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Strength of High Strength Aluminum Alloys
Single Shear Bolted Connections with Two Bolts
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Abstract - This study is aiming at investigating the ultimate behaviors and curling influence on the ultimate strength in high
strength aluminum alloys (7075-T6) single shear two-bolted connections using finite element analysis. The validation of finite
element analysis for predicting the ultimate behaviors was verified through the comparison between previous test results and
analysis predictions. Strength reduction due to curling occurrence was estimated quantitatively. Parametric analyses with
extended variables were conducted and the conditions of curling occurrence according to end distance and edge distance were
suggested. Finally, modified equation was suggested considering curling influence on the ultimate strength of aluminum alloys

7075-T6 bolted connections.
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Fig. 1. Geometry of specimen
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(b) Curling+Tensile crack
(ALZ2T2E30)

(a) Shear fracture
(ALZ2T2E24)

(d) Curling+Tensile crack
(ALZ2T2EA48)

(¢) Curling+Tensile crack
(ALZ2T2E36)

Fig. 2. Representative fracture shapes at test end
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Table 1. Test results

End Ultimate Fracture mode

Specimens | distance | strength | Curling | at test end

e (mm) | P, (kN) (FM)
AL2T2E24 24 51.35 O E
AL2T2E30 30 51.35 O BS
AL2T2E36 36 51.55 O BS
AL2T2EA48 48 53.70 O BS
AL2T2E60 60 52.72 O BS
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(a) Specimens with short end distances
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(b) Specimens with long end distances

Fig. 3. Load-displacement curves of test results
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Table 2. Material properties of 7075-T6 aluminum alloys'®

. . Yield stress . Yield ratio .
Plate thickness | Elastic modulus Tensile stress Elongation
Coupon ¢ (mm) E (GPa) (0.2%o0ffset) s (MPa) o,/o, EL (%)
o, (MPa) v YR (%) 7
ALZ-2 2.00 66.35 499.83 547.46 91.30 14.20
700 Table 3. Comparison of strength and fracture mode between test
600 and analysis results
s00 |
g [ Test result Analysis result |Strength
S 400 ) .
;300 I Specimens | P vl i P, M |curli ratio
g ’ urlin urlin
% 200 I (kN) £ (kN) &8 p,/P,
100 I AL2T2E24 |51.35| E O |49.12| E O 0.96
——Nominal strain-stress
0 — True strain-stress | AL2T2E30 |51.35|BS| O |5297|BS| O 1.03
000 003 strain 010 013 AL2T2E36 |51.55|BS| O |[51.76|BS| O | 1.00
Fig. 5. Strain-stress curves of 7075-T6 aluminum alloys AL2T2E48 |53.70|BS| O [49.03|BS| O 091
AL2T2E60 |52.72|BS| O |48.76| BS| O 0.92
]I]fal' ;ﬁﬂ]?ﬂﬁoE(q)ﬂ/ﬂ %}‘5‘%335(%9% —g’—-}(ﬂ?ﬂ— —/J\—}‘é?j Average 0.97
FE(,) S st cov 0.053

