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A B S T R A C T  A R T I C L E  H I S T O R Y 

 

Grade 1670 steel wires were selected for elevated-temperature and post-elevated-temperature tensile tests. The test data 

were analyzed through comparison with the results in existing literatures. The elevated-temperature test results indicate 

that, mechanical properties of the steel wires degraded with the increase of temperature. The mechanical behaviors of the 

steel wires degraded rapidly at the temperature exceeding 300°C, and the load-carrying ability was substantially lost when 

the temperature increased up to 700°C. In the post-elevated-temperature test, the modulus of the steel wire was almost 

completely recovered after cooling from the elevated temperatures. The nominal yield strength and ultimate strength 

degraded obviously after cooling from the temperature exceeding 400°C. Based on the test data, the reduction factors of 

the mechanical properties at and after elevated temperatures are fitted as a function of the temperature, and constitutive 

models of the steel wires are established. The results can provide technical supports for the analysis of fire performance of 

prestressed cable support structures, and their post-fire repair. 
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1.  Introduction 

 

Steel cables are the key members of long-span prestressed steel structures 

such as cable domes, string domes and tension beams, as shown in Fig. 1. 

However, mechanical properties of the steel cables are significantly degraded at 

elevated temperatures, thereby seriously influencing the safety of the overall 

structure. The steel cable is mainly composed of steel wires, and thus the study 

on the elevated-temperature and post-elevated-temperature mechanical 

properties, such as the elastic modulus, proportional limit, yield strength, and 

ultimate strength of the steel wire, is of great significance to the fire resistance 

analysis and post-fire evaluation of large-span prestressed steel structures.  

 

 

(a) String dome structure 

 

(b) Tension beam structure 

Fig. 1 Long-span prestressed steel structures 

 

Mechanical properties of steel cables at elevated temperatures have been 

investigated by scholars. Zhou et al.[1] tested mechanical behaviors of 27 

Grade 1860 prestressed steel cables from ambient temperatures to 700°C, and 

obtained stress-strain curves of the steel cables at different temperatures. Zong 

et al.[2,3] conducted experimental research on mechanical performances of 

Grade 1860 prestressed steel cables at elevated temperatures, and obtained the 

degradation law and mechanical model of the steel cables. Fontanari et al.[4] 

studied mechanical properties of C80 high-carbon steel cables at elevated 

temperatures, and provided a numerical analysis method to study the fire 

resistance of steel cables. Conor et al.[5] performed tensile tests on ASTM 

A416-12a steel cables composed of 7 steel wires at elevated temperatures, and 

as compared with Eurocodes, the results showed that the Eurocodes cannot 

accurately predict the stress-strain relationship of the steel cable. Shakya et 

al.[6] studied the mechanical performance of steel cables composed of 7 Grade 

1860 steel wires at elevated temperatures, and gave an empirical equation for 

the mechanical properties of steel cables as a function of the temperature. Du et 

al.[7-10] carried out tensile tests at elevated temperatures on a Grade 1670 steel 

cable, a Grade 1670 parallel steel wire strand, and a Grade 1860 steel cable, and 

revealed the relationship between the reduction factor of mechanical behaviors 

and the temperature. Sun et al. [11-13] conducted tensile tests at elevated 

temperatures on a Grade 1500 stainless steel cable, a Grade 1670 

high-vanadium cable, and a Grade 1770 steel wire coated with 5% 

zinc-aluminum alloy, and obtained a reduction factor equation for mechanical 

properties of steel cables and steel wires.  

