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Abstract 
Mechanical properties of stainless-clad (SC) steel plates at elevated temperatures are key 
parameters for fire resistant design and numerical simulation analysis of SC steel structures. 
Compared with pure stainless steel and pure ordinary steel, SC steel not only combines 
advantages of the two component metals, but may also balance the performance and cost; 
however, it behaves quite differently in terms of material properties. In order to quantify 
this performance, tension coupon tests at room as well as elevated temperatures are 
conducted on the SC steel plate. Based on the test results, failure modes of the tension 
coupons are analysed, and full-range stress-strain curves are obtained; material properties 
are accordingly determined and described herein, and analyses are performed on several 
properties including yield strength, ultimate tensile stress, elastic modulus and elongation 
after fracture. It is found that with an increase of the temperature, both the elastic modulus 
and strengths are reduced remarkably. For determining these material properties 
quantitatively and developing robust constitutive models of the SC steel at elevated 
temperatures, more test data are needed, and the incorporation of the effects of the clad 
ratio on the material properties at both room and elevated temperatures is also necessary. 
The present research outcomes may provide valuable reference for fire design and 
calculations of the SC steel. 
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1. Introduction 
SC steel is an advanced high-performance 

composite steel [1] with stainless-clad steel and 
ordinary steel being bonded together by hot roll-
bonding process [2], which has their own 
advantages of both stainless steel [3] and 
ordinary one, including low production costs, 
corrosion resistant and meeting the demand of 
strength [4]. SC steel has been applied in 
engineering structures as building curtain wall 
and bridge decks, with great potential to replace 
the engineering application of stainless steel in 
tubular structural elements [1]. The design and 
analysis methods of building structures under 
room temperature are relatively mature, but 
building fires occur frequently, so the safety of 

building structures under fire is facing 
unprecedented challenges [5]. Due to less 
research of SC steel’s mechanical properties, 
especially that at elevated temperatures, the 
engineering application is mainly limited in 
chemical industry, pressure vessels and ship 
industry etc. [6], whilst for the use in the 
construction industry, that performance needs to 
be clarified [7]. 

Currently, there seems no reports on the 
properties of SC steel at elevated temperatures, 
but some relevant research has been carried out 
on the stainless steel or ordinary steel separately, 
such as that by Outinen [8], Sakumoto et al. [9], 
Chen and Yong [10], Abdella [11], Zhao [12], 
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Montanari and Zilli [13], Willam [14], Gardner 
et al. [15] or Zhao and Shen [16]. 

In this paper, based on the method of steady 
state at elevated temperature, tests of 316L 
austenitic stainless-clad steel at various 
temperatures were conducted on the mechanical 
properties. The reduction factors of initial 
elasticity modulus, yield strength and ultimate 
strength at different temperatures were presented. 
The research outcomes may provide a scientific 
base for development of constitutive relationship 
of the SC steel plate. 

2. Experimental program 

2.1. Test at room temperature 
The SC steel plates tested in this study were 

fabricated through hot-rolling process [17] by 
using 316L austenitic stainless steel as the clad 
material (3 mm thick) and Q235B steel as the 
base one (5 mm thick). Size of the specimen for 
tension coupon is shown in Figs. 1 and 2. A total 
of 3 tension coupons were designed and prepared. 
For instance, specimen TC-20-1 represents a 
tension coupon at 20℃ , the second number 
denotes the serial one for a group. Table 1 gives 
measure size of tension coupons at room 
temperature. 

 
Fig. 1. Geometry of specimens at room 

temperature. 

 
Fig. 2. Photo of specimen at room 

temperature. 

Table 1. Geometric measurements of the specimens 
at room temperature. 

Specimens βN tc (mm) t (mm) βM 
TC-20-1 0.38 3.28 8.16 0.42 
TC-20-2 0.38 3.29 8.22 0.40 
TC-20-3 0.38 3.03 8.18 0.37 

Note: βN means the nominal value of clad ratio of the 
specimens; tc means the thickness of the cladding 
metal; t means the total thickness of the specimens; 
βM means the calculated clad ratio using 
measurements. 

Standard tension coupon tests were carried out 
according to GB/T 228.1-2010 [18]. A Zwick 
universal materials tester, type Z100, 100 kN as 
shown in Fig. 3(a) was utilized and the 
measurement of strain is shown in Fig. 3(b). The 
test uses automatic stress-control loading, and 
the stress rate is controlled at 6~60 N/s before 
yielding, then the test rate is increased to a strain 
rate of no more than 0.008 s-1 after yielding. The 
strain was measured using a contact 
extensometer, of which a gauge length of 55 mm 
was set. The extensometer can track the strain 
readings until final fracture failure of the coupon. 

  
(a) Test device        (b) Measurement of strain 

Fig. 3. Test setup at room temperature. 

