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Abstract 

In this paper, evaluation of torsional stiffness in beam and slab bridge deck elements is presented. A beam and slab bridge 

decks structurally behave as a grillage. A grillage has an efficient transverse load distribution due to transverse asymmetric 

load. In the case of bridge deck without transverse beams in the span, transverse load distribution depends on the torsional 

stiffness of longitudinal beams, transverse beams over the supports and deck slab. The results of load testing conducted on 

series of bridges in Croatia are compared with results obtained on different numerical grillage models in which torsional 

stiffness of main structural elements was varied. Five different numerical models for each tested bridge are used. To evaluate 

torsional stiffness of main structural elements of the bridge the transverse distribution coefficients are introduced. The design 

value of the coefficients of torsional stiffness reduction for verification of the serviceability limit state (SLS), with assumption 

of normal probability distribution is determined. The same coefficient is calculated using recommendation for torsional 

stiffness reduction in concrete elements defined by Model code CEB-FIB 1990 (MC 90). According to conducted analyses the 

design value of the coefficient of torsional stiffness reduction for verification of the serviceability limit state of main structural 

elements of beam and slab bridge deck is proposed. 

Keywords: Beam and slab bridge deck, Torsional stiffness, SLS. 

 

1. Introduction 

One of the key solutions to bridging problems in the 

short and medium span range (10-40 m) is beam and slab 

bridge deck structure [1-4]. Generally, beam and slab 

bridge deck is composed of longitudinal beams fitted for 

prefabrication, cast-in-place transverse beams in the span 

and over the supports and deck slab composed with 

longitudinal beams. The main load-carrying components 

of a beam and slab deck are the longitudinal spanning 

beams. Transverse distribution of traffic load asymmetric 

to the longitudinal axis of the bridge to the longitudinal 

beams is a key quantity in designing new bridges and 

evaluating existing bridges [1]. 

In the case of bridge decks with transverse beams in 

the span and over the supports the transverse load 

distribution depends mostly on bending stiffness of 

transverse beams [5,6]. In many bridges the transverse 

beams in the span are omitted for reasons of simplicity of 

bridge deck construction. Bridge decks with no transverse 

beam(s) in the span have less effective but still important 

transverse distribution achieved by transverse beams over 

the supports and deck slab. In this case a torsional stiffness 
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of main structural elements (longitudinal and transverse 

beams and deck slab) has a great influence on transverse 

load distribution [1]. However, it should be remember that 

the torsional stiffness of a concrete element decreases 

drastically once cracking occurs. Thus, often it will be 

prudent to reduce the contribution from the torsional 

stiffness on transverse load distribution. 

In the literature, there is very few information about the 

reduction of torsional stiffness which have to be used in 

calculation of action effect for ultimate limit state (ULS) 

and serviceability limit state (SLS) of concrete elements. 

Authors Pollai and Menon [7] defined that the post-

cracking torsional stiffness is only a small fraction (less 

than 10%) of the pre-cracking stiffness. In Designers´ 

guide to EN 1992-2 [8] it is stated that in the cases where 

torsional stiffness is considered in analysis, it is important 

to evaluate it realistically (the cracked stiffness in torsion 

is typically only about quarter of the uncracked stiffness 

value). Australian Standards AS5100 [9] reported that the 

reduction in torsional stiffness of cracked element in 

relation to uncracked one can be decreased up to 90%.  It 

does say to use no more than 20% of the uncracked 

torsional stiffness to account for the loss of stiffness after 

cracking has occurred. Priestley et al [10] suggested that 

torsional stiffness of cracked elements for superstructure 

bridge analyses, without the more detailed torsional 

stiffness calculation can be taken as 5% of uncracked 

stiffness. MC 90 [11] gives more detailed recommendation 
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in the form of equations for determination of torsional 

stiffness for the calculation of the action effects for short-

term and long term loading for SLS as well as for ULS. 

Generally, the grillage analysis is one of the most 

common methods used to analyse beam and slab bridge 

decks. The grillage analysis can be conducted by using 

simplified analytical methods or using some numerical 

methods such as finite element method [12]. Although the 

rapid development of computer performance enables the 

highly complex planar and spatial numerical models 

consisting of beam, plate or solid finite elements or their 

combination, a simple numerical grillage models 

composed of beam finite elements are still very common 

solution used in analysis of bridges [13-18]. The simple 

numerical grillage models are characterized by simplicity 

of modelling, simplicity of results interpretation, a 

satisfactory accuracy in comparison with the tests results 

and the results obtained from more complex numerical 

models as well as independence from powerful computers 

[14,17,19,20].  

