The 17" Southeast Asian Geotechnical Conference
Taipei, Taiwan, May 10~13, 2010

Rationalisation of Conventional Geotechnical Practiceto EC7 on the Stability of
Embankment on Soft Fine Grained Subsoil

Yean-Chin TAN, See-Sew GUE Peir-Tien Legand Shafina Sabaruddin
'Director, G& P Geotechnics Sdn Bhd, Kuala Lumpur, Malaysia
*Managing Director, G&P Geotechnics Sdn Bhd, Kuala Lumpur, Malaysia
3Associate, G& P Geotechnics Sdn Bhd, Kuala Lumpur, Malaysia.
4Senior Engineer, G& P Geotechnics Sdn Bhd, Kuala Lumpur, Malaysia.
E-mail; lyctan@ qnpqroup.com.missque@qnpqroup.com.nﬁatlee@qnpqeo.com.my
* shafina@gnpgeo.com.my

ABSTRACT: Conventional geotechnical practice for the desijfrembankment on soft fine grained subsoil gengratincentrates on
stability of the embankment during construction $moritical condition) and control of long term th&nent after construction. For
embankment on soft fine grained subsoil, the facft®afety (FOS) of embankment against slip failaréotal stress or undrained strength
analyses during construction (filling) stage isalButaken as between 1.2 to 1.3 in Malaysia dependn the consequences of failure and
also adjacent conditions (e.g. houses, service$, efOS of 1.4 is normally adopted in effectiveess analyses of embankment for
permanent stage (long term) using moderately cuatee soil parameters (characteristics value). thWhe introduction of EN1997
Eurocode 7: Geotechnical Design (EC7), it presanfamework for geotechnical design based on Istate principles and many Asian
countries which rely on European design codes @rijish, German, French, etc.) will be affectedeafwithdrawal of the respective
countries’ design codes. As such, it is imporfantthe affected countries to formulate appropridtgional Annex for application in their
own countries based on their own local experiendasthis paper, suggestions on partial and moaetofs used in conjunction with EC7
based on a Malaysian experience are presentedstmeesmooth transition from current practice to ETve methodology presented in this
paper could be adopted by other countries in foatmn of their respective National Annex based lbeirt own local experience for
embankment on soft fine grained subsoil.

1 INTRODUCTION normally adopted in effective stress analyses obarkment for
permanent stage (long term) using moderately cuasee soil

parameters (characteristic values). In additiorgtgarge of 10kPa is
normally applied as the machinery load in the shemn stability

analyses.

The construction of embankment over soft to verfy §ioe grained
subsoil at the coastal alluvium area is increasimdfalaysia for
highway or other infrastructures. Figure 1 pres¢hésareas of the
soft quaternary sediments in Peninsular Malaysiahe T
comprehensive design methodology especially on skrbant
stability has long been established in Malaysigitevent failure.
However, the introduction of EN1997 Eurocode 7: tBebnical
Design (EC7) presents a framework for geotechrdesign based
on limit state principles and many Asian countnesich rely on
European design codes (e.g. British, German, Frestch) will be
affected after withdrawal of the respective cowstridesign codes.
Hence, it is important to formulate an approprisggional Annex
for application of EC7 in Malaysia based on locaperiences. In
line with this, case studies have been carriedriteroto rationalize
the conventional design practise to EC7 for thebikta of
embankment on soft fine grained subsoil.

