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Experimental study on bond-slip behavior between rebar and
cement-based insulated composite slabs
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Abstract: The bond-slip behavior between cement-based insulated composite slabs (CBICS) and steel
reinforcement is essential for composite action, and its constitutive relationship directly reflects the interfacial
mechanical response, serving as a fundamental basis for structural design. The bond performance was

systematically investigated via 32 beam-end pull-out tests on panel specimens, with particular emphasis on the
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effects of rebar diameter (8, 10, 12, 14 mm), concrete cover thickness in the composite layer (0, 5, 10, 15
mm), and loading sequence. The results indicated that the bond performance was optimal when both the rebar
diameter and concrete cover thickness were 10 mm, owing to the synergistic crack-restraining effect between
concrete and the glass fiber mesh. The loading sequence significantly influenced the bond strength: when the
central rebars were loaded first, the ultimate bond strength of the peripheral rebars decreased by 20%-35%.
Conversely, in specimens with larger-diameter rebars, loading the peripheral rebars first increased the ultimate
bond strength of the central rebars by 31%-52%. Based on the analysis of failure modes and load-transfer
mechanisms, a bond-slip constitutive model for the CBICS-rebar interface was developed. Validation results
confirmed that the proposed model offers high accuracy and strong applicability in engineering practice.
Furthermore, the critical bond anchorage length between CBICS and reinforcement was determined for

different rebar diameters under a concrete cover thickness of 10 mm, based on the experimental data obtained in

this study.

Keywords: cement-based insulated composite slab; beam-end pull-out test; failure mode; bond-slip;
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Table 2 Mechanical properties of steel bars
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Table 3 Glass fiber mesh parameters
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Fig.1 Specimen dimensions and measurement schemes
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Table 4 Bonding performance pull-out test specimen parameter table
BAFF 5 T AR B/ mm+ & A 2R /mm BHRETRPEEE/mm S5 2R E i e A5 Kk
1~8 204280 0.5.10.15 C30 C8@200 4X2
9~16 204280 0.5.10.15 C30 C10@200 4X2
17~24 204280 0.5.10.15 C30 C12@200 4X2
256~32 204280 0.5.10.15 C30 C14@200 4X2
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Fig.3 Force diagram of the specimen
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Fig.5 Typical bond-slip curves
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Fig.6 The influence of protective layer thickness on bond

strength
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Fig.7 The influence of steel bar diameter on bond strength
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model in this paper
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Table 5 Test data and parameter fitting values

I A F I R B s 50 K i C i 56 H i SHUAE
7,/MPa s;/mm r,/MPa s,/mm z,/MPa sy/mm a s
1-d8-0-M 3.02 0.01 9.42 1.21 2.59 5.58 0.289 0 0.240
2-d8-0-M 3.07 0.01 9.56 1.21 2.63 5.58 0.288 4 0. 247
5-d8-10-L 5.43 0.05 9.39 1. 06 2.42 6.14 0.3171 0.159
5-d8-10-M 5.5 0.08 11.29 1.45 3.99 5.81 0.307 8 0.202
5-d8-10-R 4.96 0.09 6.83 1.24 6.05 2.42 0.4611 0.189
6-d8-10-L 5.03 0.08 14. 54 0.81 3.55 5.55 0.3315 0.124
6-d8-10-M 6.49 0.09 12.09 1.23 3.56 5.84 0.2320 0.209
6-d8-10-R 4.05 0.08 8.47 0.87 2.49 5.59 0.450 6 0.138
7-d8-15-L 5.38 0.09 11.84 0.92 4.64 4.98 0.3383 0.082
7-d8-15-M 6.02 0.07 14. 55 1.06 5.01 5.42 0.4037 0.146
7-d8-15-R 7.85 0.08 12.22 0.97 4.46 5.83 0.374 8 0.111
8-d8-15-L 4.42 0.07 12.27 1.2 5.08 6.11 0.5136 0.101
8-d8-15-M 7.37 0.09 14. 05 1.17 4.98 5.83 0.384 5 0.172
8-d8-15-R 3.72 0.07 13. 25 1.62 4.6 6.21 0.489 0.214
9-d10-0-M 6.43 0.07 10. 45 1.61 4.8 5.95 0.3027 0.188
10-d10-0-M 6.67 0.08 11.81 1.46 7.2 5.67 0.3449 0.108
17-d12-0-L 4.23 0.08 6.8 0.68 2.34 7.52 0.428 8 0.068
17-d12-0-R 1.94 0.08 5.953 1.53 2.05 7.85 0.364 7 0.164
18-d12-0-M 5.24 0.08 8.43 0.68 2.9 7.52 0.426 5 0.060
18-d12-0-R 2.43 0.08 6.91 1.19 2.69 7.32 0.457 4 0.108
19-d12-5-L 4.92 0.04 6.44 0.34 1.5 6.83 0.3097 0.053
19-d12-5-M 9.2 0.07 9. 86 0.2 4.11 5.29 0.759 2 0.027
19-d12-5-R 4.46 0.09 5.68 0. 65 1.17 6.66 0.1089 0.129
20-d12-5-1 5.9 0.04 7.79 0.34 1.8 6.83 0.3391 0.051
20-d12-5-M 9.47 0.07 10. 24 0.2 3.92 5. 87 0.9570 0.028
20-d12-5-R 5. 36 0.09 6.8 0.65 1.41 6. 66 0.097 8 0.121
23-d12-15-M 2.57 0.09 16. 22 0.81 5.61 6.93 0.6818 0.066
24-d12-15-M 9.65 0.09 14. 55 1.7 4.48 7.31 0.2831 0.184
25-d14-0-M 4.0 0.06 5.72 1.85 2.62 8.07 0.2804 0.152
26-d14-0-M 8.77 0.08 11.98 0.92 5.27 8.33 0.2733 0.073
29-d14-10-M 4.89 0.09 11. 56 0.56 3.81 7.09 0.2955 0.075
30-d14-10-M 7.18 0.08 12.25 1.58 4.98 6.29 0.2917 0.1823
31-d14-15-M 11.45 0.09 13.75 0.55 4.42 8.98 0.4105 0.034 2
32-d14-15-M 11.65 0.09 13.95 0.55 4.61 8.98 0.4154 0.0339
20-d12-5-R 5. 36 0.09 6.8 0. 65 1.41 6. 66 0.097 8 0.121
23-d12-15-M 2.57 0.09 16. 22 0.81 5.61 6.93 0.6818 0.066
24-d12-15-M 9.65 0.09 14.55 1.7 4.48 7.31 0.2831 0.184
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Table 6 Values of parameters o and 3 under different c/d
ratios

