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The main content of the paper is evalution stress distribution, deformation rate in embankment
and soft soil reinforced concrete pile combined geotextile below the embankments in geological
conditions in Mekong delta by finite element method to Geotechnique-designer have to notice the
correlation of rational pile-distance and embankment-depth when design weak foundation.
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1. Introduction

With the rapid growth of the economy and the trend of industrialization and
mordenization of the country, the demand of developing buildings, factories
and other infrastructures in Vietnam increases, especially in the Mekong Delta
area. Because of the geological structure property of Mekong Delta is mainly
soft soil, the foundation depth can vary from 30 to 40m. To meet the demand of
infrastructure development, there some studies and researches done recently on
this geological structure.

The divergent subsidence due to causeway, path way to the bridge, storage
has caused difficulty for the transportation and facility in some areas in
Hochiminh city. For instance, according to Hochiminh city Transportation
Department, the sunsidence on Nguyen Huu Canh street varies from 0.5 to 1m.
There are some proposal solutions to solve this issue such as concrete piles,
sand piles, reinforced concrete, soil&cement mixture to reduce load, etc...
These solutions takes a lot of time and are not efficient. Recent years, there is a
solution for the foundation called “The embankment on the pile conbined with
geotextile”. Hopefully this solution will solve the issue.

The evaluation and analysis on stress distribution, ground deformation and
reinforced concrete and geotextile treatment on soft soil is extremely essential to
find the new solution to improve the quality of foundation in Mekong Delta area.

2. Theoretical basis

2.1. Theory of soil arching

According Terzaghi (1943) arching effects have been described. Arching
effects base on his experiment on the trap-door effects as shown in Fig. 1.
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Stress Distribution Equation:
(6,+dc,)'S-0.S+21,.dz-dG =0. (1)
With o, is vertical effective Stress (Z direction), T,, is shear stress on xz

plane, S is width of trap-door, G is weight of soil on trap-door, y is the soil unit
weight.
The equivalent equation:

W '
z ?’ 5 do*S =y"Sdz-21_dz. (2)
i txf, Vv X According  to  Mohr-
dz' —_ 1) ‘K‘ Y Il‘l <=0y Coulomb, the Shear Stress at
failure can be expressed as:

T, =C"+0,tane’. (3)

With C’ and ¢’ are the

% trap - door effective cohesion and friction
7 7

) | angle of the soil. The effective

Fig. 1. Description of soil Arching analysis horiziontal stress as afunction of

ith T hi’ h . . .
with Terzaght’s method verticle effective  stress is

6, =06,K , Terzaghi determined

that K=1 based on his experimental results.

The equation is written as:

do.S =y'Sdz—2(C’ +6_K tan¢’)dz. @)
Dividing both side of Equation (4) with ¢, and s:
(dGZJ:le_ 2C dz—zK tan(pdz. 5)
G, G, S*GZ s

The solution for the differential equation is as follows

* ’ 'z 'z
.. =S£Y*—2C/S){l—e 2K tan 2 }er*e 2K tang’s
2°K" tan@’

According to the result found by Terzaghi, K=1. Solve equation (6) gives
an exponentially increasing vertical effective stress within the embankment fill
between the two rigid foundations. Comparison between effective vertical
stress distribution with the linearly increasing geostatic vertical stress is shown
in Fig 2. Due to arching, the vertical stress acting on the ground surface below
the embankment is much lower than the geostatic vertical stress.

Arching is difined by Mc. Nulty (1965) as “The ability of a material to
transfer from one location to another in response to a relative displacement
between the location. A system of shear stresses is the mechanism by which
the loads are transfer”.

