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Experimental Study on Mechanical Performance of Timber—concrete Bolted

Connections and Bearing Capacity Calculation Model

XIONG Haibei', WU Zhe',OUYANG Lu', WANG Zhifang', CHEN Jiawei'*'

(1. College of Civil Engineering, Tongji University, Shanghai 200092, China;
2. College of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: The design of connections is the foundation for ensuring the cooperative work of both materials in
timber—concrete hybrid structures. To investigate the mechanical performance and failure modes of timber—concrete
bolted connections, this study selected Cross—laminated timber (CLT)—-concrete bolted connections and Spruce Pine
Fir (SPF) —concrete bolted connections as experimental subjects, and designed twenty—seven sets of monotonic
loading tests and cyclic loading tests. The typical failure modes of the two types of timber—concrete bolted
connections were summarized and compared. The findings reveal that a direct correlation between the bearing

capacity of timber—concrete bolted connections and the bolt—yielding mode is observed. Compared to SPF-concrete
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bolted connections, CLT-concrete bolted connections are more prone to double—hinge failure and exhibit better

ductility. Through the analysis of the influencing mechanisms behind the mechanical performance differences,

accounting for the impact of steel plates, and introducing the equivalent section of CLT, a mechanical model for the

bearing capacity of timber—concrete bolted connections was proposed. The calculated values showed an average error

of 12.18% compared with experimental results, indicating good agreement with the experimental values, which

provides a reliable reference for the design and application of timber—concrete bolted connections.

Key words : timber—concrete hybrid structure ;bolted connection ; failure modes ; mechanical performance ; calcu-

lation models

ARIAVE Jg—Ffr ol p A bt , B S @ BRI ORI
PR PSR 7 I 5 XL R H AR s R BARR
SR BUEAS HAE AT B vk Rt A E 4
P35 2 4 e Rt B TR AR &, B
JZ A #F (Laminated Veneer Lumber, LVL) 2 K&
A (Glued Laminated Timber, GLT) . 1E 3¢ i¥ & K
(CLT) & TREA R b 1 o - Ry AR G 4y 2 e 2
(L ECIE An =i

KRR BE A TR G 458 7] 58 3 K AR A FR B 1
S AR PEOL AL A L T aiR S5 4, R-1RBE 1R &
GERAAL IR B s T A5 R Y R AR R I A AL
B T SR HTORIE & PR R, TE Sk 8 S 4RI
AT RE AT B E @ AR TR BE IR A 45
Z R E MRS ARG A RBOREE LA ORI
R .2022 4, 55 86.6 m 1Y Ascent 24 BT T
BN LR 1~6 )2 R TR B T HESR S5/, 7~25
2R CLT-1REE T O FIR A 45K R 2 BT 23K
A ) i e BRARAR 5 1 5 3 I o A e 2 R TR
TIRG S S —— VL5 48 FE A2 B B i) e AR 35
HAR-REE IR G SR N & RIE BT
abr.

AR-IREE TR A4S0 - B R R —TRBE 1
RE AW EAR-REE HIRGEH . th Z -8
R4 BB AE RUSTn T B SPE RIS b4 B RS P
SRSy N LA OR 3, 9 2 B TR AR-IREE LR G
SE AL E AR VR BRE VR S5 38 R 1E ] CLT 45 T
FEA A AR B AR 14 . 5 SPF MUAS A1 A W], CLT
st =R R DA A 3 R S IR S A A, T
BAEZ IR T 2 B RN T M RE

