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Synopsis :

The behavior of super-heavy H-shape on pull-out type fracture at beam-to-column
connection has been studied. At the weld zone of T-joint, super-heavy H-shape has the
weakest part between heat affected zone and base metal. Theoretically, a crack under
10mm in length can cause such fracture at the part. Experimentally it occurs when
beam flange has thickness over 40mm, if connection has been designed and constructed
with ordinary method. One of the reasons is an increase of "equivalent stress" at beam
edge because of "plastic constraint" from column, and the other is existence of original
crack between beam edge and end tab. Furthermore, end tab accelerates an increase of
"equivalent stress" as column stiffener. A method against pull-out type fracture is
proposed for the connection having beam flange thickness over 40mm on the basis of
experimental confirmation of the fact that reasonable treatment of end tab prevents the

fracture.
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 Synopsis:

Tha behavior of super-heavy H-shape on pull-out type fracture at beam-to-column connection has
been studied.

At the weld zone of T joint, super-heavy H-shape has the weakest part between heat affected zone
and base metal. Theoretically, a crack under 10mm in length can cause such fracture at the part.

Experimentally it ocours when beam flange has thickness over 40mm, i connection has been designed
and constructed with ordinary method. One of the reasons is an increase of “equivalent stress” at
beam edge because of “plastic constraint” from column, and the other is existence of original crack
between beam edge and end tab. Furthermore, end tab accelerates an increase of “equivalent stress”
as column stiffener.
the connection having beam flange

A method against pull-out type fracture is proposed for

thickness over 40mm on the basis of experimental confirmation of the fact that reasonable treatment of

end tab prevents the Iracture.
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Fig. 1 Test position of base metal
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Table 1 Chemical composition of base metal (wtZ)
B S_a_mng E ST “.:—77— — s EI -‘—--__--—-'——- . PPTR - N
poston | C S [ Mo p s [ | 8o [ VoA Gre
. . . o : . L
Flange (5) | 0.14 @ 0.36 ‘ 1.28  0.014| 0.008 | 0.01 l 0.30 0.02 | 0.39 @ 0.033| 0.383
Web (18) | 0.18 ‘ 0.41 - 1.36 ‘ 0.017 | 0.010 | 0.02 | 0.33 ‘ 0.02 ~ 0.41 i 0.034 | 0.439
. 1 L I N S P

¥ Coy=C+Mn/6+ Si/24+ Ni/40+Cr/5+ V/14
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Table 2 Tensile test results of base metal
. L- dlrectmn ‘ C dlrectmn ‘ Z- dlrectlon
Test P - R E [ SR —— . _—
position |  Y.P. T.5. El. Y.P. T.5. | EL Y.P. ‘ T.5. ol
(kg/mmz) {kg/mm?®) | (%) |(kg/mm2) (kg/mm?) (%) (kg/mm) (kg/mmz) (/J
3 35.2 54.0 35 40.1 s8.4 . 35 o392 | 572 14
4 1.6 54.6 37 37.2 | 527 36 38.7 54.2 51
5 | 371 54.2 ¢ 35 38.6 ~  55.0 33 36.3 54.5 46
6 31.6 53.5 36 | o3 54.2 3 33.6 54.4 40
9 34.5 54.2 36 . 36.7 54.7 33 33.0 54.3 29
12 34.7 55.3 a3 36.3 55.3 | 0 32.4 53.9 40
16 35.1 | 55.8 5 36.0 55.3 30 33.7 54.9 41
17 36.5 . 56.3 | 33 37.9 . 57.0 25 3.6 54.7 35
18 40.0 | 58.8 | 33 39.4 58.8 31 36.8 59.8 35
19 1.8 | 56.8 3 1 408 59.8 29 39.3 58.4 26
— 4 o
Table 3 Impact test results of base metal P=-— c (L)
. Lo 1+
: o . L i (h—C)
Test L dlrectlon | C—chrectmn Z-direction ) B
posic [ g ! o 1 p LR e g coiw CIYIRE
. vdres ' wvlo 0 wdirs villy | ovirs e\ A s
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4 25.3 1 —-25 . 8.3 ; 0 7.5 0 Lo AR COD s B ik v T,
Z‘ gi;+§}i?}+; :E +$ re=0.3~0.4 L/ 5ok AERICHS AT L
} L+ -0 F Dl - oo paliel ST 1,
9 | 58| +15 39| v 29 430 BUB LD TIRMRBR L W TRARIT &
L . _ <7 - E
12 7.0 415 2.2 +40| 3.9 =40 TRB B =04 HHRA L R
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17 5.0 420 1.0 +45 | 1.71 +45 DR YT A R, Fig.3 3 -20°C, -60°C,
18 | 4.4, 430 2.8 +40 12| +30 —100°C itk 2 @ TH Y, WAL D HME 7
19 2.9 445 2.0 +50 19| 445
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Table 5 Mechanical properties of the plates for beam ﬂanges