(6)
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The Nordic Guiline method helps analyze arching in soil is suggested by
Carlsson (1987), this method shows the angle of arching is 30 degrees refer to
Fig. 5.
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Fig. 2. Typical vertical stress distribution of embankment fill between trap-door of Terzaghi

Weight of the soil is calculated in 2D as below:

(b-a)’
~4tanise " @
with a is the width of the pile, b is the distance between the centre of 2 piles, v is
unit weight of the embankment.
Svant et al. (2000) suggested the soil weight formula in 3D

Y )2y 1 33
W—za{b H 6tanB[(a+Htanﬁ) a ]} (8)
With a is the width of the pile, b is the distance between the centre of 2 piles, y
is the soil unit weight, H is the height of soil layer.
Development by Jones et al. (1990) based on the past study by Marston and
Anderson (1913) about the peak of the spherical dome between piles.
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Fig. 3. The shear stress path when trap-door min Fig. 4. The shear stress path when trap - door
displacement of Terzaghi max displacement of Terzaghi




20 ISSN 2410-2547
Omip MatepianiB i Teopis copyx/Strength of Materials and Theory of Structures. 2019. Ne 103

lLLlllllllllllNW“ﬂ

F
h 3 \
@
o
=
= _ A
(a) (b)
Fig. 5. Soil wedge model (a) 2D; (b) 3D defined by Carlsson
REERIENENENENRNERRE
May reach the surface ar not,
Spharical ng on H One biaxial
W doms xa two.
A |s-8) unizxial
reinforcament
..... layars
A | i

-l—h L

a s-8 i

4

1 g 1

Fig. 6. Hemispheric in BS 8006

Analyze the spherical dome based on the ratio between pressure on the pile

and vertical stress on the soft soil layer, P, /Gv

2
P =3, [%} - ©)

With: C, is soil arching coefficient (C,=1.95(H/a) - 0.18 for end-bearing pile,
C. =1.5(H/a) - 0.07 for friction and other pile), a is the size of the pile caps, H
is the height of the embankment.

2.2. Load Transfer

McNulty (1965) and Kempton (1998) The ratio of the vertical stress on top
of the cap:

)

YH +qo°
Where: p, is average vertical pressure above geosynthetic, g, is uniform

(10)

p:

surcharge on the embankment, 7 is tension on geotextile, p = 0: Represents the
Complete soil arching / p = 1: Represents no soil arching, y is the soil unit
weight.
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Fig. 7. Load transfer (cited in Li, 2002)

Han (2003) The ratio of the vertical stress on top of the cap:
GC
=< 11
= (an
With ©, is vertical stress on pile, G is vertical stress between piles.
Schimidt (2004) The ratio of the vertical stress on top of the cap:

G A/
Oy y'H 4.

I' is the soil unit weight, / is height of embankment, 4, is Cross sectional area

(12)

of pile.

2.3. Factor that determines arching

Ratio that determines arching

CSR is the column stress ratio

SRR is the stress reduction ratio

N is the ratio of the vertical stress on top of the cap and £ The piled
embankment efficacy.

(¢} O

CSR=—¢4=—+*<_| 13
o (YH+q) ()
o o
SRR=—"2=—*% (14)
o (YH+q)
GC
GS
G, xa
E=—<- 16
- (16)
With: v is the soil unit weight, H is height of soil layer, g is surcharge load,
— AC
T w4

A, is pile cross sectional area, 4, is area of the soil associated with the column.
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According to BS8006:1995 and some researchers, SRR is calculated as
Table 1.
Table 1
The stress reduction ratio
No. The stress reduction ratio No. Equa
1 | BS 8006 ,
1995 SRR = 2*5 :(;VH;'ZQ)(S _a) * SZ _az i
(8 —a’y*yH yH (17)
With H < 1.4(S-a) | a18)
8% P
SRR=L2L1* Sz —az L (19)
(S+a)' *H yH
With H > 1.4(S-a)
i £ Ca
7H H
2 Terzaghi 22 ~AHaK tang (20)
SRR=——2) 1y s
4*¥ H*a*K *tang
3 | Randolph 1 @n
1988 =
1K (-k,) 2
P (1—EJ —(1—EJ[1+EK ) & 1,
K, +1 ) ) 5 L s
4 | Guido - 22
SRR — (s—a) (22)
3V2.H
5 | Low1994 (23)
K -1)(1-8)§
=( P )( ) +(1_§)(K.‘Fl) l_i_—s
2H*(K,-2) 2H 2H(K,-2)
6 Carlsson s-a (24)
SRR= ——
4.H.tan15"
7 | Kivilo 1 (25)
1998 CSR=——F7—
a,+ % (1-a,) (26)
col
SRR = Emil
Ecznias- + Esm‘l (1 - as)
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In which: H is height of the embankment, ¢ is external load, s is distance
between pile center, a is Area replacement ratio, C, is arching coefficient
(C.=1.95(H/a) - 0.18 for end-bearing pile, C, = 1.5(H/a) - 0.07 for friction and
other pile), p"is angle of friction of the embankment fill, K is coefficient of later
earth pressure (K = 1)

