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3D modeling and calculation of the fixed platform PFS-U 
(PESCARUS) 

Alexandru Dima1
, Ionuţ Radu Răcănel2 

1Assoc.Prof., PhD, Bridges Dept., Technical University of Civil Engineering, Bucharest, Romania 
2 Lecturer, PhD, Bridges Dept., Technical University of Civil Engineering, Bucharest, Romania 

Summary  
Fixed platforms for the exploitation of petroleum deposits in the continental Black 
Sea Romanian platform are usually built like 3D welded truss structures (called 
“jacket”), using circular hollow sections. The structure has lateral inclined faces 
and it is grounded using steel driven piles disposed at the interior part of the jacket 
columns. This construction solution asks that the drilling can be done through the 
jacket slots only after the placement of the offshore into position. 

For the “PESCARUS” location a fixed 4-faces platform was designed, in a new 
solution, having an open jacket at one of the faces (this was called “Fixed support 
platform PESCARUS”). This structure should allow the earlier drilling of the 
offshore wells (using a self-lifting platform) and in this case the construction of the 
PFS-U platform can be done at a later time.  

For the design and calculation of this platform a full finite element 3D model was 
built. The model takes into account the real dimensions of element cross sections, 
the stiffness of the structure and the structure-soil interaction respectively. For the 
evaluation of the dynamic response of the structure a 3D dynamic finite element 
model was considered, the position of masses on the structure being very close to 
the real one.  

This paper present important aspects regarding the finite element model, the 
evaluation of the location specific actions and loading hypotheses, but also the 
resistance and stability checks according to the accepted norms. 

 

KEYWORDS: platform, jacket, structure-soil interaction, dynamic response, 
loading 

1. INTRODUCTION 

The fixed marine platforms in the petroleum deposits of the Black Sea erected for 
water depths between 40.0 and 60.0 m consist, generally speaking, in two parts: 
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− a 3D welded truss structure (called “jacket”) with circular hollow 
sections, which is transported into position through floating, is placed in 
vertical position by bearing on the sea floor and then is fixed using steel 
driven piles disposed at the interior part of the jacket columns. The 
jacket height is established according to the water depth, so that his 
upper part reach the level +3.00 m above the water level (figure 1) 

− a decks system, erected each like 3D steel parts above the jacket level, 
using columns and counterbraces. Those will sustain the equipments 
and materials which are necessary for the oil extraction technology 
(figure 1). 

The jackets of the Romanian marine platforms were designed with 3, 4 and 6 steel 
columns and are called according to this number: tripod, tetrapod and hexapod 
respectively. In the same time the marine platforms are called according to their 
destination or functions in the oil extraction system:: 

− fixed platform flame support (tripod type); 
− fixed platforms with offshore wells “PFS” for sustaining wells tubes 

(tetrapod type); 
− central fixed platforms “PFC” for sustaining the installations necessary 

for the function and survey of the petroleum extraction equipments 
(hexapod type); 

− platform for the social group and utilities “P.G.S.U.” (de tip hexapod).   

Generally, for the marine platforms of P.F.S type, the drilling of the offshore wells 
is made through the jacket slots after the placement of the platform into position 
and this has as consequence a longer time for cosntruction. For the fixed platform 
sustaining offshore wells PFS-U PESCĂRUŞ a special jacket was designed, in 
order to allow the assembling into location of the platform after the previous 
drilling of the offshore wells. This procedure lead to a lower value of the self 
weight of the platform and in this way the transport into location and the assembly 
of the structure could be done with equipments existing in Romania.  The platform 
PFS-U has a tetrapod type jacket, with steel driven piles and has the following 
characteristics: 

− decks system has 3 levels (+20.500, +16.500,  +12.500), with a 
cantilever structure at the first two, at the face side II; 

−  the jacket is U-type (with face IV open, without braces and 
horizontals), other 3 side faces being foreseen with braces and 
horizontals; all side faces are inclined;  
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The design and the final solution of the oil platform was made in two stages as a 
result of the revision in 1999 of the thicknesses for the marine growth, but also for 
the values and positions of the loading on the decks. 

 
Figure 1 – The general scheme of the offshore wells platform PFS-U 

2. FINITE ELEMENT MODELLING OF THE STRUCTURE 

The finite element modelling of the fixed offshore wells platform PFS-U 
PESCĂRUŞ consist in a 3D model, with respect of the real geometry of the 
structure, of the structural elements stiffness, but also by taking into account the 
“jacket-piles-soil” interaction for the specific conditions of the platform. Thus, for 
the modelling of the jacket, decks and driven piles, two nodes straight beam 
elements were used (FRAME elements) and the steel plates at each deck level and 
at the level of the horizontal frames where the offshore wells are fixed in the slots 
were modelled using area elements with four nodes (SHELL).  
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At the upper part of the jacket (at level +3.00) the piles ends are directly welded at 
the corresponding columns and for this reason, at this level, the ends of piles and 
columns are connected through a common joint. In the model, the piles are 
disposed parallel to the jacket columns at the maximum distance allow by the 
movement between the pile and movable devices at the interior part of the pile 
(guiding devices).  



