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fig. 1  Combined beam interface strain and interface slip
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Fig. 2 Strain diagram of composite beam section
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UnfE 4 Cad fir o BUHE A A 52 5w b (4 59 ) i
FEAF AT AP 24 73 45 5T BT 79, SO UL E R A
P

%-T e, =K +S (10)

A Toe, K AS 43 50 RUHEL 4 32 5 1 109
T 3 B B i BE U RS



1062 it & A

2.5 WHAEGRREMNFEEHEXR

Qg Ah) Fros A B ACHERE £T J5 5 43 501 % 8 4K
1 AR AR R B A AR . A Y TR BT R
JEEDR AR 3 B £ XA A 2
ST 0 B U0 4 F 0T DUE R Y A R L e] A
AR R RN

1 1 1
F 28 (1) Ak & AT 45

dN =—Tdx (12)
B A AK (12) 15

dN_ 2K,

o =S (13)

2.6 WHHAGRREBEBRSATRRERER
B 5 A A OC R - 45 4R 9 33D ARRAUL
fif & 22 X CO) 15 B 1T 4 43 A% 42 11 ol o3 J7 e

s, K1+, d o_d
dz? e. B "EI'°EI

DAk 1 28 (14D 15 20 bR e T X9 B Tl o O
SEATEAT BT AR 0T R BT A ) BE A fig
WiE H ME— B9 A%,y RV, B aX g 2 R A SR
4 gl LA EIA5)
d*S
dx?
BE Aoy 5 R 2 DUHERR ET 41 A B2 B 34 T R L X 1 F
PAHERRET AL A R oy O R 3R R BUHE R AR R B
A B ERHE o) 1Y 2 A, 3 Y R RCHE R T
R A 5T S .

3 WHEAARRBBHMDTEKRE
3.1 HRHHIERATFUHBEHSHE KRB

(14

—A% «S=y V(x) (15

(TTT I T T
£ &

B 5 #5A5 far 2R OBUHE 4 A 33 T IR
Fig. 5 Sketch of calculation for double-row combination

beam with uniform load

UnTEL 5 Pz  RUHE IR & AR- i BT S 4 & B AE Y
A 4er 2 F R 5 1 e R

V<x>:q7"—qx —(L/2—2) (0<z<L) (16)

K g MAERIAEXGRA 5 2 BRI A i 2 {E . L 0
] SC UL BRI 5 L

¥ % R F A%
HRAOHRA 5T

‘S L

dIZ*Af S =y 'q(?*x) an

Bl A F %A S (0)=0,S(L/2)=0, A] 15 3415 fif %k
YEH T W fit A fi

sinh/l(%*x) I
S(H=241 —ACE—] a8
A AL 2
cosh(7)

4 BRAKR-BRIHASREMNTE

4.1 BREARMBEMN

H A AR AR E R R RE T ARM Y IE
=S o e N iR 2 T R S N < /B K e Yy
Ay N 2w 5 Wk, # R A =41
T b (8 R A R R R A AF 5% A B B4 1 B A R
WE 6 fraR, 78 ANSYS BE AL 5 bl LR
FIEZZ 45 ] P solid4b BLICAE AR ZE

L—9\m s RT—REDII ; R—4217; LR—&ZY ;
T—3%0; LT—35 VI,
B 6 ARMIERE = 1) il A = ) )
fig. 6 Wood orthogonal three-way axes and
three-way sections

k1 ReEABENEERSHK

Parameters of the elastic phase of glued

Tab. 1

laminated wood

E./MPa E,/MPa E./MPa G, /MPa G, /MPa G. /MPa

11532 942 620 611 723 193

4.2 BEIHHEBEMN

M TG RAE B AEH T AR ZEFITR B T3 AR
By 4k T M B B, B LTRSS B 2 SRR By
BrEpnl, C35 R BE L PRI Oy 3. 15 X 10'N/
mm” ,JARA H Ok 0.2, Ho 37 5 R Bt R 5 R AR oE
fur=35 N/mm?®,
4.3 BRIHHEME

BAETHIAM R R T Lukaszewska 46
Y SST+HS RIS R G W EEM AR LR, W



%63 M=, % WHBRAR-BHER S FEE LN 1063

B 7 R ZE R — R BN 20 mm, KN
A7 mmPY B I ARG I i — AR S A Sk iR
ST BY 1% B A 0 AL R, B BT I B U0 I 4 SOk
(8] K =5.9X10°N/mm %,

420

80| [

AR
=3.15x 10 MPa i

]

