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Finite element technique was employed to investigate the improvement in load-carrying 
capacity of soil-steel bridge due to the presence of geotextile.  Soil-steel bridges are those 
bridges, which are comprised of structural steel plates and engineered soil, designed and 
constructed to induce a beneficial interaction of the two materials. The load effects in a 
soil-steel bridge depend upon various factors, such as the geometry of the structure, 
dispersion of the concentrated loads through the backfill, the material properties of the 
metallic shell and those of the surrounding soil. This paper focuses on the analysis and 
design of multi-layered reinforced soil-steel bridges with geotextile.  
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1. Introduction 

 
Soil reinforcement is one of the most 

common civil engineering applications of 
geotextile [1-5]. Soil-steel bridges are tremen-
dously used around the world [6-9].  The 
North America design codes; such as: Ontario 
Highway Bridge Design Code, (OHBDC) [10] 
and American Association of State Highway 
and Transportation Officials, (AASHTO) [11] 
have not included the effects of using geotex-
tile layers placed within the backfill soil 
around and over the wall of soil-steel bridge.  
In the analysis of these structures, the effect 
of axial forces is usually considered ignoring 
the effect of bending moments [8].  As well 
known, reinforcement increases the load-car-
rying capacity of soil and hence increases the 
modulus of subgrade reaction of soil [1,2,4].  
Increasing the modulus of subgrade reaction 
leads to decrease the stresses induced in cor-
rugated flexible steel plates of soil-steel 
bridges.  Due to this reduction in steel plates, 

thinner plates can be used and more economy 
can be achieved.  Design analysis of soil-steel 
bridges ranges between extremely easy to 
apply empirical design methods and fairly 
complex methods involving the use of finite 
element analysis [6-9].  This study presents 
the contribution of geotextile reinforcements 
on the stability of soil-steel bridges.  Finite ele-
ment method was employed to study the effect 
of geotextile to increase the load-carrying cap-
acity of soil-steel bridges.  Bending moments, 
axial forces and deflections at different posi-
tions of the corrugated flexible steel bridges 
with and without the use of geotextile were 
calculated due to the effect of both backfill 
and traffic loads.  The results were verified 
with the results obtained by the Ontario 
design code method and the AASHTO design 
code method for unreinforced structures.  An 
extensive parametric study is conducted to 
examine the behavior of the structures with 
and without reinforcement.  The parameters 
varied included: the span of bridge, the height 
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of cover over the bridge crown and the 
modulus-area of the geotextile.  Design 
formulas for obtaining the internal forces 
induced in the wall of soil-steel bridges, 
including the pertaining parameters are 
proposed.    
 
2. Geometry of the structure 
 

Fig. 1 illustrates the geometry of the cross-
section of soil-steel bridge used in the 
analysis.  The depth of cover over the bridge 
crown, H, is chosen to varying from tenth of 
the span, S, to the span width.  The extension 

of backfill around the bridge is chosen to be 
equal half the bridges span to covering the 
requirements of the Ontario Highway Bridge 
Design Code, (OHBDC). The bedding thickness 
under the bridge can be estimated using the 
bearing capacity analysis, which shows that it 
is usually less than the bridge span, S.  Bridge 
span, S is the width of the opening, fig. 1. 
 

3. Theoretical background 
 

Ontario Highway Bridge Design Code, 
(OHBDC) and American Association of State 
Highway and Transportation Officials, 
(AASHTO) are the most specific design meth-
ods related to the analysis of soil-steel bridges.  
These methods concerned with the analysis of 
unreinforced soil-steel system and they 
required some specified conditions to be valid, 
such as the minimum depth of cover, the 
spacing between conduits, and the extent of 
backfill soil around the structure. 
 

3.1. Ontario code method (OHBDC) 
 

For the design of soil-steel bridges, the 
OHBDC  design   method   requires   only   the 
consideration of ultimate limit state under one 
loading including combination of dead and live 
loading including the effect of impact.  This 
code also requires that consideration be given 
only to the thrust in the conduit wall, with 
bending moments in it being neglected.   
 

3.2. Dead load thrust 
 

 The thrust, TD in the conduit wall is 

assumed to have the same value all round the 
conduit, it is obtained from: 
 

 
 
 
 
 
 
 
 
 

Fig. 1. Geometry of soil-steel bridge. (Example of case 
study). 

