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Stress - Strain Relationship of Steel Bars at
Super-low Temperature

LIU Shuang, GU Xianglin, HUANG Qinglhua , ZHANG Weiping
(Department of Building Engineering, Tongji University, Shanghai
200092, China)

Abstract: Mechanical properties of three kinds of 84 steel
bars ( HRB335, HRB400, and HRBF400) were studied
through tests under low temperature ranging from — 180C to
— 80C. Tensile specimens were prepared according to
national code of GB/T 3239—2006. Through tensile tests, the
mechanical behaviors of these rebars under low temperature
were studied. Analysis of the test results reveals that the
shape of the stress-strain curve and the ultimate strain for
steel bars may not be changed by the temperature, but the
yield plateau, the yield strength, the ultimate strength,and the
hardening strain of steel bars will increase with the decrease
of the temperature. Based on the test results, regression
equations of the characteristic values reflecting mechanical
properties of rebars in super-low temperature environment

were established, and then the stress-strain relationship of
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steel bars at super-low temperature was proposed.

Key words: super-low temperature; rebar; stress — strain

relationship; mechanical characteristic value
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Fig.2 Test set-up
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Fig.1 Schematic illustration of tension test
at low temperature 7.
F= 1 AWM N ZFIERR U ER S
Ta.1 Chemical composition and mechanical property of test specimens

P, PAEZ sty 253/ %o

2 — - A
d/mm fyv/MPa fu/MPa eu D w(C) w(SH  w(Mn) w(P) w(S) q:(C)

HRB335 25 =335 =455 —=0.075 3d 0.25 0.44 1.52 0.011 0.035 0.47
HRB400 25 =400 =540 =0.075 4d 0.24 0.49 1.48 0.022 0.024 0.50
HRBF400 25 =400 =540 =0.075 4d 0.22 0.53 1.35 0.018 0.027 0.45

T q (O, ¢ (O = ¢(O) + ¢(Mn) /6 + q(Cr, V,Mo) /5 + q(Cu, ND) /155 fy JgJRMRHRBE s fu JoHRPRHRBE s ew AR BRALAS s D g 180°

B w AR

r=20 #=10
_, e — _w__-_ f— e — = S
20 | | 50(100) T 20
> 60(130) N

B3 HfikE/LAMR (B4 mm)

Fig.3 Dimensions of test specimens(unit;: mm)
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Fig.4 Photograph of a test specimen
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Tab.2 Specimens’ names

