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Experimenal study on the mechanical properties of 6061-T4 aluminum alloy
after elevated temperature under unidirectional cyclic tensile load

ZHAO Ziyan, SUN Guohua, CHEN Huixian, LI Ming
(School of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215011, China)

Abstract; To clarify the degradation law of the mechanical property of 6061-T4 aluminum alloy after elevated
temperatures as recommended by the GB 50429—2007 code for design of aluminium structures, a total of thirty-eight
6061-T4 aluminum alloy specimens were designed, and the unidirectional loading tests and cyclic tensile loading
tests at room temperature and elevated temperature were performed. The effects of cooling type and loading protocol
on the failure characteristics, initial elastic modulus, strength, stress degradation, and energy dissipation were
evaluated. The experimental results show that the yield platform and strain hardening behavior in the unidirectional
cyclic tensile stress-strain curve of 6061-T4 aluminum alloy were not observed. When the heating temperature was
in the range of 100 ~300 °C, the surface of 6061-T4 aluminum alloy specimens became slightly darker but not
significantly. The surface condition of the 6061-T4 aluminum alloy can not be used as an indicator to evaluate the
damage degree after fire. The temperature had a slight effect on the initial modulus of 6061-T4 aluminum alloy, and

the cooling method also slightly affected the mechanical property of 6061-T4 aluminum alloy. When the temperature
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was below 200 °C, the temperature did not have a significant effect on the strength of the aluminum alloy. When the
temperature was above 200 C, the strength of 6061-T4 aluminum alloy exhibited a significant decreasing trend with
the increase in temperature. During unidirectional cyclic tensile tests at room temperature, the yield strain of
aluminum alloy specimens was slightly lower than that of unidirectional loaded specimens. Due to the plastic
accumulation damage during the cyclic tensile process, the ductility of the specimens deteriorated under
unidirectional cyclic loading. With the continuous increase in temperature, the yield of the specimens tended to occur
earlier, and the deformation capacity changed from worse to better. The energy dissipation capacity of 6061-T4
aluminum alloy gradually decreased with the increase of temperature, and the cumulative energy was positively
correlated to aluminum alloy strength and cycle number.

Key words: 6061-T4 aluminum alloy; unidirectional cyclic tensile loading test; elevated temperature; energy

dissipation; cooling method
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Fig.1 Dimensions of 6061-T4 aluminum alloy specimens
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Table 1 ~ Specimen parameters information

Pz L/ C a5 G L/ Jm#r =X P TRLEE/C Iz =
ST-1~7 ] LN a2 TC-A-150-1 150 RAmEEN TC-W-250-3 250 B EER
TC-0 ] EOREEAN TC-A-150-2 150 A EER TC-A-250-1 250 B[] R R
TC-W-100-1 100 EOREEAN TC-A-150-3 150 A FER TC-A-250-2 250 B[ EER
TC-W-100-2 100 BRI TC-W-200-1 200 A FER TC-A-250-3 250 B[ EER
TC-W-100-3 100 EOREEA TC-W-200-2 200 A FER TC-W-300-1 300 P R
TC-A-100-1 100 EOREEA TC-W-200-3 200 A HER TC-W-300-2 300 [ EER
TC-A-100-2 100 EOREEIN TC-A-200-1 200 A EER TC-W-300-3 300 B )EER
TC-A-100-3 100 TR TC-A-200-2 200 A fFER TC-A-300-1 300 B E)EER
TC-W-150-1 150 LA 77 TC-A-200-3 200 o EER TC-A-300-2 300 BEJEER
TC-W-150-2 150 TR TC-W-250-1 250 o EER TC-A-300-3 300 BEJEER
TC-W-150-3 150 EAEEEI TC-W-250-2 250 A HER

1.2 RERE

IRIGAE TN B K 2B AR 1 2A 52 2 A 2000 kN HL R R AROT REPL AR AL kAT, oy k2%,
WITT —& A g Bl TRl E RS M, AR AT B e g I s i AR 5 AR EE Sy
50 mm, BEFEN10 mm, EHIEFEN 1000 kN 0 7 4% R 52 ok i 0 oot in 4 g . ok 8 T M22 WAt
RIEHL EFBTAES LIRS 5 I B i £, RAR I L 4 550 M22 B8R Je HL st Al 5 3 SR AL RS &6 T
YEG R, BJE K 6061-T4 FAG Al iU E T IeReBe B 00 MAE Y, 8 8 5 M8 BRA a2 11 %8 T M1 4 ikt
e AR, K2 A TR E
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Fig.3  Unidirectional cyclic loading protocol
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Fig.4 Failure modes of 6061-T4 aluminum alloy specimens under unidirectional tensile load
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Fig.5 Failure modes of 6061-T4 aluminum alloy specimens under unidirectional cyclic tensile load
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Table 2 Experimental results of 6061-T4 aluminum alloy specimens under unidirectional tensile load