 
TD =0.5(1.0-0.1Cs) Af W.                (1) 

 
In which W is the weight of fill directly 

above the conduit per unit length, Af is a 

coefficient depending upon the depth of cover 
and the shape of the conduit, and Cs is a 

dimensionless parameter defining the relative 
axial rigidity of the conduit wall with the soil 
stiffness as:  

 
Cs = (Es*/Ec) (Dv/A).                 (2) 

 
In which Ec is the modulus of elasticity of 

conduit wall material, Es* is the effective 

secant modulus of soil, which may be taken 
as: 

 

Es*= Es /(1 -ν2).                       (3) 
 

In which Es is the Young’s modulus of soil, 

Dv is the rise of the conduit and ν is the 
Poisson’s ratio of soil. 

 
3.3. Live load thrust 

 
 The thrust TL is also assumed to have the 

same value all round the conduit, it is 
obtained from: 
 

TL = 0.5 σL mf (1.0 +DLA) *(leaser of Dh and Lt). 
(4) 
 

In which σL is the equivalent uniform 
distributed load at the crown level, which is 
obtained by assuming that the wheel loads at 
the embankment level are distributed through 
the fill at an angle of 45o in the transverse 
direction of the conduit and at a slope of one 
horizontally to two vertically in the longitudi-
nal direction, mf  is the modification factor to 
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account for multilane loading, which is equal 
to 1.0,  0.9, 0.8, and 0.7 for 1, 2, 3, and 4 
loaded lanes, DLA is the dynamic load 
allowance and Lt  is the length of the dispersed 
load at the crown level. 
 
3.4. Minimum depth of cover 
 

 To get valid results by using the OHBDC 
design method, the minimum depth of cover 
over the conduit crown should be the largest 
of the following: 
 
(Dh / 6)(Dh / Dv)0.5 or 0.4(Dh / Dv)2 or 0.60 m. 

 
Where Dh  is the conduit span. 
 
3.5. Minimum extent of backfill 

 
The backfill must be extent to at least half 

the conduit span Dh to covering the require-

ments of the OHBDC design method. 
 
4. American association of state highway  

and transportation code method  

 

 
The AASHTO specifications permit both 

the working-stress and load-factor design 
method. Similarly to the OHBDC, the AASHTO 
design code emphasized that the only design 
force effect on the wall is the axial force 
without any effect of the bending moments. 

 
4.1. Conduit wall thrust 
 
 The conduit wall thrust Tl is calculated by 

using the ring compression theory and it can 
be obtained from: 
 

Tl =0.5{αD PD + αL (1.0 +DLA)PL } Dh.           (5) 
 
Where PD and PL are the nominal equivalent 

uniformly distributed pressures at the crown 
level due to the soil dead load and live load, 

respectively, αD and αL are dead and live loads 
factors, being effectively 1.95 and 2.171, 
respectively, and DLA is the impact factor. 

The pressure PD is the free-filed overbur-

den pressure at the crown level, which can be 
obtained from: 

 

PD = γH .                                 (6) 
 

Where  γ is the soil density and H is the depth 
of cover. 

The equivalent live load pressure PL is 

calculated by assuming, that a wheel load of 
the HS-20 vehicle is uniformly distributed over 
a square area each side equals 1.75 times the 
depth of cover.  This procedure is applicable 
only when H> 2 ft (0.61 m). 

 
5. Material properties 

 
The soils used in this study are Well-

graded coarse-grained soils compacted to a 
minimum of 90% standard proctor density.  It, 
also, assumed to be homogenous, at least over 
the bridge crown, H and around the bridge to 

at least over a distance equal to half the bridge 

span, S. The dry unit weight, γd, of these soils 
is taken to be equal 18.0 kN/m3, and the 

angle of internal friction, φ, is taken to be 30o. 
The mechanical properties of the geotextile 

used in this work are defined by its modulus-
area, EA, in which A is the cross-sectional 
area of geotextile and E is the modulus of 

elasticity of geotextile.  The modulus-area of 
the geotextile is ranged from 0.10 to 100000.  
The geotextile layers arranged within the cover 
and around the bridge in even space. 