300

E,=11532 MPa

140
7 A R R ok B 24
Fig. 7 Section dimensions and material parameters

of the combined beam

4.4 EBME
44,1 mAFAE A

AR GEFNR BE A+ b RE 34 o 2 3 v, TR BE + C35
BB PR R O E. =3.15 X 10" MPa, JAMA b 1. =
0. 25 ARG SR AT 1t UK IR 3R 1 4% T 25040 T {1 L
AEEE N DG NIEAR

AN B BT % LW BE B K =5. 9X10° N/mm;
AT M A IR ¢ =120 mm., £ [7] [A] FE ¢, =70 mm;
HAARE 5 AREE R STl 7 s, e i
BHWE 8 Frs.

X TR ET LA, AT DL ] COMBINSY HLT,
COMBIN39 J& — 4~ B A IR 2 M Dy R iy BT, Hoaf
DU AT 3-8 T8 (F-D) i 4k . IR e Al DA i B
JCHY F-D il 25 SO/ ET WIS . DA i 52 30 % 89 ) %
FAF AL

| fovt] |
I I
Pl
¢ *.I
|

Pl
e
PR
kb
NN

—l

v()Zi?

2
=
E

120

Vz
B8 AT

Fig. 8 Plan of peg arrangement

4.4.2 KHRAHERGZE S

D5 Sk 285 ¥ EL A XERR I T A% 1/ 2 2549 047 4
RGBT o A6 X FRTET b e v BR idn A 45

XUHE A3 AR - T8 S 20 45 G S 1 ) ) # TR
Combin39 38 BLIT 0 e B4, VR 6 4 A S AR 32
Ay ) R F 524K B T solid65 il solidd5s B4 T F
TR,

Solid65 BT
; ‘ q

" L /1/// Combine39 5t

A v R W

| | 4
5=0
300 Solid45 Bt
P4 4
y X, Yl
i = i

9 AR

Fig. 9 Finite element model

4.4.3  far kA B Y XS B 56 E

N T B UERUHE I A AR 4 A R S RS A o
F TE B0 L T 10 A 22 A A 80 4 4 % fisk AT fife 0 AR AE
fil TR LN 11 s

A 11 55T g, R AR (18) 5 4 BR T B (E
B 1 22 e KN 5% ~ 6 %40, ) Ik 3E B T 40
HELL G 3 51 VAL S R I A

100 N/mm 934 N/mm
BN ENNEEN
A X —
: 4300 mm ' 934 N/mm

P10 XA i 4 2 S K% BT 3 U

Fig. 10  Homogeneous load combination beam
and shear flow diagrams
6
ol —=— ANSYSE{E#H]
—o— ﬁ(lS)
2l
g
g of
8
|
_al 100 N/mm
-6 2800 mm

0 1000 2000 3000 4000 5000
FRK/mm

PLT Mg 0 A8 4 HL

Fig. 11 Comparison of uniform load slip

5 WHESBHAGRAEBEBSN

5.1 WHESHRITHERB S
XUHETE R o T
s
da?
PR B Ty O

j‘x.sz—w% S=y V() (20)

AL e S=y V(x) (19)




1064 it & A

¥ F R

F41%

3 EI
NIRRT DLBH A H SUCHEARAE R AL A, 2 5

Hew, 19275, FERRAETRHEA G R F e

ET4 BRFE T S B2 059 S5, A 4 PR,
BIOSUHE2H & 32 L b P 7

%-T-e,:K-S (21)
T B HEA & 3 Fom b a1 5 FE
Tee, =K+S (22)

TE P AR AL T3 R A2 7 A AN TR 4 3 RS A 2R
o AT R R R T RS oy T . 2B LT A
MERE G —HE DUHELL S o HE ST R A T R

Lor =k-s (23)
n
IXRE L AT A5 2] o HE WY T I RS A K O R
¢S s=y W (24)
dx
- _ K 1tp d
A A, =n ¢, g El

6 WHESHHASERMESRIESH

6.1 WHSBAHASREMTNEST

XF T A AR -TRBE L 45 B A A A8 M RE AT LR
FISCHRE3 I8 v 3 A8 y Tk oy B SO, )2 7
ATLICR I SCHR LA 1P - TR A5 2 00 AT AL e YR e 7 5
VAL PR J5 35 AR A 6T B HE 2H 5 SR T R A A R
JEE B2 BUHEZH 45 22 (A S8 B i 35 2

