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When designing cranes, it is necessary to analyze the value of the contraction 
of the construction, as well as the values of the maximum stresses occurring 
in the crane construction. Precisely, in this paper, the theoretical and 
experimental analysis of the contraction and stress condition of the main 
crane girder in accordance with the standard of crane-general design has 
been done. The analysis of mechanical appearance in the main girder of the 
crane is carried out on the basis of the analytic solution of equilibrium 
equations. The results obtained by the theoretical analysis of the main crane 
girder were verified by experimental tests on the model of a double girder 
bridge crane with a capacity of 250 kg. At the end of the work an analysis of 
the obtained results was performed, on the basis of which specified 
conclusions were made. 
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1. Introduction 

*Bridge cranes are used for handling in large 
workshops or storage. Usually working under the 
roof, and if necessary in the open. They move by two 
parallel rails placed along the length of the hall or 
storage on pillars or consoles. The main parts are, 
bridge and the driving winch, which moves along of 
the bridge. The movement of cranes (of the bridge) 
on the rails and the driving winch (carts) across the 
bridge to transport from one place to another within 
the working range of the crane (Delić et al., 2017). 
When designing cranes, it is necessary to analyze the 
value of the contraction of the construction, as well 
as the values of the maximum stresses occurring in 
the supporting crane construction. There are many 
published studies on structural and component 
stresses, safety under static loading and dynamic 
behaviour of cranes (Alkin et al., 2005; Patel and 
Patel, 2013; Oguamanam et al., 2001; Gaska and 
Pypno, 2011; Chmurawa and Gąska, 2005; Wu, 2006; 
Sowa et al., 2017; Gašić et al., 2011; 2012). In this 
paper, the theoretical analysis of mechanical 
appearance in the main carrier of the crane is carried 
out in accordance with the standard CEN (2016a, 
2016b, 2016c). Verification of the obtained results 
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was carried out by experimental testing on the 
model of the bridge crane developed in the 
Laboratory for Transporters at the Faculty of 
Mechanical Engineering in Sarajevo (Fig. 1). 

 

 
Fig. 1: Model of bridge crane 

 
On the model, it is possible to carry out various 

experimental tests to determine stress of the main 
girder, stress on the trolley winch, on wheels, up to 
the dynamics of lifting or moving. 

The methods of experimental analysis enable the 
set of data important for structural analysis. This 
particularly applies to: optimization of shape and 
dimensions, effect of local stress concentration, the 
influence of change in mechanical properties of 
materials due to temperature changes, rating of 
bearing capacity and structural stability, and 
detecting areas of plasticity. Experimental methods 
are especially pronounced in cases where difficulties 
arise due to the complexity of the problem in its 
theoretical and numerical solution. Most commonly, 
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these are the places of singularity and high 
concentration of stresses (by a cut, a change of 
shape, the action of concentrated forces) which are 
often the cause of the damage, especially if the load 
is dynamic, exceeds the permissible value by 
entering the elastoplastic area or there is a strong 
temperature change.  

2. Theoretical analysis 

Analytical calculation and adoption of the IPE 80 
profile as a profile for the main girder and solving 
simple static problems, (Fig. 2), (Repčić and Čolić, 
2008; Hellmut, 1996). 

 
𝑀𝑠𝑚𝑎𝑥

𝑊𝑦
≤ 𝜎𝑑                     (1) 

 

where; σd: Permissible bending stress; Wy: Resistant 
moment of inertia (long-axis) I profile; Msmax: 
Maximum bending moment. 

 

 
Fig. 2: The problem presented as a static designed 

 
We have come to bearing capacity profile of 6, 4 

kN. Checking carrier IPE 80 to lateral torsional 
buckling over expression: 
 

𝜎𝑚𝑎𝑥 ≤
𝜎𝐷

𝜈
= 𝛼𝑝 ∙ 𝜒𝐷 ∙

𝜎𝑣

𝜈
                    (2) 

 
where; σmax: Maximum bending stress; σD: Marinal 
stress of torsional buckling; ν= 1.5 Degree of safety; 
αp: Coefficient of cross-sectional shapes; χD: 
Nondimensional coefficient of lateral torsional 
buckling. In this calculation we have less capacity 
profiles IPE 80 which amounts to 4.8 kN. Because the 
purpose crane was taken to its load capacity of 
2452.5 N (250 kg). 