4 o,/MPa a,/MPa E/MPa &, £, 8 A/ % &/ % E\/]
ST-1 242.1 267.1 68519.7 0.006 1 0.074 0.91 15.3 35.1 709.2
ST-2 268.5 294.4 67289.8 0.006 1 0.074 0.91 15.6 37.1 738.1
ST-3 247.1 270.9 69329.3 0.0063 0.082 0.91 15.6 36.4 659.0
ST-4 202.9 229.7 70306.8 0.005 1 0.080 0.88 14.4 35.7 571.6
ST-5 224.0 251.2 71454.4 0.0055 0.077 0.89 15.3 34.4 607.9
ST-6 265.1 293.1 72547.7 0.0059 0.073 0.90 14.5 33.1 702.9
ST-7 237.2 262.1 68579.3 0.0052 0.078 0.88 14.8 35.4 620.3

S 241.0 266.9 69718.1 0.0057 0.077 0.90 15.1 35.3 658.4
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Table 3  Experimental results of 6061-T4 aluminum alloy specimens under unidirectional cyclic tensile load

KP4 o, /MPa  o,/MPa E/MPa &, e, 5 A% n/ 8 &/ % E,/]
TC-0 243.42 307.14  73776.46  0.0053 0.073 0.79 13.13 52.5 35.17 836.90
TC-W-100-1 257.68 33490  69881.20  0.0057 0.074 0.77 15.00 61.5 38.50  1040.37
TC-W-100-2 259.66 319.48  70772.67  0.0057 0.083 0.81 15.25 64.5 3536 1099.36
TC-W-100-3 292.29 34236 66240.19  0.0065 0.085 0.85 13.25 58.5 38.11 994.41
TC-A-100-1 296.33 344.82  66979.03  0.0065 0.099 0.86 15.63 61.5 37.28 987.03
TC-A-100-2 277.15 310.70  67948.88  0.006 1 0.098 0.89 15.25 64.5 4191  1062.81
TC-A-100-3 286.28 329.50  67388.14  0.0062 0.070 0.87 13.38 52.5 37.46 867.75
TC-W-150-1 282.49 33339 72451.86  0.0059 0.071 0.85 15.00 61.5 39.90  1015.65
TC-W-150-2 282.58 337.46  68666.67  0.0061 0.069 0.84 14.75 61.5 38.63  1081.04
TC-W-150-3 303.51 346.50  70378.38  0.0063 0.086 0.88 14.00 58.5 31.82  1051.65
TC-A-150-1 247.35 329.62 7231157 0.0055 0.084 0.75 14.75 58.5 38.79 916.09
TC-A-150-2 263.02 328.51  69250.67  0.0058 0.069 0.80 15.13 64.5 38.15  1137.72
TC-A-150-3 263.35 327.84  66110.11  0.0059 0.071 0.80 14.13 61.5 39.60  1110.69
TC-W-200-1 275.64 320.78  68261.17  0.006 1 0.072 0.86 14.38 58.5 36.30 895.41
TC-W-200-2 287.45 322.06 7211328  0.0060 0.082 0.89 14.75 61.5 4026  1034.37
TC-W-200-3 264.20 315.05  67209.88  0.0060 0.069 0.84 14.75 58.5 37.00 974.71
TC-A-200-1 252.65 327.08  69223.65  0.0057 0.066 0.77 12.50 46.5 33.92 667.56
TC-A-200-2 251.95 301.95  73438.62  0.0055 0.072 0.83 12.88 52.5 41.57 842.19
TC-A-200-3 271.14 30479 68449.29  0.0060 0.071 0.89 12.50 52.5 38.17 852.49
TC-W-250-1 219.64 266.87  68958.95  0.0052 0.060 0.82 12.38 46.5 41.03 598.85
TC-W-250-2 203.56 251.58  67352.70  0.0050 0.065 0.81 13.50 52.5 45.53 704.91
TC-W-250-3 205.97 259.41 6935224  0.0050 0.072 0.79 13.75 55.5 44.36 705.72
TC-A-250-1 196.88 249.06  69722.96  0.0048 0.063 0.79 13.88 49.5 46.25 620.44
TC-A-250-2 203.65 260.51  70352.32  0.0049 0.075 0.78 14.38 55.5 43.05 743.06
TC-A-250-3 182.06 23456  71588.57  0.0046 0.067 0.78 14.00 52.5 47.00 607.19
TC-W-300-1 108.62 184.56 6603471  0.0036 0.079 0.59 16.25 61.5 51.25 590.84
TC-W-300-2 111.76 191.42  70056.30  0.0036 0.088 0.58 16.88 61.5 51.92 624.60
TC-W-300-3 104.38 179.41  66802.12  0.0036 0.075 0.58 16.25 61.5 52.53 557.87
TC-A-300-1 92.36 170.89  64158.90  0.0034 0.084 0.54 17.13 61.5 54.17 491.02
TC-A-300-2 110.88 185.04  63530.47  0.0037 0.073 0.60 16.50 64.5 53.06 630.28

