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Abstract: In order to investigate the mechanical behavior of lap-spliced ribbed steel bars in RPC (reactive
powder concrete) and determine the splice length of longitudinal steel bars reasonably, tensile tests were
conducted on 39 specimens with lap-spliced ribbed steel bars in RPC and the test parameters include the splice
length, RPC strength, clear space between the lap-spliced ribbed steel bars and stirrup ratio. The results show
that: two failure modes, namely pullout and tensile fracture of the lap-spliced ribbed steel bars, were found for
those specimens. For those specimens with cover thickness less than 2 times of the bar diameter and pullout
failure mode, the splitting cracks may also be observed on the side surface of the RPC block. For those specimens
with pullout failure mode, the splicing strength of the lap-spliced bars decreases slightly with the increase of the
splice length, and increases with the increase of RPC strength and stirrup ratio. Compared with that of the
specimen with splice length of 100mm, the splicing strength of the specimen with splice length of 150mm

decreases about 5%; the splicing strength of lap-spliced ribbed steel bar of 20mm diameter in the RPC of
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100MPa, 120MPa and 150MPa, are 17.5MPa, 19.5MPa and 21.1MPa,respectively; and the splicing strengths of
the specimens with stirrup ratio of 0.34% and 0.75% increase by 7.8% and 13.1% respectively compared with

that of the specimen without any stirrup; compared with the splicing strength of the specimens with clear space of

20mm between lap-spliced bars, the splicing strength may decrease about 7.8% and 13.1%, separately, for those

specimens with clear space of 0 and 40mm. The equations of predicting the average splicing strength and the

critical splice length of the lap-spliced bars were established based on the test results, and their feasibility was

verified by the test results from the third party.

Keywords: RPC; ribbed steel bars; lap-spliced behavior; splicing strength; critical splice length; experimental

study
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Fig.1 Dimensions and reinforcements of specimens
(unit: mm)
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Table 1 Parameters and main results of test specimens

L D feu Py c F, Tu Su Teu F, T r Ly Loy WEIR w
T A T -
(mm) (mm) (MPa) (%) (mm) (kN) (MPa) (mm) (MPa) (kN) (MPa) " (mm) (mm) 3 (mm)
1 L100-R100-D0-S0O 100 0 106.7 0 55 100.4 1598 0.82 16.56 41.6 6.62 1.036 134.1 182.4 P —
2 L100-R100-D0-S34 100 0 106.7 0.34 55 107.9 17.17 1.03 17.33 41.0 6.53 1.010 127.6 173.7 P —
3 L100-R100-D0-S75 100 0 106.7 0.75 55 111.2 17.70 1.07 18.27 42,7 6.80 1.032 120.6 164.3 P —
4 L100-R100-D1-S0O 100 20 106.7 0 45 112.5 17.90 0.89 17.14 33.2 528 0.958 129.2 1758 PS 3.31
5 L100-R100-D1-S34 100 20 106.7 0.34 45 115.3 1835 0.76 18.00 33.9 5.40 0.981 122.5 166.9 PS 1.20
6 L100-R100-D1-S75 100 20 106.7 0.75 45 119.6 19.03 0.78 19.03 44.5 7.08 1.000 115.3 157.3 P —
7 L100-R100-D2-S0 100 40 106.7 0 35 999 1590 0.79 1588 257 4.09 0.999 1403 190.7 PS 3.29
8 L100-R100-D2-S34 100 40 106.7 0.34 35 103.9 16.54 0.73 16.74 329 524 1.012 132.6 1803 PS 2098
9 L100-R100-D2-S75 100 40 106.7 0.75 35 110.8 17.63 1.09 17.77 36.4 5.79 1.008 124.2 169.2 PS 2.65
10 L100-R120-D0-S0 100 0 130.4 0 55 114.6 18.24 0.79 1831 457 7.27 1.004 120.3 163.9 P —
11 L100-R120-D0-S34 100 0 130.4 0.34 55 118.1 18.80 0.78 19.16 49.5 7.88 1.019 114.4 156.1 P —
12 L100-R120-D0-S75 100 0 130.4 0.75 55 125.0 19.89 1.33 20.19 53.8 8.56 1.015 108.0 147.6 P —
13 L100-R120-D1-S0 100 20 130.4 0 45 1194 19.00 0.9 18.95 409 6.51 0997 1158 158.0 PS 0.84
14 L100-R120-D1-S34 100 20 130.4 0.34 45 123.6 19.67 094 1990 52.3 832 1.012 109.8 149.9 P —
15 L100-R120-D1-S75 100 20 130.4 0.75 45 132.1 21.02 095 21.04 585 9.31 1.001 103.2 141.2 P —
16 L100-R120-D2-S0 100 40 130.4 0 35 113.7 18.10 096 17.56 31.7 5.05 0.970 1259 1714 PS 3.34
17 L100-R120-D2-S34 100 40 130.4 0.34 35 114.5 18.22 1.09 18.50 35.0 5.57 1.016 118.9 162.1 PS 2.69
18 L100-R120-D2-S75 100 40 130.4 0.75 35 120.6 19.19 0.73 19.65 41.1 6.54 1.024 111.3 152.0 PS 1.32
19 L100-R150-D0-S0 100 0 157.1 0 55 124.4 19.80 0.89 20.10 51.8 8.24 1.015 108.6 148.3 P —
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(mm) (mm) (MPa) (%) (mm) (kN) (MPa) (mm) (MPa) (kN) (MPa) % (mm) (mm) X (mm)

