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Experimental Study on Structural Behaviors of Duplex Stainless
Steel(STS329FLD) Bolted Connections with Four Bolts
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Abstract - Recently, duplex stainless steel with higher strength, greater corrosion resistance (particularly, stress corrosion cracking)
and lower cost compared with austenitic stainless steel has been developed. However, stainless steels are not included in the structural
materials of Korean Building Code(KBC) and corresponding design specifications are not regulated. In this paper, experimental
studies have been performed to investigate the structural behaviors of duplex stainless steel (STS329FLD) four-bolted connections
for providing the basic data of domestic design specification. Main variables are shear connection type (single shear and double
shear) and end distance parallel to the direction of applied force. Fracture modes were classified into typical block shear fracture,
tensile fracture and curling. Curling occurrence in single shear connection led to ultimate strength drop by up to 17%. Test strengths
were compared with those by current design specifications and proposed equations by previous researches. For specimens with no
curling, AISC/AISI/KBC, EC3 and Clement & Teh’s equations underestimated the strength. ALJ and Teh & Deierlein overestimated
the strength of bolted connection. For specimens with curling, Kim & Lim’s equation was also overly unconservative to predict the
ultimate strength of curled connections.
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Fig. 1. Geometry and assembly of bolted connection

Table 1. Specimen list

Sh Nominal plate|  End
t | Specimen thickness | distance Commons
ype t, [mm] | e [mm]
SD4T30E24 24
SD4T30E30 30 .
Sinel Bolt diameter(d) = 12mm
ingle
shear SD4T30E36 36 Bolt hole diameter( & )
SD4T30EA48 4g | =13mm
3.00 Pitch(p), Gage(g) = 36mm
SD4T30E60 60 ). Gagelz)
Edge distance perpendicular
DSD4T30E36 36 to the direction of loading
Double (b) = 60mm
shear DSD4T30E48 48
DSD4T30E60 60
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Fig. 2. Strain-stress curves (STS329FLD, tn =3.0mm)

Table 2. Material test results

Actual plate > Yield Tensile 2 9
thickness ;‘;ﬁnmguz stress strength Vgt Elongation
Coupon £ E g, o, 0 y/ g, EL[%]
(o] | [GPal | vpa | [vPay | TRI%
SDT30-1 2.81 194.85 515.38 736.05 70.02 48.10
SDT30-2 2.85 200.56 513.66 | 73276 70.10 46.70
SDT30-3 2.82 193.64 | 50892 | 73371 69.36 47.78
Average 2.83 196.35 512.65 734.17 69.83 47.87
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Fig. 3. Set-up of specimen
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Table 3. Test results

(h)DSDA4T30E60

Actual ;
¥ Ulti Fracture Strength ratio
~p e strength g mode at
Specimen | thickness P Curling | mode at dltimate
t, ue test end B | B
[kN] state Prortin | Puecurt
[mm]
SD4T30E24 | 298 | 181.06 | - BS | Tensie | 100
SD4T30E30 | 294 | 189.88 | - BS | fracture | 1.05 -
SDAT30E36 | 295 | 189.14 | O BS | between | 104 | 1.00
SDAT30E4S | 295 | 18718 | O Bs | Mo bolis [y 03T (99
SDAT30E60 | 295 | 19345 | O N | Culing | 107 | 102
I::msﬂyz/
P:teD)ub[z
DSD4T30E36 | 295 | 18836 | - N | Temsile | 100 | 100
DSDAT30EAS | 295 | 22442 | - N | e g T s
between
DSD4T30E60 | 295 | 22873 | - BS |twobolts| 121 | 085
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SDAT30E24 | 181.06 284.42 | 16031 | 181.59 |121.76| 139.09 | 182.25 1.57 | 0.89 | 1.00|0.67 | 0.77 1.01
SDAT30E30 | 189.88 280.60 | 169.01 | 192.10 | 130.57 | 148.07 | 195.34 148 | 089 | 1.01]069| 0.78 1.03
SD4T30E36 | 189.14 | O 281.55 | 180.48 | 205.75 |141.49| 15946 | 211.60 | 127.78 | 149 | 095 [1.09]0.75| 0.84 1.12 0.68
SDAT30E48 | 187.18 | O 281.55 | 20226 | 231.74 |16245| 181.24 | 242.79 | 127.78 | 150 | 1.08 | 1.24|0.87| 097 1.30 0.68
SDAT30E60 | 19345 | O 281.55 | 224.03 | 257.73 | 183.40| 203.02 | 273.97 | 127.78 | 146 | 1.16 [1.33]095| 1.05 1.42 0.66
Average | 1.50 | 0.99 | 1.13]0.78 | 0.88 1.17 0.67
DSDAT30E36 | 188.36 281.55 | 180.48 | 205.75 |141.49| 159.46 | 211.60 149 1096 |1.09]075| 0.85 1.12
DSDA4T30EAS | 224.42 281.55 | 20226 | 231.74 | 16245 | 181.24 | 242.79 125 1090 | 1.03]072| 0.81 1.08
DSDA4T30E60 | 228.73 281.55 | 224.03 | 257.73 | 183.40| 203.02 | 273.97 123 1098 | 1.13]0.80| 0.89 1.20
Average | 1.33 | 095 | 1.08 | 0.76 | 0.85 1.13
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A2 2)2} o[ H AT EEAHTHYDSDATI0N 2| 2) & F-E510] L}
ERic. Table 30 2HE] AFERAHol|A SHATNE
35 SDAT30E60, DSDAT30E367} DSDAT30EA82] X cuf2lu]
(P,/P,y=7}21 146,149, 1258 4=0hd mik 7] 54]0] oJgH Uy
2 AW I ok 202 Vi, HelHeo] I
242 oA THEE AL DSDATI0E36 3 DSDAT30EAS)

