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Performance of Helix Piled Raft Foundation in Tropical Fibrious Peat Soil Under
Traffic Loads

_ A. Arsyad’, A. B. Muhiddin', E. Budianto', P, Sangle’, and A. B. Firmansyah! _
Departmeni of Civil Engineering, Faculty of Engineering, Hasanuddin University, Makassar, Indonesia
E-mail: ardy arsyad@unhas.ac.id

ABSTRACT: This paper prescnts the investigation of settlement baged performance of hetix piled raft foundation under traffic load through
analytical and mmerical metheds, The analytical methad is based on the concept of PDR analysis of oiled raft where the stiffoces of helix
piled raft is compuied [rom the stiffness of helix. pilc and raft with & cortain helix piled — raft interaction factor. In thig study, the stiffness of
helix pile io peat soil is estimated by using a modificd Randolph and Wroth equation, incorporating the mechanical behaviour of helix pile.
On the other hand, the stffess of rafl is detcrmined by using Richart el al equation. In the numerical model, 3-dimension FEM modet of
helix piled raft is undertaken in which helix pile is modefed as fixed end anchor, and raft as a plate above soft peat soil The effect of helix
pile number on the bearing capacity and settlement of helix piled raft foundation systom is investigated. Tke resulis reveal that the stiffness
of helix pilc is too small compared to the stiffiicss of raft with the ratio from 1/6 to 1/4. The helix pile stifircss is much infloenced by the
numher of helice and the radins of helice n a single helix pile. Since the stiffness of holix pile is smalt, such critical number of helix piles is
needed to have affect on the foundation system. Bolow this number, hetix pile is insignificant to have effect in the hetix piled rafi foundation
systam, and the elasticity of the rafi plays important role. In gencral, however, it is abvions that the increasing number of helix piles can
decrease the elastic sottlement of helix piled raft foundation when it is sabjected with traffic load. In the stiffness ratio of helix pile to ratt at
1/6, the increasing number of helix pile can reduce the settiement up to 80%, whereas that in the siilfness ratio holrx pile to raflt at *4 can
reduce the settlement by 65%. ‘These finding s would bereficial for development of alternative helix piled raft foundation for road

infrastructure in tropical fibrious peat soil.

KEYWORDS: Tropical tibrious peat sofl, Helix pled raft, Stiffncss, Elastic settlement,

1.  INTRODUCTION

Peat is a type of soil, composed of high contents of fibrous organic
waicrials. This soil & chunged and fossilizwd i wetlands unda
appropriste climatic (Edil end Dhowian, 1981; Munro, 2005). Poat
soil has such problomnatic mechanical bchaviour since it has low
shear strength, high comptessibility and high waier conten{. These
characteristics have coatributed fo subgrade problem in
development road infrastruciures with abundmt peal seil deposits in
most lowland arcas in Indonesia such as East Sumalera, Ceniral and
South Kaliuamian, and Wost Sulowvesi.

Typical peat soil doposil is very thick, up to 30 meters. This
condition has led to such difficully in implementing several soil
improvement methods such as soil replacement and piled geotextile
reinforecment goil (Arsyad ot al, 2013). Morcover, the application
of PVD method is also difficult since the permeability of peat is
abou 1000 ¥ permeability of soff clay (Mesri and Ajlouni, 2007).
AMhouoh the application of pied rafl i pest soil is siilf challenging
{Huat ¢t al,, 2014}, very low vodrained shear strength and creeps of
peat soil nccoessitates very doep piles for obtaining suificient
bearing capacity {Kazemian et ai., 2011).

Alteratif method of combining rafl foundation with helix piles
in peat soil is necded lo be investigated. This is due fo previous
stodics just focus on bearing capacity of helix pilc in fibrous peat
sail {AAT et a1 2016; Parlan ot #1, 2016}, Helix piled raft may present
better performance compared 10 just only helix piles.  Thereofore,
this study investigates the performance of helix piled raft foundation
when it is loaded wiih #ratfic loaded, m tropical peat soil,

2. METHOD
2,1  Stiffaess of Helix Pile

Scrow Pile or helix pile is a pile foundation which consists of holices
fixed 1o the shaft at specific spacing (Arup Geotechnics, 2005).
Helix pHe is used to compressive and lateral loadings with
overturning moments (Schmidt and Nasr, 2004). Analysis used to
estimate compressive and tensile bearing strongth of helix pile in
cohesive soils can be derived from a function of bearing strength of
the end of the pile. helix plate bearing and the frictional resistance

offered by the shafl-soil interface (Mooney et al., 1983; Narashima
et al. 1993, The formulaiion of bearing capacity for compression is
shown in Eq. (1}

Q. = Sp(ADL)cy + Auc, N, + ndHy pac, (13

where (J; is ultimale pile compressive capacily, Sr is spacing
ratio factor; L. 1s distance berween Lop and bottom helical plates; 4x
is area of the helix, o is adhesion factor, 'y is undrained shear
strength of seil, N iz comprossive bearing capacity factor for
cohesive sails, He is effective length of pile above top helis (Hep =
H - 1), D= diameter of hetix plate.