http://www.ce.tuiasi.ro/intersections

Al. Dima, I.R. Răcănel 

Transportations Research

The working connection between piles and jacket is modelled with elastic small 
frames placed at the joints of the jacket bellow level +3.00 and dimensioned in 
such a manner to allow elastic independent deformations between piles and jacket. 
This solution lead to the values of the horizontal displacements at each pile joints 
correlated with the displacements of the piles at the interior part of the columns and 
with the displacements of the jacket joints under loads. The calculation is made in 
some successive steps, for a applied load on the pile about 1000 to (value which is 
near to the maximum capacity of the pile), establishing in this way the cross 
section characteristics of the finite elements forming the frames according to their 
real stiffness. The first two elements of the working frames (the  horizontal element 
at the bottom of the frame and the vertical element) results with a circular cross 
section having a 0.428 m diameter, and the top horizontal element, which allow 
relative independent displacements along the piles, between piles and jacket, was 
designed as a steel plate, having a very high stiffness value in horizontal plane and 
very small stiffness value in vertical plane (figure 2). 

 
Figure 2 – Detail for the elastic frame connection between pile and jacket 

The soil piles bearing is made through straight beam elements with two nodes 
which can take only axial force (pin ended beams) and having a unity length. These 
elements are placed along the piles at distances established according to each soil 
layer depth. The variable cross sections of these frames comes out from the 
condition that the settlement (which is dependent on the coefficient of soil reaction 
at the level of the corresponding frame element) under the pressure produced by 
the soil on the interaction surface of a pile from a unity load is equivalent with the 
axial deformation produced by the same load to a pin ended beam having 1m 
length, cross section A  and elasticity modulus of the material E (2.1x 107 to/m2 for 
steel). 

Braces
Horizontal 

Elastic frame 
connection 

Pile
Jacket 

ISSN 1582-3024 Article no.1, Intersections/Intersecţii, Vol.2, 2005, No.3, “Transportations Research” 6 



http://www.ce.tuiasi.ro/intersections

3D modeling and calculation of the fixed platform PFS-U (PESCARUS) 

Transportations Research

The values for the coefficients of soil reaction kh  [kN/m3] for each characteristic 
layer and their variation on the depth were established according to the physical-
mechanical characteristics of the soil layers existing on the piles length. 

3. LOAD HYPOTHESES FOR RESISTANCE AND STABILITY 
CHECKS 

The loading hypothesis corresponds to the demands in Section C, “Loads” of API - 
RP 2A-LRFD and API RP 2A-WSD: 

a) Hypothesis  Q1 =  1,3( D1 + D2) +1,5( L1 + L2) where: 

D1 =   self weight of the structure and equipments permanently mounted 
on the platform; 

D2 =   self weight of the equipments mounted on the platform. Their 
position can change according to the mode of operation; 

L1 =  includes the weight of consumable supplies and fluids in pipes and 
tanks; 

L2  =  live load exerted on the structure from operations such as lifting by 
cranes, machine operations vessel mooring etc. 

b) Hypothesis  Q2 = 1,1( D1 + D2 + L1) +1,35( We + Dn) where: 

 D1; D2; L1  have been defined at point a); 

We =  sectional stresses in the analysed structural element produced by 
wind, wave and current loads action, in the most disadvantageous 
situation.; 

Dn =  sectional stresses in the analyzed frame coming from earthquake 
action (only for structures having a fundamental period over 3 
sec.).  

Taking into account the from, in plane, of the platform (figure 3) and the presence 
only of a load type L2, insignificant as value, the following load cases of the jacket, 
for resistance and stability checks, are considered: 

a) For permanent actions D1+D2 and L1 type 

Case 1: Loads coming from D1 and D2; 

Case 2: Loads coming from L1 (having load L2 included). 

b) For loads coming from wave actions H=14.1 m, current and wind     
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Case 1: Wave forces H=14.10 m, wind and current θ = 0°   with respect to Y axis,  
(We for θ = 0°) 

FA
TA

 II

FATA III

FATA I
FA

TA
 IV

Case 2: Wave forces H=14.10 m, wind and current θ = 45°   with respect to Y axis,  
(We for θ = 45°) 

Case 3: Wave forces H=14.10 m, wind and current θ = 90°   with respect to Y axis,  
(We for θ = 90°) 

Case 4: Wave forces H=14.10 m, wind and current θ = 225°   with respect to Y 
axis,  (We for θ = 225°) 

Case 5: Wave forces H=14.10 m, wind and current θ = 270°   with respect to Y 
axis,  (We for θ = 270°) 

90
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100005000
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Figure 3 – Directions for wave and current loads 

The sectional stresses (characteristic values) coming from these 2+5 loading cases 
are necessary to perform the resistance and stability checks for the structural 
elements of the jacket and for the resistance checks of the tubular joints 
respectively.  