In view of the mechanical properties of steel cables after exposure to 

elevated temperatures, Fan et al.[14] studied the mechanical properties of 

Grade 1570 high-strength prestressed steel wires after cooling to ambient 

temperature from elevated temperatures, and obtained variation laws of 

mechanical behaviors of steel wires. Lu et al.[15,16] tested the post-fire 

mechanical performances of a Grade 1670 steel cable and prestressed steel 

wires of different grades, and investigated effects of different cooling methods 

on the mechanical behaviors of steel cables and steel wires. Zheng et al.[17] and 

Atienza et al.[18] performed tensile tests on Grade 1770 prestressed steel wires 

after cooling from elevated temperatures, and obtained the degradation law of 

mechanical properties of steel wires after high temperature. Zong et al.[19] 

conducted experimental research on a Grade 1860 prestressed steel cable after 

heating, and reveled the relationship between the mechanical properties of the 

steel cable and the exposure temperature. Zhang et al.[20] carried out 

experimental research on the post-fire mechanical properties of a Grade 1670 

cold-drawn steel wire used in suspension bridges, and analyzed the influence of 

the exposure temperature on the mechanical behaviors of the steel wire after 

cooling.  

Though aforementioned scholars have performed a series of studies on the 
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mechanical performance of steel wires, and accumulated a lot of test data, due 

to the continuous improvement in performance of steel wires, mechanical 

behaviors of the newly emerging steel cables in engineering are less 

investigated. Therefore, this paper conducts an experimental study on 

elevated-temperature and post-elevated-temperature mechanical properties of 

Grade 1670 prestressed steel wires, and provides a reference for the property 

evaluation of prestressed steel structures under and after fire. 

 

2.  Test program 

 

2.1. Test equipment 

 

The test equipment for elevated-temperature and post-elevated- 

temperature mechanical properties of steel wires is shown in Fig. 2. The 

loading device was an electronic universal testing machine, with a maximum 

tensile force of 300kN. The specimen was heated by an electronic 

elevated-temperature furnace. The furnace was equipped with multi-layer 

resistance wires. The furnace had a diameter of 24cm and a height of 46cm. 

The maximum temperature in the furnace could reach 1200°C. The strain of 

the steel wire was measured by an elevated-temperature strain extensometer 

with a gauge length of 50mm. During the measurement, the knife edge at the 

end of the extensometer was closely contacting the specimen. Data such as the 

strain and temperature were automatically collected by a computer. 

 

 

Fig. 2 Electronic universal testing machine 

 

2.2. Test specimens 

 

The steel wires used in the elevated-temperature and post-elevated- 

temperature tests had a strength grade of 1670MPa, a diameter of 7mm, and a 

length of 80cm. Due to the high strength and hardness of the prestressed steel 

wire, it is easy for the wire to slip when directly clamped by the testing machine. 

Therefore, pier heads and clip anchors were set at both ends of the specimen for 

effective clamping. The clamping device is shown in Fig. 3. The diameter of the 

pier head was 14mm, and the diameter and length of the clip anchor were 25mm 

and 80mm, respectively. A length of 15cm at the upper and lower ends of the 

steel wire outside the elevated-temperature furnace was set aside to cool in the 

air, so as to avoid the influence of high temperatures on the collets of the testing 

machine. 

 

Fig. 3 Clamping device for specimen 

2.3. Loading procedure 

 

8 temperature levels were set for the tests of elevated-temperature 

mechanical properties, including 20°C (ambient temperature), 100°C, 200°C, 

300°C, 400°C, 500°C, 600°C, and 700°C, respectively. Tests were conducted 

according to the test methods specified in “Metallic materials - Tensile testing - 

Part 1: Method of test at room temperature” (GB/T228.1-2010)[21] and 

“Metallic materials - Tensile testing - Part 2: Method of test at elevated 

temperature” (GB/T228.2-2015)[22]. The specimens were heated to a specified 

temperature and then kept for 30 min, to ensure the temperature evenly 

distributed in the specimens. During the heating and isothermal processes, no 

tension was applied on the test specimen. Stretching was performed after the 

temperature distributed uniformly and stably, at a constant rate of 3 mm/min.  

