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ABSTRACT

THE ASSESSMENT OF DEEP EXCAVATION PERFORMANCE OF A
HIGH RISE RESIDENTIAL COMPLEX, IN BAYRAKLI, 1ZMIR

Turgut, Atalay Mert
Master ofScienceCivil Engineering

SupervisorProf. DrrK e ma | ®entdiemr

June2022, 453 pages

Theneed tadeep excavation projedtsincreasingwith urbanizationConsistently the
excavation depths aatsoincreasingTherefore, the optimum design of the excavation
systembecomes more importar&n optimum design of an excavation system can be
developedwith the selection of a suitable excavation system in terms of quality,
duration and cost and with the estimation representativesoil properties On the
other handthe cost of the deep excavation sysiéwars becoma significant portion

of theoverallproject budgetThe Single Bore Multiple Anchor (SBMA) systemas
important development in the ground anchor ingust make the optimum design.

A deep excavation systemofahigh se bui l ding cons,isructed
examinedn this study The highrise building consists of three blocls, B, and CA

total of 20 cone penetration tests (CPT) aridddreholes were performed for the site
investigation The deep excavation system was monitored with 18 inclinometers and
9 load cells.The construction area is divided into seven regians each region is
studied separatelpr the estimation of soil pametersand the finite element analysis
with Plaxis 2D Each inclinometer reading is compared with analysis results.

Estimated soil parameters are calibrate@ugh scaling ofhe stiffnessseparatelyor



cohesionless and cohesigeil layers As a result it is shown that the adopted
assessment scheme provides reasonable agreemefiielditinclinometerreadings
which are also concluded to bensistent withrecommendationsvailable in the

literature.

Keywords: DeepExcavation Finite ElementMethod Back Analysis, SBMA, Plaxis
2D
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BAYRAKL|I KEGKROAKR KONUT PREGIESEREN
KAZI NIN PERFORMANS DEJERLENDKRMESk

Turgut, Atalay Mert
Y¢ ksek,Kniksasaants M¢g hendi sl i i
Tez YO rPeof Driiesnial entdiemnr

Haziran2022 453sayfa
Derhrkazé projelerine olan i1 htiya- her ge-
derinlikleride ar t makt adeéer . Bu y¢zden opti mum d
pl ana -é®@makmamcmhékazeé sistemiamnl ityaeeddr égnié
°n¢gnde b u | uuyngduunr a rkalkz & Ssisteminin se-iln

parametrel erininBu alhkg kn k dzeé ysaipsttl earpii iim .
°©zel l itkd rekiiknii md | e. m¥g mk ¢ny aknadzaén sdiesrtieml er i r
prg e b¢t-el erinde °nemli bir yer edinmekt
tek deli k -oklu ankr aj (SBMA) si st emi an
biridir.

¢al ékma kapsaménda Bayr akl é Kermsistenikdeez & n «
i ncelenmi ktir. ¢tok katl e yape A, B ve C

arakt er mal aaplam2R adpt &omikngemettazyon deneyi (CPT) ve 25 adet
s

ondaj a-él mekter. Derin kadeét sysheempcnd
izl enmi Kt ir. Knka alané 7 farkl é Db°l geyc¢
tahki ki ve Plaxis 2D ile sonlu el emanl a
i nclinometre okumasé analiz sonu-1|laréyl a
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kohezyonsuz ve kohaywyeékalyir ZzreemiSaodnielr miiokitia mra k
analizsonundmrienkl i nometr e o k umal perfagmang e l i tera
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CHAPTER 1

1. INTRODUCTION

1.1. Research Statement

As a result of the development of cities and the increase in populationrigegh
buildingsare required to be constructé&kcavation depths are increasing day by day
to meet these requirements. On the other hamukt of the time, the surrounding
historical structures, utilities, and buildings are close to the excavatioiisenain
risk of a deep excavatiosystemis excessive horizontal displacements, which can
trigger e failure of the system.

The study aimsbackanalysisof a shoring system consisting @phragm wall and
single boe multiple anchor (SBMAxonst ruct ed | nThaBmojpectak| €,
consists of 3 differentexcavation areas named Block A, Block B, and BlocKitzy
can be seen in Figure 1.20 cone penetration tests (CPT) arfdl libreholes were
performedwithin the scope oite investigatioa The deep excavation system was
monitored with 18 nchiometers an® load cells. The deep excavation system was
analyzed by usinthefinite element software, PLAXIS 2D. By using monitoring data
and analysis results, soil parameters are calibrateeh, these calibrated results are
compared with recommendetypical displacement estimation methods in the

literature.

1.2. Research Obijectives

The research objectives of this study are explained below;
a) Comparison of the measured and predicted displacements
b) Calibration of estimated soil parameters according to feldment analysis

results and monitoring data



1.3. Scope of the Thesis

This thesis consists of five chapters. It starts with the introduction in Chapter 1.

In Chapter 2,a summary of the deep excavation systemsed worldwide is
demonstratedFurthermore, recomemded methods in the literature to estimate the
displacements of the excavation sysecollected.

In Chapter 3, soil parameters estimation methodologies are explained. Monitoring data
were presented for INK1 as an example.

In Chapter 4, finite elemémodeling and analysis with Plaxis 2D are explained.
Estimated soil parameters are calibrated by comparing predicted and measured results.
These results were discussed and also compared with the available methods in the
literature.

In Chapter 5a summaryf this thesis is presented. Conclusions and recommendations

of the research are explained.

Figurel.l. Project Site



CHAPTER 2

2. LITERATURE REVIEW

2.1. Introduction

In this chapter, thaleep excavation systems atescribed. Furthermore, a brief
description of methodologies to predict the displacement of the excavation $ystem
presented

2.2. Deep Excavation Systems

The designof a deep excavation systedependn multiple criteria. Some of them
are listed below;
1 Project Location
Soil Stratigraphy
Groundwater Condition
Excavation Depth
The Geometrpf Project Area
Project Budget and Deadline
Surrounding Structures
Design toleranceand criteria
The Lifetime of the Excavation System

Availability of Equipment and Materials

=4 =4 4 4 -4 -4 -5 A4 A -

Special Requirements of the Project

The abovelistedissues areconsideredas a stamg point. An appropriate excavation
system is chosen by considering the prajeguirement and necessitidgpesof deep
excavations aréisted asopenexcavations, cantilever type retaining walls, anchored
walls, braced cut strut walls, and tdpwn construction. For these systeipsssible
vertical elements arsecant piles, contiguous piles, tangent piles, diaphragm walls,

soldier piles, sheet piles, jetayt columns,and deep soil mixing columns. The



selection of vertical elementd the shoring systens alsowholly dependent on the

criteriadiscussed earlie

2.2.1. Open Excavations

Openexcavations are preferred where angjor vertical or lateral elements are not
needed to support the excavati@xcavations are performedtiv appropriate slope
anglesheights and surfaceprotectionn such as shotcrete cél@wever, if the depth

of excavation increases, the excavated area increases considerably. Therefore, deep
excavation cannot be made @senexcavations, especially in an urban area. Deep
sloped excavations ausuallypreferred in opeipit minesas shownn Figure2.1.