2.2. Test at elevated temperatures 
The same SC steel plate was used with the 

above test. Size of the specimen for tension 
coupon tests at elevated temperatures is shown 
in Fig. 4. A total of 10 tension coupons were 
designed and prepared herein, and the 
temperatures are 200℃, 400℃, 600℃, 800℃, 
900℃. Two specimens at each elevated 
temperature were prepared and their labeling 
rules are the same as above. 

 
Fig. 4. Geometry of specimens at elevated 

temperatures. 

 
Fig. 5. Photo of one specimen for tests at 

elevated temperature. 
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Table 2. Geometric measurements of the specimens 
at elevated temperatures. 

Specimens βN tc (mm) t (mm) βM 
TC-200-1 0.38 3.25 8.17 0.40 
TC-200-2 0.38 3.22 8.19 0.39 
TC-400-1 0.38 3.25 8.15 0.40 
TC-400-2 0.38 3.24 8.26 0.39 
TC-600-1 0.38 3.25 8.12 0.40 
TC-600-2 0.38 3.14 8.10 0.39 
TC-800-1 0.38 3.29 8.17 0.40 
TC-800-2 0.38 3.19 8.13 0.39 
TC-900-1 0.38 3.31 8.18 0.40 
TC-900-2 0.38 3.21 8.13 0.39 
 

Standard tension coupon tests were carried out 
according to GB/T 228.2-2010 [19]. A MTS 
universal materials tester, type MTS880, 100 kN 
as shown in Fig. 6 was utilized and a heating 
equipment was MTS653, up to 1200 ℃. The test 
uses automatic strain-control loading, and the 
strain rate is controlled at 0.3 mm/min before 
yielding, then the test rate is increased to 5 
mm/min. The strain was measured using an 
elevated temperature extensometer, type 
MTS632.53F, of which a gauge length of 25 mm 
was set. 

 
Fig. 6. Test setup at elevated temperatures. 

3. Test Results and Analyses 

3.1. Failure modes 
With respect to the tests at room temperature, 

at the beginning of the application of tension 
load, no significant plastic deformation occurred. 
After reaching the ultimate tensile strength, a 
conspicuous necking phenomenon can be 
observed. With development of necking, the 
specimens suddenly separated from each other 
within the necking area, followed by eventual 
fracture. Photos of fracture failure are shown in 
Fig. 7. 

        
(a) Specimen fracture        (b) Separated layer 

Fig. 7. Fracture failure of specimens at room 
temperature. 

With respect to the tests at elevated 
temperatures, failure phenomenon of tensile 
specimens is shown in Fig. 8. Each specimen 
experienced visible plastic deformation from 
stretching to breaking, with marked necking 
being observed. It’s noteworthy that, the plastic 
deformation of Q235B steel is larger than that of 
316L austenitic steel, i.e. the stainless steel 
component fractured first at elevated 
temperatures. It shows that the clad steel’s 
ductility has been worsened compared with the 
base steel at elevated temperatures. 

 
Fig. 8. Failure modes of coupons at elevated 

temperatures. 

3.2. Stress-strain curves 
Figs. 9(a)~(f) show stress-strain curves of 

each group of tension coupons. It should note 
that curves appears different in terms of initial 
modulus in Figs. 9(c)~(e). As can be seen that 
when the temperatures is lower than 600℃, the 
curves are smooth, but fluctuating in case the 
temperature is higher than 600℃. It can be seen 
that the slope of the curve, with an increase of 
the temperatures, is getting smaller, and the peak 
point is also smaller. These phenomena are due 
to descending properties of the two kinds of 
materials at elevated temperatures. The effect of 
this temperature on the individual tensile 
properties of the SC steel will be discussed 
further. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Fig. 9. Stress-strain curves of SC steel at 
various temperatures 

3.3. Material properties 
Based on the test results, it can be found that 

elastic modulus of the SC steel decreases with 
the temperatures being increased generally, this 
is because of the elasticity modulus of cladding 
steel and base steel both being reduced with 
increasing temperature, and the base steel 
weakened more severely. Similarly, the yield 
strength decreases with the temperature 
increasing, as shown in Fig. 10. And the tensile 
strength is also in the same case, as shown in Fig. 
11. At the room temperature, the two component 
steels fractured at the same time, whilst at other 
elevated temperatures the specimens have two 
different elongation percentages after fracture 
for the two layers. 

 

 
Fig. 10. Relationship between σ0.2 and T 

 

 
Fig. 11. Relationship between fu and T 
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4. Conclusions 
In this paper, primary standard tension coupon 

tests of SC steel are carried out. A number of test 
data are obtained and various material properties 
with temperature varying are clarified. The 
following conclusions may be made: 

(1) SC steel is a typical non-liner material with 
no visible yield plateau generally, of which yield 
strength is determined by the proof strength 
corresponding to 0.2% plastic strain. 
(2) The temperature has significant effects on 
the elastic modulus, yield strength, ultimate 
tensile stress and elongation percentage. It is 
necessary to put forward a constitutive 
relationship with temperatures varying. 
(3) Two component materials are inconsistent 
with elastic modulus and elongation percentage 
at elevated temperatures. 
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