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Abstract – The paper presents a structure analysis 
regarding a concrete passage over a specific hydraulic 
discharger. The structure approach, following a 
previous hydrotechnical design, was performed by the 
help of dedicated software ROBOT v.7. Even if the 
structure complexity is not very high and the output is 
in the expected direction, still the approaching method 
shows all the advantages related to the digital analysis: 
simple but very coverable modeling, fast run, detailed 
results of high precision with a representative interface, 
possibility of design improving. The presented subject is 
part of a complex project concerning the hydrotechnical 
development of Rusca Dam on Raul Rece, Caras 
Severin, part of the “Bistra - Poiana Marului – Ruieni -
Poiana Rusca” Hydropower System accomplished by 
the paper first author.
Key words: spillway bridge, structure, numerical 
modeling, stress and strain state.

1. GENERAL VIEW

The hydroelectric system “Bistra - Poiana Mărului -
Ruieni - Poiana Ruscă” provides the development in 
power for complex purposes of the upper 
hydrographic basin of Timiş River. From the various 
developments that form the hydroelectric system 
“Bistra - Poiana Mărului - Ruieni - Poiana Ruscă” 
the Poiana Rusca Dam is the subject of this article. 
“Poiana Rusca” - a concrete arch dam, was 
originally designed for a height of 95m, but then re-
designed and executed with a total height of 75m.
However this article concerns a trial version of the 
dam in which its height is 85m (established based on
a calculation of flood wave attenuation and maximum 
wave height plus safety height).
The normal retention level required to be at 640.00 m 
above the sea level, the top arch was fixed at 645.00 
m above the sea level. Minimum  level of the dam 
foundation was established at 560.00 m above the see 
level, crown arc length is 254.00 m, width at the base  
21.50 m and crown width  5.0 m.
The evacuation of high water, ice and floats, is made 
through a spillway with three gaps of a length of 30.9 
m. Considering the flow with probability of 
exceeding 0.1% valued at 424 m 3 / s, the maximum 
discharged overflow of 286.55 m 3 / s was obtained at 

a maximum water head of 2.75 m. Front length was 
fragmented by two abutment piers of 2.0m thickness
each in three equal spans of 10.30 m each.

Figure 1.1 Upstream and downstream views of the
top discharger

The following work shows the structural calculations 
of the concrete bridge crossing over of the top 
discharger (practical 
shape front spillway) achieved by the help of ROBOT 
program.

2. STRUCTURE MODELING, 
STRESS AND DEFORMATION

Concrete structural elements were pre-dimensioned to 
ensure a proper global ductility for the building. The 
plate will have a total length L = 38.9 m, width b = 
5.0 m and thickness h = 0.20 m. Two beams were 
considered for supporting the entire plate length, with 
their cross section height of h = 1.10 m and width of b 
= 0.50 m. In the example covered by the paper the 
beams are consider continued over the intermediate
bearings and fixed in the sides abutments.
The modeling was done as bar and plate type 
elements, followed by loading them (Figure 2.1) with 
permanent weight (the default set of concrete for 
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specific weight 23.56 kN / m 3,  the weight of the 
covering asphalt layers) and a temporary uniform 
distributed load (Table 2.1). Regarding the plate, it 
was automatically divided into triangular finite 

elements with relatively uniform size of about 0.5m.
The concrete elasticity module was considered with 
its default value of 2.48 x107kN/m 2.

Figure 2.1 Modeling the structure and implementation of permanent and useful tasks
               
Table-2.1

The linear analysis of the structure was conducted 
considering the ultimate limit state and was performed 
for two load combinations, “Fundamentala1” and 
“Fundamentala2” (Table 2.2), the loads being 
adjusted by the proper safety coefficients.
After running the program, the results provided were 
the bending moment effort and the shearing force 
diagrams respectively, for both element type, beams 
and plate. The deformed shape was also given for the 

two load combinations.
Bending moment diagrams for continuous beams are 
presented in Figure 2.2. The maximum values for the 
bending moment obtained in the gap are 495.45 kN.m 
(in the center of the left opening) and 428.74 kN.m (in 
the center of the middle opening), while the maximum
moment values above the bearings are -994.73 kN.m 
and -821.84 kN.m (both in the right end of the  second 
gap               Table 2.2

Figure 2.2.a Bending moment on the main supporting beams for load combination “Fundamentala1”
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Figure 2.2.b Bending moment on the main supporting beams for load combination “Fundamentala2”

Similarly, Figure 2.3 shows as example the diagram 
for the shearing force corresponding to 
“Fundamentala2” loading case. The maximum values
of the shearing force are 480.55 kN - determined for
the first load combination at the beam end - and
385.57 (376.14 respectively) kN - determined for the 
second load combination at the sides of the middle 
opening.

Regarding to the beams deformation, Figure 2.4 
shows that the maximum values for the vertical 
displacement are 0.5 cm - obtained in the center of the 
right opening for the first combination - and 0.4 cm -
obtained for the second combination in the center of 
the middle opening.

Figure 2.3 Shearing force on beams for the load combination “Fundamentala2”

Figure 2.4 Deformed shape of the beams axes for the two load combinations “Fundamentala1” and “Fundamentala2”



120

Figure 2.5 Outline variation for plate bending moment efforts Mxx, load combinations “Fundamentala1” and 
“Fundamentala2”

Figure 2.6 Outline variation for plate bending moment efforts Myy, load combinations “Fundamentala1” and 
“Fundamentala2”

Figure 2.7 The overall bending moment resulted for the overcrossing structure of the front discharger

Regarding the plate element of the structure model, 
Figures 2.5 and 2.6 present the outlines for the
bending moment effort variation obtained in plane (X 
- Y) for the two load combinations. After running the 
program the following results were obtained as
presented by the pictures: Mxx = 30.52 / 23.90 kN.m / 
m and Myy = 9.75 / 8.07 kN.m / m - the maximum 
values in the opening (causing bottom tensions), Mxx 
= -14.91 / -11.87 kN.m / m and Myy = -5.34 / -4.91 
kN.m / m - the maximum values above the bearing
elements (causing upper tension). The overall bending 
resulted for the structure elements is indicated in 
Figure 2.7

3. CONCLUSIONS

There can be noticed that after running the program 
the obtained results are detailed, accurate and they are 
situated in the foreseen limits. The results can also be 
optimized by simply interfering with the originally 
develop model. After the results are obtained one can 
proceed to the reinforcement design by employing the 
specific module of the same ROBOT software.
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