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Stress Reduction in Flexible Culverts Due to Overlays of Geofabric 

Diminution des contraintes dans les conduits souterrains soupies grace a un recouvrement 
de geotextile 

Increasing number of flexible metal culverts of different 
qeometri es and shapes are bei ng used successfully to bri dge 
ac r oss streams and canals. These flexible metal culverts 
derive a considerable portion of their load carrying ca­
pacity through interaction with the surrounding backfill. 
By including layers of geofabric, the effectiveness of 
these backfi11 materials can be improved and the stresses 
in the cul vert can be reduced . Thi s paper reports the re­
sults of finite element analyses of a box culvert to pro­
vide a quantitative assessment of the reduction in stresses 
due to the inclusion of geofabrics. The nonl inear and 
stress-dependent stress-strain behavior of the backfill 
and the actua l sequence of construction operations are 
taken into consideration in the analyses . The bending 
moments, axial forces, and deflections in the structure 
with and without the use of the geofabric are compared 
for the performance of the structure under the weight of 
backfill and traffic loads. 

INTRODUCTIO~ 

Geofabrics are being used successfully for many en­
gineering applications and the details are given in (1, 
2, 3, 13, 14, 17, 18, 19, 20). 50il reinforcement Ts 
on e-ofth emo recommonap pTIca ti ans of qeofabri cs. There 
have been extensive research on the behavior of soil-geo­
fabric reinforcement and the extent to whi ch the geofab­
ric-soil interaction will improve the load carrying capa­
city of the soil is well understood. Although there have 
been a tremendous increase in the use of flexible metal 
culverts in highway br idge projects, no attempt has been 
made up to date to study the desirable Eiffetts of over­
lays of geofabric placed in the backfi11 used around and 
over the cul vert. These corrugated cul verts deri ve a con­
siderable portion of their stiffness and load-carrying 
capacity through i nteracti on vii th the surroundi ng back­
fill . Therefore the quality of the backfill used around 
and over the structure will determine the performance of 
these cul verts under backfi 11 and 1 i ve loads. By us i nq 
several layers of geofabric , embedded in the surrounding 

- tiaC1<fill",- - the effecti ve modul us of the backfi 11 can be 
increased by a .substantial amount and the stresses in­
duced in the culvert can be reduced. If the stresses in 
the culvert can be reduced by an appreciable amount, much 
thinner culvert structural sections can be employed 
and a grea ter economy in use of corruga ted fl ex­
ible metal culverts can be achieved. Because of the com­
plex nature of the soil-structure-geofabric interaction, 
design of these structures thus requires a method of an­
alysis which is capable of taking this interaction into 
account, so that the loads in the structure due to both 
backfi11 and traffic may be determined. In this paper, 

De plus en plus de ponceaux metalliques flexibles de 
differentes formes et geometries remplacent avec succes 
des structures plus rigides. Ces ponceaux metalliques 
flexibles obtiennent une grande partie de leur capacit~ 
partante de l'interaction avec le remblai avoisinnant. 
L'inclusion de coucnes de geotextiles augmente 
l'efficacite du remblai et reduit les contraintes in­
duites dans le ponceau. Cet article presente les re­
sultats d'analyses d'elements finis d'un ponceau ferme 
et une evaluation quantitative de la reduction des con­
traintes due a l'inclusion de geotextiles dans le 
remblai . La relation contrainte-deformation (non­
lineaire et dependante des contraintes) et les etapes 
de constructions sont utilisees dans les analyses. Les 
moments de flexion, forces axiales et deformations du 
systeme soumis avec charges de remblai et de circulation 
automobile sont compares pour les cas avec et sans 
geotextiles. 

the finite element method of analysis is used to study 
the effects of the presence of geohbri c on the loads 
carried by the culvert . Several series of analyses \vere 
performed to provide a quantitative assessment of the re­
duction in stresses in the culvert structure for varying 
properties of fabric and loading conditions. The in­
creases in the factor of safety, against development of 
plastic hinges in the culvert section, due to the use of 
geofabric were calculated using the bending moments and 
the axial forces determined from the finite element an­
alyses . The deflections oF the structure with and with­
out the use of the geofabric were also calculated as part 
of this study. 

GEOMETRY AND FINITE ELEMENT ME5H 

A cross-section through the backfill and the alum­
inum box culvert used in this study is shown in Fig. 1. 
and the finite element mesh used for the analyses is 
shown in Fig. 2. The culvert was modeled by linearly 
elastic beam elements and the geofabric was included in 
the analyses using aseries of linearly elastic bar el­
ements with no compress i ve strength. The backfi 11 was 
modeled by two-dimensional isoparametrie elements. A 
nO-51 ip condition was simulated at the interfaces between 
the cul vert and the backfi 11 and between the geofabri c 
and the backfill. 
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Figure 1. Cross-Section of Box Culvert. 
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MATER IAL PROPERTIES 

The properties of the low plastic clay backfill em­
jlloyed in the analyses are l isted io Table 1. These 
properties correspond to c l ay compacted to 902: of the 
maxilllum ory dens i ty as determ i ned by the Standard AASHTO 
cOrtlpact ion test . The properties of the aluminLJm struc­
tural pIste and the structural plate with angle stiffners 
used respectivel y in the side section, haunch and crown 
sectionsofthe culven are l isted in Table 2. The pro~ 
perties !Jf the geofabric used in the analyses are s um­
marized in Tab l e 3. 