The maximum values of the sectional stresses are obtained by multiplication of the 
sectional stresses, determined according to the procedure presented above, through 
coefficients corresponding to hypotheses Q1 and Q2. 
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4. EVALUATION OF LOADS COMING FROM D1, D2, L1, L2 AND 
WIND ACTION  

The values and positions of the loads coming from D1, D2, L1 and L2 on decks 
were established through survey of the specific equipments existing on decks but 
also by considering the technical data concerning the volume and the self weight of 
some installations, including live loads. For the evaluation of wind loads, the 
appropriate exposed surfaces are calculated, inclusive the perimeter protection 
shields disposed at levels 12.500 and +22.500. 

The exposed surfaces for the wind action directions (θ), are: 

 For θ = 0° and  θ = 180° ......... ................................... A1 = 110.0 m2  

For θ = 45°,θ = 135° ; θ = 225°  and  θ = 315°........... A2 = 137.0 m2  

 For θ = 90° and  θ = 270° .......... ..................................A3 =  56.0 m2  

 

The wind loading hypotheses are taken according to the extreme wave loading 
hypotheses θ = 0°, θ = 45°, θ = 90°, θ = 225° and   θ = 270° and they were coupled 
with each wave loading direction according to the load cases  3, 4, 5 and 6. 

5. THE EVALUATION OF MAXIMUM WAVE LOAD FORCES AND 
CURRENT FORCES 

For the computation of the maximum values of sectional stresses in structural 
elements from wave and marine current action, necessary to form Q2 hypothesis, in 
order to perform the resistance and stability checks, the load components at the 
joints of the finite element model are used. 

The forces corresponding to waves are computed for H=14.1 m water height with a 
period of 10.2 sec. For the forces coming from marine current, the current velocity 
was taken 1.10 m/s at the water surface and 0.28 m/s at sea floor, according to the 
data from ICIM Bucureşti, given for all 5 directions of extreme wave. 

The considered marine growth have a thickness about 0.08 m/radius till a water 
depth of 25 m and a thickness of 0.04 m/radius below this level. 
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a) Mode 1 – T=1.207 sec.            b) Mode 2 – T=0.985 sec.       c) Mode 3 – T=0.686 sec. 

Figure 4 – Deformed shapes from dynamic analysis 

6. DYNAMIC MODEL AND EIGENMODES 

The finite element model for the dynamic analysis has the same configuration like 
for the static analyses, but at joints, where the concentrated forces coming from 
dead loads acts (cases 1 and 2), are placed the additional masses corresponding to 
these loads. Using a linear eigenvector analysis, three eigenmodes are computed. 
The deformed shapes are presented in figure 4. 

7. RESISTANCE AND STABILITY CHECKS 

The design values for the sectional stresses, obtained through multiplication of 
characteristic values (from finite element analyses) with the corresponding 
coefficients (hypotheses Q1 and Q2) were used to perform the resistance and 
stability checks for structural elements and joints. In figure 5 is presented the 
distribution of axial force for jacket and piles under static loads.  
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Figure 5 – Axial forces from wave and wind act

7.1 Tubular joints checks ( API-RP 2A WSD) 

a) The geometrical condition for tubular joints
compression: 

 

   ( )[ ] ( )[ ] 15.111sin ≤+ βθγ ycyb FrF

where: 

Fyb   the yield strength of the brace member 

Fyc   the yield strength of the chord member 

β, γ, r, θ  joint geometry parameters 

       

b) The adequacy of the joint may be determined on t
Punching shear, considering the equations: 

       (νβθν sin ycfqpap FQQrf ⋅=≤=

     ( ) ( ) 122 ≤+
OPBpapIPB

ννpap νν   

        ( ) ( ) (arcsin2 2 ++ pIPBpapAXpap νννπνν
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            (3) 
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c) Nominal loads, considering the equations: 
( )θsin7.1/2TFQQNN yc

N
f

N
qa =≤              (5) 

      ( ) ( ) ( ) ( )θsin7.1/8.0)( 2 dTFQQMM ycIPB
M
fIPB

M
qIPBaIPB =≤             (6) 

    ( ) ( ) ( ) ( )θsin7.1/8.0)( 2 dTFQQMM ycOPB
M
fOPB

M
qOPBaOPB =≤             (7) 

    ( ) ( ) 122 ≤+ OPBaIPBa MMMM              (8) 

            ( ) ( ) ( ) 1arcsin2 22 ≤++ OPBaIPBaa MMMMNN π             (9) 

 

In the above relationships N, MIPB and MOPB are the axial force, in plane bending 
moment and out of plane bending moment respectively, Na, (Ma)IPB and (Ma)OPB are 
the allowable values for the same stresses.  

T thickness of the chord wall 

d diameter of the brace   

7.2 Buckling check of the structural elements  

The buckling strength of the platform structural elements is checked according to 
the relationship given in Germanischer Lloyd’s, Section 3, point 22.4: 

 ( ) ( ) ( ) 1≤+Γ+Γ npmmpm MNkNN δβ            (10) 

where: 

Γm, k, βm,δn  coefficients 

N   elastic axial force in the brace 

Np, Mp  plastic axial force and in plane bending moment in the brace. 

