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In 2015, the Indonesian government issued regulations to accelerate the implementation of 

integrated Light-Rail Transit (LRT) in the capital region and its surroundings. In order to 

ensure its operational safety, experimental work is required to test components’ strength of 

the manufactured LRT structures. Following the JIS 7105 standard test method, the strain and 

deflection of the structures were measured by vertical load, compression, rotation, and three-

point load support test. The critical area estimated in the railroad structure were conducted 

according to the finite element method, in which strain gauges are installed in areas where the 

stress concentration exceeds nominal pressure, namely notches, bends, and junction areas. The 

result shows that the maximum stress on the LRT train structure occurs at the door, where 

maximum compressive strain value is -1082 μ  -75.74 MPa on the left and the maximum 

tensile strain value is 597 μ  41.79 MPa at the right door. The results of fatigue load analysis 

represent the average stress (σm) and voltage amplitude (σa) at the coordinate system located 

in the Søderberg triangle. Meanwhile, the camber value with the full vertical load still has a 

positive value of 3.03 mm, which indicates a safe limit. 

Keywords: LRT; Al 6005; JIS 7105; Strain; Stress 

Abstrak
 

Pada 2015, pemerintah Indonesia mengeluarkan regulasi untuk mempercepat implementasi Light-Rail 

Transit (LRT) terintegrasi di wilayah ibu kota dan sekitarnya. Untuk memastikan keselamatan 

operasionalnya, pekerjaan eksperimental diperlukan untuk menguji kekuatan komponen struktur LRT 

yang diproduksi. Mengikuti metode uji standar JIS 7105, regangan dan defleksi struktur diukur dengan 

uji beban vertikal, kompresi, rotasi, dan beban tiga titik. Perkiraan area kritis pada struktur rel kereta 

api dilakukan dengan metode elemen hingga, dimana strain gauge dipasang pada area yang konsentrasi 

tegangannya melebihi tekanan nominal yaitu area takik, tikungan, dan persimpangan. Hasil penelitian 

menunjukkan bahwa tegangan maksimum pada struktur kereta LRT terjadi di pintu, dimana nilai 

regangan tekan maksimum adalah -1082 μ  -75.74 MPa di sebelah pintu kiri dan nilai regangan tarik 

maksimum 597 μ  41.79 MPa di pintu kanan. Hasil analisis beban fatik merepresentasikan tegangan 

rata-rata (σm) dan amplitudo tegangan (σa) pada sistem koordinat yang terletak di segitiga Søderberg. 

Sedangkan nilai camber dengan beban vertikal penuh masih bernilai positif sebesar 3,03 mm yang 

menunjukkan batas aman. 

Kata-kata kunci: LRT; Al 6005; JIS 7105; Regangan; Tegangan 
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1. Introduction 

Light-Rail Transit (LRT) supports user 

mobility rapidly and is regularly compared to 

other land transportation modes, such as buses 

and conventional city transportation [1]. In Japan, 

LRT has replaced the use of private cars and other 

modes of transportation because it is more 

convenient and efficient [2]–[4]. The train can run 

in the existing railway tracks or special types for 

light trains. The width of its track, which is 

commonly known as the track gauge, is different 

in sizes depending on the country, with its 

standard size being 1435mm, which is used in 

America and Europe. Meanwhile in Asia, for 

example Indonesia, smaller width track of 1067 

mm rail is being used. The LRT can run faster than 

electric and diesel trains. Higher speed and 

capacity has made the LRT as an attractive choice 

for longer routes or regional intercity services [5], 

[6]. 

In Indonesia, the technical specifications of a 

normal speed train has been regulated in the 

ministry of transportation Regulation Number 

PM 175 of 2015, in which the type of train is 

categorized based on its propulsion, namely 

electric and diesel trains. Furthermore, to 

accelerate the implementation of light rail in the 

Capital City and surrounding areas (Figure 1), the 

Government issued Presidential Regulation 

number 49 of 2017, which was amended to 

Regulation Number 98. The construction of the 

LRT in the capital, is a strategic project to speed 

up the regional economy and reduce congestion 

[7]. Infrastructure expansion was entrusted to PT 

ADI KARYA, a domestic construction company, 

and the trains as shown in Figure 2 were entrusted 

to PT. INKA, which is a railway manufacturer. 