South China

2. MALAYSIAN CONVENTIONAL PRACTICE FOR
EMBANKMENT ANALYSES AND DESIGN

In conventional practice, stability of embankmeat dommonly
assessed using limit equilibrium analysis. Différpatential failure
surfaces, circular and non-circular as shown inufEg2 are
considered in order to yield the lowest factor affiesy (FOS) of the =] Quartenary Sediments
analysed embankment. The FOS against failure iallysdefined as ... Undifferentiated

ratio of average shear strength available alondatligre surface to
average shear stress applied along the failuraceirf
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Figure 1 Quaternary Sediments in Peninsular M&@ays

The stability of the embankment on soft fine gedirsubsoil
is analysed based on total stress analysis, whichost commonly
used in the analyses of short term stability (whscthe most critical
as shown in Figure 3) and design of staged cortiirucin total
stress analysis, the stability of embankment isrmoomly analysed
based on the in-situ undrained shear strengtheofttbsoil prior to
commencement of construction (filling). The factdrsafety (FOS)
of embankment against slip failure in total stressundrained
strength analyses during this stage is usuallyntalssbetween 1.2 to =
1.3 depending on the consequences of failure asol adljacent
conditions (e.g. any nearby buildings, services).eFOS of 1.4 is Figure 2 Circular and Non-Circular Failure Surface

3P-098./ pp. 1




Gonstruction
w - -
&
wS
)
e
@ =
o =
a-r A Undrained ° .
W -
Z0
<=
£k
P
, TIME
A End of o
o | Gonstruction —
5h f
i
Qa
Lo &,
o
e
1 ] - ;
( [su] - | [2.8.u] |[5,E,AU=O]

Figure 3 Change in Factor of Safety under an ekrbant built
rapidly on soft clay (Bishop & Bjerrum, 1960)

3. DESIGN PRACTICE PROPOSED IN CURRENT EC7

The design of embankment using EC7 is based ort taites
principle where partial factors are introduced éations (A), soil
materials (M) and resistance (R). Three (3) desigoroaches have
been outlined in the EC7 Annex A (normative) namBlgsign
Approach 1 (DA-1), Design Approach 2 (DA-2) and [@es
Approach 3 (DA-3). The differences between the Besi
Approaches are the way of partial factors distedubetween the
actions, the effect of actions, material properées resistances.
Table 1 summarises the partial factors for eacigdegpproaches.

As shown in Table 1, the proposed partial facforsslope
analyses generally ranges from 1.35 to 1.50 andeth& no
provision of partial factors specifically for emtanent stability.
The behaviour (e.g. pore pressure response, stieagth etc.) of a
cut slope is totally different from that of an emkment over soft
fine grained subsoil. This is because the stabilitthe embankment
is most critical during and at the end of consiarc{short term) as
shown in Figure 3 and it is commonly analysed basetbtal stress
analysis. Whilst, the most critical condition ofat slope is the long
term stability, in which the induced negative ppressures during
cutting dissipate with time leading to a reductiorshear strength
and factor of safety with time.

Table 1 Summary of Partial factors for Actions,|Staterials and
resistance extracted from EN1997-1:2004 Annex A

Design Approach 1
- 1‘ Combinat

Design Approach 2
ion 1 ‘ Slopes
2| A

Design Approach 3

=R2

Actions Permanent Unfav

Fav

Variable Unfav
tan ¢'
Effective cohesion
Uncrained strength
Uncanfined strength
Weight censity

Earth resistance

Soil

Slopes z
Al, A2 —Set of partial factors for actions M1, M2 —Set of partial factors for soil
R1, R2 and R3 —Set of partial factors for resistanc materials
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4. CASE STUDY ON EMBANKMENT STABILITY
ANALYSES

4.1 Methodology

Embankment stability analyses were carried out gusan limit

equilibrium commercial software to study the embmekt height
(thickness of fill) that can be constructed oveft Sme grained
subsoil in order to comply to the FOS based on lada current
conventional practice and partial factors recomreendy EC7
Annex A (normative).The stability analyses wereriear out based
on the undrained shear strength profile of the Mdaest

Embankment (Brand, E.W. & Premchitt, J, 1989) ihalp Malaysia
as shown in Figure 4 so that a direct comparisotthenallowable
embankment height (with adequate FOS as per Malaysirrent
practice and EC7 recommendations) can be madeedsluhr Test
Embankment was constructed to failure. The crostiose of the
embankment is shown in Figure 5.