8.  RESULTS AND CONCLUSIONS 

The analyses results, which are given for some elements in tables 1-3, have shown 
that for some structural elements, the checks are satisfied near to the limit value.  
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Table 1 Results for tubular joints checks 

Equation number Joint / 

Frame 1 2 3 4 5 8 9 

Joint  10 
Frame 204 

0.66 
<1.0 

321.4 0.012 
<1.0 

0.849 
<1.0 

294 to 
<376.2 to 

0.012 
<1.0 

0.851 
<1.0 

Joint  19 
Frame 205 

0.76
5 
<1.0 

342.5 0.018 
<1.0 

0.918 
<1.0 

271.3 to 0.018 
<1.0 

0.920 
<1.0 

 
Joint  31 
Frame 206 

 
0.72
6 
<1.0 

near 

400.0 
< 430 

 
0.012 
<1.0 

near 
limit 

<1.0 

near limit 
242.2 to 
<262.3 to 

 
0.011 
<1.0 

near 
limit 

<1.0 
Joint  39 
Frame 207 

0.66
2 
<1.0 

122.0 0.007 
<1.0 

0.313 
<1.0 

55.1 to 
<216.6 to 

0.006 
<1.0 

0.305 
<1.0 

Joint  60 
Frame 88 

1.06 
<1.0 

58.1 
< 421 

0.008 
<1.0 

0.196 
<1.0 

16.4 to 
<121.1 to 

0.007 
<1.0 

0.189 

< 411 

< 411 <325.2 to 

limit 
0.999 0.992 

< 470 

<1.0 

Table 2 Results for buckling checks for jacket columns (chords) and horizontals 

Frame type Frame number Buckling checking condition 

Column 135 0.509 < 1.0 
Column 148 0.261 < 1.0 
Column 164 0.517 < 1.0 
Column 167 0.278 < 1.0 
Column 171 0.406 < 1.0 
Horizontal 25 1.03 < 1.0  (near limit) 

Table 2 Results for buckling checks for braces 

Frame type Frame number Buckling checking condition 
Diagonal 136 0.513 < 1.0 
Diagonal 143 0.952 < 1.0 (near limit) 
Diagonal 151 0.352 < 1.0 
Diagonal 205 0.794 < 1.0 
Diagonal 206 0.933 < 1.0  (near limit) 
Diagonal 207 0.450 < 1.0 
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The fundamental period of the structure resulting from the dynamic analysis is 
1.207 sec. < 3 sec. so that the consideration only of the first 3 eigenmodes 
according to API is allowed. 

The resistance checks results for the joints and also the buckling check results for 
braces shows that, reconsidering the position of some structural elements and also 
their dimensions, the check criteria in API are satisfied. For the joints where these 
conditions are satisfied near limit it is necessary to introduce a chord clutch with 
larger wall thickness in the joint region.    
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Abstract 
The main purpose of this paper is to estimate the influence of railway dislevelments 
on the dynamic response of railway bridge structures subject to the load of a 
passing vehicle. The study covers six types of bridge structures: four steel 
structures and two prestressed concrete ones. A parameter study is performed to 
determine the dynamic amplification factor values and their variability as a 
function of railway dislevelments characteristics: amplitude and length. A special 
computer programme developed by the authors is used in the respective parameter 
study. 

1. INTRODUCTION  

The purpose of this study is to determine the influence of the railway dislevelments 
on the dynamic response of railway bridge structures, under the action of a passing 
vehicle. A parameter study has been performed, determining the values of the 
dynamic amplification factor and its variation depending on the characteristics of 
the railway dislevelmens (amplitude and length). The adopted values for these two 
characteristics correspond to those accepted by the Romanian Regulations [5, 6] in 
force. The parameters’ calculation is performed by means of a specific computer 
programme, elaborated by the authors. 

Six case studies are considered, representing existing railway bridge structures:  

(i) four steel structures namely deck with plate girder web bottom way, of 21.0 m 
span; deck with plate girder web, top way, of 30.0 m span; deck of truss girder, 
bottom way, of 21.0 m span; deck of truss girder, top way of 33.08 m span; 

 (ii) two structures with deck of precast prestressed section girder with post – 
tensioned reinforcement, of 22.0 m span (4 girder in cross section) and respective 
30.0 m span (2 girders in cross section). 

ISSN 1582-3024 Article no.2, Intersections/Intersecţii, Vol.2, 2005, No.3, “Transportations Research” 15 
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2. THEORETICAL APPROACH 

The hypotheses and the modelling of the ensemble structure / vehicle is specified 
in the figure 1, respectively: 

 
Figure 1. The modelling of the ensemble structure / vehicle 

- The structure is modelled with dislevelment. The structural damping is introduced 
through the fraction of critical damping; 
- The vehicle is modelled as a one degree of freedom dynamic system, consisting 
of a suspended masse, a non-suspended masse, a spring and a damper (elastic and 
damping characteristics). 

The following simplifications are considered: 

- The girder is simply supported ; 

- The shape of dislevelments is sinusoidal; 

- The vehicle is unique, modelled as a one degree of freedom dynamic 
system. 

- The non-suspended mass is in permanent contact with the rolling surface. 

Only the midspan section of the girder is considered in the analysis.  