Thlckness Y P. | T. S

\ EL | «E | T

(mm)  (kg/mm®)  Ceg/mm? | (%) - kgem) [ (°C)
s 3.3 560 M5 53 | -a5
50 l 3.2 544 3.0 | 6.5 i -5

S sz 87 83 | 0.0 | 50 6
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Table 6 Results of pull-out type fracture test (I)
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H508(50)a 590 808 33,7 46,2 75 - {‘;Ltl‘lifm iype)
H508¢50)b 641  ou 36,6 52,2 9.6 ?;jfltll_fmt type)'
HS0S(25) 585 804 13, 4 51,1 14,8 Ductile

CHs0S0)  se 802 33,8 510 200 Ductile
Hags(s2) 400 58T 357 52,4 197 Ductile )
M32S(16; a7 581 .6 51y 193 Dudtile
Hi1258¢05 485 34, 4 52.7 3.3

Ductile
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Table 7 Calculated results of ductility factor
based on strain at weld zone

Type of Axial force| __e/_e“ o
panel zone | of column 8/80=2 | 6/6e=3 8/, =4
o | 72| 1.3 ‘ 14.4
R type 0.2 P, | 71 IL3 143
0.4 Py | 7.1 111 i 14.2
o | 12| 27| 58
M type 0.2 P, ‘ 1.2 ‘ 2.6 ‘ 5.4
0.42, | 12| 25| 52
¢/ee + Ductility factor based on strain at weld
zone
8/8e - Ductility factor based on displacement
of frame

60 T T T
£« ¢ Normal strain in longitudinal
direction
E |
E
3
=
o
= _
wr
[
v
=
=
= 200 —x— H503(50)a .
—e— H505(25)
—a— H505{0)
10 -1
13 i 1
0 10 000 20 000 30000 40 (00
ga (X105

Fig. 13 Relationship between mean stress and
strain at the center of beam flange
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75w EREATF 7 HE (L) OHKE
fLEaio, Ik, FECAMEY, FHioiLh 7
Z v EAOmm OB R BT A £ L LT, K
h 75 v OENMmMO L, OTHAF 7 FEOE
FhNE L, £, 2h 75 vER2ZmmoD
MBS TR A7 FEOEEVERCBE C T L
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Foa VL0 7 5 v ST o SR OB BUPE T
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Table 8 Dimensions of test specimens

Specimen} (n-f];n) ‘ (mm) ‘ (rnb:;]) ‘Groove
_1'{50;5_('56)”""_“55" ‘ 50 ‘ 477 ' v
Hsdrs'(fﬁf()ﬂﬁvm 4w ‘ a7 ‘ v
ﬁéds@z)“‘ 50 | 32 ‘ 477 ‘ »
H50S(25) ‘ S50 | 25 7‘777 wr | v
HA05(40) 1 a0 | a0 0w |0
H4(}S(40)21. 0 '40”7‘ o Tﬁ[/”
Ha08(32) 40 | 32 477 ‘7 v
ngs'(Sb)ﬁ‘ii?{zw ‘ 50 ‘ 477 ‘ "
H32s(32) | 32 . 32 ‘ 477 ‘7 v
H.Q;é“S(()) bogg e ) : 477 o

Table 9 Mechanical properties of the plates

for beam flanges

Thickness -

Y. P

T.8.

