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Development of EC7 Malaysia National Annex
for the Design of Embankment Stability on Soft

Note: This is the continuation of Part 1 of the Eurocode Series paper published in the September 2010 issue on pages 32 to 37.

5. DEVELOPMENT OF THE MALAYSIA NATIONAL
ANNEX (MY-NA) FOR THE DESIGN OF EMBANK-
MENT STABILITY

It is important that the MY-NA does not combine both
Cut Slopes and Embankment into the same category to
prevent making a fundamental mismatch of the loading
mechanism and soil behaviour. A very clear distinction
between the two can be found in past Malaysian practice,
which is still being practised by adopting a factor of safety
(FOS) of 1.2 to 1.3 for embankment during construction (e.g.
total stress analysis), while for cut slopes, the FOS is 1.4
to 1.5 (e.g. effective stress analysis). The Malaysian practice
is fundamentally correct and should be incorporated into
the MY-NA by separating Embankment from Cut Slopes.
We should also understand that in EC7, the fine grained
subsoil materials the British are facing are mainly medium
to stiff clay (e.g. London Clay), thus they are different from
Malaysia and other ASEAN countries (e.g. Thailand and
Indonesia) with many coastal areas underlain by very soft
to soft alluvium clay. Therefore, the problems we face are
different from that of the British especially in constructing
embankment on very soft ground.

It is time for Malaysia to produce a code that truly
reflects the engineering progress and development that we
have achieved for the last 50 years instead of following the
British National Annex (UK-NA), which is good in general,
but in some situations, is not suitable for our country due
to differences in geology, subsoil condition, requirements
on infrastructure developments, practice and economy
affordability, efc. The MY-NA to be used will have a great
impact on the overall development of the nation as a
conservative code will cause the cost to escalate (make many
potential projects not viable thus hinder the infrastructure
development of the country), while an optimistic code
may trigger failures or even fatalities. Therefore, a
balanced code that suits Malaysia’s condition shall be
formulated carefully and with proper processes including
getting feedback from the various stakeholders, namely,
the government, developers, contractors, engineering
consultants, academics, etc, during the development of
MY-NA. Malaysian practicing engineers should start to
calibrate their conventional Malaysian practice with EC7
Annex A and with UK-NA so that they will be familiar
with EC7 when imposed in Malaysia. Through calibration
then only Malaysian engineers will understand and have

(To be continued on page 31)

Table 2: Suggested Partial Factors for Actions, Soil Materials and Resis-
tance in the MY-NA for Embankment
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1. Permanent Actions (Unfavourable) (For Design Approach 2 : Embankment) -
= 1.00 if proper monitoring and control of fiing can be executed effectvely at site with
instrumentation.
=1.20 if proper monitoring and control of filing cannot be effectively executed at site.
2. Variabie Actions (Unfavourable) (For both Design Approach 1 and Design Approach 2) -
=1.00 if proper control of vaniable load imposed on embankment can be executed effectively
atste
=130 if proper control of variable load imposed on embankment cannot be executed
effectively at site.
. Earth Resistance (Short Term / Consfruction) (For both Design Approach 1 and Design
Approach 2)
=1.00 (DA1-C2 Embankment) and 1.20 (DA2-Embankment) : For low risk to life (not likely to
affect public safety) or not like to cause damages to adjacent important structures/services.
=1.10 (DA1-C2 Embankment) and 1.30 (DA2-Embankment) :For high risk fo life (could affect
public safety) or could caused damages to adjacent important structures/services.

(%]

Application of Earth Resistance :

1. To be applied fo the Factor of Safety obtained from the stability analysis.

the necessary engineering judgement on the implication
of the potential values set in the MY-NA affecting their
design in terms of safety and cost. In Europe, the practicing
engineers there are just starting to use EC7 for design. It is
also expected that further refinements of EC7 will surface
within three to four years due to the problems faced by
European engineers when using EC7 which, in the author’s
opinion, has to rely more on local practice, geological
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Figure 9: Simplified Flowchart for Stability Analysis of Embankment in EC7
using Suggested MY-NA

conditions, construction practice, history, etc, compared to
EC1 to EC6 for structures.

It is also important that the MY-NA drafted should
not use increased FOS values (e.g. increased partial factors
values in EC7) as a way to compensate for the lack of proper
engineering education, a systematic and proper on-the-job
training, good engineering design and judgement, proper
supervision and workmanship. If Malaysia were to fall into
this trap of trying to increase the FOS due to the lack of
confidence in the engineer’s design, supervision and being
afraid that the contractor will cheat, then we are definitely
on the wrong track and this will hinder Malaysia from
becoming a developed country in the future. The problems
that the construction industry face shall be addressed

separately by going into the root causes and finding relevant

solutions that resolve the problems encountered. FOS is

not a solution for most of the problems highlighted above,
instead, it causes wastage of materials and unnecessary
increase in cost without real safety or benefit.

EN1997-1:2004 (EC7) Section 2 - Basis of Geotechnical
Design Section 2.4.7 Clause 2.4.7.1(4) stated that, “More
severe values than those recommended in Annex A
should be used in cases of abnormal risk or unusual or
exceptionally difficult ground or loading conditions”,
while Clause 2.4.7.1(5) stated that, “Less severe values
than those recommended in Annex A may be used for
temporary structures or transient design situations, where
the likely consequences justify it”. Despite the freedom
stated in the two clauses, it is recommended that the MY-
NA be more specific to help practicing engineers. Therefore,
in suggested MY-NA values listed in Table 2, specific
differentiation between risk to life or possible damages to
adjacent important structures/services are stated when
selecting the partial factors for earth resistance.