Corrugated steel plates are used to 
represent the bridge wall.  The properties of 
these plates are, the area of cross section = 
6.771 mm2/m, the second moment of inertia 
of the cross-sectional area = 2079.8 mm4/m 
and the modulus of elasticity of the used 
material = 2.0x105 MPa. 

Because dual-axle trucks are the common 
vehicles used in the design of soil-steel 
bridges, the AASHTO HS-20 dual-axle truck is 
adopted throughout this work.   

 
6. Theoretical model 

 
Two-dimensional finite element technique 

was adopted throughout this analysis. Fig. 2 
illustrates the finite element mesh imple-
mented in the analysis.  Four types of ele-
ments were employed to describe the struc-
ture (fig. 3).  Soil elements were represented 
by plane-strain eight-node bilinear elements.  
Bridge wall elements were idealized by linearly 
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elastic three-node beam elements.  Geotextile 
elements were modeled by using three-node 
truss elements with no compressive strength.  
A nonslip three-node per side interface 
element was induced with the finite element 
description to treat the interface between 
geotextile and soil elements and between the 
bridge wall and soil elements.  The boundary 
conditions imposed were (i) the base nodes 
located on the base line AB were restrained in 
the horizontal and vertical directions; and, (ii) 
the side nodes located on the right and left 
vertical end zones were not allowed to move 
horizontally.   
 
6.1. Representation of traffic load 

 
Since the two-dimensional analysis is 

adopted in this analysis, the traffic load must 
be represented in two-dimensional.  The two-
dimensional analysis represents a slice of unit 
thickness through the bridge wall and the 
backfill.  It assumes that the slice analyzed is 
representative of any section along the length 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Finite element mesh. 

 
 

 
 
 
 
 
 
 
 
 

Fig.  3. Types of finite elements used. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Effective live load pressure at the crown level 
recommended by AASHTO. 

 
of the structure and that loads are continuous 
along this length of the structure.  Therefore, 
to perform two-dimensional analyses of the 
HS-20 AASHTO load effects, it is necessary to 
represent its actual load by an equivalent line 
loading which is continuous along the length 
of the structure. Fig. 4 represents the 
equivalent line load of the HS-20 truck, which 
recommended by the AASHTO specifications.  
The line load obtained from this figure 
produces the same peak vertical stress at the 
crown of the structure as the actual traffic 
load produces.   

 
7. Results 
 
7.1. Bending moments 

 
Figs. 5 and 6 illustrate the distribution of 

bending moments induced in the bridge wall 
with and without the use of geotextile under 
the effect of backfill load and the effect of both 
backfill and traffic loads.  The results showed 
that the reduction in the maximum bending 
moment value due to the use of geotextile was 
about 22% at the bridge crown and was about 
20% at the bridge haunch due to the effect of 
backfill.  But in case of load from backfill and 
traffic loads, the reduction in bending moment 
due to the use of geotextile was about 12% at 
the bridge crown and about 17% at the bridge 
haunch.  This reduction takes place due to the 
friction stresses created at soil-geotextile 
interfaces, which  tend   to   confine   the   soil 
around the bridge and consequently decrease 
the bending moment in the bridge cross-
section.  
 



M. E. EL-Naggar, B. E. El. Sharnuby / Geotextile reinforcement 

Alexandria Engineering Journal, Vol. 42, No. 6, November 2003                699 

 
 
 

 
 
 
 
 
 
 
 
 
Fig. 5. Bending moment distribution due to backfill load. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Bending moment distribution due to backfill and 
traffic loads. 

 
7.2. Axial forces 

 
The distribution of axial forces induced in 

the bridge wall was determined with and 
without the geotextile under backfill load and 
under both backfill and traffic loads, figs. 7 
and 8.  The results showed an increase of the 
maximum crown and haunch axial forces.  
Comparing with unreinforced backfill, the 
maximum crown axial force was increased by 
about 23% and the maximum haunch axial 
force was increased by about 14% under the 
effect of backfill load.  A similar phenomenon 
was observed at the maximum crown or 
haunch axial force under the effect of backfill 
and traffic loads, fig. 8. This increase occurred 
due to the contribution of geotextile, which 
tend to increase the horizontal stiffness of the 

geotextile-soil system. Increasing the horizon-
tal stiffness of the structure tends to increase 
the shear stresses at geotextile-soil interface 
and thus, increases the horizontal stresses 
induced in the bridge cross-section. 
 
