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An Investigation on the Ultimate Strength of Duplex Stainless Steel (STS329FLD)
Bolted Connections with Two Bolts

Sung-Ho An', Geun-Young Kim’, Bo-Kyung Hwang’, Tae-Soo Kim"*

Abstract : Recently, the use of duplex stainless steel which with a two-phase microstructure (equal mixture of ferrite and austenite) has been increased
in a variety of industrial fields due to higher strength leading to weight saving, greater corrosion resistance(particularly, stress corrosion cracking) and
lower price. However, currently, stainless steels are not included in the structural materials of Korean Building Code and corresponding design standards
are not specified. In this paper, experimental studies have been performed to investigate the structural behaviors of duplex stainless steel (STS329FLD)
bolted connection with two bolts for providing the design data. Main variables are shear connection type (single shear and double shear) and end distance
parallel to the direction of applied force. Fracture modes at the final step of test 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 20%. Test strengths were compared with those by current
design specifications such as AISC/AISI/KBC, EC3 and AlJ and proposed equations by existing studies. For specimens with no curling, Clement &
Teh's equation considering the active shear plane provided a higher strength estimation accurancy and for specimens with curling, Kim & Lim's equation
considering strength reduction by curling was also overly unconservative to predict the ultimate strength of curled connections.
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Table 1. Specimen list

Nominal
plate |[End distance
Specimens |thickness e Commons
tn [mm]
[mm]
SD2T30E24 24
SD2T30E30 30 Bolt diameter(d)
B =12mm
SD2T30E36 36 Hole diameter
SD2T30E48 3.0 48 pit Ela(‘):)B(r}nm @
I T p—— itch(p), Gage(g
SD2T30E60 60 =36mm
DSD2T30E3¢| 36 Edge distance ()
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Fig. 3. Test set-up for specimens
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Table 2. Material properties of STS329FLD

Actual | Young's| Yield | Tensile Ylfﬂd .
. ratio | Elongation
thickness|modulus| stress | strength
Coupons p E o o /0y EL
¢ 4 " YR [%]

[mm] | [GPa] | [MPa] | [MPa] |

SDT30-1 | 2.81 194.85 | 51538 | 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 19635 | 512.65 | 734.17 | 69.83 | 47.87
cov 0.019 | 0.007 | 0.002 | 0.006 | 0015
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Table 3. Test results

?)Clgtl:l Ultimate Fracture Fracture

Specimens | thickness str;ngth Curling | mode at ml(t’de tat

te e test end | UWimate

[kN] state
[mm]

SD2T30E24 | 3.02 108.35 - BS Tensile
SD2T30E30 | 2.99 120.58 - BS ]fracture
etween

SD2T30E36 | 2.98 128.69 - BS two bolts
SD2T30E48 | 3.00 138.65 o N Curling +
Tensile

SD2T30E60 | 3.00 | 13230 | O N | facture
two_bolts

DSD2T30E36] 2.95 134.06 - BS Tensile
DSD2T30E48] 2.94 146.76 - N fracture
between

DSD2T30E60[ 2.95 162.09 - N two bolts

Table 4. Strength comparison according to variables

Actual i Modified .
plate Ultimate | o e Strength ratio
. h strength
Specimens |thickness| strength
fe Pue PueM Puem/ PueM-SD/
[kN] [KN] | PueM eMin | PueM DSD

[mm]

SD2T30E24 | 3.02 | 108.35 | 107.63 1.00 -
SD2T30E30| 2.99 | 120.58 | 120.98 1.12 -
SD2T30E36 | 2.98 | 128.69 | 129.55 1.20 0.95
SD2T30E48 | 3.00 | 138.65 | 138.65 1.29 0.93
SD2T30E60 | 3.00 | 132.30 | 132.30 1.23 0.80
DSD2T30E36| 2.95 | 134.06 | 136.33 1.00 -
DSD2T30E48| 2.94 | 146.76 | 149.76 1.10 -
DSD2T30E60| 2.95 | 162.09 | 164.84 1.21 -
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Table 5. Strength comparison between test results and design predictions
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Speci ultimate - "RE30T6 S Y KBC 2016 Teh et al
pecimen strenth ch et al. Klm&Ll en et al. Kim&
AISC 2010/ AU | EC3 [ oL o AISC 2010| Al | EC3 [ T o
Pue [KNT | A1q1 2012 a- a- ™| AIST 2012 4 a- m
SD2T30E24 | 10835 [ 03.58 [ 10421 [ 88.00 | 101.44 | 110.53 0.88 096 [ 08T | 094 | L0
SD2T30E30 | 120.58 | 105.67 | 11634 | 97.84 | 111.47 | 1253 0.88 096 | 081 | 092 | 1.04
SD2T30E36 | 128.69 | 11632 | 129.08 | 108.09 | 122.10 | 140.57 0.90 1.00 | 0.84 | 095 | 1.09
SD2T30E48 | 153.08 | 13924 | 156.38 | 130.13 | 145.07 | 173.23 | 12995  1.00 LI3 | 094 | 1.05 | 125 | 151
SD2T30E60 | 132.30 | 16139 | 182.81 | 151.44 | 167.21 | 204.04 [ 129.95 | 122 138 | 114 | 126 | 155 | 1.8
DSD2T30E36 | 13406 | 11515 | 127.78 [ 107.00 | 120.87 | 139.15 0.86 0.95 | 080 | 090 | 1.04
DSD2T30E48 | 146.76 | 136,46 | 153.25 | 127.53 | 142.16 | 169.76 0.93 1.04 | 0.87 [ 097 | L16
DSD2T30E60 | 162.09 | 158.70 | 179.76 | 148.01 | 164.43 | 201.53 0.98 L1l | 092 [ Lol | 124
Average 0.96 1.07 0.89 1.00 1.17 1.55
Cov 0123 | 0.134 | 0.128 | 0.116 | 0.151 | 0.033
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3) Helw o] IEs F APA(SD2T30E48 7} SD2T30E60)
oAl ALY YA o2 stEFATAY T T &
Tt W g2 I SYA Y o|HAT BEH T
ol YHr}h Hof 20%7+A HH o] k= ek

4) 37|20l 93¢t EE vt g AU S val
g A "oyl o] gl HEFl disiA <l
AISC/KBC/AISI®F EC3E 2%20% B = FAH 718k
AT G5 oA EEHFHE A9stae Hgd574
St S5 Ao 2 YERT) 71974 (Teh et al. 2} Kim
& Lim)<J3l] AAIE 2ol 9]¢t oS g o) dFuE S
v gk A3, HelHe] gaFo] flv BEEA T taliA
+ Clements ¢} Teholl 2JgF AAE AA DI (Active
shear plane)°ll |3+ S5l go] AP A} F53 -5
S Btk Q AEHIURIEA B9 8] 27HSTS304) 0.2 A2
HEEHTRE A4S Z Kim & Lim (2013f)0l] &) A A E
A H S 73 20| 23 o 2 H -2 [FZ e A 2H| 2
2] 2~7H(STS329FLD)#2] A 52 A& (gHEn|2} AxlE)e]
2}o] & HEFEIA] Saf HiF 55% ANH71shs A o2 e
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