Learning from several countries, construction of 

LRT in the capital region of Indonesia not only has 

a positive impact on the economy, but also on the 

image and quality of the city [8]–[11]. 

Taking into account the vitality of the LRT 

trains, concerning the safety of people and goods, 

it is necessary for the LRT trains to have sufficient 

capacity and ability to withstand the load during 

operation. LRT was designed for a maximum of 

258 people, provided that each passenger has 70 

kg in weighs with a maximum capacity of 8 

people/m2 [8], [9]. The load distribution of the 

train including the equipment is designed for 

evenly distributed of the weight, and the position 

of the center of gravity is designed as low as 

possible to limit the tendency of the train 

straightening up by maximizing the introduction 

of adhesives to the rails and minimizing axle 

loads.  

To ensure the strength of the train's 

components and structures, the manufacturing 

process is conducted at different stages.  

Experimental work or testing of components and 

structures is among one of the stages for optimal 

design, in which the testing results will beused as 

a reference load. During testing,  load or weight of 

a train without  load/passenger is 34.9 - 46.5 tons 

and denoted as AW0 to represent assigned weight 

0. On the other hand, weight of a train with full 

load/passengers (258 people) is 52.5 - 66.5 tons and 

denoted as AW4 to represent assigned weight 4 

where both of these weight ranges were taken for 

LRT with standard rail width (1435 mm) [12], [13]. 

The trains' construction and components strength 

must be known to ensure the operational safety 

status and trains security conditions through 

design analysis and validation tests. 

 

 
Figure 1. Indonesian Capital City and surrounding areas: (a) Map of Jakarta and (b) Existing LRT lines 
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Figure 2. LRT train manufactured by PT. INKA 

 

2. Method 

The type and direction of the load on the train 

structure in operation are simulated as vertical, 

compression, twist, and jacking loads.  

 

2.1. Test Specimen 

The test specimen is the body structure of the 

LRT train included with electrical drive 

equipment at the front and rear of the train set but 

without the complete set of wheels and bogies, as 

shown in Figure 3. In addition, the test specimen is 

also included with lower frame structure, its floor, 

wall (body) and roof. Test specimens were 

manufactured by a domestic railway industry.  

 

 
Figure 3. LRT cabin train as a test specimen 

 

The LRT train consists of 3 multiple units, 

namely 2 motorized cabins (front and rear) and 1 

trailer, whereby the passenger capacity of 400 

people consists of 80 seats and 320 stands. The 

passenger capacity of the test body for the 

motorized cabin (MC) is 132 people, including 26 

seated and 106 standing. Based on the 

manufacturer's data, a standard rail width of 1067 

mm has an MC specifications containing the train 

weight of 10.359 tons, train length 17,300 mm, the 

width of the train body is 2,650 mm, height from 

the roof to rails is 3 685 mm; Rail height from the 

ground of 1000 mm; the interior height of 2,000 

mm. The main structure of the MC LRT train 

(Figure 3) consists of the Middle-End Sill, side sill, 

Bolster, Floor and Door, which were built by 

welding systems, made of 6005 aluminum 

material, with the following specifications: 

ultimate stress (σult) = 255 MPa, yield stress (σ0.2)= 

215 MPa, modulus of elasticity (E) = 70 GPa, 

Poison Ratio () = 0.33 [14], [15]. 

