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ABSTRACT

PURPOSES : The purpose of this study is to validate the design criteria of the concrete modular road system, which is a new semi-bridge-
type concept road, through a comparison of numerical analysis results and actual loading test results under static axial loads.

METHODS : To design the semi-bridge-type modular road, both the bridge design code and the concrete structural design code were
adopted. The standard truck load (KL-510) was applied as the major traffic vehicle for the design loading condition. The dimension of the
modular slab was designed in consideration of self-weight, axial load, environmental load, and combined loads, with ultimate limit state
coefficients. The ANSYS APDL (2010) program was used for case studies of center and edge loading, and the analysis results were compared
with the actual mock-up test results.

RESULTS : A full-scale mock-up test was successfully conducted. The maximum longitudinal steel strains were measured as about 35 and
83.5 micro-strain (within elastic range) at center and edge loading locations, respectively, under a 100 kN dual- wheel loading condition by
accelerating pavement tester.

CONCLUSIONS : Based on the results of the comparison between the numerical analysis and the full-scale test, the maximum converted stress
range at the edge location is 32~51% of the required standard flexural strength under the two times over-weight loading condition. In the case of
edge loading, the maximum converted stresses from the Westergaard equation, the ANSYS APDL analysis, and the mock-up test are 1.95, 1.7, and
2.3 times of that of the center loading case, respectively. The primary reason for this difference is related to the assumption of the boundary
conditions of the vertical connection between the slab module and the crossbeam module. Even though more research is required to fully define the
boundary conditions, the proposed design criteria for the concrete modular road finally seems to be reasonable.
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Table 1. Decision of Conceptual Modular Slab Dimension

Cargo ca’\ff)i(r.w Slab Slab Apolica
Class | length ca ;/citg length | weight Eﬁt
(m) PECY! (m) | (ton) Y
(ton)
9 23.60 0
7 10 25
10 26.25 X
8 26 8 21.00 @)
9 23.60 0
10 25
12 10 26.25 X
9 23.60 0
12 24
10 26.25 X
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(a) Perspective Drawing of Semi—bridge Type Modular
Road
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(b) Schematic Diagram of Slab Module + Cross Beam
Module

Fig. 2 Conceptual Design of Semi—bridge Type Modular
Road (Slab Size: L:8mxW:3.5mXxD:0.3m)
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Table 2. Max. & Min, Shear Force and Moment under
Different Loading Conditions

Environmental load
Winter
Max | Min| Max | Min | Max | Min |Max| Min

Self Axial
Type Welght load

Summer

Shear
force | 64 |-64| 306 | =304 | 55 | b5 | 27 | 27
(kN)

Moment

(kN.m) 29 |-51] 201 | -138 | 220 | O | O | —-106

Table 3. Combined Load Conditions Applied under
Ultimate and Serviceability Limit State
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Table 4. Steel Reinforcement Design (per unit meter)

Main Reinforcement D19
reinforcement of Spacing (mm) 200
positive moment | Ao it of reinforcement (mm?) | 1432.5

Main Reinforcement D19
reinforcement of Spacing (mm) 200
negative moment| Amount of reinforcement (mme) | 1432.5

Reinforcement D13
Distribution bar Spacing (mm) 200
Amount of reinforcement (mm?) | 6335
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Type load load / lane stlom FEA e 400MPas AMESHIH, E2E9]
(kN-m/3.5m)| (kN-m/m) A g do= Concrete Damage Plasticity Model (Lee
Ultimate limit Table 5. Input Variables of Modular Slab Analysis
) Max. negative
state design 312 89 ;
moment (Mu) Elastic . ,
| T modulus Poisson’'s | Strength Mass
Max. s(hvel?)r force 631 180 (GPa) ratio (MPa) (kg/m?®)
- Slab 36.6 0.18 50 2500
o D?S("t\'AVe) 278 & 8 0.18 0 2150
Serviceability momen u Mortar 18.5 A 5 15
limit state Max. negative Cross beam 36.6 0.18 50 2500
. L (Mu) 242 69
design moment tvu Anchor bolt 400
! Max. shear force and 200 0.3 (Yield 7850
383 109 .
(Vu) reinforcement strength)
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Table 6. Mixing Proportion of SCC

W/B S/a Unit weight (kg/m?®) HRWR+
(%) | w | c|F-A| SF | FA | CA | AE
0.35| 55 | 182 [400| 78 | 11 | 846 | 711 | 15

W/C : Water Binder ratio, S/a: Fine agg. / (Fine agg.+coarse agg.)
W : Water, C: Cement, F-A : Fly—Ash, SF : Silica Fume

FA: Fing agg., CA: Coarse agg.

HRWR : High Range Water Reducer, AE : Air Entrainment

Fig. 7 Construction of Concrete Modular Slab using
Self-Compacting Concrete
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Table 7. Material Properties of Concrete at 28 Days

Properties Measured value
Compressive strength (MPa) 60.1
Strength
Flexural strength (MPa) 59
Elastic modulus (GPa) 27.6
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Fig. 8 Installation Layout of Steel Strain Gauges
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