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ABSTRACT Currently, composite construction of prestressed Precast Concrete (PC) and Cast-In-Place (CIP) concrete with
different concrete strengths are frequently used in the modular construction. However, current design codes do not clearly define
shear design methods for such composite beams. In this present study, simply supported prestressed PC-CIP composite beams
without vertical shear reinforcement or only with horizontal shear reinforcement were tested to evaluate the effect of prestressing on
the shear strength and the shear design method for such composite members. The test variables were the area ratio of PC and CIP
concretes, prestressing force, shear span-to-depth ratio, and shear reinforcement ratio. The results showed that the shear strength was
increased by the increase of prestressing force and prestressed PC area, and the decrease of shear span-to-depth ratio.
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Fig. 1 Composite members using PC and CIP concrete
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Fig. 2 Types of cracking in prestressed concrete beams
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Table 1 Test variables and predictions of moment and shear capacities of test specimens

Longitudinal Transverse
Speci- | Section| . sttu reinforcement M, V., v, T v, v, U
mens type reinforcement for horizontal Prestress| a/d . .
(ratio) . (kN'm) | (kN) | (kN) " (kN) | (kN) h
shear (ratio)
1-A A 217 223 70 3.18 - - -
1-B B 288 295 263 1.14 - - -
0.55f,,
1-C C 229 234 173 1.35 142 594 4.19
1-D D 30 226 232 114 2.04 142 390 2.75
2-A A ' 217 223 70 3.18 - - -
2-B B 288 295 263 1.14 - - -
2-C C i 229 234 173 1.35 142 594 4.19
2-D D 6-012.7 226 232 114 2.04 142 390 2.75
3-A A (0.57%) 217 167 70 2.39 - - -
3-B B 288 221 205 1.08 - - -
0.70f,,
3-C C 229 176 142 1.23 189 651 3.44
3-D D 40 226 174 101 1.73 189 460 2.43
4-A A ' 202 155 69 2.25 - - -
4-B B 2-D10 313 241 205 1.17 - - -
4-C C (0.12%) 244 188 142 1.32 697 651 0.93
4-D D 244 188 100 1.87 697 459 0.66
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Table 2 Mixture proportions of concrete

Nominal | W/C Unit weight (kg/m’)

strength | (%) W C S G SpP
24 494 162 328 869 979 3.5
60 29 180 620 625 935 8.06

Note) Maximum aggregate size=25 mm

Table 3 Mechanical properties of reinforcement

Type f, MPa) | ¢ (ue) | E, (GPa)
12.7 mm SWPC 7BL 1854 8829 210
SD300 D10 340 1847 184
SD400 D13 480 2400 200
2500
12.7mm SWPC 7BL
2000 |-
o
% 1500 |
1000 /)
wv Il
500 | fr SD400 D13
0 I, 1 1
0 001 0.02 0.03 0.04 0.05
Strain(g)

Fig. 4 Stress-strain relationship of strand and re-bar
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Fig. 6 Crack pattern of 1-A~1-D at the end of test

Table 4 Test results of specimen 1-A~1-D

KCI
£ redicted
Speci- , (MPa) I/text p (kN) @ V;e.vr
V. V.
mens 24 60 f (kN) V y cl c2
MPa|MPa cke cl c2
I-A | 23| - | 23] 100 | 68 | 70 | 1.47 | 1.43
1-B - | 57 | 57 | 272 | 262|257 | 1.04 | 1.06
1-C | 23 | 57 | 44 | 196 | 172|269 | 1.14 | 0.73
1I-D | 23 | 57 | 36 | 179 | 113 | 219 | 1.58 | 0.82
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Fig. 7 Development of crack pattern according to section types (a/d=3.0, f,=0.55f,,)
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Table 5 Test results of 2-A~2-D

KCI
£ redicted
Speci- g (MPa) V,ex, P (kN) Vtesr @
mens V V
24 [ 60 [, & T, “ @
MPa | MPa cke cl c2
2-A | 23 - 23 | 77 | 68 71 1.13 1.08
2-B - 57 | 57 | 316|262 | 315 1.21 1.00
2-C | 23 | 57 | 44 | 228 | 172 | 339 1.33 0.67
2-D | 23 | 57 | 36 | 179 | 113 | 277 1.58 0.65
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