


THE USE OF FASCINES TO REINFORCE FILL EMBANKMENT
ON VERY SOFT CLAY ’

BY

Supan Ongskul M.Eng., M.EIT

Regearch Report WNo.§
Materiala & Research Division
Department of Highways

June 1973



PREFACE

Conatruction of roads on soft clay is unavoidable in Thailand
since there is & large area in central part of the country which is
covered with alluvial deposit. Soft and very aoft parts of the deposit
are those areas closer to the gulf of Thailand, where big cities are
located and higher amcunt of roads are needed for transportation both
within and between the eitles. Problems of constructing roads on such
a soft foundation which enginecers are facing at the present time con-
cern malnly with very high eoxpense rate that comes from high construce
tion cost and maintenance gost. Highly accurate worke are needed in
investigating, designing, and constructing the rcads, Large settlement
or even fallures occcur during and after construction. Depreclation rate
of the roads 1s very high, Design life of the roads is much shorter
than the roads on firm foundation. A lot more investigations are

needed to set up eriterig: in design, comstruction and mairtenance,

It 12 a purpose of the Department of Highways to encourage

more research in this field such that anly winimum expemse will be spent,

Mﬂ [/ajwl_« /-Jq;_

(Chaleo Vajrasbukka)

Direector = General
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SYNOPSIS

The uge of fascines to reinforce the embankment on very soft clay was performed on
a section of Tag Pa - Pak Nam Road in the southern part of Thailand, The results
show that the B&#ight of £ill embankwent is up to about 3 meters without showing
any sign of failuyre. The settlement is rather high at the first stage after
completion of £f1ling, but its rate is reduced with time, The embankment is now
floating on this soft soil to serve the traffic as a feeder road.

1, INTRODUCTION

Ones of the major problesms encountered in the construction of roads in Thailand is

the very soft foundation soils that canmot aupport the weight of an embanlment to

tne required height. When a road must be built on this type of scil, such methods
as berms and relief piles are designed. The use of plaited wooden aticks, working
as reinforcement, called fagcines, is owme of method to solve this problem. The -
fascines are placed on the original ground surface before the embankment materials
are placed in position. )

The use of fascinea was tried at km, 2 + 480 of the Tae Pa - Pak Xam Roed in the
southern part of Thailand where foundation scil is very seoft, Before deciding to
use fascines, during the filling of the sand embankment, more than 1,500 cubic
meters of sand sub-merged into the soft soil., The fascines, made of wooden sticka
that could be found around the area, were designed and constructed to support the
weight of the embankment up to.3 meters. When the canstruction is completed the

" road will serve as a_feeder road under light to mediwm traffic volume.

2. SITE CONDITIONS

A new road from Tae Pa to Pak Nam in the southern part of Thailend was constructed
by the Highway Department Mechanical Equipment Training Genter at Song Khla, The
route starts from km, O + 000 at Tae Pa and ends at Pak Nam, lm & + 550, see Fig.l
The horizontal aligmment of the read is almost parailel to Khlong Tae Pe which is
a channel flowing to the sea. Generally, sub-soils of the area are gilty sand and
fine sand. They were used as a subgrade layer of the embankments.

Howsver, it was fournd that at lam, 2 + 480 the subsoil is very soft., This soft
scil area is a type of natural deposit formerly occupied by a shallow lagoon. The
area on the southern side of the road, as shown in Fig.2(a)}, is a relief area
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and g drainage area., The gilt and elay intermingled with some decayed organic :
constituents were brought into the lagoon in suspension by water, With decreasing
velocity of the water transporting the particles, the coarser particles, or sand
were deposited first, then silt and clay, Because the surface of the deposit has:
never before carried an overburden, the subsoil is unlikely to be able to sustain
the weight of fill more than a few feet in height,

From Fig.2(b), it can be seen that depth of the soft soil layer is down to about
10 meters below the originatl ground surface. Results from vene shear tests of this
soft soil layer showed that the undrained shear strengths are approximstely 0-2 -
+/n? and sensitivity is wp to 15, Below this soft layer, the soil is medium to
stiff clay whose unconfined compressive strengths vary from 3 to 23 t/mRand
increases linearly with depth, Silty sand and fine sand were found at a depth of
greater than 18 meters,

3,. THEQRETICAL CONSIDERATIONS

The theoretical considerations of the design of fascines on the base of embankment
iz based upon the giress distribution caused by the weight of embankment, see Fig.
3a). The settlement (S) of the embankment causes arching of the granular embank-
went material, This effect reduces the verticael pressure in the middle of the
cribankment and increases the pressure at the toea, A horizontal shearing streas
is also formed at the base of the embanlment and scts outwards towards the toes.