In summary, the application of EC7 for embankment
stability analyses needs rationalisation and harmonisation
with currently established local practices that have been
successfully adopted in the construction industry. The
following are the main criteria that require rationalisation
and harmonisation for the application of EC7 in Malaysia
for the stability analyses of embankment over soft fine
grained subsoil:

a) An understanding of the indirect comparison of
load factors and partial factors adopted in EC7 with
conventional FOS which local engineers are familiar
with. The transformation of currently adopted overall
FOS against embankment instability to partial factors
used in the MY-NA of EC7 needs calibration.

b) For stability analyses of embankment over soft fine
grained subsoil, the partial factor for permanent action
(unfavourable), v, which is referred to as the weight of
the embankment (thickness of fill), shall be set equal
to unity (1.0) in the MY-NA instead of 1.35 in the UK-
NA. This is because the actual embankment weight and
thickness of fill can be controlled at site as the filling
works are carried out in layers. In addition, the filled
height can be closely captured by settlement gauges,
which are adopted for monitoring purposes. Therefore,
the chances of overfill is unlikely and the uncertainties
of the embankment weight is under control with proper
monitoring and supervision.

c) It is recommended to set the partial factor for variable
load equals to unity (1.0) in the MY-NA. Again, this is
because the machineries loads are fairly consistent and
controllable in earthwork constructions. Hence, the
risk on the inconsistent variable load would not arise.
Should there be no proper control, the partial factor for
variable load could be applied.

d) As mentioned earlier, the stability of the embankment
is most critical at the end of construction when the
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embankment height is the highest (short term) and the
undrained shear strength will gain in strength with time
due to the dissipation of excess pore pressure. In view
of this, it is impractical to apply a high partial factor
of 1.4 on the undrained shear strength during stability
analyses of the embankment over soft fine grained
subsoil. In addition, currently available methods to
obtain the in-situ undrained shear strength are generally
reliable enough to be used in total stress analyses of
an embankment. Therefore, the author recommends a
partial factor of 1.2 to be adopted on undrained shear
strength.

e) For suggested MY-NA, higher partial factors on earth
resistance (embankment) (y,) are proposed if any failure
of the embankment is high risk to life (e.g. fatalities and
affects public safety) or causes damages to important
structures/services. Using different partial factors on
earth resistance is a rational way to differentiate the risk
associated with embankment stability in different site
conditions.

The suggested partial factors in the MY-NA for the design
of embankment stability are listed in Table 2 for easy
reference. Since DA1-C2 is likely to be adopted in Malaysia,
the steps for embankment stability analysis following this
approach are illustrated using the suggested partial factors
of the MY-NA in Table 2:

1) Obtain the correct geometry of the embankment
(including settlement magnitude), groundwater level,
surrounding ground profile (e.g. any depression,
channel or drains beside the embankment).

2) Select representative layers of “Characteristic” soil
parameters of shear strength (e.g. undrained shear
strength for fine grained soil [clayey materials] and
effective shear strength parameters for coarse grained
soil [sandy/gravelly materials])

3) Divide the “Characteristic” soil strength with the partial
factors of soil strength (y,, soil from Table 2 of suggested
MY-NA) to obtain the “Design” soil strength.

4) Use “Characteristics” bulk unit weight of fill and subsoil
materials that are classified as permanent actions (either
favourable or unfavourable). In this step, the partial
factors for all permanent actions (y.) (favourable and
unfavourable) are set to unity (1.0). Thus the “Design”
permanent action is the same as the “Characteristics”
value.

5) On Variable Unfavourable Action (e.g. load from
Machineries), it shall be multiplied by the ratio of partial
factors on actions of (y,;dst/ydst). Following DA1-C2
of Table 2, the value is either (a) or (b):

(a) Able to control machineries load at site,
use (yydst/ygdst)= (1.0/1.0) = 1.0

(b) Unable to control machineries load at site,
use (yydst/ygdst)= (1.3/1.0) = 1.3

(To be continued on page 35)
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6) Carry out stability analysis to obtain the FOS using
parameters obtained from Steps 1 to 5 for both
Short Term/Construction and Long Term/Drained
Condition.

7) Select the Partial Factors of Earth Resistance (y,) for
Short Term/Construction from Table 2 based on either
(a) or (b) from DA1-C2:

(a) With low risk to life (not likely to affect public safety)
or not likely to cause damages to adjacent important
structures/services; use y, = 1.00

(b) With high risk to life (could affect public safety)
or could cause damages to adjacent important
structures/services; use y, = 1.10

8) For Long Term/Drained Condition, the Partial Factors
of Earth Resistance (y;) from Table 2 based on DA1-C2
is 1.15.

9) Obtain the “Design” FOS by dividing the FOS of Step 6
by both Partial Factors of Earth Resistance (y,) and
Permanent Unfavourable Actions (y_dst).

FOS,,...=FOS / (v, vdst)

design

10) If the FOS design = 1.0 for both Short Term /Construction
and Long Term/Drained Condition, then it is adequate
and acceptable.
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