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Finite element analysis and design method for the improved single-web
shoulder-beam member with concrete-filled steel tube column

WANG Zongrang', SU Mingzhou®, DONG ZhenPin*

(1.Basic construction department, Shanxi Normal University Xi'an 710061,China;
2. School of Civil Engineering, Xi'an Univ. of Arch. & Tech, Xi'an 710055,China)

Abstract: Concrete-filled steel tube column is widely used in industrial buildings. The columns of Baosteel’s metallurgy workshop
brings about many problems in the using process. According to these defects, people designed a improved shoulder-beam member
and carry out the experiment on bearing capacity of the whole structure. On the experimental results, five finite element models were
built about depth-thickness ratio and four finite element models about high-span ratio. By analyzing the calculation results, found the
effect tendency of the two parameters to the shoulder-beam’s capacity were found. According to the experiment and finite element
calculation results, the shoulder-beam’s capacity could be designed by the method of the web occurred shear failure conformity. The
paper given a used calculation formula. In view of the finite element calculation results, the formula accorded the mandate of
structure reliability regulation. The study will help lay a foundation for the engineering application of this new type of shoulder

beam.
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Tab.2 Statistical results of crane beam damage 1

ik meep MRS g

B pne e SR

B AR IR A 39.4 15.5 15.5 37.5

FELE RS X 38.7 17.1 17.9 83.3

LHEEM 6 X 37.5 21.3 6.8 40.0

BELN 10 X 6.6 54 0 8.3
1.2 BUHB BRGNS R It

W R «CWMEHEITME»
(GB50017-2003)™ |, « % %% Hi 2 % - B ¥ »
(GB-50011-2001)" #4783 03 T 2 M TR Bk
THREBRIAG (Z)-1. Z21-2), 2 AMNEREE T
FRRRM BI-1, BJ-2), KHRA 1:3 4RAE
. R EARIES RAF, RISk 7 58 5 i
CHR[10]. W& Z3-1. 732 Bl Al MB3R
) Hi JE R A 2R B, B 3% Fe XS B T e o
BEE IR, TRAHMA TR, ERNU
— 2 H5IKPFL KL 45° AR, 5%,
A BT RS KMEIoREES . BIRBR
JEXIE 2, fidRAimh& ILIE 4. ke g RAER
HEAT, BZERSGEARRL BB, WERE

BORABRAERTE 5 M RAR SR, WIPRX RSk
Ve, w2, JRRMT BB e k&,
HHORE R 3% B AR SR S A ISR T ot 1T 5 | 28 T RS

BJ-1, BJ-2 Wird R 584k 2J-1. 232 R
7). RBUA L R Rk ) Hek JE R 4, 2R3
GRAERMIEMATE; HEAREA, BERZEX
BT R, BT K 5KPERRY 45 KR
JEiE, m&SHETARBE KM LR . B
WBIRERILE 3, FERABMLIE 5. BH)E
RO EREI R, RELA MG, XK
WAL RS, HEMENCR R T, B8
R SRR AR E ), DAL R BRI O B
S I 55 | 2 ) R VT SR

———m

()BSURAR el 52 1 i

B 2 ik 2d-1. Z0-2 BHIFIER
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Fig.3 Damage forms of specimen BJ-1 and BJ-2
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Fig.4 Load -displacement curve of specimen ZJ-1 and ZJ-2
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Fig.5 Load -displacement curve of specimen BJ-1 and BJ-2
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Fig.6 Material constitutive model
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Fig.11 Load -displacement curves of different

depth-thickness ratio side column
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Fig.12 Load -displacement curves of different
depth-thickness ratio middle column
& 3 TRIBREMSELLAHERR T FfErEHE
Tab.3 Geometrical dimensions and loads of different
depth-thickness ratio side column

GHBI GHB2 GHB3 GHB4 GHBS
PR/ mm 14 16 18 20 22
MREEL 57 50 44.4 40 36.4
JRBRFTE 560 1776 1914 2045 2166
PJ/KN
BREEE o9 2041 2197 2204 2424
P/kN
PP, 0.848 0.870 0.871 0.891 0.894
T i 0 13.8 7.8 6.8 5.9
K&/ %
IR 11.0 7.6 4.4 5.7
WA/ %

# 4 FRIBRERSELLPHBRRTHEHE
Tab.4 Geometrical dimensions and loads of different
depth-thickness ratio middle column

GHZ1 GHZ2 GHZ3 GHZ4 GHZ5

AR B /mm 16 18 20 22 24
JE AR e JE L 75 66.7 60 54.5 50
JERATE P/KN 2439 2700 2901 3100 3253
MWeBR# P/KN 2728 2952 3133 3346 3528

