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RZIER RS ARG 0 HR S SRR
SFCAREE RO NES CLT 3 Mss 4, Witk
RS+ O BRI LK CLT S54RI EE X R &

SRR R YERE A & HE R . IREE 0 AR
B AR S AR A O T W s CLT ARZH B B SR
T FBARSE W SHPUKE R BIt E H 5 AR TE
7 NI B P B R IR S A R At BE A BT B
RER SR RIBE TR AEWINE R BT RE,
RAREE H S50 25 B A b S5 iR 2
BB PUEMERE S AR, &5 b, Y B CLT AR 2 FI
BRSO HESAREE BERESHCERA
FRITA T 178 RS R S HO0 R 2 IE AR R -1
B+ O BRI HERE IR .
3.1 8¥igE

TR FT S B A G5 M 1 BB 1 5% ), X
SHRE AR, SR ER 5 BN, 8
F#EH” 1 CLT MRZ A 456 ia by B4 /2
ZORN B ORAT 3 Rl e “WIPE #2748 CLT Bt
SRR Z IABRE by [ 422

=5 BEIERE
Tab.5 Values of parameters
EAE 2 SHEE
CLT tRESNIE WHREEQ) X-rad(2) HEEEG)
R ZOHEBEEE /mm 300 350 400
BEEE 15 20 20

MR FHAT RS, & LAk 6 frzn, 4 1-300-15
PR % % . 300 mm EIREE 42 0 B B A
15 ZWIER A& AR-BEE 2 O EIR S 4.

x6 FHAESEN

Tab.6 Meaning of model number

AR S HENE  SOREEEE/mm R
1-300-15 W 300 15
1-350-15 g huss 350 15
1-350-20 W 350 20
1-400-20 W 400 20
2-300-15 X-rad E#: 300 15
2-350-15 X-rad EH: 350 15
2-350-20 X-rad 2 350 20
2-400-20 X-rad 2 400 20
3-300-15 Rl 300 15
3-350-15 Rl 350 15
3-350-20 R e 350 20
3-400-20 R e 400 20

3.2 CLT ZE#RNE

FE A 1-300-15. 2-300-15. 3-300-15 [¥) 728 & K
CLT M 8RB, 435I XF B & %82 . X-rad B
WM. 8 G PR ot 3 Hr, CLT g 2 W B X %
Bk ZE AR A R AL B R85 m an
&l 10 FZR 7 Fis.

T 3 MR LRSS R R Y iE R T
W P87 S X-radiG B2, B NI EE 3G I, 2544
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Fig.10 Effect of connection stiffness on structural performance

£7 TREERNEXSHEERNRIE
Tab.7 Effect of different connection stiffnesses on

structural performance

£8 HEBEENENEHIEENEIE
Tab.8 Effect of connection stiffness on structural

performance for models

—B  EKK CLT4# CLT-R#+

—Fr  wRk CLT ## CLT-B#EL

< wEREMH . ¥ o BRZENHE o
BRGS R/ P/ T B/ G o A/ B/ T8 Bt/ GEE
s mm (hz:2 mm ﬁf@%/ mm 45 s mm fufs mm &%ﬁ/ mm
1-300-15  1.07 28.29  1/1457 69, 61 64,73 1-350-15  1.06 25.3¢ 1/1619 69,11 64.72
2-300-15 1,04 26,67 1/1548 49,77 45.03 2-350-15  1.03  24.03 1/1711  49.34 45, 06
3-300-15  0.56  7.39  1/5918 3. 64 1.04 3-350-15  0.56  7.39 1/5918 3. 64 1.04
R . N 1-350-20  1.53  57.90  1/957 72. 85 65. 46
FAIZE I A 3 s BRS8N 5. 73063 CLT 2-350-20  1.49 54,95 1/1013  54.30 47.07
ZER R E AL N B E L /N 28.5%;CLT 45 335020 0.79 13.98 1/3893  5.68 1.71
P FITEL R - 11 % [ 3 RS 22 /N 30. 4%, FE ) 3-300- 1-400-20  1.52  52.87 1/1044  72.07 65. 32
2-400-20 1,48 50,39 1/1096  53.57 46. 94
N e A 2z ste J
15 BRI B CLT BRItk 3. th3g 7 7 3-400-20  0.81  14.08 1/4 014 5. 63 1.94
TN, GERRRJZ KN RS B CLT 4546 1% [ v 3% I 35 Uk
3.3 BEIZOEBEEE

/N, Bh CLT #3328 A S 8 H A A B X
1k 8 iR,

HZ 8 Ul A1, 24 CLT HuE#: 7 X i S84
R X-rad AT, Bl BRI BE 3G AN, SRS B R
TR/ 4. 98%, CLT 4% My %% 5] {3 # - 1
WBisN28. 28%0 5 4 CLT HEAR SRR BRI Beb o AH
HF AR SRR R IOK AR/
74.73% ,CLT 2544 &[] (s B - 2990 /N 01, 93 %5, ¥ 8
WIEE AR AL X CLT 2544 % m A1 88 B2 R, 12 5
CLT #r i :WI BE AT 28/ CLT 544 % 1) {51 #5.

R 1-300-15. 1-350-15 (75 5 IR 8 + 4% 0
RIEEARRE , 4355 300 mm Al 350 mm R
R, A FRIT/ T TR EE A O R S AR
YR R B A B B IRE SRR
M4 11 B,

T LA A T A R 0T TR 0 R
JEEEE N S5 FRB B KT RS /N 9. 07 %6 5 Xt 4
PRI LCLT 4544 8 [ 3 £8 5 Wl AS K. IR + 10
TRV A B 1) 22 b 3ot 5 M A% 2 K P 8 1 52 i 4%
TR S AR T 3 i T s/ NS J2 A K S 5 (B 0
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Fig.11 Effect of concrete core wall thickness on structural performance
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Fig.12 Effect of floor numbers on structural performance
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(1) CLT #iZE Wl B A8 4% CLT 4544 % [n]
BER% I 52 3K, W G5 F E J2 7K TS0 7% B4 5% W AE X
BN BEZE NI 3G I , 258 R B R OK N B
¥ /N 4. 98%, CLT %544 = [ {3 % 1 3 %6k /)N
28.28% ;24 CLT 1% #5588 A5 B I 1 32 42 o A PR
R TE SRS SRR
SR /N 74, 73%, CLT 45 ¥ % [ 17 38 S 34 980 /D
91.93%. $#&m/ CLT tRi¥ % BN, 7T B & Wi/ CLT
SR ) 7 FS.

(2) TRBE 0 B BB BE i AR AL X S5 i 2
IR B FIREMA R K, TR8E 1 4200 o S AR SRR B 1
LRI Z AR T34 9. 07 % . {B%F CLT 4544
B ) (B L TR M.

(3) RIBEN A X 450 FE A R d 2 K F i 88
FISZIAER A, TGS CLT 4544 % [m) 57 6 P9 52 M AR X 2
/. BEFEREE B IE N, S5 RS- 1 43. 350,
MR KT R SR 115. 44 % , CLT 45 #9125 {7
BT R 23. 83%.
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