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An Experimental Study on Ultimate Strength of
Carbon Steel Welded Connection
with Weld Metal Block Shear Fracture
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Abstract - The purpose of this study is to investigate the ultimate strength of carbon steel (SS400) fillet-welded connections with
weld metal fracture not base metal fracture through monotonic tensile test. Main variables of the specimens are weld length and
welding direction against applied force. Three types of specimens with transverse fillet weld against loading direction (CTFW
series), longitudinal fillet weld against loading direction (CLFW series) and full fillet weld (CFW series) failed by tensile frac-
ture, shear fracture and block shear fracture in the weld metal, respectively. Test strengths were compared with design strengths
calculated by current design specifications (Korean Design Standard [KDS] and American Society of Steel and Construction
[AISC]) and the design codes tended to underestimate the weld metal fracture strength of test results by up to 73 %.
Keywords - Carbon steel, Welded connection, Weld length, Welding direction, Weld metal fracture, Design code
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Table 1. Specimen list

icknessof | Fillt | Ocometsy | Total
Specimen base zmetal S:je enlf;t
i) (mm) | | [, | (mm)
CLFW25-1 - 25 100
CLFW25-2 - 25 100
CLFW40-1 - | 40 160
CLFW40-2 - 40 160
CLFW60-1 - | 60 | 240
CLFW60-2 - 60 240
CTFW25-1 25 - 50
—_— 12.00 5.00
CTFW25-2 25 - 50
CTFW40-1 40 - 80
CTFW40-2 40 | - 80
CTFW60-1 60 - 120
CTFW60-2 60 | - 120
CFW40-1 40 | 40 240
CFW40-2 40 | 40 240
Iy I
b b
| |
Y, U U
(a) CTFW (b) CLFW (c) CFW

Fig. 1. Specimen type and geometry

280

140

12

12

=

5v 120

Fig. 2. Assembly of weld specimen
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Table 2. Material test results of 12 mm thick base material tests

Measured Young’s modulus | Yield strength Tensile strength Yield ratio Elongation
Coupon thickness E F, F, Fy/F, EL
(mm) (GPa) (MPa) (MPa) YR (%) (%)
CI12T-1 11.91 225.41 286.67 454.67 63.05 43.74
C12T-2 11.77 179.23 288.58 462.18 62.44 41.60
CI12T-2 11.75 178.18 289.69 464.20 62.41 44.30
Average 11.81 194.27 288.31 460.35 62.63 43.21
cov 0.007 0.139 0.005 0.011 0.006 0.033
ol Weld metal coupon
T2 Heat affected zone coupon Base metal coupon
—] S[5 ©17
L Tgl T
T/2 O
[12]

@Kl
5]

B =30

B L=24
P=30

(c) Set-up of material test

(b) Geometry of round coupon

Fig. 3. Fabrication, geometry and set-up of round coupon
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Table 3. Material test results of round coupons

Diameter Young’s modulus | Yield strength Tensile strength Yield ratio Elongation
Coupon D, E 17 17 1751y EL
(mm) (GPa) (MPa) (MPa) YR (%) (%)
CBEAD-1 2.51 197.87 392.96 498.06 78.90 22.19
CBEAD-2 2.50 200.52 386.29 504.97 76.50 23.19
CBEAD-3 2.51 203.00 385.75 515.02 74.90 22.44
Average 2.51 200.46 388.33 506.02 76.77 22.61
Cov 0.002 0.013 0.010 0.017 0.026 0.023
CHAZ-1 2.52 201.65 354.43 442.97 80.01 29.38
CHAZ-2 2.56 212.28 384.97 439.98 87.50 26.63
CHAZ-3 2.53 202.83 367.86 467.72 78.65 29.00
CHAZ-4 2.52 205.38 367.73 465.69 78.96 28.25
CHAZ-5 2.52 207.62 376.78 437.49 86.12 23.88
Average 2.53 205.95 370.35 450.77 82.25 27.43
Ccov 0.007 0.021 0.031 0.033 0.051 0.082
CBASE-1 2.53 203.60 364.21 436.33 83.47 22.19
CBASE-2 2.50 197.66 364.56 443.83 82.14 23.19
Average 2.52 200.63 364.39 440.08 82.81 22.69
Ccov 0.008 0.021 0.001 0.012 0.011 0.031
600
500
2 2
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.35
Strain Strain
(a) CBEAD (b) CHAZ
600
—— CBASE-1
500 ——— CBASE-=2
~ 400
=
< 300
=
£ 200
100
0
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Strain
(c) CBASE