24 c/d ¥l T 1fE 22
0 0.3456 0.07

0.42 0.379 2 0.2731

0.71 0.2936 0.002

¢ 1.07 0.430 0.003
1.25 0.3831 0.14
1.875 0.417 3 0.06
0 0.1408 0.07
0.42 0.068 0.05
0.71 0.1287 0.07

g 1.07 0.034 0.000 2
1.25 0.1589 0.05

1.875 0.1377 0.05
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Fig.11 Compare the proposed model with existing models
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Table 7 Critical anchorage length
HA%/mm z,,/MPa 7,,/MPa L/ mm {1ap/ MM
8 11.67 6.03 16.9d 9.1d
10 14.72 6.03 17.3d 7.4d
12 14. 67 6.03 17d 7.3d
14 11.91 6.03 16.7d 8.8d
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LLVIE R t,/MPa  t/MPa s/mm s/mm B3R INE ke t,/MPa t,/MPa s,/mm s/mm @3B
1-d8-0-L 6.67 1.43 2 6.31 P 17-d12-0-M 4.58 1.72 1.18 7.35 P
1-d8-0-M 9.42 2.59 1.21 5.58 P 17-d12-0-R 5.53 2.05 1.53 7.85 P-S
1-d8-0-R 4.96 1.23 0.99 6.5 P 18-d12-0-L 7.13 - 0.57 - S
2-d8-0-L 6.95 - 1.3 - PPP 18-d12-0-M 8.43 2.9 0.68 7.52 P
2-d8-0-M 9.56 2.63 1.21 5.58 P 18-d12-0-R 6.91 2.69 1.19 7.32 P-S
2-d8-0-R 5.01 - 1.89 - PPP 19-d12-5-L 6.44 1.5 0.34 6.83 P-S
3-d8-5-L 7.57 - 0.81 - PPP 19-d12-5-M 9.86 4.11 0.2 5.29 P
3-d8-5-M 9.26 5.06 1.18 5.59 P 19-d12-5-R 5.68 1.17 0. 65 6.66 P-S
3-d8-5-R 7.52 - 1.41 - PPP 20-d12-5-1 7.79 1.8 0.34 6.83 P-S
4-d8-5-L 8.97 - 0.9 - PPP 20-d12-5-M 10. 24 3.92 0.2 5.87 P
4-d8-5-M 11.29 - 1.07 - PPP 20-d12-5-R 6.8 1.41 0.65 6. 66 P-S
4-d8-5-R 8.33 4.46 1.57 5. 47 21-d12-10-L 10.6 3. 57 1.28 6.49 P-S
5-d8-10-L. 9.39 2.42 1. 06 6.14 21-d12-10-M 12.78 3.58 1.15 7.44 P