2.1. Dimensioning of carts winch 

As noted in the previous section it is established 
that the load capacity cranes are to be 250 kg, on the 
basis of which we dimension the carts winch. Their 
design is simple, consisting of four carriers, two of 
which (carriers 1 and 2) are used to enable the 
movement of carts (installation of wheels), and the 
other two (carriers 3 and 4) to carry only winch. Fig. 
3 shows the basic design of carts winches. 

Based on Fig. 3 we started to a structural analysis 
of the problem, which is determined by a cross-
section of each carrier, and adopted the optimum 
corresponding to all carriers. The first step was to 
calculate carrier 3 because it is directly connected to 
the winch and load winch lifted, setting simple static 
problem, shown in Fig. 4. We can reach the 

dimensions of the cross section (because 
construction carts will work with square pipes and 
material S235JR). The dimension h corresponds to 
the range of the bridge, which was adopted in part 2. 

 

 
Fig. 3: Carts winch 

 

 
Fig. 4: Carrier winch as beams with two supports and two 

forces 
 

By setting static equation for the problem in Fig. 4 
we have,  

 
∑ 𝑀𝐵 = 0                     (3) 
𝐹𝐴𝑘 ∙ ℎ − 𝐹𝐴𝑣 ∙ [ℎ − (𝑑 + 𝑏)] − 𝐹𝐵𝑣 ∙ [ℎ − (𝑑 + 𝑏 + 𝑐)] = 0 

 

The second equation would be that the sum of the 
vertical force equals zero,  

 
𝐹𝐴𝑘 − 𝐹𝐴𝑣 − 𝐹𝐵𝑣 + 𝐹𝐵𝑘 = 0                             (4) 

 
From the two previous equations we determined 

the reaction in supports A and B. On the basis of a 
reaction and the expression for the allowed stress, 
 

𝜎𝑠 =
𝑀𝑠𝑚𝑎𝑥

𝑊𝑦
≤ 𝜎𝑑                      (5) 

 

where; σs Bending stress; Msmax Maximum bending 
moment; Wy Resistant moment of inertia; σd 
Permissible stress for the selected material (16 
kN/cm2). 

From equation (5) we calculated value resistant 
moment of inertia, and based on these values 
adopted a square tube dimensions 40x40x2. For 
other carriers (1, 2 and 4) we have made the same 
calculation. Also for all the carriers where adopted 
the same cross-sectional dimension pipes. 

After dimensioning trolley winches, by Andrea 
method determining the pressures on the same 
wheels are designed for a specific trolley winch 
shown in Fig. 5. 
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The resultant force R corresponding to the 
maximum load capacity of the winch and it is 2452.5 
N. The pressure at the trolley winch can be 
calculated at any point by the expression, 

 

𝑇′𝑖 =
𝑅

4𝑏𝑐
𝑃𝑖 ,        𝑖 = 1, … ,4                    (6) 

 

where,  
 
𝑃1 = (𝑏 + 𝑥)(𝑐 + 𝑦)   𝑃3 = (𝑏 − 𝑥)(𝑐 − 𝑦) 
𝑃2 = (𝑏 + 𝑥)(𝑐 − 𝑦)   𝑃4 = (𝑏 − 𝑥)(𝑐 + 𝑦) 

 

If we introduce the known values we will get 
pressures on wheels 1, 2, 3 and 4, and they amount 
to, 
𝑇1 = 1080.2 N  𝑇4 = 319.5 N 
𝑇2 = 821.6 N  𝑇3 = 243.4 N 

 
Using force to wheels 1 and 2 we will check the 

main carrier (check stress and deflection).  
As the wheels 1 and 2 are in direct contact with 

one main carrier crane which in this case is more 

burdened than the other carrier, forces from the 
wheels are transferred directly to the carrier, as 
shown in Fig. 6. 

