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ABSTRACT In terms of bridge construction, the concrete deck slab is weak members compared to beam members of the bridge
supports. Deck slabs must be sound to support and distribute vehicle loads. If slabs are not enough to support the loads, it should be

replaced. Bridge deck replacement has been an important industry over the world since the construction is simplified to shorten

construction time and to save construction costs. Slab module provides a quickly, easily and reliably construction method in order to

avoid high cost and minimum traffic disruption. in addition, slab module shows high reliability since they are factory products. However,

slab module should be considered in the performance under various loads. In this study, structural analysis is performed to evaluate

the performance of slab module under vehicle loads and temperature loads. Spiral rebar is also utilized around the vertical joints to

improve the structural integrity under the lifting loads. In order to confirm the weak area of slab module for the lift condition,

numerical analysis has been performed.

Keywords : slab module, structural analysis, vertical joint, vehicle load, temperature load, lifting
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(a) Conceptual diagram of modular slab

Vertical connector Maortar

Precast modular slab

(b) Schematic diagram of modular slab

Fig. 1 Conceptual diagram and schematic diagram of modular

slab
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Table 1 Designed Slab

Case L8 |Case L9
Reinforcement D19 D19
Main Spacing (mm) 200 180

Reinforcement of Amount of
Positive Moment | rejnforcement 1433 1592
(mm®)
Reinforcement D19 D19
Main Spacing (mm) 200 180
Reinforcement of Amount of
Negative Moment|  reinforcement 1433 1592
(mm?)

Reinforcement D13 D13
Spacing (mm) 200 200
Amount of

reinforcement 634 634
(mm’)

Distribution bar
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Slab

Main Reinforcement
(TYP)

Anchor Bolt
Spiral Reinforcement

"~ Districution Bar
(TYP)

(b) Vertical joint model

140 mm

Anchor Bolt

Washer

490 mm

(c) Detail of vertical joint

Fig. 2 Modeling of vertical joint
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Fig. 3 Yield surface in plane stress (Lee and Fenves, 1998)
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14.8 MPa %

13.5 MPa

(a) Circle shape (b) Spiral shape

Fig. 4 Stress of circle shape and spiral shape

Table 2 Material properties

l\ifiiizs Poisson’s | Strength | Mass
. 3
(GPa) Ratio (MPa) |(kg/m”)
Slab 36.6 0.18 50 2500
Mortar 18.5 0.18 50 2150
Cross Beam 36.6 0.18 50 2500
400
Anchor Bolt and| 03 | (Yield | 7850
Reinforcement
Strength)
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Fig. 5 Installed vertical joints locations
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Table 3 Obtained results from 8m slab due to temperature
loading

Summer Winter

Case Case Case Case
L8 WOR| L8 WR |L8 WOR| L8 WR

Slab Deflection

-0.754 | -0.754 | -1.74 | -1.74
(mm)

Vertical Joint
Stress 612 > f 1612 > f 1483 > f 483 > f,
(MPa)

Reinforcement
Stress 20.6 20.6 23.0 23.0
(MPa)

First Principal
Stress of Slab |2.61 < f.|2.61 < f.|12.1 > f [12.1 > f,
(MPa)

Mortar
Principal Stress|33.9 > f.|33.9 > f.|37.7 > f.|37.7 > f,
(MPa)

Cross beam
Principal Stress|4.39 < f,(4.39 < f.|17.1 > f.[17.1 > f,
(MPa)

Spiral
Reinforcement
Mises Stress
(MPa)

- 8.63 - 22.6

f. = 063\/f, = 445MPa,
f, = 400 MPa

Maximum Displacement (0.754 mm)

- TS4E-03 -.381E-03 - 760E-05 S366E-03 -7392-03
-.56RE-03 -.184E-03 179803 $83E-03

Fig. 6 Case L8_WOR maximum deflection (summer)
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Fig. 7 Case L8_WOR maximum stress of vertical joints
(summer)



Maximum Displacement (1.07mm)

-.758E-03 -, 442E-03 -~ 126£-03 -180E-03
- .600E-03 -.284E-03 .320E-04

Fig. 8 Case L8 WR maximum deflection (winter)
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Table 4 Obtained results from 9 m slab due to temperature
loading

Summer Winter

Case Case Case Case
L9 WOR| L9 WR |L9 WOR| L9 WR

Slab Deflection
(mm)
Vertical Joint

Stress 503 > f,1503 > f, 1378 < f,|378 < f,
(MPa)
Reinforcement

Stress 28.4 28.4 20.3 20.3
(MPa)

First Principal
Stress of Slab {3.39 < f,13.40 < f,.|3.58 < f,|3.59 < f,

-0.598 -0.598 -1.07 -1.07

(MPa)
Mortar
Principal Stress|86.7 > f.|86.7 > f.|168.3 > f.|68.3 > f.
(MPa)
Cross beam
Principal Stress|13.2 > f,|13.2 > f|17.2 > f 172 > f,
(MPa)
Spiral
Reinforcement
Mises Stress ) 10.9 ) 13.4
(MPa)
f, = 0.63./f, = 445 MPa,
f, = 400 MPa
74%10] 0.598 mm et L HEo] - gleAow
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Maximum Stress (28.4 MPa) !