TEAR-TREE T IRG A D, R SR 5 IR B
LR EAR ST T R AR F AR B [ A

Fl e A 5iREE + 2 B IR A 22 R T T K&
U Auclair FF AR T —FH TAR-REE LIRS
S5 RGP 0 B TR A R TR R A T By A A,
Ling 86 W58 T e Bl A B B T2 90 oy i B 4h AR -
TRBE 2 A TR0 32 35 R, X e B AL R AR 3 = L
B R 2 7 0 [R] st £ B 8 v i L AR AT R A
AT, F BCIRET BB S B 2 o A o i AR
FUitE T3 B A I 5 A A 5 Khorsandnia 55 %
Z A TR -TRBE 0y A SR AR 57 7 1 i
A s, 45 SRR WTEA R 734 77 X s T L 18
P i AT A S A BT B PR L oK I A — 41
P e R — R - S ARORI R A 21 5 AR T A1
SR, 45 R R WA e 3 B A AR R R 205
2T U S R IR AT S5 T SR A A BT
BT  Derenzis S5 WF G T K BT Sy ik - BE
T LR IR AR L Y A2 B VERR , A3 0 e A RS A
22 R Y R VR BE - I A 2 2 A B 46 AR
JE 5 Fennell 45" % 28 41 4 A 5T ) 1% — 1R %
MR A pe A T I, e 2 R SR i
R VR RE - W % 4 A A i S

F3Ah, H T OE T AR - AR AL 1% 2 FIR - 4N TR & 18
R B R B R R C A T 2 e SR
X T AR TR EE 1 1R A I8 A i T AR AL iR R AT
Johansen' ™ $& tH T —Ff 1155 08 A4 3 B2 7K 4801 1)
Jet MR B, 7 AR G5 4 4 38 42 vh 3 3k il B . He 550
T o AR TR A R A i B LR, 15 Y BT R
JEE A7 TR B - i RIS ELAR A o . R I DL AT X A1
& A TR BE - B AS  T  EA T B i e, 45
SR UITEIR S 5 AR Y Z [a] 14 I A0 bz AT A it
JIR A 3R T A BR AR 8 B e — A8 e A

R ST T AR AR TR AR TR B5E 1 IR+ % 4 72



36 PN S QRS )

2025 4F

P BE 52 0, A SC 8 B SPF BLAS A4 A1 CLT P Fh i
LR IR, 8 5 27 AR IR B MR A 1 A 1Y
AR N AR S 1 52 g, o el A 2
AT F PR BEHEAT HUXE o307 . IR , A 3025 g H v
T RURB RN S TR -TRBE L R T K
IR, AT X CLT A A w4 Ak, A 45
RO HR B BEAT A O R SR — iR B R
HEARVERERIT ST AN 4R 2%

1 RIEHESR

1.1 X Figit

7 P& ) K — TR B - MR AR 1 e ) 2 MR R 1Y G B
SR AR BEBOR BRI SE ORR R 8 AR IR
R BE SRR L S AR, ikt T 15 M,
X AT B a5 s W, b 17 AR 3h )1 A
T AR -TREE T 18R 4 i i R R [l PR g, 1
T 12 A TR A A B e e F R
TSR VFIER 2. i TR AR B 107 X % %z
FTEVE R AR A] , % T SPF-JR BE + W8 4, e BUE
JEAE R AR RPE 2 R R 2R 5 % T CLT-TR BE T iR 44 1%
Fe W2 107 AV AR RRE 2 TR IR 2R,
RAFFEAE NN ZE 7 18] |, CLT SN 2 2 Mk i 2 7
[e) 103 A AR = AR R R ST 1), B SO AH I

F1 BEMBREFEITSH
Tab.1 Design parameters of specimens for

monotonic loading tests

N B E [y E

A5 - PN ERR S & dim JEA [,
S-76-14-4.8-M 76 mm 14 5.43 4.8
S-76-16-4.8-M 76 mm 16 475 4.8
S-76-18-4.8-M 76 mm 18 422 4.8
S-114-14-4.8-M SPF 114 mm 14 8.14 4.8
S-114-16-4.8-M 114 mm 16 7.13 4.8
S-114-18-4.8-M 114 mm 18 6.33 4.8
S-114-18-8.8-M 114 mm 18 6.33 8.8
C-P-14-4.8-M J[iE2e 14 7.50 4.8
C-P-16-4.8-M 2L 16 6.56 4.8
C-P-18-4.8-M Eae 18 5.83 4.8
C-P-18-8.8-M oL i 18 5.83 8.8
C-T-14-4.8-M s 14 7.50 4.8
C-T-16-4.8-M e 16 6.56 48
C-T-18-4.8-M e 18 5.83 48
C-T-18-8.8-M e 18 5.83 8.8

