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An Experimental Study on Block Shear Fracture of Base Metal in Ferritic
Stainless Steel Welded Connection

Kim, Tae Soo'*
'Professor, Department of Architectural Engineering, Hanbat National University, Daejeon, 34158, Korea

Abstract - Many researches on the application of stainless steels as structural steels have been performed thanks to their material
properties such as superior ductility and corrosion resistance. Ferritic stainless steels(STS430) with little or no nickel have been
used increasingly in building structure because it is inexpensive compared to austenitic stainless steels(STS304) with nickel, but
provide performances similar to the austenitic stainless steel. This paper deals with block shear fracture behavior of base metal
in stainless steel welded connection. Although the block shear fracture behavior for welded connection due to stress triaxiality is
different from that of bolted connection, the block shear strength of welded connection in current design specifications has been
predicted based on that of bolted connection. The main parameters are weld length and welding process(Arc and TIG welds). The
ultimate strengths of TIG welded specimens were higher than those of arc welded specimens and current design predictions by
AISC, EC3 etc. were compared with test strengths.
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(a) Bolted connection (b) Welded connection

Fig. 1. Block shear fracture path and section area

20164 104



Eurocode 3(1996)o]| A<= Coped beamo] 3t E-&
b Y2 Al AL Qlon], ek elgetiel &
Wl AHrkgrie) 23kl B2 S 485t glou,

SGAGAGE 0.604le] 1/ V3 & AMgEITh

(U

P,=FA,+FA,/V3

nt

—~
>~
g

=

o il
1%

Topkaya(2004, 2007)"° 1= @
E(Gusset plate) 2] &2 o]
ATANE Fotel 84
o]-s]_ A}t LAAHT] 9]

Y
£

o

>
D (o
2

2
e
Jhu
R
e
-
il
1>

o

o poh (Mm@

O
-

fm aN

tr C
oo =2 rlo
r 1o e

i)
rlo

ok

ofh
o br
i)

(Stress triaxiality) uj
Topkayat 4F&-5-29
e e PR
Shi1 415 BHoJA AISCOIA] AAI5H
SA4 0.6T141 1/v/3 & Al thgat
sk 242 A,

=

F,
P,

u* gt

Oosterhof et al & 7|&AFATe} MUt 712 71&

CSA S16-09(2009)"7¢] B2 ckulct 712241 (4] (7)) 4=
2 o]_o:] 1:}2_31]_ e 2] (6)& AoketATH® . Topkayart Al

He

gl o <

Ve g

I'_E% %\J_

A0 Bt A E A8tk Aot} CSA S16- 097l—v—°ﬂ
A= Aol whet Fig, 29 o] S5 duitholA]
ol e QTR faA(0)7F 9EA L,
FaEATFSEATE 0.6 AE31aL Qltt, Oosterhof and
Driver™= QIAultre] GaAGE Topkayaot FUg
1,255 AAsHaL Qe

e
U,=0.9
Fig. 2. Efficiency factor of block shear fracture in CSA
S16-09 connection type

P, =125FA Lrh, (6)

u*nt 2\/§ qu

—CSA S16—09

E,+F,

PI EIAIIf +0. 6A 9 (7)
3. AEAY R 3
3.1 A A=}

2 Aol M= & 14719] At A9l ow(2015),
AAA g %—’F 3He- Table 19] Ze|Rie}, #Hefo]| EA 28
Q127 STS430 A Ao 84 ook -8 of wE
g} AR A a7 (Shear—lag effect) S F71517] 9
sjol shauat s HZae] 844el(T, DE 20, 80,
Table 1. List and geometry of specimen

Weld length (mm) |Total weld| Weld

Weld . ) length | length
Specimen | Transverse| Longitu- .

type ’ (mm) ratio
(T) |dinal (L) l,=T+2L| LIT

FT20L20-A 20 60 1.00
FT20L30-A 20 30 80 1.50

Typel FT20L40-A 40 100 2.00
(Arc | FT30L30-A 30 30 90 1.00
weld) | FT30L40-A 40 110 | 1.33
FT40L30-A 10 30 100 0.75
FT40L40-A 40 120 1.00
FT20L20-T 20 60 1.00
FT20L30-T 20 30 80 1.50

