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Experimental study on seismic performance of glulam-column
reinforced with planted bar and steel-beam joint

SHEN Xinyang, CHEN Bowang, ZHANG Zihui, WANG Huai, ZHAO Zhenlan, GUO Ziliang, WANG Xiaohan
(College of Civil Engineering, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract; In this paper, it is proposed that the frame structure of glulam pillar and steel beam can address the
issues of complex joint structure, limited beam stiffness and low lateral stiffness of long span glulam beam and
column structure joints. Three joint specimens without planted bar and three joint specimens with the diameter of
planting reinforcement as a variable were designed. Monotonic loading experiment were conducted on two joint
specimens without reinforcement, while other joint specimens underwent low-cycle repeated loading to obtain their
seismic performance, including failure mode, hysteresis curve, skeleton curve and energy dissipation capacity. The
experimental results show that the measure of reinforced with planted bar can effectively improve the local bearing
capacity of the transverse grain, the flexural stiffness and ultimate bearing capacity of the joints, but the increase in
the diameter of the reinforcing bar has little impact. The energy dissipation capacity of the joint can be significantly
improved by the measure of reinforced with planted bar, and the seismic performance of the joint can be improved.
The failure modes of flexible end plate and rigid end plate are different, the members of the flexible end plates are
S-shaped deformation and failure mode, the joint angle deformation is large, the bending stiffness is small, and the
rigid end plate members are the transverse compression deformation and failure of the wooden column, and the
bending stiffness and bearing capacity of the joint are strong. The formulas for the ultimate flexural bearing capacity

of the joints are derived, and the theoretical values agree well with the measured ones.
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Table 1  Design of specimen parameters
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Fig. 1 Geometry size of end plate node specimens
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Table 2 Mechanical performance of steel bars
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Fig.3 Test setup and measurement points arrangement

2 REIAKR

XFEE 2 21 B, e rE AR I i A B IR 2 h T & 2k S IR B IR 2 e A AN TE &
AL AR AE L 113 TP S A B S A R 0 4 D B > iy A S 09 K S A AR A 2 fh T s 47
HRGECT R BIR, SR BLGNIE 4 Frs

(a) %fk (b) ik (o) ISR (d) TR
4 BEERERATR

Fig.4 Failure phenomenon of monotonic loading specimen
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Fig.5 Failure phenomenon of specimens in low cycle repeated tests
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Fig.6 Bending moment-rotation hysteresis curves
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Table 3  Bending stiffness and peak bending moment

WS M K/(KN - m-rad™) M,/ (kN - m) MEgs A m K/ (kN - m - rad™') M,/ (kN - m)
N 1E 1] 1409.58(1) 61.24(1.00) R14 1E T 2348.33(1.67) 99.94(1.63)

1 [17] 1675.00(1) 68.74(1.00) o] 1901.33(1.14) 86.25(1.25)

RI12 1E 1] 2777.25(1.97) 99.13(1.62) R16 1E 1] 2846.67(2.02) 103.96(1.64)
i) 3358.96(2.01) 85.76(1.25) 1] 2896.25(1.73) 90.14(1.31)
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&4 27~42 mm MENEE T B BEFERE U
Table 4  Single cycle energy dissipation U under the loading amplitude of 27 ~42 mm

FERERET1/]
57 B ME B/ mm

N-3 i R12 A4 R14 {14 R16 i1
27 412(1.00) 639(1.55) 1014(2.46) 806(2.00)
30 643(1.00) 784(1.20) 1370(2.13) 1269(1.93)
33 464(1.00) 929(2.00) 1479(3.00) 1507(3.24)
36 670(1.00) 1186(1.77) 1503(2.24) 1673(2.50)
39 653(1.00) 1253(1.92) 1475(2.26) 1524(2.33)
42 628(1.00) 1540(2.45) 1639(2.61) 1693(2.70)
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Fig. 11  Force balance on the end plate Fig. 12 Simplified force balance on the end plate
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Table 5 Bearing capacity coefficient of joint specimen reinforced by planting bar

AR A H A%/ mm WA 1 /KN AR ) 32 AR A 588 BE 5 HE R,
12 58.34 0.85
14 60.61 0.67
16 66.65 0.55

;O EBUE WK 12 B, iER(5) .
M=k« F, - H+2n, - f, - wd’ - H, (5)
K H AR 100G 00 F O3 O'RIBE S Hy A T N B 07 sS R B8 (AR SCHEA 48 RUST 43 il 350 T
5313 360 mm) ; £, ARG AU BRIREE (3R 2 I3RS ) .
A (2) ~ X (5) TR BN & AT R RS2 BB IR, OF 5 I E# T LR, andk 6 IR,
x6 THEAFHERESKEEXLE

Table 6 Comparison of theoretical and test values of joint bearing capacity

R4S ARSI/ (KN « m) IR IR/ (KN - m) R/ %
N-3 53.99 61.24 11.84
RI2 95.99 99.13 3.17
R14 97.63 99.94 2.31
R16 101.97 103.59 1.56

HIZE 6 AT, BRI (EL MR T (6, BHe B 5 a0 (B A IR 22 B/ IR 22 E IR AE 129 DL IE W% 5505
TR T PR A S S A8t Dl 4 A A8 A FR AR 481 5 TR

5 it
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2) ARG 95 AAE -~ R A FERERE ) 52 AL I 5 1 AU FERERE S B KA 1 1 3.24 A, Ui W]
FELAYT I 00 R FEREVE BEAT 135 A AR AR BLARAT B TR 1Y R RERE T o

3 ) LA R REAS 25 4R R 1Y BT L RN R 25 R A0 R T A R R PR 2SR L AR A
FOP AR T 2.05 A5 1.64 4% (B SR R AT ) ELAR X LA 25 W BE RIS R 25 REL 2 i 0/
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AR T T AR B8 s G i ol SR AR A T K, A A T A5 TR AR AE , (HY 5 I BE AN 32 R 3 I
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H11.84% .,
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