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Bending behavior test of hybrid high performance steel beam

DUAN Lan, TANG You-ming, WANG Chun-sheng, WANG Ji-ming
(Key Laboratory for Highway Bridge and Tunnel of Shaanxi Province, Chang’an University,
Xi'an 710064, Shaanxi, China)

Abstract: Bending behavior tests were conducted for 3 hybrid high performance HPS 485W
I-shape steel beams with the method of two-point loading. The influences of cross profile
geometric parameters on bending capacity, elastic and plastic deformations, and failure mode of
test beam were analyzed. Considering the test results under midspan one-point loading, the
influences of different loading methods on bending capacity of test beam were analyzed. Finite
element models were established to accurately simulate bending procedures of test beams.
Parameter analysis was conducted for hybrid high performance steel beams under the condition of
non-compact cross profile. Analysis result shows that the failure modes of two-point loading test
beams are local bucklings at both compressive flange and compressive web in pure bending field.
The plastic rotation capacity of steel beam increases obviously with the decrease of flange width to
thickness ratio. The bending capacity and ductility decrease with the increase of web height to
thickness ratio. For beams with same dimension, the bending procedures are similar when
adopting different loading methods, but the buckling modes marking the failure of beam are
different. It is suggested for hybrid steel beam that the steel grade of web should be not beyond
two grades lower than the strength grade of flange. 5 tabs, 18 figs, 18 refs.
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Fig. 1 Stress distribution of hybrid steel beam cross profile
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Fig. 2 Stress distribution of homogenous strength steel beam cross profile
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Tab.1 Actual dimensions of bending specimens mm
Y5 PSS bg 1 I Ly
1 3300 130 13.2 280 7.5
2 3 300 220 13.2 280 7.5
3 3 300 130 13.2 350 7.5
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Fig.5 Bending procedures of test beams 1 and 2
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Fig. 6 Failure mode of test beam 1
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B9.10 24 T R0 e R v 119 Al A 28K - R 5 il
Mgk, & 9.10 v, F, k80 32 5k 21 %8 1 25 5 B 6 R
(14405 28K 5 oy, A0 LA 19 J53 308 D 1T fll 23R, 25 F g 00 7 A%
Vol 25 U o7 AR =2 2 oA LA Al S B 4 1 R/
S BT RE A il AR EE B KN g0, R TE A 2R R BE AR
61 B 1 s e, N BU(E 227 IR AR 1) 6™ . H B9 Al A
15 82 O 8 1 R A ot R A A 57 0 o R R AR DN
AR A BB R A i AR T . Y F/F,>1 0, 74
N3 T 119 2 e DX (SW5 ) A5 A&k )y 38 e e 34 K L iy %
kA7, 15 B AL B 1) b R il .l B 10 T
MY F/F,>1 B, 3 5 320 75 0 32 e X8 A il 2%
(I 5 SW5 T SW6) e 3, it 22y 971, Ud W] 75 il
RE AR & A b i JR S AR TR . 5 P 0 A Al R A
B o 5 00 A 17 T 23 6 % A8 /) o 3 B P 4000 R Al e i A
TEAEXT 3 . Bl N Sk S 2 AR 1 5 e I AT 5L
(ERT TN
SiGHrNC Rl A5 R, 5A X 2 5l
B GEHEAT X B 43 A0 48 0y 2XO0) 3 5 2R 0 Sk e Y
S RIS R R DL 3% 2,2 R iaae 92 ok AR [ i L
fR] ROST RN BA (B I 9 58 00 4 36 2 SR ) B o B
TR AT AR % S G2 v SN B A X Y 32 ) P RE
AR 30245 3 06 R A R O 5K, FE SO 5 4l




24 X @ E W I OB OF R 2014 4
1.2
0.8
B ZRPUI 3 e R A
S —=— SW4 S —=— SW4
—b&— SW5 —b&— SW5
04-  —=—sws —*— SW6
—o— SW7 —o— SW7
0 L ) 0 o )
-4 000 -2 000 2000 -1500 -500 500 1500
@ /mm” @ /mm™
(@) FMER (a) FRMEHR
1.2 1.2 -
0.8F 0.81-A
= 00 = [ R IUR/UPY
S —=— SW4 & —=— SW4
—b&— SW5 —b&— SW5
041 —*— SW6 041 1 —*— SW6
—o0— SW7 —0— SW7
0 1 ) 0 % H 1 )
-4 000 -2 000 0 2000 -1500 -500 500 1500
P /mm” @,/mm’
(b) VR (b) FEMER
B9 15 R AR A 2 L - e 8 ot % i 2% P10 3 5 B IE AR A 48 LL- e S 2% it 4%
Fig. 9 Load ratio and local curvature curves Fig. 10 Load ratio and local curvature
of web for beam 1 curves of web for beam 3
x2 FAEMEFBAXHRER
Tab.2 Test beams with different loading methods
ks g br/mm t;/mm hy/mm ty/mm PR /mm MR I Al A ek g or X
HR 53 220 13.2 280 8.4 3 300 HPS 485W Q345 ENCYIE
R 253 220 13.2 280 8.6 3 300 HPS 485W Q345 T 50 7%
BRI Z T RE . s PR SO 2 1 3K 2 0 S R A R R 25 O TR D 2K
I T ) B R R AT A LA A L R R ) Al B X A7 R B 2 R xfli@*)iﬂ’]

