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Cyclic Loading Tests of Two Types
of Structural Aluminum Alloy
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(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: The hysteretic behavior of aluminum alloy is fundamental for studying the seismic behavior
of aluminum alloy structures. A total of three different loading protocols, including cyclic ascending, cy-
clic alternating and cyclic tensile, with the maximum strain amplitude up to 4%, were adopted for the
6082-T6 and 7020-T6. In order to avoid buckling, the small gauge specimen with length-to-diameter ratio
of 1.5 was adopted. The comparison of monotonous tensile results between the small gauge specimen and
standard specimen revealed that the error of the two specimens was very small, which indicated the feasi-
bility of the adoption of the small gauge specimens. The stress-strain relationship and hysteretic behavior
of aluminum alloy were also obtained by cyclic loading test. The obtained results show that the aluminum
alloy has good hysteretic behavior and ductility, and the load protocol influences its skeleton curve to a cer-
tain extent.
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Fig.1  Specimen size(Unit: mm)
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Tab.1 Specimen number table
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6082-T6 AL6-1 (2.3) AL6-0 AL6-a AL6-b AL6-c
7020-T6 AL7-1 (2.3) AL7-0 AL7-a AL7-b AL7-c
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Fig. 3 Cyclic loading system
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Fig. 4 Failure mode of monotonic tensile specimen
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Fig.5 Comparison of standard specimen and
small gauge specimen
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Tab.3 Comparison of monotonic tensile test results

Y %XEH&E&T}E mmrg A E?E:H_: Y ERUIE S B J5 Wi 4 ¢
fo.2/MPa fu/MPa E/MPa So.z/ fa 8/ % v/ %
ALG-H7 298. 3 321.0 70 714 0. 89 10. 21 52.42
AL6-/Ng 299.1 325.9 70 154 0. 89 34. 40 55.21
ALT7-F5 iz 321.2 363.9 72 040 0.88 12.65 39.70
ALT7-/NbR i 314. 4 361.0 71 621 0.89 24. 40 45. 24
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Tab.4 Comparison of true and nominal stress values

MPa

R - BURAE 5% A UBIAE A HUPIRE
%5 XEREAORE R f

£ SR ) 321.7 318.2 321.0
AL6-0

EL 338.6 331.5 354.1

% LR 348.2 342.1 361.0
AL7-0

RN S 366.7 355.9 400. 8
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Fig. 6 Comparison of nominal
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Fig. 7 Failure mode of specimen
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Tab.5 The elongation at break of the
specimens after cyclic loading

S 42 -

wrws A e
AL6-a 10. 00 —
AL6-b 10. 00 20
AL6-c 10. 00 40
ALT7-a 10. 00 15
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ALT7-c 9.99 28
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Fig. 8  Stress-strain curves of cyclic loading
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Tab. 6 Stress of the corresponding control points of AL6-a

g 7% %1 %2 % % 3 ] %4 %5 7 W AE %1 %2 % EHEEN %54 % EHBEN
€nom /% o/ MPa o/ MPa ¢/ MPa o/ MPa o/ MPa Enom /% o/ MPa o/ MPa o/ MPa o/ MPa ¢/ MPa

+1 300. 2 303.1 307.3 308. 2 309.0 +3 329.6 331.5 331.4 330.9 331.0
—1 —309.6  —310.2 —311.7 —313.1 —315.4 —3 —349.7  —349.8 —349.7 —350.6  —351.8
+2 315.0 323.6 326.6 328.1 328.8 +4 328.2 331.2 - - -
—2 —332.5 —337.7 —339.6  —340.8 —341.2 —4 —358.6 360. 1 — — -

|
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Fig. 9 Stress-strain hysteresis curves comparison of A6l.-a with AL7-a
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Tab.7 Comparison of hysteresis loop area
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Contrast of skeleton curve and monotonic tensile curve

4+ ELAE R /INBR B 3 1F mT 3B S 3 7 478 3 7 1 il
2) % e T R L 6 A B Y 44 SO - AR
£ 1 LS5 7 - O A K L 45 SR AR WA 4 SRR 7N
T 0. 05 I, ELSLN I3 M4 SR 1 22 18] (4 Fe K 2250
5.25% G, YR AR /N F 0. 05 B AT LR 45 S
J3-IEAE K Z8 43 B i B [ P
3G PR 2 e AR A 1 114 T I i I R 1 S



64 IR K 2240 A BR2E D

2018 4

R TN MEAE R # 07 ST R A RN B R
J T 5 I E A BR AN 2R 5 2T K A S R B
B,

OPFEPLMOM T T X 1 22 il A
LR LA R 1l 2 5 T A 4 I A8 R RN A IR AR
Wom#E o N G R R A B T
LR E DR Uil el i S

5) IR I 45 L FE W] 6082-T6 F1 7020-T6 3 W Flt it
SHEA M EEA —EWNAERERE T PR, B
7020-T6 £ 45 4 W FERE AE 1 A AE 1 55 T 6082-T6 4A
4.

