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Use of Non-Woven Geotextiles to Construct a Deep Highway Embankment Over Swamp Soil 

Emploie du geotextile non-tisse dans la construction d'un terreplein routier profond sur des 
sols marecageux 

This paper describes the project and construction of a 
bridge approach-four lane highway embankment located in 
an area of fast development in Southeast Mexico. Traffie 
of 20,000 vehicles per day is anticipated. Part of the 
highway runs through swampy and high compressibility 
soils. A non-woven heat-bonded geotextile was used for 
the construction of the highway. To evaluate the influ
enee of the geotextile On the behavior of the road, in
strumentation and rneasurements in four embankment sec
tions were made, two where high compressibility soils 
existed and the other two in the swampy zone. In each 
case a non-fabric contral embankrnent was built to com
pare results. This paper describes the results and eon
clusions of the swamp test sect i ons. The conclusionsare 
that the use of the geotextile under the embankment was 
beneficial in reducing the irregular and excessive pene
tration of the fill material into the swamp and that it 
also helped to form a working pad. 

INTRODUCTION 

Because of the increasing industrial growth of the Shore 
Plain Oil Basin in the Southeastern area of Mexico, the 
design and construction of an irnproved road infrastruc
ture for that region has become necessary. The existing 
highway does not provide eonvenient transportation fa
eilities especially between the city of Coatzacoalcos 
and the industrial areas of "pajaritos", liLa Cangrejera" 
and "Morelos" . This is due to the inetficiency of the 
bridge that crosses the Coatzaeoaleos river. The Mexiean 
Secretariat of Human Settling and Publie Works hassolved 
that problem by eonstructing a new bridge ealled Coatza
eoaleos 11, whieh is loeated 20 km upstream from the old 
bridge. This new bridge required the construction of 2 
approach highways from both sides of the river with 30 
km in length. The highway along the left riverbank 
crosses a soft soils zone which is located at the South
western part of the city of Minatitlan. The new .highway 
will be 22.50 m in width and will allow for 4 traffie 
lanes. An average of 20,000 vehicles per day is expected 
when the road is in service, most of them being trucks. 
A heat-bonded non-woven polypropylene geotextile was 
used for the eonstruction of the highway embankment. In 
order to determine the influenee of the fabric in the 
behavior of the road, instrumentation and measurements 
were carried out in four sites, two af them where high 
eompressibility elayey and silty strata existed and two 
other in a swamp zone. This paper describes the studies 
carried out in the swamp zone. Results of such studies 
and conr 1 w::d ons are also included. 

Fig. 1 Shows the initial and the final sections of the 
projected highway embankment: 

Le document decrit 1e projet et la construction d'un 
terreplein routier a quatre voies de circulation qui 
sert d'acces a un nauveau pont situe dans une zone d 

developement rapide au sud-est du Mexique. 
Une portion de la route longe une zone 

marecageuse et des sols de haute compressibilite. Paur 
1a construction du terreplein on a utilise un geotextile 
nontisse. A fin d'evaluer l'influence du geotextile dans 
1e comportement de 1a route on utilise et on effectue 
des mesures en quatre points: dellx dans 1a zone de haute 
compressibi1ite et les deux autres, dans 1a zone 
marecageuse. On a construit 1e terreplein avec et sauS 
membrane pOllr camparer 1es resultats. Daus ce document 
on mentionne les resultats et 1es conc1usions derivees 
des mesures effectuees dans les points de la zone 
marecageuse. Paur cette experience on a conclu que 1a 
mise en place au prealable du geotextile dans la 
construction du terreplein s'est traduite par 1a 
diminution des incrustations irregulieres et excesives 
du materiel de construction dans les sous-bassements. 
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DIMENS I ON IN METERS 