In this paper, experimental determination of torsional 

stiffness of bridge deck elements is carried out by using on 

site measured bridge deck displacements due to transversal 

asymmetric loading and adequate simple numerical 

grillage models. Based on the conducted analyses, the 

design value of the coefficient of torsional stiffness 

reduction for verification of the serviceability limit state is 

determined. 

2. Bridge Load Testing 

The bridge load testing is required in Croatia for all 

road bridges with span longer than 15 m according to 

Croatian standard HRN U.M1.046. [21]. 

The results of bridge load testing used in this paper 

were collected during the testing conducted on five bridges 

built in Croatia between 1996 and 2002, namely: the 

Jamnica bridge, the Slakovci bridge, the Vinično bridge, 

the Brod bridge and the Golubinjak bridge. 

The short term static load testing is carried out by using 

heavy trucks positioned in different load schemes on tested 

bridges. The vertical displacements due to short term static 

load were measured by using precise levelling geodetic 

method. According to load testing reports [22-26] the 

uncertainty of used precise levelling geodetic method is 

0.3 mm. 

The vertical displacements were measured in several 

measuring points in the middle of the span and over the 

supports. In this paper only the displacements caused by 

transverse asymmetric loading schemes (the trucks are 

placed asymmetrically in one corridor in the bridge cross 

section) are used. The middle span deflection is calculated 

from vertical displacement in the middle of the loaded 

span and vertical displacement at the nearest supports and 

it is called a measured deflection. 

2.1. The Jamnica bridge 

The bridge is situated near village Jamnička Kiselica, 

on the regional road R 2177, crossing the river Kupa at the 

angle of 90° [22]. The bridge is composed of four simply 

supported grillages of uniform span length of 27.38 m. The 

axial distances of bridge supports are 27.74 + 2 x 28.105 + 

27.74 m. Each span consists of four prefabricated 

prestressed longitudinal beams, cast-in-place transverse 

beams over the supports and cast-in-place deck slab (Fig. 

1). The deck continuity is provided only by the slab over 

intermediate supports. The bridge load testing due to 

asymmetric loading in corridor I was conducted in two 

phases: loading positioned in the first span and loading 

positioned in the third span. Measured deflections in the 

measuring points in the middle of the span for these two 

phases are calculated by using measured displacements 

[22] and presented in Table 1. 

 

 
Fig. 1 The Jamnica bridge cross-section  

 
 

Table 1 Measured deflection in the middle of the loaded span on 

the Jamnica bridge [mm] 

Loaded span 
Measuring point 

A B C 

1st 5.85 4.55 1.75 

3rd 5.85 4.05 1.60 

2.2. The Slakovci bridge  

The bridge is situated between villages Slakovci and 

Otok, crossing the river Bosut [23]. The bridge is 

composed of four spans of 14.40 + 2 x 18.00 + 14.40 m. 

The deck continuity is established by cast-in-place 

transverse beams at intermediate supports. In static sense 
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the deck can be treated as fully continuous for traffic and 

composite loads. Every span structure consist of six 

prefabricated longitudinal beams, cast-in-place transverse 

beams over the supports and cast-in-place deck slab (Fig. 

2). Measured deflections determined according to [23] due 

to asymmetric loading placed in corridor I in the first and 

in the second span are presented in Table 2. 

 

Table 2 Measured deflection in the middle of the loaded span on 

the Slakovci bridge [mm] 

Loaded span 
Measuring point 

A B C 

1st 2.1 1.7 1.0 

2nd 3.15 2.7 1.7 

 

 
Fig. 2 The Slakovci bridge cross-section 

 

2.3. The Vinično bridge 

The bridge is situated on highway route Zagreb – 

Varaždin – Goričan, sector Komin – Breznički Hum [24]. 

It is an 8 span structure. Every span structure consist of six 

prefabricated prestressed longitudinal beams, cast-in-place 

transverse beams over the supports and cast-in-place deck 

slab (Fig. 3).  

 

 
Fig. 3 The Vinično bridge cross-section 

 

The deck continuity is provided only by the slab over 

intermediate supports. The axial distances of bridge 

supports are 14.51 + 5 x 18.00 + 14.76 + 14.51 m. In static 

sense the span structure is composed of 8 simply supported 

grillages of span length of 14.30 m in the 1st, the 7th and the 

8th span and of 17.54 m in the 2nd to the 6th spans. The 

displacements due to asymmetric loading in corridor I 

placed in the first and in the third span were measured 

[24]. Measured deflections for these two loading phases 

are presented in Table 3. 

