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An Experimental Study on Structural Behaviors of Double Shear Bolted
Connections Fabricated with Ferritic Stainless Steel (STS430)

. %
Kim, Tae Soo"

Kim, Min Seongz)

V" Associate Professor, Department of Architectural Engineering, Hanbat National University, Daejeon, 305-719, Korea
2 Assistant Manager, HyungSang Eng., Seoul, 138-961, Korea

ABSTRACT : Many experimental and numerical researches for thin-walled carbon steel and austenitic stainless steel single

shear bolted connections have been conducted and the modified design equations of ultimate strength were proposed. In this

study, the tests of double shear bolted connections with bolt
direction as main variables were performed. Specimens were

arrangements (2x1, 2x2) and end distance parallel to the loading
planed with a constant dimension of edge distance perpendicular

to the loading direction, bolt diameter, pitch and gauge like single shear bolted connections. The test results such as ultimate

strength and fracture mode were compared with those of current design standards. Furthermore, modified block shear

equations for double shear bolted connections were suggested.

KEYWORDS : thin-walled ferritic stainless steel, double shear, bolted connection, block shear, ultimate strength, design standards

2|l 2742 el Hlg] 9423 LH* , W, Wl
3P 5o A= AL glof, Iieelx 5= 141 94”
Ao HFEAERE o2} ETZHE’H a1 ARl Skt
3 3 FAlolth Z2H|R ﬂ o e M FEFA
29 A Ao g AT ]‘%@3 1950l
Johnson and \2Vlr1‘ce1f(1966)1 o ot Wz (d) A
Hele]aZe] 7153 BRAe] Ase] e AFAAE =
T ok AISI(P|=3Z3)) M= 19684 AAHZE W

Note.-Discussion open until April 30, 2014. This manuscript for this
paper was submitted for review and possible publication on April
16, 2013; revised June 5, 2013; approved on July 30, 2013.
(© KSSC 2013

* )
Corresponding author

Tel. +82-42-821-1121 Fax. +82-42-821-1590
E-mail: tskim@hanbat.ac.kr

g zE0lelay TR AAVES Aetn?

o]F B A= oo v=, ¥, €, IF Y éi!
A7zl - BgElo] @A) ARSI itk AE7] U
oA tiFE /\Eﬂ‘”ﬂﬂ ol #3F AT AL A%l
AEHe] g EBe) o e 29l ATz
319 FHstel] 2EQle) 2 v o] 83t AR A
A7lEE 2dsk] g = 7—‘7 "/Ph?} TFEEA | Pt 91
A 02 Kuwamura 5(2002)"
afsAlZple At % 1AL, BEME, steidk

Y
>,
o
2
O%
i
0,
=
[
NQ

™ R rlo 4

o L

Hr N,
i
e
a
£
HE
)
p
2:J
il
E{N
i
i
(&
3
ol
5
1o,
2,
0,

rot
H
o
-
B
Lo
ol
rr
Ho
gl
Rl
N
(€)]
rH
ol
/}(1
o
[he)
=
wW
i
>
R
AN
N
(GV)



e tigk JFe TS| nHA] kIdom, o] £4
a2 ey S sRket AdAe Ugs HdiEriehke
748 HAt o]F Kuwamurasel Ad43s ugoz
Kim $(2007) %l <Jaf uht BERFR g weiy
< e WEERS Ak ARy FTe o
o|EA ZEQle|A% YSEE AN Ul w43

,\
Z
S
=
e

A} FPEAT. =, AR So g YA
QA e A7tE 2EQlR A Hleke] EAl(S. 2 E U] E
gl oF 60% MBS Aeet WA HEFFE
A% et A7t s et
A5 1 Moﬂ )&t ohrw 1 <%wluc}fz}>3i
e}
1+

X
=

o,
rE
ot
)
s
O::
o
2

oo

o

E
5

1%
N _C
© 2
ol 7
0
i o
r_BL
£
v

|

olgjgt A % HOUr ohr‘ﬂ“* & %ﬂﬂOﬂ )
Aol gt RaEd, selelEd 2EQlE]aiel

Qe EA 2EQ1Z] 27 (STS304) 0 H]3]
s 401 A, s geted 5ol 71
W A=) oAl 9 FRAR a0t
<7kt A FM A ZHe 2 A8 FER5A
9] ﬂ%;*é% Tielabr] ek Aol dgtez 71| 2t
o|EAl 2E|Q12]27H(STS430) 9] Bl et EEHI
9] Oﬂ?—ﬁﬂ% B2 odzd ZEHR sy,
AU 55 2Akep] 98 Bl A8 Axjsignt?,
Adaztel KB (=157271%), AISCH? (mE7T
), A" (QEASsk), A (r1EE 7)), ASCE™
(M=EESS]) 5o dgriFlel oal ALk Uige Bl
sl 1 A8A4e AR FeAYES 18 74 ]
22 Aekeitt,