Stiffness of helix pile to peat soil can be cstimated with pile
head load-settiement by using a modified model of Randelph and
Wroth (1978). However, for helix pilc, the mode} was modificd to
accomodate the behaviour of helix pile. Due to axial leading, soil
below the helicat plale, al soil along the cylindrical shear area, and
along shaft pile will deform (Figure 1). For shallow helix pife, shaft
resistance is too small compared to others resistance (Mohajeneri el
al, 2016). As a result, the defonnation along the shaft pile does not
significantly contribuie to pile settiement. The stiffness of helix pile
can: be determined based on deformation of soil below helical plate
and the deformation of soil along cylindricai shear failure as
expressed in Eq. (2).

B _] = 2L tanhiphe) [1 adtank(ul) T )
Graw, Lir—1 el w1 - mirgpl EJ
L. {2
ple =— E
fu { [
where
P, =npiciead
¢ = shear modulus of peal soil

ro¥ = radius of cylindrical helix faiturc zone
we = seitfemeny of pile
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n =1

v = Poisson ratio of peat soil,

% =Soil - helix pile stiffness ratio, E/G

= relation between the radius of influence of the helix pile
and the radius of the helix plate. In (ru/ro*)
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Figure 1 Bearing capacity of helix pile under a compressive load,
deformation patterns of helix pile in the upper and lower soil layers

2.2 Stiffness of Helix Piled Raft and Load Sharing

Raft stiffness to peat soil was estimated by using Richart et al
(1970), as described by Eq. (3).

Ky = e Bun/(4ed) @)

where: G, is the shear modulus of the soil: v, is the Poisson’s
ratio of the soil; and 7 1s the thickness of the raft, and ¢ and & are
coefficient raft dimension.

Randolph (1994) introduced that piles arc located strategicaily
with the raft in order to reduce differential settlement. Load sharing
between the raft and the piles can be estimated using simple method
Randolph (1994), and Poulos and Davis (1980), shown mn Eq. (4).

P s
Ky = —;ﬁ(-—j)xm )

Kﬁ]:

where kp is stiffness of piled raft; Kip is stiffness of the helix
pile group; kr is stiffness of the raft alone, and [y is raft — pile
interaction factor.

The proportion of the total applied load carried by the helix pile
raft is in Eq. (3).

1 iy
Brp =112 ®)
0.2

( e )
Rr. Knp
1-0.8f —*~
(“hp)

a=

Tri-linear curve was generated by computing mobilization of the
helix pile capacity according to Eq. (6).

p=22 ©)
.ghp

Phpzﬁhppspup (7}

B.=P-— Phl’ (8)

where Prp is load on helix piles, P; is load on the raft, Pup is the
ultimate bearing capacity of helix pile group.

3.  RESULTS

Analysis of bearing capacity and settlement of helix piled raft in
peat soil under axial loading was conducted by incorporating
modified Randolph and Wroth (1978) method into Randolph (1994),
Poulos and Davis (1980). FEM analysis with PLAXIS 3D was also
undertaken to comprehend the result.

3.1 The Stiffness of Helix Pile to Peat Soil

Estimation of the stiffness of helix pile to peat soil was undertaken
for homogeneous peat soil. In this case, y= 7.94 kN/m3, ¢, = 5 kPa,
Fpea = 150 kPa, v = 0.15 and G = 65.12 kPa. The helix pile has 3
helices with spacing distance of 0.50 m, helix radius of 0.35 m, and
length of 2 m. This has resulted in the stiffness of helix pile to peat
soil at 334612 kN/m. If this stiffness was compared to the
experimental study based helix pile stiffness to peat soil (300 kN/m)
as investigated by Parlan et al. (2016), the result is quite closed. It
should be noted that the dimension of helix pile is similar between
analytical and experimental, LLL30. In the case of LL30 model, the
stiffness obtained through analytical method was found at 312,43
kN/m, which has relatively closed to experimental based helix pile
stiffness at 269, 23 kN/m.

The effect of number and radius of helices on the stiffness of
helix pile were also examined. As shown Figure 2, the increase of
number of helices in helix pile would increase its stiffness. In
addition, the increase of helice radius also would increase helix pile
stiffness (Figure 3). The stiffness of helix pile to peat soil depends
on young modulus of peat soil. The larger young modulus of peat
soil, the higher helix pile stiffness will be.

