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Experimental Study on Strength of Austentic Stainless Steel (STS 304L)
Fillet-Welded Connection with Weld Metal Fracture According to Welding Direction

Tae Soo Kim', Hoochang Lee’, Bokyung Hwang®, Taejun Cho® *

Abstract: Austenitic stainless steels have excellent corrosion resistance, durability and fire resistance. Especially, since STS304L among austenitic types
is a low-carbon variation of STS304 and has excellent intergranular corrosion resistance, it can often be used under the welded condition without heat
treatment after field welding. This paper investigated ultimate behaviors such as ultimate strength and weld metal fracture mechanism of STS304L
fillet-welded connections with TIG(tungsten inert gas) welding through test results. Main variables of specimens are weld length and welding direction
against loading. Fracture of specimens are classified into three modes(tensile fracture, shear fracture and block shear fracture). Ultimate strengths were
compared according to the welding direction and weld length and TFW series with transverse fillet weld had the highest strength compared with other
types(LFW series with longitudinal fillet weld and FW series with all round weld). It is known that current design specifications such as KBC 2016
and AISC2010 underestimated the strength of TFW and LFW specimens and provided unconservative estimates for FW specimens. Finally, strength
equations were proposed considering material properties of STS 304L material.
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Table 1 List and geometry of specimens

Nominal . Weld Total weld
. Fillet
Speci thickness of size length length
pecimen base metal °C °n (mm) I, =2(1, +1,)
(mm) ’
t,(mm) Lo (mm)
SALTFW40-1
40 - 80
SALTFW40-2
SALTFWS80-1
80 - 160
SALTFW&0-2
SALLFW40-1
- 80 160
SALLFW40-2
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 6.0 3.0
SALLFWS80-1
- 160 320
SALLFWS80-2
SALFW40-1
40 80 240
SALFW40-2
SALFWS80-1
80 160 480
SALFWS80-2
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Fig. 1 Geometry of specimen for SALTFW40(Unit : mm)

TN TN TN
(a) SALTFW series  (b) SALLFW series  (c) SALFW series

Fig. 2 Specimen series according to the welding direction for loading
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Fig. 3 Stress-strain curves for materials(STS304L) for 6.0 mm thick
plate

—r=6

10 Min L=100 10 Min,

(a) Drawing of weld metal cut tensile coupon

(b) Weld metal cut tensile coupon

Fig. 4 All weld metal test specimen and cut tensile coupon
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Fig. 5 Stress-strain curves for welded materials(STS304L)
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Table 2 Coupon test results for STS304L weld metal

Coupon Measured diameter ~ Young's modulus 0.1% off-set Yield  Tensile strength Yield ratio Elongation
D (mm) E(GPa) sress £, (MPa) F, ,(MPa) F,, YR(%) EL(%)

304L-W-1 2.48 173.63 418.98 758.17 55.26 44.06
304L-W-2 2.48 177.25 44233 735.84 60.11 40.19
304L-W-3 2.47 173.31 393.54 795.81 49.45 69.10
304L-W-4 2.46 170.60 370.32 697.90 53.06 53.13
304L-W-5 2.46 168.50 380.75 708.11 53.77 54.68
Average 2.47 172.66 401.19 739.17 54.33 52.23
cov 0.004 0.019 0.073 0.053 0.071 0.215
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Fig. 6 Load-displacement curves of welded specimens
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Fig. 7 Fracture shape of specimen in each series
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Table 3 Test results

Specimen Test ultimate strength Mee%sured average throat Modification factor(«) Modified strength
P, (kN) thickness(a,,, ) (mm) ala,, P, (kN)
SALTFW40-1 139.55 2.45 0.86 119.53
SALTFW40-2 142.61 2.30 0.91 130.11
SALTFW80-1 236.18 2.48 0.85 199.86
SALTFW80-2 258.68 2.37 0.89 229.37
SALLFW40-1 221.21 2.10 1.00 221.71
SALLFW40-2 208.54 2.11 1.00 207.56
SALLFW80-1 353.47 2.02 1.04 367.11
SALLFW80-2 407.17 2.02 1.04 42291
SALFW40-1 281.73 2.04 1.03 290.68
SALFW40-2 291.53 2.14 0.98 285.76
SALFW80-1 486.86 2.14 0.98 477.23
SALFW80-2 486.24 2.16 0.97 473.29