_ l+sing

" 1-sing
is Rankine coefficient of passive earth pressure, £, is Modulus of elasticity of
the column, E,,; is Modulus of elasticity of the unstabilized soil surrounding the
column.

3. The embankment on the pile conbined with geotextile
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Fig. 9. Geosynthetic reinforced pile supported embankment [4],[5]
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Fig. 10. Arching in embankment [4], [5]
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3.1. Geosynthetic reinforcement

3.1.1. BS 8006 (1995)

One of the formulas to calculate the tension force in the geosynthetic based
on the BS 8006 is as follows.

Wr(s—a) 1
=24 iy L 2
T, " 1+68 , 27

where 7,, is the tensile force per meter geosynthetics, W7 is distributed vertical

load acting on the geosynthetic between the piles, € is the strain in the
geosynthetics (%), a is the pile cap size and s is the center-to-center spacing.
3.1.2. Zaeske (2001) and Kempfer (2002)

SWTARIA

ag+day

Fig 11. Multi aching model [2]

The equation is developed:

o
—cszu+(62+dcz)dA0—4csq,dAssin[ (;'” J+de:0. (28)

Where:
d4, = (r5(P)2, (29)
ddy=(r+dr)*(3,+dd,)*=2d8, 1> 8, +2dr-r-8,°+r*-8,%,  (30)
1 1
dd, = (r+2dr) By +2ddy) dz=dz 73, (D)
dV=(r+%dr)2-(8¢+%d5q,)2'dz=dz'r2-d5¢2. (32)
The equation is developed the tension force in the geosynthetic:
&z_0, Cox
o += (33)
2. j\/1+(z dx+2- j 1+(z -dx—1,
H= (34)

2~({(1+(z )dx+2j(1+(z )~dx
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Where
_ Oy X Ol X BW
Zp(X)=Ayy e+ Ay e -—-, 0<x<i,
Ay (35)
Oy - x Oy X
Zl:V(x)ZOLW'(Al,W'e Py e )
The tensile force per meter geosynthetic:
S(x) = e(x)/J = H-J1+z"%(x). (36)
3.2. Result of model
p
p=20 54 104 kNm? ‘L \L \I"LV
Measured values: 0 'S 4 * N
|
QO p=20 st‘m2 II | ‘l
s 60 \
O p=54KkN/m b 4 A
2 £ | |_p+yih-2) |
A p=104 kN/mi 80 [~ II 'I |
|
9 0| a
P | i
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Fig. 12. The result of model Zaeske (2001) [2]

According to the experiment by Zaeske (2001), it is proven that the ratio of the
arching in soil with the real dimension is 1/3. This includes 4 piles in soft soil. On
the top of each pile is covered by geotextile with the earth pressure cells.

The experiment result is recorded as below:

Case 1: distance between 2 piles s =70cm, sand layer’s thickness of 35cm,
applied loads of 20kN/m?, 5420kN/m? 10420kN/m”. Vertical stress is measured
at distance of Scm, 15¢m, 25¢cm between and above the top of 2 piles.