F2 RBAEEMHEIKFEITSE
Tab.2 Design parameters of specimens for

cyclic loading tests

N ERHE [y
W A FEE B2
g FUIES dmm FEAE
S-76-16-C 76 mm 16 475
S-76-18-C 76 mm 18 422
SPF 438
S-114-16-C 114 mm 16 7.13
S-114-18-C 114 mm 18 6.33
C-P-16-C-1 £ 14 6.56
C-P-16-C-2 liE2e 16 6.56
C-P-16-C-3 lliE5e 18 6.56
C-P-18-C [liE5s 18 5.83
CLT 4.8
C-T-16-C-1 e 14 6.56
C-T-16-C-2 e 16 6.56
C-T-16-C-3 e 18 6.56
C-T-18-C L 18 5.83
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Fig.1 Geometry of timber—concrete bolted

connection (unit: mm)
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Tab.3 Test value of compressive strength for concrete

Wi REELAME K /mm F, /MPa F_ /MPa
1 48.53
2 150 43.38 44.62
3 41.96

s % QIR BE 9 3 07 2 1 1 1l 50 J5 ¥ 4 1 ) (GB/T 50081—
2019) ZERM AT 5 Hoi JEE fEL
F4 B EiReE
Tab.4 Test value of tensile strength for bolt
WE HAE FFME, YohoREES, /

BRI F /KN

9 mm EE 1 k2 kN MPa
14 54.86 56.36 55.60 361.18
4.8 16 79.40 77.84 78.62 391.02
18 96.70 97.21 96.96 381.03
8.8 18 17322 170.96 172.09 676.27

TE a4l B 2 NRRE H (A TR AR BRI 5 10
TR 712 ) (GB/T 228.1—2021) T 3K I3 B 2 0 Jo {1 .
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Tab.5 Test results of material properties for SPF

PEREE R IE 5 Z B % PG R Hh
T 5 i 44.66 MPa 17.65 ASTM D143-09
Gt 54t F 5 26.07 MPa 23.79 GB/T 15777-2017
R ST o i 2.84 MPa 14.73 ASTM D143-09
B GCT 6.18 MPa 12.85 GB/T 1943-2009

S A

. 22.16 MPa 8.04 ASTM D5764-97a

ST 0.528 (g+cm ) — GB/T 1933—2009

FIKR 13% — GB/T 1931—2009

#6 CLTHMIKIWER
Tab.6 Test results of material properties for CLT

PERETE AR ¥ifE 75 5 R EU IR
ITES @ N i
. 14 325 MPa 21.80  GB/T 15777—2017
‘1L
RSt e s
) 1 177 MPa 8.91 GB/T 1943—2009
(FEm)E,
TS A
333 MPa 2232 GB/T 1943—2009
(3% 18 E,
IR A A
30.72 MPa 12.39 ASTM D5764-97a
i
WS AR TE
10.37 MPa 13.10 ASTM D5764-97a
i
STHE 0443 (grem ) 8.70 GB/T 1933—2009
P & 13.67% 1.18 GB/T 1931—2009
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Fig.3 Failure modes of timber—concrete bolted connections
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Fig.4 Bolt yielding modes in monotonic loading tests
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Tab.7 Phenomena and failure modes under monotonic loading tests