20 L100-R150-D0-S34 100 0 157.1 0.34 55 133.9 21.31 0.87 21.03 53.1 845 0.987 103.3 141.3 P —
21 L100-R150-D0-S75 100 0 157.1 0.75 55 137.5 21.88 0.79 22.16 60.1 9.57 1.013 974 1335 PY —
22 L100-R150-D1-S0 100 20 157.1 0 45 127.9 20.36 0.70 20.80 49.5 7.88 1.022 104.5 143.0 P —
23 L100-R150-D1-S34 100 20 157.1 0.34 45 139.0 22.12 0.95 21.84 64.7 10.30 0987 99.0 1356 PY —
24 L100-R150-D1-S75 100 20 157.1 0.75 45 146.7 23.35 0.92 23.10 65.7 10.46 0989 93.1 127.7 PY —
25 L100-R150-D2-S0 100 40 157.1 0 35 1184 18.84 096 19.27 36.0 5.73 1.023 113.7 1552 PS 3.27
26 L100-R150-D2-S34 100 40 157.1 0.34 35 127.0  20.21 0.73 2031 428 6.81 1.005 107.3 146.7 PS 2.87
27 L100-R150-D2-S75 100 40 157.1 0.75 35 135.0 21.49 0.98 21.56 S51.1 8.13 1.003 1004 137.5 PS 2.64
28 L150-R100-D0-S34 150 0 106.7 0.34 55 1543 16.37 0.80 16.76 58.6 6.22 1.024 127.6 173.7 P)Y —
29 L150-R100-D1-S34 150 20 106.7 0.34 45 165.1 17.52 0.63 17.40 633 6.72 0993 122.5 1669 PY —
30 L150-R100-D2-S34 150 40 106.7 0.34 35 149.7 1588 0.81 16.18 56.2 596 1.019 132.6 180.3 PS,Y 0.34
31 L150-R120-D0-S34 150 0 130.4 0.34 55 176.2 18.70 0.74 18.53 70.7 7.50 0991 1144 156.1 PY —
32 L150-R120-D1-S34 150 20 130.4 0.34 45 180.8 >19.18 0.45 19.24 — — — 109.8 149.9 B —
33 L150-R120-D2-S34 150 40 130.4 0.34 35 168.4 17.87 0.69 17.89 62.1 6.59 1.001 118.9 162.1 PS,Y 0.19
34 L200-R100-D0-S34 200 0 106.7 0.34 55 181.9 >14.48 0.43 16.48 — — — 127.6 174.1 B —
35 L200-R100-D1-S34 200 20 106.7 0.34 45 185.4 >14.75 0.38 17.11 — — — 122.5 167.3 B —
36 L200-R100-D2-S34 200 40 106.7 0.34 35 178.4 >14.20 0.51 1591 — — — 132.6 180.7 B —
37 L200-R120-D0-S34 200 0 130.4 0.34 55 182.5 >14.52 0.40 1821 — — — 1144 1564 B —
38 L200-R120-D1-S34 200 20 130.4 0.34 45 172.7 >13.74 0.29 1891 — — — 109.8 150.2 B —
39 L200-R120-D2-S34 200 40 130.4 0.34 35 179.6 >14.29 0.54 17.59 — — — 1189 1624 B —
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Table 2 Mechanical properties of reinforcements

N B BRI MRS BRI R

g (mm) (MPa) (MPa) (kN) (kN)
HRB400 20 433.0 577.0 136.0 181.3
HRB335 6 357.8 469.9 10.1 13.3
HRB335 4 364.7 481.3 4.6 6.0

®3 RPCEELLRIIERE
Table 3 Mix proportion and compressive strengths of RPC

R A i SN
KB BEK SR A GRS oK KRR E
(MPa) B (MPa)
RPC100 1025 025 1.1 002 022 106.7
RPC120 1025 025 1.1 0.02 020 130.4
RPC150 1025 025 1.1 0.02 0.16 157.1
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Fig.2 Test setup and arrangement of measurement points
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Fig.5 Force-slip curves of specimens with pullout failure
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Fig.6 Tensile fracture failure of steel bar
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Fig.7 Force-slip curves of specimens with tensile fracture
failure of steel bar
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Fig.8 Force-slip curves of specimens with different splice
lengths
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