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Flexural Behavior of Hybrid Beam of Reduced Story Height
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ABSTRACT In underground parking lots of apartment housing, the story height is increased by 300~400 mm because of various
ducts for HVAC. In order to reduce this story height, this study proposed the ‘hybrid beam’, which is composed of PC beam with
embedded steel beam and insitu concrete. The depth of the hybrid beam is reduced by 300 mm and then the steel beam is embedded
over the length of reduced depth to compensate for the loss of strength. Then, we performed the large-scale structural tests on 9
specimens and investigated the flexural behavior of the specimens. The parameters of tests were the shape of steel beam section,
the length of the reduced depth, the stage of construction, the effects of slab and shear connectors. The test results showed that
the specimens, after the insitu concrete has cured, has the flexural capacity which exceeds the required design capacity regardless
of other parameters. On the other hand, the specimens of construction stage do not have sufficient strength. Based on these results,
it is thought that the proposed hybrid beam with reduced depth is applicable to the underground parking lots of apartment housing

as long as the support is placed at construction stage.

Keywords : story heights of underground parking lots, hybrid beam, flexural behavior, PC beam, embedded steel beam
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Table 1 Specification of specimens
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Specimen Stage Steel type Slab End section (mm)|Center section (mm)| Shear studs |Center span (mm)
S1 Inverted T-type| Excluded 700 x 600 700 %300 ®19-12EA 3,750
S2 Construction Hetype Excluded 700 x 600 700 % 300 D19-12EA 3,750
S3 Excluded 700 x 600 700 % 300 - 3,750
S4 Excluded 700 % 900 700 x 600 ®19-12EA 3,750
S5 Inverted T-type| Excluded 700 % 900 700 x 600 ®19-12EA 5,000
S6 i Included 700 % 900 700 x 600 ®19-12EA 3,750

Composite
S7 Excluded 700 % 900 700 x 600 ®19-12EA 3,750
S8 H-type Excluded 700 % 900 700 x 600 ®19-12EA 5,000
S9 Included 700 x 900 700 x 600 ®19-12EA 3,750
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Table 2 Specification of load

Load type Items Load (Pa)
Soil (Thk. = 800 mm) 14,121.6
Concrete (Thk. = 100 mm) 2,255.5
Mortar topping 196.1
Concrete slab (Thk. =300 mm) 7,060.8
Dead load
Ascon finish (Thk. = 50 mm) 980.7
Ceiling 2942
Self weight 14,811.9
Sum 39,720.8
Live load - 15,690.6
L

-

RC column C/
+__,
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}.003

Fig. 2 Assumed stresses and strains in concrete adjacent to
embedded steel section
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Fig. 3 Specimens for construction stage and composite stage

Table 3 Material properties of concrete

Specified concrete
compressive strength

(MPa)
24.0 267 243

Compressive strength| Elastic modulus
(MPa) (GPa)
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Table 4 Material properties of steel and rebar

Yield Tensile Elastic Eloneation
Type strength strength modulus (;(;’ )
(MPa) (MPa) (MPa) o
Web 394 580 2.03 x 10° 229
Flange 356 537 1.78x 10° 20.6
D-13 420 622.8 1.68% 10° 8.33
D-25 402 605.5 1.91x 10° 10.85
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Table 5 Test results of specimens for construction stage

. K; P P 5 P
S ecimen ] cr max max max
P &Nmm)| &) [ &N) | (@m) |P,
SI | 332 | 700 | 1860 | 1136 | 086

S2 10.54 100.0 359.5 52.4 1.66
S3 10.75 100.0 379.1 51.8 1.75
K;: early rigidity, P, : maximum load, O, : maximum displacement
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Fig. 9 Strain contour of specimen S2
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Fig. 11 Final crack patterns of specimen S4, S5, S6

Fig. 12 Slip between PC and in si{u concrete of specimen S5
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Fig. 13 Final crack patterns of specimen S7, S8, S9
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S4 32.19 681.0 22.0 835.6 56.7 1.61 2.57
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Fig. 15 Strain contour of specimen S4
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