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ABSTRACT

Deep excavations for basement are common partvalaement to utilize underground space in
densely populated areas. Protection of adjaceritibgs and properties is a primary design
concern nowadays for underground construction hns, tcorrect selection and design of suitable
retaining wall system are critical for the succetshe project. Common conventional retaining
wall system used for deep excavation in Malays@unhes diaphragm wall, secant pile wall,
contiguous bored pile wall, soldier pile wall oregh pile wall supported either by internal
strutting, temporary ground anchors, semi top-downtop-down, etc. The Authors had
introduced soil nailing technique to replace thewvamtional retaining wall system for deep
basement excavation in Malaysia. If the site camwlits suitable for soil nailing technique, it will
contribute to significant savings in cost and timfe construction compared to conventional
retaining wall system.

This paper presents two case histories on the tiseilonailing technique for deep basement
excavation in Malaysia. The first case history preés an excavation of up to 30m deep for the
construction of 7 levels of basement for a comna¢rdevelopment. The site is underlain by
metasedimentary formation. The geotechnical chgdleis to design and construct a deep
basement of up to 30m deep with close proximitioefrise structures (less than 5m) adjacent to
the deep excavation. Experience learnt in chaiaiigrthe soil and weathered rock properties is
also presented especially on determination of gboieal parameters for weathered rock mass
where proper sampling and testing of materialsddfieult. Monitoring works on the completed
soil nailed slope using settlement markers andniaoieters had demonstrated the effectiveness
of the system where lateral movement and settlearentvell within prediction. The case history
demonstrates the effectiveness of soil nailingriegke for deep basement construction even with
close proximity of adjacent structures.

The second case history presents an excavatiop wf 20m deep for the construction of 5 levels
of basement in a mixed development underlain byitgdormation. The site is adjacent to low-
rise buildings at the boundary to the north andiso® the east and west sides of the site. This
paper presents the detailed planning, coordinammhinteraction between geotechnical engineers
and Architect to come out with the most cost effecand construction friendly solution that is at
the same time fulfills the Architectural requirertenThis case history demonstrates the
importance of cooperation between Architect andeggmical engineers in producing innovative
solutions for the benefits of the project.



1 INTRODUCTION
1.1 Deep excavation for basement construction

Efficient use of space is a major design concerarban development and as such, underground space i
commonly utilized for basement parking, mechanara electrical (M&E) rooms, etc. With high-riseket
depth of basement excavation is also significamrier to cater for the required numbers of carays by
local Authority. As such, like any major citiesetldepth of basement excavation in Kuala Lumpur also
increases as the country progresses and this oomsty advances design concepts and capabilities of
machineries to construct deeper basement. Someysiaaexperience in the design and construction of
retaining wall and support systems for deep basem@mstruction have been discussedTan & Chow,
2008

However, due to scarcity of land in Kuala LumputyGCentre, major developments are increasingly dein
carried out in peripheral areas of Kuala Lumpurhsas in Petaling Jaya, Mont’ Kiara, Puchong andhSha
Alam. These areas present unique challenges cothpareonventional development in Kuala Lumpur City
Centre as its land price and selling price are foemmpared to Kuala Lumpur City Centre and the land
available for development is bigger. This situatipresented unique challenges and opportunities for
innovative design as the selling price is not leglough for conventional basement excavation tecienfg.g.
diaphragm wall) to be economically feasible. Howeweith larger development area, some flexibility i
basement layout and design allow techniques suslibrail to be employed even for deep excavatiith
basement of up to 30m deep.

1.2 Soil nailing technique

Soil nail as stabilization measure for distressiegpes and for new very steep cut slopes has thenatis
advantage of strengthening the slope without exeessarthworks to provide construction access and
working space associated with commonly used retgisiystem such as reinforced concrete wall, reiefbr
soil wall, etc. In addition, due to its rather gjtaforward construction method and is relativelgimenance
free, the method has gained popularity in Malaj@idnighway and also hillside development projects.

In recent years, due to the advantages of soilwigith can be constructed in areas with diffic@tess and
minimizes earthworks, soil nail system has also atestrated its applicability for deep excavation kgofor

basement construction. The use of soil nail sy$tamresulted in cost savings to deep excavatigegirand
also enables basement construction to be carrieith aurelatively unobstructed working space.

The basic concept of soil nailing is to reinforce atrengthen the existing ground by installingelg-spaced
steel bars, called ‘nails’, into a slope as comsion proceeds from ‘top-down’. This process create
reinforced section that is in itself stable andeablretain the ground behind it. The reinforcerseme passive
and develop their reinforcing action through nadwnd interactions as the ground deforms during and
following construction.