The project is located on the shore plain of the Gulf of 
Mexico. The most aneient geologieal formations in this 
area belong to the Tertiary period (Middle Mioeene). 
They have a sedimentary origin and are formed by stiff 
clays, shales and loose sandstones that outcrop in the 
hills of the region (ret. 1). The flood flatland u[ Llle 
Coatzaeoaleos river through whi ch part of the highway 
runs, is formed by reeent fluvio laeustrine depositsand 
by highly organic deposits that rest 
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on the strong Tertiary's formations. The annual rainfall 
is about 2,500 rnm, with rains almost all year long and 
with an annual average temperature of 26° C. This region 
is one of Mexico's most active seismic areas, with a 
maximum acceleration of the ground of 110 cm/s2, for a 
return period of 50 years (ref. 2). The most rec ent 
greatest intensity earthquake took place in August 26, 
1959 with an intensity of VII on the Modified Mercalli 
Scale and it caused severe darnages such as the failure 
of one section of the Minatitlan-Coatzacoalcos highway 
that goes through a big swamp land near the new road that 
this paper describes. 

2 STRATIGRAPHY AND PROPERTIES 

The line of the left riverbank highway, as mentioned be
fore, is located in a swarnp zone which has an almost 
permanent water head of approximately 0.50 m above the 
ground level. In a length of nearly 12 km we find big 
peat deposits from the surface, very compressible, with 
a highly fibrous structure, low shear strength andthick
ness that go es from 1.5 to 3.5 m. Its water content (W) 
reaches values as high as 750%, higher than the liquid 
limit (~~) that reaches values of 700%. The maximum 
void

3
ratio (e) is 14, and the unit weight (1) is 9.81 

kn/m. The shear strength (~f) in unconfined compres
sion tests varies between 2.94 and 7.85 kPa. Under the 
peat layer we find a high plasticity si l t stratum, with 
an average thickness of 1. 5 m, W =70%, w~ =80% and Wr =40%. 
Under this silt there are highly compressible organic 
clays, wirh an average W of 100% and"1:f between 9.81 and 
14.72 kPa and lenses of very loose quartz fine sands. Be
low a depth of IS m, sandy formations are predominant, 
whose compactness rapidly increases with depth. There
fore we may consider that the total depth of compressible 
soils, both organic and inorganic, is of about 13 to 17m. 
From the consolidation tests it has been observed that 
the group of deposits is normally consolidated and that 
the secondary consolidation is significative for peat. 

3 DESIGN CONSIDERATIONS 

Based on the analysis of stability of embankments built 
over soft soils and on the magnitude and distribution of 
the stresses, it was concluded that the low shear 
strength of the upper formations made it necessary to use 
berms in the embankment sections to obtain satisfactory 
behavior of the ernbankment. The highway has four traf
fic lanes, one central ridge and shoulders with a crown 
22.5 m wide. Surface drainage of 3% beginning from the 
center line is provided. The projected berms at either 
side of the road are 10 m wide, giving a total of 56,5 m 
in width for the working section, as shown in Fig. 1. 
The structure is as follows: 

a) Non-woven, heat-bonded polypropylene geotextile named 
Typar, Style 3401 manufactured by E.I. Du Pont de 
Nemours and Co. placed on the subgrade and sewn on
site. This geotextile is used to reduce localized 
shear failure that would genera te increased consump
tion of fill material that would penetrate differen
tially into the soft underlying strata and also to 
prevent contamination of the select material while 
allowing drainage and to help construct a workingpad. 

b) Fill and working pad formed with clayey sand placed 
over the geotextile. Use of this fill material is 
made since there is no other of better quality avail
able in the neighboring areas. 

c) Embankment formed by clayey sand compacted to 95% of 
the modified Proctor Cornpaction test. The upper 
0.30 m on which the sub-base layer will rest should 
be cornpacted to 100% of the above mentioned test. 

d) Pav~m~nt formed by a 0.15 rn thick sub-base, base 
course irnproved with Portland cement 0.20 rn thickand 
0.07 m asphalt concrete running surface. 
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e) Lateral berrns made up of the same material as the 
embankment . 

FIG . 2 ARROW ATTACK LOADING AND CONSTRUCTION 
STAGES (PLAN VIEW) 

CROSS SECTION A-A' (SEE FIG. 2) 

apPl1Ix . 34 .5m . 

-~h9d:~ 
I ~EXTILE 

appro •. 38 . 5m. 

