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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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(¢) 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
AL2T2E48 48 53.70 O BS
AL2T2E60 60 52.72 O BS
T
A~

Load [kN]

0 2 4 6 8 10 12
Displacement (mm)

(a) Specimens with short end distances

70

[ ALZ2T2E36
Curling — - ALZ2T2E48

. Aé ' --= ALZ2T2E60

60

50

40

Load [kN]

30

Displacement (mm)

(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™®

SRLECRNE

. . Yield stress . Yield ratio .
Plate thickness | Elastic modulus o Tensile stress Elongation
Coupon ¢ (mm) E (GPa) (0.2%offset) s (MPa) o,/o, EL (%)
o, (MPa) . YR (%)
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 e and analysis results
500 -
§400 Test result Analysis result |Strength
% 100 Specimens | P, . P, . ratio
ézoo KN) FM|Curling *KN) FM |Curling PP,
AL2T2E24 [51.35| E O [49.12| E O 0.96
100 ‘ —Nominal strain-stress |
0 — True strain-stress AL2T2E30 [51.35|BS| O [5297|BS| O 1.03
000 03 strain 010 o1 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 0.91
AL2T2E60 |52.72|BS| O |48.76| BS| O 0.92
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Yr(e, )2 Jesign?, cov 0.053
Ut = Un (1 +En) (1)
€ :1H(1+en) 2) i
Test Analysis
o (a) AL2T2E24
en=6—€e;,=mn(1+e,) Ef 3)

3.3 N2 A3

3.147} 3.220) AAlol wet Gerasa| e Axse
i1 23S Table 30f 24-9] 712 @ Ase} a4 ATt
AP, p,.), TErEE|(FM), Bl waoli 3

=,/ pP)E

Ae)skart, Fig. 60 AEA| AL2T2E

249} AL2T2E609| vt elol s datafe dojil 2|

A AL SHEEE YESH. SRS

2 Hoko] ZATCHE)E AL2T2E24 9] 79 4]
Az 920 ZEFY eHR XS

6(a). WOl T BETF Qo] of] Hojuelo] 2

= AL2T2E60L Fig. 6(b)9] &
o] BEZL o1& Hof| A L=

= WAlsto) AlgHeiule] e

(P,/P,)% 3t 0,977 AEA 4
o= Hict
90 @FgTFrte =

[e)

Ae2e 2ol 313

o] 23]
ﬂﬁﬁﬁﬁéJ

0.053% H|uLA oF

A3t

o] T} EHFlg

O_]‘I‘_,o

el

W J}L ru
oflt

Bl

3t

hE

Analysis
(b) AL2T2E60
Fig. 6. Comparison of fracture and deformed shapes

Fashd, 7075-T6 AT ZEHT o gt si4d
ot Aot fARE sk el H el o] WS gl
2371 ANE frets ae e Hdie of5e 4 9le
Ao drEnt 3.4 Me 2EATHT Ao 3
7Ft7] flell etass)d wdof B e EUiR 354
23 A2 (0) 8 2Pt s A& dAlstaLat gt

F7HA4ol

Table 19] AgA|ofA] Fawa=2l slgFATA (o)
2 924mmol| A 60mm7}A] MBI A ARstea, 522

w5 A30H A25(Ed A153%) 2018 44



AZ (b= 60mm= 1%
Al o} 5154
075-T62] 2w Atk
3, sjerae), ZejujEol vjxjs
36mm, 48mm2] 5}=2 7 H)k
olHe ANslsT E v
g AsHHEES Aoz 9

EEHTT

gahlct. £ HoAE 315
ZpggpeintA el et

wolg ol
2AF517] $13) 30mm,

JEs
fs

ERU=
A= E F7lelo] #ots
H3

of urapel] ofat e
7Fsb7] 91 Fig. 39 T4

Z(Symmetric axis)¥} 11T (Fixed end)& A3t FH
o] WA MO)(1,)2 L4A]7] mElo] A= &
A& w3to] Table 4] 2|3ttt P, HAHFE T