Table 2
Case 1
p (kPa) o (kN/m’) h (cm)
20 15-16-19 5-15-25
54 33-42-45 5-15-25
104 65-75-87 5-15-25

Case 2: distance between 2 piles s = 70cm. sand layer’s thickness of 70cm,
applied loads of 20 kPa, 54 kPa, 104 kPa. Vertical stress is measured at distance
of Sem, 20cm, 30cm, 45¢cm, 55cm between and above the top of 2 piles.
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Table 3
Case 2
p (kPa) ¢ (kN/m?) h (cm)
20 15-20-29-25-22 5-20-30-45-55
54 20-33-46-54-57 5-20-30-45-55
104 35-57-73-95-107 5-20-30-45-55

4. Design of ingenieurgesellschaft geotecgnik walz (igw) used for Hung

Loi metro in Can Tho City, Vietnam

The model uses cylindrical piles with diameter D = 300mm, spacing
between  piles S=4000mm, reinforced concrete = dimension  of
1500x1500x300mm, above is geotextile with the height of 500mm for big sand

particles. Concrete layer 10x20 B.15 thickness of 250mm, rock layer 0x40mm
thickness of 350mm.

The model is ilustrated in Fig.13.

L. PN

PN
Sl ) /L] i Lo WL AL w
= S 8

o

i z

7 14ai.
§
f
El ¢

l_ Damp nylon sheet 0.3mm Di
 TED 1 750 - T80 TE)
1500 1500
e =
g RC - PILE 2300 g RC - PILE @300

Fig. 13. Design of (IGW) used for Hung Loi Metro in Can Tho City

Deformation of the structure after completion of project in Fig. 14.
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Fig. 14. Differential settlement of Hung Loi Metro project
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5. The development of the new model

Redesign the model using
reinforced concrete piles with
B.20, cross section area of
300x300mm, spacing between
piles varies from 1.0m, 1.5m,
2.0m, 2.5m, using Mac 40
geotextile to put on the top of
each pile. Sand layer is 1m high,
reinforced concrete thickness of
150mm. Using Plaxis 3D Tunnel
and Mohr-Coulomb to model with
the following parameters.

Fig. 15. The development of the new model to repair

Hung Loi Metro in Can Tho city

Table 4
Properties of soil layers
Layer 1 Layer 2 Layer 3 Sand .
layer Unit
Properties Index Sand
Soft soil stiff clay sand embank
ment
- : T
Horizontal coefficient k. 0214%10-6 | 1.2%10-4 2%¥10-2 3*%10-2 cm/s
ratio
*10-
Vertical coefficient ratio ky 0.12%10-6 | 0.6%10-4 1¥10-2 7 el
Modulus of elasticity of
the unstabilized soil Eoed 1252 14900 28860 30000 kN/m?
surrounding
Poisson ratio v 0.35 0.33 0.3 0.3 -
Cohesion oy 8 71 1 1 kN/m?
Angle of friction of soil @’ 18°16° 26°58° 300 300 degree
Table 5
Properties of reinforced concrete pile
Properties Index Unit
Modulus of elasticit
\ y E 2.9%107 KN/m?
reinforced concrete
Area of section A 0.3*0.3 m2
Poision ratio % 0.15 -
Base thickness h 0.15 m
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5.1. The analysis of model used Plaxis 3d Tunnel software

5.1.1. Pile subsidence

To create the spherical dome, there should not be any subsidence on the
piples, the limit subsidence is S<= 10mm

5.1.2. The effect of geotextile

Geotextile with high expansion, there should not be any damange on
geotextile under load.

5.1.3. Sand layer

Sand particles are big with ¢’ = 1kN/m2, ¢’ = 30 degrees, the height of sand
layer should be corresponding to the distance between piles.

5.1.4. Reinforced concrete layer

There needs to be reinforced concrete layer for the load distribution to avoid
stress concentration on critical points.