(Source: https://www.911metallurgist.com/blog/ofmstmining)



2.2.2. Cantilever Type Retaining Walls

Lateral support elemesdrenot used for cantilevesystemsFigures2.2and 2.3. The

crucial point is that the wall has to be sockedethe excavation dése,and the active

and passive earth presssiteve to be in equibrium to maintain stability given in
Figure 24. The passive earth pressure@isideredas a resistance force. However,
considerable displacement is required to mobilize the passive resistance fully (Figure
25). Therefore, cantilevelype retaining walls are not recommended if surrounding
structuresare close to the excavation area. Moreover, this type of excavatiainky
preferredwhen theexcavation deptis lower than 6 m. On the other hand, one of the
main advantages is that construction time is relatively sbompared toother

excavation gstems.

Figure2.2. CantileverBored PileExcavation System

(Sourcehttps://www.constrofacilitator.com/retainirwgall-desigrandits-types
usedon-constructiony



Figure2.3. Cantilever Sheet Pile Excavation System

(Sourcehttps://www.civilclick.com/sheepiling-2/)

\

\
Wall displacement

Active earth pressure
Passive earth pressur

/
\
Wassive earth pressure

I

Active earth pressure I

Point of rotation

Figure2.4. Schematic Sketch of Active and Passive Earth PresgtirfB¥A-IF-99-
015, 1999)



https://www.civilclick.com/sheet-piling-2/

Lateral pressure coefficient

-

)

Expansion Compression
Lateral strain

Figure2.5. LateralStrainvs. Pressure Coefficien{f&EHWA-IF-99-015, 1999)

2.2.3. Anchored Wallls

The anchored wall is an excavation system composagit#d wall, diaphragm wall,
or soldier pilesupported byground anchorgéFigure 2.6) They are usedstemporary
and permanent suppofithe free and bondnahorlengtrs aredesigned by taking into
account thestimatecotential failure surface3ensilelateralloads are transferred to

the bearing layer by this mechanism.



o ¥ & > . T

Figure2.6. Multi-layered Anchored Wall System

(SourceKas kt ak Database)

General Information

Ground anchors consist of 3 parésichoragefree stressing (unbonded) length, and
bond lengthin Figure 2.7 The anchorage has three patte anchor head, bearing
plate, and trumpet. With the help of #wechorage, prestressing force of the stsand
transferred to the bearingyer. The portionof the unbonded length works as a
transmitter ands free to elongate elasticallyhe unbonded length enables to transfer

of driving forces to the bond length. These forces are transmitted into the ground with
the help of the bond length.



/N%

Anchor Head

Bearing Plate

Unbonded Tendon

Anchor Grout X-\/(\,;\ ) \/

Bonded Tendon—" ',/ SAng,

Figure2.7. Typical GroundAnchor (FHWAIF-99-015, 1999)

Typesof Tie-backs

Types of ground anchors are straight shaft grayiputed ground ancho(3ype A),
straight shaft presswgrouted ground anchors (Type B), pgsbuted ground anchors
(Type C), and theinderreamednchor (TypeD). Their schematic drawings can be
seen in Figure 2.8ypes A, B, and. C are mostly preferred worldwiolet Type D is

not commonn practice

Type A: They are typically used in rock and very stiff to hard cohesive soils. Rotary
drilling or hollow-stem augemethods are preferred as a construction technicuee. T
diameter of the anchaf thebond length and the diameterfgelengthare the same

An injection is made with the help of gravity without pressure. Thequilkcapacity

of the anchor is directlselated to the mobilized shear resistance of the root.

Type B: This type of anchor is preferred in fhgeained cohesionless soils, coarse
granular soils, and weak fissured rock. The same construction technique can be used

in Type A. However, casings are required during the drilllirge injection of the bond



length is made with pressure. As a result, the diameter of the grouted zone is increased
and higher resistance can be obtained.

Type C: Postgrouted anchors are instdl by grouting multiple times. After the first
injection, a second higpressure injection is appliethe first injection body is broken

with high pressureandthe anchor root is expandedariringed mannerThe anchor
bearing capacity is increased. $type of anchor iased chieflyin cohesionless soils

or stiff clay.

Type D: This type of anchor is preferréor afirm to hard cohesive soils. The grouted
body consists afinderreamsind enlargement bells. In addition to shear resistance, tip
resistance occurring due to enlargement bells is mobilized under the tension.

Therefore, higher anchor capacity can be obtained.

Type A: Straight shaft gravity-grouted

y
Type B: Straight shaft pressure-grouted Z4:%,%%
WUZE VS

S 0

Type C: Post-grouted

Type D: Underreamed

Figure2.8. Types of Grouted Ancho(&HWA-IF-99-015, 1999)
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Bond Length of Anchors

The bond length is determined by considering the required, fspaeing,and soil
type. The ultimatdoad-bearingcapacitydependson the relative density/consistency
of soil. According to FHWAIF-99-015 (1999), corrected SPT values)ban be used
for gravity-grouted anchorsAccording to the soil type, the average ultimate bond
stress can be selected for pressure grouted anchioes recommendedltimate
transfer load and bond stressas be seen belofer straight shaft gravitgrouted and

pressure grouted anchors, respectively in Table 2.1 and 2.2

Table 2.1. Ultimate Transfetoad of Straight Shaft Gravit§srouted Ground
Anchors in Soi(FHWA-1F-99-015, 1999)

Soil type Relative density/Consistency| Estimated ultimate transfer load

(SPT range) (KN/m)
Loose (4-10) 145
Sand and Gravel Medium dense (11-30) 220
Dense (31-50) 290
Loose (4-10) 100
Sand Medium dense (11-30) 145
Dense (31-50) 190
Loose (4-10) 70
Sand and Silt Medium dense (11-30) 100
Dense (31-50) 130
Silt-clay mixture with low plasticity or Stiff (10-20) 30
fine micaceous sand or silt mixtures Hard (21-40) 60