5-d8-10-M 11.29 3.99 1.45 5.81 P 21-d12-10-R 8.85 3.2 1.12 6.43 P-S
5-d8-10-R 6.83 6.05 1.24 2.42 P-S 22-d8-10-1. - - - - A-S
6-d8-10-L 14.54 3.55 0.81 5.55 P 22-d12-10-M 16. 56 7.75 1.15 6.9 P
6-d8-10-M 12.09 3.56 1.23 5.84 P 22-d12-10-R 9.76 - 0.81 - S
6-d8-10-R 8.47 2.49 0.87 5.59 P 23-d12-15-L 11.32 - 0.54 - S
7-d8-15-L 11.84 4.64 0.92 4.98 P 23-d12-15-M 16. 22 5.61 0.81 6.93 P
7-d8-15-M 14.55 5.01 1. 06 5.42 P 23-d12-15-R 11.14 - 0.28 - S
7-d8-15-R 12.22 4.46 0.97 5.83 P 24-d12-15-L 9.63 3.2 1.66 8.15 P-S
8-d8-15-1. 12.27 5.08 1.2 6.11 P 24-d12-15-M 14.55 4.48 1.7 7.31 P
8-d8-15-M 14.05 4.98 1.17 5.83 P 24-d12-15-R 10.93 4.96 2 7.6 P-S
8-d8-15-R 13.25 4.6 1.62 6.21 P 25-d14-0-L 5.8 - 0.83 - S
9-d10-0-L 7.34 - 1.39 - PPP 25-d14-0-M 5.72 2.62 1.85 8.07 P
9-d10-0-M 10. 45 4.8 1.61 5.95 P 25-d14-0-R 6.95 - 0. 55 - S
9-d10-0-R 3. 89 2.02 1.95 5. 47 P-S 26-d14-0-1 5.05 - 0.33 - S
10-d10-0-L 9.14 5.36 2.12 5.92 P 26-d14-0-M 11.98 5.27 0.92 8.33 P
10-d10-0-M 11.81 7.2 1.46 5.67 P 26-d14-0-R 4.46 - 0.31 - S
10-d10-0-R 6.22 - 0.33 - S 27-d14-5-1. 4.72 - 0.76 - S
11-d10-5-L 12.62 - 0.46 - S 27-d14-5-M 6.27 2.15 2.06 7.89 P
11-d10-5-M 11.58 8.55 1.03 5.68 P 27-d14-5-R 5.92 - 0.25 - S
11-d10-5-R 9.45 4.8 1.25 5.79 P 28-d14-5-1. 4.58 - 0.95 - S
12-d10-5-L 6.55 - 0. 39 - S 28-d14-5-M 9.28 5.25 1.11 7.37 P
12-d10-5-R 7.72 - 1.33 - PPP 28-d14-5-R 4.78 - 0.52 - S
13-d10-10-1. 12.09 - 0.71 - S 29-d14-10-L 9.19 5.3 0. 64 6.84 P-S
13-d10-10-M 13.87 9.2 1.31 5.05 P 29-d14-10-M 11.56 3.81 0. 56 7.09 P
13-d10-10-R 9.81 - 0.76 - S 29-d14-10-R 5.48 - 0.69 - S
14-d10-10-L 12.24 - 0.68 - S 30-d14-10-L 9.21 - 0.5 - S
14-d10-10-M 15.57 10. 18 0.71 5.12 P 30-d14-10-M 12.25 4.98 1.58 6.29 P
14-d10-10-R 10. 96 - 0. 56 - S 30-d14-10-R 8.38 - 0.41 - S
15-d10-15-L 6.62 4.87 1.83 5.69 P 31-d14-15-L 8.98 - 0.34 - S
15-d10-15-M 13. 46 9.27 1.55 5.5 P 31-d14-15-M 13.75 4.42 0. 55 8.98 P-S
15-d10-15-R 10. 55 4.87 1.05 5.79 P 31-d14-15-R 9.79 - 0.25 - S
16-d10-15-L 11.50 - 0.67 - S 32-d14-15-L 10.15 - 0. 36 - S
16-d10-15-M 13. 36 8.3 1.28 6.08 P 32-d14-15-M 13.95 4.61 0. 55 8.98 P-S
16-d10-15-R 10. 11 - 0.55 - S 32-d14-15-R 10. 89 - 0.44 - S
17-d12-0-L 6.8 2.34 0.68 7.52 P-S
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