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Development of Prefabricated Voided-Slab Bridge
Using PSC-I Girders
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Abstract The bridge type of steel concrete composite rahmen or pre-flex has been applied where a lower depth girder
is required due to vertical clearance restrictions caused by the crossing of rivers and roads. On the other hand, because
these types are not only complicated to manufacture and construct, but also expensive, void slab bridges may be an
alternative. In this study, prefabricated PSC-I shape girder was used to make a void slab and all procedures for bridge
development, such as analysis, design, fabrication, and real-scale test, were included in the scope of research. The
results of this study will provide sufficient background data to be applied to the field and the structural safety has
been verified through experiments.
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Table 1. Comparison of self-weight by model shape
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Fig. 2. Cross-sectional assumption (unit: mm)
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Fig. 4. Girder connection details without PS tendon (a)
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Table 2. Girder height according to girder type and span

length
Span Length b panmen| RC Slab | PPC Slab | COMPOSt
(m) Rahmen
10 0.7 0.6 } -
15 1.0 0.9 ; -
20 R } 0.8 -
25 R ; 1.0 1.0
30 R ; 1.55 11
2.300
800 100 500 100 800
€
|
o | o
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A §O_
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Fig. 7. End cross-section dimension (unit: mm)

Table 3. Review the optimum height of PCB-SLAB for
each span length

Span Lengthl Height Pre-stressing Stress
(m) (m) Wire Mpa) | CPeck
20 1.10 0.6"-15EA x 2 0.598 OK
25 1.10 0.6"-15EA x 3 0.663 OK
30 1.20 0.6"-15EA x 4 0.435 OK
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Fig. 8. Typical cross-section and lattice model for analysis
(unit: mm)

Table 4. Material property for structural analysis

Property
Design Strength(fi) : 40 MPa
Elastic Coefficient(E.) : 3.089x10" MPa
Yielding Strength(fy) : 400 MPa
Elastic Coefficient(E;) : 2.000x10° MPa
$0.6"-17wire Multi-Strand Tendon
Tensile Strength(fp,) : 1,900MPa
Yielding Strength(fyy) : 1,600MPa
Sectional Area : 2357.9 mm’

Material

Concrete

Reinforcing Bar

PC Wire
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Fig. 9. Diagrams of longitudinal analysis result due to
dead and live load (L=20m) (a) Moment and
Shear force by dead load (b) Moment and Shear
force by live load

Table 5. Member force of analysis result

Inner Girder Outer Girder
L=20m Moment Shear Moment Shear
(KN - m) Force(kN) (KN - m) Force(kN)
DL1 1469.292 295.335 1469.292 295.335
DL2 361.659 49.222 428.574 126.241
VL 1130.825 449.233 1183.767 236.057
EL 199.000 20.000 199.000 20.000
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Fig. 10. Moment due to span length
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Fig. 11. Shear force due to span length
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Table 6. Results of stress check

Span | Stress Inner Girder-Mid. Outer Girder-Mid.
Length | (MPa) TOP BOTTOM TOP BOTTOM
L=20 fop 1.992 6.646 1.992 6.646

m fa 6.434 0916 6.734 0.598
fap 3.118 9.481 3.118 9.481
L=25m
fy 9.354 1.163 9.833 0.663
fap 4.468 11.437 4.455 11.503
L=30m
fa 12.012 1.131 12.649 0.435
Table 7. Bending strength check
Factored Moment Normal
kN - m i
Span ( ) bending Check
Length Inner Outer Strength
Gireder-Mid. | Girder-Mid. (KN - m)
L=20m | 4,898.40 5,099.22 6,189.29 0K
L=25m| 6,957.64 7,287.26 8,909.01 OK
L=30m | 9,380.75 9,850.52 12,328.98 0K
Table 8. Deflection check of girder
Span |Live Load Deflection| Allowable Deflection
Check
Length (mm) (mm)
L=20m 6.897 23.625 0.K
L=25m 13.457 29.875 0K
L=30m 22.046 36.125 0.k
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Fig. 13. Modeling and boundary condition for lateral
analysis

Table 9. Lateral bending strength check

Normal
Factored bendin
Member Moment s Check
(kN - m) Strength
(kN = m)

Upper End 71.669 89.827 OK
Slab Center 39.385 61.878 OK
Web Support 14.783 27.542 OK

Bottom Outer 41.734 68.930 O.K
Slab Inner 46.459 68.930 0K

Stress, CBall: Coml / Combined(-y,+z)

N
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N
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| I R A

Stress(N/mm?)
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Dist, From Node 1 (mm)

Fig. 14, Stress check of post-tensioned upper slab

Stress, CBall: Coml / Combined{-y,+z)

Stress(N/mm?)

LI
0 500 1500 2500 3500 4500 5500 6500 7500 8500 9500 10500
Dist, From Node 21 (mm)

Fig. 15. Stress check of post-tensioned bottom slab
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Table 10. Comparison of girder construction cost

s Construction cost by girder Type(won per m’)

pan ;
Length ((l}:esni;elll) (Mlzjiict:éd) PCB-SLAB S(tl&:rln&pgsoiz:
L=20m - 535,000 586,000 601,000
L=25m| 490,000 550,000 597,000 696,000
L=30m| 502,000 564,000 619,000 743,000
Aver. 496,000 549,666 600,666 680,000
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Fig. 17. Manufacturing scene of PCB-SLAB girder (a)
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and curing (c¢) Secondary formwork fabrication
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Fig. 18. Lateral connection procedure of girder (a) Girder
arrangement (b) Strand insertion (c) Epoxy
application (e) Tendon jacking (f) Anchoring
wedge
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Fig. 19. Modified girder section for Lateral connection
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Table 11, Bending moment by load case and loading
force for test
Bending Moment(kN - m) i
Load Comb. Loading
Case Inner Outer Max. (kN)
DLI1 Mai 1545.0 1545.0 1545.0 323.6
DL2 Ma 364.7 428.6 428.6 89.8
VL Miive 1130.8 1183.8 1183.8 2479
Service |\t iMie | 14955 | 16123 | 16123 | 3377
Load
Factored | 1.3Mg
Load +2.15Mine 2905.3 3102.2 3102.2 649.7
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