Fig. 4. Stress-strain curves obtained from the material tests of round coupon
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Fig. 5. Geometry of fillet weld part

Table 4. Specimen list and measured dimensions
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Fig. 6. Weld length symbol of specimen
by welding direction

Measured Measured Measured Total Measured Effec'tive throat

Plate front weld length back weld length weld weld size thickness
Specimen | CUSE | Bl el i (mm) (o

te L, L, Ls Ly Ls Le L S S> | Average, S. a; =0.7S.
CLFW25-1 11.41 24.48 | 25.21 - 24.14 | 25.21 - 99.04 | 7.86 | 6.85 7.36 5.15
CLFW25-2 11.70 | 24.27 | 27.86 - 24.32 | 25.40 - 101.85| 7.78 | 6.60 7.19 5.03
CLFW40-1 11.73 39.89 | 38.90 - 42.80 | 39.46 - 161.05| 7.49 | 5.89 6.69 4.68
CLFW40-2 11.79 37.60 | 40.00 - 39.31 | 40.41 - 157.32] 697 | 5.86 6.42 4.49
CLFW60-1 11.82 62.82 | 59.39 - 58.33 | 65.27 - 24581 7.05 | 6.02 6.54 4.57
CLFW60-2 11.83 63.83 | 60.56 - 59.89 | 58.51 - 24279 6.82 | 6.13 6.48 4.53
CTFW25-1 12.87 - - 29.80 - - 31.02 | 60.82 | 8.03 | 6.73 7.38 5.17
CTFW25-2 11.80 - - 31.80 - - 31.30 | 63.10 | 8.19 | 5.50 6.85 4.79
CTFW40-1 11.57 - - 41.01 - - 45.84 | 86.85 | 8.35 6.11 7.23 5.06
CTFW40-2 11.53 - - 43.60 - - 46.50 | 90.10 | 7.06 | 6.67 6.87 4.81
CTFW60-1 11.86 - - 62.50 - - 59.94 | 122.44| 7.14 | 6.17 6.66 4.66
CTFW60-2 11.77 - - 64.29 - - 65.45 |129.74| 6.74 | 6.59 6.67 4.67
CFW40-1 11.39 | 45.39 | 43.36 | 55.54 | 45.51 | 44.82 | 55.59 |290.21| 6.61 | 6.24 6.43 4.50
CFW40-2 11.30 | 48.10 | 47.27 | 54.62 | 49.48 | 49.23 | 56.88 |305.58| 6.66 | 6.12 6.39 4.47
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Fig. 7. Fracture shapes at test end
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Fig. 8. Load-displacement relationship
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Table 5. Test results

S AR flote] &4 0lE 5 UsHA ot 2
g v wal gt skt - Ado] Fzkel A
CTFWE] AH NN (Pomacrrw)°l TN 515
Aol Fayol AYA CLFWE] AAH NN (Puemawrw) 2
uiele| e} = ake] o] Stof the HHkeF 8 Al
A CFWe] B2 -dckutehfig o] YgH]S Table 60 3
25t ch 82EEH 9] AdaichE CLFW A2 29] A9t
o] Z gL QguickE CTFW Al g2 Agko] 2|
Yielo] vlsf Bt 55 % RA et o= mq A 2
7]l 9J5f Mg o] 91438 9] 1/4/3(=0.577)°]2h= gk

B} ol 2+ AS & 4 ek B3 CLEWA| 2] 29} CTFW

A 2] Hrjuigo] ol tiF E=HctulttE CFW40
Al 2] HeRO] i) Welvl= 0.93 28 UrEry:
11,7 % H=2| Zo] 7} T PR -G 2F4- 2 o] Ackulct
el o guich gl gHatsto] Uigg APy sle a7t
e Ao gt

mlo

Ultimate Average Modification Modified Average modified
Specimen strength weld size factor ultimate strength ultimate strength
P S, (mm) m P (KN) Prema (KN)