By setting up a simple static of the equilibrium 
conditions we will come to the value of reactions in 
supports for the main carrier. Then, over expression 
(5) we will determine the value of bending stress 
carrier in section I, and it is, 
 
𝜎𝑠𝐼 = 39.58 MPa < 160 𝑀𝑃𝑎 

 
Here we also check the deflection over 

expression, 
 

𝑓 =
𝐹

3
∙

𝐿3

𝐸∙𝐼𝑦
∙ (

𝑎

𝐿
)

2
∙ (

𝑏

𝐿
)

2
≤

1

750
∙ 𝐿                     (7) 

 
where; F: Force from wheel T1 and T2; L: Length of 
carrier E = 210 GPa: Modulus of elasticity for steel; Iy 
= 80 cm4 Moment of inertia of the axis y. 

 

 
Fig. 5: Determination of pressure in the wheels trolley winch 

 

  
a b 

Fig. 6: The carrier burdened with forces of the wheels 1 and 2 (a); Deflection of carrier with force T1 (b) 
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We have two cases, first with load T1 second with 
T2. First case is shown in Fig. 6b. 

 

𝑓1 =
𝑇1

3
∙

𝐿3

𝐸∙𝐼𝑦
∙ (

𝑎1

𝐿
)

2
∙ (

𝑏1

𝐿
)

2
≤

1

750
∙ 𝐿                   (7) 

 
where; L = 2 m: Length of carrier 
 
a1= 0.5 (L – e1)= 0.913m  
b1 = l – a1 =2 – 0.913 = 1.087m  

 
In the same way we get a deflection of force T2 

and deflection amounted,  
 

𝑓1 = 1.052 𝑚𝑚  
𝑓2 = 0.67 𝑚𝑚  
𝑓 = 𝑓1 + 𝑓2 = 1.72 𝑚𝑚  

𝑓 = 1.72 <
1

750
∙ 2000 = 2.66 𝑚𝑚  

3. Experimental analysis 

3.1. Production of a model bridge crane 

The model of the crane was made according to 
the technical documentation obtained on the basis of 
the analytical calculation. The model has all the 
necessary elements for lifting the load and move it 
from one place to another (Alkin et al., 2005). The 
main girder of crane are made of IPE 80 profile, 8x8 
mm is a welded rod, which is used to guide the winch 
carriage. Carts winch made of pipe 40x40 mm. 

The winch is mounted on the cart and has a load 
capacity of 250kg, these hoist elements are fully 
functional. Experimental test setting of the model 
bridge crane is shown in (Fig. 7). The crane is 
supported on two ends, one side is movable, the 
other immobilized, loaded with two forces 
corresponding to the force on the wheels 1 and 2. 

Since it was emphasized that the model is as close 
as possible to the actual crane, it was necessary to 
provide the movement of the winch carts. Models of 
wheelchairs winch were developed as well as their 
technical documentation, (Fig. 8). 

 

 
Fig. 7: Experimental test setting of the model bridge crane 

 

 
Fig. 8: Model wheel of carts winch 

 
The accent was on the possibility of installing an 

electric motor to drive the winch carts, which was 

done, movement of the winch carriages by the bridge 
is facilitated by an electric motor that drives two 
wheels of winch and thus allows the transfer of load 
from one place to another. Since the wheel was 
loaded by the force of the pressure from the load 
itself, it was necessary to calculate its diameter, it is 
calculated from the relation (8). 
 

𝐷𝑇 ≥
𝐹

𝑝𝑑𝑟∙𝑘2∙𝑘3∙(𝑏0−2∙𝑟)
     [mm]                      (8) 

 

where; pdr = pdur; k1r: Permissible surface pressure 
point for a flat head shape of the rail; pdur = 7.5 
[Mpa]: Allowed conditional pressure; b0 = 8 [mm] 
Width of the head of the rail; r = 0.5 [mm] Radius of 
the curve of the rail; k1r, k2, k3: Coefficients  

Based on the force F value, as defined in section 2, 
we obtain the diameter of the wheel DT = 45 mm.  

Also, it is necessary to dimension the shaft of the 
wheel that is loaded on load bending. This case can 
be seen as a beam with two supports as shown in 
Fig. 9. By solving well-known equations from the 
equilibrium conditions, we arrive at the reactions in 
the supports, and on the basis of the larger gain 
reaction and the shaft diameter using the relation 
(9). The adopted diameter of the shaft is d = 8 mm. 

