Journal of Korean Society of Steel Construction

Vol.32, No.2, pp.75-84, April, 2020

MU FEHAA AHQIZ[AZ
TEHSOl tiet

fm Check for updates

ISSN(print) 1226-363X  ISSN(online) 2287-4054
DOI http://dx.doi.org/10.7781/kjoss.2020.32.2.075

Numerical Analysis on Structural Behaviors of Single Shear
Two-Bolted Connection with Lean Duplex Stainless Steel

Hong, Jong Hwa', Kim, Tae Soo0>

'Structural Design Team, Moohan Partners Co., Ltd., Seoul, 06781, Korea
(Former Student, Dept. of Architectural Engineering, Hanbat National University)
ZProfessor, Dept. of Architectural Engineering, Hanbat National University, Daejeon, 34158, Korea

Abstract - Since stainless steel has many advantages such as excellent durability, ductility and corrosion resistance compared to
those of carbon steel, recently, the need of stainless steel has been increased as a structural material in a variety of structural
members and industrial fields. However, stainless steels are not included as the structural materials in Korean Design Standards
(KDS 41 31 00) and the corresponding design standards are not specified. In this paper, finite element analysis has been performed
to investigate the ultimate strength and curling effect based on the previous test results on duplex stainless steel (STS329FLD)
single shear two-bolted connection. It is known that in both test and analysis, curling(out-of-plane deformation) occurred in speci-
mens with a long end distance and it reduced the strength of curled specimen. Also, additional parametric analysis was conducted
according to initial imperfection of connected plate and analysis results considering initial imperfection provided a better strength

prediction of STS329FLD bolted connection.
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AU F B AA 2608127 2919 QRAT BERYS 7275 thet faase

A KSol| A FEAAA AHRIGAGS M ATEALLE,
QI E W HAI-8-2 450 MPa, 620 MPa, 30 %& H]A| L3R
Z 27} 51 #(Cr, Ni, Mo, N) 9] 9h7-2] Alo| = A 5 4]
‘d4do| th=2A yehdrh ©A7HETE ofy 2} thE A9
AHRIF AT thE 7] JEE FUjoA AitEl=
YIH3E FEHAAA AHRIYAT HHoE A&H EE
AEH2Y19 U232 BEW G, ZHE7)] 3.0 mm)°H”
I} EAEEA T S AT FA 1.5 mm)lo] of
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Fig. 2. Assembly and set-up of specimen
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FEAAA AHRIYAT 570 AT EEH R A
AIHASTA|, HAH WY 7, AFSTAIF of| A 1}
FE, Aol A whekg ] E X[ti=)E Table 2
sttt FEF AAAE, oIS =01 SD2T30E240]1A4]
‘SD’%= duplex stainless steelE, ‘2'= 2E /|4E, ‘T30S
BEFA 3.0mmE, “E24’= ot F AT A 2 (e = 24 mm)
£ o]t E3L ANA Y] AAFEAIR A Y] whtE Ef
oF HOIHY A Fig. 30 ettt A4, shHaF
AFAZ(e)7F 36 mm ©]5}Q1 AFA| 2] 73-P{(SD2T30E24,
SD2T30E30, SD2T30E36), AL o] 148 glo] 51513k

53 AHe

chul nboha) 512 2] Zhupako] Achcke] zakol A
SE ATtk (block shear fracture, BS)0] ©HA35] 0.,
i3 2AekA2l 7} 5 betol Wt AP, = 571
St S Mt 51 ARk )71 48 mm ofge] A
S A| 9] 74--(SD2T30E48, SD2T30E60) Fig. 3(d), 3(e), 3(f)
o} o] A (curling)o] A 5FAL, HHF ] 5]
ol 2SIt E3 A@ AT S50 T4
of| A Hel¥F o] Ukl Wl A A A o) A ZATH A 51}
TR AN 7ol et BE 7t
MH 0T SFNZ HF deos 3749 gstdol
st Aol gl o s ARt 7t
2} 2 SD2T30E60 AEAR= 2512 veio] Ael=sich