The following procedures were adopted in the $tgbi
analyses in line with EC7 as per suggestions by. Roger Frank
(2004):

a) Although not explicitly stated in EN 1997-1, in DA-
combination 2 (DA-1Comb2) is normally the
recommended method for overall stability checkimg i
problems where ground is the main element providing
resistance (i.e in mainly GEO-type limit states);such
cases, combination 1 is not relevant.

Partial factors for all permanent actions (favolgaénd
unfavourable)ys, both structural and geotechnical,
including gravity loads due to ground and waterseeto
unity instead ofys=1.35. This partial factor is later
accounted for at the end of the stability analyses

The partial factor for variable unfavourable acfigg is
set t0yy=1.30/1.00=1.30 angy=1.50/1.35=1.11 for DA-
1Comb2 and DA-2 & DA-3 respectively.

b)

c)

Subsequently, the allowable embankment heightsiroéd
from stability analyses based on partial factordiie with EC7
were used to carry out stability analyses baseMlaiaysian current
practice. This is to obtain the equivalent FOS mgfaémbankment
instability based on Malaysian current practiceider to provide a
direct comparison in the form of conventional FOS.
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Figure 4 Undrained Shear Strength profile of Muest
Embankment, Johor, Malaysia (Brand, E.W & Premgchitt1999)
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Figure 5 Typical Cross Section of Muar Test Emivaeit,
Johor, Malaysia
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Figure 6 Allowable Fill Thickness based on Coni@mdl Method
(CM) & EC7 and Ratio of Embankment Fill Thicknessactual

4.2

failure thickness and back analysed embankmerkrtbas

Results and Findings

Figure 6 presents the embankment height that cansdfely
constructed over soft fine grained subsoil prodite®wn in Figure 4
in order to comply the FOS based on Malaysian otirreand harmonization for application of EC7 in Malaydior the
conventional practice and partial factors recomreendy EC7
Annex A (normative). Based on the results, theofeihg findings
can be deduced:

a) The stability analyses indicate that the subsail @pport
3.4m thick embankment prior to failure, in which $&
1.0 based on Malaysia current practice. This islotlian
the actual failure thickness of 5.4m. Thus, theresdme

conservatism in this approach which did not tak® in

consideration of gain in strength of the subsoihwime
during filling.

5.
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b) Based on partial factors recommended by EC7 Annex A
the allowable embankment height is about 24% to 28%

lower than the Malaysian current practice.

c) The allowable embankment height based on part@bfa

recommended by EC7 Annex A is about 60% and 38% of
embankment thickness of 3.4m (FOS=1.0) and actual

failure thickness of 5.4m respectively. This is too
conservative.

d) Whilst, the allowable embankment height based on
Malaysian current practice is about 81% and 51% of
embankment thickness of 3.4m (FOS=1.0) and actual

failure thickness of 5.4m respectively.

e) Relatively intensive ground treatment will be reqdiin
order to achieve the sufficient FOS against embamitm
instability if embankment stability analyses areriea out

based on EC7 recommendation. This will lead to much

higher construction cost than what is necessans tad
for the nation.

f)  The equivalent FOS based on Malaysian current ipeact
for allowable embankment height obtained from DA-
1Comb2 and DA-2 is 1.47 and 1.52 respectively asvsh
in Figure 7, which is much higher than the current
required FOS of 1.20 commonly used in Malaysia.
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Figure 7 Equivalent FOS obtained from analysesdas

Malaysian Current Practice using allowable embanirheight

based on EC7

PROPOSED CONCEPT FOR THE APPLICATION OF

EC7 FOR EMBANKMENT STABILITY ANALYSES IN
MALAYSA

The application of EC7 for embankment stability lgses need
rationalization and harmonization with current bfithed local
practices that have been successfully adopted enctinstruction
industry.

Following are the main criteria that require ratfzation

stability analyses of embankment over soft finargrd subsoil:

a) An understanding of the indirect comparison of load
factors and partial factors adopted in EC7 with
conventional Factor of Safety (FOS) which local
engineers are familiar with.