The used computer programme - OSIE1 - includes: 

- INDOS1 input data programme; 

ISSN 1582-3024 Article no.2, Intersections/Intersecţii, Vol.2, 2005, No.3, “Transportations Research” 16 

- CALCOS1 analysis programme; 



http://www.ce.tuiasi.ro/intersections

 Railway Dislevelments Influence on the Dynamic Response of Bridges 

Transportations Research

- DESOS1 drawing programme. 

The central difference method is used in order to solve this system. The 
mathematical procedure is the step by step integration. The integration step is t/400 
(where t is the necessary time for the vehicle movement on the beam of “l” span, 
with “v” velocity). A number of five velocities have been taken into account, 
namely v0 = 5 km/h (at which the static deformation is obtained), v1 = 60 km/h, v2 
= 90 km/h, v3 = 120 km/h and v4 = 160 km/h. 

The dynamic amplification factor is obtained as a ratio between the maxim 
dynamic and the maxim static displacement values at the midspan section of the 
girder. 

3. WORK  METHODOLOGY 

The study is performed in two stages, namely: 

- The first stage of study consists in the determination of the natural vibration 
characteristics of the structures, mainly the type bending vibrations in vertical plan. 
The study is performed by modelling the structures with one and two - dimensional 
finite elements. For each structure many natural mode shapes are determined until 
the first three type bending mode shapes in vertical plan have been obtained. 

Another study for determining the influence of the second and the third mode of 
vibration upon the dynamic response of the structures, under the vehicle action, 
was initially performed. It was concluded that they have a small contribution (5% 
is the highest value obtained only for the deck with truss girder, bottom way, of 
21.0 m span at a speed of 160 km/h). 

- The second stage of study consist in determining the dynamic amplification factor 
for: 

- the case of ensemble: structure with railway without dislevelment / vehicle, 
situation  named  
“standard”; 

- determination of the dynamic amplification factor for several situations of the 
railway with dislevelment, by varying the amplitude and the length of the 
sinusoids modelling the dislevelments / and the same vehicle as the standard 
situation. The standard vehicle is a railway engine with following features: the 
suspended mass = 10.0 t, the non–suspended mass = 2.8 t, the stiffness of the 
spring = 1740 tf/m, the damping of spring = 360.0 tf s/m.] 
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4. SITUATION OF STUDY CONCERNING THE VARIATION OF 
DISLEVELMENT 

The Romanian Regulations in force requires a maximum value of the dislevelment 
amplitude of  10 mm with a junction of 12.0 m (the length of the sinusoid is 24.0 
m). It means maximum one sinusoid (S=1), for the structures of 21.0 m span and 
maximum one and half sinusoid (S=3/2) for the structures of 30.0 m respective 
33.08 m. 

It has been noticed as interesting the combined situation – number of sinusoid (S) 
with the value of their amplitude (h0). Therefore a combination of the number of 
sinusoids (S=1/2, S=1, S=3/2, S=2) with values of the amplitudes varying around 
the maximal value required by the standard of 10 mm for railway (h0 = 2.5, 5, 10, 
15 and 20 mm) is proposed. In all cases the vehicle was the standard vehicle. The 
velocities for the vehicle movement were of 60,90,120 and 160 km/h. 

As a result, the study comprised a number of 80 variants of combinations – h0, S, v 
– for each structure, respective a total of 480 situations of analysis for six 
structures. 

5. CASE STUDIES 

In figure 2 is presented the deck of prestressed precast concrete of 30.0 m span and 
two girders in cross section = the general scheme of calculation, the discretized 
model, the forms 1, 2, 3 of type bending vibration in vertical plan. From the first 
stage of study it have been kept the natural characteristics of vibration for the 
structures. 

In table 1, there are showed the geometric and dynamic characteristics for the six 
decks, used in the second stage of study. 

Table 1 

ω (s-1) 
Deck type l (m) 

M 

(tf.s2/m) I II III 
Plain girder web – bottom way 21.0 7.187 42.43 143.1 224.3 
Plain girder web – top way 30.0 14.679 30.94 130.8 209.6 
Truss girder – bottom way 21.0 6.486 58.69 130.8 161.6 
Truss girder – top way 33.08 13.802 28.04 80.5 123.1 
Concrete – 4 girders in section 22.0 45.31 35.08 120.7 261.7 
Concrete – 2 girders in section 30.0 51.23 32.88 99.68 212.2 
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The second stage of study is performed by means of the specific computer authors’ 
programme. In figure 3 is presented the way of processing the input data and the 
output data for the programme. It is chosen the deck of precast prestressed concrete 
of 30.0 m span for the case of the sinusoid of 10 mm height and of a number of 3/2 
sinusoids on the span. The four drawings of the figure are according to the four 
velocities considered in the study. The graphic representations comprise: the 
displacements of the weight’s centre of the vehicle, the structure with the 
sinusoidal displacements, the dynamic and static displacements of the midspan 
section of the deck. The next showed values refer to some parameters of the study. 

Important observation: In the graphic representations of the values of dynamic 
amplification factor a deformed scale is adopted, [(the values of dynamic 
amplification factor – 1) x 1000]. Therefor, some values from the graphic are 
below “1”. 