Various international codes of practice and designuals such as listed below are available folgdesi soil
nail:
a) British Standard BS8006: 1995, Code of Practicestoengthened/Reinforced Soils and Other Fills.
b) HA 68/94, Design Methods for the Reinforcement afitdvay Slopes by Reinforced Soil and Soil
Nailing Techniques.
c) U.S. Department of Transportation, Federal Highwsgministration, Manual for Design and
Construction Monitoring of Soil Nail Walls (FHWA998).
d) CIRIA C637: Soil nailing — best practice guidance.

A review of the various design methods for soil hais been carried out lighow & Tan, 2006In this paper,
a brief discussion on the use of soil nail for despavation works is presented highlighting itsatiek
advantages and also its limitations and how it lbarovercome. Two case histories are also prese¢ated
illustrate the principles discussed.



2 SOIL NAIL FOR DEEP EXCAVATION

Soil nail offers significant advantage for deep asation works especially in areas outside of major
centre which requires deep basement in order tdmizx land use. Development features which are most
suited for the use of soil nail to replace convamai system such as diaphragm wall are as follows:

a) Areas just outside of major city centre where lpride and selling price is not at the top most tier

b) Sizeable land for development with typical landaaexceeding 6 acres. Larger land area will give
more flexibility in terms of layout and carpark ptang in order to optimize basement construction.

c) Best suited for areas with different elevationsoasrthe site where conventional retaining wall such
as top-down construction may induce unbalancecefoomnto the permanent structures. Typical land
profile is illustrated inFigure 1 Nevertheless, soil nail system can also be addpterelatively flat
land and in Malaysia, it is significantly cheapempared to conventional system such as diaphragm
wall with top-down construction and is also fasterthe area will be relatively free for subsequent
basement construction.
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Figure 1: Land profile suitable for soil nail systelue to different ground elevations surroundireggte.
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Some of the advantages of soil nail system comptremnventional retaining wall system associatétth w
deep basement are:

a) Does not require large working space for the wokks. example, diaphragm wall would require area
for large machineries, storage for bentonite apglaleng of bentonite fluid.

b) Relatively cheaper.

c) Relatively cleaner site as disposal of drilled/exatad materials will be less.

d) Straightforward construction as it does not invobtkeer trades. For example, top-down construction
would involve concreting and structural works, allsttion and prestressing of temporary ground
anchors for anchored wall system, etc.

Similar to any system, there are limitations togfistem as follows:

a) Requires close coordination and cooperation betweehitect, Structural Engineer and Geotechnical
Engineer. The system is generally different comgpaoeconventional design where basement walls



are usually located at the edge of the boundamghtrup to the statutory building setback
requirements. As such, Architect and Engineers evbalve to work together in order to optimize the
basement layout to suit the ground profile anddésign. This would results in optimized solution fo
the development which is a compromised solutionwbeh ideal Architectural, Structural and
Geotechnical considerations. As suaholvement of geotechnical engineer should startrdm
early development planning stage.

b) May require interfacing with foundation works ase tBystem works best by not disrupting the
superstructure design (changes to accommodatenadilsystem to suit the ground profile are
confined to basement carpark only). Some columnsstiperstructures would be situated at berms
within the soil nail system in order to support thegperstructure.

c) Requires considerable design effort as the destgdsto integrate with Architectural, Structurad an
Earthworks requirements while at the same timeillintj safety and serviceability of adjacent
structures affected by the excavation works.

The above limitations can be overcome if propenmilag is carried out and would results in significa
savings in terms of cost and time to the projectemonstrated in the two case histories discugsedel
following sections.

3 CASE HISTORY 1: 30m DEEP EXCAVATION FOR MIXED CO MMERCIAL DEVELOPMENT
(SOLARIS DUTAMAS)

3.1 Description of project

The proposed development, Solaris Dutamas, corafifs storey commercial units, office blocks @f 1

42 storey high and 33-storey service apartments Gvievels of basement on an 18-acres |&iglire 2shows
picture of the proposed development whiigure 3shows completed view of the basement works taken
recently (superstructure works completed).

Figure 2: Overall perspective of proposed Solarsahas.



Figure & Completed basement and superstructure works.

3.2 General geologgnd subsoil profil

The site is underlain by metasedimentary rock fdienaknown as Kenny Hill Formation. The bedrc
consists of sandstone/siltstone with quartzite @imgdlite. The weathered soils are generally charatd by
the presence of sandy SILT/CLAY.