11
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Anchor bond lengthshangebetween 4.5 m to 12 m. However, a bond length longer
than 12 m is notecommended b¥HWA-IF-99-015 (1999)and Ostermayer el
(1977)since the load cannot be transferred from the top of the bond length to the end.
The resultingstrain exceeds thgeak straipandprogressivdailure begins in the upper
grout body before the capacity is fully mobilize@ihe graphof bond stress

mobilization oftheanchor can be se@mFigure 2.9

(é) Initial Progressive Ultimate
@ Loading Loading Leading
V| oeemm=mcee..
[ -
O
oM
== = ol
Residual 4
Bond Stress -
Top of Bottom of
Bond Length Bond Length

Figure2.9. Bond Stress Mobilization of Anchor&HWA-1F-99-015, 1999)

Free Length of Anchors
The unbonded length of anchors is determined by assuming a potential failure surface.
This failure surface c an relatwe tatheshariontati t h
plane Typically, the inclination of ground anchochangesn between 10 and 45
degrees. The most common installation is at angles of 15 to 30 degrees. The inclination
of anchors is important because the bond length should be behind the failure surface.
Therecommended by FHWAF-99-015 criteria can be listed belaiso can be seen
in Figure 2.10
1 The top of the bond length should be shifted 1.5 m or 0.2 H (excavation
depth) from the potential failure surface.
1 The bond length of the first anchor row shoutddelow 4.5 m from the
ground surface at least.
1 The minimumunbonded length is 3 m and 4.5 m for bar and strand

respectively.

13



Wall

Q '//////Q' ' " 'Q/"/%\ \ / //,&‘\\ F
/4 Potential _
Y Failure 4.5m (min)
Surface
/ — \
H / L
/
/
¢ s
%X

Minimum unbonded length = 3m (bar)
4.5m (strand)

X =1.5m or 0.2H, whichever is greater

Figure2.10. Wall Cross Section to Estimate Unbonded Length of Anc{iesVA-
IF-99-015, 1999)

Spacing of Anchors

b
1
-

—
Wall Sh
Face
i
‘ —
T
Sh > 1.2m

Figure2.11. Wall Plan View(FHWA-IF-99-015, 1999)
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The maximum horizontal spacing is determined by considering the allowable axial
capacity of ground anchors and the flexural capacity of the vertical supporting element.
Furthermore, minimum spacing should be more than l.@smecommended by
FHWA-IF-99-015 (1999)in Figure 2.11 Since group effects must be considered in
two aspectsconstructabilityand loathg mechanisms. If anchors areotolose, the
load-carrying capacity of anchors decreases due to theloading of soil. Moreover,

intersection probims can be encountered due to deviations during the drilling process.

Selection of Prestressing Steel Element

The tendon should have enough capacity to transfer the load to the bond zone without
failure. The different factors of safety values are usedlésign load and loekff

load respectively. According to FHWAF-99-015 (1999), the design load should not

be higher than 60% of theendon's specified minimum tensile strength (SMTS)
Moreover, lockoff and test loads are limited to 70% and 80% of th&' SM

For instance, if the test load i83% of the design load, thee n d o n GisprefSridd S

by controlling the 0.6 SMTS value. In Tabl&2recommendationef ASTM A416

for the properties of 15 mm diameter strands suchrasssection areas, ultimate

strengths, and prestressing forces are given;

Table 2.3. 15 mm Dia. Prestressing Tendon PropeitfeSTM A416)

Number of 15-mm Cross section area Ultimate Prestressing force
diameter strands strength
0.8 £uAy, 0.7 fuAy 0.6 T,A,

(in.) (mm°) (kips) | &Ny | kips) | (&N | kips) | &kN) | (kips) | (kN
1 0.217 140 58.6 260.7 46.9 209 41.0 182 35.2 156
3 0.651 420 175.8 | 782.1 | 140.6 626 123.1 547 105.5 469
4 0.868 560 2344 1043 187.5 834 164.1 730 140.6 626
5 1.085 700 293.0 1304 | 2344 1043 | 205.1 912 175.8 782
7 1.519 980 410.2 1825 | 3282 1460 | 287.1 1277 | 246.1 1095
9 1.953 1260 527.4 2346 421.9 1877 369.2 1642 316.4 1408
12 2.604 1680 703.2 | 3128 [ 562.6 | 2503 | 4922 | 2190 | 4219 1877
15 3.255 2100 879.0 3911 703.2 3128 615.3 2737 527.4 2346
19 4.123 2660 11134 | 4953 890.7 | 3963 | 7794 | 3467 | 668.0 | 2972

15



Failure Mechanisms of Anchored Walls
There are several failure mechanisittsey can be seen in Figure 2.TRey are listed
below:

a) Tendon failure due to tension

b) Pullout failure of grout/soil bond

c) Pullout failure of tendon/grout bond

d) Bending failure of the wall

e) Insufficient passive capacity

f) Insufficient axial capacity

g) Overturning

h) Sliding

i) Global rotational failure

a) Tendon failure due to tension b) Pullout failure of grout/soil bond

c) Pullout failure of tendon/grout bond d) Bending failure of the wall

16
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g) Overturning h) Sliding

=

i) Global rotational failure

Figure2.12. Failure Mechanisms of Anchored WalFHWA-IF-99-015, 1999)

2.2.4. Braced Cuts

Strut elements are used in braced dnt&igure 2.13 In contrast to the anchored
system, strut elements work aempression member3hey areusually made of
materials which arsteel beam sections and pipes. One of the most important criteria
for this type of system is that the width of excavation cabeotide. The maximum

17



recommended width is approximately 40 m. If the excavations are wide, inclined struts
also known as rakersan be use@Figure 2.14) The advantages of braced cuts with
struts are thatonstruction timas quicker. Besides it elemats are recyclableo

they are much cheapérhey can be disassembled for temporary excavations. On the
other hand, placement and removal of struts are not easy. Moreover, the wagking ar

for machines and employees becoiimaged.

Figure2.13. Excavation Supported with Struts

(SourceKas kt ak Database)

18



(SourceKas kt ak Database)

The spacing of struts in both horizontal and vertical directions should lbegasis
possible.lt changes between 4 m to 5m in general since open spaces have to be
provided for wokability. Section types or pipgiameterandthicknessare determined
accading to the requed load capacity. ickling failure is one of the mostitical

design criteria for struts which work esmpression membgr

2.2.5. Top-Down Construction

Considering the required excavation dimensions and environmental factors,-the top
down construction methodias becomemore popular Contrary to traditional
apgications the structure isonstructedrom top to bottonin thisconstructiorsystem
(Figure 215). Theconstructedsupport systesiarealso useds permanent structural

elements

19



Figure2.15. Top-Down Excavation System

(SourceKas kt ak Database)

Superstructure and substructure constructions@rgénuedat the same time. For this
reason, time savings can be achieved. Displacements are minimized due to the rigid
support elements usedlso, sincepermanently manufactured floors and beams are
used as horizontal support elements, riguirementgor elements such as anchors
andsoil nailsareeliminated. Lessonstruction ares requiredand so, earthworks are
decreased. As a resudtivironmental pollution can be minimized

It is expected that the displacements in the support sydteaidbe less than thos#
temporay systems Displacementof the excavation systesvare equivalent to the
displacements dhestructural membersince he support system will also be ussesi
permanent structural membeis is more expensive due to the @méd support
systemMoreover, here is no chance of waterproofing outside of the walls. Therefore,
there is a possibility of water leaking from tjoénts. Also, access restriction to the
excavated area is the most common problem encountered dtoimgfuction
Furthermore, lie connections between the support elements and the floors are more

complex.