TC-A-300-3 106.24 184.60 69108.43  0.0036 0.092 0.58 16.88 64.5 51.83 614.08
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Fig.7 Stress-strain curves of 6061-T4 aluminum alloy specimens considering the temperature and cool type

H 3 K& 7 Al ,6061-T4 $84 4 TEZ 7 100 ~300 °C HKbFE H A H1 )5, HUm IR TR AR BEsREE 2

EENEE N RSP e

RERE I AH LT AR A A7 2 38 2 Ak, (E6F HA i i

% J1/MPa
(3]
(=]
(=)

(bh) 100 CHKELH

0.15

(h) 250 C HREH

einie i"
0 0.03 006 0.09 0.15
7%
(d) 150 °C HEREH
450
— AD ~-TC-A-200-1
400F ... TC-0 -+ TC-A-200-2
350 -~ TC-A-200-3
= 300 AL 1 ‘T“»T.q: -
S 250t FH- N
= 200
E 50
100
i | L .
0 0.03 006 009 012 0.5
7%
(£) 200 °C FHIREEH
400—3p ~-TC-A-250-1
350F - TC-0 --TC-A-250-2
300 ’_W,\_J:}—AT?-A-250-3
s 250
= 200
E 150H 4
100 5
50
09 0.15

400
350
300f
250F -

200
150
1004
50

% J1/MPa

--TC-A-300-1
-+-TC-A-300-2

TC-A-300-3

0.06
% e

0.09

0.12

(j) 300 CHIREH

AR5

T0.15

M AN A



%511 BT, 4 RS 6061-T4 REGA AR FRIAIE A F A )24 1 Be i 3 oY 173

T ,6061-T4 A6 AR 2 U5 B G PR P | D 24 A4 S0 T B g P a2, 2 BH G A B 1) 476 P10 if
rEAME ™ BT —E W BRI, RAKBH ST ,6061-T4 456 4 iR 14 1% i Ak B2 A8 i Hai B
100~200 °C X [H]E, 58 I AH LG N2 10% ~20% ; IR EE 153 250,300 °C i, 6061-T4 FA 4 41l F Y
IR B2 TR ERE Y 86.16% 44.47% , bt W B2 B T+ i, 0 G A MRk %) Je Al o B 22 300 e 14 K5 U8/ N i 22 Ak
B, 2355 150 C R, Ji ARsE R B, W BRBTH 38 B 7E AR B > 100~200 °C X [, 55 IR T
AHEEIE N2 4% ~ 11% 5 INFRR BE IR F 250 300 °C B, # BRPTHL58 B0 7 I RE Y 84.42% .60.28% , T 15 Fifi
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Fig.8 Comparison of skeleton curves for 6061-T4 aluminum alloy specimens
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Fig.9 Cumulative hysteretic energy dissipation of 6061-T4 aluminum alloy specimens at different cooling type
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Fig. 10  Stress-strain curves comparison of unidirectional tensile load and cyclic tensile load

OS2 G PRI AR A e MU, 75 ST 24 048 1 4 W 5 5 P B8 L (T 3o, R
IO 0 025 750 O 0 3 B L 5771 W 0 25 (8 2538 1 R 7
It MBI 1 R 11 R 14 PR B2 RS R BT , 5 96 o B 0 AT L, 5 10



%511 BT, 4 RS 6061-T4 REGA AR FRIAIE A F A )24 1 Be i 3 oY 175

PR 2 A R RS A P B AR 35 Bt 3 B AN T g i P B 5 S A A R DR e AR 22 Jm AR 4
X R IR R RIS AG 558 & NI IOULAs 18 K AR B R R & Sl 2 Rk

