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Abstract: To study the mechanical properties of titanium-clad (TC) steel systematically, a series of tests on
TA2+Q235B (2 mm~12 mm thick) TC steel plates are carried out including tension coupon test with various clad
ratios, shear test, combine test, bending test, impact test and hardness test. Based on the test results, basic
mechanical properties of this kind of TC steel are obtained. In particular, the mechanical properties under
monotonic tensile loading are focused on. It is indicated that the characteristics of the stress-strain curves and
typical mechanical properties of the titanium-clad steel are directly related to the clad ratio. With an increase of
the clad ratio, the yield plateau disappears gradually and the elastic modulus decreases, whilst the yield strength
and the elongation increase although the change in tensile strength is insignificant. These phenomena are related
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to the mechanical properties of titanium (TA2) and low carbon steel (Q235B). Based on the tensile test data and
finite element analysis results, a calculation method for determining the mechanical index of the TC steel is
developed, and a constitutive model of the TC steel is proposed in this paper. In addition, despite the fact that the
strengths obtained from the shear and combine tests were low, their effects on the tensile properties are rather limited.
The bending performance and impact properties of the TC steel are good; the hardness of the base layer and cladding
layer are higher than that at the bonding interface region. This work may provide basic reference and the material
constitutive model for research of the TC steel in structural engineering, and may promote its engineering applications.
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Table 1 Chemical composition of TA2+Q235B

MEL C Mn Si P S N H O Fe Ti
Q235B 0.18 0.50 0.16 0.014 0.0063 — —  — Bal. —
TA2 0010 — — — — 0.010 0.0035 0.12 0.10 Bal.
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Table 2 Measured dimensions of specimens

s REREE SRR S

PATBL UG ERER/

eIkl mm mm S4&W FEE/mm mm
TC-10-0-1 0.00 9.72 0.00 20.12 80
TC-10-0-2 0.00 9.73 0.00 20.07 80
TC-10-0-3 0.00 9.74 0.00 20.08 80
TC-10-2-1 2.08 12.17 0.17 20.07 85
TC-10-2-2 2.21 12.01 0.18 20.22 85
TC-10-2-3 2.21 12.03 0.18 20.08 85
TC-5-2-1 2.14 7.29 0.29 20.10 70
TC-5-2-2 2.09 7.39 0.28 20.07 70
TC-5-2-3 2.34 7.36 0.32 20.05 70
TC-2-2-1 2.30 4.29 0.54 20.09 50
TC-2-2-2 2.15 4.60 0.47 20.07 50
TC-2-2-3 2.25 4.60 0.49 20.03 50
TC-0-2-1 2.03 2.03 1.00 20.12 35
TC-0-2-2 211 211 1.00 20.09 35
TC-0-2-3 2.08 2.08 1.00 20.09 35
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Fig.3 Tension coupon test setup
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Table 3 Mechanical properties of TA2+Q235B TC steel

ENiE ] S EIGPa oo/MPa g /MPa  Al(%)
TC-0-2-1~3 1.00 1040 416.7 4860 495
TC-2-2-1~3 050 1487 347.3 4857 453
TC-5-2-1~3 029 176.3 320.6 4867 333
TC-10-2-1~3 017 1935 3320 4900 284
TC-10-0-1~3  0.00  205.4 330.7 4867 263
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Fig.14 Comparison of elastic modulus with clad ratio
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Table 4 Measured values of non-linear constitutive model parameters of TA2
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1 TA2 103 328 412 0.796 0.00612 481 0.85655 0.05687 13.094  0.00400 13.6 4.029
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3 TA2 111 338 417 0.811 0.00555 486 0.85802 0.05465 14.263 0.00376 12.9 4181
YIE  TA2 104 331 417 0.795 0.00598 486 0.85733 0.05472  13.071 0.00402 13.8 3.457
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Fig.23 Comparison between experimental and finite element
analysis results for stress-strain curves with various clad ratios
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Table 5 Measured values of shear strength and bond strength
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Fig.24 Surface appearance of bent sheets

ZRE AWM RIS R IE 6, 1L
KFAEGHRE S5 M ER A 27 3~34 3%, R
e R

*6 HHaPEINEFEHE

Table 6 Impact energy and average value of each specimen
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Table 7 Hardness test results of TA2+Q235B clad steel
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