 

2.2. Test Method of Train Body Structure 

Due to the Regulation No. 175 of the Minister 

of Transport in 2015, the average speed of LRT 

trains should not exceed 200 km/h, and it  must be 

constructed with high strength and a high 

capability to resist load without experiencing 

permanent deformation. In this regard, the train 

should be able to bear a longitudinal compression 

load of at least 400 kN. The test was conducted 

following the Japanese industry standard JIS E 

7105, for the strength of the trains' body structure 

against the design load [16]. The strength, rigidity, 

and other body structures of the electric, 

locomotive, and passenger trains were 

determined by method established in the static 

load test. The load classification in the test 

standard includes, 

 Vertical Load, i.e. train load consisting of 

components and passengers. 

 Compression load, which is the acceleration 

and deceleration of the trainload and the 

process of connecting or coupling the train. 

 Rotating loads, i.e. loads that occur due to 

uneven conditions or during an emergency, 

such as damage to one of the wheel systems. 

 Vertical load test at three points, i.e, the process 

of maintaining and repairing the trains in the 

field. 

Certain criteria which was  considered when 

implementing research methods include: 

https://www2.scopus.com/authid/detail.uri?authorId=57191582540
https://orcid.org/0000-0002-6582-5340
https://orcid.org/0000-0003-3325-0105
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index


© Djoko Wahyu Karmiadji, Muchamad Gozali, Anwar Anwar, Hedi Purnomo, Muji Setiyo, Ramli Junid 

Automotive Experiences  107 
 

Horseblock model  

The train is supported by wheels with several 

bogies, bolsters, and swing arms.  Its structure is 

connected to the bogie by using bolsters which are 

set to the horseblock to test the vertical load. The 

horseblock system between its structure and the 

bolster is a piece of support equipment that 

enables longitudinal and rolling directions. 

Therefore, the support model in the train's vertical 

load test is determined by the roller model. The 

support is free from moving and rolling in a 

longitudinal direction, also eliminating the 

moment on the horseblock. Based on the 

longitudinal direction support system, which is 

due to compression loads, the connection between 

the trains is found at the knuckle location. One 

end of the knuckle is connected to a fixed support 

and the other end is connected to a hydraulic 

cylinder as a compression load generator. 

Vertical load test  

The vertical load test is a simulation of a train 

structure due to its function as a transportation 

mode to move goods and people. Large cargo in 

the form of goods or humans is a vertical load that 

should be held by the train structure. The railroad 

structure is designed in 2 loading conditions, 

namely a tare and a full. The first, which is known 

as a tare, simulates a condition where the train is 

empty (no-load). Furthermore, the tare load 

condition is in the form of components that are 

above the undercarriage structure. 

The results from the calculation is aimed at 

determining the vertical body load of the carriage 

given in Eq (1). 

  𝑃𝑣 =  𝑘(𝑃1 + 𝑃2) (1) 

Where, 

𝑃𝑣  = vertical load. 

k   = 1.3 (dynamic coefficient). 

𝑃1   = Train body weight ready for operation 

𝑃2   = Total passenger x 70 kg 

Total passenger = number of chairs + standing 

passengers (8 passengers/m2). 

After applying the above formular, the vertical 

load of the specimen was calculated to be 

 Tare load = 1,3 (10359 kg + 0 kg) = 13466.7 kg≈13.5 

ton 

 Full load = 1,3 (10359 kg + 14420 kg) = 32212.7 kg 

≈ 32.2 ton 

The loading method is conducted by 

burdening the train structure in the form of a 

bataton load which has been measured by weight. 

The test load is placed evenly on the surface of the 

train, according to Figure 4. According to the 

regulation of the Minister of Transportation No. 

175 of 2015, the stress at the critical point of the 

train body structure, due to maximum load, 

resulting from tensile and shear stress should not 

exceed 75% of the structural material yield. 

 

 
Figure 4. Vertical load test using bataton 

 

Compression load test 

This is a static test that represents the loading 

of the train structure due to acceleration, 

deceleration, and the coupling process between 

trains. Following the regulation transportation 

minister requirements No. 175 of 2015, which 

states that the train structure needs to withstand a 

compression load of 40 tons, with its stress not 

exceeding 75% of the yield stress. The structure's 

compression test load can be divided into two, 

namely tare load and full load. 