Table 1. Material test results

Actual plate Young’s Yield Tensile Yield ratio Eloneation
thickness modulus stress strength oyloy &
Coupon EL
t, E oy Oy YR (%]
[mm] [GPa] [MPa] [MPa] [%]
SDT30-1 2.81 194.85 515.38 736.05 70.02 48.10
SDT30-2 2.85 200.56 513.66 732.76 70.10 46.70
SDT30-3 2.82 193.64 508.92 733.71 69.36 47.78
Average 2.83 196.35 512.65 734.17 69.83 47.87
cov - 0.019 0.007 0.002 0.006 0.015
Table 2. Test results
'End Ac@al AL Fracture mode Fracture mode BAIEE
. distance thickness . strength
Specimen . ) Curling at at P
¢ test end ultimate state e
[mm] [mm] [KN]
SD2T30E24 24 3.02 - Tensile fracture 108.35
SD2T30E30 30 2.99 - Block shear between 120.58
fracture (BS) two bolts
SD2T30E36 36 2.98 - 128.69
SD2T30E48 48 3.00 o Tensile fracture Curling 138.65
SD2T30E60 60 3.02 o +eurling 132.89

(a) SD2T30E24

(b) SD2T30E30

(c) SD2T30E36

(d) SD2T30E48

Fig. 3. Fracture shapes at test end

(e) SD2T30E48

(f) SD2T30E60
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Fig. 4. FE analysis model and conditions

78 Y EES| =R AR2E ARS(EH A1655) 2020 49

27 2E|QlE| 270 291 9 QUG BEHY T2A T T Ao

Az E ol A AR JQGAH R HE Aofx] A9 g
FAE), FEAE (o), D E(0,) T A=A ZE2
Table 29] SDT30-3-2 A2-5}99T}. a4 w2 Elo] A 2 d|o] g
Lol A H o AlSlAut g HojX] LA S H LT HT
Z(oy — )3 515 9 5152 7heko] QIAA|H O] thH
Aol st e E M-S H - A HP (0, - ) FEO= $I%H
Stof ARE-SHITHFig. 5). L3 4 F ol -2 A4 AF
2 A MY (e) oA IR (e S TAIT 2THH
S(e)E YIS

1,200

1,000

800

600

Stress (MPa)

400

21 . . .
o Nominal stress-nominal strain

—— True stress-true strain

0 0.1 0.2 0.3 0.4 0.5
Strain

Fig. 5. Stress-strain curves of SDT30-3
for analysis model
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Table 3. Comparison of test results and analysis results