20



2.3. Single Bore Multiple Anchor (SBMA) System

Traditional ground anchors have been used for decades to support the excavation
system. Over the years, requirexcavation deptheave beerincreaing. Therefore,
higheranchor capacities are required, whatfectsthep r o] e c t. 8BMAlyped g e t
of anchors is a significant development in geotechnical engineering to eliminate the
above problems.

Multiple unit anchors are installed into a single borehole. Each of them has an
individual fixed length. Pratressing is applied witteparetgacks (Figure 2.19. After

that unit anchors are loaded with synchronized jacks at the same time sincefloads o
unit anchors are required to be the same.

Anchor capacities increase with increasing bond length. HoweveleyB@ 995)
figured out that a traditionaln c hor 6 s Ildaesandinceeas|if thecbiortd iength

is greater than 8 to 10 m. The reasortlfitg is related to the load transfer mechanism.
The whole bond length cannot be mobilized uniforrilge resultingstrain exceeds

the peak strairand failure begins in the upper grout body before the capacity is fully
mobilizedas in Figure 2.17

Barley (1995) and Ostermayer and Barley (2003) demonstthagtd?2 to 3 m bond
lengths arenore efficient than 4 to 8 m bond lengths. This idea is the most important
fedure of SBMA.

V u k oetal. (2013) performed a comparison test of SBMA and conventional anchors
in different soil types. They are gravelly sian stiff silty clays and stiffo very stiff
clayey marl. They figured out that SBMA anchors are almost two times efficient than

conwentional acnhors.

21



A

‘-... '\. \ /7 \ b ". L\
\

¥ ' y
£\ \ \ \
, y A \

» -

A

VAVAYA'D'

:

Bond Stress (1)

Fixed Length (m)
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Theefficiency factor can be calculated by usingnE2} 1;

0 YO
0 'Y O®

”n 8 -
Efficiency Factor vs. Fixed Length
1.0

ferf =85.5% for Loy =3m
0.8

ferf = 1.6L7%%7

e
)

0.4

Efficiency Factor (f.p)

0.2

0.0
0 5 10 15 20 25
Fixed Length (m)

Hgure 2.18. Efficiency Factor versus Fixddcength
According to Figure.18, the capacity of an SBMA system with 3 unit anchors having
a 3 m bond length is 87% higher than the capacity of a conventional anchor with a 9
m bond length. Furthermore, Mothersille et al. (2015) and Duzceer et al. (2018)
demonstrated that 12001250 kNanchor capacitiesouldbe obtained in soft soils by

using SBMA technologyComparison of traditional ground anchor &8IMA can be
seen in Figure 2.19
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Figure2.19. Comparison of Traditional Grounshchor and SBMA Klothersille
2011 Presentation)

2.4. Earth Pressures

Various numerical and analytical methods are used in the design of a retaining system

The purpose of a wall system is to carry the lateral earth pressures, water pressures,

and surcharge loadDetermination of lateral earth pressuigselated tahe type of

wall movementthe sheastrength parameters of the soil, the unit weight of the soil,

and drainage conditions (Das and Sivakugan, 2019). There exist different lateral earth

pressure caiitions, which are active, passive, arad rest Rankine, Coul omb ¢
theories, and théog-spiral method forestimatingearth pressures are commonly

recommended in the literature.

At rest earth pressure is the conditiorveftical loading withho lateraldisplacement
in the horizontaldirectiors. Furthermore,ite wall canmove bwards the excavation
direction. Due to this movement, the dmghind the wall will expandand eventually
the shearfailures will occur. Forthis condition,lateral pressure isatied active earth
pressure.Moreover, he wall can move bpwards the opposite direction of the
excavation The soil behind the wall will be compresseghdfailure will occur. The

lateral pressure fdhis conditionis known agpassive earth pressure.

24



241. Rankineds Theory

Rankineds theory enables designers to
active and passive pressurBsessure zones can be seen in Figure 2&0ve earth
pressure is working as a driving force. Therefore, estimation ofréssyre accurately
plays an important role in the design of éxeavation system. There is a comparative
study to determine the compatibility of active pressure estimation with the finite
element results. According to Yap et al. (2012), the highest canipyatvas obtained
fromtheanalysiso f Ranki nebds theory.
Pressure diagramae assumed as linear and considerable simplifications are made
according taheassumptions listed below,

1 Soil is homogenous and isotropic

1 Lateral earth pressure acts on a ‘eeitplane

1 Active thrust acts parallel tineground surface

1 There is no friction between wall and soil, which meansttieawall surface

is assumed as smooth

=

A potential failure surface is a plane

1 The wall is accepted as infinitely long. The problerodssidered a plane

strain.

Outward movement

XX X XXX XY/ SS55%Y
><\,>< XAAKX \} /S

\/
4 /)\/ / AN /\>/
Y

N X\/ zone
XXX
/ )«\/\\\ )
Y \45°+ §'/2
X/
Y

Figure2.20. Active and Passive Zone of Retaining SystEmMWA-IF-99-015, 1999)
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Figure2.21. Mohr-Coulomb Failure Envelop@HWA-IF-99-015, 1999)

For cohesionless soils, the followg Eqn. 22 and 23 are derived fronfrigure2.21;

” . p O 90]; A oA %0
" v p OB v C

” . p O 901\) A oA %O

- - OA1 - Egn. 2-3
" v p OBd v C

where Kn and Ke are the coefficients of the active and passive earth pressures

respectdi viesl yt.hel t ot Eduationd-2 and £3iarealerigedby e s s

assumingascohesionless soil (c=0).

For cohesive soils, the following relations are used by considering effective stress

strength parameters (cd and (@G6) ;
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For the undrained case of cohesive soilsjdEigns (Eqn. & and 27) can be

simplified by takingasc=x@a nd G =0.

o p — Eqgn. 2-6

v p — Eqgn. 2-7

w h e 1 ie theitotal vertical stress.
For cohesionless and cohesive soils, the following relation can be used at rest
conditions;

0 “p O Bd Eqgn. 2-8

where K is the earth pressure coefficient at rest.
It can be seen in Figugeb that the kg coefficient is usedh the case of no lateral

deformation. This condition is not appropriate for retaining wall systems practically.