Typical sinplified borelog profiles at the site are shownFigure 4for relevant boreholes at the North:
boundary of the site where the highest soil nailpfto 30m is constructed. In general, residual soil layer
is very thin (generally less thd®r) before deep weathered metasedimentaayerial: with SPT-N > 50 is
encounteredThe significant thickness of the weathered metasexiary materials presented challenge
characterizing its behavior due to sampling diffies and its variability. Fodesign purposes, soil propert
were carried out using equivalent M-Coulomb (c’,f’) parameters based on H«-Brown failure criterion.
The soil nail slope is continuously-assessed during constructias the slope surface is exposed and
mass chiacterization was carried out by experienced gastfagotechnical engine

Figures 5and 6show typical weathered metasedimentary materigdesed during soil nail constructi
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Figure 4: Typical simplified borelog profiles at Kieern part of the site with soil nail wall up t6r@ high.

Figure 5: Typical weathered metasedimentary mdseeigposed during soil nail construction (Grade N/V
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Figure 6: Typical weathered metasedimentary mdseeigosed during soil nail construction (GraddW).

3.3 Design of soil nail system for deep excavation

The original retaining wall system consistsf@&00mm contiguous bored pile (CBP) wall with tempgra
ground anchors as shown kigure 7 However, review of the contiguous bored pile sgstshows that the
cost of the CBP wall will be high as it needs tdl dhrough the Grade llIl/IV material in order torin the
CBP. The weathered material cannot be left unsuegoas it is highly fractured and is susceptible to
degradation with time. As such, soil nail systermisoduced as alternative to CBP wall and it iBdved that
the use of soil nail system for basement constactiith such high retained height of up to 30m éinb
introduced for the first time in Malaysia.

Figure 8shows the alternative soil nail system which wascessfully constructed. The alternative soil nail
system requires some minor modifications to theeitmamt layout and also proper planning of consioucti
sequence and foundation system to support the stupeture.Figures 9and 10show pictures taken during
soil nail construction where the close proximityexisting buildings (less than 5m) to the soil rslpe can
be observed. Completed bored piles (with protruditagter bars) within the soil nail slope can disoseen.
Figure 11shows picture taken when basement constructiotvéas completed.
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The design of the soil nail slope was carried @geol on the recommendations of FHWA, 1998. Broakéy,
design needs to ensure:

a) Internal failure
i. Face failure
ii. Pullout failure
iii. Nail tendon failure
b) External failure — Global failure surface
c) Serviceability to prevent distresses to adjacerstieg buildings

FHWA, 1998 provides a rational and detailed appndac the design of soil nail system which ensgafety
with respect to internal failure and external fedluParticular attention was paid to design of adés
thickness of shotcrete due to the significant hieagtthe soil nail slope with steep angle (4V:1kpeaalso in
deriving correct parameters especially on nail Idedjram for stability analysis. The importancenafl load
diagram is briefly discussed below.

In Figure 12 it can be seen that the nail load diagram cansisthree zones, A, B and C. Zone A is governed
by the strength of the facingi &nd also the ground-grout bond stress, Q. Ifélsan§y of soil nails is designed
to take full tensile capacity of the nail, then fl# tensile capacity of the nail can be mobilizexen if the
critical slip circle passes through Zone A. Howeuer design the facing with full tensile capacitlyrails
instead of lower Fis not economical for high slope (e.g. more thBm)l Zone B is governed by nail tendon
strength, T and Zone C is governed by ground-grout bond st@s$rom the diagram, it is clear that the
mobilized nail resistance should not exceed théload envelope developed from the three failuieega
discussed above. Therefore, the nail resistanagasfor slope stability analysis should refeittie nail load
diagram Figure 12 corresponding to the available bond length ferdtfitical slip planeRigure 13.
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Zone A Zone B Zone C

o« Nail Length -0
Nail Head
Figure 12: Nail load diagram (FHWA, 1998).

k3

Critical slip
plane

Available
bond length

Figure 13: Available bond length from slope stapitinalysis.

Some slope stability analysis software may havectabilities to automatically adjust the nail sence
based on the ground-grout bond stress and naibtestilength. However, extra caution needs to becesesl
as some of the software does not cater for thecteofuof nail load at Zone A and assumes strengiyoAs
illustrated inFigure 14 failure to cater for the reduction of soil nadisistance in Zone A may lead to
overestimation of the available nail resistancesliope stability analysis for critical slip circleat passes
through this zone.

Available nail

resistance (kN)

4 Critical slip plane

Nail load diagram usually

Over- assumed by software
estimationf---- & -

of nail { ) Actual nail loa
resistance diagram

Hedd Soil Nail , Tail

Figure 14: Overestimation of nail resistance iftshete facing strength not taken into consideration
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As the soil nailed wall will be left exposed andpiart of the permanent structure, the minimum facfo
safety (FOS) required is 1.4. The details of thersol satisfying ultimate limit state requiremerdre:

a) Nail diameter of 25mm to 32mm (Yield strength ofl 460 N/mn)
b) Grout hole diameter = 125mm.

c) Nail length from 4m to 21m.

d) Shotcrete thickness of 200mm to 200mm.