o,=0,(1+¢,) 1)
et=ln(1+en) (2)
epl=et*eet=ln(1+en)*% (3)
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Fig. 6. Comparison of fracture and deformed shapes
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Table 4. Influence of curling on ultimate strength
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Free edge Restrained curling .
Specimens Ultimate strength . Ultimate strength Strengt}; ratio
P (kN) Curling P (N) FM vl Puar
AL2T2E24B30 48.12 O 48.18 E 1.00
AL2T2E30B30 52.29 O 52.43 BS 1.00
AL2T2E36B30 52.76 O 55.57 BS 0.95
AL2T2E48B30 51.90 O 60.53 BS 0.86
AL2T2E60B30 52.37 O 60.20 BS 0.87
AL2T2E24B36 48.57 O 48.65 E 1.00
AL2T2E30B36 52.47 O 52.60 BS 1.00
AL2T2E36B36 52.69 O 55.78 BS 0.94
AL2T2E48B36 51.16 O 61.33 BS 0.83
AL2T2E60B36 51.51 O 60.89 BS 0.85
AL2T2E24B48 48.97 O 49.06 E 1.00
AL2T2E30B48 52.75 O 52.94 BS 1.00
AL2T2E36B48 53.69 O 56.21 BS 0.96
AL2T2E48B48 51.73 O 61.58 BS 0.84
AL2T2E60B48 51.60 O 61.44 BS 0.84
AL2T2E24B60 49.12 O 49.17 E 1.00
AL2T2E30B60 52.97 O 53.17 BS 1.00
AL2T2E36B60 51.76 O 56.56 BS 0.92
AL2T2E48B60 49.03 O 61.72 BS 0.79
AL2T2E60B60 48.76 O 61.41 BS 0.79
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Fig. 7. Stress distribution of analysis results for specimens with
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Table 5. Strength comparison between analysis and design prediction for specimens with no strength reduction by curing

Analysis Design prediction and strength ratio
Specimens AIST (2012) AAA (2010)
P, (KN) FM
(kN) Pl P P, (KN) Lo/ Pua
AL2T2E24B30 48.12 E 52.56 1.09 52.06 1.08
AL2T2E30B30 52.29 BS 56.06 1.07 61.17 1.17
AL2T2E24B36 48.57 E 52.56 1.08 52.06 1.07
AL2T2E30B36 52.47 BS 56.06 1.07 61.17 1.17
AL2T2E24B48 48.97 E 52.56 1.07 52.06 1.06
AL2T2E30B48 52.75 BS 56.06 1.06 61.17 1.16
AL2T2E24B60 49.12 E 52.56 1.07 52.06 1.06
AL2T2E30B60 52.97 BS 56.06 1.06 61.17 1.15
Average 1.07 1.12
cov 0.010 0.045
Table 6. Comparison of bearing strength by current design specimens and proposed strength
Analysis Design prediction Bearing strength, strength ratio Pro d
result . pose
Specimens | AISIQ2012) | AAA(2010) | AISIQ2012) | AAA(2010) ff;ii“g Stenf;;) wp, [P,
(k;\;) M | P, P,/ Py P,/ Py P,/ Py P,/ =1.85
kN) | oo | (N) | Do | (KN) | B | (RN) | D
AL2T2E36B30(52.76| BS | 63.94 | 1.21 | 68.75 | 1.30 | 78.83 | 1.49 | 52.56 | 1.00 2.01 48.61 0.92
AL2T2E48B30(51.90| BS | 79.71 | 1.54 | 84.52 | 1.63 | 7883 | 1.52 | 52.56 | 1.01 1.98 48.61 0.94
AL2T2E60B30(52.37| BS | 9548 | 1.82 |100.28| 191 | 78.83 | 1.51 | 52.56 | 1.00 1.99 48.61 0.93
AL2T2E36B36(52.69| BS | 63.94 | 1.21 | 68.75 | 1.30 | 78.83 | 1.50 | 52.56 | 1.00 2.01 48.61 0.92
AL2T2E48B36|51.16| BS | 79.71 | 1.56 | 84.52 | 1.65 | 78.83 | 1.54 | 52.56 | 1.03 1.95 48.61 0.95
AL2T2E60B36|51.51| BS | 9548 | 1.85 |100.28| 1.95 | 78.83 | 1.53 | 52.56 | 1.02 1.96 48.61 0.94
AL2T2E36B48 [53.69| BS | 63.94 | 1.19 | 68.75 | 1.28 | 78.83 | 1.47 | 52.56 | 0.98 2.04 48.61 0.91
AL2T2E48B48 51.73| BS | 79.71 | 1.54 | 84.52 | 1.63 | 7883 | 1.52 | 52.56 | 1.02 1.97 48.61 0.94
AL2T2E60B48|51.60| BS | 9548 | 1.85 |100.28 | 1.94 | 78.83 | 1.53 | 52.56 | 1.02 1.96 48.61 0.94
AL2T2E36B60|51.76| BS | 63.94 | 1.24 | 68.75 | 1.33 | 78.83 | 1.52 | 52.56 | 1.02 1.97 48.61 0.94
AL2T2E48B60(49.03| BS | 79.71 | 1.63 | 8452 | 1.72 | 78.83 | 1.61 | 52.56 | 1.07 1.87 48.61 0.99
AL2T2E60B60 (48.76| BS | 9548 | 1.96 |100.28 | 2.06 | 78.83 | 1.62 | 52.56 | 1.08 1.86 48.61 1.00
Average 1.55 1.64 1.53 1.02 1.96 0.94
cov 0.183 0.174 0.028 0.028 | 0.028 0.028
uhek4| (2] (6), (7), (10), (A1)lA sHEHEFATA=(e)7F F7H oz, 3 4o M AAE HeH ol o]t YA
VNS, AR A, ARAREEE 4, 7 SR A sEAZEITA 2] 30mm o] 4} S5 gt
Z7¥ao] uet Hojujle] 71k Ao a2 4 X A2 36mm o1l AR HhA Yol Al sherey
ok s AN HejHee] 2 WHAStR sl 7h=EA o] ofgt wefH o] whAste] X|tjui2io] 2]
A7 bkl E ek HiWigo] S7ketA] okzl 7] iizell F ZIRE(AISL, AAA) oA A|AIE A|}uhek(Bea —
T zo]l A3 F 7)EAlof ofal o] Hdjuiglo] i ring fracture) 4ol oJ3t oSt vl WG,

