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Ultimate Strength Estimation of Ferritic Stainless Steel Single Shear Bolted
Connections Fastened with Four Bolts
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ABSTRACT : The purpose of this study is to investigate the ultimate strength and curling influence using finite element
analysis based on the previous test results of ferritic stainless steel bolted connections. Results obtained from finite element
analysis (FEA) were compared with those of test results and the validity of numerical modeling was verified. The conditions
of curing occurrence for edge/end distance were investigated and ultimate strength reduction ratio caused by curling was
estimated quantitatively. Moreover, the ultimate behaviors such as fracture mode and ultimate strength by FEA were
compared with those predicted by current design specifications such as AISC, KBC2009, AlJ and AISI.
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Table 1. Specimen list and test results
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End | Ultimate Fracture P
. racture
. distance | strength . mode at
Specimen Curling . mode at
(mm) Pee ultimate test end
e (kN) strength
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crack
_ between
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Fig. 1 Load-displacement curves of test results
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Fig. 3 Stress-strain curves for ferritic stainless steel
(STS430)

Table 2. Tensile coupon test results for STS430 material

Plate Young's Yield Tensile Yield

thickness | modulus stress stress ratio ElonEgition
¢ E Oy Ou 03// Ou (%)
(mm) (GPa) (MPa) (MPa] YR (%)

3.0 163.63 304.73| 433.81 70.25 38.00
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Fig. 4 Fracture shape and stress distribution of
test and analysis

Table 3. Comparison of previous test results and analysis

results

Test Analysis Strength

| e | Pt g | P |cuning pia e
SFAT30E24 |115.84 BS - 109.41 BS - 0.94
SFAT30E30 |125.83 BS - 117.03 BS - 0.93
SF4T30E36 |129.36 BS o] 124.82 BS - 0.96
SF4T30E48 |127.79| BS o |122.81 BS ¢} 0.96
SFAT30E60 |129.85 BS o] 134.86 BS ] 1.04
Average 0.97
Ccov 0.04
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Table 4. Parametric analysis results

oA i Hsk o] Sjw
ASAZ (b)7}F 48, 56mm<!

timat F
Analysis model e b Ultimate 3 Fracture mode at racture
(Specimen) (mm) | (mm] strength | Curling ultimate strength mode at
P PualkN]) 3 test end
SFAT30B36E24 | 24 104.02 X BS
SFAT30B36E30 | 30 108.77 X N
SFAT30B36E36 | 36 | 36 | 110.30 X Tensile crack N
between two bolts
SFAT30B36EA8 | 48 110.92 X N
SFAT30B36E60 | 60 111.03 X N
SFAT30B42E24 | 24 105.734 X Tensile crack BS
SF4T30B42E30 | 30 113.66 X between two bolts BS
SFAT30B42E36 | 36 115.47 0 BS
SFAT30B42EA8 | 48 42 119.14 0 Curling BS
SFAT30B42E60 | 60 115.91 0 BS
SFAT30B42E36R | 36 119.99 X N
SFAT30BA2EASR | 48 125.70 X Tensile crack N
between two bolts
SFAT30B42E60R | 60 130.92 X N
SFAT30B48E24 | 24 106.98 X BS
SFAT30BASE30 | 30 114.8 X Tensile crack BS
between two bolts
SFAT30B48E36 | 36 122.04 0 BS
SFAT30B4SEAS | 48 121.46 0 BS
48 Curling
SFAT30B48E60 | 60 120.36 0 BS
SFAT30B48E36R | 36 122.6 X BS
SFAT30BASE4SR | 48 140.39 X Tensile crack N
between two bolts
SFAT30B48E60R | 60 135.02 X N
SFAT30B54E24 | 24 107.04 X BS
SFAT30B54E30 | 30 115.56 X Tensile crack BS
between two bolts
SFAT30B54E36 | 36 124.2 0 BS
SFAT30B54E48 | 48 125.59 0 BS
54 Curling
SFAT30B54E60 | 60 131.19 0 BS
SFAT30B54E36R | 36 124.28 X BS
SFAT30B5AEASR | 48 139.35 X Tensile crack BS
between two bolts
SFAT30B54E60R | 60 150.54 X N
SFAT30B60E24 | 24 109.41 X BS
SFAT30B60E30 | 30 117.03 X Tensile crack BS
between two bolts
SFAT30B60E36 | 36 124.82 X BS
SFAT30B60EAS | 48 122.81 0 BS
60 Curling
SFAT30B60R60 | 60 134.86 0 BS
SFAT30B60E36R | 36 124.55 X BS
SFAT30BGOEASR | 48 139.60 X Tensile crack BS
between two bolts
SFAT30B60E6OR | 60 154.01 X BS
zsts| =28 H25H HEE(EH H12735) 20134 122 663
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Table 5. Ultimate strength of analysis result and curling