 

 
Fig. 9: Shaft whell load 

 

𝜎𝑠 =
𝑀𝑠𝑚𝑎𝑥

𝑊𝑦
≤ 𝜎𝑑𝑜𝑧                     (9) 

3.2. Stress analysis of main girder with strain 
gauges  

The most commonly used method in 
experimental stress analysis is the method of 
electro-resistance measurements (strain gauge). 
Before placing the measuring tape on the work piece, 
it is necessary to have the surfaces on which the 
measuring strips will be completely cleaned from 
corrosion, grease and other impurities that would 
menace their proper leakage to the surface. Our 
profile at the place of the tape is brushed and 
cleaned by medical alcohol of all impurities. 

The electro-resistant strain gauges for the steel 
6/120LY11 marker manufacturer HBM (Fig. 10) 
have been used with the following characteristics 
(Pervan et al., 2017): 

 
- Resistance: 120 Ω ± 0,35%, 
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- Active length of the strain gauge: 6 mm, 
- Tape factor (k-factor): 2.03 ± 1%, 

 
The active strain gauge must be placed exactly 

below the loaded wheel, or at the point where we 
have reached the stress value by analytical 
calculation. The passive (compensating) strain gauge 
is placed where the deformations and the stresses 
are equal to zero and serves only to compensate for 
the influence of the temperature on the accuracy of 
the measurements. 

 

 
Fig. 10: Active strain gauge 

 
Fig. 10 shows the glued active strain gauge. Since 

in our case we have two strain gauge (one active and 
one compensatory), it is clear that when we connect, 
we will use the Wheatstone half-bridge configuration 
whose scheme is shown in Fig. 11. 

 

 
Fig. 11: Wheatstone half-bridge configuration 

 
After this, we connect the strain gauge to the 

measurement-amplification system and through the 
computer and the software we come up with 
deformation data. 

The deformation given by Wheatstone’s half-
bridge with one active and one compensatory 
measuring tape is given by the relation (Mešić et al., 
2014; 2016; 2015): 
 

𝜀 =
4

𝑘𝑚
∙

𝑈𝐴

𝑈𝐸
                    (10) 

 
where: km: Strain gauge factor; UA: Voltage at the 
output of the Wheatstone Bridge; UE: The supply 
voltage of the Viston Bridge. 

Fig. 12 shows a diagram showing the change in 
the deformation of the strain gauge in time, after 
some time and the deformation stabilization, we can 
read the exact value. 

In the time frame between the 170s and 220s 
there is a dynamic load, but here we consider the 
result when the loaded system is brought into a calm 
state. This opens the possibility of further research 

related to the dynamics of the bridge crane. The 
deformation value we read in the software is: 

 

 
Fig. 12: Deformation diagram of strain gauge 

 
𝜀 = 173.72     [μm/m] 

 
Including this value into the expression (11), we 

obtain the bending stress value on the main girder of 
the model crane: 
 
𝜎𝑠 = 𝜀 ∙ 𝐸     [MPa]                    (11) 

 
where: ε: Deformation read in the software; E = 210 
Gpa: Modulus of elasticity for steel. 

4. Results 

In the analytical calculation, the results are 
related to the ideal condition of the construction, 
while experimental tests give results that are 
influenced by many factors, such as load type, setting 
limits on girder support, the conditions under which 
the test was carried out, temperature, dampness and 
many other factors.  

If we compare the obtained analytical and 
experimental results (Table 1), we can notice that 
the deviation is 8.4%, which is satisfactory, taking 
into account the complexity of the construction itself. 

 
Table 1: Results of analysis 

 Stress (MPa) 
Analytical results 39.58 

Experimental results 36.5 

5. Conclusion 

In this paper we make a comparison of the 
theoretical analysis and experimental tests of the 
main girder of the bridge crane model. The 
theoretical analysis of mechanical phenomena in the 
main girder of the crane is in accordance with the 
standard CEN (2016a, 2016b, 2016c). The 
verification of the obtained results by the theoretical 
analysis was carried out by experimental testing on a 
bridge crane model with a load capacity of 250 kg. 
When designing a model crane, it is necessary to 
keep in mind the space in which the crane will work, 
taking care of these limitations, the length of the 
crane bridge and the bridge clearance are 
dimensioned. All checks on the main and side girder 
are met. The same stress we see that there is a 
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deviation in the result of 8.4%, which, given the 
complexity of the construction itself, is satisfactory. 
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