Three-point support load test  

This test is a simulation of the train structure 

when supported only at 3 points in its empty state 

(tare load). To indicate the structure of a raised 

train, the method of lifting the 3 jacking pad is 

used. 

Twist load test 

This simulates the condition of the train 

structure when it experiences a twist in the loads 

as a result of repairs or emergency conditions due 

to rails damage, bogies, or wheels. The test 

method is to overload the train structure with a 

full vertical load (full load), which is performed by 

jacking one of the pads gradually in a vertical 
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direction until it reaches the design load. Its 

results require a twist or torsional load test, where 

the stresses that are acting on the construction due 

to these loads need to be below the fatigue limit of 

the material. 

 

2.3. Mechanical Quantity Measurement  

The main purpose of the test activity is to 

measure the parameters of strain and deflection. 

These parameters were measured at each stage of 

the test, namely the vertical load, compression, 

twist, and three-point support load tests. In 

calculating the stress as a basis for evaluation, 

structural strength strain is used. The device used 

in the measurement of strain is known as a strain 

gauge. Furthermore, the measurement is 

conducted on all parts of the train structure to 

obtain an optimal result, specifically in areas that 

are estimated to be critical or areas experiencing 

relatively high stress. 

Strain sensors are installed at the point 

measured, through the process of gluing, to 

measure the movement that takes place at that 

location using a strain gauge. The output of the 

strain sensor in the form of an electrical signal is 

equivalent to the magnitude of the strain 

(extension) in the test object. It is connected to the 

data logger. Factors concerning the configuration 

of strain gauge installation include calibration 

factors, temperature, and others which are also 

known as a correction factor in the programming 

of the data logger. In addition to the amount of 

strain, the train structure testing also aims to 

determine changes in the camber, especially due 

to vertical loads. The size of the camber is 

measured using LVDT (linear variable 

displacement transducer). The output of the 

LVDT is an electrical signal in which the data can 

be measured with a data logger. 

 

2.4. Structure Connection Characteristics 

The process involved in the manufacturing of 

a train includes the joining of a structural frame 

made of AL 6005 material through the welding 

process. The quality of the welded joint used on 

LRT trains has been verified through standard 

material static testing to compare critical values in 

welded joints at risk of fatigue. The aluminum 

welding test is carried out to validate the welding 

strength process by the manufacturer following 

the material and weld joint which is identical to 

the LRT structural material. 

Static testing is conducted by ASTM E8 metal 

material test methods [17]. Figure 5 represents the 

test specimens before and after the tensile test, 

where the average tensile strength value is 278 

MPa with an elongation of 16%. Due to the results 

of the static tensile test on the weld material, the 

average strength is 176.54 MPa. 

 

 

Figure 5. Test specimen of AL6005 before (a) and after 

(b) tensile test 

 

The weld fracture occurs in the base material 

in which the maximum strength value has a large 

difference to the static tensile test of it. Based on 

the Aluminum-Structural Welding Code from 

AWS D1.2/D1.2M: 2014 [18], the weld strength 

maintains its value above the minimum tensile 

strength of the aluminum weld 6005 (165 MPa). 
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3. Result and Discussion 

3.1. Design Analysis  

During the test process of the MC LRT train 

body specimen, it is necessary to estimate the 

critical area of the train body structure. This 

estimation was obtained by design analysis using 

the finite element method as shown in Figure 6, 

where different colors were used to interpret 

locations with high-stress values at the point of 

loading. This is estimated in areas that have 

concentrations of stress exceeding nominal 

stresses, namely notches, bends, junction areas, 

and others. 

Figure 6 shows the results of static test analysis 

of train body structure similar to Figure 3 whereby 

the load was adjusted to the test discussed 

through the finite element method. From the 

analysis made, the locations of strain gauges 

installation points are set as shown in the example 

of strain gauges mounted on Figure 7, this was 

determined by installing 55 strain gauges. 

