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Abstract - This study aims to investigate structural behaviors such as fracture type and ultimate strength of the double-shear
bolted connection made of austenitic stainless steel STS304, which is the most widely used in building structures as basic re-
search for establishing stainless steel structural design standards in Korea. The main variables are bolt arrangement and end
distance, and a total of 10 test specimens were planned. In case of two bolted (2% 1) connection, the shear-out fracture occurred
in the specimen with the smallest end distance. In the specimen of four bolted (2x2) connection, the tensile fracture of the net-
section occurred in the specimen with the largest end distance and the other showed the block shear fracture. The strengths of the
design specification (KDS, AISC, AISI, EC3 and AlJ) and the block shear fracture equations proposed by the existing research-
er were compared with the test ultimate strengths. The current design formula is found to need improvement in evaluating the
ultimate strength of the austenitic stainless steel double-shear bolted connection, especially the block shear fracture strength ac-
cording to bolt array.
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2x1 | SA2D16E48 |  2.85 48 ole llf;rrrljrgr(tﬁ) & Mo 0] ek (test part)?] @ AH|Uo|EA| AH|
SAZDIOEGS | 283 | 64 | bih() and ‘ﬂﬂl 27391 STS3049] 71414 AL 2A1517] 98] KS B
SA2D16ES0 | 281 80 g?ée(g) 08010] m=t QIFAIEH 3715 A2kl KS B 080207
SA4D16E32 2.86 32 - . mm 2} A& QA B2 AX|FFAT} A7 VA S A a2 BE
SA4DIGE40 |  2.82 40 | FBdge distance(b)
: =60 mm Flg 20} ZHo- S -HYP I AL AL, Table 20]] QAAFA]
2x2 | SA4D16E48 2.84 48 Nominal plate AAIE Aottt A= QGAFZ Ao A FEA: E(F y)
SA4DIGESO | 2.82 80 =3.0mm
o HAAT(E)= 191.49 GPa, 0.2 % 4l § %735(1” oz)
ol e et £ 295.11 MPa, UTFE(F, )= 769.49 MPa, A|gER &
A O] E AHJo AZF ol =% E Z5lH.o
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S0 AlS O Ol5} A& % Al gl % L 1
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Table 2. Material test results
Actual plate thickness | Young’s modulus | Yield stress Tensile strength VLI Elongation
FuOAZ/Fu
Coupon e E Fuoa F, YR EL
(mm) (GPa) (MPa) (MPa) o (%)
(%)
STS304 3T 1 2.85 203.8 292.73 768.37 70.02 48.10
STS304 3T 2 2.87 181.4 290.40 767.18 70.10 46.70
STS304 3T 3 2.84 189.3 302.21 772.93 69.36 47.78
Average 191.49 295.11 769.49 69.83 47.87
COoVv 0.215 0.018 0.004 0.021 0.017
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Fig. 3. Set-up of specimen SA4D16E48

32 ARAT Y 24

3.2.1 It

QAE YO EA AH|QIZ|ATH(STS304) ol dAdE 2E
HEFo] A 2 d = HAFTEAIHONA St
FE 9t St H=A1S Figs. 4-60 LYERTE. Table 30]
AE5HBFA(), AHHNNE(Puo), EAZNHH(Pren),
ST A7 2ol whE N BI(Puen/ Puen-ein), 2
FRAIHONA SEFHE, WA ShEFEE
23t BAHNRHE (Puen)2 SL T ARt HEe
|5k ] A8l S BBFA () 3 mmE 7= s A
A2 ASFA)ol Hieh Bl (n/r)E AAHHHNH (Pl
w010} Aot 23 19 Al =9] AFARI Fig. 4(b) -
Fig. 4(d)<} 23 2& AJ2]= A AA| Fig. 4(e) - Fig. 4(H)°l

144 =7d2ole] =24 A4 A3 2(Ed Al1782) 2022 69

A2} Zo] Hujoll A st5A1 e BE 1T 1w 5f
S dohupcte] 2301 EE A ath(block shear frac-
ture, BS)o] WAL F-A]of| 55 Aol A Bt
9] EZ(protrusion) A/go] TAE| QI

28 19 A A|Q1 SA2D16E32= Fig. 4(a)9} o] EE
7k QU Qlo] st o 2 EEEA R HES=EE
T oF TAlS whet Skt (shear-out fracture, S)O|
HAgskoATt.