242. Coul ombdés Theory

The overall stability of the soil wedge
soil wedge is in between the retaining wall and the failure surfacewabiand soH

soil reaction forces and the weight of the soil wedge are taken into accourd. Thes
forces should be in equilibrium.

In Figures2.221 2.23,demonstrates the forces, which are resisting and driving forces,

acting on the soil wedder cohesionless soils (c=0)
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Coulomb's theory's passive earth pressure estimatimrtonservative anabt reliable
because the failure surface is assumed as planar. Therefore, it is not recommended by
FHWA-IF-99-015 (1999) and Liu et al. (2018).

2.4.3. Terzaghi Model (Log-Spiral Method)

Rankineds and Coul omb areplapao dné untealisid. Plenari | ur

failure surface can bsignificant Moreover,Coul ombo6s t heory over
passive earth pressurehich results in an unsafe designrthermore, the wall friction

value is not considered in Rankineds the:

eliminated by using the Le§piral methodDesign chart for logspiral method is given
in Figure 2.24.

i 10 Egn. 2-11

where

r is the radius of the spiral

rhri s the starting radius at d=0

i6 is the angle of friction of soil

d is the angd e between r and r
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2.5. Displacemens

Estimation of the displacement behavior of theawationand stress analysis is
requiredto designretaining structures and system element&arious empirical,
analyticaland numerical modeling methods are ukedhe stressstrain analysis of

deep excavations

After the excavation, wall elements have a tendency to move intlthorizontal

and verticaldirections with the removal of soil. Clough et al. (1990) statet
displacements of wall elements depend on several factors. These factors are the wall
installation processes and techniques, the stiffness of the excavation system such as
wall element, a support element, etc., soil conditions, groundwater level, dagateri
andsurcharge loads.

In the literature, researchers study the displacement estimation of the excavation by
considering the soil type, excavation depth, excavation system, etc. In this part of
Chapter 2, available recommendations in the literatuldo@isummarized.

Maximum Displacemensin Stiff Clays, Residual Soilsand Sands
Peck (196) states that displacements of vertical support elements were restricted to 1
% of the excavation depth.
The study of Peck (1969)ven in Figure 2.2% common and preferred practically in
the design. The study consisted of soldier and sheet piles. Its graph is relatively simple.
It includes Zone |, Zone Il, and Zone III.

1 Zone | is for sand/sofb hard clay

1 Zone Il is very soft to soft clay with a lited or significant depth of soft clay.

However, there shouldavea high margin o&factor of safety for base heave
1 Zone lll is very soft to soft clay with a low marginafactor of safety for base

heave

Peck (1969 states that displacements of vertmapport elements were restricted to 1

% of the excavation depth.
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Figure2.25. Maximum Soil Settlement vs. Depth of Excavat{®eck, 1969)

On the other hand, by using the available case histories liettature, Goldberg et

al. (1976) demonstrageghat the maximum horizontal and vertical displacements of
elementsareless than 0.5 % of H. Clough et al. (1990) by adding to data of Goldberg
et al. suggested that the average horizontal and vertical neotveare 0.2 % of H and
0.15 % of H respectiveligures 2.26 2.27were plotted.
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By considering the linear relation of the above graphs, Clough et al. (1990) suggested
that the behavior of the soil masses can be defined as elasticonfiom this
suggestion, parametric finite element analysis was made by considering elastic
modulus, coefficient of lateral earth pressure, wall tygeg strut spacing.This
parametric study showbkat maximum lateralisplacements are around the trend line

of 0.2 % of H. It is similar to the average response obtained in the case studies. Plotted

maximum lateral wall movement against depth is given béeidwgure2.28.
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Figure2.28. Maximum Lateral Wall Movement vs. Depth of Excavation for

Parametric Finite Element AnalygiSlough et al1990)

Long (2001) proposed a study including 300 case histories of lateral wall
displacements of deep excavationsthe literature. The author subcategorized the
database into 4 ses in Figure 2.2H, h, and s are the excavation depth, the thickness

of the soft soil layer from the ground, and vertical spgciegpectively. However, s is
the sum of retained and fixity depth for et
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Set 1 consisted of mostly stifffmedium dense saitgl the thickness of the soft soil
which is |l ess than the % 60 mollueswere exca
obtained for propped, anchored, and-tlmovn excavationsystems These are
respectively 0.17 %1, 0.19 %H, 0.16 %H. When the datawhich includes site

problem and displanents are higher than 0.3%Hhey are eliminated, then
displacement values decrease to 0.13H%9.14 %H, and 0.16 %H respectively.
Normalizedmaximumlateralwall movementand settlement versus excavation depth
according to Long (2001) are given in Figures 2.30 and A.B8&.summary of the

results is given in Tabl24.
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Table 2.4. Summary of the Resultsong2001)

Bpmarl H (%) BumalH (%)
Data set Cases considered Propped*® Anchors Top down Propped* Anchors Top down
(1) (2) (3) 4) (5) (6) 7 8)

h < 0.6H All cases 0.17 (96) 0.19 (57) 0.16 (16) 0.12 (37) 0.15 (19) 0.20 (12)
h > 0.6H (stiff at dredge) All cases 0.39 (25) 0.15 (3) No cases 0.50 (15) 0.14 (1) No cases
h > 0.6H (soft at dredge) All cases 0.84 (35) 0.91 (3) 0.60 (4) 0.80 (13) 6.25 (1) 0.79 (4)
h < 0.6H Ah/H < 0.3% only 0.13 (81) 0.14 (50) 0.16 (16) 0.11 (35) 0.12 (15) 0.20 (12)
h > 0.6H (stiff at dredge) Ah/H < 0.3% only 0.21 (14) 0.21 (2) No cases 0.39 (7) 0.14 (1) No cases
h > 0.6H (soft at dredge) Ah/H < 0.3% only Not relevant Not relevant

“Number of relevant cases are in parentheses.

In Figure2.32, nmi{H data versus system stiffness graph were plotted to emphasize
the effect ofsystem stiffness which was also investigated by Clough et al. (1989). It
can be said that system stiffness is not a controlling mechanism of displacements. For
example, displacement can be decre&sedonly 0.22% H to 0.17% H by increasing

the systenstiffness 10 times. The explanation of the author for this condition is that

displacements are controlled by the base heave.
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Figure2.32. Normalized Maximum Lateral Movement \8ystem Stiffness (Clough
etal. 1989)
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Set 2 includes a similar type of sml Set 1. In addition to this, the wall element is
socketed into a stiff layeso the safety fact@gainst the base heave should be high.