REPRESENTATION OF TRAFFIC LOADS 

Two-dimensi ona 1 anal yses of the type di scussed in 
this paper, represent a slice of unit thickness through 
the cul vert and the backfi 11. In these ana lyses it i 5 
assumed that the slice analyzed is representative of 
any section along the length of the structurp., and that 
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Figure 2. Finite Ele~ent Mesh 

ANALYSIS PROCEDURE 

The interactions bet~leen the flexib l emetal culvert , 
the surrounding backfil1, and the overlays of geofabric 
were studied using the finite e l ement analysis procedures. 
The finite el c:r.C!1t method has b.een successfully appl ied 
to culvert structures i ncluding many box culverts of the 
type Chosen for the present study (~ , ~, ~, .2., lQ, 11, 
12, 15). The analyses desc ribed in this paper were per­
fonned usfng a hyperbol;c stress - strain ,.elationship for 
the backf;11 material . Thi s re lationship , which 1s des­
cri bed in detail i n (4 7), model the nonlinea r stress 
dependent stress-strain behavior of soi15 incrementally, 
byvarying the lIalues of Young's modu lus and bulk rnodulus 
i n eilch element according to the previOllslyca l culated 
stresses. The ana lyses herei n ~Iere performed i ncremen­
tal1y , simulat ing the field construction operations. The 
bacH; 11 ~Ia s p 1 aced a round a nd over the s truc t ure one 
layer a t a time , fo 11 owed by one overl ay of geofabri c at 
a tfrne as sholvn in Fig. 2 . The analyses were perfonned 
with and without the pl acement of over l ays of geofabric 
and an AASHTO HS- 20 live load was simulated subsequent 
to the completion of cons truction. 
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Table 1. Properties of Backfill Material used in 
Finite Element Analyses 

Property Values Used 

Unit weight, y (kN/m3) 1.8 
Cohesion, C (kN/m2) 2.9 
Modulus Number. k 90 
Modulus Exponent, n 0.45 
Bulk Modulus Number, kb 80 
Bu~k Modulus Exponent, m 0.2 
Failure Ratio, R

f 
0.7 

Angle of Interna Friction, $ (degrees) 30 
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Table 2. Properties of Culvert Sections used in 
Finite Element Analyses 

Property Values used Values used Values used 
for Side for Haunch for Crown 
Section Section Section 

Cross Sec-
tional Area 0.0558 0.0100 0.0091 
(m2/m) 

Moment of 
0.0239xlÖ 4 0.1448xlCi'4 0.1646xlO- 4 Inertia 

(m4/m) 

Plastic 
Moment Mp 16.5 57.4 61. 9 
(kNm/m) 

Plastic 
Axial Force 858.2 2023.0 1757.4 
Pp (kN/m) 

Young's 
Modulus 70,355,520 
(kPa) 

Table 3. Properties of Geofabric used in 
Finite Element Analyses 

Property Values Used 

Cross S2ctional 
Area (m Im) 0.0030 

Young's Modulus 4800 to 4800000 (kPa) 

loads are conti nuous al ong the 1 ength of the structure. 
Therefore, to perform two-dimensional analyses of 1 ive 
load effects, it i s necessa ry to represent the actua 1 
traffic load by an equivalent line loading which is con­
tinuous along the length of the structure. Therefore, 
for the chosen HS-20 AASHTO permit load vehi cl e confi g­
uration and wheel loads, it was necessary to determine 
the equivalent line loading which produces the same peak 
vertical stress at the crown of the structure using an 
elastic theory of stress distributions. As shown in Fig. 
3 and Tab 1 e 4, the magni tudes of these equi va 1 ent 1 i ne 
loads decrease as the depth of soil cover over the crown 
increases, due to the spreading of the vehicle loads along 
the axis of the structure. 

Table 4. Equivalent Line Loads for 
HS-20 142.4 kN Single 
Axle Permit Load 

Depth of Cover Equivalent 
(meter) Line Load 

(kN/m) 

0.5 75.0 
1.0 48.8 
1.5 37.5 
2 32.5 
3 27.7 
4 21. 5 
5 18.4 
7 14.2 
9 11 . 3 
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Fi!jurp 3. Voriation of Line Load With Cover Depth 

BENDING MOMENTS 

The magnitudes and distributions of bending moments 
in the box cul vert were determi ned with and without the 
overlays of geofabric under both backfill and traffic 
loads as shown in Fi~s. 4 and 5. The modulus-area (EA) 
of the fabric used in the analyses was varied through 
several orders of maqnitude and the variations of maximum 
crown and haunch bending moments with EA are shown in 
Fig. 6. The bending moments determined with the fabric 
of EA = 14600 kN/m are listed in Table 5 with those ob­
ta i ned without the fabri c. The reduct ions in bend­
i ng moment due to the use of geofabri c are in the range 
of 11 to 24%. 