A H—ts B
HRB40  LB1~LB7 G(?Bl{ % % 4/11 %%37—_1;
HRBF400 LC1~LC7  CC1/2/3/4/5/6/7~1~

GC1/2/3/4/5/6/7-3

- LA — R0 AN a1 - G AR At a4 a1 5
A #2755 HRB335, B %75 HRB400,C 375 HRBF400; 1~7
A%t RE 20 °C, —80 C, —100 C, —120 C, 140 C,
-160 C, —180 C.
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Fig.5 Typical testing strain— stress curves for steel bars at low temperature
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Tab.3 Test results of steel bars of HRB335
G2 B t/C fy/MPa fu/MPa JER /% Es/10° MPa €h €u
’ BE PIE BE CPMME BME PIME Bl CPME BdE I BE PIE
LA1 390 620.00 62.90 — — —
GA1-1 . 410 ., 623.60 ... 65.75 2.00 . 0.015 0.125 .
GA1-2 4 20 400 403.75 608. 55 622.51 65.73 64.86 2.00 1.93 0.016 0.016 0.144 0.134
GA1-3 415 637.89 65.06 1.80 0.016 0.134
LA 2 455 705.00 64.54 — — —
GA2-1 - 380 435 678.09 64.15 1.00 0.015 0.126
Gaz-2 4 455 M5 9317 09D gsey 6370 g9 193 gigrg 0017 ppg 0124
GA2-3 425 701.72 60.57 1.70 0.016 0.118
LA3 445 720.00 61.81 — — —
GA3-1 _ 472 722.81 65. 30 2.00 0.018 0.128
GA3-2 4 100 470 463.25 710.65 715.41 66.14 64.77 2.20 2.03 0.020 0.019 0.118 0.122
GA3-3 466 708.18 65. 80 1.90 0.019 0.119
LA 4 500 745.00 67.11
GA4-1 _ 525 777.41 67.53 1.70 0.021 0.098
GA4-2 4 120 195 505. 00 747.00 752.69 66.27 67.09 3,00 2.23 0.020 0.021 0.120 0.116
GA4-3 500 741.34 67.45 2.00 0.021 0.130
LAS 570 780. 00 73.08 — — —
GA5-1 555 B 783.00 . 70.88 2.00 0.021 e 0.140 o
GA5-2 4 140 505 543.75 732. 08 764.43 63.93 71.10 1.80 1.87 0.021 0.023 0.114 0.123
GA5-3 545 762.64 71.46 1.80 0.027 0.115
LAG6 625 810.00 77.16 — — —
GA6-1 B 680 . 827.02 82.22 2.60 o o 0.021 o 0.109
GA6-2 1 T80 grs 6905 gy g 81934 gang TOA0 L,y 2220 ey 0028 gy, 0112
GA6-3 622 829.64 74.97 1.90 0.026 0.115
LA7 675 840. 00 80. 36 — — —
GA7-1 B 740 849. 68 87.09 1.80 0.028 0.086
GA7-2 4 180 645 688. 75 874, 67 850.14 73,74 81.08 1.50 1.70 0.020 0.027 0. 062 0.083
GA7-3 695 836.19 83.12 1.80 0.033 0.100
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Tab.4 Test results of steel bars of HRB400
Py Mo 1/C fy/MPa fu/MPa JE 58 LG/ % E;/105 MPa €h €u
BE CPIE BE CEME BdE CPIE e EEIE O BE P BE P
LB 1 478 673.33 70.99 — —
GB1-1 465 648.07 71.75 1.9 0.017 0.132
GB1-2 4 20 485 479.5 676.98 669. 39 71.64 71.63 1.8 1.90 0.017 0.017 0.134 0.132
GB1-3 490 679.16 72.15 2.0 0.017 0.130
LB 2 540 750.00 72.00 — —
GB2-1 - 80 540 . 757.06 . 71.33 1.5 0.020 ; 0.122
GB2-2 4 540 537.5 745. 35 746.83 7945 71.98 1.9 1.70 0.019 0.020 0.111 0.115
GB2-3 530 734.89 72.12 1.7 0.020 0.111
LB 3 550 765. 00 71.90 — —
GB3-1 _ 545 763.21 71.41 2.0 0.021 0.109
GB3-2 4 100 645 568. 75 904. 34 797.30 71.32 71.33 9.9 2.00 0.021 0.021 0.108 0.107
GB3-3 535 756.53 70.71 1.8 0.019 0.102
LB 4 560 765.00 73.20 — —
GB4-1 . 590 798.77 73.86 ; 2.3 o e 0.022 . 0.119
GB4-2 4 120 575 578.75 784.73 785.18 73.97 73.70 1.8 2.03 0.023 0.023 0.111 0.113
GB4-3 590 792.21 74.48 2.0 0.024 0.107
LB5 665 830.00 80.12 — —
GB5-1 _ 630 831.98 .4 - 75.72 3.4 o - 0.026 . 0.109
GB5-2 4 140 635 640.00 826. 02 829. 30 76. 87 77.17 1.6 2.37 0.026 0.026 0.114 0.108
GB5-3 630 829.22 75.98 2.1 0.026 0.102
LB6 705 860. 00 81.98 — —