The values of the dynamic amplification factors obtained for the variation of the 
three parameters S, h0, v are systematized in figures: 4 (a, b, c, d) - deck of plain 
girder web, bottom way of 21.0 m span (4a – S=1/2, 4b – S=1, 4c – S=3/2, 4d – 
S=2); 5 (a, b, c, d) - deck of plate girder web, top way of 30.0 m span; 6 (a, b, c, d) 
- deck of truss girder, bottom way of 21.0 m span; 7 (a, b, c, d) - deck of truss 
girder, top way of 33.08 m span; 8 (a, b, c, d) the deck of precast prestressed girder 
of 22.0 m; 9 (a, b, c, d) – the deck with precast prestressed girder of 30.0 m. 

For the case in which the amplitude of the dislevelments “h0” is kept invariably, 
namely at the maximum value admitted by the Romanian Regulation [5] (10 mm) 
and the others two parameters (S and v) are varying, the graphic representations are 
showed in the figures 4e, 5e, 6e, 7e, 8e, 9e. 

In the figures 4f, 5f, 6f, 7f, 8f, 9f are represented the values of the dynamic 
amplification factors for the next situation: the maximum number of sinusoids 
required by the Romanian Regulations [5] depending on the span of each deck, the 
standard situation (railway without dislevelments), the value of the maximum 
dynamic amplification factor admitted by the Romanian Regulations [6] for each 
deck, for obtaining some comparisons. 

6. COMMENTS. CONCLUSIONS 

For steel structures (figures 4, 5, 6, 7), the following are to be noted: 

1. The general shape of the graphs which represents the values of the dynamic 
amplification factor with the same number of sinusoids is similarly for all the 
structures. 
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2. The values of the dynamic amplification factor increase at the same time with 
the dislevelment amplitude rising (h0). 
3. The variation of the number of sinusoids (S) leads to an random behaviour , 
i.e.: 

• The most favourable situation is for the case S=3/2 (which means 
exceeding the maxim number of sinusoids admitted by norms with almost 3/4 
sinusoid for the decks of 21.0 m span and at the most the maxim number of 
sinusoids admitted by the Romanian Regulations for the decks of 30.0m span), 
figures 4c, 5c, 6c, 7c. 

• The most unfavourable situation is that one for S=2; a sudden increase of 
the dynamic amplification factor at the velocity of 120 km/h as a phenomenon of 
punctual resonance. 
4. If is to be remained below the maxim number of sinusoids admitted by the 
Romanian Regulations – related  to  the  span  of  each  deck  (figures 4e, 5e, 6e, 
7e)  –  then  the  greatest  values  of  the  dynamic amplification factor are noticed 
for the case S=1/2 (a semi-sinusoid which overlaps under the static deformation of 
the structure). 
5. From the graphs 4d, 5d, 6d, 7d it results that: 

• All the combinations S, h0, v that are below the values admitted by the 
technical regulations in force (design speed = 120 km/h) leads to values of the 
dynamic amplification factor smaller than those allowed by the loads Regulations. 

• The case of speed of 160 km/h, (speed which is greater than the design 
speed), h0=10 mm, S=1/2 leads to values of the dynamic amplification factor which 
exceed the maxim allowed value (excepting the deck of the truss girder of 21,0 m 
span). 
For the concrete structures (figures 8, 9) it is to be notice that: 
1. The influence of dilevelments is unfavourable in most of the combination of S, 
h0, v parameter cases. 
2. The values of dynamic amplification factor increase at the same time with the 
speed values. 
3. The values of the dynamic amplification factor are generally rising at the same 
time with increasing the amplitude of the dislevelment. 
4. The values of the dynamic amplification factor are decreasing at the same time 
with the deck length increasing with approximately 7%. 
5. The greatest values of the dynamic amplification factor are obtained for the 
case in which the maxim amplitude allowed by the Romanian Regulations for the 
dislevelments (h0=10 mm) is to be combined with a dislevelment length of one 
semi-sinusoid (S=1/2) on the whole span, a shape of the dislevelment which 
overlaps to the static deformed shape of the deck. 
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• The most unfavourable response way differs from one structure to another 
mainly depending on the speed. Thus, the maxim value of the dynamic 
amplification factor for the structure of 22.0 m is at 120 km/h and for the structure 
of 30.0 m span at a velocity of 160 km/h. 

It is to be noticed that the dumping provided by the ballast prism hasn’t been 
taken into account. 
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Summary 
 

Following the research, it was demonstrated that can be used the octahedral shear 
stress theory to analyze the premature deformation that appear in pavement 
asphalt layers. 

This paper has an intention to study the influence of the place of geocomposite 
under the asphalt layer on the values of octahedral shear stress ratio. 

To solve this problem we use the material characteristics obtained in laborator 
from triaxial test and an analyze of stresses and strains state in pavement structure, 
with and without geocomposite obtained using an elastic linear software. 

The conclusion that can de drawn is the following: the placement of geocomposite 
lead to smaller octahedral shear stress ratio values in wearing course than in the 
case of structure without geocomposite. 