It is approximately higher than 3.8ccording to studielsy Bjerrum and Eide (1956)
andCl ough and OOJdlRthisisetktlee prodb&d Sarid)the anchored system
gave the same resulthichis 0.21% H when t h enmafHa>t08 %lwasv i n g
removed.

Set 3 is similar to Set 2 except for FOS against base hEaveéset 3, the factor of

safety against the base heave is low. Therefore, significant displacements were
observed. Normalized maximulateral displacement was plotted against FOS of base
heave and also system stiffness. It can be seen in @& thatdisplacements have

a tendency to decrease after FOS=1.5. However, FOS and displacements behave

independently between 1.0 and 1.5.

3.5

|| m Bjerrum and Eide |
(1956) FOS Value

25 \
2
. \
‘s . | B ]
a Range of Values (Mana
and Clough, 1981)
] . ,

Normalized Max. Lat. Wall Move. Sumax / H (%)

0 0.5 1 15 2 25 3 35
Factor of Safety Against Base Heave

Figure2.33. Normalized Maximum Lateral Movement vs. FOS of Base H¢aveg
2001)
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Set 4 consisted of cantilevgipe walls. The average value of the displacements is 0.36
% H. Normalized maximum lateral movement was plotted againsexicavation

depthin Figure2.34. It can beseen that most of the cases are in betwee.6%H
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Figure2.34. Normalized Maximum Lateral Movement vs. Depth of Excavation
(Long 2001)

In Table25, theest i mati on of Long (2001) and CI
maximum lateral and vertical displacements of strut and anchor support systems were

summarized by Ergun (2008).
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Table 2.5. The Maximum Lé&eral and Vertical Displacements of Strut and Anchor

Support System@&Ergun 2008)

Reference Long, 2001 | Clough and O'Rourke (1990)
Maximum | Maximum | Maximum Maximum
lateral wall : vertical | lateral wall vertical
movements |  settlements | movements settlements

Type of soil normalized by | normalized by | normalized by | normalized by

excavation ' excavation excavation excavation
height, pma/H I height, 3yma/H | height, dpma/H | height, Syma/H
(%) 1 %) (%) (%)
Supporting Strut | Anchor . Strut | Anchor Hsk minvart
system support | support | support | support

Stiff soils, high | |
factor of safety &;f ‘(’5}3 | ((’3'5') (()ig 020 | 015
of base heave |
Soft soils, high |
factor of safety |
of base Boave, 0.21 0.21 0.39 0.14

tiff soil at (14) 2 7 (1

dredge level |
Soft soils, high e 1
factor of safety | 4 | 091 | 080 | 625 |
of base heave,

soft soil at (35) 3) (13) (8]

dredge level
Soft soils, low | Values as high as 3.2 % have been
factor of safety | recorded for the factor of safety on >2.0
of base heave the order of 0.9 ]

(81) number of cases studied

Furthermore, FHWAF-99-015(1999)states that the lateral displacement of the
anchored wall is 0.2% of Hn average and the maximum value can be 0.5% foir H
sands and 8t clays. Also for vertical settlements, the average and the maximum
values are 0.15% and 0.5% of H respectively.
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2.6. Soil Parameter Estimations

SPTN values should be corrected for very fine or silty sand below the GWT,
overburden, energy efficiency, and field procedures (borehole diameter, sampler, and
rod length).

To make corrections for very fine eilty sand below the GWT, eqn-12 is given
below;

O pU g O pu Eqgn. 2-12
This correction is applied when very fine sand or silt sand layer is below the GWT and
also, SPIN values should be smaller than 15. Overestimated resistance due to
negative excess poregssure is corrected.
Moreover, overburden correction, which includes the effective stress effects, is one of
the most important corrections. Since it has a considerable effect eN 8&llie. The
reason for this correction is that a higher S¥7Talue isobtained in the same soil
when the test is performed at a deeper ld&Recommended relation by Birand et al.
(1999) for overburden correction is given in Figure 2.35.
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Figure2.35. Relation of Gy a n dd(Birand et al. 1999)
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Different hammers and methods are used during the standard penetration test. Their
efficiency is changing between 0.43 and 0.85 depending on the hammer type, friction
of the system vs. The efficiency of the hammer is corrected bytaugée reference
efficiency as 60%. In Hyg 2-13 and 214, correction formulations were given.
oY
0 0 w— W0 WO WO Eqn. 2-13

TP
O 0 o Eqgn. 2-14

Where;

N = SPFN value measured from the field

Neo= Corrected SP-N value according to field conditions and energy efficiency
(N1)so= Corrected SP-N value according to field conditions, energy efficiency,
overburden

ER = Energy ratio for hammer type

Cs = Borehole diameter correction

Cs = Samplers with and without liners correction

Cr = Rod length correction

Table26. The Efficiency of Hammers (¢etin e

Hammer Type Hammer Efficiency
Safety Hammér 0.40 - 0.75
Donut Hamme'r 0.30- 0.60
Donut Hammet 0.70-0.85

Automatic-Trip Hammer

0.50 - 0.80
(Donut or Safety Type)
(1) Rope and cathead system (Two turns of rope and normal release

(2) Rope and cathead system (Japanese throw)
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Table 2.7. SPT Corection Factors (Robertson and Wride, NCEER 1997 Workshop)

Factor Equipment Variables Correction
Borehole diameter factor,gC65 - 115 mm 1.00
150 mm 1.05
200 mm 1.15
Sampling method factor,{C Standard sampler 1.00
Sampler without liner 1.20
Rod length factor, £ 3mto4m 0.75
4mto6m 0.85
6mtol0m 0.95
10 mto 30 m 1.00
>30 m <1.00

Undrained Shear Strength ()

The undrained shear strength)(of cohesive soils was estimateds i ng Str oud
formulation(1974). A database of this formulation includes 1200-8R/&alues at 42

different sites in England. Undisturbed samples were taken and undrained
unconsolidated triaxial tests were performed on these samples. As a result of these
studies, Stroud (1974)gured outa valid correlation betweenshNand & values.
(Equation2-15);

A Q00 Eqn. 2-15

fi1is avariable that is related to the plasticity index of the clay layer. It changes between

4 and7. Recommended equati@md chart are given in Eq&.16 and Figure 2.36.

@ XU QED O
® T v "QE¢m OOom Eqn. 2-16
180 QED OO T
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Figure2.36. Correlation of f and Pl (%) (Stround, 1974)

Undrained shear strength can be estimated by using the cone penetration test (CPT)
resultsaccording to CPT Guide (201a% in Eqn. 217,
r’] ”

0

Eqgn. 2-17

where

Nkt is the preliminary cone factor value changing between 10 tod & pfoportional
to plasticity and inversely proportional to soil sensitivity.