Type2 FT20L40-T 40 100 2.00
(TIG | FT30L30-T 30 30 90 1.00
weld) | FT30L40-T 40 110 | 133
FT40L30-T 40 30 100 0.75
FT40L40-T 40 120 1.00
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Table 2. Material properties of weld metal in KS Table 3. Tensile coupon test results of STS430 material
Yield | Tensile - " Actual | Elastic | Yield | Tensile| Yield - "
Weld | stress | strength | = 21" . Coupon |thickness|modulus| stress |strength| ratio | o Of
(EL) Heat treatment in KS EL
metal | 7, F, %) name t, E F, F, | LFJF, %)
(MPa) | (MPa) ° (mm) | (GPa) | (MPa) | (MPa) |YR(%)|
sta30| 320 | 530 37 [PWHT(Post w?éd heat SFT30-1| 2.98 |177.29 |247.30|401.20 | 61.63 | 42.46
treatment, 760, 2Hr SFT30-2| 2.99 |160.62 [258.17| 412.81 | 62.54 | 42.24
KksT430l 380 | 530 27 EZ?;é:tosggvgféd gﬁrt SFT30-3| 2.82 | 200.60 |274.32| 424.58 | 64.61 | 42.16
’ ’ Average| 2.93 | 179.50 [259.93 | 412.87 | 62.93 | 4228
‘ N ) _ COV | 0.027 | 0.091 | 0.043 | 0.023 | 0.020 | 0.003
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(@ FT20L40-A, shear crack

() FT20LA0-A, tensile crack
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Table 4. Test results
. Measyred plate Ultimate strength ‘Ultlmate Fracture mode at
Specimen thickness displacement Fracture sequence
P, (kN) test end
t,(mm) (mm)
FT20L20-A 2.87 84.77 4.65
FT20L30-A 2.85 99.86 5.84
FT20L40-A 2.88 116.33 9.71
FT30L30-A 2.96 113.19 5.95 Shear crack — tensile crack
FT30L40-A 2.64 124.07 9.05
FT40L30-A 2.90 117.80 6.85
FT40L40-A 2.86 131.03 12.08 Block shear
- P fracture
FT20L20-T 2.98 90.75 6.52 Tensile crack — shear yielding (BS)
FT20L30-T 3.08 109.27 10.46 Tensile crack — shear crack
FT20L40-T 2.99 132.30 21.47 Shear crack — tensile crack
FT30L30-T 2.95 127.60 15.13 Tensile crack — shear crack
FT30L40-T 2.96 146.90 23.17 Tensile crack — shear yielding
FT40L30-T 2.70 132.59 15.67 Tensile crack — shear crack
FT40L40-T 2.84 159.45 29.07 Tensile crack — shear yielding
st =R A28W ASE(ET A1445) 20169 109 309
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Table 5. Comparison of test ultimate strength