!.- l‘r’; 3.—,-?-\ .J'Ohi Yol — oy )
4 golution for the gtress distribution at the base of an embankment has heen
proposed by DAVIS and TAYLOR (1962). This solubtion is based on plastic conditions’
of a purely frictiopal material in two zones of the cmbankment. It is not sensi-
tive to changes in @', the angle of shearing resistance of the embankment matorial,
and generalized valuse for the distribution of the shear and normal stresses at the
bage of the embankment have besn obtained from this analysis. These values which
are in terms of the height and the top width of the embanlment are shown in Fig.
3(v) and 3(c).

4. DESIGN CONSIDERATIONS

Tne wooden sticks used as fascines were cut from the pangroves that are found in
the region of the test section. The wooden sticks are ahout 1-2 meters long and
3-5 centimeters in diameter. These wooden sticks were connected to make a long
rod by overlapping 40 centimeters at the ends and the overlap part was tied up by
rattan, Teat results showed that the average maximum tension force of two con-
nected wooden gticks waa 2,8 tons when failure occurred at the comnsetion, In
construction, the original ground surface was levelled by a 20 centimeter layer of
sand before the rods, with at lesat their length eguals to the width of the embank-

ment bage, were placed perpendicular to the longitudinal center line of the road,

The atress in the rods is computed by using the stress ddistribution at the base of
the embankment from Fig. 3 due to the surface ghear, teking this to be the temsion
in the rods, while flexural stress induced by the normal pressure is not considexed
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here, Each rod is assumed to be flexible enough so that it will not be broken by
the flexural atress., In order to fasten these rods to form a layer of fascines,
it is necessary to place the wooden sticks in a longitudinel direction with a
spacing of about one meter,

According to the stress distribution at the base of the embankment in Fig. 3 and
vaing the fgllowing values for the variables: Density of embankment material,

= 1.8 t}l’m3, top width of embankment, W = 10 meters, average meaximum tension
force of rod = 2.8 tons {from test), if rods of about 4 centimeters in dismeter
are placed 4 centimeters apart as shown in Fig, 4, the fascines should be designed
to resist all the shear stress occurring at the embanlment base since the subsoil
is wery soft. A strip of 8 centimeters width covering the whole length of one rod
then induces the tension force due to shear stress in one rod.
From Fig. 3 (&) and {c),

L = width of embankment base, '
H = embankment height above the fascines

o-o % = 1073H + g
=1,73H + 5 (1)
The average normalized shear gtress along 4B,
X7 o 0.33

H 2
X2y = 0,297 (2)

The average normalized shear stress along BC,

xx

2 W

—3F # (0.332 - 0,0226 §)

+ 0,33 - (0.332 - 0,0226 g)
2

X2, = 0.596H ~ 0,203 (3)
The average normaligzed shear siress slong €D,

_ 0.332 - 0,0226 1

2

b 4]
-

xz, = 0,299 - 0,203 (4)



S A
_eb the total shear force that acts outwards from the centerline to the loft half
:f road on the base of 8 centimeter wide strip be T which is resisted by one rod,
“hus '

. BC
. CD) (5)

T=0.08('le .AB+x32

+ X=

3

Let Hy= meximm or eritical height of embankment above the fascines, below which
fzilure of the rod by iension force does not ovour.

Azssume H = H = 6m,

Izi = 15.38 m. Bg. (1)
AB = 7,92 m.,, BC = 5.28 m.,, CD =2.18m,
¥, = L7t/ Bq. (2)
xz, = 3.37 1:/n12 Eq. {3)
Xz, = 1.59 t/u° ~ Eq. {4)

Jubstitute the above values in Eq. {5):
T = 2.83 tons ~ 2.8 +tons,
the average maximum tengion force of rod.
Whence H, = 6 mn,
I'Z‘he following step is to check the frictional force beftween the skin of the rods

end the swrrounding soil. From Fig, 3 (b), the average normemlized vertical strcess
slong AB,

- 0.95.
zl o - F3 g
Hc 2
z, = 513 t/m2
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The average mormalized vettical stress along BC,

2z - (l - 0095
—-&- oy 0.95 +* -—-—-—-——-.)-
Hc _ 2

3, = 10,50 tA°

The average normalized vertical stress along CD,

z W
3 = (0,191 - 0,0028 ~
g H, ( : Hc)

Ll L2 H
1~(0,191 0.0128 Hc)

*
2

7, = 6.32 t/a?