FIG.3 CONSTRUCTION OF WORKING PAD 

CROSS SECTION B - B' (SEE FIG.2) 

oppra • • 52.0m. 

FIG . 4 CONSTRUCTION OF BERMS AND 

EMBANKMENT 

E - EMBANKMENT 

W P - WOR KING PAO 

B - BERMS 

F - F I LL 
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CROSS SECTION c-c' [SEE FIG.21 SUBGRADE LEVEL 
I- 22 . SOm. -I r 

o 1 t100m 

GEOTEXTILE 

r apro • . 6 2.S m. 

FIG.5 FINAL SECTION OF EARTHWORKS 

O-OVERLOAD 
E- EMBANKMENT 
B- BERMS 
F- FILL 

4 CONSTRUCTION PROCEDURE 

Construction of the embankment was designed according to 
the following stages: 

a) Preparing the ground by removing all the vegetation 
with a diameter of 0.03 m or greater. During con
struction it was observed that letting the vegetation 
remain was practical and it was not removed. 

b) Installing the polypropylene geotextile in strips 76 m 
wide placed transversally to the road. Edges are 
sewn to cover the project area using thread made of 
the same material, as shown in the detail of Fig. 2. 
The length öf each strip is 19 m (width of the strips 
is 22% in excess of working base to provide for set
tlement). Fabric is spread out directly over theswamp 
zone, wheather there is water head on the land ornat. 

c) Constructing the working pad. The starting edge of 
the geotextile is fixed on firm ground by covering it 
with fill. In this stage an arrow attack procedure 
is used (see Fig. 2), backdumping the material and 
spreading it from the center to the sides utilizing a 
D-6 type bulldozer which passes 8 times over the fjll 
to provide some practical compaction. The working 
pad is constructed at full project width including 
the berms. During this process, settlements and de
formations are produced; for this reaSDn the fill ma
terial has to be adjusted, redistributed and re-Iev
eled constantly until the working pad reaches thelev
el established in the project (approximately 0.50 m 
above the water head). (See Fig. 3). 

d) Simultaneous working up of the embankment and berms 
up to the final level of the berms. (See Fig. 4). The 
berms, 10 m wide with a 4:1 slope are symetrically 
formed on both sides of the working pad utilizing 
same materials and using the same cOflstruction proce
dure as in cl. The body of the embankment is formed 
by 0.3 m deep layers of material, compacted until 
they reach 95% of their maximum dry unit weight, ac
cording to the modified Proctor Compaction test. Ta 
campiete the berms same procedure is used. 

e) Completion of the body of the embankment and a 1.0 m 
deep surcharge measured from top of the body of the 
embankment following the same construction procedure 
as used in d). (See Fig. 5). 

Ollee 80% of the predicted settlement i8 reached, thc Gur
charge material is removed and dumped over the berms. 
Following this, 0.3 m of material are scarified and re
compacted to 100% of its maximum dry unit weight accord-
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ding to the modified Proctor Compaction test. Thisis 
followed by the final construction of the pavement. 

Photo Aspect of Geotextile sewn on-site withelec
tric portable bag closing machines and 1050 
denier polypropylene thread. 

5 INSTRUMENTATION AND MEASUREi'!ENTS 

In order to evaluate the influence of the use of the fab
ric in the behavior of the road in areas of soft 50i1s, 
a research program was developed to include the con
struction of two test sections along the embankmentwhere 
Typar fabric was not used and fill was placed directly 
on the subgrade. The first test section was located 100 
m fram the fabric section on the swamp zone and theother 
100 m from the fabric section on the highcompressibility 
area. This provided 4 contra! stations: one on swampwith 
geotextile, another one on swamp without it and also 
one on highly compressible soils with gectextile and 
another one on same 80il without geotextile. This wayit 
would be possible to carry on a full comparative study. 
The instrumentation of each station consisted on theuse 
of the following devices whose positions can be seen in 
Figs. 6 and 7. 

a) Nine bench marks, five over ground level and four 
over the surface of the embankment. Two bench marks 
with a plate base installed at a depth cf 2 m from 
grade line and a deep bench mark as a fixed reference 
for all levelings. 

b) Five hydraulic cells of 0.20 X 0.20 X 0.18 m in
stalled 2 m under grade line, positioned in different 
embankment spots. 

c) Three Casagrande-type open piezometers and twc pneu
matic piezometers installed at various depths in both 
pervious and impervious soils placed under the center 
line of the section. 

d) Three inclinometers of aluminium tuoing with a digi-
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Photo 2 Fill material for construction of the work
ing pad is back-dumped. 

tal eleetrie pendulum with an average depth of 20.5 m 
in the section without membrane and 26.7 m in thesec-
tion with membrane. 