At

Bk

i AMRTREIR  IEEE B RS AR R Ll FEE WL R
S-76-14-4.8-M N N N I+IV
S-76-16-4.8-M N N N I+11
S-76-18-4.8-M N N N I+

S-114-14-4.8-M N N \Y
S-114-16-4.8-M N N N I+
S-114-18-4.8-M N N N I+
S-114-18-8.8-M N N N I+
C-P-14-4.8-M N N I\
C-P-16-4.8-M N N v I
C-P-18-4.8-M N N I\
C-P-18-8.8-M N \Y
C-T-14-4.8-M N N N \Y
C-T-16-4.8-M N N N I+10
C-T-18-4.8-M N N N N [+V
C-T-18-8.8-M v N N Y
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Fig.5 Load-displacement curve for monotonic load tests
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timber—concrete connections *Z 4)%,‘?{@‘@% ﬁuﬁi)‘(ﬂﬂﬁﬂi%ﬁ%%@ﬂﬁﬁ% E/‘J
222 FHRRSHT FUAEL.5) 35 s W IR M K 8 SR 1090 5 BRAif 85 5
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Tab.8 Mechanical performance parameters in monotonic loading tests
N WA JERIhd PN 8 fmm PN §/mm PN §/mm  K/(kNemm) pu
S-76-14-4.8-M m+1v 543 22.06 14.35 51.57 58.92 51.57 58.92 1.64 4.11
S-76-16-4.8-M T+1I 4.75 23.40 9.30 53.88 80.18 53.88 80.18 2.82 8.62
S-76-18-4.8-M T+1I 4.22 27.40 15.38 62.24 64.85 62.24 64.85 1.83 4.22
S-114-14-4.8-M v 8.14 22.45 11.38 54.20 64.01 54.20 64.01 2.10 5.62
S-114-16-4.8-M I+ 7.13 24.88 16.20 60.26 91.46 60.26 91.46 1.63 5.65
S-114-18-4.8-M I +1II 6.33 24.38 9.80 58.98 86.38 58.98 86.38 2.75 8.81
S-114-18-8.8-M I +1II 6.33 25.18 25.58 60.93 96.01 60.93 96.01 1.02 3.75
C-P-14-4.8-M v 7.50 28.48 7.90 68.52 53.13 64.98 53.82 3.15 6.81
C-P-16-4.8-M I 6.56 41.03 15.76 99.08 95.17 95.73 99.83 2.15 6.33
C-P-18-4.8-M Y 5.83 32.66 11.48 71.55 70.51 69.12 70.74 2.52 6.16
C-P-18-8.8-M \% 5.83 39.75 10.51 93.14 73.57 64.40 73.76 3.36 7.01
C-T-14-4.8-M v 7.50 30.94 10.23 74.21 62.11 73.75 62.65 2.66 6.12
C-T-16-4.8-M [+ 6.56 26.15 9.50 62.25 84.08 50.90 91.10 2.41 9.48
C-T-18-4.8-M [+IV 5.83 27.31 9.84 62.57 65.56 57.72 74.44 2.50 7.56
C-T-18-8.8-M \4 5.83 22.17 7.11 51.36 48.72 51.36 48.72 3.02 6.85
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Tab.9 Phenomena and failure modes under monotonic cyclic loading tests
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Fig.7 Test phenomenon of timber—concrete bolted connections

in cyclic loading tests

AN TR T B R 2 g, AR A 52 far kR AR
2 PR IR AR T IR BY S 0y B R R R, IR
T B W IR (SR IV 5 il 7 . CLT- R B+
BB % U A AT A2 Ay 2 AR 1 1 R
B MRAR S [ I 8 (a) (b) B/ |, BB 49l & A
CLT 5 R BE 4 1Y S 1 &b K2 CLT A N3, it 5 1 % 1Y
BN, SRR AE CLT 5 IR BE + 5 1mi 5 A% 88 M s 4k B
W7 .SPF—YERBE A+ 82 X 1 ST W] R Hh ISR



42

PN S QRS )

2025 4F

WA e BB gL A& 8 () (d) Frw | r A il 4
HITREE TR AR SE 47 A0l T8RS i, 76 CLT SR BE
A A L R I R B R 25 BRR B 1 R R R
[CCAERTE/N
32 AEERSH
321 ERALB B