5 temperature levels were set for the tests of post-elevated-temperature 

mechanical properties, including 300°C, 400°C, 500°C, 600°C, and 700°C, 

respectively. According to the same heating method as that in the 

elevated-temperature test, the specimens were firstly heated to the target 

temperature, subsequently kept constant at that temperature for 30 min, and 

then naturally cooled to ambient temperature followed by stretching. The 

stretching method was the same as that in the elevated-temperature test.  

 

3.  Results and analysis of the elevated-temperature test  

 

3.1. Visual observations 

 

Apparent characteristics of the specimens after the elevated-temperature 

tensile test are shown in Fig. 4. The heating temperatures of various 

specimens from left to right were 20°C, 100°C, 200°C, 300°C, 400°C, 500°C, 

600°C and 700°C, respectively. At 20°C (ambient temperature), the specimen 

broke near the pier head, due to the damage at the pier head caused during 

cold rolling. While at other temperatures, the specimens broke in the heated 

area. At 20°C, the specimen was damaged at an oblique angle of 45°. At 

200°C ~ 400°C, the metallic luster of the specimen became darker, and the 

fracture was cup-shaped with serrations. At 500°C, the metallic luster on the 

surface of the specimen completely faded, and the fracture began to be tapered. 

At 600°C, the specimen was light yellow, and the fracture was more tapered. 

When the temperature was 700°C, the specimen was yellowish brown. 

 

 

Fig. 4 Failure modes of steel wires after elevated-temperature test 

 

3.2. Analysis of test results 

 

According to the strain data obtained in the test, stress-strain curves of the 

specimens at different temperatures are plotted in Fig. 5. At the same time, 

reduction factors of mechanical properties of the steel wires under various 

 

 

Fig. 5 Stress-strain curves of steel wires at elevated temperatures 

 

temperatures can be calculated, as shown in Table 1. It can be seen from the 
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figure and the table that, with the increase of temperature, the mechanical 

properties such as the elastic modulus, nominal yield strength (i.e., the yield 

strength corresponding to the strain level of 0.2%), and ultimate strength of the 

specimens all degraded. The elastic modulus of the specimen remained 

unchanged at 100°C, and decreased at 200°C to 89% of that at ambient 

temperature. Above 300°C, the rate of decrease of the elastic modulus was 

accelerated with the temperature increase. At 500°C, the elastic modulus was 

37% of that at ambient temperature, and the elastic modulus at 700°C was only 

2% of that at room temperature. As the temperature increased, the nominal 

yield strength and ultimate strength of the specimens decreased slowly below 

200°C, within a range of 10%, and decreased rapidly above 400°C. At 500°C, 

the nominal yield strength and the ultimate strength decreased by 74% and 76%, 

respectively. At 700°C, the nominal yield strength and ultimate strength were 

less than 10% of those at ambient temperature. 

 

Table 1 

Mechanical properties of steel wires at elevated temperatures 

T (°C) Es(T) (GPa) Es(T)/Es σ0.2(T)(MPa) σ0.2(T)/σ0.2 σb(T)(MPa) σb(T)/σb 

20 180 1.00 1500 1.00 1703 1.00 

100 180 1.00 1449 0.97 1693 0.99 

200 160 0.89 1295 0.86 1656 0.97 

300 148 0.82 1180 0.79 1434 0.84 

400 115 0.64 1010 0.67 1108 0.65 

500 66 0.37 383 0.26 414 0.24 

600 31 0.17 123 0.08 155 0.09 

700 3.5 0.02 40 0.04 47 0.03 

Notes: T is the temperature; Es(T) and Es are the elastic modulus of steel wires at temperature T and ambient temperature, respectively; σb(T) and σb are the ultimate strength of steel 

wires at temperature T and ambient temperature, respectively; σ0.2(T) andσ0.2 are the yield strength of steel wires at temperature T and ambient temperature, respectively. 

 

In general, the mechanical performances of the prestressed steel wires 

changed little with the temperature below 300°C and degraded significantly at 

300°C ~ 600°C, and the load-carrying ability was substantially lost when the 

temperature reached 700°C. 