Coefficient of Volume Compressibility (m)

The odometric deformation modulus of the soil loade@ singleaxisis defined as
the ratio ofa stress deformation to axial unit deformationlt is based on the
assumption of zero deformation in the direction perpendicular to the direttaral
stress due to loadingf is obtained from the odonetexperiment in the laboratory.
The odometric modulespresents the hmrterm modulus bdeformation of cohesive
soils.Stroud (1974jfigured out a correlation between and SPT values (Eqn-18).
The relation between Pl angli$ given in Figure 2.37.
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Q0 Eqgn. 2-18
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Figure2.37. Correlation of Pl anc:f(Stroud, 1974)

Effective cohesion of cohesive layers was estimated by using the below formulation

in Eqn. 2-19, which is proposed by Sorensen and Okkels (2013);

W X Eqn. 2-19

@
p T
Friction Angle (0G)
Terzaghi et al. (19963uggestan empirical correlation between{dpand 006 by
considering several proposalsretearchers, which are Peck et al. (1953), De Mello

(1971), Schmertmann (1979), and Stroud (1988). It also incltwesdifferent
suggestions for{ (N1)so = 400 and 500 kPia Figure 2.38
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Gibsonet al. (1953) figured out a correlatiometween plasticity index and friction

anglein Figure 2.39 Also, two types of friction angles which are drained shear and
residual, can be estimated.
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Terzaghi et al. (1996fonductedresearch on Mexico City clay to determine the

relation between friction angle and plasticity ind&texico City clay exhibits large
friction angles unexpectediyhen subjected to a large amount of watareover, for

the same plasticity index, there exists a variation in friction angle due to the clay size

fracti

to 35

on

of

respectadchart can be Seénen Fig@.9.0 mme n d

SOi

S .

a7

Fri

cti

on

angl es

of

SO0



-~
W
g o
S o °
A a
§ | St ee
‘ 30+ %AAO o ~ °
N NALE
.§ A8 L) s
< 20+
8§
= o Soff Cloys
N a Soft ond Stiff Ciays
W * Sholes
® Clay Minerois
o ' ; -
o 0 20 30 490

|

Mexica City
Clay °

Aitapulgite =

50 60 70 80 S0 100

Plasticity Index, Ip (%)

Figure2.40. Plasticity Index vs. Friction AngléTerzaghi et al. 1996)

Furthermore, the friction angle of sands can be estimated by using the cone resistance

of the soil. Robertson and Campanéll@83) figured out a relation for the peak friction

anglein Eqgn.

220.

O A%,

p . . N
@y & ™o

Egn. 2-20

Furthermore, Kulhawy and Mayne (1990) stated an alternative correlation fansand
Egn. 221 and 222. High-quality field data taken from 16 different locations were

studied.

Where

%0

P ppl T
: n m
” Th 8

Eqgn. 2-21

Eqgn. 2-22

Qwn is the normalized and corrected CPT resistance for overburden pressure

In addition, thdriction angles of cohesive soils can be calculated by using the relation

suggested by Senneset et al. (198%tqn 223. It is alsoreferred toas Norwegian
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I nstitute of Technology

and 0401 100B according to Mayne

% COdHE TMuvemod 1 10C Eqn. 2-23
where
Bgi s the normalized pore pressnure
Excess pore pmwessure, @u = u

Net cone resistance; g ¢ i COvo

DilatancyAngl e (y)

Dilatancy angle was estimated by usingpheposal of Brinkgreve (2008) for both
cohesionless and also cohesseds (Eqn. 224);

[ % o1l Eqn. 2-24

Unit Weight

Unit weight of soils was estimated using the reotended correlation d@f e t iah
(2016)is given in Table 2.8

Table 28. SPT No-Uni t Wei ght Coral 2063t i on
Coarse-grained soil layers

SPT-Ny Omoist Jsat

(blows/ft) (KN/m?) (KN/m3)
0-4 16.0 17.6
5-10 17.6 19.2
11-30 19.2 20.0
30-50 20.0 21.6

Fine-grained soil layers

0-4 16.0 17.6
5-8 17.6 19.2
9-16 18.4 20.0
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Furthermore, the unit weight of the soil can be calculated by using the cone penetration
test(CPT) results. Robertson (2010) figured out the following correlatidgn 225
and Figure 2.41

rr— m xl I'YC 1@ ol I%@ P& 0 @ Eqn. 2-25

Where

fsis the sleeve friction of the soll
a: is the tip resistance of the soill
Rt is the frictionratio of kto g %
aw is the unit weight of water

pais the atmospheric pressure

Dimensionless
Soil Unit Weights, y/y

s it iw
(Y., = unit weight of water)

lm"E 1 B 1 Ty 13 1 B3 | n
= ,
9 ‘l’/\l,\\

2 & 100} o
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Friction Ratio, Ry= (f/q,) x 100(%)

Figure2.41. Estimation of Soil Unit WeightRobertson 2010)
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The Hardening Soil (HS) Model Parameters

The Theory of the HSModel

The Hardening Soil (HS) model was used as a material model in this study. Soft and
stiff soils can besimulated by the HS Model developed by Schanz (1998) and Shanz
et al. (1999). Decreasing stiffness and increasing plastic strains at the samdiame,

are irreversible, are observed in soil under the primary deviatoric loading. Kondner
(1963) modeled these types of relationships, and dftdr theywere used in the
hyperbolic model (Duncan & Chang, 1970). The main features of the hardening soil
model are that plasticity theory is used instead of elasticity thandsoil dilatancy

and yield cap are considered.

Stress dependency, power, m
Plastic straining due to primary deviatoric loadingE
Plastic straining due to primary compressiogdg
Elastic unloading/reloading,Ff
In the HS model, the soil stiffness is strdependent and is calculated by ustgn.
2-26;

O O — Eqn. 2-26

n

The basic relationship between reference pressuggn. 227, g, and the modified

compressi on i ndesoilsangisgive byshe Hon.€28, f or sof t

—_-

0 Z Eqn. 2-27
i = Eqn. 2-28
- )

where

p'®" reference pressure

o * the modi fied compression index

. t he s tChayncdngpressionGralen

eo: initial void ratio

51



The hyperbolic r el at andthe deviatoric stess,geised i c a |

basically to formulate the hardening soil modglEqn. 229.
N N IO
o) 0 n n n Eqgn. 2-29

n

Where

ga: Asymptotic value of the shear strength

Ei: Initial stiffness modulus

There exists a relation betweenalid Eo. Formulation and chalfFigure 2.42and

Eqgn. 230) can be seen below;