 

 
Figure 6. Analysis of critical locations of LRT body structures using FEM 

 

 
Figure 7. Example of a strain gauges installation location 

https://www2.scopus.com/authid/detail.uri?authorId=57191582540
https://orcid.org/0000-0002-6582-5340
https://orcid.org/0000-0003-3325-0105
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index


© Djoko Wahyu Karmiadji, Muchamad Gozali, Anwar Anwar, Hedi Purnomo, Muji Setiyo, Ramli Junid 

Automotive Experiences  110 
 

3.2. Static Strength Verification  

One of the parameters used in assessing the 

characteristics of a train's structure is to 

understand the stress that occurs at some 

predicted or critical point. The value of stress was 

obtained based on the measurement data in the 

form of strain. There are two types of strain 

sensors used for measurement, namely the single 

and the rosette type with an angle of 45°/90° (see 

Figure 8) [19]. 

The relationship between strain and stress for 

a single strain gauge type can be represented by 

Hooke's law as presented in Eq. (2) as follows. 

𝜎 =  𝜀 𝐸                   (2) 

where, σ = stress (MPa), ε  = strain (μ), and E = 

modulus of elasticity (MPa). 

For the type of rosette strain gauge with a 

45°/90° angle, the Eq. (3) is used [19]: 

𝜎1,2 =
𝐸

2
[(

𝜀𝑎 + 𝜀𝑐

1-𝜈
) ±

√2

1 + 𝜈
√(𝜀𝑎 − 𝜀𝑏)2 + (𝜀𝑏 − 𝜀𝑐)2] 

(3) 

where:  

σ1,2 = principle stresses of σ1 and σ2 (MPa). 

E = modulus of elasticity (MPa). 

 = Poison’s ratio  

εa = strain of 0o. 

εb = strain of 45° 

εc = strain of 90° 

 

Meanwhile, the equivalent stress can be 

calculated by using Von Mises criteria according 

to Eq. (4) [19]: 

σeq = √(σ1
2 + σ2

2 − σ1σ2)                (4) 

The application of Eq. (2), (3) and (4) is 

exemplified from the results of the three-point 

support load test, where the measurement results 

for the single strain gauge type have a maximum 

negative strain value of -1082 µ and a maximum 

positive value of 597 µ, and also the largest value 

for the type of strain gauge rosette is εa = 82 μ, εb 

= -36 μ, εc = 182 μ. 

Equation (2) is used to calculate the amount of 

stress at the point of a single strain gauge. The 

deformation with the largest negative strain value 

of the application is as follows: 

σ = ε E  

= -1082 (μ) x 70000 (MPa)  

= -1082 x10-6  x 70000 (MPa)  

= -75,74 MPa. 

Therefore, the maximum negative voltage 

value that occurs is -75.74 MPa and the maximum 

positive value is 41.79 MPa. Meanwhile, based on 

the application of Eq. (3) and (4) by entering the 

measurement value of the rosette strain gauge, an 

equivalent stress value of 21.11 MPa is obtained as 

presented in Table 1. 

The results of deformation measurements 

through a single strain gauge sensor are shown in 

Table 1, where the figures presented are only the 

largest numbers in each type of strain gauge and 

its location. For the measurement results of the 

strain gauge type, rosette is shown in Table 2, 

where it is only installed on the floor. 

For each test method with a given load 

according to the requirements, the largest 

deformation is indicated by the magnitude of the 

strain measurement values listed in Table 1 and 

Table 2. The largest deformation location in this 

table is following the estimation in the simulation 

of the finite element method in Figure 6, namely, 

in the door area. The greatest strain value occurs 

at the door (left) location under the three-point 

support load test conditions for strain and 

negative stress (-1082 μ and -75.74 MPa). While 

the strain value and positive stress values are (597 

μ and 41.79 MPa) at the door (right) location in 

 

 
Figure 8. Shows a strain gauge configuration for single and rosette type 45°/90° 
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Table 1. Single strain gauge deformation values 

No Load Type 
ea, eb, ec s 

Location 
(µe) (MPa) 