s UL 1T ol s 4 SR AT B AT AR
A R RS2 i AR AL . X B b B A 2R
(10 1206 2 o I T 28 14 98 0 i IR Y LB 1)
Mz 9 J o 2538 2% 10 i e B 3k 30— A i i 5
KM, A2 s 38 2 6 Az Joy B I T ok me a6 S 475 98 B
AARBRE Sy . IR B A SR R il S S B0 B R
- e fol X 6 8 e A MU 5 L S B0 S 0 2
Xof SR P A T 2k A 2 0 G L B A i I Y T R A
Wiy X R R B S A M, R EY)
b R I A 5 R L OR S B 2 TR 3R ST R I )
AZIE I S 47 AR O R 2K RE ) E?Uyﬁé%
il i IR RIT de 2. i I R AR S

R BT 2 A G R B i R IR 3 ﬁ%qﬂﬁﬂ
BRI T 1 32 TR B 2 M A T X B R AR TR

Jey ¥ Je i

1.2

0.8 18

MIM,

11
Fig. 11

AT 77 T 8 R A

Bending procedures of test beams with

different loading methods



%54

B 2.5 . RARTHHAEMERT HEXE 25

2 ARTEBHEISRZ

K FAT R T A B FE e ANSY'S g i, 36 7%
FIT Shell181 HEATHY 2 (9 BLALL L 25 A9 A1 20 52 (19 44
TBHINE 3~ PO AR 5 2 1T 4L 552 B 9 0 1) 2 3R 4% 1 O
ANFRAR L1500« L ST RE 4% A7 RO DL 5 SR BT S
1 P AL 25 09 A BROCHE T

T I BUAT BROC S U 22 56 4 2R A R
Lo w2045 2% SR A B A H G 2R 5 BAE 12 mm R
(4 = PEBE HPS 485W 4tk b IBORE o BEA TR A58 . i
i 9 5 K Yk iy HPS 12-1, HPS 12-2, HPS 12-3,
ARSI 12, 2T HPS 485W Hif il i 58 i 1
AR ST-IAE (oe ) T 28 (I 13D 5 ot il 4 5 5 oy
LR J) - [ RS VLR J) - [ SR BB LA £k
A2 HPS 485W Ay 1 1k 22 B4k 5 98 1 55 o) 5
ARG R, WL 38 . X AT JEE 1) Q345 JE A .
SR BUE A 26 i 5l A A R B . Q345 AR 1Y 5 P
Jitt FR B2 7 89 400 MPa, BPERE LDy 206 GPa, PJ 2
BN 2.06 GPa,

B 1z it

Fig. 12 Tensile specimens

600

400
<
(-9
s
5 ——HPS 12-1
------ HPS 12-2
200 --—-HPS 12-3
1 1 1 1 ]
0 004 008 012 016 020

€

B 13 AR Jy-hy AR il £k

Fig. 13 Engineering stress and strain curves
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Fig. 14 Residual stress distribution model
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Fig. 15 Load and deformation curves of beam 1
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Tab.4 Model beam dimensions considering flange dimension effect

45 |85 /mm| b;/mm | ¢;/mm |h,/mm|t,/mm| A Aw

F-1 7 100 250 12.63 675 10.77 | 0.500 | 2.83

F-2 7 100 250 | 14.03 | 675 | 10.77 | 0.450 | 2.83

F-3 7 100 250 | 16.53 | 675 | 10.77 | 0.382| 2.83

F-4 7 100 250 18.04 | 675 10.77 | 0.350 | 2.83

F-5 8 100 250 | 21.05 | 675 | 10.77 | 0.300 | 2.83

F-6 9 100 250 | 25.26 | 675 |10.77 | 0.250 | 2.83
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Fig. 16 Midspan moment ratio and average rotation curves

considering flange dimension effect
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Tab.5 Model beam dimensions considering web dimension effect

i |/ mm|b/mm | ¢/mm |hy/mm|¢,/mm| 2 Aw

W-1 8 100 250 | 16.53 | 675 |8.063[0.382| 3.78
W-2 9 500 250 | 16.53 | 675 | 6.773]0.382 | 4.50
W-3 11 420 250 | 16.53 | 675 |5.542(0.382| 5.50
W-4 8 100 250 | 16.53 | 675 |8.063[0.250 | 3.78
W-5 9 500 250 | 16.53 | 675 |6.772(0.250 | 4.50
W-6 | 11 420 250 | 16.53 | 675 | 5.542(0.250 | 5.50
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Fig. 17 Midspan moment ratio and average rotation curves

considering web dimension effect
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Fig. 18 Middle span moment ratio versus average rotation

curves with different material matches
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