 

3.3. Comparison and discussion 

 

Reduction factors of the elastic modulus, nominal yield strength and 

ultimate strength obtained by test results of this paper are compared with those 

of a Grade 1860 prestressed steel wire of Shakya et al. [6], a Grade 1770 

prestressed steel wire of Zheng et al. [16], a Grade 1860 steel cable of Du et al. 

[7], and a Grade 1670 high-vanadium cable of Sun et al. [12], as shown in 

Figures 6 ~ 8. In the figures, the reduction factors in this paper, Shakya et al. [6], 

Zheng et al. [16], Du et al. [7] and Sun et al. [12] are marked with DW1670, 

SW1860, ZW1770, DC1860 and SC1670, respectively. 

(1) Comparison of reduction factors of elastic modulus 

As shown in Fig. 6, in terms of the steel wires, the reduction factors of 

elastic modulus obtained by test results of this paper (DW1670) and ZW1770 

are generally lower than SW1860, and except for 700°C, the test results of this 

paper are very close to ZW1770. As compared with the test results of steel 

cables, DW1670 is close to DC1860 at 100°C, 500°C and 600°C, and lower 

than DC1860 at other temperatures. DW1670 is close to SC1670 below 400°C, 

and lower than SC1670 when the temperature is above 500°C. 

 

 

Fig. 6 Comparison of reduction factors of elastic modulus 

 

(2) Comparison of reduction factors of nominal yield strength 

As can be seen in Fig. 7, DW1670 and SW1860 are generally higher than 

ZW1770. DW1670 is close to SW1860 below 200°C, higher than SW1860 at 

300°C and 400°C, and lower than SW1860 above 500°C; close to DC1860 

except for 400°C at which DW1670 is higher than DC1860. The reduction 

factors of this paper (DW1670) are lower than SC1670 except for 100°C at 

which DW1670 is close to SC1670. 

 

 

Fig. 7 Comparison of reduction factors of nominal yield strength 

 

(3) Comparison of reduction factors of ultimate strength 

As exhibited in Fig. 8, the reduction factors of ultimate strength obtained 

by test results of this paper (DW1670) are higher than SW1860 and ZW1770 

from 200°C to 400°C, and close to ZW1770 but lower than SW1860 above 

500°C. DW1670 is higher than SC1670 and DC1860 at 300°C and 400°C, and 

close to SC1670 and DC1860 from 500°C to 700°C except for 500°C at which 

DW1670 is lower than SC1670.  

 

 

Fig.8 Comparison of reduction factors of ultimate strength 

 

In general, though the reduction factors of mechanical properties of 

prestressed steel wires and cables of different strength grades are discrete to a 

certain extent, their variation laws are basically the same. The mechanical 

properties of steel cables under elevated temperature can be approximately 

represented by those of steel wires. 
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3.4. Fitting equation for reduction factors 

 

According to the test data, fitting equations for reduction factors of 

mechanical properties of steel wires at high temperatures are obtained as 

follows, 

 

3.4.1. Elastic modulus 

 

 

(1) 

 

where, ES(T) and ES are the elastic modulus of steel wires at temperature T 

and ambient temperature, respectively.  

Fig. 9 gives the fitting curve of Eq. (1). 

 

 

Fig. 9 Reduction factor of elastic modulus-temperature curve 

 

3.4.2. Proportional limit 

 

 (2) 

 

where, σp(T) and σp are the proportional limit of steel wires at temperature T 

and ambient temperature, respectively. 

The fitting curve of Eq. (2) is plotted in Fig. 10.  
 

 

Fig. 10 Reduction factor of proportional limit-temperature curve 

 
3.4.3. Ultimate strength 

 

 

(3)

 

 

where, σb(T) and σb are the ultimate strength of steel wires at temperature T 

and ambient temperature, respectively.  

Fig. 11 shows the fitting curve of Eq. (3).  
 