The installation of these devices permitted the evalua
tion of settlements, horizontal and vertieal displace
ments and the evolution of pore pressures. Readingswere 
taken periodically over aperiod of 7 months. It is im
portant to mention that in the section without geotextile 
the instruments failed prior to the dumping of fill due 
to the streng ground displacements; for this reason the 
instruments were replaced after the fill was in place. 
In addition to the bore holes made before the embankment 
was constructed, three more were made after construction 
in the section without fabric and six in the section with 
fabric, located in the center line and on both sides of 
the road. 

6 RESULTS 

The results shown in this paper are the ones obtained in 
control section #1 which correspond to thenon-geotextile 
embankment portion constructed on swamp and to control 
seetion 02 which did use geotextile and was construeted 
on same type of subgrade soil as eontrol section #1. 
Table 1 shows the magnitude of vertical displacements 
measured in the bench marks of both sections during an 
observation per iod of 7 months. The loeation for eaeh 
beneh mark can be seen in Figs. 6 and 7. It can be seen 
also that the bench marks installed in the surface expe
rip.n~ed lp.AA spttlpmpnt in section 2 than in section 1. 
Settlements for the plate-base benehes were practieally 
the same. Two months after construction, a substantial 
reduction in the rate of settlement was observed, which 
cao be assumed as an indication of the enrl of the prima-
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ry consolidation. 

Photo 

/' r / 
3 Haterial is spread out from the center to 

the sides following an arrow attaek type of 
loading. Displacement of the peat ean be 
seen. 

Table 1. Settlement values of beneh marks in sections 
and 2 

Section 1 without Section 2 with 
l'.eote.xtile oeote.xtile. 

Bench No. Displacement Beneh No . Displacement 
(m) (m) 

B-I 0.45 B-I0 0.11 
B-2 0.44 B-ll 0 . 05 
8-3 0.24 B-12 0 . 00 
8-4 0.29 8-13 0.02 
B-5 0.16 B-14 0 . 01 
8-6 0.33 8-15 0.32 
B-7 0.42 B-16 0 . 21 
8-8 0.37 B-17 0.16 
B-9 0.25 B-18 0 . 12 

PB-l 0.28 PB-3 0 . 25 
PB-2 0.25 PB-4 0.30 

The readings obtained from the hydraulie eells i ndieate 
that the maximum settlement occured on the center and on 
the side of the embankment where the depth of fill and 
soft 50i1s 1s greater. It is also observed that in sec
tiOD 2 (with geotextile), the settlemel1L curve shuws a 
more convex pattern than in section 1, which is advan
tageous since the stress distribution is more homoge
neous. The piezometric measurements show that the pnrl"' 
pressure tends to diminish in both sections with time. 
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The excess pore pressure was in average 9.81 kPa, 7 
months after the embankmen t was completed. Thehorizontal 
displacements measured by the inclinometers, show that 
the maximum movernents took place in the fill and in the 
soft soils. Six months after installation of theinclino
meters, the maximum horizontal deformations of the fill 
were 0.035 m in section 1 (without geotextile) and 0.04 
m in section 2 (with geotextile). In the soft soils they 
were 0.04 m in section 1 and 0.017 m in section 2. Dur
ing the construction operation, strang horizontal dis
placement of the peat occured over a large distance. 
Posts situated 50 m apart from the edge of the road were 
caused to lean. Figures 6 and 7 show the intrusion of 
the fill into the subgrade determined by boreholes. The 
fill was found in a loose state, with a value of N=5, 
except in the first meter, as a consequence of too deep 
layers of fill placed during construction. A first es
sential difference between the control sections was 
found in the initial fill intrusion that took place dur
ing and immediately after the placement of the fill. 
Table 2 shows this difference. It is observed that in 
general, the depth and thus the volume of the intruded 
fill is in average two times greater in section 1 than 
it is in section 2. In both sections an asymmetrical 
volume of fill is displaced to the left of figures 6 and 
7. The causes for this being the inclination and the 
thickness of the sandy silt layer that lies slightly 
under the fill. In Figs. 8 and 9 a comparison is made 
beLwee" the stratigraphy before and after the construc
tion of the embankment in the cent er line of the road 
for both sections. In these figures it can be observed 
that the magnitude of the fill intrusion is greater in 
section 1 than in section 2 as shown in table 2 as weIl. 
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FIG.7 INSTRUMENTATION OF 5ECTION 2 
EMBANKMENT WITH GEOTEXTILE 