CLFW25-1 209.52 7.36 1.00 209.52

226.12
CLFW25-2 220.03 6.67 1.10 242.72
CLFW40-1 365.15 7.19 1.02 373.53

383.26
CLFW40-2 357.47 6.69 1.10 392.99
CLFW60-1 539.51 6.57 1.12 604.43

605.34
CLFW60-2 533.71 6.48 1.14 606.25
CTFW25-1 203.13 7.46 0.99 200.41

207.91
CTFW25-2 200.47 6.85 1.07 215.41
CTFW40-1 321.83 7.23 1.02 327.39

335.30
CTFW40-2 320.34 6.87 1.07 343.20
CTFW60-1 489.02 6.66 1.11 540.46

532.87
CTFW60-2 476.36 6.67 1.10 525.28
CFW40-1 579.57 6.43 1.14 663.92

669.57
CFW40-2 586.63 6.39 1.15 675.22

Table 6. Strength ratio according to welding direction for same weld length

PuemA(LFW)/PuemA(TFW), PuemA(FW)/(PuemA(TFW)+uemA(LFW))

CLFW25/(CTFW25*2) CLFW40/(CTFW40*2)

CLFW60/(CTFW60*2) CFWA40/(CTFW40+CLFW40)

0.46 0.44

0.44 0.93

) 7xoke] =5 2328 A4T(EE A 1673) 20206 8Q 231



S} 8234 BE AT §AARY Hele) e A% 97

KBC 2016J“’}KDS 2019+=5Ysith 371 71 $%@@
FOlA EATE 8BTS FHE S 2

£ AR AR 0k k. & AoflA= 83
TE557F o E o HES 276171 EH—‘E:Oﬂ 29
|AFEH O] Qi ube, Adtutd U E54
o] tisto] A5
S A2 A 71591 KDS 20193 v]=74-25}3] 7]
2291 AISC 201694 = 8233 ok AR o] Qlo]A]
QI mbea} Mtapcto]] gt 2 Qo] 8240 ATt
T(0.6F.0)° FE-E8-HH(AL)S] F11 4] (D)= Z-83it.
=0.6F, A (D

uw " w

Table 7. Strength comparison of test results and design predictions
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)9 el

|73 7-2:3815] 71521 AISC 2016914 = 188
oA f2F4 0] ol ulthal Hohultho] A=

Al (DS A-851a o 712 -85 A o] 5lH)gko] |z}
Q] oA ulhy} l=Hlglof Yol Atmitho] sl E2

Adnb w4 (294 (3) % 2 ghos FA5 olct.
Pn=inl+int (2)
P,=085P,, +1.5P,, (€)

A7, Puere S SR (AR I E), Pz St
SAYF SR (=)o) AL A (1) 5400 A
&3t

Table 33} Table 5] A& EZ @Y 7|40 2] Z]
S &40 S FE = A5 A Table 791 71
WP AFHH(Pe)ol Tt HHHH B P/ Pu)E
LHERRITH KDS/AISCE] 4 (1)ofl oIt 2 ] (P./Pu)=

Test ultimate Design strength of weld metal (P,) Strength ratio
strength (kN) (Pn/Pue)
Specimen
AR
CLFW25-1 209.52 62.74 0.30
CLFW25-2 220.03 68.50 0.31
CLFW40-1 365.15 158.59 0.43
CLFW40-2 357.46 149.40 0.42
CLFW60-1 539.51 272.37 0.50
CLFW60-2 533.71 268.38 0.50
CTFW25-1 203.13 49.08 0.24
CTFW25-2 200.47 52.47 0.26
CTFW40-1 321.83 85.44 0.27
CTFW40-2 320.34 87.86 0.27
CTFW60-1 489.02 133.75 0.27
CTFW60-2 476.36 142.90 0.30
CFW40-1 579.97 291.00 291.00 321.97 0.50 0.56
CFW40-2 586.63 310.86 310.86 346.45 0.53 0.59
Average 0.37 0.57

232 7372 =g A3 A2 (FE A1672) 20209 8
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