 

KEYWORDS: geocomposite, asphalt mixture, permanent deformation 

1. INTRODUCTION 

One of the most important distresses that can appear in a flexible pavement 
structure is the permanent deformation. This kind of distress has considerable 
effects on circulation comfort and safety and for this reason the asphalt mixture 
that can become deformed under traffic and temperature, must be taken into 
account. 
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During the time it was demonstrated that the octahedral shear stress ratio (OSSR) is 
a very important parameter from pavement deformation point of view and gives the 
potential for rutting of mix. The OSSR (equation (1)) is the ratio of the critical 
induced octahedral shear stress in the pavement layer (τoct) to the octahedral shear 
strength of the material (τoct, strength): 
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strengthoct

octOSSR
,τ
τ

=     (1) 

A detailed calculus for OSSR value is presented in references number [3], [4], [5]. 

In order to reduce the OSSR value in asphalt mixture it is suitable to place 
geocomposite under the new asphalt layer, if we discuss about the consolidation of 
an existing pavement structure. 

The geocomposites are a combination of geosintetics and geogriles and they profit 
by the all advantages related to properties and functions of geosintetics and 
geogriles. 

The geocomposites are polymer structures with a high tensile strength. This gives 
the possibility to use in pavement structures domain: 

- the reinforcing of bituminous wearing course for roads, highways, airport 
runways; 

- the avoidance of cracks propagation in pavement structure; 
- the decrease of permanent deformation in pavement structure. 

 

 
Figure 1. The use of geocomposites in flexible pavement structure 

Thus, the use of geocomposites in asphalt layers leads to an improvement of 
behavior in service by increasing the resistance to transmited cracks and to 
formation of rut in the higher layers (fig.1). 

asphalt mixture in wearing course 

traffic loads geocomposite 

decrease of rut appearance 

asphalt mixture in binder and base layer decrease of cracks appearance 

Sub-base

Foundation soil 
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2. ANALYSIS 

In this paper we will estimate the potential to rutting for four types of asphalt 
mixtures layed on an existing pavement structure, first without geocomposite (1) 
and second with geocomposite (2). 

To have the OSSR values for wearing course mixture it is necessary to make a 
laboratory analysis in the beginning and then a computational analysis. 

Table 1. Intrinsically characteristics of asphalt mixtures 

Mixture Loading rate, 
mm/min 

φ,  
o 

c,  
MPa 

BA16-A in wearing course 0.46 45o51’49” 0.06129 
0.46 46o38’10” 0.07258 
12.5 47o33’3” 0.19496 BA16-B in wearing course 
50.0 46o50’22” 1.76843 

MASF16-A in wearing course 0.46 47o31’53” 0.15389 
0.46 48o57’4” 0.18859 MASF16-B in wearing course 12.5 48o57’4” 0.29014 

The laboratory analysis consists in static triaxial tests performed on cylindrical 
samples (Φ = 70 mm and h = 140 mm) made by the following asphalt mixtures: 
BA16 asphalt concrete and MASF16 asphalt mixture with fiber, with 16 mm 
maximum size, both for wearing course, containing ESSO asphalt binder, D 50/70 
pen (noted by A) and Suplacu de Barcau asphalt binder, D 60/80 pen (noted by B). 
During the test, the loading rate was maintained constant, at a value equal to 0,46 
mm/min. to simulates a stationary load and 12.5 mm/min. and 50 mm/min. to 
simulates a mobile loads on pavement structure. 

Table 2. The pavement structure without geocomposite (1), taking in accounts 

Mixture h layer 
m 

Poissson ratio, 
µ 

Elastic 

MPa 
wearing course BA16-A 266 
or wearing course BA16-B 278 
or wearing course MASF16-A 312 
or wearing course MASF16-B 

0.04 0.35 

352 
existent asphalt layers 0.095 0.35 300 
macadam 0.08 0.27 400 
ballast 0.20 0.27 239 
soil ∞ 0.35 110 

modulus, 
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From this test, result the shear strain of cylindrical samples and then we can have 
the angle of internal friction and cohesion for the asphalt mixture tested. For each 
recipes of asphalt mixture it is necessary to make triaxial test at failure for 
minimum two samples with different lateral stress (σ3 = 2 daN/cm2, σ4 = 4 
daN/cm2) (Table 1). 

The computational analysis consists in obtaining the strain and stress state within 
pavement structure (table 2 and 3) by using elastic linear software, ALIZE 5, under 
standard load of our country (115 kN). 

Table 3. The pavement structure with geocomposite (2), taking in accounts 

Mixture h layer 
m 

Poissson ratio, 
µ 

Elastic 

MPa 
wearing course BA16-A 266 
or wearing course BA16-B 278 
or wearing course MASF16-A 312 
or wearing course MASF16-B 

0.04 0.35 

352 
geocomposite 0.002 0.3 73000 
existent asphalt layers 0.095 0.35 300 
macadam 0.08 0.27 400 
ballast 0.20 0.27 239 
soil ∞ 0.35 110 

modulus, 

 

To estimate the dynamic elastic modulus (E) for the four asphalt mixtures from 
wearing course it was used the indirect tensile fatigue test. The frequency for 
indirect tensile fatigue test was 1 Hz. 