PP, 0.894 0915 0926 0926 0.922
RIRA3% 0 107 74 6.9 4.9
BRR%

R 0 82 6.1 6.8 54
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Fig.13 Load -displacement curves of different high-span
ratio side column
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Tab.5 Geometrical dimensions and loads of different
high-span ratio side column

GKBI GKB2 GKB3 GKB4
W MRS B /mm 600 800 1000 1200
R B I 030 040 050  0.60
JEMRAE PN 1690 1914 2143 2394
IR PN 1947 2197 2403 2580
PP, 0.868 0.871 0.892 0.928

Joi AR AT 2R B KR % 0 13.3 12.0 11.7
AR BR A7 2R B 2 /% 0 12.8 9.4 7.4
* 6 TEIEBLLPHBRRTHEHE
Tab.6 Geometrical dimensions and loads of different
high-span ratio middle column

GKZ1 GKZ2 GKZ3 GKz4
JE R 75 35 /mm 600 300 1000 1200
BREE L 030 040 0.50 0.60

JEIRAE S PJKN 2635 2901 3166 3487
MR PSAN 2905 3133 3390 3698
P,/P, 0.907 0926 0934 0943

JE R FR B R % 0 10.1 9.1 10.1
A BR Anf 33 K2 % 0 7.8 8.2 9.1

4GRS

MRPEAR XA BRICAMT AR, JRRR AR 3 2
HEAR 2 BT — A R SR, e S BOR IR 4
WIS T RN e RARE ) . HUR R Bt B
R JEBY ) A T B SZ BY R P W D5 35 . B9
IR EERER T -

(L/L)P=V, =03t h,f, (1)
P=(L/L)0.3th,f, Q)
AR RERERT
(Lle /L)P = Mu
L 12)t,h,” +(1/ 2)tfbfhw2 T 3)
(h,/2) g
P =(L/LL)[(1/6)t,h* +1,b.h,]f, 4)
A

(L/L)0.3t,h, f, = (L/LL)[(1/6)t,h>+1tbh]1f,,
0.3, =(1/L)I1/6)¢,h,)+1,b,]

% 0.3(h, /L,)[(1/6) +(t,b, [t,h )i, 85
R . — Bk e b, t,b, <20, T %42
i, e, b, =2.0, RN ERAB: b, /L, =045 .

JRRAEBT IR IERIE R, Bl A, / L,20.45 B5%
T, AREIHEARX

Voo <V, =03t h f, ®)

max w

TR AKX

V<03t h, f (6)

Rt Vo Al AR AR Al 0 ) %o R SRR it
B R RRIEARREE; b, R R
.

XA RHEATRAE, ATREHRRR f=3.7, T
JRRA R T H B, BRI Gl W o 8 IR,
AT ORIER 2, MRISHISCMIE, 8RRl 52
A p=3.TCEHETH AR RU RS 1.2 5. 5HRoTH
TR BT B D), BARGIRILIE 15, Zbbik
AR B AR AN R R SRR A 3K (6) B R 3 )
HARTAHERBRES—B, BRI AR
WIERLE, R AR B AR E N, HE
PRAT AT DL GRAIE L A P SR RE SRR AR . $RICH AR
T A2 B JR S AR 380 T DA R e 2K

5000 b o ce-- i E

1500 F e

~—u
=~

P/kN

1000

500 F

0
30 35 40 45 50 55 60

1y

(a) FHEA IR 150 J5E b JR R e i

3000 r
2500 | . - EiLHE
2000 } "-_o::;" --m--HR7TIHHE
> =
1500 | e
*
1000 }
s00 |
o :
0.2 0.4 0.6 0.8
7y
(b)HALAS [7) 7 15 b J SR A 4 L 48
3500 ¢
LS.
3000 F e e EiLHE
2’00 LT - --m--FHETHE
2000 } RS
z ~~.
=4 e
A= 1500 | Ry
1000 | g
500 F
0

45 50 55 60 635 70 75 80
1y

(c) HVREZR IR 1R JEE bl JR R Ak b 4



FEoRIE, S SO RV TRGE AR SR AT FROT AT BB O i 671

4',;\

(d) PR ) 1 5 L R 3 A 8 B A
15 HEAHNSBRTITEERIILE

Fig.15 Comparison of formula and finite element
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