 
Table 3 Measured deflection in the middle of the loaded span on 

the Vinično bridge [mm] 

Loaded span 
Measuring point 

A B C 

1st 2.75 1.3 0.55 

3rd 5.55 3.55 2.1 

 

2.4. The Brod bridge 

The bridge is crossing the river Sava near Slavonski 

Brod. The bridge is composed of two main structural deck 

systems: the main steel truss bridge over the river Sava 

and the concrete approach viaducts [25]. Only the concrete 

deck structures of approach viaduct (the south viaduct, the 

central viaduct and the north viaduct) will be analysed in 

this paper. The south viaduct is a two span structure (2 x 

30.00 m), the central viaduct is a six span structure (23.15 

+ 4 x 28.50 + 23.15 m) and the north viaduct is one span 

structure with span length of 29.00 m.  

The bridge deck cross-section shown in Fig. 4 is the 

same for all approach viaducts. The bridge deck consists 

of 4 prefabricated prestressed longitudinal beams, cast-in-

place transverse beams over the supports and cast-in-place 

deck slab. The deck continuity at the south and the central 

viaduct are established by cast-in-place transverse beams 

at intermediate supports. In static sense the decks of these 

two viaducts can be treated as fully continuous for traffic 

and composite loads.  
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Fig. 4 The Brod bridge cross-section 

 

In Tables 4, 5 and 6 the measured deflections in the 

middle of the loaded span determined from [25] for several 

asymmetrical loading phases on approach viaducts of Brod 

bridge are shown. 

 
Table 4 Measured deflection in the middle of the loaded span on 

the south viaduct of Brod bridge [mm] 

Loaded span 
Measuring point 

A B C 

1st 4.8 3.35 1.2 

 
Table 5 Measured deflection in the middle of the loaded span on 

the central viaduct of Brod bridge [mm] 

Loaded span 
Measuring point 

A B C 

1st 2.25 1.65 0.4 

3rd 3.4 2.5 1.1 

Table 6 Measured deflection in the middle of the loaded span on 

the north viaduct of Brod bridge [mm] 

Loaded span 
Measuring point 

A B C 

1st 4.35 3.45 1.55 

2.5. The Golubinjak bridge 

The bridge is situated on highway route Rijeka – 

Zagreb, sector Vrata – Delnice [26]. The bridge is 

composed of nineteen simply supported grillage structures 

of structural span length of 28.90 m. The bridge deck is 

made up of 4 prefabricated prestressed longitudinal beams, 

cast-in-place transverse beams over the supports and cast-

in-place deck slab (Fig. 5).  

 

 

 
Fig. 5 The Golubinjak bridge cross-section 

 

The axial distances of bridge supports are 29.50 + 17 x 

30.00 + 29.50 m. The deck continuity is provided only by 

the slab over intermediate supports. Measured deflections 

determined according to [26] due to asymmetric loading 

placed in corridor I in the 11th and in the 14th span are 

shown in Table 7. 

 
Table 7 Measured deflection in the middle of the loaded span on 

the Golubinjak bridge [mm] 

Loaded span 
Measuring point 

A B C D 

11th 6.0 3.8 2.4 0.7 

14th 5.8 4.15 2.0 0.6 

3. Numerical Models 

Theoretical deflections are calculated on appropriate 

numerical grillage model of each tested bridge. For the 

purpose of validation of the measured deflections each 

numerical model is loaded with the load which 

corresponds to asymmetric loading scheme applied in load 

testing. The position of trucks, truck scheme and axle 

weight are defined in [22-26]. Material and geometric 

properties of the main structural elements (longitudinal 

and transverse beams and slabs) are determined according 

to design documentation. 

Theoretical deflections were calculated for each tested 

bridge by using five numerical models. Numerical models 

differ only in value of torsional stiffness of finite elements 

which represents longitudinal and transverse beams and 

slab.  In this paper, torsional stiffness is represented by 

torsional moments of inertia, It. This can be done in the 

case where the whole element has the same material 

property as it is the case in analysed bridges. Torsional 
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moments of inertia, It, for each numerical model is 

presented by using basic torsional moment of inertia, It0 

(Table 8). Basic torsional moment of inertia It0 is 

determined according to elements dimension taken from 

the design documentation.  

