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Numerical Simulation of Wood Diaphragm in
Concrete and Timber Hybrid Structure
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Abstract: Based on Sap2000, two different concrete-timber
hybrid structural models: detailed timber floor model and
simplified timber floor model were established and used to do
numerical simulation for a test of a one-storey hybrid
structure under lateral load. At last, simplified floor model and
rigid floor model were used to build up two 6-storey structural
models and were analyzed under seismic load. Results show
that, both of detailed timber floor model and simplified floor
model can simulate well the hybrid structure test; in order to
simplify the analysis of hybrid structure, the simplified floor
model can take place of the detailed floor model; according to

the seismic analysis results of simplified floor model of 6-
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storey building, the mid-frame takes more lateral load than
side-frame; the time history seismic analysis results show
that, the time — displacement curves on the top of simplified

wood diaphragm model and rigid floor model are very close.

Key words: hybrid structure; concrete frame; wood

diaphragm; numerical simulation

SR TR 25 A A R 1) 3 8 oy R T B AR e
RE AR EAZHA B EN AT EF2E
RRUARLE RIS R R R 5 WA TREE HAE SR Al
R BAES AR A AR, N T 2 E 850 fETR
] A T A SR R R TR ey, A 35 1) SF- 1T P
JE R 22 1 AHSIZ PR L, 4 HR b 55 S R0 R 45 ey A s
Ty vk p R B LA — O TR N RIS . X R
WIEE 1 T 45 44 BT 32 2 (0 7K 7 1 278 45 A i Wi g
ARl RR EE T HELE E A T4 C .

H R FIREE 45 AR B 45 44 3 e = A0 N B 5%
YEORE, EE AT DA SR A B S I X TR R AR 4 R
P R BB G ATF 55 2R . Chehab™ 27 ¥R #E 4T T 2k
PEA 45 40 F SR A B2 40 M7 . Guputa ™ S5 @Sy T
BRI ORHEZR g 22 1) 28 s M A TR , A% 55 R = 36 SR I
PEF T, BY 8% 50 S 8 3 g 8% A SR 56 1
Kasal™ ZH) 145 BR TC £ ANSYS %) 1 J2 ARHESE 3
JRIEAT T ARLAE R #1307 . 6 A AY 45 55 R 2
TR AE R W BT, B J7 8% fRT 4k A P IR AT R R
I B0 2 B T RS . Ceceoti™® SR 3D A5 FR T
RINE 22 J2 D B AT T M AR A3 T » A5 R P AE o)
WIPE 5 05 R BP0 R 45 4 1 7 81 &% . Folz Al
Filiatrault™ R FAE 2 14 35 5 R : A 1) 21 7 SR 4
PURTRUAZER , AR R R0 R 3 S 5%, S0k
RS2 R 5 A iz % CUREE T H H g AR 45

FEETH . “+— 7 E F R TR % B35 H (2006BAJ04A02, 2008BAJ08B06 , 2008BAJ08B11)

fEF T 25 WI(1983
Al fHchA (1963

) 5 TR FERESE T 16 A4 A 5 % B R 4544 . E-mail : lishuotj@ gmail. com
) B A R, 2 RS U ] R B A S iR R 254 . E-mail; hemj(@ tongji. edu. cn



5 10 19 %

B, 45 R EE TS ARIR A S5 T AR SRR 1415

b3 B Ik 3 5 IR AT TR R R AR 5 K
A R T TR,

TE A8 %/ 5T /Y Al b R F A BROT KA
Sap2000 FES7 T 2 FhAS ] i b a2 40 55 AT o
FEVPF 1) 56 S AR TS TR AR AR ot 3 A D e X £
SR IR fh] AL AR TR L R 5 R FHIX 2 R Xof o
JZEIR B T HE SR R R S I 3 1 R A T
AL f5eJm X 6 JR IR G A5 AT 23 31 R R AL AR
A TR PR RS S A R AT T U i R P
HIEE R AT 1 XL

1 REGEHERTRE

1.1 EERESFER

SERAME AR E TR G 45 T i AR
1 ABE AT BT AR L S 2 e L T 4 1 AR
VU 3711 5 BT R A AUV T AR BT R 43 R/ NIE AL K
150 mm X 150 mm, | Frame B 503 00 1E 5E 1 4E
ZRFARTAME. R A 2 A~ B N 2L & T
REHOLAEE TE AR R e AN (] %) T 3% 4, % 2 B OT Y T 2R 67
B th &7 150" 4R A5 . ARSI 2 1] 1) 42 J@ +E 44
PFIEREVERE 5 B, v e SO BHE . R SR
B - SN TR 1 B A S D Dy R R 52 Fh 1) g s g LA
T ) B ) ) R AT TR A S5 A BR TR T S 5K
WFE1.