Table 2. Intrusion of the fill into the subgrade in sec
tions 1 and 2 

Section 1 
'i .... ~thout Section 2 

\,Üh 

geotextile geotextile 

ßorehole No Fill Intrusion rlorehole No Fill Intrus iou 
(m) (m) 

5-1 5.2 5-4 3.4 
5-2 3.0 5-5 1. 0 
5-3 5. 1 S-6 3. 0 

Also, it can be seen that the thickness of the peat layer 
is considerably redu ced in the final stage of the work 
due to the great disnlacement of the material induced by 
the progress of construction and to a lesser degree due 
to the immediate settlement; this last effect caused a 
strong thickness reduction on the other soft soils. It 
should be noted that from a determined depth, the und er
lying strata were not affected, at least at the end of 
construction. Figs. 8 and 9 show that in section 1 where 
the geotextile was not used, deeper strata deformations 
took place. 

7 CONCLU5IONS 

As a result of the instrumentation and the observed be
havior of sections 1 and 2, the following conclusions 
were found: 

629 



Session 3C: Siopes and Embankments I 

BEFORE CONSTRUCTION AFTER CONSTRUCTION 

~ I EMBANKMENT 

____ /' -- -- - -+ - -- - -t----..,.......,.......:...,,.......,,,--~ __ .......... ..---

/' , 

ORIGINAL 
GROUND 

LEVEL 

f1G.8 

Ei 
~ 
CI) 
z 
0 
i= 
~ 

CL '" ...J 

'" 

SM 

N- SPT BLOW COUNT 

~PEAT ~ CLAY 
~ SILT 

CJ SAND 

~ GRAVEL M ORGANIC CLAY 

STRATIGRAPHie COMPARISON BEFORE AND AFTER 

CONSTRUCTION OF THE HIGHWAY EMBANKMENT 

SECTION WITHOUT GEOTEXTILE 

o 

5 

10 

15 

20 

a) The maximum intrusion of the fill into the original 
ground level during and immediately afterconstruction 
was greater in section 1 without geotextile than in 
section 2 with geotextile, therefore the use of such 
material prevented excessive fill consurnption for the 
construction of the embankment. Savings were in the 
range of 50%. 

b) The evolution of settlements was slightly greater 
without geotextile than with geotextile, but from a 
practical point of view, it can be said that the set
tlements occurred in the same way and magnitude in 
both cases. 

c) The horizontal displacements measured in the fill 
were practically equal in both sections nevertheless 
the vertical ground displacements were greater in 
section 1 than in section 2. From this, it can be 
stated that the restriction imposed by the geotextile 
reduced the magnitude of the stresses in the contact 
area between the embankment and the subgrade. 

d) The settlement curves reported from the pressurecells 
measurements showed a more convex pattern in section 
2 than in section 1 which implies a more even profile 
of the embankment base and a more homogeneous stress 
distribution. 

e) From a constructive point of view, the use of the 
geotextile greately helped the begi~ning of construc
tion of the embankment by providing a more stable 
working pad. 
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f) It is expected that in the future, the more even in
trusion of the fill into the subgrade soil, will re
duce the need for maintainance since the generation 
of differential settlement HilI be less . 
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