g3t e

Experiment result Analysis result
Ultimate Ultimate Strength
Specimen Fracture shape Fracture shape ratio
strength . strength .
P at Curling P at Curling Pl Pue
ue ua :
test end analysis end
[kN] [kN]
SD2T30E24 108.35 BS - 111.59 BS - 1.03
SD2T30E30 120.58 BS - 132.93 BS - 1.10
SD2T30E36 128.69 BS - 138.09 BS+ curling o 1.07
SD2T30E48 138.65 Tensile fracture o 140.48 Tensile fracture o 1.01
SD2T30E60 132.89 +eurling o 128.70 +eurling o 0.97
Average 1.04
S, Mises S, Mises
(Avg: 75 %) (Avg: 75 %)
+1.071e+03 +1.071e+03
+9.830e+02 +9.830e+02
+8.954e+02 +8.954e+02
+8.078e+02 +8.078e+02
+7.202e+02 +7.202e+02
+6.325e+02 +6.325e+02
+5.449e+02 +5.449e+02
+4.573e+02 +4.573e+02
+3.697e+02 +3.697e+02
+2.821e+02 +2.821e+02
+1.945e+02 +1.945e+02
+1.069e+02 +1.069e+02
+1.926e+01 +1.926e+01
(a) SD2T30E24 (P,, = 111.59 kN) (b) SD2T30E30 (P, = 132.93 kN)
S, Mises S, Mises
(Avg: 75 %) (Avg: 75 %)
+1.071e+03 +1.071e+03
+9.865e+02 +9.853e+02
+9.024e+02 +8.999e+02
+8.183e+02 +8.146e+02
+7.342e+02 +7.293e+02
+6.500e+02 +6.439e+02
+5.659e+02 +5.586e+02
+4.818e+02 +4.733e+02
+3.977e+02 +3.879e+02
+3.136e+02 +3.026e+02
+2.295e+02 +2.172e+02
+1.454e+02 +1.319e+02
+6.124e+01 +4.657e+01
(c) SD2T30E36 (P, = 138.09 kN) (d) SD2T30E36R (P, = 140.92 kN)
S, Mises S, Mises
(Avg: 75 %) (Avg: 75 %)
+1.071e+03 +1.071e+03
+9.852e+02 +9.854e+02
+8.997e+02 +9.003e+02
+8.143e+02 +8.151e+02
+7.288e+02 +7.299e+02
+6.434e+02 +6.448e+02
+5.579e+02 +5.596e+02
+4.725e+02 +4.744e+02
+3.870e+02 +3.892e+02
+3.016e+02 +3.041e+02
+2.161e+02 +2.189e+02
+1.307e+02 +1.337e+02
+4.525e+01 +4.857e+01

(¢) SD2T30E48 (P,, = 140.48 kN)

Fig. 6. Stress distribution and deformed shape of analysis results(ultimate strength) in SD2T30 series

S, Mises

(Avg: 75 %)
+1.071e+03
+9.851e+02
+8.996e+02
+8.141e+02
+7.285e+02
+6.430e+02

+2.154e+02
+1.299e+02
+4.433e+01

(f) SD2T30E60 (P, = 128.70 kN)

(2) SD2T30E60R (P, = 159.54 kN)
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BRI WA
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e HG o 2sh

2 0] YA # Hol A
A =5 715 | fIsiA AL HA(U3)E
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SY5}9 Tk Table 42] HeJHT

F&5}7] Ok wdl o] B A A Tel He W
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st s dret A4
iAo

B B

A2 273 28019 QAT EEHT 2750 thet Fata4siA

Eh TR XS

gl ofet
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(IBA] RE 712 42318 1] w3}e] Table 5°]

stz RE o] 51519
Fig, 70 LFefyct. o] ol Aol vk,

o 5 At e} dol ol we W R A4S WeMPelR U Hhlee] 292 ol SRR 1%
23519 a_uXﬂ°ﬂ ot wo Adez wo| oo ok A A, FANT FE2R st e AAA oA
Table 4. Strength comparison of specimen with free edges and specimen with restrained curling by additional analysis results
Analysis result
Strength
Specimen Ultimate strength Fracture shape Fracture shape ratio
1B B at at Curling Poa! Puak
[kN] analysis end ultimate state
SD2T30E24 111.59 BS BS -
SD2T30E30 132.93 BS BS -
SD2T30E36 138.09 BS+ curling BS o -
SD2T30E48 140.48 Tensile fracture Curling o -
SD2T30E60 128.70 +eurling Curling o -
SD2T30E24R 113.93 BS BS 0.98
SD2T30E30R 127.50 BS BS 1.04
SD2T30E36R 140.92 BS BS 0.97
SD2T30E48R 150.64 BS BS 0.93
SD2T30E60R 159.54 BS BS 0.81