7.3. Crown deflections 
 

Crown deflections were greatly affected by 
the use of geotextile.  A significant reduction 
in the crown deflection was obtained due to 
the contribution of geotextile, figs. 9 and 10.  
The reduction was about 28% due to the effect 
of backfill only and was about 23% due to the 
effect of both backfill and traffic loads.  This 
reduction in crown deflection is a direct result 
from the reduction in the bending moments. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7. Axial force distribution due to backfill load. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 8. Axial force distribution due to backfill and traffic 
loads. 
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Fig. 9. Deflection due to backfill load. 

 
 
 

 

 

 

 
 

 

 

 

 

 
 
 
 

Fig. 10. Deflections due to backfill and traffic loads. 

 

8. Parametric study 

 
     The parametric study conducted in this 
work includes the following design 
parameters: the modulus-area of geotextile, 
EA; the rise-to-span ratio, R/S; and the height 
of cover-to-span ratio, H/S. 

 
8.1. Modulus-area of geotextile  

 
Figs. 11 and 12 illustrate the variation of 

crown bending moment ratios, mcb and mct, for 

a wide range of the modulus-area of geotextile, 
EA due to the effect of backfill and traffic 

loads, respectively. Where: mcb= Mcb/(γ*H*S2) 
and mct= Mct/(Pa*S).  For a rise-to–span ratio, 
R/S=0.40 and a height of cover-to-span ratio, 
H/S=0.20, the relationship shows a linear 

trend on semi-logarithmic scale. 

From figs. 11 and 12, the crown bending 
moment ratio due to the effect of backfill load 
and the effect of traffic load, mcb, mct, can be 

expressed as: 
 

mcb = [344 – 9.3 ln(EA)]/1000 ,         (7) 

 
and 
 
mct = [25 – 0.013 ln(EA)]/1000.         (8) 
 

The sum of eqs. (7) and (8) gives the crown 
bending moment ratio, mc due to the effect of 

both backfill and traffic loads as: 
 

mc = mcb + mct .                                (9) 

 
Figs. 13 and 14 represent the variation of 

haunch bending moment ratios, mhb and mht 
for a wide range of the modulus-area of geot-
extile,  EA   due  to  the  effect  of  backfill  and 

 
 

 
 
 
 
 

 
Fig. 11. Crown bending moment ratio, mcb versus m 
dulus-area of geo-textiles, EA due to backfill load.  

 
 
 
 
 
 
 
 

 
Fig. 12. Crown bending moment ratio, mcb versus 
modulus-area of geo-textiles, EA due to traffic load.  

 
 
 
 
 
 
 
 
 

Fig. 13. Haunch bending moment ratio, mhb versus 
modulus-area of geo-textiles, EA due to backfill load. 
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traffic loads, respectively.  Where: mhb= Mhb/(γ 
*H*S2) and mht= Mht/(Pa*S).  For the case of 
R/S=0.40 and H/S=0.20, the variation of 

results shows a linear relationship on semi-
logarithmic scale. 

From fig. 13, the haunch bending moment 
due to the effect of backfill load, mhb can be 

obtained from: 
 

mhb = [357 – 8.2 ln(EA)]/1000.       (10) 

 
The above equation becomes: 

 
mht = [19.6 – 0.29 ln(EA)]/1000 .            (11) 

 
When the traffic load is applied, fig. 14. 

The sum of eq. (10) and eq. (11) gives the 
haunch bending moment ratio, mh due to the 
effect of both backfill and traffic loads as: 

 
mh = mhb + mht .                        (12) 

 
Figs. 15 and 16 represent the variation of 

crown axial force ratios, tcb and tct for different 
values of the modulus-area of geotextile, EA 
due to the effect of  backfill  and  traffic  loads, 
 
 
 
 
 
 
 

Fig. 14. Haunch bending moment ratio, mbt versus 
modulus-area of geo-textiles, EA due to backfill load. 

 
 

 
 
 
 
 
Fig. 15. Haunch bending moment ratio, mhb versus 
modulus-area of geo-textiles, EA due to backfill load. 