MR THT A9 23 B AT ARG 21, B RS XUHEAY 32 221X
SRR AE R B AN ] L B

K 18 &

A= T R (25)
2
wf:fi.'lﬁj?-dj (26)
ISR B ETRISESE T B K, — K2
Kmﬁ/\iﬁ(%)@tﬁﬁ%ﬁr@]
_K 18, d
h=on =g g g 20N

He WUHEAR BT A 2 4 80 SUHE R £T 10 9 B8 S5 T
FAHERE BT AW AR Bl 7 A . RIDVRIEE AT s L BUHE A
A AT LASE R B 2E A R 00 S A2 L (R AE
Fa BT [ia) 329 A5 B 5 O AL

ST UUCHERE BTN EE Sy K25 A T B HE R 5T M B2
2K W RS O O AR AT MR OSCRR (4 T J7 9k
FISCHRL3 IR 7 6 RIS A NI EE . SR . 75 755
b T T T RO 1 TE A A% ) S L R R
%185 32 7177 1) — BUR) SRR B T AR £ R BEAR TH
b SCHOE . MR SCER B ETL, L R A S

28) BEAT e L3 . I R S o 2 B i 7
YRU{EL, 2 A0 fip BB SE R ANE

) :J M) 2 L cortD (29)
EL,

HI T 12 WRT, SR 7 05 RAT R0 3 1 58
HE B — 30, 9F 5 ANSY'S BE8UBUHE i) 255 b e B2 i
ZEAEIE 6 00, P AT LU BUHE 4 2 52 25 A A B HE
A5 R T5 i I 4% SCRR L4 100 A7 R0 W ik b A7
B XEERLEEAR TR A K- A A R T NI
L BE A8 R A A i 9 A B S

or
—n— AR ER
—o— Yy B
-20 —a— WHEANS Y SEUE M
E -40
oy
8
-60
-80

0 1000 2000 3000 4000 5000
Z2K/mm
B 12 3 By ik BeEE X He

Fig. 12 Comparison of the deflection of the 3 methods

7 % it

ARSCHE T SCHERC10] 3 o ke A2 21 B A B
oA SC 2 HE T T XUHRLL & 52 5 1o 0 1 ooy
P AT BN 1A [ B er 2808 SR 5 25 A T B XUHE S
T 7 AL IR LIS LA Hh 1 w0 HE 5 10 69 503 O
e o BUE RN ek T ARSI, JF B
MPRFAE R T A, Mo, 807 X Lo B, 45 1 XUHEZR
B RBINIEE TR D5 RS I U SE .

(1) 2T SCMR L4 147 RCWI B2 3k, i o o T &
AR-REELHAGR EWMFHBEAM LR, BET
XUHE ST 8 B Bl o3 O e OF DL S et R 5 T
Mo Bl o3 J7 At Il 8 A L 1 ¥ RS B R 5 52 0 5 1)
— A SR AR A G

(2) 38 3 2o BUHE R AR 28 20 A A0 B HE R i 2R %K
w; BT KRB A J2 o, B 2 4%, RSUHRREET R
N KB AT EARE A D B HERR AT R ) 2K, & ]
VARIHT 7 35 AN -TR 4145 B 1A R BE 05 R AT S HE
REET M A, LB iR 2508 5~6 20, Ul B XUHE
T AT DU R A4 R AR BT A T IR B AT T

2 & 3L #k (References)

(1] B4R ek dh R 5 R REH I 2 A
ERE[J]L dw Tk X FF/CERAF KR, 2011,
33(5):105-110. (LU Wei-dong, YANG Hui-feng,
LIU Wei-qing, et al. Development, application and



%63 M=, % WHBRAR-BHER S FEE LN 1065

prospects of glulam structures [J]. Jowrnal of Nan- Beam[D]. Central South University of Forestry &. Tech-
jing Technology University ( Natural Science Edi- nology ,2016. (in Chinese))
tion) ,2011,33(5) :105-110. (in Chinese)) [8] Lukaszewska E, Johnsson H, Fragiacomo M. Per-

[2] Yeoh D,Fragiacomo M, De Franceschi M, et al. State formance of connections for prefabricated timber-con-
of the art on timber-concrete composite structures: crete composite floors[J]. Materials and Structures ,
Literature review. [ J]. Journal of Structural Engi- 2008.41(9) :1533-1550.
neering »2011,137(10) :1085-1095 (9] A, EZ W . KRRL.F.RERARELIASER