 

Fig. 11 Reduction factor of ultimate strength-temperature curve 

 
3.4.4. Strain at ultimate strength 

The strain corresponding to the maximum stress of the specimen reaching 

the ultimate strength is the strain at ultimate strength. The reduction factor of 

the strain at ultimate strength at elevated temperature is obtained as follows, 

 

 

(4)

    

 

 

where, εb(T) and εb are the strain at ultimate strength of steel wires at tempera-

ture T and ambient temperature, respectively.  

The fitting curve of Eq. (4) is shown in Fig. 12. 

 

 

Fig. 12 Reduction factor of strain at ultimate strength-temperature curve 

 

 

Fig. 13 Reduction factor of nominal yield strength-temperature curve 

 

3.4.5. Nominal yield strength 

 

 

(5)
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where, σ0.2(T) and σ0.2 are nominal yield strength of steel wires at temperature 

T and ambient temperature, respectively.  

The fitting curve of Eq. (5) is shown in Fig. 13. 

 

3.4.6. Strain at nominal yield strength 

 

 

(6)

 
 

where, ε0.2(T) and ε0.2 are strain at nominal yield strength of steel wires at 

temperature T and ambient temperature, respectively.  

The fitting curve of Eq. (6) is presented in Fig. 14. 

 

 

Fig. 14 Reduction factor of strain at nominal yield strength-temperature curve 

 

3.5. Constitutive equation 

 

The constitutive equation of the steel wires at elevated temperatures is 

fitted with a trilinear line. The trilinear line includes a segment from the origin 

to the proportional limit point, a segment from the proportional limit point to 

the nominal yield strength point, and a segment from the nominal yield 

strength point to the ultimate strength point. The fitting equation is shown as 

follows,  
 

 (7) 

 

 

Fig. 15 Stress-strain fitting curves of steel wires at elevated temperatures 

 

Stress-strain curves at various temperatures obtained by the equation are 

shown in Fig. 15. 

 

4.  Results and analysis of post-elevated-temperature test 

 

4.1. Visual observations 

 

Fig. 16 shows the failure modes of the specimens after the tensile test. 

The maximum temperatures experienced by various specimens from left to 

right were 300°C, 400°C, 500°C, 600°C and 700°C, respectively. When the 

specimen was experiencing a temperature of 300°C, it was broken near the 

pier head, with a fracture along the 45° direction, which phenomenon was the 

same as the specimen broken at ambient temperature. The specimens that had 

been exposed to a temperature above 400°C were all broken in the heated area 

after cooling, and their fractures were all tapered and necked. After exposure 

to 500°C, the metallic luster on the surface of the specimen faded. The surface 

of the specimen turned light yellow after exposure to 600°C, and yellowish - 

brown after exposure to 700°C. 

 

 

Fig. 16 Failure modes of steel wires after post-elevated-temperature test 

 

4.2. Analysis of test results 

 

Stress-strain curves of the specimens cooled from different temperatures 

are presented in Fig. 17. According to the test data, reduction factors of 

mechanical properties of the steel wires after exposure to elevated 

temperatures can be obtained, as tabulated in Table 2. It can be found from the 

figure and table that, the elastic modulus of the specimens did not change 

obviously after cooling from the elevated temperatures, and their reduction 

factors were all within 10%. Therefore, the specimens could recover the initial 

elastic modulus after fire. After cooling from the temperature below 400°C, 

the nominal yield strength and ultimate strength of the specimens had no 

evident degradation, and the reduction factor was within 10%. The nominal 

yield strength and ultimate strength of the specimens began to degrade 

significantly after cooling from the temperature above 400°C. The nominal 

yield strength decreased by 22% and the ultimate strength decreased by 23% 

after exposure to 500°C. With the increase of the maximum exposure 

temperature, the degradation of the nominal yield strength and ultimate 

strength of the specimen became more obvious. After cooling from the 

temperature up to 700°C, the nominal yield strength and the ultimate strength 

had decreased to 32% and 40% of that at the ambient temperature, 

respectively. 

