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Short-term bending performance of prestressed steel-bamboo
composite I-shaped beams
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Abstract; To study the bending performance of prestressed steel-bamboo composite I-shaped beams, 12 prestressed
composite I-shaped beams were designed and manufactured for bending tests, considering prestress loads,
prestressing schemes, and loading schemes as basic parameters. The experimental phenomenon was observed, and
failure characteristics were analyzed during the test. The influences of different parameters on the load-bearing
capacity, strain distribution, and deformation performance were explored, and an approximate formula for the
bearing capacity of the prestress composite beam was proposed. The results indicated that the prestressed composite
beams have relatively good performances from the perspectives of combination effect, deformation characteristic,
and bearing capacity. Failure modes of tested specimens were mainly owing to the bamboo flanges damage and the
local buckling of steel plates. With the technique of prestress and the increase of prestress level, the deformation
performances can be improved effectively, as well as the load-bearing capacity considering the same deflection
situation. Moreover, the improvements can be more significant with the two-point prestressing scheme. The mid-
span strain distribution of prestressed composite beams conforms to the plane section assumption, and the neutral
axis moves down with the increase of the prestressing level. Finally, the bearing capacities based on the theoretical
calculation matched well with the experimental results, which showed the applicability of the proposed methods.

Keywords: composite structure; prestressed steel-bamboo composite beam; bending performance; prestressing

scheme, calculation of load-bearing capacity

TR T B AL i AP 58 MR e JiE A 1 Y SCHR[ 4 - 5 1 WF5E 1 1R P 00 0 i AR R i) S
SR AR T AR BB ] CBOR B U AR EE 45 WIS YERE, 45 R R W BN ) RAE 52 B R 1 W
RPN IS 2, 2RI R EE R AR IR TR RE T4 5 TG A HOER A BOR AR
K (AP RBNEE N EEAT ORI SRR, R R AR BROV AR A A AR BT B S 1
T IR AT ARG —H RS BARMI A 84T, SCHR[6 — 8 ] X Hi . 7 e A A 23R

WA 2023 -03-01;F A EH: 2023 -03 -23; MEE X BH: 2023 -06-27

M 4& B & Hudlk : hitps://kns. enki. net/kems2/ detail /23. 1235. T. 20230626. 1335. 002. html
E&mA: ERARPERS (51978345,52278264)

EERA: PAVE(1990—) , 5 LA 22 B (1968—) , L, #0437, T+ 4E S0l
BIS1EE . Z2E,1ys0451@ 163. com



<904 . 172 S - S R | A N = = 56 %
P 752 2 PERE I G, B 52 & A LA CFRP i 4E A 1 " .

I 7 57 PR R AR | LR 2 T A B A A R
R EEHETE . SCHR[ 9 — 10 ] 1 X 3 8 75U 77 T s e
ARBE G3Hr 7N 1K k5% Koz 7 A5 T2
PERERURZIR . SCHRL 11 - 12] BL FRP fifi ELAS AN
TR S8, XN S1 FRP [ sm A R AT J1 2%
PEREIRES , HoR FHE A R EIS T 1 A W

AR, SCHR[ 13 J7E G AR BB 256 J2 [ S 0 s
PR BE 100N 7 £F 4 >k o0 1 1 ) 32 T RE, X
MR 14 ] 2k = 4E R Lot A BROTAL AL GFRP il [
T ARZEHEAT T 1S53 Hr , A 4015 21 i for 28 — $¢
FE & Silgm g R ae i ar v & .

BN LG AR S — R B 1 e M R 45 ) A
TR R AN 52 0 i v S R PR T —
PRSIt — FR BN 5T 3 AR - AT 41 A 2 B B Mk
BERAF A RN g o) SR, B T A AT
A R BERASTRR 22 B AT AR AR AT R BT R i JBE T 12 78 3
RAEHERE L, AR SO S TN F AR $2 4
TR - AT 2H A TR S AR A1 s S T K — B TR
5 S AOR 3, W I VAL S e = i
T 12 A GBI R 2 S g i oY, 8 il 4y
Hrok sk AR I G BRI 8 2 IR IR FEAS
[ SO0 5K 5% 2R 3 RE 1 AR R RE R 52, 4 1 O
B ks 5% U A R B AR I IE TR AR

B g i

b Crn
i Gty |
: hs '
1 —

LA R

—.\'

1.1 it

RGBT HIE T 12 MR R — 2 8- 17
HE TFIRIR (1) Horb 10 AR AT )
AR S A AR (L3 ~ L-12) 2 M R R e & TN S
XS B (L1 L2) , HERMERKEL N
3.8 m, iHEBEN3.5 m, AKX ARER,
B RS S A REGE TR W 2, A TR
ERBETSHOL R 1. P ok XoF 9 MR 7 77 737 it fin 50
o IAE R SR s — e K 5% 48 B R R AR iR E

SRR X PR B A ) ke SR ) A = T
ERAT AR 2 DU S N 4 38 1 4 e X
A st A b (& b A/ A 3 i SR Y
JKFHEES R 1200 mm)

