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Abstract: In order to obtain the mechanical properties required for structural design , the metallographic
structure evolution and mechanical properties of the composite interface of novel 316SC stainless steel-
clad rebar were studied using scanning electron microscopy (SEM) and uniaxial tensile tests. The results
showed that a metallurgical bond layer of approximately 15 pm formed at the composite interface of the
stainless steel-clad rebar, with a tight bond between the outer stainless steel layer and the inner carbon
steel core. The stainless steel-clad rebars with different diameters exhibited varying stress-strain curve
shapes. The yield platform disappeared in the 12 mm diameter stainless steel-clad rebar, whereas the
16 mm and 25 mm diameter rebars displayed mechanical properties similar to those of HRB400OE rebars,
with obvious yield platforms and strain-strengthening sections in their stress-strain curves. The strength
and ductility of 316SC stainless steel-clad rebars, composed of 316L stainless steel and HRB40OE
carbon steel, were improved to varying degrees compared to HRB400E rebars, but the elastic modulus

decreased slightly. On the basis of experimental research and theoretical analysis, the stress-strain con-
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stitutive model of stainless steel-clad rebars was established. A composite formula for calculating the

elastic modulus of stainless steel-clad rebars was also proposed, showing good agreement with the mea-

sured values.

Keywords: stainless steel-clad rebar; monotonic tension; fracture morphology; mechanical properties;

elastic modulus
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Fig. 1 Stainless steel-clad rebar specimen
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Table 1 Main chemical composition of steel rebars %
AR b 26 L
Fe C Mn P S Si Ni Cr Mo Cu v
316SC #H 2 Bal. 0.015 0.94 0.035 0.001 0.370 10.030 16.330 2.01 — —
O 37| Bal. 0.201 1.44 0.008 0.004 0.421 0.047 0.087 — 0.454 0.057
S0 316L Bal. 0.025 0.74 0.040 0.001 0.470 10.050 16.390 2.11 — —
HRB400E Bal. 0.230 1.37 0.021 0.010 0.520 0.017 0.031 — 0.030 0.024
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Table 2 Geometric dimensions and sectional areas of 316SC

PN dl - d/ d/ Al A/

%H}]ﬁ;@ n s' A/mm2 s 5 b’ 5
mm mm mm mm mm mm

3165C—

-1 12 11.17 0.57 10.04 97.89 79.06 18.82 0.19
3168C-

199 12 11.20 0.60 9.99 9847 7840 20.07 0.20
3168C-

61 16 1533 0.72 13.89 184.56 151.54 33.03 0.18
3165C-

1622 16 1533 0.79 13.75 184.56 148.41 36.15 0.20
3165C—

251 25 2447 130 21.86 469.91 375.18 94.74 0.20
3168C-

25_n 25 24.43 1.52 21.39 468.64 359.16 109.48 0.23
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Fig.2 Metallographic structure
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Fig.3 SEM energy spectrum analysis
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Fig. 4 Tensile processes of rebars
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Fig.5 Comparison of necking phenomenon and elongation among

different rebars
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Fig. 7 Stress—strain curves of rebars
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Table 3 Measured mechanical properties of 316SC, HRB40OE, and 316L

Ll fod S LA, 8 8 E

BEIZE \iba MPa MPa (fffn2) % % GPa ©
3165C-12-1  — 582 839 146 287 19.1 187 0.19
3165C-12-2  — 575 852 146 295 20.2 192 0.20
3165C-16-1 537 — 696 130 304 21.4 188 0.18
3165C-16-2 558 — 729 131 30.8 204 190 0.20
3165C-25-1 490 — 665 136 319 22.5 185 0.20
3165C-25-2 491 — 666 136 327 223 177 0.23
HRB400E-12-1 515 — 702 136 264 17.8 205 —
HRB400E-12-2 523 — 715 137 271 193 203 —
HRB400E-16-1 483 — 682 141 281 187 198 —
HRB400E-16-2 481 — 685 142 283 195 198 —
HRB400E-25-1 441 — 647 147 285 203 192 —
HRB400E-25-2 439 — 643 146 29.0 20.6 194 —
316L-12-1 — 407 751 185 512 463 159 —
316L-12-2 — 405 738 182 508 459 160 —
316L-16-1 — 425 773 182 536 49.1 157 —
316L-16-2 — 431 783 182 528 487 153 —
316L-25-1 — 344 726 211 544 492 151 —
316L-25-2 — 348 744 213 546 489 147 —
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Fig. 8 Simplified stress-strain models of stainless steel-clad rebars
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Table 4 Comparison between measured (£

sh, ex

) and calculated (E

) elastic modulus values

sh, th

TS E‘M/IOSMPa A IELES E»),H/IOSMPa A @ E>li.e‘x/105MPa Ealnlh/lOsMPa E, JE,, .
HRB400E-12-1 2.05 316L-12-1 1.59 316SC-12-1 0.19 1.87 1.95 0.959
HRB400E-12-2 2.03 316L-12-2 1.60 316SC-12-2 0.20 1.92 1.94 0.990
HRB400E-16-1 1.98 316L-16-1 1.57 316SC-16-1 0.18 1.88 1.90 0.989
HRB400E-16-2 1.98 316L-16-2 1.53 316SC-16-2 0.20 1.90 1.89 1.005
HRB400E-25-1 1.92 316L-25-1 1.51 316SC-25-1 0.20 1.85 1.84 1.005
HRB400E-25-2 1.94 316L-25-2 1.47 316SC-25-2 0.23 1.77 1.82 0.973
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