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An Experimental Study on Structural Behaviors of Double Shear Bolted
Connections Fabricated with Ferritic Stainless Steel (STS430)
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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.
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Fig. 1 Engineering (Nominal) strain-stress curves
(STS430)

Table 1. Test results of tensile coupon (STS430)

Actual | Elastic | Yield | Tensile Yi?d Elongat
Specim | thickness |modulus| stress | stress ratio ion
en t E o | o "{{/R"“ EL
(mm) (GPa) | (MPa) | (MPa) (%) (%)

SET30 3.0 187.81 [327.01|464.74 | 70.36 | 34.97

36 60

o4 F oo
o =13mm, oo

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

140
156
b & b

140
156

60

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)
2x1 3.0 _
DSF2T30E48 48 =12mm
Bolt hole diameter
DSF2T30E60 60 (9) =13mm
DSFAT30E30 30 Pitch (p), Gauge (g)
=36mm
992 DSF4T30E36 3.0 36 Edge distance (b)
DSF4T30E48 48 =60mm
DSF4T30E60 60
WA (Double shear), 'SF+& FlEto|EA 2H]lg2%
(Ferritic stainless steel), AH#A A BEMI(2E 2
Outer rigid part 1 Outer rigid part 2 oﬂ A le=] = 93 =
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(a) Specimen assembly

Fig. 3 Configuration of specimen

(b) Side view of specimen

Fig. 4 Set up of spemmen and transducer (LVDT) for
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Shear crack

Typical block shear fracture
(a) DSF2T30E30 (b) DSF2T30E60

. Iock shear fracture
(c) DSF4T30E30 (d) DSFAT30E36

(e)DSFAT30E48 (f)DSF4T30E60

Fig. b Fracture shapes
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(a) DSF2T30 series
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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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Fig. 7 Fracture and vielding section line of
typical block shear
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Table 4. Ultimate strength by current design standards
Specimen AISC, KBC AlJ AISI NAS SEI/ASCE Fracture mode at test Pue
P Put [kN) Put (kN) Put(kN]) Put (kN) (kN)
DSF2T30E30 72.15 (BS) 71.43 (BS) 65.14 (BS) 80.86 (E) 83.59
DSF2T30E36 84.67 (BS) 82.26 (BS) 74.45 (BS) 92.02 (B) 89.38
DSF2T30E48 98.71 (B) 97.34 (BS) 87.10 (BS) 90.48 (B) Tensile fracture 106.13
DSF2T30E60 98.71 (B) 105.15 (E) 98.71 (B) 90.48 (B) between two bolts | 123.38
DSF4T30E30 111.23 (BS) 122.02 (BS) 107.94 (BS) 161.78 (E) (Block shear fracture 122.79
DSF4T30E36 121.10 (BS) 130.24 (BS) 114.88 (BS) 161.78 (E) assumed) 132.01
DSF4T30E48 140.84 (BS) 146.70 (BS) 128.77 (BS) 161.78 (E) 146.31
DSF4T30E60 160.58 (BS) 163.15 (BS) 142.66 (BS) 161.78 (E) 153.27
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DSF2T30/ 22 Hase 43243 & woﬂﬁ Bz
IH(BS, BEZ AT B I+l S
T g5 S et 4, 7188 93] dSd A
g5 2t g e vjn-d3E 2t Table
4Z5E AISC, AlJ, AISI 7154l <fd] di&d ahge)
© 23 18 ZEHYTAA oz ddAzt Hlwd &

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 | | asinas | 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 -
Ccov 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(Eq16) - 153.27
470 s=u7zxsts =27 w253 5553 1263) 20139 10
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Fig. 8 Block shear fracture type
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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 DSF4T30E30 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
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