| — —
203.417 6328407 -1262+08 -190E+08 .253E+08
3168407 -548E+07 -158E408 .2212+08 -284E+08

Fig. 9 Case L9 WOR maximum stress of reinforcement
(summer)
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L9 WORZ} Case L9 WR R QW FA A4 oA 378
MPaZ 28 Aol -9 WA o] mig] {72k daglol
FUHA YER A EE mid el axA ) T
Z1e = Atk S B H 12 F3H S BT &
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29 A $8-2 W FAAZA Fof v H Y d 2ol A
13.4 MPaz 3} 7] thH] 23% F7kekl ot vl Hd o) &
B382 2384 oo} T2 EO FRAAAL A sA|

0\l FIF

3.2 AYstE0 mE fEHAR oM A
8m e B.0] Q1% A & A7} Table 501 4 283t
Case L8 WOR 1ok A 67 A A A RE A} L-35}o] ¢lofet
b)) 7 ohe] Akgle] S 2% A akel A )
A7 0.276 mm, 37 A AR LpA Ao wjg) £
= aphglo] 1 @ 54 AR oA Ao A7 135
mnh % AEig 103 A2 el BE A
2RThe gl A0R FAF 44 @%%ﬂ 3}
SHAT §7 9 A AR 5
% O FH AR A g }Oﬂu} 6719 4
M3t} Q19FE 7§ 471 B E A 182 MPa, 914
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Table 5 Obtained results from 8 m slab due to liftinf loading

Six Vertical Joints |Three Vertical Joints

Case Case Case Case
L8 WOR| L8 WR |L8 WOR| L8 WR
Slab
Displacement | -0.276 -0.276 -1.35 -1.35
(mm)
Ve“écal Joint 1405/ 101 182 / 101 [335 / 172 335 / 172
tress <f <f > f <f
(MPa) Y Y Yy Yy
Reinforcement
Stress 6.14 6.03 12.4 12.2
(MPa)

First Principal

Tension | Tension | Tension | Tension
Stress of Slab

3.04 < f.[3.04 < £.[4.97 > f.[4.97 > f.

(MPa)
Axial S?;Less of Tension | Tension | Tension | Tension
(MPa) 294 < f.295 < f,.|535> f. 535> f.
Stresge(};thlab Tension | Tension | Tension | Tension
(MPa) 123 > f|1.73 < f.122.0 > f.|3.10 < f,

Stress of Slab | Tension | Tension | Tension | Tension
Width (MPa) [0.96 < £,.10.96 < f,{1.50 < f {1.51 < f,

Reinforcement
Stress N.A. 5.84 N.A. 11.7
(MPa)

f. = 063\/f, = 445 MPa,
f, = 400 MPa

Maximum Displacement (0.276 mm)

— I
-.27€E-03 -.211E-03 -.1462-03 —-B04E-04 - 151E-04
-.2448-03 -.1788-03 -.1132-03 - 4702-04 J175E-04

(a) Maximum displacement using six vertical joints

Maximum Displacement (1.35 mm)

N

-.00134% -.001031 -.713E-03 —.334E-03 -.7S8E-04
-.0011% -.873E-03 -.5538-03 -.235E-03 L835E-04

(b) Maximum displacement using three vertical joints

Fig. 10 Case L8 WOR maximum displacement of slab
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Table 6 Obtained results from 9 m slab due to liftinf loading

Six Vertical Joints |Three Vertical Joints
Case Case Case Case
L9 WOR| L9 WR |L9 WOR| L9 WR
Slab

Displacement -0.35 -0.35 -2.00 -2.00
(mm)

Vertical Joint 210 / 210 / 383 / 383 /
Stress 121 < 121 < | 219 > | 219 >
(MPa) f y f y f y f y

Reinforcement
Stress 7.73 7.59 14.0 13.7
(MPa)

First Principal | Tension | Tension | Tension | Tension
Stress of Slab | 3.43 < | 343 < | 598 > | 598 >
(MPa) f, fr fr I
Axial Stress of| Tension | Tension | Tension Tension
Slab 311 < | 311 < | 553 > 554> f
(MPa) Ir Ir I ’

Stress of Slab | Tension | Tension Tension Tension
Depth 223 < | 224 < 38 < f 3.82 >
(MPa) Ir I ’ S

St f Slab Tension | Tension | Tension | Tension

\;iejtsho(MPZ) 110 < | 110 < | 1.89 < | 1.90 <

I 1. £ 1.

Reinforcement
Stress N.A. 7.43 N.A. 13.5
(MPa)

f, = 0.634/f, = 4.45 MPa,
f, = 400 MPa
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