WA 2 6
3} ﬁ—ﬂo] o]_1_

ru° o

_EL

o

2. &8N A& % AE

gl EAl 28918 27H(STS430) 9] 71414 A% 1% shot
7] gsled KS B 0802¢] we} 1gARS &
Fig. 13 22 3-Hg® 342 Oégq:glgj\;;_ Az
Table 1l |5}
ZH|Q1R) 272 gHaglo] etk B SR A vt i*é
T AR vAEE Jepll= A& € 5 %
0802¢] ©l3 A go] g o] vk

Ho] HatshA| @ e Wd=
9 0.2%ZA gE o= Afgata sl 28y 0.2% 224

SRUEAe) G} 21T VI A 9%

ETL dstte® dRe] JIS 7 22410l whef, B A &

glolg] A7 e ?‘sc}g 51_ 0.1% Q=AM o 2 Aeiaith.
JEAE (0, )= 327.01MPa, F%(0, )= 464.74MPa,

PR (o,
ANE(EL) S 34.97%Z, KS D 3698(:47 gl 2H<le)

404 szzrzsts| =2 XA 55(EA 1263) 20134 102

400 /

Stress[MPa]

——SFT30-1
——SFT30-2
——SFT30-3

0 0.1 0.2 0.3 0.4
Strain

Fig. 1 Engineering (Nominal) strain-stress curves
(STS430)

Table 1. Test results of tensile coupon (STS430)

Yield

Actual | Elastic | Yield | Tensile . |Elongat
ratio

Specim | thickness |modulus| stress | stress Jou ion
en t E w | au | % EL

(mm) | (GPa) | (MPa)| (MPa) Eﬁg (%)

SET30 3.0 187.81 |327.01|464.74 | 70.36 | 34.97

4
1:3mm.

& L B

(a) 2x1(rowxcolumn) (b) 2x2(rowxcolumn)

Fig. 2 Specimen geometry
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Table 2. Specimen list

Bolt array Speci Nominal plate thickness End distance R K
(row*column) pecimen tn (mm) e (mm) cmarks
DSF2T30E30 30
DSF2T30E36 36 Bolt diamenter (d)
2 x1 3.0 _
DSF2T30E48 48 =12mm
Bolt hole diameter
DSF2T30E60 60 (9)=13mm
DSFAT30E30 30 Pitch (p), Gauge (g)
=36mm
992 DSFAT30E36 3.0 36 Edge distance (b)
DSF4T30E48 48 =60mm
DSF4T30E60 60
WA (Double shear), 'SF+& FlEfo|EA 2H]lg2%
N (Ferritic stainless steel), AH#A A BEMI(2E 2
i Outer figigpert 2 | 919, 4% 29 29), T30 FERA(1=3.0mm), B24
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(a) Specimen assembly

Fig. 3 Configuration of specimen

(b) Side view of specimen

Fig. 4 Set up of spécimen and transducer (LVDT) for

2x2 bolt array
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Shear crack

Typical t;lock shear fracture
(a) DSF2T30E30 (b) DSF2T30E60

Block shear fracture
(c) DSF4T30E30 (d) DSFAT30E36

(e)DSFAT30E48 (f)DSF4T30E60

Fig. b Fracture shapes
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Fig.

Table 3. Test results

20

Displacement [mm]

(b) DSF4T30 series

6 Load-displacement curves

25 30

Specimen Actuz;leThk. Pue PueC Fracture mode at | Fracture mode at Iﬂtime};cse%;ength
() (kNJ (kNJ ultimate strength test end PueC e=30
DSF2T30E30 2.90 83.59 89.32 1.00
DSF2T30E36 3.00 89.38 95.94 Tensile fracture | g 0@ e 1.07
DSF2T30E48 2.95 106.13 111.12 between two bolts 1.24
DSF2T30E60 2.95 123.38 125.97 1.41
DSF4T30E30 2.95 125.83 124.87 Block shear fracture 1.00
DSF4T30E36 2.95 129.36 134.25 Tensile fracture 1.08
DSF4T30EA48 2.95 127.79 148.79 between two bolts Net-section fracture 1.19
DSF4T30E60 2.95 129.85 155.87 1.25
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4.2.1 DSF2T30A121Z (2% 19)

DSF2T30/ 22 AERe 48dn 34wy S22
Sh(BS, BEZF Qe e g8 4 a5k 2Ty}
T 55 YelEth 4, 7188 98] dSd A
25 2t g e vjn-d3E 2t Table
42HE AISC, ALJ, AISI 71549 9la) =% sictee)
t 29 19 BEHRTON S5 duAs) viad &