influence
Ultimats Strength
Analysis model imate . Fracture mode at Fracture 1en'gt
(Specimen) strength Curling Wltimate strength mode at ratio
Pua (kN) test end | Pua/ PuaR
SFAT30B36E24 104.02 X BS -
SFAT30B36E30 108.77 X N -
SFAT30B36E36 110.30 X N -
SFAT30B36E48 | 110.99 X Tensile crack N -
between two bolts
SFAT30B36E60 111.03 X N -
SFAT30B42E24 105.73 X BS -
SFAT30B42E30 113.66 X BS -
SFAT30B42E36 115.47 0] BS 0.96
SFAT30B42E48 119.14 (0] Curling BS 0.95
SFAT30B42E60 115.91 0] BS 0.89
SFAT30B48E24 106.98 X BS -
SFAT30BASES0 | 114.80 X Tensile crack BS -
between two bolts
SFAT30B48E36 122.04 0] BS 1.00
SFAT30B48E48 121.46 ] BS 0.87
Curling
SFAT30B48E60 120.36 0] BS 0.89
SFAT30B54E24 107.04 X BS -
SFAT30B54E30 | 115.56 X Tensile crack BS -
between two bolts
SFAT30B54E36 124.20 0] BS 1.00
SFAT30B54E48 125.59 0] BS 0.90
Curling
SFAT30B54E60 131.19 0] BS 0.87
SFAT30B60E24 109.41 X BS -
SFAT30B60ES0 | 117.03 X Tensile crack BS -
between two bolts
SFAT30B60E36 124.82 X BS -
SFAT30B60E48 122.81 0] BS 0.88
Curling
SFAT30B60E60O 134.86 (0] BS 0.88
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Table 6. Conditions of curling occurrence with
strength reduction

Bolt array Conditions of curling occurrence

(row x
column)

End distance
e (mm)

Edge distance
b (mm)
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(b) E54dvd
Put = (An,t +0’5Ayu) ° 0-11, (10)

6.1.3 AISI (2007)1%; W7H48 &2

P, = (0.1+—)An -0, <A, -0, (11)

Put =€y i Oy (13)

:BﬁéOl AAl] A = 7

P,, = Cidto, (14)
SETH] Weo] AAd 12 7+,

P,, = (4.64at+ 1.53)dto, (15)

oA7Id, C (RISHAF, d/t < 10=3.0), o (&S] HSHAF,
SIee]) ¢ 0.0394

(@) B2A9g @ g8 F Hagh AR AISC(2005)
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Table 7. Fracture mode and ultimate strength by design manual