1 Vertical tare -308 -21.56 Door  (left) 

238 16.66 Door  (right) 

2 Vertical tare + compr 40 t -537 -37.59 End center sill 

259 18.13 Door  (right) 

3 Vertical Full -930 -65.10 Door  (left) 

577 40.39 Door  (right) 

4 Vertical Full + compr 40 t -1031 -72.17 Door  (right) 

597 41.79 Door  (right) 

5 Full load + Twist (Torque) -913 -63.91 Door  (right) 

536 37.52 Door  (right) 

6 Tare Load + 3 Points -1082 -75.74 Door  (left) 

578 40.46 Door  (left) 

 
Table 2. Rosette strain gauge deformation values 

No Load Type 
ea, eb, ec s 

(µe) (MPa) 

1 Vertical tare 51 6.33 

61 5.58 

63 5.99 

2 Vertical tare + compr 40 t -80 4.62 

10 -4.10 

85 7.56 

3 Vertical Full 137 26.69 

160 17.30 

284 23.45 

4 Vertical Full + compr 40 t 3 24.78 

111 7.92 

310 21.92 

5 Full load + Twist (Torque) 153 27.27 

180 18.91 

289 24.20 

6 Tare Load + 3 Points 82 23.02 

-36 4.57 

182 21.11 

 

the vertical load test conditions of 40 tons. From 

the measurement results of the rosette strain, the 

largest value of σ is 24.20 MPa. The main 

structure of the MC LRT train is made of 

aluminum 6005 with the ultimate stress 

specification Su = 255 MPa, the yield stress Sy = 

215 MPa [14], [15], while the minimum tensile 

strength of aluminum-weld specimen 6005 = 165 

MPa [18]. The LRT can withstand a compression 

load of 40 tons, with the stress not to exceed 75% 

of its yield. The stress values in Table 1 and Table 

2 are still far below the required standard stress 

values of 75% of its yield in the basic material or 

the tensile strength of the welded joint. The LRT, 

which was designed with AL 6005 material 

against the loading that has been determined by 

government regulations as well as the 

requirements for welding connections, has been 

fulfilled. 

 

3.3. Fatigue Strength Verification  

In operational conditions, the LRT structure 

must be able to withstand static and dynamic 

loads. The stress value from the analysis of the 

static mechanical characteristics of AL 6005 

material as described above due to the operational 

test load obtained, is proven to be far below the 

material strength value of both the base material 
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and welds which has been multiplied by a factor 

of (75%). The analysis of mechanical 

characteristics due to dynamic loads is carried out 

by referring to the load values set by Ministerial 

Regulation, where the LRT can accept loads up to 

40 tons which are used as dynamic loads. Specific 

loading standards for determining the 

characteristics do not exist, only the distortion 

load of the JIS E 7106 with a load of 40 kN.m, is a 

reference to train fatigue load standard [20], [21].  

The dynamic strength of the LRT structure is 

identified by the fatigue life of the material used. 

To avoid its failure, the stress due to the trainload 

cannot exceed the material fatigue stress (AL 

6005), which is Se = 88 MPa [22]. The LRT train 

structure experiences various dynamic loads 

during operation. When the maximum static test 

is adopted as the loading condition of the train 

body structure and the fatigue strength needed is 

considered safe if the maximum stress that occurs 

due to the maximum load on the static test is still 

below the fatigue limit/endurance stress of 

material [20]. 

Several methods use various curves that 

connect the limit of fatigue strength (Se) on the 

ordinate axis of the alternating stress amplitude 

(σa) to yield strength (Sy), ultimate strength (Su), a 

fracture or fatigue strength (σf), on the abscissa 

axis of average stress (σm). Analysis with this 

method is generally carried out in cases made by 

Soderberg (Eq. 5), Goodman (Eq. 6), Gerber (Eq. 

7), and Morrow (Eq. 8) which are explored in the 

curve in Figure 9 [23]. 