ér:L r:L
\l
A,=L

Table 7. Comparison of block shear strength between

prediction test result and current design prediction
Strength ratio Put/Pue Strength ratio Put/Pue
Specimen ASC A | asivas | SEY Specimen ASC A JastNas| SEL
DSF2T30E30 0.84 0.83 0.75 0.94 DSF2T30E30 0.84 0.83 0.75 -
DSF2T30E36 0.88 0.86 0.78 0.96 DSF2T30E36 0.88 0.86 0.78 -
DSF2T30E48 0.90 0.89 0.80 0.83 DSF2T30E48 0.94 0.89 0.80 -
DSF2T30E60 0.80 0.85 0.80 0.73 DSF2T30E60 0.99 0.92 0.82 -
Mean 0.86 0.86 0.78 0.87 Mean 0.91 0.87 0.79 -
Cov 0.052 0.029 0.030 0.123 Cov 0.074 0.045 0.033 -
DSF4T30E30 0.91 0.99 0.88 1.32 DSF4T30E30 0.91 0.99 0.88 -
DSF4T30E36 0.92 0.99 0.87 1.23 DSF4T30E36 0.92 0.99 0.87 -
DSF4T30E48 0.96 1.00 0.88 1.11 DSF4T30E48 0.96 1.00 0.88 -
DSF4T30E60 1.05 1.06 0.93 1.06 DSF4T30E60 1.05 1.06 0.93 -
Mean 0.96 1.01 0.89 1.18 Mean 0.96 1.01 0.89 -
Ccov 0.066 0.033 0.030 0.100 cov 0.067 0.035 0.031 -
Table 6. Block shear strength by current design standards for same fracture mode with test results
Specimen AISC, KBC AlJ AISI NAS SEI/ASCE Fracture mode at test Pue
Put (kN) Put (kN) (4] 9) Put (kN) Put (kN) (kN)
DSF2T30E30 72.15(Eq7) 71.43 65.14(Eq16) - 83.59
DSF2T30E36 84.67(Eq7) 82.26 74.45(Eq16) - 89.38
DSF2T30E48 103.00(Eq7) 97.34 87.10(Eq16) - , 106.13
Tensile fracture between ————
DSF2T30E60 122.75(Eq7) 113.79 100.99(Eq16) - two bolts 123.38
DSF4T30E30 111.23(Eq7) 122.02 107.94(Eq16) - (Block shear fracture | 12279
DSFAT30E36 | 121.10(EqD) 130.24 114.88(Eq16) - assumed) 132.01
DSF4T30E48 140.84(Eq7) 146.70 128.77(Eq16) - 146.31
DSF4T30E60 160.58(Eq7) 163.15 142.66(Eqg16) - 153.27
470 s=u7zxsts =27 w253 5553 1263) 20139 10



HEo|EA| AH|IQIZ|AZH(STSA430) o|HAME =EHET 2| TS0l 2ot oy A7

KBC Eq.(6), AlJ Eq.(9), AlSI Eq.(16)
(a) 2x1 bolt array (b) 2x2 bolt array

(Ant+Agv) (Ant+AgV)
AISC KBC Eq.(7) AlSI Eq.(17)
(c) 2x2 bolt array (b) 2x2 bolt array

(Agt+Anv) (Ant+Anv)

Fig. 8 Block shear fracture type

& AgAE A9astel FasRge (B DA A
B, S99 AEIE) 60mmE 2t A il 7

3 dZaTH (B EE B)E A9a%s dAe
7 %= o= Uttt ASCE <&l DSF2T30E30 4
QAN thel FABRAE) 7L, oA AFAE AGTHB)
o AZHT 4F HAvhh o AZY Aeh

(Pu/Po)e 0.75~0.94892 Autdoz 7154d 94
A Wgs #A%71E At (Table 5).

Azl HFopddeel sUd S5 714
o gd W (P 3t 24" 715242 Table 6°l, Al
Wl (Pu/Pe)= Table 7ol Aeleigict. Fhenle
0.83~0.99% Jepston, daAow Aagrishe 4=
Hdoh AISCAl fleff Es5ddad e 4 (7), AlJe
21 (9), AISIE 4 (17l 2laff 2g=Aet. AISCel| 2|&
S5AT A (4 (7), Fig. 8(c))& 24327 &34
st dAjskA] gkout, AlJSH AISIOl oJd 54
vt 23] APA7HFig. 8(a), 8(b)) s AletE A=
LERST.