7he Aoz A,

Fxes] =83 A30d ARs(EdE A153%5) 20184 4



4.3 X|gA+

efufeiat ATSISh AAAZI 6] Slet s Aottt 2
wWenl(p,/P,) = 2k 1,58, 1.

2 (512} AAATIEA @A AA(C)
ofol, @e7|Ze] Ashekal e welHao] oJs) YA}
5 Aol e s TojElsls A neid, 71z
A AR A 25 oA S Aokl
oA e A0 oA e BE] o3t B
o] welul o] opahe Hhe| neslA| Lo T e

2
s
N
w
O
[\

o

wo] s s} BE7k QlAubgto] Qnly 3 7075-T6
AuiAe BEFRO] Afael 250] G2 ulx]
whito] eimEE Bt AQuharl e A estel 4 (12)
o} o] Wiz o] 2|k A45 APSIe, 4] (ol o Hejy
o | 23S Table 69 st 4 (12)e] 3] Ak

2
2

A4 C)'= Table 6ol AAITE B9k o] 1.86~2,049]
Slolu] HE0] TEIAE Tefsto] 1852 AMS)

a3

P

utp

=1.85dto, (13)

2] (13) ol ofalf AlQke W7 HA o] 2 til=vl(p,,,/ P,
= 0,91~1,009] M2 HZHS 0,940]0 AISIS}H AAA.J
AY7] Aol SJgt A S Het LR SHAM Fogt
Aoz gt

AR LE e =8 430 A2ECE

@) sksA2 g ddA2](0)

27} 30~60mm2] HHE ”P She 49). EEAY
o)t ko] He H o] o5t YA 5= 4~21%% YE}
WL, g STRlE Bkl el dsad=
gl

(3) el ofgh WA sy wE Hghitol disl vl
SALAS(AIS) 9 v dFuEE S (AAA)7]EA]

3 d53t = T

ST 2 Bt 55%, 64% ThE

o

7o, Ateniel e Bt 53%, 2nhgtstict
(4) HYA BBl s el Brhe 4 gl
o, Eo] X\t ofgt ko] HolRn(Ue] A
3} BE7E Qgmiee] o3 o] Agugons
20| X} 7120) AUTEALS Bgsto] A2
58 AR C=1.85)ou, AEHE A=

o] A= 2017 E sl &St ofshE] A A H]
Aol ofgt Anpo] AR,
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