AISC(2005), AISI . .
- AISC(2001), Ki0(2009) AlJ NAS(2007) Ij)nalysm result . (ZOosltjength ratio PuaA/IPut(2005)
Put k) m;;::;lr\/cl) Fut (NJ i Put (kN) M [kL;\aTj I K§8(2009)v AlJ AISISI?TAS(ZOO.w
SF4T30B36E24 95.00 BS(5) 107.09 N 93.51 BS(14) 104.02 BS 1.09 0.97 1.11
SFAT30B36E30 101.50 BS(4) 107.09 N 101.50 BS(13) 108.77 N 1.07 1.02 1.07
SF4T30B36E36 107.09 N 107.09 N 107.09 N 110.30 N 1.03 1.03 1.03
SFAT30B36E48 107.09 N 107.09 N 107.09 N 110.99 N 1.04 1.04 1.04
SF4T30B36E60 107.09 N 107.09 N 107.09 N 111.03 N 1.04 1.04 1.04
SFAT30B42E24 95.00 BS(4) 108.40 BS 93.51 BS(14) 105.73 BS 1.11 0.98 1.13
SF4T30B42E30 101.50 BS(4) 116.23 BS 101.50 BS(13) 113.66 BS 1.12 0.98 1.12
SFAT30B42E36 107.99 BS(4) 122.776 N 107.99 BS(13) 115.47 BS 1.07 0.94 1.07
SFAT30B42E48 120.98 BS(4) 122.76 N 120.98 BS(13) 119.14 BS 0.98 0.97 0.98
SFAT30B42E60 122.776 N 122.776 N 122.776 N 115.91 BS 0.94 0.94 0.94
SFAT30B48E24 95.00 BS(4) 108.40 BS 93.51 BS(14) 106.98 BS 1.13 0.99 1.14
SFAT30B48E30 101.50 BS(4) 116.23 BS 101.50 BS(13) 114.80 BS 1.13 0.99 1.13
SF4T30B48E36 107.99 BS(4) 124.07 BS 107.99 BS(13) 122.04 BS 1.13 0.98 1.13
SFAT30B48E48 120.98 BS(4) 138.43 N 120.98 BS(13) 121.46 BS 1.00 0.88 1.00
SF4T30B48E60 133.98 BS(4) 138.43 N 133.98 BS(13) 120.36 BS 0.90 0.87 0.90
SFAT30B54E24 95.00 BS(4) 108.40 BS 93.51 BS(14) 107.04 BS 1.13 0.99 1.14
SF4T30B54E30 101.50 BS(4) 116.23 BS 101.50 BS(13) 115.56 BS 1.14 0.99 1.14
SFAT30B54E36 107.99 BS(4) 124.07 BS 107.99 BS(13) 124.20 BS 1.15 1.00 1.15
SFAT30B54E48 120.98 BS(4) 139.74 BS 120.98 BS(13) 125.59 BS 1.04 0.90 1.04
SFAT30B54E60 133.98 BS(4) 154.10 N 133.98 BS(13) 131.19 BS 0.98 0.85 0.98
SF4T30B60E24 95.00 BS(4) 108.40 BS 93.51 BS(14) 109.41 BS 1.15 1.01 1.17
SFAT30B60E30 101.50 BS(4) 116.23 BS 101.50 BS(13) 117.03 BS 1.15 1.01 1.15
SF4T30B60E36 107.99 BS(4) 124.07 BS 107.99 BS(13) 124.82 BS 1.16 1.01 1.16
SFAT30B60E48 120.98 BS(4) 139.74 BS 120.98 BS(13) 122.81 BS 1.02 0.88 1.02
SF4T30B60EGO 133.98 BS(4) 155.41 BS 133.98 BS(13) 134.86 BS 1.01 0.87 1.01
Average 1.07 0.96 1.07
cov 0.068 0.059 0.071
srEdPxss =27 M5 MES(SH M1272) 20134 128 667
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Table 8. Strength comparison of specimens without
curling effect

Strength ratio Pua/Put Analysis
AISC(2001) AISI(2006)
Specimen KBC(2009) AL NAS(2007) Fracture
Eq.(7) for block Eq.(16) for block | mode

shear shear
SF4T30B36E24 1.09 0.96 1.09 BS
SFAT30B36E30 1.02 1.02 1.02 N
SF4T30B36E36 1.03 1.03 1.03 N
SFAT30B36E48 1.04 1.04 1.04 N
SF4T30B36E60 1.04 1.04 1.04 N
SFAT30B42E36 1.07 0.93 1.07 BS
SF4T30B48E24 1.13 0.99 1.13 BS
SFAT30B48E30 1.13 0.99 1.13 BS
SF4T30B48E36 1.13 0.98 1.13 BS
SF4T30B54E24 1.13 0.99 1.13 BS
SF4T30B54E30 1.14 0.99 1.14 BS
SF4T30B54E36 1.15 1.00 1.15 BS
SFAT30B60E24 1.15 1.01 1.15 BS
SF4T30B60E30 1.15 1.01 1.15 BS
SFAT30B60E36 1.16 1.01 1.16 BS