317 ke s mee] ol £, & SAMEL

2
HHE S 43 s A e o] H i olrt,
A Ely e Table 301]A1 o]—%—ﬁl}—ﬁo]—ﬁc‘}ﬂl:/_]—ﬂﬂ( »7t

ST ofl& 501, AL2TE24B3004] ‘AL’S dFulE &,
2E BEY 190182 27)), 'E24'= s
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Free edge Restrained curling )
Specimens Ultimate strength . Ultimate strength Strength ratio
P (kKN) Curling FM PN FM Pl Prop
AL2T2E24B30 48.12 O E 48.18 E 1.00
AL2T2E30B30 52.29 O BS 52.43 BS 1.00
AL2T2E36B30 52.76 O BS 55.57 BS 0.95
AL2T2E48B30 51.90 O BS 60.53 BS 0.86
AL2T2E60B30 52.37 O BS 60.20 BS 0.87
AL2T2E24B36 48.57 O E 48.65 E 1.00
AL2T2E30B36 52.47 O BS 52.60 BS 1.00
AL2T2E36B36 52.69 O BS 55.78 BS 0.94
AL2T2E48B36 51.16 O BS 61.33 BS 0.83
AL2T2E60B36 51.51 O BS 60.89 BS 0.85
AL2T2E24B48 48.97 O E 49.06 E 1.00
AL2T2E30B48 52.75 O BS 52.94 BS 1.00
AL2T2E36B48 53.69 O BS 56.21 BS 0.96
AL2T2E48B48 51.73 O BS 61.58 BS 0.84
AL2T2E60B48 51.60 O BS 61.44 BS 0.84
AL2T2E24B60 49.12 O E 49.17 E 1.00
AL2T2E30B60 52.97 O BS 53.17 BS 1.00
AL2T2E36B60 51.76 O BS 56.56 BS 0.92
AL2T2E48B60 49.03 O BS 61.72 BS 0.79
AL2T2E60B60 48.76 @) BS 61.41 BS 0.79
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(b) AL2T2E24B48R (Restrained curling)

(c) AL2T2E48B48 (Free edge)

(f) AL2T2E60B48R (Restrained curling)

Fig. 7. Stress distribution of analysis results for specimens with
end distance (h=48mm)
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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 AISI (2012) AAA (2010)
P, (kN) FM
(kN) PP, P, (kN) PP,
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 . .. . .
result Design prediction Bearing strength, strength ratio Proposed
Specimens | AISI2012) | AAA(2010) | AISI2012) | AAA(2010) ffzirri’ngc Ste“(glz;) “\p, P,
(kf\;) M\ po L p/) | Py | P P | Pu | Pu | P/ =185
(kN) P, (kN) wa (kN) wa (kN) P,
AL2T2E36B30(52.76| BS | 63.94 | 1.21 | 68.75 | 130 | 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 | 78.83 | 1.52 | 52.56 | 1.01 1.98 48.61 0.94
AL2T2E60B30(52.37| BS | 9548 | 1.82 |100.28| 1.91 | 78.83 | 1.51 | 52.56 | 1.00 1.99 48.61 0.93
AL2T2E36B36(52.69| BS | 63.94 | 1.21 | 68.75 | 130 | 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 | 78.83 | 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 | 84.52 | 1.72 | 7883 | 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
A4 (6), (7), (10), (11)°A sdaFATEA (e)7} F7H LR, 3.4 l A A HHF o] ofgt A
S7HHE, AUATETA: A, AUAGFLR: A, Al SEA 2R S0mm o) SR e
ool et ek ele] 2o A0 A4 A 71¢] 36mm o141 AR Al Bl ek
1 S|4 Ao A oo 2 WHASLR s 7 EEAIY otk el o] WAt o] AAE
A7 il = Beka HdiWge] S7ketA] 9ty 7] Wiieell F 71 (ALST, AAA) oA A|AIRE A|ubeH(Bea—
wjEo @3 5 712400 ofa) HaRe] HAduizo] W ring fracture)2le] I3t oSz vlmskct
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+ Table 601] xﬂxld H}sa} 7Hv] 1.86~2 044
Helofe] o) F2PAdS aefsto] 1,852 AIASIA

C= i 12)
N dto, (
P, =1.85dto, (13)

utp
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7|24 o S et PR S U A FEdt
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5.2 &
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(3) HelHFN ofgt WA B ol s vl
A AB(AISD S} V= LdTolEE 2 (AAA) 7]EA]
af oI5t =gt = Bt 55%, 64% i
7FBIAAL, A duh 2 Bt 53%, 2% 87153t
(4) AFAQ EFduigao] s Y& Frid 4 gle
ZE2| A|¢fo]] of3t ute] HelHF(LFe| =752)
I 2EZF Qo] Qs Hduigo] AAHenR
SE| AW 7128 A Yuphal e 2-g5to] AU
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