Table 5. Comparison of analysis results and variable analysis results

Analysis result of model Additional analysis result Test-analysis strength ratio
with no initial imperfection for initial imperfection (IP) Poaipl P
Test :
. strength . Fracture Wi sitesng Fracture
Specu’nen P Ultimate shape shape
w - |strength| . . 6= L/50|6=1/100|6=L/200 Cutli 8= L/50|6=1/100|5=L/200
kNl | p - urling | at (3.0 mm)| (1.5 mm)| @75 mm) | C4rng | At 4300001 5 mm)| 075 mm)
analysis analysis
[kN] 4 Papr Para Paps f]
en [kN] | [kN] | [kN] en
SD2T30E24 | 108.35 | 111.59 - BS 111.91 | 111.03 | 111.37 - BS 1.03 1.02 1.03
SD2T30E30 | 120.58 | 132.93 - BS 124.07 | 125.67 | 129.89 o BS 1.03 1.04 1.08
SD2T30E36 | 128.69 | 138.09 o BS.+ 129.79 | 131.81 | 134.71 o BS 1.01 1.02 1.05
curling
Tensile
SD2T30E48 | 138.65 | 140.48 o fracture+| 124.72 | 129.92 | 137.14 o BS 0.90 0.94 0.99
curling
SD2T30E60 | 132.89 | 128.70 o BS 116.33 | 119.92 | 120.44 o BS 0.88 0.90 0.91

80 Rr=7dote] = A2 A28 (S A165%) 20201 44
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Load (kN)

= = = SD2T30E24R
—— SD2T30E24
- = SD2T30E24-Test

15 20
Displacement (mm)

(a) SD2T30E24 and SD2T30E24R

=1
5
3
0 ’/ = = = SD2T30E36R
'/ —— SD2T30E36
s - - = SD2T30E36-Test
0
¢ 5 10 15 20

Displacement (mm)

(c) SD2T30E36 and SD2T30E36R

253} 7

40 P - = = SD2T30E30R
-7 —— SD2T30E30
e - = SD2T30E30-Test

0 5 10 15 20
Displacement (mm)

(b) SD2T30E30 and SD2T30E30R

40 7 - - - SD2T30E48R
s —— SD2T30E48
s - - SD2T30E48Test

0 5 10 15 20
Displacement (mm)

(d) SD2T30E48 and SD2T30E48R

= = = SD2T30E60R
—— SD2T30E60
- = SD2T30E60-Test

10 15 20

Displacement (mm)

(e) SD2T30E60 and SD2T30E60R

Fig. 7. Load-displacement curves in analysis model, additional analysis(R) model and test results
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2 A} Ut Buet EEHI Y, EEA Y, WX}
A°| A ZH= Kim er al. P10 2J5t Hglo] EA) Ag|QlE] A

73(STS430) 233 1€ YA EEHTF oA = HeHy
of 213} 6 % - 33 %2] ¥ ¢, Kim and Lim"*lof] 2]t @ A €]
Lo EA] 2H| Q1= A7H(STS304) 231€ dude =E4
ol A= Aol 3l 11 % - 26 % WA 2 WEo] A]
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G| 9l A4 5] Zfolof 23f it 2] 23 el
g Aol mE WA ot el Ae & = At

W3R LA O EA AE I AT (BAFEDE,
300.5 MPa, B#Q1F7E, 85522 MPa, 3
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----- SD2T30E24-L/100 —— SD2T30E24R
= SD2T30E24-L/200

0 5 10 15 20 25
Displacement (mm)

(a) SD2T30E24 series

160

Load (kN)

40 ——— SD2T30E36-L/50 - - SD2T30E36
----- SD2T30E36-L/100 —— SD2T30E36R
= SD2T30E36-L/200

0 5 10 15 20 25
Displacement (mm)

(c) SD2T30E36 series
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Bolt

e Plate

160

40 — SD2T30E30-L/50 - - SD2T30E30
----- SD2T30E30-L/100 —— SD2T30E30R
- SD2T30E30-L/200

0 5 10 15 20 25
Displacement (mm)

(b) SD2T30E30 series

Load (kN)
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(d) SD2T30E48 series

40 —— SD2T30E60-L/50 == SD2T30E60
----- SD2T30E60-L/100 —— SD2T30E60R
= SD2T30E60-L/200

0 5 10

15 20 25

Displacement (mm)

(e) SD2T30E60 series

Fig. 9. Load-displacement curves of parametric analysis results
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