 
Table 8 Torsional moment of inertia 

Model 1 2 3 4 5 

Torsional moment 

of inertia, It0 
2It0 1.5It0 It0 0.5It0 0 

 

The theoretical deflections are calculated for all 

analysed bridges on described numerical models in the 

middle of the span(s) in points which correlate with 

longitudinal beam axis. 

3.1. The Jamnica bridge 

The bridge deck is modelled as a simply supported 

grillage for each span. It is composed of four longitudinal 

beams, two transverse beams over supports and 13 

transverse beams which represent deck slab (Table 9).  

 
Table 9 Section properties of the Jamnica bridge model 

Element 
Area 

A [m2] 

Moment of 

inertia 

I [m4] 

Basic torsional 

moment of inertia 

It0 [m
4] 

Young´s modul 

of elasticity 

E [kN/m2] 

Poisson´s 

ratio 

 

Longitudinal beam 1.1302 0.38207 0.01746 34 000 000 0.2 

Transverse beam 0.7212 0.16423 0.0158 31 500 000 0.2 

Slab 0.663 0.00773 0.02787 31 500 000 0.2 

 

The numerical model is shown in Fig. 6. The 

theoretical deflections in the middle of the span are 

presented in Table 10. 

 

 
Fig. 6 The numerical model of the Jamnica bridge 

3.2. The Slakovci bridge 

The bridge deck is modelled as a continuous grillage 

over 4 spans. Every span is composed of four longitudinal 

beams and 9 transverse beams which represent deck slab 

(Table 11). Five transverse beams are placed over the 

supports. The numerical model is shown in Fig. 7. The 

theoretical deflections in the middle of the first span for 

loading placed in the first span and the theoretical 

deflections in the middle of the second span for loading in 

the second span are presented in Tables 12 and 13, 

respectively. 

 
Table 10 Theoretical deflection on the Jamnica bridge [mm] 

Model 
Longitudinal beam 

I II III IV 

1 8.02 6.62 4.71 2.80 

2 8.39 6.75 4.60 2.42 

3 8.89 6.93 4.45 1.91 

4 9.60 7.19 4.23 1.18 

5 10.71 7.57 3.88 0.06 

 

 

 
Fig. 7 The numerical model of the Slakovci bridge 

 
Table 11 Section properties of the Slakovci bridge model 

Element 
Area 

A [m2] 

Moment of 

inertia 

I [m4] 

Basic torsional 

moment of inertia 

It0 [m
4] 

Young´s modul of 

elasticity 

E [kN/m2] 

Poisson´s 

ratio 

 

Longitudinal beam 

- in the span 

- over the mid support 

- over the end support 

0.7410 

1.0105 

1.2800 

0.0351 

0.0361 

0.0683 

0.0337 

0.0935 

0.1876 

34 000 000 

34 000 000 

34 000 000 

0.2 

0.2 

0.2 

Transverse beam 0.320 0.0170 0.0710 34 000 000 0.2 

Slab 

- in the central spans 

- in the end spans 

0.5580 

0.4464 

0.00447 

0.00357 

0.0156 

0.0123 

34 000 000 

34 000 000 

0.2 

0.2 
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Table 12 Theoretical deflection in the first span on the Slakovci bridge [mm] 

Model 
Longitudinal beam 

I II III IV V VI 

1 3.56 3.59 3.34 2.82 2.35 2.05 

2 3.65 3.68 3.39 2.81 2.27 1.91 

3 3.80 3.82 3.47 2.79 2.15 1.67 

4 4.07 4.07 3.63 2.78 1.92 1.23 

5 5.08 4.89 4.11 2.73 1.19 0.32 

 
Table 13 Theoretical deflection in the second span on the Slakovci bridge [mm] 

Model 
Longitudinal beam 

I II III IV V VI 

1 5.21 5.17 4.82 4.16 3.55 3.12 

2 5.36 5.29 4.89 4.15 3.44 2.91 

3 5.60 5.48 5.00 4.12 3.26 2.58 

4 6.06 5.83 5.18 4.07 2.93 1.95 

5 7.89 7.09 5.77 3.85 1.75 0.33 

 

3.4. The Vinično bridge 

The bridge deck is modelled as a simply supported 

grillage with six longitudinal beams, two transverse beams 

over the supports and nine transverse beams which 

represent deck slab in every span (Table 14). The 1st, the 

7th and the 8th spans are modelled with span length of 14.30 

m (Model B in Fig. 8), and the 2nd to the 6th spans with 

span length of 17.54 m (Model A in Fig. 8). In Table 15, 

the theoretical deflections in the middle of the span 

calculated on model A are shown. The theoretical 

deflections in the middle of the span calculated on Model 

B are shown in Table 16. 