 
 
 
 
 
 
 

Fig. 16. crown axial force ratio, tct versus modulus-area of 
geo-textiles, EA due to traffic load. 

respectively.  In which tcb = Tcb/(γ*S2) and tct = 
Tct/(Pa*S). For R/S=0.40 and H/S=0.20, the 

relationship shows a linear trend on semi-
logarithmic scale.   

From the best fit of the plot in fig. 15, the 
crown axial force ratio due to the effect of 
backfill load, tcb may be expressed as: 

 
tcb = [1022 + 15 ln(EA)]/1000.             (13) 

 
Also based on the plotted results in fig. 15, 

the crown axial force ratio due to the effect of 
traffic load, tct is given by: 

 
tct = [- 1.66 + 1.89 ln(EA)]/1000 .       (14) 

 
The sum of eq. (13) and eq. (14) gives the 

crown axial force ratio, tc due to the effect of 
both backfill and traffic loads as: 
 
tc = tcb + tct .                          (15) 

 
Figs. 17 and 18 illustrate the relation 

between the crown axial force ratios, thb and tht 

for a wide range of the modulus-area of 
geotextile, EA due  to  the effect of backfill and 
traffic loads, respectively. In which: thb= 

Thb/(γ*S2) and tht= Tht/(Pa*S). For R/S=0.40 and 
H/S=0.20, the results showed a linear rela-

tionship on semi-logarithmic scale. 
From figs. 17 and 18, the haunch axial 

force ratio due to the effect of backfill load and 
the effect of traffic load, thb, tth can be ex-

pressed as: 
 
 
 
 
 
 

 
Fig. 17. Haunch axial force ratio, thb versus modulus-area 

of geo-textiles, EA due to traffic load. 
 

 
 
 
 
 
 
 
Fig. 18. Haunch axial force ratio, tht versus modulus-area 

of geo-textiles, EA due to traffic load. 
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Fig. 19. Haunch axial force ratio, thb versus modulus-area 

of geo-textiles, EA due to traffic load. 

 
 
 
 
 
 
 
 
 

Fig. 20. Relation between Ln (mTH) and log (H/S) due to 
traffic load. 

 
thb = [1425 + 13.5 ln(EA)]/1000,       (16) 

 
and  
 
tht = [38.91 + 1.10 ln(EA)] /1000 .       (17) 

 
The sum of eq. (16) and eq. (17) gives the 

haunch axial force ratio, th due to the effect of 

both backfill and traffic loads as: 
 

th = thb + tht .            (18) 
 
8.2. Height-to-span ratio  

 
     Fig. 19 illustrates the relation between the 
height-to-span ratio, H/S and the crown and 
haunch bending moments ratios due to the 
effect of backfill when the rise-to-span ratio, 
R/S= 0.40, and the modulus-area of geotex-
tile, EA =15000.0 kN/m. The relationship 

shows a linear trend on logarithmic scale and 
a very close result for both crown and haunch 
bending moment ratios.  From the best fit of 
this plot, the crown or haunch bending mo-
ment ratio due to the effect of backfill, mbH 

may be expressed as: 
 
mbH = 5.0 x mb x (H/S)0.98 .             (19) 

 
Fig. 20 presents the relation between the 

height-to-span ratio, H/S and the crown and 

haunch bending moments ratio due to the 
effect of traffic load when the rise-to-span 
ratio, R/S= 0.40, and the modulus-area of 
geotextile, EA = 15000.0 kN/m.  The results 
from this figure show a very close result for 
both crown and haunch bending moment 
ratios.  As well as, a linear trends when the 
logarithmic scale is used.  From this chart, the 
crown or haunch bending moment ratio due to 
the effect of traffic load, mtH may be given from 
the following form: 

 
mtH = 0.15 x mt x (H/S)1.25 .             (20) 

 
Fig. 21 demonstrates the relation between 

the height-to-span ratio, H/S and the crown 

and haunch axial force ratios due to the effect 
of backfill, tbH.  For R/S= 0.40, and EA= 

15000.0 kN/m, the relationship shows a 
linear trend on logarithmic scale with a very 
little difference between the crown and the 
haunch axial force ratios.  From the best fit of 
this plot, the crown or haunch axial force ratio 
due to the effect of backfill, tbH may be 

estimated as: 
 

tbH = 4.50 x tb x (H/S)0.95.                   (21) 