5.2. The analysis result of the model

ktm2)
J 0
000
50
000
76,000
100,000
125000
15000
17500
2000
250
25000
2700
a0
326,000
360,000
375,000
400

Fig. 18. The tensile force per meter geosynthetic

5.2.1. Stress Distribution
Below are the graphs of the relationship between stress distribution and the
pile spacing.



ISSN 2410-2547

29

Omip MatepianiB i Teopis cropya/Strength of Materials and Theory of Structures. 2019. Ne 103

With the pile spacing S = Im and S = 1.5m, the vertical stress value at the
top of the pile is maximum, in the higher up than the top of the pile, the vertical
stress tends to decrease and distributed equally near the armoured concrete slab.

150

T y - T
s 1T T T

Pile Spacing S=1.0m

vEEE A

—®— H=0.083 H=0.417
H=0.0417 —*— H=0.783

150 7 — ———
IRE=SEE=SNEE=0
50 &\-:‘\E‘F,_*
0 Vet

0 2 4 6
Pile Spacing $=1.5m

—8—H=0.083m —+— H=0.167m
—— H=0.783m H=0.967m

Fig. 19. The vertical stress on top of the top pile

with §=1.0m

When the pile spacing is
farther S = 2,0m and S =2,5m, the
maximum vertical stress value at
the top of the pile is 1.5 times
higher than the pile spacing S =
2.0m and S = 2.5m, in the higher
up than the pile head, the vertical
stress tends to decrease but not
distributed equally near the
armoured concrete slab.

5.2.2. The vertical stress on
top of the top pile ratio

The vertical stress on top of the
top pile ratio n = 6./c;

- Spacing between piles and
hight embankment S=1m, H= 1m

When § = Im, H = 1Im. The
stress concentration factor at the
top of the pile is n = 6.8, in the
higher up than the pile head, the
vertical stress tends to decrease
and distributed equally near the
armoured concrete slab. The stress
concentration factor n=1.12.

- Spacing between piles and
spacing between pile S=1.5m,
H=1m.

When S = 1.5m, H = 1m. The
stress concentration factor at the

Fig. 20. The vertical stress on top of the top pile
with §=1.5m

0 2 4 6 8
Pile Spacing S= 2.0m
| —#— H=0.083m H=0.417m
—— H=0.583m H=0.917

Fig. 21. The vertical stress on top of the top pile
with §=2.0m

2 4 6 8
Pile Spacing S= 2.5m
—— H=0.0833m —®— H=0.417m
—— H=

Fig. 22. The vertical stress on top of the top pile
with §=2.5m

top of the pile is decreased n = 4.93, in the higher up than the pile head, the
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Fig. 23. Relation between the vertical stress
on top of the top pile ratio and hight
embankment with spacing between piles is
1m (a), 1.5m (b), 2.0m (c¢)

vertical stress tends to decrease and
distributed  equally near the
armoured concrete slab. The stress
concentration factor n=1.12.

- Spacing between piles and
spacing between pile S=2m, H = Im.

When § = 2m, H = 1m. The
stress concentration factor at the top
of the pile is decreased n = 3.44, in
the higher up than the pile head, the
vertical stress tends to decrease and
not distributed equally near the
armoured concrete slab. The stress
concentration factor #=1.68.

6. Conclusion and

recommendation

6.1. Conclusion

- The coefficient of stress
concentration 7 or the inverse n* will
depend on the distance between
piles. The further the distance is, the
more n decreases and the more n*
increases.

- The height hy,, 2 S will make

the spherical dome become clearer.

When Ay, >S/2  then hg=S/2.
When /g, <S/2  then arching
height hg= hy,, -

- When the height cao

hgap <S/2 the deformation is not

uniform, and the other way around.
When choosing the sand layer, we

should ~choose  /y,, >S/2  and

depend on the distance between the
piles.

6.2. Recommendation

- Structure of the project is not
reasonable. We should choose
Structure of the project bearing
capacity distribution.