R A S N 258 T 9 A 3 A 8 — 37 F% v ]
& an &l 9 firzi . ph i [m] i 26 ml W, - SPE—TRBE i1
5 CLT-IR & il 474 04 ff 28— 102 3% i S8 AR IR AR
oL, 2 S FEAR AR s R b, i TR fL
BT iR ] AR R IS AT
CLT-TR&E 1314 , SPF—IRBE + il fF 8 45 " g N
B, X0 B T CLT A2 Mok 2 (] 3 1 1F 28 /Y 4
P, AT R G b PR MR AR LR A 4K

S far - B 4t 2 WL 10. Fr 42
M2 nr &y - A B AR R R S I S

O
©
(h) CLT-TR#E - # 8u 1
XL 45 ot

(a) CLT-YR¥E 2 SEL
XL 45 ot

(c)SPF-{EE + 11T (d)SPF-Ii&E L1k F
P BE U B it e
B8 AR A2 B An H K B SR AR R R X,
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Fig.9 Hysteresis curve for cyclic loading tests
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Tab.10 Mechanical performance parameters in cyclic loading tests

IF WA JRAelkhid P /KN 8 /mm P /KN 8, /mm  P/KN & /mm K /(kN-mm™) w
S-76-16-C \Y 4.75 22.68 6.07 32.66 27.62 32.66 27.62 3.12 4.55
S-76-18-C v 4.22 22.84 6.07 35.48 34.53 35.48 34.53 4.61 5.69
S-114-16-C I\ 7.13 15.04 5.18 33.10 31.11 33.10 31.11 3.47 6.00
S-114-18-C I\ 6.33 24.26 6.34 45.49 32.61 45.49 32.61 4.52 5.14

C-P-16-C-1 I\ 6.56 24.90 4.83 44.94 18.98 42.53 25.83 5.70 5.34
C-P-16-C-2 I\ 6.56 25.16 4.86 44.78 18.96 34.28 22.17 5.62 4.56
C-P-16-C-3 I\ 6.56 28.38 6.45 49.64 29.20 49.64 29.20 4.38 4.53

C-P-18-C I\l 5.83 25.15 5.69 40.78 28.14 25.90 31.44 4.91 5.52
C-T-16-C-1 I\ 6.56 24.12 5.81 43.35 33.60 43.35 33.60 4.32 5.78
C-T-16-C-2 I\ 6.56 25.89 9.86 53.68 33.58 53.68 33.58 2.57 3.41
C-T-16-C-3 v 6.56 23.04 6.21 43.94 33.60 43.94 33.60 3.50 5.41

C-T-18-C I\ 5.83 23.51 7.02 48.09 26.20 48.09 26.20 3.27 3.73
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Fig.11 Comparison of load—displacement curves under

monotonic loading and cyclic loading
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Fig.12 Force analysis of timber—concrete bolted connection
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Tab.11 Comparison of test results and computed values of the load—carrying capacity
e . . Mg AR GB 50005—2017 {55 A3
i B HUAAN FHAE/AN W% THHAE/AN BE2EI%
S-76-14-4.8-M = 51.57 46.32 10.18 10.65 79.33
S-76-16-4.8-M — 53.88 55.10 2.26 26.94 49.99
S-76-18-4.8-M — 62.24 65.94 5.94 30.31 51.29
S-114-14-4.8-M = 54.20 48.50 10.52 10.65 80.33
S-114-16-4.8-M — 60.26 63.34 5.11 40.41 32.92
S-114-18-4.8-M 58.98 67.46 14.38 45.47 22.90
S-114-18-8.8-M — 60.93 79.28 30.11 45.47 25.37
C-P-14-4.8-M = 68.52 49.91 27.16 10.66 84.43
C-P-16-4.8-M — 99.08 84.29 14.93 40.26 59.36
C-P-18-4.8-M = 71.55 74.88 4.65 17.63 75.36
C-T-14-4.8-M = 74.21 59.26 20.15 9.43 87.29
C-T-16-4.8-M 62.25 56.11 9.86 28.81 53.71
C-T-18-4.8-M - 62.57 64.55 3.16 20.37 67.43
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