The transformation of current adopted overall FQ&irst
embankment instability to partial factors or mofdetors
(if any) used in the Malaysian Annex of EC7 willeme
calibration.
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b) For stability analyses of embankment over soft fine

grained subsoil, the partial factor for permanectioa
(unfavourable),ys, which is referred to the weight of
embankment (height) shall be set equal to unit®)(1.
instead of 1.35. This is because the actual embankm
weight and thickness of fill can be controlled i& gs the
filling works are carried out in layers. In additjothe
filled height can be closely captured by settlenganiges,
which are adopted for monitoring purposes. Theesftire
chances of overfill is unlikely and the uncertastion the

embankment weight is under control with proper

monitoring and supervision.

c) The Authors also recommend to set the partial faitto
variable load equal to unity. Again, this is be@uke
machineries loads are fairly consistent and colatot# in

earthwork constructions. Hence, the risk on the

inconsistence variable load would not arise. Untbsse
is no proper control then, the partial factor farigble
load could be applied.

d) As mentioned in earlier section, the stability dfet
embankment is most critical at the end of consimact
when the embankment height is the highest (shom)te
and the undrained shear strength will gain in sfitemvith
time as the dissipation of excess pore pressuie tinite.
In view of this, it is impractical to apply a higbartial

factor of 1.4 on the undrained shear strength durin

stability analyses of embankment over soft fineingd
subsoil. In addition, currently available methodsobtain
the in-situ undrained shear strength are generaligble
enough to be used in total stress analyses of emigant.
Therefore, the Authors recommend partial factol &0

to 1.30 shall be adopted on undrained shear strengt
depending on the consequences of failure and also

adjacent conditions (e.g. nearby buildings, ses/ietc).

6. CONCLUSION

This paper presents the Malaysian design methogolégy
embankment stability on soft fine grained subsait ¢he way
forward in converting to EC7. As there is no promsl of partial
factors specifically for embankment stability owaft fine grained
subsoil in EC7 and the behaviour (e.g. pore presssponse, shear
strength etc.) of a cut slope is totally differémm an embankment
over soft fine grained subsoil, this paper presetits EC7
methodology with suggested approach and value dfapdactors
for the development of Malaysian National Annex (MM).

Based on case study of Muar Test Embankment (wivach
constructed to failure in 1989), the allowable enkvaent height
based on partial factors recommended by EC7 istébtt to 28%
lower than the Malaysian current practice. This liegpthat EC7
appears to be too conservative in stability analyafeembankment
over soft fine grained subsoil as current adoptedhodology on
embankment stability has been successfully impleéeten
Therefore, partial factors on embankment stabititer soft fine
grained subsoil for the development of Malaysiatidfel Annex in
the application of EC7 are proposed by the authbased on local
experience.

4, REFERENCES

[1] Bishop, A. W., and Bjerrum, L., “The Relevancé the
Triaxial Test to the Solution of Stability Probleins
Proceedings of the ASCE Research Conference o8hbar
Strength of Cohesive Soils, Boulder, Colorado, 01.96p
437-501 (reprinted in Norwegian Geotechnical |ostit
Publication no. 34, 1960, pp 1-56)

The 17" Southeast Asian Geotechnical Conference
Taipei, Taiwan, May 10~13, 2010

Brand, E.W., and Premchitt, J. , “Comparisorihe Predicted
and Observed Performance of the Muar Test Embankmen
Proceedings of the Int. Symposium on Trial Embanksen
Malaysian Marine Clays, Kuala Lumpur, Malaysia,
November 1989, pp 10.1-10.29

Frank, R., Bauduin, C., Driscoll, R., Kavvadad,, Krebs
Ovesen, N., Orr, T., Schuppener, B. ,“Designarideyto EN
1997-1 Eurocode 7: Geotechnical design - Generak'tu
Thomas Telford, London, 2004, pp 1-216.

3P-098./ pp. 4