1 W-FIAEIFRRRY
Fig.1 Steel-bamboo composite I-shaped beam
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Tab. 1 Parameters of specimens
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Fig.5 Failure modes of steel-bamboo composite beams
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Tab.4  Test results of composite beams under different prestress levels

A P/kN 8/mm F_/kN F Y8R/ % El./(kN-m®) El 380/ %
L2 0 26.31 1 497
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Fig.6  Load—midspan deflection curves of composite beam
under different prestress levels
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Tab.5 Test results of composite beams under different loading schemes

Rk gy =X F./kN F 308/ % M_/(kN-m) F,/kN F 3808/ % M,/ (kN+m)

L-1 5 R4 ik 24.5 21.5 72.0 63.0
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L2 DY 1 2% 26.3 15.8 108.0 64.8
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Tab.6 Test results of composite beams under different prestressing schemes

NG k% Jr 3 5/mm 8 YR/ % F./kN F 318/ % F,/kN F S5/ %
L3 — ks 4.09 35.01 95
19.3 9.5 5.3
L-7 TN REL 4.88 38.32 100
L4 — KX 6.95 40.61 88
1.4 6.8 19.3
L-8 KX 7.05 43.36 105
L-5 — kL 3.90 39.36 118
22.3 10.6 10.2
L9 KR 4.71 43.54 130
L6 — KX 5.88 47.55 106
28.7 11.0 26.4
L-10 KRR 7.57 52.78 134
120 120 -

g g

&® &

i &

-10 70 -10 0 10 20 30 40 50 60 70 80

HaJF /mm ¥ /mm
E7 il L4.L-6 - iR & 8 il L4.L-8 fE-B iRtk

Fig.7 Load-midspan deflection curves of L4 and L-6 Fig.8 Load-midspan deflection curves of L4 and L-8
2.3 T BRI 9) o 7 AN BN 55 47 B 3l 45 4
2.3.1 B EmN A by FUEITCH M, EL A AR U i R AR Ay

A 2H A RS TR AT DL AR R DT [ B AR B A A5 S ST B 5 BE A 7 2R Ak S, - AT A



5513

Ry, A KR U - LS TR R I 2 S R RE - 99 -

T IZ AT LI A LE AR A | 10 A8 1 26 £ 5 Ak H 2R
—E RAL AT SR RE , (FE AR A3

G4 F I NS TE i SN 8 i v 0 v AT 2 B
IR

200 L, 0 kN 210 210
R — 40 kN 180 | ¢ Tty - 180}
E 1sop N v-60kN  E 150 N E 150t
m 120} <, : ?goklle ® 120 o # 120}
1E g iz a
% 90 q }ﬂg 90 - % i
60 60 60
30t e 30t 30+
0 1 1 1 fTv \‘Al ) (u 0 1 1 1 A 0
75 -50 25 0 25 50 7.5 45 30 -1.5 0 15 3.0 .
JR2AE/10°3 MiAE/107
(a) L-2 (b) L-7 (¢)L-9
210
210y, n - 210
LI A —=— 20 kN . % 4o —=— 20 kN Y 4 e
1801 . “x u% Teoa0kN 180me Tl e 20 kN 180} e M T
£ 1500 . XA 4 60RN E1S0L %R S 60KN B 5ol en k- GO N
= IR 7= 80 kN XL - 80kN = +- 80 KN
g - Iz ., 2 w90 KN
B o0 E = o0r N
# 60t # 60} #® 6ol .
) ‘AA";"" q.;};. e K AAV"v’"
0 L 1 1 &u Y 0 1 1 1 SN PRATMEITN J 0 Il 1 1 &lA ‘3"‘
45 3.0 <15 0 1.5 3.0 45 45 30 <15 0 15 3.0 45 6 -4 2 0 2 4 6
MiAE/107 RMAE/107 MiAE/107
(d) L-10 (e) L-11 () L-12

9 HARBHHENEZSH

Fig.9 Strain distribution of composite beam at the mid-span section
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Tab.7  Comparison of test value and calculated value for
bearing capacity
- N./ N/ Nu/ N/ N,/ 1R7=/
kN kN kN kN kN %
L-1 72 16.01 55.70 71.71  0.40
L2 108 23.35 81.23 104.58  3.17
L-3 95 16.01 55.70 13.20 84.91 10.62
L4 88 16.01 55.70 15.93 87.64 0.41
L-5 118 23.35 81.23 11.43 116.01 1.69
L-6 106 23.35 81.23 14.16 118.74 12.02
L-7 100 16.01 55.70 16.22 87.93 12.07
L-8 105 16.01 55.70 20.07 91.78 12.59
L9 130 23.35 81.23 22.76 127.34  2.05
L-10 134 23.35 81.23 26.61 131.19 2.10
L-11 122 23.35 81.23 30.46 135.04 10.69
L-12 110 23.35 81.23 10.57 115.15 15.15
TE N N, FUN, S350 RE AR RN TN 0 A B 3T K a8
4 % #
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