During the design process, one of the major chgdlenn designing the soil nail system is charazaéon of
the highly fractured/weathered rock maSgy(re §. Based on reported range of basic friction an{fBesston

& Choubey, 1977) for rock materials which is reproéd in Table 1 below, the effective stress shieangth
parameters adopted for the weathered sandstdrie=i85° and ¢’ = 15kPa. The basic friction angle is not
adjusted for roughness and surface irregularitessite observation has confirmed the surfaces ef th
weathered rock is quite smooth. A relatively lovieefive cohesion, ¢’ = 15kPa is adopted as it igrindent

to adopt high ¢’ value especially for long-termbsiity considerations.

Table 1: Basic friction angles for a range of roc&terials (Barton & Choubey, 1977).

Rock type fpdry fp wet
Degrees Degrees

Sandstone 26 - 35 25-34
Siltstone 31-33 27-31
Limestone 31-37 27-35
Basalt 35-38 31-36
Fine granite 31-35 29-31
Coarse granite 31-35 31-33
Gneiss 26 -29 23 -26
Slate 25-30 21

As the soil nail work progresses, review of the tiveeed rock mass parameters were also carriedasetlon
site observations by geotechnical engineer/gedlagigng Hoek-Brown criterion as shown kgure 15
Results fronfigure 15indicate the adopted shear strength parametethdareathered rock is appropriate. It
is noted that the equivalent Mohr-Coulomb paransetédtained from Hoek-Brown criterion dre= 35° and

¢’ = 77kPa but as explained above, the use of l@nvir long-term slope stability is recommended.

Hoek-Brown Classification
intact uniaxial cemp. strength (=igeiy = 10 MPa
G5l=12 mi=17 Disfurbance factor(D}=10
intact modulus (Ei} = 2750 MPa
modulus ratio (MRj = 275

Hoek-Brown Criterion
mb=0734 s=00001 a=0575

Mohr-Coulomb Fit
cohesion = 0.07F MPa  friction angle = 34.92 deg

Shear stress (MPa)

Rock Mass Parameters
tenzile strength = -0.001 MPa
uniaxial compressive strength = 0,036 MPa
glebal strength = 0.793 MPa
deformation modulus = 25.57 MPa

0¢ 0t 02 03 04 05 086 07 08

MNormal stress (MPa)

Figure 15: Rock mass parameters for weathered sarelbased on Hoek-Brown criterion
(Output from Roclab software).
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Due to the close proximity of adjacent low-riseustures, serviceability limit states were also &eglcusing
finite element method. The analysis was carriedusuig the commercial software, PLAXIS. Typical rebd

set-up in PLAXIS is shown iRigure 16
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Figure 16: Typical finite element model in PLAXISrfsoil nail system.

Figure 17shows the measured ground movement using inclitmnegether with the predicted ground

movement from PLAXIS. It can be observed that ttmugd movement measured at site generally agrebs wi
the prediction although the predicted movement aggdr which is expected as slightly conservative
deformation parameters were adopted during dedgised on the prediction, the soil nail slope is not
expected to cause any significant distress to tfj@cant structures and this is subsequently cosfirioy

monitoring results and visual assessment on trecadj structures.
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Figure 17: Predicted and measured ground movenfiesgilanail slope.
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The soil nails were also subjected to verificataond proof test based on the following acceptaniterier in
accordance with FHWA, 1998:

a) For verification tests, a total creep movementeskithan 2mm per log cycle of time between the 6
and 60 minute readings is measured during credimdeand the creep rate is linear or decreasing
throughout the creep test load hold period. (Ndtee creep criterion has been established to ensure
that the nail design load can be safely carriedufinout the structures’ service life (up to 100rgka
without causing movement that could damage thetsires)

b) For proof tests, a total creep movement of lese flram is measured between the 1 and 10 minute
readings or a total creep movement of less than 2snmeasured between the 6 and 60 minute
readings and creep rate is linear or decreasiogiginout the creep test load hold period.

c) The total measured movement at the maximum tedtdaaeeds 80 percent of the theoretical elastic
elongation of the test nail unbonded length.

d) A pullout failure does not occur at the maximumt tead. Pullout failure is defined as the load at
which attempts to further increase the test loagphi result in continued pullout movement of the
test nail.