(1] AR .E/NR . BICSF. A S S MU R BUR IR ] @SS
24,2007 ,28(6) :100—109.

SHEN Z Y,GUO X N,LI'Y Q. State-of-the-arts of research on
aluminum alloy structures[J]. Journal of Building Structures,
2007,28(6) :100—109. (In Chinese)

(2] AHWERE, T3 A SR URR. 50 G 4 2 I 160 A% 25 44 BFF 7 AR B S B ]
LT, B2 4, 2013,34(2) . 1—19.

YANG L P,WEI S,ZHANG Q L. Aluminum reticulated spa-
tial structures: state of the art and key issues[ ]J]. Journal of
Building Structures,2013,34(2) :1—19. (In Chinese)

[3] GUO X,ZHU S, LIU X, et al. Study on out-of-plane flexural
behavior of aluminum alloy gusset joints at elevated tempera-
tures[ ] ]. Thin-Walled Structures,2018,123:452—466.

[4] ZHU S,GUO X,LIU X,et al. The in-plane effective length of
members in aluminum alloy reticulated shell with gusset joints
[J]. Thin-Walled Structures,2018,123:483—491.

(5] SW/NABEFT, Bk W, 55, B4 4 AR 1Y 50 100 S0 i 25 iy 11 2

FRAF O ) 52 s me T 1. 380 g K2 1 CH AR 22 1D . 2015, 42
(3):36—42.
GUO X N,XIONG Z.,LUO Y F,et al. The out-of-plane initial
bending stiffness interaction of members on the aluminum alloy
gusset joint [ J]. Journal of Hunan University ( Natural Sci-
ences) »2015,42(3) :36—42. (In Chinese)

[6] Sh/hA, ERmHAK, Bk e, % FR A SR 2B RE AR
WEFELT ] IR KA 2 R CR AR B R0 » 2014,41(4) 147 —53.
GUO X N,QIU L Q,LUO Y F,et al. Experimental research
on the bending capacity of aluminum alloy gusset joints[]J].
Journal of Hunan University(Natural Sciences),2014,41(4)
47—53. (In Chinese)

L7 S/NAC, Fmg , AHBH 55 B8 A AR 0 A 1 7 B Je 4 1 1l 45
g8 (1. & h 5 whik .2016,35(18) : 34 —39.

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[16]

GUO X N,WANG L,XIANG Y,et al. Experimental study on
the damping property of aluminum alloy latticed shells with
gusset joints[J]. Journal of Vibration & Shock,2016,35(18):
34—39. (In Chinese)

SN VT SRR L AL B A R A & s IR R
IO ], W R R (A SRR AR > 2018,45(7) 20—
28.

GUO X N, GAO Z P, ZHU S J,et al. Experimental research
on mechanical property of aluminum alloy at elevated tempera-
tures[ J |. Journal of Hunan University ( Natural Sciences),
2018,45(7):20—28. (In Chinese)

RAMBERG W,0SGOOD W R. Description of stress-strain curves
by three parameters TN-902[ R]. Washington DC: National Advi-
sory Committee for Aeronautics, 1943:1—13.

MAZZOLANI F M. Aluminum alloy structures[ M]. Boston:
Pitman Advanced, 1985:25—31.

SN TR A . A0 5%, 45 - A5 A0 & S AT B 56 R
B #n y -k ne i o L) . g 25 0 % 4, 2007, 28 (6) : 110 —
117.

GUO X N,SHEN Z Y,LI Y Q,et al. Stress-strain relationship
and physical-mechanical properties of domestic structural alu-
minum alloy[J]. Journal of Building Structures, 2007, 28(6) :
110—117. (In Chinese)

HOPPERSTAD O S, LANGSETH M, REMSETH S. Cyclic
stress-strain behaviour of alloy AA6060, part I. uniaxial ex-
periments and modelling[ J ]. International Journal of Plastici-
ty,1995.11(6):725—7309.

MATTEIS G D, BRANDO G, MAZZOLANI F M. Pure alu-
minium: an innovative material for structural applications in
seismic engineering [ ] ]. Construction &. Building Materials.,
2012,26(1):677—686.

DUSICKA P, TINKER ]. Global restraint in ultra-lightweight
buckling-restrained braces[ J |. Journal of Composites for Con-
struction,2013,17(1) :139—150.

GB/T 228.1—2010 & /@A BH ML 5 1 35 = M5 7
PLST. dbnt: A E AR AR 2010 9— 11,

GB/T 228.1—2010 Metallic materials: tensile testing: part 1.
method of test at room temperature[ S]. Beijing: China Stand-
ard Press,2010:9—11. (In Chinese)

GB/T 15248 —2008 4 J& b1 A} G 1] 55 1 A% 416 21 95 7 120 56 77 v
(ST dbmt: v E AR s BkL . 2008:7—8.

GB/T 15248 — 2008 The test method for axial loading con-
stant-amplitude low-cycle fatigue of metallic materials[ S]. Bei-

jing: China Standard Press,2008:7—38. (In Chinese)