235 2 AI51H291 SA4DI16E40, SA4D16E64= Fig. 4(g)
9 Fig. 4(i)2} Zo] g H 2 SH A0 ZEE 7H 1%
o ¥ oo R APEATAS whet 2 Ayt

o |

(a) SA2D16E32 (b) SA2D16E40

"':(-9 Lo o

(c) SA2D16E48

(d) SA2D16E64

(f) SA4D16E32

(h) SA4D16E48

(1) SA4D16E64 (j) SA4D16ES0
Fig. 4. Fracture shape at test end



sk, 24 A ATelA £
BRste
21317 SA4D16E4S, SA4DI6ES0: Fig. 4(h)2} Fig. 4(j)
o4 1 vk} o] B 71 Qe & sls A byl
OFZ ojr}o 2 W EEJLHO] s}%tﬂ-éokog 2|22 A
2wt} 2712] Qlgmiero] MAYSIG R Al S EA ol
A= Q1A T (net section tensile fracture, N) 0.2 £
251} A% iﬂ SA4DI6EAS BEMtulto 2 Ry
294 294 HE2 AAA 9L FASHA skl Aol =
S0l ¥ ;SH A9k A A SA4D16ES0-> S
Fato] mAadt SE A AAAT sk AtollA
tﬂﬂ tlﬂo1 EZE oﬂoﬂ/\—] 6]"6‘ A ZH}gko 2 Lﬂ?](necking)
Ao = o] o QI o = e 4= it

(o

ook

300

N
193
=}

[5]
=3
=]

Fig. 5(a)9] 51%-1¢]
gl ASA] SA2D16E32E

o] - A

- e

T 29 12 e B
Xﬂﬂo]-_l_— 2E 7F Q%

o}

skt Aekieto] #19] Ao watste] A5 o]
AshE|glet. A3 A SA2D16E32L: 1448 0 2 EAchuct
o] o] Hrhuj2lo] A= F7449l Hgto s
224219 Y4 57h e A0 2 et 29 29 BE

AN H L Fig. S(b)2] 3159 2

Aoj| 4] SA4D16E32

£ At 2E 71 gutetolols) Mol A
1 5}2ukeF Aokt B 512 2| z7HksE ol &kuleho] o) 5

27449 WA sl B E gl

3.2.2 H e
o] Aol A BEFHF0) SHFAZYF AUAL ()

60 mm=z =Y35}1!

300

250

200

3 SE LY} o A A (e)7H A
Slglct. Table 30l ASFA|, AN (P

ue) T HAGZ]

3 150 < 150 i
Q S .
~ —— SA2DI6E32 ~ —— SA4DIGE32 \ !
g L e SA2DI6E40 oy F SA4DI6E40 [
- - - SA2DI6E48 ; - - - SA4DIGE48 !
50 - .- SA2DI6E64 50 |1 ~ .~ SA4DIGEG4 "
— — SA2DIGES0 — — SA4DI6ES0
0
0 20 40 60 80 100 0 20 40 60 80 100
Displacement (mm) Displacement (mm)
(a) SA2 series (b) SA4 series
Fig. 5. Load-displacement relationship
Table 3. Test results
. Measured thickness | Ultimate strength | Modified strength Ultimate strength | Fracture mode | Fracture shape
SipEEATET fe Pue Pucn Puenm!P, ; at test end at ultimate state
( mm) (kN) (kN) uem/! L uem-eMin
SA2D16E32 2.81 169.74 181.22 1.00 S Shear-out
SA2D16E40 2.85 197.37 207.76 1.15 BS
SA2D16E48 2.85 217.17 228.60 1.26 BS
SA2D16E64 2.83 240.88 255.35 1.41 BS
SA2D16ER0 2.81 256.56 273.91 1.51 BS Tensile fracture
SA4D16E32 2.86 255.58 268.09 1.00 BS between
SA4D16E40 2.82 264.01 280.86 1.05 BS two bolts
SA4D16E48 2.84 269.11 284.27 1.06 N
SA4D16E64 2.85 280.67 295.44 1.10 BS
SA4D16E80 2.82 283.04 301.11 1.12 N
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Table 4. Strength comparison between design prediction and test result for shear-out mode