Soderberg          
σa

Se
+

σm

Sy
= 1            (5) 

Goodman           
σa

Se
+

σm

Su
= 1            (6) 

Gerber          
σa

Se
+ (

σm

Su
)

2

= 1            (7) 

Morrow              
σa

Se
+

σm

Sf
= 1            (8) 

The Søderberg method analysis is a minimum 

requirement to get the fatigue safety value 

according to the stress function curve in Figure 10. 

This consideration is based on the train structural 

material, namely aluminum alloy Al 6005, where 

the reference for the analysis of design stress to 

static strength is yield stress (Sy = 215 MPa) and 

fatigue stress limits (Se = 88 MPa) for dynamic 

forces. 

 

Figure 9. Curves of fatigue stress equations 

 

 

Figure 10. Fatigue stress analysis of operational loads 

 

By assuming the random dynamics loads 

having various average and amplitude stress 

values alongside those in Table 1and Table 2, the 

vertical load tare is chosen and the minimum 

stresses are σ = 16.66 MPa and σe = 5.99 MPa, 

respectively. The maximum stresses are 

determined from the stress values greater than the 

minimum values chosen in Table 1 and Table 2. 

Therefore, the average stress (σm) and amplitude 

stress (σa) can be calculated from the minimum 

and the maximum stresses and are presented in 

Figure 10. In the coordinate system of the stress 

axes, the values of the maximum tensile stresses in 

the test are still below the material fatigue strength 

(Se). As a result, the fatigue strength properties in 

the aluminum alloy structure material are still far 

above the operational load. 

 

3.4. Camber  

Each structure that experiences bending loads, 

are always designed with a certain camber 

magnitude, as well as a train body structure. 

Camber is defined as the lowest distance between 

the midpoints of the trains' stretch structure to the 

fulcrum, see Figure 11a. The design of the railway 

structure requires that the camber is always 

positive even if it is loaded with maximum load. 
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Positive camber means that the camber value 

must be above the straight line between the 

pedestals. 

To measure the camber, a linear displacement 

transducer (LVDT) is installed in several places, 

namely the middle of the stretch, the pedestal, and 

the end of the train. Figure 11b shows an example 

of an LVDT installation on a specimen. The LVDT 

measurement results for deflection in the middle 

position of the stretch or camber changes when 

the maximum vertical load conditions (full load) 

is 8.47 mm. While the structure of the MC type 

LRT train is designed with camber c = 11.5 mm, 

the size of the camber at full load is 3.03 mm above 

the horizontal plane. This condition is following 

the MC type LRT train structure design 

requirements. 

 

 
Figure 11. Camber and LVDT set up 

 

4. Conclussion 

The results of manufacturing verification 

through structural strength to the maximum 

operating load indicate that the mechanical 

characteristics or strength values of the basic 

material and the weld joints are still far above the 

stress value. Furthermore, due to the maximum 

loading given following the regulations or test 

method standards, the maximum stress values on 

the LRT train structure occur at the doors where 

the maximum compressive strain value is -1082 μ 

 -75.74 MPa on the left door and the maximum 

tensile strain value is 597 μ  41.79 MPa at the 

right door. Meanwhile, the maximum strain 

values of the SG rosette type on the floor of the 

train are εa = 82 μ, εb = -36 μ, εc = 182 μ or 

equivalent stress (σ) = 24.20 MPa. The results of 

fatigue load analysis based on the maximum 

stress values when the loads are empty shows that 

the average stress values (σm) and the alternating 

stress amplitudes (σa) in the coordinate system are 

still located in the Soderberg triangle. Therefore, 

the stress values due to dynamic operating loads 

are still below the material fatigue stress limit (Se). 

Likewise, the camber value with the full vertical 

load still has a positive value of 3.03 mm, still 

within safe limits. Finally, the results of the 

analysis and evaluation of the LRT structure 

design with aluminum alloy AL6005 show that 

the mechanical characteristics of the train 

structure material still have values above the 

stresses and deformations due to the maximum 

loading required. 
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