Table 4 Strength ratio according to weld length

Specimen

Mean strength

Strength ratio

Ultimate strength fracture shape

u(m (kN) (Pucm7128()/Pucm*124())
SALTFW40 124.82
1.72 Tensile crack
SALTFWS80 214.61
SALLFW40 214.63
1.84 Shear crack
SALLFWS80 395.01
SALFW40 288.22
1.65 Tensile + Shear crack
SALFWS80 475.26
Average 1.74
Cov 0.056
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Table 5 Strength ratio according to weld direction

Equation of weld length for strength ratio Strength

according to weld direction

ratio

Average

strength ratio

SALLFW40/(SALTFW40*2) 0.86 0.89
SALLFW40/(SALTFW80*2) 0.92
SALFW40/(SALTFW40%*3) 0.77 075
SALFWS80/(SALTFW80*3) 0.74
SALFW40/(SALLFW40%1.5) 0.90 0.85
SALFWS80/(SALLFW80*1.5) 0.80
SALFW40/(SALTFW40+SALLFW40)  0.85 081

SALFWS80/(SALTFW80+SALLFW&0) 0.78
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Table 6 Strength comparison of test results and design predictions

Test Nominal strength Strength ratio
ultimate of Fillet weld(~,) (P,/P,.)

ue

strength ~ A[SC ASCE AISC  ASCE
£.(N) 2010 2002 2010 2002

Specimen

SALTFWA40-1 139.55 83.56 139.27 0.60 1.00
SALTFWA40-2 142.61 76.57 127.61 0.54 0.89
SALTFW80-1 236.18 169.68 282.80 0.72 1.20
SALTFW80-2 258.68 163.43 272.38 0.63 1.05
SALLFWA40-1 22121 157.14 196.43 0.74 0.93
SALLFWA40-2 208.54 149.20 186.50 0.72 0.89

SALLFW80-1 353.47 317.56 396.95 0.90 1.12
SALLFW80-2 407.17 324.02 405.03 0.80 0.99
SALFW40-1 281.73 284.86 314.22 1.01 1.12

SALFW40-2 291.53 29247 32283 1.00 1.11
SALFW80-1 486.86 634.72 690.54 1.30 1.42
SALFW80-2 486.24 610.30 663.83 1.26 1.37

Average 0.85 1.09

(60)Y 0.329 0.137
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Table 7 Strength comparison of test results and proposed design
strength for SALTFW series

Test ultimate Proposed
. Proposed strength
Specimen strength P (KN), Eq.(6) strength
T I (W
SALTFW40-1 139.55 132.31 0.95
SALTFW40-2 142.61 121.23 0.85
SALTFW80-1 236.18 268.66 1.14
SALTFW80-2 258.68 258.76 1.00
Average 0.98
Cov 0.122
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Table 8 Strength comparison of test results and proposed design strength for SALFW series

Specimen

Test ultimate strength

Proposed strength P, (kN)

np

Proposed strength(P, /P,.)

np

P, (kN) Eq.(7) Eq.(8) Eq.(9) Eq.(7) Eq.(8) Eq.(9)
SALFW40-1 281.73 314.22 278.10 274.27 1.09 1.12 0.97
SALFW40-2 291.53 322.83 285.78 281.97 1.08 1.11 0.97
SALFW80-1 486.86 690.54 608.65 594.48 1.39 1.42 122
SALFW80-2 486.24 663.83 585.06 571.35 1.34 1.37 1.18
Average 1.23 1.25 1.08
cov 0.093 0.090 0.098
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Fig. 8 Block shear fracture section in welded connection

Table 9 Strength comparison of test results and proposed design
strength for SALFW series

Test ultimate  Proposed strength Strength ratio

Specimen strength P, (kN) P,/P,

P, (kN)  Eq(11) Eq(12) Eq(11) Eq.(12)

SALFW40-1  281.73 272.64 240.86 097 0385

SALFW40-2  291.53 280.18 247.58 0.96  0.85

SALFW80-1  486.86 596.28 524.21 1.22 1.08

SALFW80-2  486.24 573.17 503.85 1.18 1.04

Average 1.08 0.95
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