Blndlna Momlnfl 
wlthout ~brlc 

& '9.6' KN/m(HS-20'oodJ 

24.2KH·mlm 

Ical .. : 
Strvc.turt·lcmwO.48m 
MClllltnfl'l 111111 -IKH'",/", 

Figure 4. Bending Moment Di s tribution. 
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Figure 5. Bending Moment Distribution 

Table 5. Bending Moments 

Moments Due to 
Location Moments Due to Backfill & Live Load 

Backfil1 only (kNm/m) (kNm/m) 

w/o Fabric w/Fabric w/o Fabric w/Fabric 
Crown 12.8 9.7 26.3 23.5 

(100%) (76%) (100%) (89%) 
Haunch 13.8 10.6 24.2 19.9 

(100%) (77%) (100%) (82%) 

AXIAL FORCES 

T~e rlistributions ofaxial force calculated for the 
geofabric with EA = 14600 kn/m under backfi11 and traffic 
loads are shown in Fig. 7 with those calculated without 
the fabric. The variations of maximum crown and haunch 
axial forces with EA of the fabric are shown in Fig. 7. 
Although the axial forces increased with the use of geo­
fabric, these were sufficiently sma11 in a11 cases, that 
they had a negligible influence on the factor of safety 
with respect to development of a plastic hing (Fp). The 
increases in axial force due to the use of geofabric .,ith 
an EA = 14600 kn/m, are listed in Table 6. These increases 
are in the range of 13 to 83%. 

Table 6. Axial Forces 

Axial Forces Due to 
Location Axial Forces Due to Backfill & Live Load 

Backfi11 only (kN/m) (krl/m) 

w/o Fabri c w/Fabri c w/o Fabric w/Fabric 

Crown 46.7 57.0 46 .0 84.6 
(100%) (122%) (100%) (183%) 

Haunch 65.4 73.8 94.6 114.1 
(100%) (113%) (100%) (121%) 
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Fiqure 7. Axial Force Distribution. 

FACTORS OF SAFETY 

The factor of safety (Fp) against deve10pment of a 
plastic hinge may be calculated using the fo11owing e­
quation, which considers the effects of both bending 
moments and axial forces in the culvert: 

F = 0.5f {~\:)2 (f)2 + 4 - (: f)} (1) 
p p p 

in which P = axial force (kn/m) 
Pp = plastic axial capacity (kN/m) 



Session 4C: Siopes and Embankments 11 

~ 
z 
lIC 

t! 
'" ~ 
..J 
:! 
)( 
oe 
z 
~ 
'" (.) 

M = bending moment (kNm/m) 
M = plastic moment capacity (k~lm/m). 

p 

Using the bending moments and the axial forces listed in 
Tab 1 es 5 and 6, va 1 ues of F p were ca 1 cul a ted for the crown 
and haunch sections of the culvert. These values 
are 1 i s ted in Tab 1 e 7 for the geofabri c wi th an EA of 
14600 kN/m. The increases in factor of safety due to the 
use of geofabric are in the range of 11 to 2:%. 

Table 7. Factors of Safety Against 
Formation of Plastic Hinges 

For Backfill Loads 
For Backfill and Live 

Loads 
Location w/o Fabric w/Fabn c w/o Fabn c w/taon c 

Crown 4.69 5.98 2.34 2.59 

Haunch 4.01 4.99 2.34 2.81 

CROWN DEFLECTIONS 

Crown deflections due to backfilling are shown in 
Fig. 9 for both with and without geofabric. The calcu­
lateddeflectionsforbackfillingand live loadsarelisted 
in Table 8. The reductions in crown deflection due to 
the use of geofabric are in the range of 26 to 31%. 
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Figure 8. Variation ofAxial Force with Fabric 
Properties 
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Table 8. Summary of Crown Deflections 

Deflections Deflections Due 
Due to to Backfi 11 i ng 
Backfi 11 i ng and Live Loads 

Without Fabric 14.5 mm 26.9 mm 
(100%) (100%) 

With Fabric 10.0 20.0 TIm 
(69~;) (74;, ) 
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Figure 9. Crown Deflections During 
Backfi 11 i ng. 

CONCULS IONS 

This study of the behavior of an aluminum corrugated 
box culvert under backfi11 and 1 ive loads clearly indi­
cates the potential use of overlays of geofabric to in­
crease the factors of safety and reduce the crown deflec­
tions. The factors of safety against development of plas­
tic hinges increased by about 25% and the crown deflections 
decreased by about 30~. for the cases analyzed in this study. 
Thi s shows that the box cul vert can successfully perform 
with thinner structural sections when geofabric overlays 
are used. Thi s fl exi b 1 e cul vert-soil-geofabri c interac­
tive design would lead to a greater economy in the use of 
flexible metal culverts for bridges. 
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