
Acta Technica Jaurinensis Vol. 4. No. 4. 2011 

499 

Calculation of Bridge Structure according to 
Different Norms (EC2 and MSZ) 

A. Várdai 

H-1114 Budapest, Vásárhelyi Pál utca 9. 4. em. 3 
Phone: +3620 576 86 55 

e-mail: attila.vardai@gmail.com 

Abstract: In this paper results of a structural design based on EC2 are compared with 
the findings gained by the application of the traditional Hungarian 
Standards (MSZ). Having introduced the loads (forces, bending moments) 
that affect the structure stresses in serviceability limit state at the critical 
section are analysed. The main conclusion is that previous designs in some 
cases are not acceptable according to the new regulation. The difference 
originates from the effects and not from sectional properties. 
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1. Introduction 
In the beginning of 2011 a new era has started in the field of structural design. The 
traditional Hungarian Standards (MSZ) were recalled and replaced by Eurocodes (EC); 
which raised many questions. For instance, how big are the differences at the loads, 
stresses and, most importantly, at the safety of a structure? Some answers were clarified 
by a limited number of case studies for some types of structures, but many issues are 
still open to further discussion. 

The subject of investigation presented in this paper is a highway bridge made of pre-
cast, pre-stressed (pre-tensioned) concrete beams and an in-situ concrete slab. The 
bridge is statically determinate until an in situ slab is casted above the beams. The 
beams and the deck work together and create a composite structure. This type has been 
very common at the recent motorway constructions in Hungary. 

The calculation was carried out by hand and checked with the Hungarian FEM 
program, AXIS VM 9. 

2. Loads 

2.1. Permanent loads 

First permanent loads are calculated. Because of the unique statical behaviour of the 
bridge, dead loads effect at different times, when statical model has changed. 
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Self weight of the beam (g1), the concrete deck (g2), the sideways and asphalt surface 
(g3) are taken into account. As long term effects, shrinkage and creep of concrete could 
cause extra stresses in the elements. 

Because the pre-cast beam is constructed earlier than the in-situ deck (and as the 
beam belongs to a higher concrete class and also has different geometry), there will be 
differences between the shrinkage of the two parts, which will cause additional stresses 
(Δσcs). The method used by the MSZ to calculate this effect is much less detailed than 
that of the EC; however, the Hungarian Standards presents pre-calculated tables for 
engineers, which are very easy to use. The simplification used by MSZ was reasonable 
at the past, where there were only normal performance concrete materials. 

On the contrary, in EC2, total shrinkage (εcs) is calculated as the sum of autogenous 
(εa) and drying shrinkage (εd).The proportion of autogenous shrinkage increases with 
concrete class (see Figure 1 for example). εa occurs within a short period, so by the time 
of construction the shortening of the beams becomes greater according to EC than it was 
assumed in MSZ. To sum up, the MSZ simplification is not acceptable for high-
performance concretes. 

 
Figure 1. Shrinkage of concrete- a., beam b., deck 
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At the construction phase, which is about 100 days after casting, shrinkage is twice as 
great according to EC2 as it is forecasted in MSZ; but later, at the final state, it is the 
lower value. (Table 1.) Consequently, in the final state, the loss of pre-tensioning force 
is smaller in EC2, so the pre-stressing is more efficient (as shrinkage causes the loss of 
pre-stress). 

Table 1. Difference in shrinkage 

MSZ

ε (mm/m) εca εcd εcs εzs difference (%) EC MSZ
t=100 days 0,086 0,065 0,151 0,077 96,1 29,5 15,0
t=∞ 0,100 0,180 0,280 0,321 ‐12,8 54,1 62,7

EC Δσcs (N/mm2)

 
The creep of concrete has a very complex effect during the further calculations. Its 
value (the creep coefficient, φ(t)) modifies the effective modulus of elasticity of concrete 
(Ec,eff(t)). Ec,eff(t)is a basic parameter to create the idealized cross-section (Aid=Ac+α*As, 
Wid; where α=Es/Ec,eff(t), values are presented in Table 3) for the stress limitation 
calculations. In our case, because of the great compression deriving from pre-stressing, 
non-linearity of creep coefficient must be considered. 

Table 2. Difference in Creep 

EC MSZ difference (%) EC MSZ difference (%)
f (t) 0,9350 1,1991 ‐22,0 1,4112 2,7576 ‐48,8

E(t) (N/mm2) 19210 16722,1 14,9 13914,7 9786,4 42,2

t=100 t=∞

 
As Table 2 shows, the difference in the creep coefficient of the two norms increases 
with time; the MSZ value at the final state is twice as great as the EC one. 