Test Design strength Design-test strength ratio
o8 Fracture P (kN) P/Pye
Speci strength d
pecimen P mode
v attestend | AISC/ ASCE/ AISC/ ASCE/
(kN) KDS AISI Al EC3 KDS AISI Al EC3
SA2D16E32 | 169.74 S 152.44 121.95 139.39 115.32 0.90 0.72 0.82 0.68
Table 5. Strength comparison between design prediction and test result for net-section fracture mode
Test Design strength Design-test strength ratio
es Fracture P, (kN) P./P,.
Speci strength d
pecimen P mode
e attestend | AISC/KDS/ AISC/KDS/
(kN) ALVEC3 AISI ASCE AL/EC3 AISI ASCE
SA4D16E48 | 269.11 N 292.84 289.61 307.48 1.09 1.08 1.14
SA4D16E64 | 280.67 BS 293.87 290.63 308.56 1.05 1.04 1.10
SA4D16E80 | 283.04 N 290.78 287.57 305.31 1.03 1.02 1.08
Average 1.06 1.05 1.11
Ccov 0.029 0.029 0.029
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Table 6. Strength comparison between design prediction and test result for block shear fracture mode

Design strength Design-test strength ratio
Test Fracture | Fracture P, (kN) P/P..
Specimen strength | mode | mode at
p P at ultimate | AISC/ Teh | AISC/ Teh
(kN) test end state” KDS/ All EC3 and KDS/ ALl EC3 and
AISI Deierlein| AISI Deierlein
SA2DIGE40 | 19737 | BS | TF+SY 1{3(218'(3’36) 15571 | 9858 | 16207 | 055 | 079 | 050 | 082
SA2DIGE48 | 21717 | BS | TF+SF 216'(433) 17325 | 10635 | 18312 | 054 | 080 | 049 | 084
SA2DI6EG4 | 24088 | BS | TF+SF 1152 1 (635) 20688 | 121.03 | 22365 | 055 | 086 | 050 | 093
146.64
SAZDIGESO | 25656 | BS | TESY | 1900 | 24001 | 13550 | 26358 | 057 | 094 | 053 | 103
SA4DIGE32 | 25558 | BS | TF+SY 1{:‘;9'(235) 24428 | 12134 | 24582 | 058 | 096 | 047 | 096
SA4DIGE40 | 26401 | BS | TF+SF 11535(135) 25823 | 12733 | 26322 | 059 | 098 | 048 | 1.00
SA4DI6E4S | 269.11 N | TF+SY 11534'(3;; 277.54 | 13597 | 286.06 | 0.61 103 | 083 | 1.06
SA4DI6EG4 | 280.67 | BS | TF+SF 11521 (032) 313.61 | 15199 | 32906 | 064 | 112 | 084 | 1.17
SA4DIGES0 | 283.04 | N N 113?15 '(13(; 34502 | 16577 | 36737 | 069 | 122 | 085 | 130
Average 0.59 0.95 0.60 0.99
cov 0080 | 0152 | 0273 | 0.157

*TF: tensile fracture, SY: shear yeilding, SF: shear fracture
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