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Numerical Study of Mechanical
Behavior of High Strength Steel Flange-
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Abstract: ABAQUS was adopted to
simulate the mechanical properties of high strength steel

In this paper,

(HSS) flange-welded web-bolted connections in fire.
Based on the validated numerical model, parametric
analysis of HSS flange-welded web-bolted connections
was conducted. It is shown that: as the temperature
increases, M,.,, M, and K, of the connections decrease
correspondingly. Compared with the connections made of
higher strength steel matched with thin beam-column
flange and web, the connections made of lower strength
steel matched with thick beam-column flange and web can
obtain a similar plastic bending bearing capacity and
rotational capacity, thus realizing the optimal design of

connections.
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Tab.1 Dimension of connections

[16]

HEHER/ (mm X

HERE ARSI/

RilsE 25 #/(mm>Xmm>Xmm) FE/(mm X mm X mm) R
mm X mm) (mm>Xmm>Xmm)

Q690A1 H300X180X10X12 H340X200X10X12 200X 180X 10 316 X95X12 10. 9g¢ M27

QI960A1 H250X180X10X12 H300X200X10X12 200X 18010 276 X95X 12 10. 9 M27

Q690E1 H300X180X10X12 H340>X200>X10X12 20018010 316 X95X 12 10. 9% M27

QI60E1 H250X 180X 10X 12 H300X200>X10X12 20018010 276 X95X 12 10. 9g¢ M27
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Fig. 1 Mesh generation of finite element model
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Fig. 2 Tie constraints in finite element model
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tween test and finite element simulation of
Q960E1
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and finite element simulation result of Q960E1
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Fig. 8 Weld zone (tensile zone) of beam flange-col-
umn flange between test and finite element
simulation result of Q960E
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Fig. 9 Comparison of M -0 curves between test and finite element simulation
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Tab. 2 Component information of the connections in CW series

I z.,/mm 4/ (mm X mm X mm) 28 /(mm X mm X mm ) ﬁfiﬁ;iﬂr;n;x A4 ’ﬂﬂﬁzﬁfﬁ‘%}
CW1 8 H350X200X8X12 H300X200X8X 10 200X200X8 10. 9% M27 Q690
CW2 10 H350X200X10X12 H300X200X8X10 200X 200X 8 10. 9% M27 Q690
CW3 12 H350X200X12X12 H300X200X8X10 200X 200X 8 10. 9% M27 Q690
700 & 10 F15k 3 Al A 4548  AE— el N, Hiek
600 - s PR N A JRE S M., B A TS M) 5 B J AR R 2 )
z 500 & Hahn, MK AR W R SR8 T 0, F . AR
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= /N
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Fig. 10 M-6 curves of connections in CW series gﬁ%ﬂ@k?@fiﬂ 'ijn uﬁﬂ% 4 7R, CF &35 f
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Tab. 3 Mechanical behavior of connections in CW

series
K./
to/ M,/ 0./ M,/ 0./ i
y=a= ow y y max max’ .
i mm (kNem) (mrad) (kNem) (mrad) ( kml\)I %
CW1 8 450.32  13.06 594.73 60.07 69526 0.22
CW2 10 540.21 12.50 602.47 36.25 85609 O0.34
CW3 12  600.02 12.31 607.70 14.99 99774 0.82

M-0 K Z ML E 11, i35 8 M—0 i3k 15
R PEWIE e aﬁﬁni‘%ﬁﬁmo
F L 11 198 5 AT AR 4598 AE— @ Tu P,
ARG N M, M, %ﬂ&.gﬁ%ﬁﬁﬁ;l@ﬁ%ﬁﬁ
SR BIBE TN, M, M, K 53 SIS T 0, T
WIS o E NN T, 1 S A 2 S i, 1 Y
AT B, B8 T A0 725 4 8 P 3 % R A
SRR, HCM, M AT BTSN, A A3 )R
JEE P RO X 4T 0 8 P T A S R