 

 

 
Fig. 8 The numerical models of the Vinično bridge 

 

 
Table 14 Section properties of the Vinično bridge models A and B 

Element 
Area 

A [m2] 

Moment of 

inertia 

I [m4] 

Basic torsional 

moment of inertia 

It0 [m
4] 

Young´s modul of 

elasticity 

E [kN/m2] 

Poisson´s 

ratio 

 

Longitudinal beam 0.76 0.062 0.0209 34 000 000 0.2 

Transverse beam 0.693 0.060 0.0230 31 500 000 0.2 

Slab 

-Model A 

-Model B 

0.4385 

0.3575 

0.0017 

0.0014 

0.00817 

0.00639 

31 500 000 

31 500 000 

0.2 

0.2 

 
Table 15 Calculated deflection on Model A of the Vinično bridge [mm] 

Model 
Longitudinal beam 

I II III IV V VI 

1 6.70 6.23 5.29 4.05 3.06 2.44 

2 7.04 6.46 5.39 3.98 2.83 2.08 

3 7.54 6.80 5.52 3.87 2.50 1.54 

4 8.36 7.32 5.72 3.72 1.99 0.66 

5 9.99 8.31 6.11 3.48 1.04 -1.15 

 

Model A Model B
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Table 16 Theoretical deflection on Model B of the Vinično bridge [mm] 

Model 
Longitudinal beam 

I II III IV V VI 

1 3.47 3.34 2.73 1.85 1.24 0.91 

2 3.63 3.47 2.79 1.81 1.12 0.73 

3 3.83 3.65 2.87 1.76 0.96 0.48 

4 4.12 3.90 3.00 1.70 0.73 0.10 

5 4.56 4.31 3.24 1.62 0.38 -0.59 

 

3.5. The brod Bridge 

3.5.1. The south viaduct of the Brod bridge 

The bridge deck is modelled as a continuous grillage 

over 2 spans. Every span is composed of four longitudinal 

beams, 9 transverse beams which represent deck slab and 

the transverse beams placed over the supports (Table 17). 

The numerical model is shown in Fig. 9. In Table 18, the 

theoretical deflections in the middle of the first span for 

loading placed in the first span are presented. 

 

 
Fig. 9 The numerical model of the south viaduct of the Brod 

bridge 

 
Table 17 Section properties of the south viaduct model 

Element 
Area 

A [m2] 

Moment of 

inertia 

I [m4] 

Basic torsional 

moment of inertia 

It0 [m
4] 

Young´s modul of 

elasticity 

E [kN/m2] 

Poisson´s 

ratio 

 

Longitudinal beam 1.2488 0.4777 0.0367 34 000 000 0.2 

Transverse beam 

- over the mid support 

- over the end support 

11.74 

2.58 

0.6907 

0.9938 

0.2831 

0.8156 
31 500 000 0.2 

Slab 0.865 0.007365 0.02906 31 500 000 0.2 

 
Table 18 Calculated deflection in the first span on the south viaduct of the Brod bridge [mm] 

Model 
Longitudinal beam 

I II III IV 

1 6.51 5.59 4.02 2.63 

2 6.77 5.69 3.95 2.35 

3 7.16 5.83 3.83 1.93 

4 7.82 6.08 3.62 1.23 

5 9.33 6.62 3.16 -0.36 

 

3.5.2. The central viaduct of the Brod bridge 

The bridge deck is modelled as a continuous grillage 

over 6 spans. Every span is composed of four longitudinal 

beams, 9 transverse beams which represent deck slab and 

transverse beams placed over the supports (Table 19). The 

numerical model is represented in Fig. 10. The theoretical 

deflections in the middle of the first span for loading 

placed in the first span and the theoretical deflections in 

the middle of the third span for loading in the third span 

are shown in Tables 20 and 21, respectively. 