 
Fig. 22 illustrates the variation of crown 

and haunch axial force ratio, ttH for a wide 
range of the height-to-span ratio, H/S, when 
the rise-to-span ratio, R/S= 0.40, and the 
modulus-area of geotextile, EA=15000.0 

kN/m.  The relationship shows a linear trend 
on logarithmic scale.  From this plot, the 
crown or haunch axial force ratio due to the 
effect of traffic load, ttH may be taken from: 

 
ttH = 0.25 x tt x (H/S)0.92.                    (22) 

 
 
 

 

 
 
 

 
 
 

 
Fig. 21. Relation between Ln (tBH) and Ln (H/S) due to 

backfill load. 

 



M. E. EL-Naggar, B. E. El. Sharnuby / Geotextile reinforcement 

Alexandria Engineering Journal, Vol. 42, No. 6, November 2003                703 

8.3. Rise-to-span ratio 

 
Fig. 23 illustrates the relation between the 

rise-to-span ratio, R/S and the crown and 

haunch bending moments ratio due to the 
effect of backfill when the height-to-span ratio, 
H/S=0.20, and the modulus-area of geotextile, 
EA=15000.0 kN/m. The results obtained show 

a very close result for both crown and haunch 
bending moment ratios, mbR and a linear trend 

on logarithmic scale.  From the best fit of  this 
plot, the crown or haunch bending moment 
ratio, mbR may be expressed as: 

 
mbR = 0.70 x mbH x (R/S)-0.40.                       (23) 

 
Fig. 24 presents the relation between the 

rise-to-span ratio, R/S and the crown and 

haunch bending moments ratio due to the 
effect of traffic load  when  the  height-to-span 

 
 
 
 
 
 
 
 
 

Fig. 22. Relation between Ln (tTH) and Ln (H/S) due to 

traffic load. 

 
 
 
 
 
 
 
 
 
Fig. 23. Relation between Ln (mBR) and Ln (R/S) due 

to backfill load. 

 
 
 
 
 
 
 
 
 

 
Fig. 24. Relation between Ln (mTR) and Ln (R/S) due to 

traffic load. 

ratio, H/S= 0.20, and the modulus-area of 
geotextile, EA = 15000.0 kN/m.  The results 

from this figure show a linear trend when the 
logarithmic scale is used.  From this chart, the 
crown or haunch bending moment ratio, mtR 

may be given from: 
 

mtR = 0.62 x mtH x (R/S)-0.51.                  (24) 

 
Fig. 25 demonstrates the relation between 

the rise-to-span ratio, R/S and the crown and 
haunch axial force ratio due to the effect of 
backfill under the following conditions: a) the 
height-to-span ratio, H/S= 0.20, and b) the 
modulus-area of geotextile, EA = 15000.0 

kN/m.  The results obtained show a very little 
difference between the crown and the haunch 
axial force ratios and a linear trend on 
logarithmic scale.  From the best fit of this 
plot, the crown or haunch axial force ratio, tbR 

may be estimated as: 
 

tbR = 1.07 x tbH x (R/S)0.15 .            (25) 

 
 Fig. 26 illustrates the relation between the 
rise-to-span ratio, R/S and the crown and 

haunch axial force ratio  due  to  the  effect  of 
 
 
 
 
 
 
 
 
 
 
 

Fig. 25. Relation between Ln (tBR) and Ln (H/S) due to 
backfill load. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 26. Relation between Ln (tTR) and Ln (H/S) due to 
traffic load. 
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traffic load when the height-to-span ratio, 
H/S= 0.20, and the modulus-area of 
geotextile, EA = 15000.0 kN/m.  The results 

demonstrate a little change between the crown 
and the haunch axial force ratios with the 
same slope of the best-fit line.  From this plot, 
the crown or haunch axial force ratio due to 
the effect of traffic load, ttR may be taken from: 

 
ttR = 1.03 x ttH x (R/S)0.05.                   (26) 

 
Eqs. (23) to (26) are general formulas to 

evaluate the internal forces induced in the 
bridge wall at its crown or haunch points due 
to different parameters.   
 