Measured plate . Modified Modified . .
Specimen thickness Ultlm;te(ksg)e ngth ultimate strength | ultimate strength PStre?P%th ratlLo [S)trength/;atlo
t,(mm) e P, (kN) P, (kN) ueml™Zueml="min| “uem2= 1" T ue =4
FT20L20-A 2.87 84.77 84.77 84.77 1.00 -
FT20L30-A 2.85 99.86 100.56 99.86 1.19 -
FT20L40-A 2.88 116.33 115.93 116.33 1.37 -
FT30L30-A 2.96 113.19 113.19 113.19 1.00 -
FT30L40-A 2.64 124.07 139.11 124.07 1.23 -
FT40L30-A 2.90 117.80 117.80 117.80 1.00 -
FT40L40-A 2.86 131.03 132.86 131.03 1.13 -
FT20L20-T 2.98 90.75 90.75 87.40 1.00 1.03
FT20L30-T 3.08 109.27 105.72 101.11 1.16 1.01
FT20L40-T 2.99 132.30 131.86 127.43 1.45 1.10
FT30L30-T 2.95 127.60 127.60 128.03 1.00 1.13
FT30L40-T 2.96 146.90 146.40 131.02 1.15 1.06
FT40L30-T 2.70 132.59 132.59 142.41 1.00 1.21
FT40L40-T 2.84 159.45 151.59 160.57 1.14 1.23
Table 6. Strength comparison of test result and design prediction
Design strength(2,,) and strength ratio(2,,/P,,)
1Weld Weld size Test Oosterhof
ength s,(mm) |ultimate| AISC2001 | AISC2001 | AISC2010 EC3 Topkaya /
Specimen | (Mm) strength|  Eq.(1) Eq.(2) Eq.(3) Eq.(4) Eq.(5) E; ?6)
P .
TlL 1.3,46| 2,5 (k;\;) r, |\PJ\|\P, |PJ| P, |P.J| P, |P,J| P, |P.| P, |P.t
sides | sides KNP, | KN)| P, | (KN)| P, | KN)| P, |(KkN)| P, |(kN)| P,
FT20L20-A 20| 4.11 | 4.68 | 84.77 |46.42| 1.83 |45.79| 1.85 |52.14| 1.63 [40.93 | 2.07 |69.48 | 1.22 |57.14| 1.48
FT20L30-A| 20 | 30 | 4.29 | 4.71 | 99.86 [66.21 | 1.51 |61.79| 1.62 | 69.43| 1.44 [49.20| 2.03 |90.39| 1.10 |74.50| 1.34
FT20L40-A 40 | 435 | 4.54 | 116.33 [82.71| 1.41 |74.62| 1.56 |85.19| 1.37 |58.36| 1.99 |109.68| 1.06 |[89.62| 1.30
FT30L30-A 30| 4.51 | 463 |113.19|7597| 1.49 |74.28 | 1.52 |84.98| 1.33 163.32| 1.79 {103.04| 1.10 [90.22| 1.25
FT30L40-A 30 40 | 531 | 5.80 | 124.07 | 86.48| 1.43 |83.26| 1.49 |89.58| 1.39 [64.39| 1.93 |124.49| 1.00 |100.48| 1.23
FT40L30-A 40 30| 459 | 570 | 117.80|84.08| 1.40 |87.60| 1.34 {95.87 | 1.23 |74.01| 1.59 |121.46| 0.97 |106.76| 1.10
FT40L40-A 40 | 422 | 5.70 |131.0399.12| 1.32 |98.64| 1.33 |109.48| 1.20 |81.57| 1.61 |139.10| 0.94 |119.69| 1.09
FT20L20-T 20| 4.12 | 3.55 | 90.75 |48.21| 1.88 |46.49| 1.95 |54.14| 1.68 [42.50| 2.14 |97.00| 0.94 | 58.01| 1.56
FT20L30-T| 20 | 30 | 4.94 | 4.90 | 109.27 | 65.74| 1.66 |58.96| 1.85 |71.21| 1.53 |53.17| 2.06 {131.43| 0.83 |73.55|1.49
FT20L40-T 40 | 4.61 | 437 |132.30|77.86| 1.70 |65.63| 2.02 | 83.38| 1.59 |60.18 | 2.20 |150.24| 0.88 | 81.84| 1.62
FT30L30-T 30| 4.22 | 3.62 | 127.60 |70.08 | 1.82 |67.47| 1.89 |80.39| 1.59 |63.10| 2.02 |136.78| 0.93 |84.20| 1.52
FT30L40-T 30 40 | 4.19 | 4.17 | 146.90 | 71.04 | 2.07 | 73.42| 2.00 |92.43| 1.59 |68.90| 2.13 |163.86| 0.90 [96.61| 1.52
FT40L30-T 40 30 | 4.04 | 424 |132.59(89.03| 1.49 |86.50| 1.53 [103.18| 1.28 |81.00| 1.64 {140.30| 0.95 |91.64 | 1.45
FT40L40-T 40 | 436 | 471 | 159.45|95.51| 1.67 |92.38 | 1.73 |111.18| 1.43 |87.27| 1.83 |173.43| 0.92 |107.94| 1.48
?a\;:e- 1.62 1.69 1.45 1.93 0.98 1.39
COV |0.131 0.135 0.107 0.103 0.103 0.116
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