 

 
Fig. 10 The numerical model of the central viaduct of the Brod bridge 

 

Table 19 Section properties of the central viaduct model 

Element 
Area 

A [m2] 

Moment of 

inertia 

I [m4] 

Basic torsional 

moment of inertia 

It0 [m
4] 

Young´s modul of 

elasticity 

E [kN/m2] 

Poisson´s 

ratio 

 

Longitudinal beam 1.2484 0.4777 0.0367 34 000 000 0.2 
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Transverse beam 

- over the mid support 

- over the end support 

11.74 

2.58 

0.6907 

0.9938 

0.2831 

0.8156 
31 500 000 0.2 

Slab 

- in the central spans 

- in the end spans 

0.692 

0.836 

0.005891 

0.0071 

0.02257 

0.02726 
31 500 000 0.2 

 
Table 20 Calculated deflection in the first span on the central viaduct of the Brod bridge [mm] 

Model 
Longitudinal beam 

I II III IV 

1 2.89 2.57 1.64 0.94 

2 3.00 2.63 1.61 0.81 

3 3.15 2.70 1.57 0.63 

4 3.39 2.82 1.51 0.33 

5 3.85 3.05 1.39 -0.24 

 
Table 21 Calculated deflection in the third span on the central viaduct of the Brod bridge [mm] 

Model 
Longitudinal beam 

I II III IV 

1 4.15 3.54 2.35 1.32 

2 4.30 3.61 2.31 1.15 

3 4.51 3.69 2.25 0.92 

4 4.85 3.83 2.14 0.53 

5 5.58 4.11 1.93 -0.26 

 

3.5.2. The north viaduct of the Brod bridge 

The bridge deck is modelled as a simply supported 

grillage with four longitudinal beams, two transverse 

beams over supports and nine transverse beams which 

simulated deck slab (Table 22). The numerical model is 

shown in Fig. 11. In Table 23, there are listed the 

theoretical deflections in the middle of the span. 

 
Fig. 11 The numerical model of the north viaduct of the Brod 

bridge 

 
Table 22 Section properties of the north viaduct model 

Element 
Area 

A [m2] 

Moment of 

inertia 

I [m4] 

Basic torsional 

moment of inertia 

It0 [m
4] 

Young´s modul of 

elasticity 

E [kN/m2] 

Poisson´s 

ratio 

 

Longitudinal beam 1.2488 0.4777 0.0367 34 000 000 0.2 

Transverse beam 1.74 0.6907 0.2831 31 500 000 0.2 

Slab 0.865 0.007365 0.02966 31 500 000 0.2 

 
Table 23 Calculated deflection on the north viaduct of the Brod bridge [mm] 

Model 
Longitudinal beam 

I II III IV 

1 7.96 6.90 5.20 3.67 

2 8.30 7.03 5.09 3.30 

3 8.83 7.23 4.92 2.74 

4 9.77 7.56 4.63 1.76 

5 11.86 8.30 3.98 -0.42 

 

3.6 The Golubinjak bridge 

The bridge deck is modelled as a simply supported 

grillage with four longitudinal beams, two transverse 

beams over supports and five transverse beams which 

simulated deck slab (Table 24). The numerical model is 

shown in Fig. 12. The theoretical deflections in the middle 

of the span are listed in Table 25.  
Fig. 12 The numerical model of the Golubinjak bridge 
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Table 24 Section properties of the Golubinjak bridge model 

Element 
Area 

A [m2] 

Moment of 

inertia 

I [m4] 

Basic torsional 

moment of inertia 

It0 [m
4] 

Young´s modul of 

elasticity 

E [kN/m2] 

Poisson´s 

ratio 

 

Longitudinal beam 

- mid beam 

- edge beam 

1.1338 

1.2338 

0.456375 

0.477631 

0.0347866 

0.0346211 
32 750 000   0.2 

Transverse beam 0.7380 0.20648 0.015930 31 500 000 0.2 

Plate 0.7380 0.20648 0.017261 31 500 000 0.2 

 
Table 25 Calculated deflection on the Golubinjak bridge [mm] 

Model 
Longitudinal beam 

I II III IV 

1 9.38 6.95 3.78 1.68 

2 9.76 7.06 3.65 1.32 

3 10.27 7.21 3.48 0.84 

4 11.02 7.40 3.24 0.13 

5 12.47 7.73 2.81 -1.22 

 

4. Comparison of Transverse Deflection 

Distribution 

The transverse distribution coefficients are introduced 

to simplify the analysis. Generally, the transverse 

distribution coefficient  represents deviation of middle 

span deflection at measuring point nearest to the loaded 

bridge edge to a mean value of middle span deflection for 

asymmetric bridge loading. The transverse distribution 

coefficient m represents deviation of measured middle 

span deflection at measuring point A to a mean value of 

measured middle span deflection at all measuring points in 

the bridge cross section and the transverse distribution 

coefficient t represents deviation of theoretical middle 

span displacement at measuring point A to a mean value of 

theoretical middle span deflection at all longitudinal beams 

in the bridge cross section. The value of theoretical 

deflection which corresponds with position of measuring 

point A is determined by using linear interpolation 

between the theoretical deflections calculated in the 

longitudinal beams axes nearest to the measuring point A. 