O
ol

4.2.2 DSFAT30AEZ (23 29)

DSFAT30A2] 2 BEATT = 37gor A3 vie}h 2ol
AYAT A Aupge 25 ZEZ oAtuitl A3y
QAT A7 °6u F9 e (HEH9 B2t

sttt 2 (el 9l Alvke DSF4T30E48% DSF4
T30E485 30l = shchdle (Put)2 178.23kNel3iaL,
AJANNY (Pue)S 22 146.31kN, 153.27kNZ <t
o J].w;}/\]oﬂ _45} %}Eﬁ‘r 14% A er o}?uhﬂ: ?j\;/};qaﬂ.
48mmellX 60mm= 711 AdFHdEE AsH do
ZHE, s A9ADIE T Wigo] FkEe B84
duldt Jej 2 2 Zlo] EgE Zol,

e 71E2el o8l A5E HaUES Ze g

2 v A%Z n2@9t} Table 423E AISC, AlJ,
AIST & AZRe] 71520l ofef 5 sade] (S5t
o, BS)= 28 2¢ BEAHFRO A4z dAsk= AL
Z YERsiTh

ASCEel 9JdiMe 2E Ayt Sddat(E)se A
o2 o SHTt. A HuEe] tie 7152 HoEy
(Pu/Pue) e AISC7F B3t 0.96, AlJ7F B 1.015 Uet
Yo vlwzd 433 e ZFa e} AISIOl 28]
Ne B 11/%35 é:_‘tﬂxiu Ul o] 27k Ack(Table
5, Table 7). "RVIAIZ, AISCH| 93] E=xdyet g
o A (7)), AIJE 4] (9), AISIE 4 (17)el <8 235

Sitk. AISC7IEel oJ% Z=AdshebA (Fig. 8(c) @ 5154
Ao QAN FUNE + HUAY UL
A9 BEAUIHA(Fig. 8b) @ d5A2PIgeR
DAY 2 o + AAG S Heh QA3
stort, ALJSH AISDIZ] g 2Eusie 234e|
AP Fig. 8(b)sh DA A0z ekt

5. 2E Higo| OE WHHIIA nF
23 2¢ EEAN e EEduedn Ho
ol 9lo] 2 Ul$-S EoFE AT (9) A3}
Aol egd Aoz Eoh T, Table 7olX9F 2ol
d BEHIRO Afde AlJ7IF Qs BEAdty}
S 3% ”71 %7}541 D}. ZE H|go] 192
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Table 8. Strength comparison of test and proposed design strength

Block shear strength by Block shear strength by
Specimen Eq.(23) Put/Pue Specimen Eq.(9) Put/Pue
Put [kN) Put [kN)

DSF2T30E30 77.69 0.90 DSFAT30E30 122.02 0.99
DSF2T30E36 90.02 0.94 DSFAT30E36 130.24 0.99
DSF2T30E48 107.52 0.98 DSFAT30E48 146.70 1.00
DSF2T30E60 126.52 1.02 DSFAT30E60 163.15 1.06

Mean 0.99

Cov 0.049

=5 ZﬂO &4 (23)2 (9l ZAst] Arkd Harel
A& Table 8ol Helaisltt. &/ Aol @A)
el fﬁﬁi A o] it HHHHH (Pu/Pue) = 0.99(9
AT 1 0.049) % Ao 5] gAY EI LA
3, dS=e deddive A ¢ F 3

28 1€ olHAd ZEHIT Wi,
Put = Anfgu + /\/>
(23)
=(g—o¢)to, +2(p+e)ta,/ V3
23 29 oluAdd ZEAHIT Ud
Put = (Ant +05quv) * 0y (9)
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(3) E54Ts I3 U7iAe sdged] b2 yEas

0 = @87154] AISC, AlJ, AISId ¢J3t 4

= Fuue 4 Sdgus ddde vud dx

AISC AISTE= #WHA o & 3Hro] e S BAasrtet

= A% Btk ALJd fJaiME 28 199 B9+ ¥

T 13%4% Wg& Aagrksiantt, 28 28] BE

Aie E5dT g0l A8y d5d b6 Bl

o E5ATT w7l ES AlJe AISIY] <5A%

7} Ae Az (e BB Qguida) AdAe S
sheke] 23 o & dX|ohs A o2 HERT

(4) 7129 E5dTatEe e} HaulEe] vludy,

%%7‘(1‘_;4_‘_ LHE_ﬂ' 19_§ 25§ 20c1 xhs]—\ﬂ/] LHE&N__E

s, 28 19 AR 9= vz

(Mises) o] 2 A48 AP TE 2geie] 2]

=
>,
1>
©
f

5 aAEEd B ARddatelE uds F7H49 A
A& Sl e =ENE ATl teiM e
b

Al 2

B A7 201349% AR Rz g Agew @
AT Y] A QLE who} 31 712 ATAKT (2013023394)
7 Q5ATAESAAIQl Sehdtny S AASE AFAE
o] Ao R YL (2005-004906).
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