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Abstract. The Trans-Sulawesi railway is a system of railway that was built to reach important 

areas on the Sulawesi island. In the construction of the Makassar-Parepare segment II railroad 

line between Barru-Palanro along a 45 km long many complementary buildings will be built, 

one of that is 26 underpass units/box culvert. This box culvert was chosen because the area 

between Makassar to Pare-pare often floods that can make the railway track will be disturbed. 

In addition, box culvert also functions as a crossing building. This paper aims to evaluate the 

bending capacity of the box culvert under railway track. Two box culvert precast concrete 

specimens with dimensions of 2000 mm x 2000 mm x 1000 mm with a wall thickness of 250 

mm, and were given a monotonic static load. The bending test results obtained an initial crack 

load of 102 kN and 119.7 kN on BC-1 and BC-2 specimens, respectively. This initial crack load 

is greater than the crack load design (Pcrack) which is 76.8 kN. The loading is stopped at a load 

of 420 kN even though the specimen has not yet reached the ultimate load, due to device 

limitations. Nevertheless, the maximum load achieved by the two specimens exceeds the design 

ultimate load (Pult) of 227.2 kN. 

1.  Introduction 

Trains are considered as transportation with special and main characteristics to transport passengers and 

goods in bulk, save energy, save space use, have a high safety factor, low pollution levels and are more 

efficient than road transportation. The Trans-Sulawesi railway is a system of railway that was built to 

reach important areas on the Sulawesi island. The railway system was built starting in 2015, starting 

from phase I, which is the railway line from Makassar to Parepare, which is 145 km long. The Trans-

Sulawesi railway project is targeted to reach a length of 2,000 kilometres from Makassar to Manado [1]. 

In the construction of the Makassar-Parepare segment II railway line between Barru-Palanro along 45 

km, many complementary buildings will be built, one of them is 26 underpasses/ Box Culvert [2]. This 

Box Culvert was chosen because the area between Makassar to Pare-pare often floods that can make the 

railway track will be disturbed. In addition, Box Culvert also functions as a crossing building. 

Box Culvert is a precast concrete product with a box shape. Generally, it functions as a culvert, this 

concrete is also one of the types of reinforced concrete. Nowdays, box culvert  are made of precast 

concrete. The main problem in precast concrete design is connection problems. Things that are very 

important to consider in the selection of precast concrete components are strength, ductility, volume 

change, durability and fire resistant [3,4]. 
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To get the safety aspect of a railway track, which crosses the Box Culvert, one must meet the 

standardization of the building crossed by the train [3,4]. Based on the above, it will be discussed the 

analysis of bending capacity of Box Culvert under railway tracks. 

2.  Experimental program 

Laboratory studies were carried out to know the quality of box culvert 2000 x 2000 x 1000 mm type, 

thus it can be known if box culvert technically can operate and meet the design specification. 

2.1.  Specimens 

The specimens consisted of 2 Box Culvert (BC) 2000 x 2000 x 1000 mm type, taken randomly from a 

series of products made from the same materials and methods, as shown in Figure 1. The box culvert 

technical specifications are as follows: 

 Material:  

Concrete = 35 MPa  

Steel rebar D 13, 16 and 19 mm (UTS = 7850 kg/m3, fy = 390 MPa, fu = 560 MPa). 

 Design parameters:  

Axle Load = 25 tons 

 Design load:  

Initial crack load = 76.8 kN 

Initial crack moment = 24 kN.m 

Ultimate load = 227.2 kN 

Ultimate moment = 71 kN.m 

 

Figure 1. Dimension of box culvert. 

2.2.  Testing method  

The box culvert testing refers to ASTM C293-02 standard test method for flexural strength of concrete 

(using simple beam with center-point loading) [5] and SNI 1725 2016 [6]. The specimen is placed 

normally on the strong floor as shown in Figure 2. Two LVDTs are mounted on each side and top wall, 

and one LVDT (Linear Variable Displacement Transducer) on the bottom wall to measure deflection at 

these points. The specimen was loaded using a hydraulic jack with a speed of 0.01 mm/sec. The load 

from the hydraulic jack is then distributed to the specimen using a distributed beam. Bearing pads are 

placed on the underside of the culvert box and under the distributed beam to avoid localizing stress at 

that location. 
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Figure 2. Setup testing. 

The load is measured using a load cell with a capacity of 500 kN. To facilitate identification of initial 

cracks, several strain gauges are mounted on the tensile side of the concrete. In addition, one strain 

gauge is also mounted on the compression zone of the box culvert (under load cell) to measure the 

maximum compressive strain on the concrete. The location of LVDT and strain gauge mounted are 

shown in Figure 3. 

 

Figure 3. Location of LVDT and strain gauge. 

3.  Results and discussion  

The testing was done on 2 box culvert specimens namely BC-1 and BC-2. Loading is given in 2 stages, 

stage I until the initial crack occurs and stage II until it passes the ultimate load design. 
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3.1.  Load-deflection relationship 

Figure 4 shows the load-deflection relationship in BC-1 and BC-2. The deflection shown in the picture 

is the deflection in LVDT3 whose position is under the loading point. From the design calculation, the 

initial cracking time (Pcrack) is 76.8 kN and the ultimate load (Pult) is 227.2 kN. From Figure 4 it is 

found that both specimens have the same deflection load behavior. The initial crack occurred at a load 

of 102 kN and 119.7 kN on BC-1 and BC-2, respectively. This is indicated by the change in stiffness as 

shown in Figure 5. The load at the initial crack of the two specimens is greater than the design load of 

76.8 kN. This shows the initial flexural strength of the culvert box meets the design requirements. 

 

Figure 4. Load-deflection at upper wall. 

 

Figure 5. Initial crack of BC-1 and BC-2. 

 

The maximum load shown in Figure 4 is the load when the loading test is stopped at 420 kN, because 

the capacity of the load cell used is limited to 500 kN, where both specimens have not yet reached the 

ultimate load. At maximum load, deflection in BC-1 and BC-2 was 3.78 mm and 3.34 mm, respectively. 

Although it has not yet reached the ultimate load, the maximum load carried by both specimens has 

exceeded the theoretical ultimate load of 227.2 kN. Then both box culvert met the design flexural 

strength requirements. 
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Figure 6. Load-deflection at side wall. 

Beside the upper wall, LVDT is also mounted on the side wall, which aims to determine deflection due 

to axial load. As a representative, the deflection load relationship on the BC-2 sidewall is shown in 

Figure 6. Deflection of LVDT-1 and LVDT-2 on the sidewall is 0.69 mm and 0.72 mm. 

3.2.  Crack pattern on the maximum load test 

Visually, the initial crack at BC-1 occurred at a load of 179.6 kN, and BC-2 at a load of 172.6 kN. When 

the load is increased, cracks propagate along the upper wall of the culvert box. After that, in the left and 

right walls of the box culvert, cracks also began to appear as shown in Figure 7. In the left and right wall 

the crack occurred at a load of 179.6 kN for BC-1 and 172.6 kN for BC-2. 

 
 

Figure 7. Crack pattern. 

4.  Conclusion 

Based on the results and discussion, it can be concluded that both specimens BC-1 and BC-2 (box culvert 

type 2000 x 2000 x 1000 cm) declare to meet the requirements of design and can be used in the railway 

project in South Sulawesi. The maximum load carried by both specimens has exceeded the theoretical 

ultimate load of 227.2 kN. 
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