The values of transverse deflection distribution m and t 

are shown in Table 26. 

 
Table 26 The transverse distribution coefficients  

No. Bridge Loaded span m 

t 

Model 1 Model 2 Model 3 Model 4 Model 5 

1 
Jamnica 

1st 1.44 1.43 1.49 1.58 1.70 1.88 

2 3rd 1.52 1.43 1.49 1.58 1.70 1.88 

3 
Slakovci 

1st 1.31 1.21 1.24 1.29 1.38 1.63 

4 2nd 1.25 1.20 1.23 1.28 1.37 1.68 

5 
Vinično 

1st 1.8 1.53 1.59 1.68 1.81 2.00 

6 3rd 1.49 1.43 1.50 1.60 1.76 2.09 

7 Brod -south 1st 1.54 1.37 1.42 1.50 1.63 1.93 

8 
Brod - central 

1st 1.57 1.42 1.47 1.54 1.66 1.88 

9 3rd 1.46 1.44 1.49 1.56 1.67 1.91 

10 Brod - north 1st 1.39 1.32 1.38 1.46 1.61 1.94 

11 
Golubinjak 

11th 1.86 1.75 1.82 1.92 2.06 2.34 

12 13th 1.85 1.75 1.82 1.92 2.06 2.34 

 

 

The ratio m/t describes deviation of transverse 

displacement distribution for tested bridge and a numerical 

model. The ratios m/t were calculated for It/It0=2 

(Model 1), It/It0=1.5 (Model 2), It/It0=1.0 (Model 3), 

It/It0=0.5 (Model 4), It/It0=0 (Model 5) and are shown in 

Table 27. Linear interpolation can be employed to get 

values m/t for other torsional stiffness ratios. 

Using this fact it is easy to determine the value of 

torsional stiffness ratio kt which has to be used in 

numerical model to satisfy the criterion of the equality of 

transverse displacement distribution for tested bridge and 

the numerical model. The values kt = It/It0 for m/t =1 are 

determined by using linear interpolation between 

calculated ratios shown in Table 27. The values kt are 

shown in Table 28. 
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Table 27 The ratios m/t 

No. Bridge Loaded span 
m/t 

Model 1 Model 2 Model 3 Model 4 Model 5 

1 
Jamnica 

1st 1.01 0.97 0.91 0.85 0.77 

2 3rd 1.06 1.02 0.96 0.89 0.81 

3 
Slakovci 

1st 1.08 1.06 1.02 0.95 0.80 

4 2nd 1.04 1.02 0.98 0.91 0.74 

5 
Vinično 

1st 1.18 1.13 1.07 0.99 0.90 

6 3rd 1.04 0.99 0.93 0.85 0.71 

7 Brod -south 1st 1.12 1.08 1.03 0.94 0.80 

8 
Brod - central 

1st 1.11 1.07 1.02 0.95 0.84 

9 3rd 1.01 0.98 0.94 0.87 0.76 

10 Brod - north 1st 1.05 1.01 0.95 0.86 0.72 

11 
Golubinjak 

11th 1.06 1.02 0.97 0.90 0.79 

12 13th 1.06 1.02 0.96 0.90 0.79 

 
Table 28 The torsional stiffness ratio kt 

No. 1 2 3 4 5 6 7 8 9 10 11 12 

kt 1.88 1.33 0.86 1.25 0.56 1.60 0.83 0.86 1.83 1.42 1.3 1.33 

 

For some bridges, it is determined that the real 

torsional stiffness of elements is greater than the basic 

torsional stiffness. The reasons for this behaviour may be 

different: (a) the dimensions of constructed elements may 

be greater than the ones in the project documentation, 

especially slab thickness; (b) the deviation of the truck 

position in the testing and in the numerical model, (c) the 

stiffness of non-structural elements which are not taken 

into analysis (pavement, concrete fences, asphalt…) is not 

included in numerical modelling. 