®1 EEBRGESH

Tab.1 Parameters of numerical structural elements
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Fig.1 Load-displacement curves of nail connection
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Fig.2 Simplification of wood diaphragm
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Fig.3 Compositions of wood shear wall’s lateral displacement
Z BT ASTM-E2126-09" thxt FARBY Jy 8% A&, 2 AR Z B JCHE &R il T [ L 5. &) o

PUMPERES HE X7 ik s SCIRARET (4 3 ST A W
JE BT A2 R BRS04 P (P AR
B 358 AR BRI AR A8 ) B 0 2 W B Ay T 3 Y
SEPEDTIN NI EE » SR J5 CET 3 4% 2 ~32 107 1) R I
JEE AP BV St 35 B FH B A A L
1.2.2 MR A

A A A SR A eh 2 AR Ay 395 52 00 1 DU AR
[ B — AR PEA TR DL 4. [ B R sissz
FIRH ST Fo 9 ARBE I BKF 10 1/2..d,
ARBERE RIS » d Dy AR kg 3 10
By RE o i SR R I B DT 1) B R AL A DR
RAtits LAY 1/2, B g AR S P47 far 205 18] Y B2 J5E

B
F,=F,sin a-d;=d,sin ¢-sin ¢ = —, F, =
/BZ+AZ
F, B?+A?
kod, B8 ky=— r—
E %‘:‘F S dZ Bz

B4 BWENEITE
Fig.4 Calculation of the spring’s stiffness
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Fig.5 Plan-view drawing of the specimen(unit: mm)
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Tab.2 Bar arrangement of beams and columns

LR IR/ (mmxmm) R i 1
KZ1 300 % 300 3014 $6@60/120
Kz2 250 X 250 3014 $6@60/120
KL1 150 % 250 2014 $6@60/120
KL2 100 X 200 2014 $6@60/120
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Fig.8 Load-displacement curve of the top of mid-column
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Fig.9 Two finite element models
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Fig.10 Load-displacement curve of the top of columns
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Fig.12 Load-displacement curve of the

top of mid-column
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Tab.3 Storey displacements and drift angles

2%/ mm SR {55 f
RO mieARER  WIMERER WIOREEEE RIERE
] BERl B ]
1 2.62 2.51 1/1 145 1/1 195
2 6.94 6.62 1/694 1/730
3 11.09 10.61 1/723 1/752
4 14.53 13.91 1/872 1/909
5 17.00 16.27 1/1 215 1/1 271
6 18.43 17.64 1/2 098 1/2 190

i LA AR AT LA - 2 SRR I A PR L
TR 2238 M T S 2 8] A2 8% A BR(E 1/550 ) 22
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Tab.4 Lateral seismic force in each frame kN

HEZRAHZR

B BIKF
1 2 3 4

b AREE  94.10 101.04 105.48 107.00  708.24

WIpEREE  102.22  102.22 102.22 102.22 715.54
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Tab.5 Top displacement of each frame  mm

HEZR A2
=R Al
B 1 2 3 4
Rt AR 3% 16.54 17.54 18.02 18.43
W% 25 17.63 17.63 17.63 17.63
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Tab.6 Storey displacements and drift angles

T fi 8%/ mm S {55 f
REC ffARRERE RIMERRE  WfARRERE WIRERSSE
R ot R s
1 6.81 6.79 1/441 1/442
2 21.25 21.10 1/208 1/210
3 36.89 36.23 1/192 1/198
4 49.20 47.58 1/244 1/264
5 56.61 54.50 1/405 1/434
6 60.05 57.50 1/872 1/1 000
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Tab.7 Lateral seismic force in each frame kN

HEZR A £k
=hial |=_f|\ SJ7.
LR 1 5 3 1 BAKFEH
i b AREE 142.58 153.14 154.94 156.50 1 061.18
Wi 153.20 153.20 153.20 153.20 1 072.40
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Tab.8 Top displacement of each frame mm

o Ei] HEZRAH 2R
1 2 3 4
TR A T 57.58 58. 88 59.79 60.05
P % 25 57.49 57.49 57.49 57.49
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Fig.15 Displacement-time history curve

of the top of mid-frame
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