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Abstract:

method of charring rate of cross-laminated timber (CLT)

In order to study the finite element analysis

floor, three groups of domestic CLT floor fire experiments
were conducted under ISO834 standard temperature rising
conditions. Tensile and shear tests of the adhesive layer
were simulated by using the finite element method, and
two kinds of finite element models of charring rate of CLT
floor were established: the finite element model without
considering the delamination of the laminate and that
considering the delamination of the laminate. The
temperature-time curve and charring depth (rate) curve

obtained from the test data were compared with the
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simulation results of the finite element model. The results
show that the longer the fire time is, the higher the
charring rate is. Besides, it is feasible to simulate the
adhesive in the CLT plate by using cohesive element.
Moreover, the finite element simulation results of the
carbonization rate considering the delamination of the
laminates agree well with the results of the carbonization

rate obtained by the test.

Key words: cross-laminated timber(CLT); charring

rate; adhesive; finite element; delamination
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Tab.1 Tensile strength of adhesive

A - LA -
e BMERSH/mm WA SRR N
R A ) B/ (N-
. ®AN W% )
TiE mm %)
1 25.12 50. 06 1.85
2 25. 20 50. 14 1.94
3 25. 26 50. 36 1.79
4 24.82 50. 08 1.50
13.3 1.51
5 25.14 50. 18 1.99
6 25. 36 50. 28 1.79
7 25.04 50. 10 2.40
8 24.90 50. 16 1.90
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% 1B ASTM D905-08", % KL A% & 50. 8mm X
19. 05mm X 44. 45mm  J4EJ5 A 0. Tmm Y8741
PR E A7 i 78 500 R BY B RE 0 0, i 3% R N
0. 5mm *min,

28T 10 URE ) He B i 3, AR B 00 245
SRR VR 1 T P e 285 700 B U i AR S Rk
7.9% , TSR EESEA{E M 9. 9IN-mm?,

R2 BRFFHETRE

Tab.2 Compressive shear strength of adhesive

TR T
. Y R BRE
s P /mm R IR /(N
 maN su%
KJE I'SJE mm?)
1 50. 50 38. 40 17.60
2 50. 20 38.52 18.70
3 50. 86 38.26 17.12
4 50. 64 38.32 22.74
5 50. 14 38.12 18.93
7.90 9.91
6 51.06 38.06 18.93
7 51.40 38. 60 19.01
8 50. 24 38.32 19.85
9 50. 48 38.12 20.03
10 51.12 38. 30 19.45
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Fig.1 Layout of thermocouple (unit: mm)
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Fig.2 Temperature-time curve of measuring point
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Tab.3 Measurement of charring depth

W 2k BALIRE /mm

4% [A]/min A FHIE
1.30-1 30 16 15 22 16 17 21 18
1.30-2 30 21 19 18 20 18 16

1.60-1 60 43 49 44 45 48 46 15
1.60-2 60 47 40 46 48 42 44

1L75-1 75 60 64 68 67 69 67 65

1.75-2 75 69 65 67 66 64 60
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Fig.3 Charring depth and rate with time

2.2.3 RIFMERB A

4 F3Z K 75min J5 1) 3 )2 CLT M, 7l 1 : 3 )2
CLT Mu#EaZ Kk 75min i &4 T 2 MBE IS, 56 1
JZEMRIEARTE RV 5 2 2R X% -



5 8 1 ik

A RS AR AR A BRI 1125

El4 32 CLT#3 X 75min /FHIBEEER
Fig.4 Shedding of three-layer CLT plate after 75
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Fig.5 Schematic diagram of cohesive element
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Tab.4 Relationship between each elastic model in

the theory of hemlock

ER/EI. EI/EI GI_R/EI_
0. 058 0.031 0. 038

GI .’I'/EI.