H11M

SRIBLL, 45« IR iy Sk AR R 16 75 5 1 S P RE R T 1593

F4 CFRITEAZAHKER

Tab. 4 Component information of connections in CF series

G Z,,/mm #:/ (mm >} mm >} mm) 2/ (mm > mm>Xmm) ﬁ?ﬁfflx/;r?nrr)lemX LY %HZ%E;%F
CF1 12 H350 200X 10X 12 H300 200X 10X 12 200200 10 10. 9% M27 Q690
CF2 14 H350< 200X 10X 14 H300 200 10X 12 200200 10 10. 9% M27 Q690
CF3 16 H350< 200X 10X 16 H300X 200X 10X 12 200200 10 10. 9 4% M27 Q690
900 - x5 CFRIITTRANFMERE
800 | [ ————— Tab.5 Mechanical behavior of connections in CF series
700 | i
E 600 | P W M) 6/ My 6, K
< éﬁ % cf y Y’ max max ( kN . ()‘d
Z 500 - mm (kNem) (mrad) (kNem) (mrad) m)
s 400 CF1 12 550.15 12.80 750.23 81.46 86661 0.16
I s B B T i CF2 14 560.21 12.10 759.33 75.85 87852 0.16
2001 —CR2 CF3 16 570.46 11.86 766.26 71.79 87900 0.17
T o) S UM N B SO S CF3
0 20 40 60 80 100 . . . e
py— JEFEANRI (LA FR A ST R 1)) (5 5 A9 e 3% 12 77 0%

B 11 CF&RIITEM-0fE

Fig. 11 M-0 curves of connections in CF series
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Tab. 6 Component information of connections in SH and ST series
7 Gii ' i/ (mm>X mm>Xmm) 2 /(mm X mmXmm) ﬁ%m/gﬁﬁx mm < T %Hzifg%
SH1 H350}200X10X12 H300X200X10X12 160200 X 10 10. 94 M27 Q690
SH SH2 H350% 200X 10X 12 H300X 200X 10X 12 1803200 10 10. 9% M27 Q690
SH3 H350X200X10X12 H300X200X10X12 200X 200X 10 10. 9% M27 Q690
ST1 H350X200X10X12 H300X200X10X12 200X 200X 8 10. 9% M27 Q690
ST ST2 H350X200X10X12 H300X200X10X12 200X 200X 10 10. 99 M27 Q690
ST3 H350X200X10X12 H300X200X10X12 200X 200X 12 10. 9 M27 Q690
ST4 H350X200X10X12 H300X200X10X12 200X 200X 14 10. 9% M27 Q690
800
700
600
E 500 -
< 400
= 300
200
100
i
0 0 20 40 60 80 100
6/ mrad 6/ mrad
a SH#ZI b ST#J%I
E12 SHIMSTRIITEM-0#Lk

Fig. 12 M-6 curves of connections in SH and ST series
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Tab. 7 Mechanical behavior of connections in SH

and ST series

M,/ 0,/ M. ../ 0./ K./
| sp1 ¥ y max max ini
R (kNem) (mrad) (kNem) (mrad) (kNem) %
SH1 552.95 13.05 714.39 66.02 86782 0.20
SH SH2 550.25 12.59 732.43 75.06 86811 0.17
SH3 555.61 12.76 749.25 80.85 86810 0.16
ST1 557.05 12.95 739.81 76.03 86484 0.17
ST ST2 558.68 12.74 749.14 81.02 86497 0.15
) ST3 550.38 13.03 755.96 84.91 86005 0.15
ST4 549.81 12.86 761.50 87.37 86211 0.15
4.4 12

IR TV T (DL R fRIFRA P 250D 20550 (50 |
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) B 15K 7, SR 3 A R R A 2 ] A 4 f
JE 7 DT 388 K% 2 Al RN DR i Al 2 (R ) B4 ), fili B
TG AT R ALK Y 5 e 2 B i ) 9 TCUH S 52
BE AR, v o A AR 2 2 i A B IR — AN R AR 4
o WCATAR A58« AR R (1 T ) IRAR B AR
B R BB B A O 1 ) B A R T S
(RIFEI
4.5 BFE