The samples were subjected to conditions that can appear in summer period (40oC 
temperatures) for both tests performed. 

The calculus was made at two depths of asphalt wearing layer: at the top of the 
layer (z = 0 m) and at the bottom of the layer (z = 0.04 m), in the axis of applied 
load. 

3. RESULTS 

Base on those presented above we can calculate the octahedral shear stress ratio 
(OSSR) for asphalt mixture from wearing course. Thus, we have the results 
presented in table 4. 
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Table 4. The OSSR values for asphalt mixtures in wearing course 

Loading  
rate 
mm/min. 

Asphalt 
mixture 

Pavement
structure

z ,  
m 

1σ ,  
MPa 

 3 , c t 
 

σ  
MPa 

σ o
Mpa 

σ oct 
MPa

σ oct,s OSSR 

0,0 0,467 0,2257 0,31 0,11 0,44 0,368 
0 0,5667 0,08743 0,25 0,23 0,52 0,870 
0,0 0,4444 0,2691 0,33 0,08 0,42 0,253 
0 0,5851 0,05991 0,23 0,25 0,59 0,902 
0,0 0,4674 0,2252 0,31 0,11 0,48 0,337 
0 0,5731 0,07784 0,24 0,23 0,58 0,829 
0,0 0,4447 0,2687 0,33 0,08 0,46 0,232 
0 0,6009 0,03612 0,22 0,27 0,68 0,790 
0,0 0,4679 0,2245 0,31 0,11 0,56 0,279 
0 0,5912 0,05077 0,23 0,25 0,68 0,743 A 
0,0 0,4457 0,2675 0,33 0,08 0,54 0,195 
0 0,6189 0,00908 0,21 0,29 0,74 0,804 
0,0 0,4678 0,2248 0,31 0,11 0,60 0,257 
0 0,6123 0,01911 0,22 0,28 0,74 0,773 B 
0,0 0,4465 0,2663 0,33 0,08 0,58 0,182 
0 0,5851 0,05991 0,23 0,25 0,70 0,649 
0,0 0,4674 0,2252 0,31 0,11 0,60 0,256 
0 0,5731 0,07784 0,24 0,23 0,69 0,601 
0,0 0,4447 0,2687 0,33 0,08 0,57 0,178 
0 0,6189 0,00908 0,21 0,29 0,83 0,651 
0,0 0,4678 0,2248 0,31 0,11 0,68 0,216 
0 0,6123 0,01911 0,22 0,28 0,82 0,627 B 
0,0 0,4465 0,2663 0,33 0,08 0,66 0,154 
0 0,5851 0,05991 0,23 0,25 2,04 0,144 
0,0 0,4674 0,2252 0,31 0,11 1,93 0,064 
0 0,5731 0,07784 0,24 0,23 2,03 0,135 
0,0 0,4447 0,2687 0,33 0,08 1,91 0,046 

MPa

0 0,5793 0,0685 0,24 0,24 0,54 0,952 1 
4 BA16-A 

2 
4 

1 
4 BA16-B 

2 
4 

1 
4 MASF16-

2 
4 

1 
4 

0 , 4 6 

MASF16-

2 
4 

1 
4 BA16-B 

2 
4 

1 
4 

1 2 , 5 

MASF16-

2 
4 

1 
4 5 0 BA16-B 

2 
4 

1 - the structure without geocomposite 

4. CONCLUSIONS 

From this research the following conclusions can be drawn: 

2 - the structure with geocomposite 
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• the OSSR parameter indicate potential for rutting of an asphalt mixture 
under traffic loads; 

• OSSR presents greater values at the top of asphalt layer than at the bottom 
of asphalt layer for 40oC test temperature, irrespective of mixture; 

• the all of the OSSR values (table 4) are below 1, which signify that 
octahedral shear strength of material in the layer is not exceeded; the 
asphalt mixtures are suitable from permanent deformation point of view; 

• in all the studied cases it is observed that the geocomposite improve the 
OSSR value; 

• it results that the values OSSR decrease when is a geocomposite in 
pavement structure, by following: 

- for 0.46 mm/min rate of loading: 
- BA16-A: 8.7% at the top of the layer and 31.3% at the bottom of the layer 
- BA16-B : 8.1% at the top of the layer and 31.3% at bottom of the layer 
- MASF16-A: 6% at the top of the layer and 30.1% at bottom of the layer 
- MASF16-B: 3.9% at the top of the layer and 29% at bottom of the layer 
- for 12.5 mm/min rate of loading: 
- BA16-B : 7.5% at the top of the layer and 30.4% at bottom of the layer 
- MASF16-B: 3.7% at the top of the layer and 28.5% at bottom of the layer 
- for 50.0 mm/min rate of loading: 
- BA16-B : 6.1% at the top of the layer and 28.1% at bottom of the layer 

• in the case of BA16 asphalt mixture the loading rate has a little influence 
on the above percent and in the case of MASF16 asphalt mixture has 
almost no influence; 

• at the same loading rate (0.46 mm/min), the BA16 asphalt mixture presents 
higher OSSR values than the MASF16 asphalt mixture. 
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