- When applying the new model, notice that the distance between piles and
the height should be carefully considered to improve and increase the efficiency

of the arching..
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Nguyen Anh Tuan, Nguyen Tuan Phuong

EVALUTION ON STRESS DISTRIBUTION, DEFORMATION RATE IN EMBANKMENT
AND SOFT SOIL REINFORCED CONCRETE PILE COMBINED GEOTEXTILE BELOW
THE EMBANKMENTS IN GEOLOGICAL CONDITIONS MEKONG DELTA

With the rapid growth of the economy and the trend of industrialization and mordenization of
the country, the demand of developing buildings, factories and other infrastructures in Vietnam
increases, especially in the Mekong Delta area. Because of the geological structure property of
Mekong Delta is mainly soft soil, the foundation depth can vary from 30 to 40m. To meet the
demand of infrastructure development, there some studies and researches done recently on this
geological structure.

The evaluation and analysis on stress distribution, ground deformation and reinforced concrete
and geotextile treatment on soft soil is extremely essential to find the new solution to improve the
quality of foundation in Mekong Delta area. The main content of the paper is evalution stress
distribution, deformation rate in embankment and soft soil reinforced concrete pile combined
geotextile below the embankments in geological conditions in Mekong delta by finite element
method to Geotechnique-designer have to notice the correlation of rational pile-distance and
embankment-depth when design weak foundation.

Keywords: Geosynthetic reinforced pile, soft soil, pile embankment, foundation, FEM.
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OLIEHKA PACHPEJIEJEHHMSI HAMNPSIKEHUM, CKOPOCTHU JIE®OPMALIMM HA
HACBIIIN U TEOTEKCTHJIE KOMBUHHUPOBAHHOI'O BETOHA H3 MII'KOI'O
I'PYHTA B I'EOJIOT'MYECKHUX YCJIOBUSAX AEJbTbI PEKU MEKOHI'

C OBICTPBIM POCTOM SKOHOMHUKH ¥ TEHICHIMEH K HHAYCTPHAIM3ALMYI U MOACPHU3ALMH CTPAHbI,
CIpPOC HAa CTPOMTEILCTBO 3A4aHMH, (GaOpuk M Ipyrux BUIOB HHGPAcTPyKTyp BO BbeTHame
yBEJIMYMBACTCs, OCOOCHHO B 00JacTH JeibThl MekoHra. M3-3a 0COOEHHOCTEH TI'€0JI0rHYecKoi
CTPYKTYpbl B JIeJIbT€ pekd MEKOHra mpeo0JialaloT MsrKWe TPyHTBL. [yOMHA 3aJI0kKEeHUS
(yHIaMEHTOB COOpY)XEHHH MOKeT BapbupoBarhecst oT 30 10 40 merpoB. Uro0bl YAOBIETBOPHUTH
HOTPEOHOCTh B Pa3BUTHU MH(PACTPYKTYphl, HEAABHO ObLIM IPOBEICHBI HEKOTOPBIC HCCIICIOBAHHS
3TOH Ie€0IOrMYECKON CTPYKTYPBI.

BbUTH BBINOJHEHB OLEHKA M aHAIM3 PACIPEACNICHHs HANpPSHKCHUH, aedopMalMy IpyHTa,
KeNe300eTOHHBIX KOHCTPYKIIMIl i T€0TKaHH B MATKOM IpyHTe. Takas OLeHKa Upe3BbIYaliHO BaXKHA
JUISL TIOMCKa HOBBIX IOJXOJOB, HANpPaBJICHHBIX Ha YIIy4IICHHE XapaKTEPUCTHK (yHIAaMEHTOB
COOpY)KEHHI B paiioHe JesbThl peki MekoHr. OCHOBHBIM METOJOM HCCIIEIOBAHUS SBISIETCS METOJ
KOHEYHBIX 3JIEMEHTOB.

KiroueBble cj10Ba: apMHPOBAHHbBII I'€OCHHTETHUECKUI MaTepHall, MSATKUH T'PYHT, HACBITHOM
IPYHT, PYHIAMEHT, METOZ KOHEUHBIX JIEMEHTOB.
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