AgSHA 952
o] Al & B2 ARG 7|2 4)0] ojgkolEele] 2kt
LRSSt

KBC/AISC/AISISFAL 7]24) 2 HEHA R o | EAY51HA] ok 4
ARz S AT ISHAY o gt W& gk= Alsslal
Yo} ARG o] AR kol oA = B tok= 4%
S 1t} EC32} Clements and Teh] U242 H e H o] HA)
SHA] o2 A Aol tish X[ H]7}0.67~0.892] 91 A~
B71st5aet. 7Fg 2ol AIQEe Teh and Deierlein®] 4] (7)0] &
S HeHPol WS 2 dudd EERFE
(SDAT30E249} SDAT30E36)2] W&H|(2,/ P, )= 1.01, 1.032.
2 o3 3= Holout o|HAT EEAC tisiAl= W
gu|(P,/P,)7} 1.08~1.202] He|= tha Hig7sks o]
Uepgth Helsgo] AR dHAT EERHER] tisiAl=
W7} 1L12~1.428 FA T st

YA EEHIFO] HAHF Y] FFS AfsiA Ajkzt
Kang and Kim of] 2J3} 4] (8)0]] 22t oS A=) Bt
WP,/ P, )= 0.672 TH=sHA A7t 24 & 4 lrk

4.3 WA

FEHAA 2N AT) YA BEE - S0 HelHY
o] A5 91 SDAT30E242} SDAT30E30-2 ALY 4] (3)T} Teh
and Deierlein2] A|H] (7)0f] 2Jsf £S5tz S 4-8ol=
Zo] 4% 7 o & wrk=i} HelHFP o] TAYslA] o2 o] HA
S EEHGRR disfe £t oA Fg7ishe
S Bl lt}. 3, R3t8 AsA HbHol| ofgt 454
< B0l Hego] Ao gk FEUIAA AERIZIAT &
ERR gigt E5A B 13 87} Sick

HelHgo] WhUgE dwAT EEXI(SDATI0E3S,
SD4T30EA83} SDAT30E60)] oA &= QAE[Uo|EA] AF|Q]
AZHSTS201)9] HOH B BRI HATG SEARTS]
23} AAJE Kang and Kime]] 2J3+ 4] (8)0] 2Jaf Z}A57}= 1
U=t ol & Aol ARSE FEIAA AHRIZ A A
T2 A3} el mE 2 F0] Ao|gly] fiEoZ o]
213t 2jolE Tefolo] WH7HAS HES 87} it

20 =720 =A AR1E Al S(EE Al158%) 20199 2

5. 48

A 1711 0] RS 15% olak Zol 1 halA
3} 7S PPN FEEA) 2|1 AZKSTSIIFLD) O 2
AYE1 29 29 AR 2 o] Bl REH T YU
3.0mm, BE73 12mm, 339} Alo]] 36mm, HEHZF A
A 60mm, 515 QlekA=] 24mm- 60mm)2] Tg]
7 AHS WAL B2 AT oJ8) A
Welg714)o) ofgt elat vl malo] hezl Zhe AR A

(1) IR EG RO 515 A 24mmol
A 30mme] SN BET Qg S5 Ak
o 239l BEgvite] WG 5T A=}
36mm-60mme] AAOI A= WO Bl b =t
o] Whigste] Zchufelo] Askelgi W WA EE BEZH
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2 $H5% AeAe} 37RO sk s 2
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X

(3) Helgo] ile AT BERTRGEIE A
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e
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