XA AN R A5 T B (A AR 11 i ) T
RESEAT A9, B4 B B 1% Q345.Q460., Q690
QO60 VUi B 45 9% 1757 A5, A RS2 H350 X 200 X
10X 12, 22 R~F 4 H300 X 200X 10 X 12, & 34N~
200X 200X 10, 1 58 B2 A% 45 9 R 10. 9 9 M27, fi
it Yk B2 5 b i B A ORI A g, R 11
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Tab. 8 Component information of connections in P series

i . oy = R A
g YRR T X ¥/ (mm>< mm>< mm) ¥/ (mmm X mm < mm) HEHAR/ (mm X mm X [P A 5 3 45
J1/kN mm) 2%
P1 0 H350X200>X10X12 H300X200X10X12 20020010 10. 9% M27 Q690
P2 50 H350}200X10X12 H300X200X10X12 200X 200X 10 10. 9 M27 Q690
P3 100 H350X200X10X12 H300X200X10X12 200X 20010 10. 9 M27 Q690
P4 290 H350X200X10X12 H300X200X10X12 200X 200X 10 10. 9% M27 Q690
£9 DMSRIBAKAMHER
Tab. 9 Component information of connections in D and S series
Y G #:/(mm>Xmm>Xmm) 2/ (mm >} mm > mm) EREHR/ (mm X mm X mm) T BB o8 B 25
D1 H350X 200X 10X 12 H300X200X 10X 12 20020010 10. 94 M20 Q690
D D2 H350<X200X10X12 H300X200X10X12 200X 200X 10 10. 92k M24 Q690
D3 H350}X200X10X12 H300X200X10X12 200X 20010 10. 9% M27 Q690
3 S1 H350X200X10X12 H300X200X10X12 20020010 8. 8 M27 Q690
. S2 H350X200X10X12 H300X200X10X12 20020010 10. 94 M27 Q690
800 ‘ 800 -----r----mqmmm e oo 800 reesssmer s e
600 | 600 |- ot b 600 koot
E) | g E
Z 400 i 71 J O S S U S S Zaoo it
S | S | S ;
200 ; 200 Hoooodooode s DI. 200 Hoooorooodoe S1
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i i L j 0 : ; ‘. ; j N S S R
0 20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100
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a PR b DR ¢ SR

Fig. 13 M-0 curves of connections in P, D and S series
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Tab. 10 Mechanical behavior of connections in P, D,

Fx11 XGRS
Tab. 11 IDs of test specimens

and S series TR Q345 Q460 Q690 Q960
N o e 20°C T1-1 T1—2 T1-3 T14
EVIE y b, O o, 300°C T2—1 T2—2 T2—3 T2—4
(kNem) (mrad) (kNem) (mrad) (kNem) ¢ 5
400°C T3—1 T3—2 T3—3 T34
Pl 558.62 13.12 709.19 68.86 85628 0.19 500°C T4—1 T4—2 T4—3 T4—4
, P2 557.65 13.65 71104 69.27 83305 0.20 550°C T5-1 T5—2 T5—3 T5—4
P3  552.34 13.47 712.33 70.13 83344 0.19 600°C T6—1 T6—2 T6—3 T6—4
P4 557.87 13.14 720.55 74.05 83421 0.17 700°C T7—1 T7—2 T7—3 T7—4
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Fig. 14 M-0¢ curves of connections in temperature series
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Tab. 12 Component information of connections in MG series
i A/ (mm>Xmm>Xmm) 2/ (mm>XmmXmm)  #EER/ (mmXmm>Xmm) AR AR o i S
MG1 H350<X 200X 20X 24 H300X 200X 20X 24 20020010 10. 9% M27 Q345
MG2 H350X200X16 X 18 H300X200X16 X 18 200X 200X 10 10. 9g¢ M27 Q460
MG3 H350X200X10X12 H300X200X10X12 20020010 10. 9g¢ M27 Q690
MG4 H350X200X8>X10 H300X 200X 8X10 20020010 10. 9% M27 Q60
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200 Tab. 13 Mechanical behavior of connections in MG
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| | MG2 Q460 561.54 8.32 833.92 58.85 131300 0.15
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