The skin friction of each rod, Pf, can be 6ompubed by the following equation:

- t

where D = average diameter of rod = 4 cm,,

1 = length-of rod
f = coefficient of friction

(from pile fourdation design, the recommended value of £ = 0,33 is used for
‘rough surfaces such as cast~in-place, timber or conerete piles)., The summation of
friction force for one half of a rod can be computed as follows:

£ = ¥ x0.04x0.33 ( 3, JB +3, JBC + 2, . CD)

= 4.55 tons
#hich is greater than 2.8 tons, the maximum tension force carried by one rod.

Since the flexural stress is not considered in the design, the embankment is
expected to settle into a saddle shape. Sagging down at the center of the
enbankment causes a problem of surface drainage that will inturn wesken the
pavement, To reduce the magnitude of the sag, swrcharge at both sides is
recompended to be applied before construction of the embaniment,



%, THE TEST EMBANKMENT

“he construction of the test £ill took place in 1972, during March, which is in
the dry season of Thailand, During the construction periocd the original ground
surface was still covered by water,

?i11 material used in the teat section ie fine sami of rather uniform gradatign.
The £ill was placed in layers and the awerags density, 7Y , was about 1.8 t/m”.

The conmnection of wooden sticks in the fescines is shown in Fig. 5. The firast
layer of the fascines vwas placed on the sand layst of about 20 centimeters thick,
Its level, then, was about at the Mean Sea Level, The size of the firat layer of
«he fascines is 60 meters by 30 meters as shown in Fig. 6{(a). It can be seen that
the width of the fascines layer wes about 30 meters wider than that of the base of
<ne embankment. The reason for thia is that the subsoil is very soft which would
cause & large gsettlement by the weight of embankment. Extending the width of
fescines leyer and placing the surcharge load at both sides of embankment to

form side berms, increases the rediug of curvature of the deflected fascines
layer during settlement. This reduces the flexursl stress occurring at the
fascines,

After 7 days filling, the embankment had reached an elevation of approximetely one:
=oter sbove the original ground surface, when cracks of 3-5 centimeters wide occur~
red at about 10 meters from the center line to the left side of the road,{see Fig,
5{a}) and the differentisl settlement along the cracks was sbout 20 centimeters,
In order to find the behavior of fascines wndermeath, digging along the cracks was
performed and it was found that the overlapped ends of the wooden sticka were

d, According to the vane shear strengtha of By in Fig,6(b},
it can be seen that the subsoil at the area of cracks is softer and the soft layer
is deeper than at the right side of road. This would cavse the differential
settlement, and the flexural stress that occurred at the fascines would be so high
that they failed., It was therefore decided to place a second layer of fascines,
#ith a width and length of 25 and 23 meters respectively, on the sand to cover all
~he cracks, as shown in Pig.6(a) ard 7. After this filling of sand proceeded
uantil the required level was reached. Lateritic scil was then, placed to serve as
e temporary surface of the road and reach the height of about 3 meters above origims
zround surfacs,

after 10 months of carrying & light volume of traffic, the embankment was bored,

iz the month of January, 1973, to find the elewetion of hoth the layers of
fuseines, According to the plan in Fig.é(a), the cross « sections along 4 - 4, *

: ~Bam C - € were token as shown in Fig,.8, and the settlement of the embaniment
«#as cbaerved to be about one meter without showing amy cracks, In order to keep
<he embankment height to 3 meters above original ground swrface, more fill material
#as put on the road, After completion £illing, the embarkment height above the
fascines was about 5 meters whick is less than the critieal Height of embankment

a3 calculated. .



6. CONCLUSIGNS

Due to the non-wmiformity of subsoil at the test section, the large differential
settlement that occurred, produced a high flexural stress at the layer of fascines.,
Tae design of fascines based on wniform subsoil is only a guide., In order to checlk
the design of the fascines for a large construction, a test section will be nseded.
It ia inevitable for settlement to oceur during and after filling the embanlment on
the fascines, This settlement can be divided inioc two parts as followa:

1. The gettlement due to flow of thg subgoll

This settlement occurs during and shortly afier completion of filling, Some soft

soil heaves up at the edges of the fascines, Settlement of this type reduces with
time wntil it stops and the embanlment floats on the soft soil with the weight of

embankment in equilibrium with the sibsoil reactions,

2, Ihe settlement dus Yo consolidation of subsoil

&3 time goes by, the embankment atill undergoes settlement of this type because of
the compresgion thet takes place in the subsoil., Newertheless, the amoumt of
gettlement within a certain period of time is not as large as the settlement due
to flow of the subscil,
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Fig. 5 Fancines
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Fig. .7 Second Layer Fascines
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