Table 3. Difference in sectional properties 
Sectional properties

t (days)
EC MSZ difference (%) EC MSZ difference (%) EC MSZ difference (%)

Ai mm2 350314 350434 0,0 368373 373961 ‐1,5 382666 404539 ‐5,4
Wil mm3 5,21E+07 5,22E+07 ‐0,1 5,75E+07 5,92E+07 ‐2,8 6,17E+07 6,78E+07 ‐9,0
Wiu mm3 6,69E+07 6,70E+07 0,0 6,88E+07 6,93E+07 ‐0,7 7,00E+07 7,17E+07 ‐2,3

Ai,ED mm2 507973 505716 0,4 526032 529243 ‐0,6

Wil,ED,deck mm3 1,28E+08 1,29E+08 ‐1,0 1,33E+08 1,35E+08 ‐1,8
Wiu,ED,deck mm3 7,51E+07 7,60E+07 ‐1,1 7,92E+07 8,13E+07 ‐2,5
Wil,ED,beam mm3 6,04E+07 6,03E+07 0,1 6,70E+07 6,89E+07 ‐2,8
Wiu,ED,beammm3 1,18E+08 1,17E+08 0,6 1,22E+08 1,22E+08 ‐0,3

for short term loads for long term loads

0 100 ∞

FPT beam (beam only‐ for loads on single span structure)

Composite cross section (beam and deck together‐ ED, for loads on multispna structure)

 
Table 3 displays the properties of the investigated section. According to EC, the (lower) 
sectional modulus of the beam for single span loads decreases more with time, 
compared to the MSZ result. It means that greater stresses originates from the beam's 
dead weight and pre-stress. Because in this case stresses from pre-tensioning are much 
greater than dead loads, pre-stressing is more effective than it is in MSZ. 
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Figure 2. Cross-section of the beam 

2.2. Traffic loads 

Traffic loads as imposed loads are the dominant factors among the effects, especially in 
case of highway structures. These types of loads are crucial because they generate the 
greatest difference between the two norms. 

To place the loads at the most unfavourable positions for each pre-cast beam the 
Guyon-Massonet method has been applied, using influence lines to get the worst load 
position at longitudinal direction. 

In the calculations of EC1 the whole width of the carriageway has to be divided into 
notional lanes with lane number 1 to be at the worst position and so on. The uniformly 
distributed loads (UDL) and concentrated loads (or tandem system, TS) have different 
values for each lanes (Table 4). Qk and qk are the characteristic values of the loads from 
vehicles modified by the adjustment factors (αQ, αq). Adjustment factors depend on the 
load class of the bridge. For highway bridges, which are subjected to heavy traffic, their 
values are equal to 1.00. 

Table 4. Traffic load in EC 

Lanes Qik qik(qrk)

1. 300 kN 9,00 kN/m2
2. 200 kN 2,50 kN/m2
3. 100 kN 2,50 kN/m2
remaining 0 kN 2,50 kN/m2  

EC traffic load values include the dynamic amplification. The proportion of effect of 
each load (Kα, in concordance with the Guyon-Massonet method) is shown in Figure 3. 

For the presented bridge, traffic load of the third lane (Q3,k; q3,k; qr,k) can be neglected 
since its value is almost equal to zero (and it has even an advantageous effect on the 
beam). 

If the whole width of the carriageway is loaded, the values do not change relevantly; 
however, other structural geometries could be more problematic. That is why influence 
lines are necessary, not just in longitudinal but in cross directions as well. 

The MSZ method calculates traffic loads in a simpler way. There is only one vehicle 
and a UDL system. Base values have to be modified by dynamic factors, which depend 
on the length of the longest span of the bridge. Table 5 shows the values of the 
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concentrated loads (TS), the importance of them at the most unfavourable position (Kα, 
see also Figure 3)  and the bending moments (M) they caused. 

 
Figure 3. Worst load positions for the right edge beam 

Table 5. Difference in TS loads 

(Kαi) avg. (Kα) M (kNm)
150,00 0,2600
150,00 0,1275
100,00 0,0789
100,00 0,0209
50,00 0,0066
50,00 ‐0,0048

∑EC= 736,38 kNm
111,51 0,1156
111,51 0,1156

difference=+ 40,0 %

0,94

M
SZ P,traff 0,1156 525,89 kNm

TS (kN)

EC

Q1 0,1937 627,63

Q2 0,0499 107,82

Q3 0,0009

 
Table 6 shows the same for uniformly distributed traffic loads, where UDL is the 
characteristic value of the load (kN/m2; it has to be modified by the dynamic factor in 
MSZ). A is the area under the Guyon-Massonet graph (diagonally hatched parts in 
Figure 3), q is the load projected to the investigated beam, M is the bending moment 
from the loads. 