E

¥

z -
3 T
3 = .
& B

3 ———_ _ 3z
- -

(4 I

XG0 s

2

: /I//J’_/ B

S ———

E  —

-

Humber of Helices |-]
Figure 2 The effect of number of helices on the helix pile stiffness
to peat soil
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g
k=

g

—4—E =150 kPa
—@=—E = 200 kPa

600 3
E=250kPa
——F = 300 kPa
" = 350 kPa
E = 400 kPa

Stiffness of Helix Pile to Peat Soil (ki/m)
o
=2

0
01 0,15 0,2 0% 03 0,35 04 0,45 05
Radius of Helix Plate {m}
Figure 3 The effect of helice radius on the helix pile stiffness to
peat soil

Raft stiffness was estimated in this study. For the raft with area
of 100 m?, in peat soil with shear modulus of 65.217 kN/m2 and v of
0.15, 1s 1,687 kN/m. The raft stiffness increases as the dimension of

the raft and the shear modulus of peat soil aslo increase. Fot the raft

~
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with area of 400 m? and the shear modulus at 173.913 kN/m2, the
raft stiffness would be at 8.184 kN/m, and that with area of 900 m?,
the stiffness is 12,276 kN/m.

3.2 Settlement of Helix Piled Raft in Peat Soil Under I'raffic
Load: Analyticai Model

We analysed the effect of the number of helix piles on elastic
settlement of helix piled raft foundation system. A segment of raft
with dimension of 10 m * 10 m with a 0.2 m thick was modeled and
subjected with truck loads of 65 tons. The raft lies over a very soft
peat soil with soil properties (£ = 150 kPa, v=0.15 and C, =5 kPa).
In the model, the helix pile stiffness was assumed at 300 kN/m. The
result is shown in Figure 4. It is found that increasing number of
helix pile would reduce the elastic settlement of the foundation
system under traffic load. However, since the helix pile has a quite
lower stiffness compared to the raft (1/6 to %), the effect of helix
pile is only seen with minimum number of helix pile of about 12
piles. It means that below that quantity, there is no effect of helix
pile and raft foundation is still working as a single foundation
system without any support from helix pilex.

" +—Raft 10x10 m2, Khp = 300 kN/m
-@-Raft 10x10 m2, Khp = 400 kN/m
Raft 10210 m2, Khp = 500 kN/m

g LA —— Raft 20x20 m2, Khp = 600 kN/m
*
E \ \ Raft 20620 m2, Khp = 700 kN/m
E © 'y Raft 20620 m2, Khp = 800 kN/m
§ 5 \‘ ®, Raft 20x20 m2, Khp = 900 kN/m
v 1 \ -
= \ -
§ X \“‘l . -
My - *— -
o l"“‘l—-., i = ——n—
- 13 - -
e = b o o A ;_;

ﬂ:l.l.llllhel of Helix Pi:le.-
Figure 4 The effect of number of helix piles on the elastic
scttlement of helix piled raft foundation undcr traffic load with helix
pile stiffness from 300 kN/m to 900 kN/m

In Figure 5, it can be seen that load sharing carried by helix piles
is just 10% of the total load at the minimum number of 12 helix
piles. This will increase as the number of helix piles increases. At
the 25 helix piles under the raft foundation, the load sharing carried
by helix pile achieves 65% (Figure 6). It should be noted that the
ratio of a single helix pile stiffness to the raft stiffness i1s onlv 0.18 at
a single pile. up to 0.89 at 25 helix piles.

If the raft dimension and the stiffness of helix pile increase, the
elastic settlement would decrease. The more helix piles under the
raft, the lower elastic settlement would be (Figure 5). It is obvious
that there is critical number of helix piles where beyond this
number, their effects on the elastic seftlement seems to be
unchanged. The critical number 1s much intluenced by helix pile
stiffness to peat soil. The larger helix pile stiffness to peat soil, the
smaller critical number of helix piles required. The critical number
of helix piles is about 10 piles when the helix pile stiffness at 900
kN/m, whereas that is about 21 piles when the helix pile stiffness at
400 kN/m to peat soil.

Figure 7 presenis the effect of helix pile quaniity on the elasiic
seltlement of helix piled raft foundation system under traffic load,
with larger helix pile stiffness and raft dimension. Similar results
were found that the more helix piles, the lower elastic settlement of

helix piled foundation would be. The elastic settlement becomes
about 10 cm when 25 helix piles installed under raft foundation.
Load sharing ratio has becomes significant at large stiffness of helix
pile. It can be seen in Figure 6, helix pile stiffness of 3000 kN/m can
suppert more than 50% of the total load. supported by only 2 helix
piles installed. Load sharing increases to 90% when 11 helix piles
installed under raft. However, helix pile stiffness under 1000 kN/m,
the load sharing ratio seems to be much lower than that for helix pile
stiffness above 1000 kN/m.