1.4 20
121 TC-0 :2 2
2L 2 & 8 2 14
S PRy s SRS
2 08} m 127 ,
# 0.6 L Jéi\(m“ﬁ{ 77777 TR TTaT
=~ R AL = 08 1 R
= 041 AR = 04l L L R
02l » KV B R 04 o« 7KV BB IEER
0 S SR A S H IR
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
HEE/C I/ C
(a) JEMRRASEILE (b) WERSE L L

11 RS EREEEA S A EERETETRELL R
Fig. 11  Strain ratio degradation comparison of specimens under unidirectional tensile

load and unidirectional cyclic tensile load after elevated temperatures

%

I

3 £

IFFEM T 38 4> 6061-T4 F G b IR P AEA [FIHRLEE v A1 1 50 ) S R ) i 3R I 805 , A 7 e
IRFSAE 077 - ARG Z 2k FERERE 2% , WAL 1 v 2077 2URIELIE 25 TN X 6061-T4 455 G A B2 PR BERY
SN AR DA FEA5E

1)6061-T4 4735 G IR M H Il T 2R HAT W R A 3 (5 R e, B ml P AR BR HiT A D A S LR
W R LR W), W R T 5 Al A 24 1 45077 1], W SR TR AR AS KLU L IHT ™ ASSF SR BUBORAR . 23T
6061-T4 §135 BRI 7 =W A2 5 2 /i 2 JC W] i R-F- 5 it A JC B S s A A A

2)6061-T4 $3 G AR R T200 C¥ANG , A Gl R 7E 5 ) 5 78 0 A7 2807 R BSEOR i 3904
LA, ELIR )™ A2 B, i i 0~ A PERESR A5 W 4 R 2 T 200 “C I, 6061-T4 #4561k
PERIR AT EA 145 LG, Wi AN KU B MUAR-F B & 3 H S B0RIR

3)6061-T4 §i& SRR T 200 CYe A, Sa Sl F R SR & | AR 5t B2 AR BIR 5tk B2 A8 f A
AL 5 SR T 200 CYR AN AR el 10 Je e i JSE 1A PR 5t B8 PR AR R B 5, AR T RE T S 25 1 o 5 v 20
Jr AR A SR A RESR AR i A W

4)6061-T4 4735 G PF i AR s JC W R 5 AL RRAE . 5 B 1a) ey 4800 AR LU, B sl PR 3R 2 RV T =
HOBE R B RS RE D ASENE AR 22, B R B9 Th e, B iR I R R AR RE D 251k, 1B
TREEIAFI300 C I, AR BE T Ws A $E Tt

5)6061-T4 55 G il B 1] SARAR 0] FE AE BE - AR BE ) T iy T 22 APR38R AIR s D 2 A0 i 7k 3
TIRERREL

SE .

(1] BUE, Rz, EIM, 5. A S-RES TR )], ARIKFEFMR, 2022, 31(5) : 55-64.
ZHAO Hongfei, QIAO Qiyun, CAO Wanlin, et al. Experimental investigation on the aluminum alloy-timber composite stub columns under axial
compression[ J]. Journal of Natural Disasters, 2022, 31(5) : 55-64. (in Chinese)

[2] KIERAN S, ISENSTADT S, TIMBERLAKE J.et al. Cellophane house[ M |. Philadelphia; Kieran Timberlake, 2011, 29-36.

(3] sk, A, TrE. w ot b o L SO AR W DX 06 USR5 UK B8 2 ) oy ff 80 60 4 W52 25 A B0 [0 ] 3451, 2018, 48
(14) . 8-13.
ZHANG Xuefeng, CUI Jiachun, YIN Jian. Structural design on large-span space freedom surface aluminum shell of the roof of Fo Ding Palace large
dome in Nanjing Niushoushan Culture and Tourism Zone[ J]. Building Structure, 2018, 48(14): 8=13. (in Chinese)

[4] WANGZ X, MACY, LIMY, et al. Mechanical properties of 7A04-T6 high strength structural aluminium alloy at elevated temperatures and after
cooling down[ J]. Thin-Walled Structures, 2022, 180 109930.

[5] CHENZH, LU]J, LIU H B, et al. Experimental investigation on the post-fire mechanical properties of structural aluminum alloys 6061-T6 and
7075-T73[ J]. Thin-Walled Structures, 2016, 106: 187-200.