Because these are the dominant load types for the structure, the differences displayed 
above are very notable. 
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Table 6. Difference in UDL loads 

UDL A q (kN/m) M (kNm)
q1 9,00 0,5808 5,23 339,08

q2 2,50 0,1548 0,39 25,10

ptraff 4,24 0,7582 3,21 208,53
Σ EC= 5,61 364,18

Σ MSZ= 3,21 208,53
difference: + 74,6 %  

3. Load combinations 
Pre-stressed concrete structures first has to be calculated in serviceability limit state, 
about which the first requirement is decompression. It means that the whole cross-
section has to be compressed (no tensile stress is allowed). For this calculation, EC uses 
frequent load combination (with five different load cases for bridges): 
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The next prerequisite for bridges to fulfil the criterion of deflection. According to EC, 

the characteristic load combination has to be used: 
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In these expressions G stands for the permanent effects, P is pre-stressing force, Q is 

imposed loads and ψ is the factor for each combination, which represents the 
proportions of the loads affecting together. 

The MSZ uses the load combination for serviceability state for both cases; there are 
no further separations like in EC: 
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Ultimate limit state conditions are not described here. 
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4. Decompression 
Table 7 shows the stresses at the bottom of the beam, where tensile stress appears 
according to EC. Effects of each load type are shown. 

Table 7. Stresses in frequent combination 

pre‐ tension g1 g2 g3 shrinkage Qser qser Σ

σEd
MSZ ‐27,01 7,94 4,69 6,41 1,40 4,70 0,98 ‐0,89 < 0,0 N/mm2

σEd
EC ‐30,18 8,70 4,83 6,60 1,02 9,32 2,42 2,71 > 0,0 N/mm2

difference ‐11,7 + 9,6 + 3,0 + 3,0 ‐27,1 + 98,3 + 146,9  
Greater tensile stresses occur in EC from the imposed loads. Because the sectional 
properties for the actions of traffic are almost the same in EC and MSZ (see Table 3, 
column t=0), the difference must follow only from the values of the loads. By applying 
factor ψ, MSZ reduces the TS loads to 37% and the UDLtraffic loads to 29% of their 
characteristic value. Meanwhile, the same reduction in EC for frequent combination is 
only to 75% for TS and to 40% for UDL loads (and characteristic values have relevant 
differences as well, see Tables 5 and 6). 

Because σEd>0,0 N/mm2 (the bottom of the cross-section is not compressed), more 
tendons (for more initial pre-stressing force), or a cross-section with greater dimensions 
are necessary.  

On the other hand, the bottom is still compressed with MSZ; so all the chosen properties 
provide enough resistance for the cross-section, according to the “Old Standard”. 

5. Further consequences 
The tendency that EC has smaller resistance than MSZ, is very common. A reason for that 
could be that EUROCODE takes the maintenance purposes into consideration. It 
categorizes the structural elements into environmental (exposure) classes and uses strict 
regulations to protect them against corrosion. Nevertheless, safety of the structures 
increases less than the related initial costs (however, such great differences are not 
expected regarding the overall costs). 

Table 8. Reduced factors 

a., Case 'A'‐ recommended values by EUROCODE
frequent combination

1 2 3
αQi= 1,00 1,00 1,00 Ψ1,TS= 0,75

αqi= 1,00 1,00 1,00 Ψ1,UDL= 0,40
b., Case 'B'‐ recommended values by HEC

1 2 3
αQi= 1,00 0,80 0,00 Ψ1,TS= 0,60

αqi= 0,80 1,00 1,00 Ψ1,UDL= 0,30

Notional lane

Notional lane

 
The above-mentioned reasons convinced Hungarian authorities to harmonize MSZ 
values with the load values of EC (via the changes of adjustment factors αQ, αq). α 
factors may be specified in the National Annexes of EC. 
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Table 8 compares the original EC factors with the reduced ones recommended by the 
Hungarian EUROCODE Committee, HEC.  

I investigated the structure with the reduced adjustment and partial safety factors of 
Case 'B'. This change is enough to satisfy decompression criteria, to provide 
compression at the bottom (Table 9). 

Table 9. Reduced factors 

load Case 'A' Case 'B'
p
g1
g2
g3
cs
TS 9,32 7,23

UDL 2,42 1,48
∑= 2,71 ‐0,32

‐30,18
8,70

4,83

6,60
1,02

 
In the future these (or similar) reduction factors should appear in National Annexes to 
fulfil the requirements of limit state design at the same level as did the late MSZ.  

However, besides the criteria of load bearing structures resistance, economic aspects 
of designs should be considered as well. In the view of overall costs, the increase of 
load level in EC could be reasonable, because frequency of repairing and maintenance 
costs may decrease this way. 

To find the optimal balance between costs and safety is a next problem to solve. 
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