 

 

Fig. 17 Stress-strain curves of steel wires after cooling from elevated temperatures 

 

4.3. Comparison and discussion 

 

Since the elastic modulus of the steel wires changed very little after cool-

ing from elevated temperatures, only the reduction factors of the nominal 

yield strength and ultimate strength of the steel wires are compared. Reduction 

factors of the nominal yield strength and ultimate strength obtained in this 
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paper are compared with those of a Grade 1570 prestressed steel wire of Fan 

et al. [14], a Grade 1670 galvanized prestressed steel wire of Lu et al. [15], 

and a Grade 1770 prestressed steel wire of Zheng et al. [17] and Atienza et al. 

[18], as exhibited in Figures 18 and 19. In the figures, the reduction factors in 

this paper, Fan et al. [14], Lu et al. [15], Zheng et al. [17] and Atienza et al. 

[18] are marked with DW1670, FW1570, LW1670, ZW1770 and AW1770, 

respectively.  

(1) Comparison of nominal yield strength 

As can be seen in Fig. 18, the reduction factors of this paper (DW1670) 

are close to those of LW1670, ZW1770 and AW1770 after exposure to tem-

peratures below 300°C; close to LW1670 and higher than others after cooling 

from 400°C. DW1670 is close to LW1670 and AW1770 and higher than 

ZW1770 and FW1570 after cooling from 500°C, and is only lower than 

LW1670 after exposure to 600°C. DW1670 decreases more quickly after 

cooling from 600°C and 700°C, and is obviously lower than LW1670 and 

close to the others after exposure to 700°C. 

 

Table 2 

Mechanical properties of steel wires after cooling from elevated temperatures 

T(°C) ( )( )GPa#

S TE
 

( ) S
#
S ETE

 
( )( )MPa#

0.2 T
 

( ) 2.0
#
0.2  T

 
( )( )MPa#

b T
 

( ) b
#
b  T

 

20 180 1 1500 1 1703 1 

300 175 0.97 1490 0.99 1705 1.00 

400 185 1.03 1503 1.00 1731 1.02 

500 173 0.96 1175 0.78 1306 0.77 

600 171 0.95 929 0.62 961 0.56 

700 190 1.06 485 0.32 683 0.40 

Notes: T is the maximum exposure temperature, ( )TE #
S  is the elastic modulus of steel wires after cooling from T, ( )#

0.2 T  is the nominal yield strength of steel wires after cooling 

from T, ( )T#
b  is the ultimate strength of steel wires after cooling from T. 

 

 

 

Fig. 18 Comparison of reduction factors of nominal yield strength 

 

 (2) Comparison of ultimate strength 

As shown in Fig. 19, the reduction factors of FW1570 are visibly low. 

DW1670 is close to the others after cooling from temperatures below 300°C; 

close to LW1670 and higher than the others after exposure to 400°C. DW1670 

is slightly lower than LW1670, close to AW1770, and slightly higher than 

ZW1770 after cooling from 500°C. When the maximum temperatures experi-

enced by the specimens are above 600°C, DW1670 is close to ZW1770 and 

AW1770 and lower than LW1670.  

 

 

Fig. 19 Comparison of reduction factors of ultimate strength 

 

In general, except for FW1570, the nominal yield strength and ultimate 

strength of different grades of steel wires begin to degrade significantly when 

the exposure temperature reaches above 400°C, and the decay trends are 

essentially consistent. 

4.4. Fitting equation for reduction factors 

 

According to the test data, fitting equations for reduction factors of 

mechanical properties of steel wires after exposed to elevated temperature are 

given as follows, 

 

4.4.1. Elastic modulus 

 

 

(8) 

 

where, ( )TE #

S  and ES are the elastic modulus of the steel wire after cooling 

from temperature T and at ambient temperature, respectively.  
 