322 RBARSIUVRERRZE

B HELER L ERBETHLL, DT TV
D OIEERED A A, BT L, £
75 v b 0mm DLLE 3 e -
%, 350mm i 1 TS — o 2 MG
5 BHEN Tt T, 77 vidh
100mm + 350mm O RLEW R & o T —
CTEBESME L, S0 28w X-Y v
a - F-CHCREEEL, ol BETAYPRO
ERDOFRELRI Y B RBEL .

3-2-3 EBRERLEE

(1) Bid X URERR

FERriE 4 4 Table 10 1R+, 3 >0 SRR
Bk TR L & © A, Burdekin
DI OEER L R BT E S o
Eddehnaste, Lichw T, 22 THAEEREN
H#, E-7 2T M HREE (DF) ke

. El - = _ Sr o,
@m) | Gefmmt)  (g/mm | (%) Do RBBUEL BT BUBERAAL
— = e s b, TREE CL o bR, %
50 e | 2.8 T h, E:%F]L.\b fﬁ‘b?}l CBHZED i::v »J =
DA | I b BATEIES Cmoh T 7 7 v 2 O
40 | ) 4 X o . o B
CoEs s |2 wmaix . =y A 7 OBET
82 36.7 65.3 | 29.4 BE SR X RoORE SRS R, 7k, H
BEOEMC L ERA LSBT SRR S h, ¥
Table 10 Results of pull-out type fracture test (I
Load \ Stress in beam flange T
i i
Specimen  |—e o= s (F ) o (kg/mm? D, F Fracture
Y.P. | Max. Y.P. ‘ Max. |
H505(50) 610 950 | 36.6 ‘ 54.3 17.7 | Ductile
H50S(40) 643 i 955 | 36.7 ‘ 54.6 19.0  : Ductile
i i
T SEHIN SR R - I
H505(32) 645 ‘ 0% | 369 ‘ 53.5 ‘ 1.3 ‘ Cbntout type)
) - T PBrittle
HS0S(25) 617 ‘ 900 ‘ 3.3 ‘ 51.4 ‘ 124 | Finout type)
H40S(40)1 529 | 749 | 3.8 | 535 ‘ 18.3 ‘ Ductile
. : _. i S I e . s
H405(40)2 ‘ 522 ‘ 736 ¢ an3 | 524 ‘ 19.5 Ductile
H405(32) ‘ 520 732 ‘ szs | s23 18.8 Ductile
HS2S(50) 3% | 5% | 3.6 | 531 | 26 | Ductil
H325(32) ‘ 399 | 59 | 3.6 ‘ 52.7 23.0 Ductile
H328(0) | 395 ‘ 588 1 35.3 52.5 | 19.0 Duclile
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Table 11 Results of pull-out type fracture test (devised joint details)

T " Ldad T Stress in beam flange
Specimen  —--—— (D o Lkg/mm® ‘ D.F. | Fracture

| Y.P. ‘ Max. Y.P. Max. 1 i
 H50S(50)d-1 ‘ o9 | 938 37.1 53.6 l' 154 | Ductile
 HB0S(50)d-2 | | 635 :j 932 36,3 3 7%3—"rﬂ1a1 ‘A-DMMe
'_Eisd§E563;"1 ‘ e | 924 5.8 | 52.8 ‘ 18.6 ‘ Ductile
' I{5OS(50)e 2 ‘ 633 ‘ U3 | 362 ‘ 53.9 ‘ 7.0 | Ductile
HS05(50)1-1 | 634 -“"}” e ' (ggfg) ”Wﬁw ae.7 11.9 _(____}SGZELQ_“__"
' I{SOS(SO)f 2 | 6307 "i" 912 (2643 @& 0.6 ‘ uii;;xk -

( ) : Stress in the cross section contamed tab plates
d : End tab cutting

e : End tab and fillet cutting

{ : Tab plateTuse
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