. ¢O
o — Eqgn. 2-30
¢ Y
deviatoric stress
|O'l b 0;{'
a A - asymptote
2 7
__ - -~ -failure line
Qr / B e ey e —
_]E [lEss _+— |
’ 1 // 1//-" =
[ 17
.'j/// Eur
v“"‘/ /
/4 1
/ | /
LS 1 »

axial strain -&;

Figure2.42. Hyperbolic stresstrain relation(Plaxis 2D Material Manuel2021)

Eso is dependent on the confining stress for primary loadihg.relationship is given
in Eqn. 231,
RAT® , OB

RANARE, Eqn. 2-31
RAT% n OBd

Where

Esd®" Reference stiffness modulus &' p
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Stress dependency, rariesbetween 0.5 and 1.8ccording to Von Soos (1990).
The asymptotical shear strength,and the ultimate deviatoric stress,age calculated
by Eqn. 232 and 233;

c O Béb

] DA 1% - Egn. 2-32
N eADR . 5w a
] n— Eqn. 2-33
n v gn.
Eqn. 232, which includes shear strength parametes,cd G , come-s from

Coulomb failure criterion. When stress level reaches, gegfectly plastic yielding

occurs, known as a Mol@oulomb Model.

Rr is defined as a failure ratio. It is the ratio eft@ . R = 0.9 is recommended by
Plaxis Material Models Manuel (2021) aslefault setting

Elastic unloading/reloading stredependent stiffness modulusdisfined as;
A2AT% , OBd
RAT9 n OBk

'0) Eqgn. 2-34

Where

E."" Referencelastic unloading/reloadirgfiffness modulus at'

Estimation of Parameters

The reference stiffness parameters of cohesionless layers were estimated by using
Brinkgreve et al. (2010). The stiffness sandchangedinearly with relative density
(RD) by considering gr = 100 kPan Eqgn. 23571 2-38;

0 onniY@pnmn Eqn. 2-35

0 onniY@pnmn Eqn. 2-36
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0 p Y T WGP Tt T Eqn. 2-37

"0 OMIM@EYNNYTp T Eqn. 2-38

The stiffness depends on the stress. The stress dependency, m, is inversely related to
the relative density afandin Eqn. 239.

a ™ VYQocgm Eqn. 2-39

Brinkgreve (200% recommended that cohesive soils are more stieigsndent than
cohesionless soil. Therefore, the power (m) value can be taken as 1.0 for cohesive
soils. On the other hand, it changes between 0.4 and 0.7 for cohesionless soils. m=0.5
is reasonable for c@sionless soils.

Oedometer modulearethe inverse of the coefficient of volume compressibiiity
Eqn. 240.

o 2 Eqn. 2-40
(o

The relation to estimating the oedometer stiffness for normally consolidatedrclays
Eqgn. 241 (Brinkgreve, 2005);

o Po Eqn. 2-41

q
Eu"® value varies 2 to 6 times s value according to Azzouz et al. (1976).

Furthermore E,"® = 3 Esd® is recommended bplaxis Material Models Manuel
(2021)

Relative Density (RD)

Gibbs and Holtz (1957onductedesearch to investigate the relative density of fine
and coarse sanBy controlling the soil density and moisture, the effect of overburden
pressure, rod length, and rod weight were evaluated. Tests were performedebn a ste
tank including springs to control overburden pressure, and then, standard penetration

tests were made, and followifiggure2.43 was obtained.
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Figure2.43. SPT-N versus Relative Density for DiffereBffective Stress Values
(Gibbs and HoltA4957)

Furthermore, Plaxis 2D Material Manuels (2021) recommended the relations®f N
and relativedensityin Eqn. 242.

YO
pu
Baldi et al. (1986) performed calibration chamber testing on ghed and

Eqgn. 2-42

recommended a relation to estimate relative density. A modified formula can be seen
below (Eqgn 2-43):

Eqgn. 2-43

O=| <

YO ﬁii
(0]

Where

The constants €&and G are 15.7 and 2.41, respectively, for moderately compressible,
normally consolidated sand.

55



56



CHAPTER 3

3. GEOTECHNICAL CHARACTERIZATION OF THE STUDY AREA

3.1. Introduction

A new highrise buildingwasb ui |t i n Bayrakl e, Kzmir. Th
an area of 45,000 InThe complex consists of 3 blocks named A, B, an8atellite

view of theprojectcan be seen in Figure 3There exists a historical Bomonti Beer
Fabricate between Block B @€C. Block A has a X8oor podium area and a §loor

tower on top of itwhich will be the highest building in the city. Blocks B and C consist

of 3-4 stoey commercial and office areas. A deep excavation system with the
diaphragm wall + single bore migle anchors was constructed. At the corner of the
excavation area, steel struts were also used. Excavation depths of blocks vary between
13.30 m and 17.80 m.

In the scope of the soil investigatid@f) cone penetration tests (CPT) arkdb®reholes

were peformed to define the engineering propertiag &pes of soils. Furthermore,
laboratory tests were conducted on undisturbed and disturbed samples. The excavation
system was monitored with inclinometers and load cell measurements.

In this chaptey site investigation results arsummarizedand soil parametersare
estimated by using the recommended methods in the literature. Morthevee|ected
section's inclinometers and load cell readirgs presented. Soil parameters and

monitoring eadings of othresections arincluded in Appendix A.
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Figure3.1. Satellite View of the Project

3.2. General Properties of the Excavation System

The elevation of the site is between +1.320 m and +2.323 ngrobedwater level is

1.25 m to 3.60 nbelow the surfaceThe thickness of the diaphragm wall is 80 cm.
SBMA length of the system is between 18 m and 28 m. Thigrdksd of anchors is

650 kN Moreover, stits with a diameter of 914 mm and a thickness3friin were
installed in Block A and Block C. Strut elements are close to inclinometers in Block
C. It can be seen FFigure 3.2Dimension of Block A, B and C are approximately 65m

X 205m, 40m x 65m and 65m x 120m respectively. However, their geometries are

irregular, which can be seen in Figure 3.2.
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As it can be seemiFigure3.3, the project site was divided into 7 areas by considering
excavation depths, inclinometeed boreholécatiors. Soil profilesand parameters

were estimated separately for each area. In Chapter 3, soil parameters estimation and
monitoring results of area WINK-11 are demostrated. The rest of them ear
summarzed in Appendix A.

10 20m_ 30m 40m_ 50m

Figure3.3. Divided Plan View

In Figure 3.4 and 3.5, SPIY and N eoVversus depth are given. Alsdariation of LL,
PL, PI, and wversus deptlior Area Alcan be seen in Figure 3.6. Cone pentration

test results, gand § versus depth are presented in Figure 3.7 and 3.8.
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Figure3.4. SPT-N vs. Depth for Area A
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Figure3.6. LL vs. Depthor Area Al
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