4.4.2. Proportional limit 

 

 

(9)

 
 

where,  and σp are the proportional limit of the steel wire after cooling 

from temperature T and at ambient temperature, respectively.  

The fitting curve of Eq. (9) is plotted in Fig. 20. 

 

 

Fig. 20 Reduction factor of proportional limit-temperature curve 

 

4.4.3. Ultimate strength 

 

 

(10) 

 

0 100 200 300 400 500 600 700 800
0.0

0.2

0.4

0.6

0.8

1.0

1.2

R
ed

u
ct

io
n

 f
ac

to
rs

 o
f 

n
o

m
in

al
 y

ie
ld

 s
tr

en
g

th

T(℃)

 DW1670

 FW1570

 LW1670

 ZW1770

 AW1770

0 100 200 300 400 500 600 700 800
0.0

0.2

0.4

0.6

0.8

1.0

1.2

R
ed

u
ct

io
n

 f
ac

to
rs

 o
f 

u
lt

im
at

e 
st

re
n

g
th

T(℃)

 DW1670 

 FW1570

 LW1670

 ZW1770

 AW1770

0 100 200 300 400 500 600 700 800
0.0

0.2

0.4

0.6

0.8

1.0

1.2

R
ed

u
ct

io
n

 f
ac

to
rs

 o
f 

p
ro

p
o

rt
io

n
al

 l
im

it

T(℃)

  Test

  Eq.(9)



Er-feng Du et al.  15 

 

where,  and σb are the ultimate strength of the steel wire after cooling 

from temperature T and at ambient temperature, respectively.  

The fitting curve of Eq. (10) is shown in Fig. 21. 

 

 

Fig. 21 Reduction factor of ultimate strength-temperature curve 

 

4.4.4. Nominal yield strength 

 

 

(11)

 
 

where, and σ0.2 are the nominal yield strength of the steel wire after 

cooling from temperature T and at ambient temperature, respectively.  

Fig. 22 presents the fitting curve of Eq. (11). 

 

 

Fig. 22 Reduction factor of nominal yield strength-temperature curve 

 

 

Fig. 23 Reduction factor of strain at nominal yield strength-temperature curve 

 

4.4.5. Strain at nominal yield strength 

 

 

(12)

 
 

where,  and ε0.2 are the strain at nominal yield strength of the steel 

wire after cooling from temperature T and at ambient temperature, respective-

ly.  

The fitting curve of Eq. (12) is plotted in Fig. 23. 

 

4.5. Constitutive equation 

 

By the same method as that at elevated temperatures, the constitutive 

equation of the steel wire after exposed to high temperatures is fitted with a 

trilinear line. The fitting equation is shown as follows, 

 

 (13) 

 

Stress-strain curves of steel wires cooling from various temperatures ob-

tained by the equation are exhibited in Fig. 24. 

 

 

Fig. 24 Stress-strain fitting curves of steel wire after cooling from elevated temperatures 

 

5.  Conclusions 

 

In this paper, elevated-temperature and post-elevated-temperature tensile 

tests were performed on Grade 1670 steel wires with a diameter of 7mm. The 

test results were compared with the existing test results of prestressed steel 

wires and steel cables. The following conclusions are obtained,  

(1) At elevated temperatures, mechanical properties of the prestressed 

steel wire changed little with the temperature below 300°C and degraded 

significantly at 300°C ~ 600°C. The load-carrying ability was substantially 

lost when the temperature reached 700°C.  

(2) After elevated temperatures, the elastic modulus of the steel wires had  

no obvious change with the exposure temperature. The nominal yield strength 

and ultimate strength of the steel wires remained unchanged after exposed to 

temperatures below 400°C, and tended to decrease after cooling from higher 

exposure temperatures.  

(3) Equations of elevated-temperature and post-elevated-temperature 

mechanical behaviors of steel wires are fitted as a function of the temperature, 

and constitutive models of the steel wire at elevated temperatures and after 

exposed to elevated temperatures are obtained. 
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