9. Conclusions 

 
 This study presents the contribution of 
geotextile reinforcements on the stability of 
soil-steel bridges.  Reinforced and unrein-
forced structures are studied.  The OHBDC 
and the AASHTO design code methods were 
taken as a guide for the basic cases of the 
unreinforced backfill. Results showed a sig-
nificant reduction in the bending moment at 
both the crown and haunch of the bridge wall 
due the geotextile as well as an increase of the 
maximum crown and haunch axial force.  Re-
duction in crown deflection occurs when using 
geotextile due to the increase of backfill stiff-
ness.  Formulas showing the variation in in-
ternal forces induced in the cross-section of 
soil-steel bridge with the pertaining parame-
ters are proposed.  These formulas are valid 
for the range of parameters used in this analy-
sis. 
 
Notations 

 
A  cross-sectional area of geotextile, 
Af   coefficient depending on the depth of  

cover and the shape of the conduit, 
Cs  dimensionless parameter,  
D  bedding thickness,  
Dh   conduit span, 
Dv   rise of the conduit, 
DLA dynamic load allowance, 
E  modulus of elasticity of geotextile,  
Ec   modulus of elasticity of conduit wall  

material, 
Es  Young’s modulus of soil, 

Es*  effective secant modulus of soil, 
EA  modulus-area of the geotextile,  
H  depth of cover, 
Lt  length of the dispersed load at the  

crown level, 
mf   modification factor, 

mc  Crown bending moment ratio,  
mcb  crown bending moment ratio due to 

backfill only,  
mct  crown bending moment ratio due to 

traffic load, 
mc  crown bending moment ratio due to 

the effect of backfill and traffic loads, 
mhb  haunch bending moment ratio due to 

backfill,  
mht  haunch bending moment ratio due to  

traffic load, 
mh   haunch bending moment ratio due to  

the effect of backfill and traffic loads, 
mbH  crown or haunch bending moment 

ratio due to the effect of backfill for 
different values of height-to-span ratio, 

mbR  crown or haunch bending moment 

ratio due to the effect of backfill for 
different values of rise-to-span ratio, 

mtH  crown or haunch bending moment  
ratio due to the effect of traffic load for  
different values of height-to-span ratio, 

mtR  crown or haunch bending moment  

ratio due to the effect of traffic load for  
different values of rise-to-span ratio, 

Mcb  crown bending moment due to backfill,  
Mct  crown bending moment due to traffic  

load,  
Mhb haunch bending moment due to 

backfill,  
Mht  haunch bending moment due to traffic  

load,  
Pa  traffic axial load, 
PD  uniformly distributed pressures at the  

crown due to the soil load, 
PL  uniformly distributed pressures at the 

crown due to the live load, 
tcb  crown axial force ratio due to backfill,  
tct  crown axial force ratio due to traffic  

load, 
tc  crown axial force ratio due to the effect 

of both backfill and traffic loads, 
thb  haunch axial force ratio due to backfill, 
tht haunch axial force ratio due to traffic 

load, 
th   haunch axial forces ratio due to the  



M. E. EL-Naggar, B. E. El. Sharnuby / Geotextile reinforcement 

Alexandria Engineering Journal, Vol. 42, No. 6, November 2003                705 

effect of both backfill and traffic loads, 
tbH   crown or haunch axial force ratio due  

to the effect of backfill for different  
values of height-to-span ratio, 

tbR   crown or haunch axial force ratio due 

to the effect of backfill for different 
values of rise-to-span ratio, 

ttH   crown or haunch axial force ratio due 

to the effect of traffic load for different  
values of height-to-span ratio, 

ttR   crown or haunch axial force ratio due 

to the effect of traffic load for different 
values of rise-to-span ratio, 

Tcb   the crown axial force due to backfill, 
Tct   crown axial force due to traffic load,  
Thb  haunch axial force due to backfill,  
Tht   haunch axial force due to traffic load,  
S  bridge span, 
W  weight of the fill above the conduit, 
H/S the height of cover-to-span ratio,  
R/S rise-to–span ratio,  

ν  Poisson’s ratio of soil, 

σL  equivalent uniform distributed load at 
the crown level, 

αD  dead loads factor, 

αL  live loads factor, 

γ   soil density,  and 

φ  angle of internal friction of soil. 
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