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ABSTRACT Currently in precast concrete construction, precast concrete and cast-in-place concrete with different concrete
strengths are used. However, current design codes do not provide shear design methods for PC-CIP hybrid members using dual
concrete strengths. In the present study, the shear strengths of beams using dual concrete compressive strengths (24 MPa, 60 MPa)
were tested. The test variables were the area ratio of the two concretes, longitudinal bar ratio, and shear span-to-depth ratio. The shear
strengths of test specimens were evaluated by current design methods, using an effective concrete strength (considering the area ratio
of the two concrete strengths). The test result showed that when 60 MPa concrete was used in the compressive zone and the
longitudinal bar ratio was low, the shear strengths of the test specimens were less than the predictions. On the basis of the results,

design recommendations were provided for the shear design of the PC-CIP hybrid beams.
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Fig. 1 Hybrid construction method using precast concrete
and cast-in-place concrete
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Table 1 Test variables and predictions of moment and shear capacities of specimens

Specimen a/d Section 0 (%) Rebar M, Va v, & Vnh th Q
type arrangement| (kN (kN) (kN) v, (kN) (kN) V.,
1 A 204 150 73 2.05 - - -
2 B 233 171 109 1.57 - - -
3 C 204 150 97 1.55 198 465 235
4 +0 D 13l “ 204 150 88 1.7 198 423 2.13
5 E 233 171 88 1.93 198 424 2.14
6 F 205 150 104 1.45 198 232 1.17
7 A 211 155 67 231 - - -
8 B 264 194 117 1.65 - - -
9 C 215 158 99 1.6 198 473 2.39
10 +0 D 175 b 217 160 86 1.85 198 411 2.08
11 E 258 189 86 222 198 407 2.06
12 F 215 158 109 1.45 198 242 1.22
13 A 313 230 73 3.13 - - -
14 B 445 327 107 3.04 - - -
15 4.0 C 2.87 c 313 231 96 2.4 198 460 232
16 D 313 231 88 2.63 198 420 2.12
17 E 449 330 88 3.72 198 424 2.14
18 A 208 245 76 322 - - -
19 B 233 275 110 25 - - -
20 25 C 1.31 d 208 245 98 25 124 294 1.48
21 D 208 245 90 2.72 124 269 1.36
22 E 234 276 90 3.03 124 272 1.37
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Table 2 Mixture proportions of concrete

Specimen | Nominal | W/C Unit weight (kg/m’)

no. strength | (%) | W C S G SP

Specimen 24 43 150 | 349 | 925 | 974 | 0.0
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Fig. 4 Load-center deflection relation of specimens 1~6
(p=1.31%, a/d=4.0)

Table 4 Test results of specimens 1~6

7~12 60 |31.6| 168 | 531 | 720 | 897 | 5.3

KCI predicted

Specimen | 24 |48 | 165 | 344 | 860 | 968 | 1.72 specic| M |y soength 000 | 7 |
1~6, 13~22] 60 |29 | 180 | 620 | 625 | 935 | 8.06 men | 24 | 60 | () Vi Voo g Ve
MPa | MPa

1 | 247 | - 188 | 146 | 170 | 1.28 | 1.11

Table 3 Mechanical properties of rebars ) - 548 | 195 218 239 | 089 | 0.82
Type /, (MPa) V) E; (GPa) 3 | 247|548 215 | 194 | 216 | 1.11 | 1

SD500 D22 555 2,968 187 4 | 247|548 | 191 | 177 | 199 | 1.08 | 0.96
SD600 D22 730 3,842 190 5 | 248|553 | 183 | 177 | 199 | 1.03 | 0.92
SD600 D25 735 3,675 200 6 | 248|532 | 206 | 208 | 229 | 0.99 | 0.9
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Fig. 5 Load-center deflection relation of specimens 7~12
(p=1.75%, ald=4.0)

Table 5 Test results of specimens 7~12

KCI predicted

Speci- Jor (MPa) V. |strength (kN) | 7V, | V.,
men | 24 60 | (kN) Vi Ver
Vi Voo
MPa | MPa
7 20.8 - 185 134 168 1.38 | 1.1

- 632 | 202 | 234 264 | 0.86 | 0.77

9 219 | 59 270 198 229 | 1.37 | 1.18

10 | 22.6 | 533 | 203 172 204 | 1.18 | 0.99

11 | 226 | 51.5 | 214 170 203 | 1.26 | 1.06

12 | 219 | 59 245 | 217 248 | 1.13 | 0.99
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Fig. 6 Load-center deflection relation of specimens 13~17
(p=2.87%, ald=4.0)

Table 6 Test results of specimens 13~17

KCI predicted

Speci- fou (MPa) Ve | strength (kN) | 7V, | V.
men | 24 60 |(kN) Vi Ver
Va Voo
MPa | MPa
13 24.9 - 259 147 205 1.77 1.27
14 - 53.2 | 313 215 270 1.46 1.16

15 | 249 | 532 300 | 192 248 | 1.56 | 1.21

16 | 249 | 532 |245| 176 232 | 14 1.06

17 | 249 | 553 | 254 | 177 234 | 1.43 | 1.09
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Table 7 Test results of specimens 18~22

fue (MPa) KCI predicted

Speci- Vo |_strength (kN) | Vi, | Vi
men | 24 60 |[(kN)| v Va Vo
cl c2
MPa | MPa
18 26.6 - 217 152 187 1.43 | 1.16
19 - 55.4 | 269 219 251 1.23 | 1.07

20 | 26.6 | 554 | 251 197 230 | 1.28 | 1.09

21 26.6 | 55.4 | 214 180 214 | 1.19 | 1

22 | 26.6 | 57.5 | 199 182 216 | 1.09 | 0.92
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(c) Final state (275 kN)
Fig. 9 Development of crack pattern of specimen 20



Fig. 10 Crack pattern of specimen 1~6 at the end of test

Fig. 11 Crack pattern of specimen 7~12 at the end of test
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Fig. 12 Crack pattern of specimen 13~17 at the end of test
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Fig. 13 Crack pattern of specimen 18~22 at the end of test
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