GB6-1 B 670 oo 859.42 77.96 1.7 0.031 . 0.093
GB6-2 4 160 690 686. 25 369. 77 859.87 79.33 79.81 1.7 1.87 0.016 0.026 0.101 0.101
GB6-3 680 850.3 79.97 2.2 0.031 0.108
LB7 825 915.00 90.16 — —
GB7-1 _ 835 e 959.87 - . 86.99 . 1.8 — o 0.099
GB7-2 4 180 825 822.50 906. 69 927.35 90. 99 88.72 1.2 1.57 0.034 0.033 0.077 0.087
GB7-3 805 927.84 86.76 1.7 0.032 0.085
AR — RIS R O A TR 11 ] & 3% AR AR ARATAH G A TR 2508
#F 5 HRBF400 s {RRALHIRIEE R
Tab.5 Test results of steel bars of HRBF400
gy B 1/ fy/MPa fu/MPa JE L/ % Es/10° MPa €h €u
’ BE CPIE BE CEME B PIE B fE FHIE BAE FHE O BE FHME
LC1 405 593.33 68. 26 — —
GC1-1 . 410 . 598.41 68.51 2.1 . 0.019 0.143
GC1-2 4 20 410 411.25 534,31 593.95 70.17 69. 24 2.0 2.10 0.019 0.019 0.161 0.146
GC1-3 420 599.73 70.03 2.2 0.019 0.133
LC2 485 690. 00 70.29 — —
GC2-1 B 480 684.02 70.17 1.9 0.022 ) 0.127
GC2-2 4 80 470 476.25 677.74 681.87 69.35 69. 84 1.9 1.90 0.023 0.022 0.130 0.126
GC2-3 470 675.71 69.56 1.9 0.022 0.121
LC3 465 735.00 63.27 — —
GC3-1 _ 470 681.19 69.00 2.2 0.023 ; 0.095
GC3-2 4 100 510 486.25 712. 68 707.66 71.56 68.77 1.8 2.03 0.023 0.023 0.137 0.118
GC3-3 500 701.76 71.25 2.1 0.024 0.122
LC4 545 735.00 74.15 — —
GC4-1 _ 535 . 729.83 .. 73.30 : 2.2 . 0.027 ; 0.127 .
GC4-2 4 120 545 535.00 740.30 732.26 73.62 73.05 1.9 2.00 0.027 0.027 0.128 0.127
GC4-3 515 723.90 71.14 1.9 0.026 0.126
LC5 575 760. 00 75.66 —
GC5-1 550 741.18 74.21 2.2 0.029 . 0.135 e
GC5-2 4 140 530 568. 75 753.07 751.84 7702 75.65 1.9 1.97 0.031 0.030 0.131 0.132
GC5-3 570 753.09 75.69 2.0 0.030 0.128
LC6 625 790.00 79.11 — —
GC6-1 qn 615 . 782.97 78.55 1.8 0.034 0.123
GC 6-2 4 160 620 620. 00 760.92 781.70 31.48 79.34 1.6 1.77 0.035 0.034 0.122 0.117
GC6-3 620 792.90 78.19 1.8 0.034 0.106
LC7 745 855. 00 87.13 — —
GC7-1 _ 745 846.78 87.98 1.8 0.039 0.093
GC7-2 4 180 700 722.5 821.91 837.70 85.17 86.23 1.9 1.80 0.041 0.039 0.102 0.096
GC7-3 700 827.11 84.63 1.7 0.038 0.093
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Fig.6 Relationship between relative yield strength or

relative ultimate strength and temperature
difference for HRB335 steel bars
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Fig.8 Relationship between relative yield strength or
relative ultimate strength and temperature
difference for HRBF400 steel bars
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Tab.6 Comparison with some test results

in reference[ 13]

. . t/C
WHRER 20 0 -20 - 40 - 60
ay? 1 1.050  1.100 1.150  1.200
ay? 1 1.034  1.066 1.111 1.160
(ay/ay)/% 100 101.5 103.2 103.5 103.4
ay? 1 1.032  1.064 1.096 1.128
ay? 1 1.019 1.038 1.065 1.104
Cay/ay)/% 100 101.3  102.5 102.9 102.2

DA SCEE SR, X HRB335;2) SCERL13 1255 , %7 16 Mn .
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Fig.9 Relationship between elastic modulus and temperature difference
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Fig.10 Relationship between relative hardening strain and temperature difference for steel bars
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Fig.11 Relationship between ultimate strain and temperature difference
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