5. Evaluation 

The design value of the coefficients of torsional 

stiffness reduction for serviceability limit state (SLS), ktd, 

will be determined. The design value of the coefficients of 

torsional stiffness reduction with assumption of normal 

probability distribution for huge number (n>30) of 

independent measured data can be derived from next 

equation [27]: 

 

  RdX  (1) 

 

where:  

Xd – is the design value 

 – is the mean value of independent data based on the 

population 

αR  – is the sensitivity factor for resistance 

β – is the reliability index 

σ – is the standard deviation of independent data based 

on a population. 

When a small number of independent data (in the 

considered case n = 12) is available to predict the design 

value a standard Bayesian prediction formula can be used 

[27]: 

 

nν s
n

tmX  )
1

1(d
 (2) 

where: 

m – is the mean value of independent data based on the 

sample 

sn – is the standard deviation of independent data based 

on the sample 

n – is the number of independent data 

tν – is the value for Student´s t – distribution for ν 

degrees of freedom and chosen fractile 

ν – is the number of degrees of freedom (ν = n – 1). 

If it is assumed that n= ∞ the following equation can be 

derived from the Equations (1) and (2): 

 

  Rt  (3) 

 

The target value for reliability index β for SLS and for 

reference period of 50 years is 1,5 [28]. The value of the 

sensitivity factor for the uncertain basis variable for 

resistance, αR, determined according to EN 1990 is 0,8 

[27]. The uncertain basis variable in this case represents 

modal uncertainties (uncertainties of torsional stiffness).  

The fractile of 11.7 % is determined by using Student´s 

t – distribution for ν = ∞ and 2.15.18.0 t .  

The value of Student´s t – distribution for ν = 12 – 1 = 

11 degrees of freedom and determined fractile of 11.7% is 

tν = 1.27. 

Now, the design value of the coefficients of torsional 

stiffness reduction for serviceability limit state (SLS), ktd, 

for n=12 independent data (Table 28), can be determined 

according to next equation: 

 

tstmtd )
1

1( k
n

tkk ν   (4) 

 

where: 

ktm – is the mean value of independent data kt (from 

Table 28) 

kts – is the standard deviation of independent data kt 

(from Table 28). 
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71.041.0)
12

1
1(27.125.1td k  

 

The design value of the coefficients of torsional 

stiffness reduction for serviceability limit state (SLS) [27] 

ktd  is 0.71. 

On the basis of the testing results, applied testing loads 

and according to the fact that longitudinal beams are 

prestressed it can be concluded that no cracks occur in 

elements during the testing. 

According to Model code CEB–FIB 1990 (MC 90) 

[11] the torsional stiffness K per unit length in stage I 

(uncracked stage) is defined as follows: 

 






11

3.0 0cm
I

ItE
K  (5) 

 

where:  

Ecm – is the modulus of elasticity of concrete 

It0 – is the torsional moment of inertia in uncracked 

stage  

φ – is the creep coefficient to be used for long term 

loading. 

The creep coefficient for short-term testing is φ = 0. 

According to this fact the equation (5) turns to: 

 

0cmI 30.0 ItEK   (6) 

 

The torsional stiffness per unit length according to the 

theory of strength of material is: 

 

0t ItGK   (7) 

 

Using analogy in Equations (6) and (7) it can be seen 

that in MC 90  

 

GE  cm3.0  (8) 

 

As it is known from the theory of concrete structures, 

the shear modulus is approximately determined as G = 0.4 

Ecm. This value is greater than the one in Equation (8). 

Based on this consideration it is obvious that MC 90 has 

introduced the torsional stiffness reduction even for 

uncracked elements. In MC 90 [11], there is a quotation: 

“In the expression for KI the factor 0.30 takes account of 

the non-linear behaviour of concrete before cracking.” It 

leads to the conclusion that the design value of the 

coefficients of torsional stiffness reduction for uncracked 

elements according to MC 90 is ktd=0.3/0.4=0.75. This 

value is greater than the value got form conducted analysis 

based on bridge field test (ktd =0.71).  

On the basis of results obtained from on-site testing 

compared to results taken from numerical models and 

comparison to recommendation taken from MC90 authors 

propose design value of the coefficients of torsional 

stiffness reduction for serviceability limit state (SLS) as ktd 

=0.71. 

6. Conclusion 

In this paper the design value of the coefficient of 

torsional stiffness reduction for verification of the 

serviceability limit state based on experimental research 

conducted on series of beam and slab bridge decks is 

determined. This value is compared with the design value 

of the coefficient of torsional stiffness reduction 

recommended by MC90. According to conducted 

comparative analyses the design value of the coefficients 

of torsional stiffness reduction for verification of the 

serviceability limit state is proposed. 
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