Based on verification tests carried out on prelamyrsoil nails, the ultimate capacity of the grotgrdut bond
ranges from 3 to 5 times SPT-N (in kPa). As suble, 3*SPT-N correlation was routinely adopted for
preliminary design in Malaysia and optimizationSt&sPT-N will be carried out if pull-out test ressijustify
higher values.

Typical result of a pull-out test is shownFkigure 18

04G360-Solarls 2 Dutamas
Freliminary Soil Nail Pull Out Test (dm Seil Nail Length)
Load (kM) Versus Displacement {mm} Curve
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Figure 18: Typical verification pull-out test retsul
In summary, the performance of the soil nail sysiematisfactory and is superior compared to cotiveal

retaining wall system for this particular proje@esresulting in significant time and cost saviithe cost
savings resulting from the soil nails system israpimately RM5 Million.
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4 CASE HISTORY 2: 20m DEEP EXCAVATION FOR MIXED CO MMERCIAL DEVELOPMENT
AT MONT’ KIARA

4.1 Description of project

The proposed development consists of 1 block cft8iey Hotel and SOHO and 1 block of 19 storeyiseds
apartments with 5 levels of basement which requexesivation using soil nail of up to 20m deep.

4.2 General geology and subsoil profile

The site is underlain by the Kuala Lumpur Grandterfation and the granite bedrock has been detécténl
the soil investigation works. The texture and cosipan of the granitic rock generally ranges frooarse to
very coarse-grained. The overburden materials sbnsinly of completely weathered residual soilkjol
are derived from the weathering of granitic rockoke fill is also detected at certain parts ofdibe which is
reflected in the low SPT-N blow count (SPT-N < IDypical borelog profiles are shownkigure 19
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4.3 Design development

The original design requires retaining wall of ep2tlm deep which is propped against the futurernase
structure as illustrated iffigure 20 Unbalanced forces will be induced onto the boddirame as the

supported height of the retaining wall differs sfigantly with one side of the ground significanthygher
than the other side.

Lateral earth pressure resis

by building frame Existing Soil Profil¢

Proposed retaining we-
lateral support of wall provided
by future basement structure

Figure 20: Conventional retaining wall system supgmb by building structural frame.

As part of the value-engineering exercise carriet, an alternative system using soil nail is exgdor
However, the required space in order to accommatti&esoil nail system within the site boundary tiesgi
re-designing of the entire basement. As such, ltieenative soil nail system requires the Architaod the
Geotechnical Engineer to work closely together ideo to produce the optimum solution based on the

building needs and existing site conditions. A ¢gpisection of the final product of the soil najstem is
shown inFigure 21
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Figure 21: Alternative soil nail system for basetrmamstruction.

As can be seen froffigure 21 the basement for the alternative soil nail sysiemore complicated in order

to accommodate the space required for the soil &k basement layout has to be adjusted and proper
planning of foundation system is also requiredrieeo to support the superstructure. The alternatienail

and foundation system are planned in such a waythkeabuilding design above the basement parkingpis
affected. The required time input for such desmgytherefore more than conventional design and yhe s
requires careful coordination between the Archiot the Geotechnical Engineer to ensure the design
coordinated. For example, a 3-D SketchUp Model drasvn by the Geotechnical Engineer in order tosassi
the team in visualizing the soil nail system asngh Figures 22 and 23
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CBP wall for lift pit
excavation at localized area

P=—4

Figure 22: 3-D model of sail nail system.

Figure 23: 3-D model showing layout of basemerar$osuperimposed onto soil nail slope.

Due to the collaborative effort of the Architectda@eotechnical Engineer together with a suppofdiiient,
the cost savings by adopting soil nail system faee conventional retaining wall system is apprately
RM19 Million. In summary, this case history illustes the enormous benefits to a project brougltdldse
cooperation of the Client, Architect and Engingent the planning stage.

5 CONCLUSIONS

Soil nail system offers a viable and practical ralaive for conventional retaining wall system tgidly

adopted for deep excavation works such as diaphvegjirespecially for project site with relativelgrbe area
(typically more than 6 acres). Soil nail system damonstrated to offer significant cost and timerggs in

addition to offering advantages in terms of a romystem with relative ease of construction. In &fala,

deep basement of up to 30m deep with close proxiafiexisting sensitive structures has been sutul@ss
designed and constructed using soil nail systemltasnative to conventional retaining wall systemal & is

envisaged that more future projects using the syistem will be adopted.
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The system requires close cooperation between ttigitAct, Structural Engineer, Geotechnical Engirseel
Client and therefore, the participation of the @ebnical Engineer should begin from early develapme
planning stage in order to optimize the basemesigde
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