176 o T B 5 T & #& 3 %455

[6] LIUY, LIU H B, CHEN Z H. Post-fire mechanical properties of aluminum alloy 6082-T6[ J|. Construction and Building Materials, 2019, 196
256-266.
[7] SUMMERS P T, CASE S W, LATTIMER B Y. Residual mechanical properties of aluminum alloys AA5083-H116 and AA6061-T651 after fire[ J].
Engineering Structures, 2014, 76. 49-61.
[8] RIPPE C, CASE S, LATTIMER B. Modeling post-fire behavior of aluminum structural components using a maximum temperature approach[ J].
Fire Safety Journal, 2017, 91. 561-567.
[9] WANGZ X, LIM Y, HAN Q H, et al. Structural fire behaviour of aluminium alloy structures; Review and outlook[ J]. Engineering Structures,
2022, 268, 114746.
[10] SU M N, YOUNG B. Material properties of normal and high strength aluminium alloys at elevated temperatures[ J]. Thin-Walled Structures,
2019, 137, 463-471.
[11] PO, HAR, DR 450 S SAREIA MEMERENT ST T]. DT R, 2018, 51(8): 21-27, 36.
JIA Bin, ZHANG Qilin, LUO Xiaoqun. Study on cyclic loading performance of structural aluminum alloy materials[ J]. China Civil Engineering
Journal, 2018, 51(8) : 21-27, 36. (in Chinese)
[12] GUO X N, WANG L, SHEN Z R, et al. Constitutive model of structural aluminum alloy under cyclic loading[ J]. Construction and Building
Materials, 2018, 180: 643-654.
[13] PISAPIA A, NASTRI E, PILUSO V, et al. Experimental campaign on structural aluminium alloys under monotonic and cyclic loading[ J].
Engineering Structures, 2023, 282 115836.
[14] WHEFI. RN MR E SRR A BRI KW [ D], K, KHEER:, 2018.
YANG Shuhan. Research and application of cyclic constitutive models for cold-formed steel and aluminum alloy material [ D]. Tianjin: Tianjin
University, 2018. (in Chinese)
[15] GB 50429—2007 A& SAM BTG S]. Junt. A4 Ak, 2008.
GB 50429—2007 Code for design of aluminium structures[ S]. Beijing: China Planning Press, 2008. (in Chinese)
[16] =¥, WHR, Hoki, 4. Q2358 Lty M5 1 1224 Mg [ J]. M TS TRRS), 2021, 41(6) : 82-93.
JIANG Tao, DAI Junwu, YANG Yonggiang, et al. Study on mechanical behavior of Q235B structural steel after necking[ J]. Earthquake
Engineering and Engineering Dynamics, 2021, 41(6) : 82-93. (in Chinese)
[17]  A3Ce, BIERE, kA6, (R s BT STk e 5 1 = PERE R 0 [ )] i T/ 5 AR, 2021, 41(1): 175-183.
SHI Wenlong, TAO Zhenghua, ZHANG Fushou. Research progress and mechanical properties data analysis of low yield point steel [ J].
Earthquake Engineering and Engineering Dynamics, 2021, 41(1): 175-183. (in Chinese)
(18] #&, W=, B/, & ARGGEAETEMmA ARO[ V], R TR S TRk, 2017, 37(4) : 22-30.
LIANG Yan, BAN Yayun, LUO Xiaoyong, et al. Study on mechanical performance of corroded reinforcement bar under different loading modes[ J].
Earthquake Engineering and Engineering Dynamics, 2017, 37(4) : 22-30. (in Chinese)
[19] Z3cfh, 2, B 907, JFHL Q460 w7 RN R RS AL T 1y 2= PERE [ 1], BBURPRIEH, 2021, 24(6) : 1291-1299.
LUO Wenwei, LI Haifeng, CAO Baoan. Mechanical properties of Q460 high-strength steel with holes under high-strain cyclic tensile loading[ J].
Journal of Building Materials, 2021, 24(6) : 1291-1299. (in Chinese)
[20] GB/T 228.1—2021 SJEAHAF Prifitss 55 1 4845 K m Iy e[s]. dbnt. hEREL AL, 2021
GB/T 228.1—2021 Metallic materials-Tensile Testing-Part 1: Method of test at room temperature[ S]. Beijing: Standards Press of China, 2021.
(in Chinese)
[21] EN 1991-1-2, Eurocode 1: Actions on structures-Part 1-2. General actions-Actions on structures exposed to fire[ S]. Brussels Belgium:
European Committee for standardization( CEN) , 2002.
[22] Recommended testing procedure for assessing the behavior of structural steel elements under cycling loads [ S]. ECCS-Technical Committee
1-Structural Safety and Loadings Technical Working Group 1.3-Seismic Design, 1986.
[23] SUNY, ZHANG K Y, GONG G B. Material properties of structural aluminium alloys after exposure to fire[ J|. Structures, 2023, 55. 2105
—-2111.