(3] TMmER,AELE. K- LEASZEHTEAE]] EHR ZE WA R SMH]] 4T k,2022,59(8) 34~
M F IR, 2019,40(10) : 149-157,167. (JIANG Yu- 39.57(YANG Hai-xu, DONG Yan-bo,ZHANG Mao-
chen, HU Xia-min. Literature review of timber-con- hua,et al. Finite element analysis on the flexural be-
crete composite beams [ J ]. Journal of Building havior of glulam-concrete composite floor slabs[J].
Structures s2019,40(10) :149-157,167. (in Chinese)) China Forest Products Industry ,2022,59(8) :34-39,

(4] RAAEL.FmA.R .5 A&RBEHLGHT 57. (in Chinese))

AR EE[T] B R K F F R, 2011, 46 [10] A& 5 ma.% x,% BRndams iy
(4):541-546. (ZHOU Dong-hua, SUN Li-li, FAN B AFHEFEL]] A2 S 5,2011,28(3):157-162.
Jiang.et al. Effective stiffness method for calculation (ZHOU Dong-hua, SUN Li-li, FAN Jiang, et al. A
of deflection of composite beams [ J]. Jowrnal of method for calculation of stress of composite beams
Southwest Jiaotong University, 2011, 46 (4) . 541- with elastic shear connections[ ] ]. Engineering Me-
546. (in Chinese)) chanics »2011,28(3) :157-162. (in Chinese))

(5] #H@. BEEAIFINAR(M]. T . FELRXFHR [11] Ling Z B,Zhang H N,Mu Q M,et al. Shear perform-
#,2013. C(YANG Gui-tong. Introduction to Elasticity ance of assembled shear connectors for timber-con-
and Plasticity [ M ]. Beijing: Tsinghua University crete composite beams[ ] ]. Construction and Building
Press,2013. (in Chinese)) Materials,2022,329:127158

(6] HTF. . WEREA>HI]L FHEXFFRAXH [12] Dias A M P G.Jorge L F C. The effect of ductile con-
ZF# ), 2003, 21 (6): 54-56, 67. ( YANG Ya-ping. nectors on the behaviour of timber-concrete composite
Stress analysis of combination beams[J]. Journal of beams[ ] ]. Engineering Structures, 2011, 33 (11):
Qinghai University(Natural Science Edition) ,2003, 3033-3042.

21(6) :54-56,67. (in Chinese)) [13] FAkA. M-t L4 FeyR EL]] M4 H#,2022,

(7] M 4. ITRERKRBLIHESREZHERESTE R 37(10) :50-52. (TONG Gen-shu. Rigidity of steel-concrete
%[ D]. Ak A3 Kk 5,2016. (CHEN Wei, Mechani- composite beams[ ] . Steel Construction ,2022,37(10) : 50
cal Behavior Analysis and Experimental Study on Mechan- 52. (in Chinese))

ical Properties of Engineering Wood-Concrete Composite

Mechanical performance analysis of double-row bolted
wood-concrete combination beams

LIU Yi-fan', WANG Peng”', WANG Yong-hui*, SHI Shi-lun',LI Luo-ke', PENG Jun-yuan'
(1. Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology, Kunming 650500, China;
2. City College, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: In order to study the relationship between the interfacial slip of double-row stud-combined
beams and single-row stud-combined beams, based on the single-row stud-glued wood-concrete theory,
the interfacial slip differential equations of double-row as well as multi-row stud-combined beams were
established by changing the peg slip constitutive relationship on the interface of single-row stud-
combined beams, the analytical solutions of double-row stud-combined beams under the action of the
three kinds of loads commonly found in the engineering were solved, the interfacial slip differential
equations of triple-row as well as multi-row stud-combined beams were analysed, and the computation
method of the bending stiffness of the double-row stud-combined beams was put forward. Conclusion:
Although wood is an orthotropically anisotropic material, it is known from the strain relationship and
Hooke’s law for interfacial slip in combined beams that the slip at the interface should be related to the
modulus of elasticity in the same direction as the force. The main difference between single-row and
double-row stud differential equations is that the double-row stud characteristic coefficients are twice as
large as the single-row characteristic coefficients. That is, when the double-row peg stiffness K is
equivalent to a single-row peg 2K, the bending stiffness that can be equivalent to a single-row peg
stiffness is calculated. The errors of the theoretical formulations of slip and flexural stiffness calculations
of double-row stud-combination beams with Ansys numerical simulations,respectively,are around 5-6 % ,
which proves the reliability and practicability of the present method for analysing the interfacial slip and
flexural stiffness of double-row stud-combination beams.

Key words: double-row stud-glued laminated timber-concrete combination beams;interface slip; bending
stiffness;ansys finite element analysis