Average 1.10 1.00 1.10

Ccov 0.046 0.028 0.046

Table 9. Table 8. Strength comparison of specimens
with strength reduction by curling effect

Strength ratio Pua/Put Analyis
AISC (2001) AISI (2006)

Specimen KBC (2009) AL NAS (2007) Fracture
Eq.(7) for Eq.(16) for mode
block shear block shear

SFAT30B42E48 0.98 0.85 0.98 BS
SFAT30B42E60 0.87 0.75 0.87 BS
SFAT30B48FE48 1.00 0.87 1.00 BS
SFAT30B48E60 0.90 0.77 0.90 BS
SFAT30B54E48 1.04 0.90 1.04 BS
SFAT30B54E60 0.98 0.84 0.98 BS
SFAT30B60E48 1.02 0.88 1.02 BS
SFAT30B60E60 1.01 0.87 1.01 BS
Average 0.97 0.84 0.97
cov 0.062 0.063 0.062
7.4 &

a7 zxsts ==8 H25d Me=(s

A 127

ugh sjelo|EA) 2E|QlEavge) 2w
HYATE B gL AAE V1R 98
a3t s, dielE us:

i

N ot

_‘é
(e
(¢

S
ofr
N I
o
i)

RIore o

o b

o N,
)
6 &
N

UeRa, oWy Bl 9 gty
A= skt
42~60mm Agel glojA #
ot A3Ho] Eor wWemdo] F&at
e A vhe Aoy (Pua/Puak)7}
0.87~0.969 WA= Yeltor, s A9
()7} 71kl whe} Hejde o3 g A|slEe] <
7Feiitt. skeddy AdAE(e)7F 36mmel A@AC
78, Mg ogt WA =7t 0% ~4% = PH]
3}9“]”} 48mm°]*c}94 él‘éﬂ]—a‘ 5%~13%% 9]

(o3
M

2

il

(

AISC J124e BaiEg :
ez, Al EA @ 2] Al e
e theT B B9 AFET 3 42
saa% SEle ALVIEIN Aee sl s
SERECE

® R B4 S A BOITY o
A aAE HEE Tl &

arel 2

2 A7e 20129 hEdigw wuigkedTH|ek 20134
£ ARIPEE) 9 Ados dadTge) A9s
o} g AT (FARIZ © 2005-0049406, 2013023394).

& 11 2 8 (References)

(1) Johnson, A.L. and Winter, G. (1996) Behavior of
stainless steel columns and beams, Journal Structural
Division, ASCE, Vol. 92, No. 10, pp.97-118.

(2) American Iron and Steel Institute (1968). Specification
for the design of light gage cold-formed stainless
steel structural members, AISI.

(3) Kuwamura, H. and Isozaki, A. (2001) Experimental
Report on Strength of Bolted Connections in Thin-
walled Plates, Tokyo, Steel Structure Laboratory,
The University of Tokyo (in Japanese).