Load Sharing cartied by Helix Piles (-}

;GID of Hellx Pile ¥
Figure 6 Load sharing ratio carried by helix piles at varies helix pile
stiffness to peat soil

08

—s—Raft 30x30 m2, Kp = 1000 kN/m
S | ——Raft 30X30 m2, Kp = 1100 kN/m
06 \ Raft 30x30 m2, Kp = 1200 kN/m

\ ~Raft 40x40 m2, kP = 1300 kN/m
0,5

— Raft 40x40 m2, Kp = 1400 kN/m
Raft 40x40 m2, Kp = 1500 kN/m

0,4 K

0.3

Elastic Settlement{m)

0.2

01

o
o 5 10 15 20 25
Number of Helix Pile (-]
Figure 7 The effect of number of helix piles on the clastic
scttloment of helix piled raft foundation under traffic load, with
helix pile stiffness varies from 1000 kN/m to 1500 kN/m

3.3 Elastic Settlement of Helix Piled Raft in Peat Soil: FEM
Model

A three-dimension FEM modeling of helix piled raft foundation in
peat soil was undertaken. The traffic load on the helix piled raft
foundation was modeled as dynamic load with amplitudo 235 kN/m?
with sample pulse at 0.20 sec duration, or 5 Hz frequency. The
traffic load of 235 kN/m® is based on a load of full loaded 1.2H
truck with 14 tons and equivalent radii of tire contact arca of 250
mm (back wheels). However, since the raft is very rigid, so the load
is distributed to the ground as line load of 60 kN/m, Mecanwhile, the
helix piles under raft foundation configurates a certain pattern
distribution plans as shown Figure 8. The pattern distribution of
helix piles with raft foundation varies from 5.9, 16, and 25 piles.
The helix pile itself was modeled as fixed end anchor with stiffness
(EA), whereas, the raft foundation 6 mx 6 m was modeled as plate
with d of 0.20 m, yof 25 kN/m3, and E of 2.1 x 10° kN/m?, and v of
0.15, indicating a very rigid plate.
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Figure 8 Helix piles with raft foundation distribution patterns plan

For tropical fibrous peat soil, the model emploved soft peat soil
based on hardening soil constitutive model with several mechanical
parameters including a ussa of 10 kKN/m?, ysa of 12 kPa, Eso of 1200
kPa, Eoed of 1200 kPa, and Eu of 3600 kPa. The undrained
cohession is 1 kPa, with shear angle of 27°. The soil properties are
tvpical mechanical parameters of peat soil in Bereng Bengkel
Central Borneo (Susila et al. 2012).

Several stages of construction were employed in the FEM
model. It consists of initial phase. helix piled raft construction,
loading with traffic load. The performance of helix piled raft was
investigated including elastic and consolidation settlement. The
effect of helix pile number on the elastic settlement of helix pile raft
foundation was examined. It can be seen that, the increase of helix
pile number would decrease the elastic settlement of the foundation
system (Figure 9). The larger helix pile stiffness generates the lower
settlement of the helix piled raft foundation system. The stiffness of
helix pile to the peat soul is critical at 1500 kN/m. Beyond that, the
effect is insignificant. The critical number of helix pile i1s about 5
helix piles. The settlement at this number of helix piles 1s less than
5 cm.

In regards of consolidation settlement (Figure 10), similar
results is obtained that the critical stiffness of helix pile at 1500
kN/m. However, the critical number is 9 helix piles which can
gencrated consolidation settlement less than 5 cm. Based on those
results, the helix piles spacing under raft foundation for better
performance with small settlement is about 2 m to 3 m.

Elastic Semtlement of Hels Piled Raft (m)

Figure 9 The effect of number of helix piles on the elastic
settlement of helix piled raft foundation obtained from FEM model
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Consolidation Settlement of Helix Piled Raft (m)

g o

) 10 15
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Figure 10 The effect of number of helix piles on the consolidation
scttlement of helix piled raft foundation obtained from FEM modcl

4.  CONCLUSION

e The increase of number of helix piles under raft foundation in
peat soil can reduce the elastic settlement of the foundation
from 65% to 80%.

e  Critical number of helix pile is found at about 10 piles to 21
piles, depending of the stiffness of helix pile. Beyond this
number, the reduction of elastic settlement is less significant.
From FEM Model, the critical number of helix pile is from 9 to
16 piles, with mimimum stiffness at 1500 kN/m.

¢ Load sharing carricd by hclix pilc varics from 10% (1 pilc) to
65% (25 piles). This is influenced by the ratio stiffness of helix
pile to raft. The larger stiffness ratio of helix pile to raft, the
larger load sharing carried by helix pile will be.
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