0.032
*5 ELKRTSH

Tab.5 Simplified parametersof wood

SRR/ MPa By YIER/ MPa LA
9403 357 0.48

F6 T PURAMXREESH

Tab.6 Parametersof adhesive PUR constitutive rela-

GR'I‘/EI_
0. 003

tion model
WG/ MPa
T T T. G, G, G, K

nn ss

W% hE/MPa NIl /MPa

K K

nn Ss

1t

1.51 9.91 9.91 0.75 1.45 1.45 1157900 445400 445 400
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Fig.8 Normal tensile stress cloud of tensile test

piece(unit:Pa)
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Fig.11 Geometric model of shear specimen
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Fig.12 Shear stress cloud of adhesive layer (unit:Pa)
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Fig.13 Damage state of cohesive element of shear

specimen
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Fig.14 Load versusdisplacement of shear specimen
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Tab.7 Parametersof hemlock constitutive relation model

Rt /MPa S /MPa

S5 B2/ MPa ALV Wr%dne/ (Jom ™)

E,. Ex Ep

Gr Grr G Xt Xc Yt Yc Zt

Zc Sk Ser Sir VLR LT VRT Gy Gp G

9403 545 291 357 28 300 54.3 29.7 1.6 2.7
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Fig.16 Comparison of temperature-time at measur-

ing points

R TR RSN, D5 I JS A SRAH 2 O

R84 T 32 CLT MAEA R 32 K fa] T ef
A BROTH S 45 R S S (E AR HE

A BRI A B A TR FE - ) 380 B - 1] £ 28 4k



5 8 1 ik

W S RS A AR R A AT IR IT S A 1129

*8 3ECLTHRWREXLL
Tab.8 Comparisonof three-layer CLT plate charring

depth
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Fig.17 Comparison of charring depth and rate with

time
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Fig.18 Temperature cloud on the side of specimen

when exposed to fire for 48min
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Fig.20 Simulation diagramof laminate failure

P21 25 1T 55 30 R )00 Ak 25 2 i 7
Je AT BRIT T3 45 R RS0 S 25 2R A U O
MIE R A 08 T JRARB S RO )5, A IR
FAHS R EY & I EA BT R B 7 5



1130 [/ 3% K 27 22 WA KB 22 i) A48
1000 . - 5 BRICTHTB AT A5 1)  A R B 5 I (B AR 40T, AH 22
Fo— . v — . N
00| —Wasasmm AL Smm, @ J A8min I AL BETE S50 T I
o e e HACTRIE BORALIRFE B T 208 T4 . ©
% 388 [ 8T IR TE A PRI TS A 2 Ak
- ;gg: (0. 80 mm-min™) 5 & % Fr 15 A9 F ¥ s fb i
100F - (0. 75mmmin™) B FEIT , B KT AR % I8 JZ M
0 10 20 30 40 50 60 70 80 20 A BR T BT T Y F £ e Ak B (0. 65 mm:
i 18] / min min?)
a BRRSTHI28 mm /b BE B 6] fl 25 % L :
400 ¢ ] _
350 | — W14-56 mm PO SRR ]
300 - ---- T HAE-56 mm 60 ‘!‘ —— RAIEE R Lo 5 &
L £ 50 _i __i]‘é%ﬁfgﬁ'ﬁﬁ /’/ | -g
P EV1 e gpmpriAtets | 110 £
52| = - v £
I8 150 % 30 L P! 16 =
100 | ; ~hadl i 1, B
2 K20t o i &
50 f L | 1S
: . 10 A g At Sy e s K
0 10 20 30 40 50 60 70 80 . . . ,
f5HE] / min ¥
b BERETES6 mmAbiEL - 17 2 %4 L 0 20 wﬂ“j’mm 60 80

900 1

800 r _iﬁ!ﬂ){—i17-77 mm

700 - ____i+§ﬁ“77 mm
& 600
~ 500
B 400 t
7300 1

200 |

100 | )

0 10 20 30 40 50 60 70 80
Ff 18] / min
¢ FEJERTH 77 mmAbiE FE - 8] fh & Xt Lh

E21 ZEEEHRBERNSRE-FEBLIT

Fig.21 Comparison of temperature-time curves at
measuring points considering delamination

of laminate
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delamination of laminates
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