<) 20134 12¢



(9) A, e

H2fo|EAl AHQlZ|A

(4) Kuwamura, H. and Isozaki, A. (2002) Ultimate

Behavior of Fastener Connections of Thin Stainless
Steel Plates, Journal of Structural and Construction
Engineering, Vol. 6, No. 556, pp.159-166 (in
Japanese) .
Kim, T.S. and Kuwamura, H. (2007) Finite element
modeling of volted connections in thin-walled
stainless steel plates under static shear, Thin-
Walled Structures, Vol. 45, No. 4, pp.407—421‘
ol-&8, Heler, Astd, AeT(2009) BAFAL &
AYE WFRE Zhe ey % AEre F ﬂioﬂ
oot A38A A7, SEUTFTSERE, SR
3], A|214, AbZ, pp.527—536.
Lee, Y.T., Kim, T.S., Jeong, H.Y., and Kim,
H. (2009) An Experimental Study on Ultimate
Behavior of Thin-walled Carbon Steel Bolted
Connections with Varying Plate Thickness and
End Distance, Korean Society of Steel Construction,
KSSC, Vol. 21, No. 5, pp.527-536 (in Korean).
AN Aeg AsE, o]$8(2011) LAHUYOlEA
ZH|Q Eﬂ/\ﬂ STS304) 4= BE X“?H'—«] ZA As
o B AFH A7, AIYTIIERE, IRAFE
&3], A1239, #1135, pp.29-39.
Kim, M.S., Kim, T.S., Kim, S.H., and Lee, Y.T.
(2011) An Experimental Study on Structural
Behavior of Bolted Angle Connections with Austenitic
Stainless Steel, Korean Society of Steel Construction,
KSSC, Vol. 23, No. 1, pp.29-39 (in Korean).
e, AWE(2013) FefolEAl 281912l 2~72H(STS430)
oY EERATY FxAEe uek A8A A7, &
TFUFEAS =R, =TS, A25¢, AB3, pp.
463-474.
Kim, T.S., and Kim, M.S. (2013) An Experimental
Study on Structural Behaviors of Double Shear
Bolted Connections Fabricated with Ferritic Stainless
Steel (STS430), Korean Society of Steel Construction,
KSSC, Vol. 25, No. 5, pp.463-474 (in Korean).
, HeE, o] 88(2010) FE|EA 2H|

Z 2 29 AW =EMET | FCiLiHET}

A 27H(STS430) vt EEHGTC] T35 Oﬂ et
AEH AT, UisteEets| FAE=es =2, ok
%313 A|30H, A|1Z, pp.141-142.

KIM, M.S., KIM, T.S., KIM, S.H., and Lee, Y.T.
(2010) An Experimental Study on Ultimate
Behavior of Bolted Connections with Thin-walled
Ferritic Stainless Steel, Proceedings of Annual
Conference Architectural Institute of Korea, AIK
Vol. 30, No. 1, pp. 141-142 (in Korean).

(10) HAE, o] 89, AsE, AHF(2012) #to|EA 2H|
AN~ BEHFHC ‘LJMOH ek W S, oSt
&S| FARtsUEl =2, HaiEes], A|324, Al
2%, pp.459-460.

KIM, J.H., Lee, Y.T., KIM, S.H., and KIM, T.S.
(2012) Parametric Analysis on End/Edge distance
of Ferritic stainless Bolted Connections, Proceedings
of Annual Conference Architectural Institute of
Korea, AIK Vol. 32, No 2, pp.459-460 (in Korean).

(11) dekd=3ts] (2011) 72|17 9 siM(KBC2009),
71%9, 2011,

Architectural Institute of Korea (2011) Korean
Building Code and Commentary (KBC2009),
Kimoondang (in Korean).

(12) American Institute of Steel Construction. (2001)
Manual of Steel Construction-Load and Resistance
Factor Design, AISC, Chicago, 1L, USA.

(13) American Institute of Steel Construction (2005)
Specification for Structural Steel Buildings, AISC,
Chicago, IL, USA.

(14) Architectural Institute of Japan (2002) Recomm-
endation for Limit State Design of Steel Structures,
AlJ, Tokyo, Japan.

(15) American Iron and Steel Institute (2007) North
American Specification for the Design of Cold-
Formed Steel Structural Members, AISI S100-07,
Washington D.C., USA.

o : E dAe vl EA 2l dudd 2EHY
; 3

oS8kt 3ol @ < A& Ak ﬂfﬂlﬂaﬂo}%li AR
Hrrsloint, g el Sl Foldl el Aztel st d71E4l AISC, KBC2009, AlJ 3t AISI 2lel o5% W} v

5) 20134 1228 669

ghadTxsts =23 HM25dE Hes(sd M127

it



