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Main Concerns

In recent years, due to growing demands, underground structures such as deep
excavations and tunnels have become increasingly common in mega cities like

Toronto.
The main concernsof deep Excavation&Tunnelconstructionin populous

regionsare
- Excavation Instability .

- Ground Settlement




Geotechnicahazards
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Why soil Mechanics? Geotechnicahazards
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Ontario

Technical Guide
River & Stream Systems:

Erosion Hazard Limit
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Why soil Mechanics?

A large portion of the earth surfaceis coveredby soils, and they are widely used as
constructiorandfoundationmaterials Soil mechanicsis the branchof engineeringhat deals

with theengineeringropertieof soilsandtheir behaviorunderstress

The theory of elasticity is animportantcomponenin the safedesignof the foundationsof
structuresThis theory ¢ a nbé usedfor slopestability projects. The ideal assumptiorof
thetheoryof elasticity,namelythatthe mediumis homogeneoyslastig andisotropig is not

quitetruefor mostnaturalsoil profiles Thefactorsof safetymustcovertheseuncertainties

4.2.2.1 Subsurface Investigation

(1) A subsurface investigation, including groundwater conditions, shall be carried out, by

or under the direction of a person having knowledge and experience in planning and

executing such investigations to a degree appropriate for the building and its use, the

ground and the surrounding site conditions. L




Geotechnicaproperties

The engineeringaspectf soil compositionexaminethe differencesin texture, strength,and consistencythat distinguish

Cohesivesoils(e.g. siltsandclays)from Granularsoils(e.g. sand& grave) environments

Most designresourcesirebasedn theseclassificationfor example
- Bearingcapacity(bearingcapacityfactors)

- Pile foundation(skin andtoeresistance)

But in fact, soil is the productof natureand time, consistingof solid, liquid and gas The different time, conditionsand
environmentdhatform a soil leadto differentsoil particlesandstructuresThereforesoil behavioris irregularandtherei s n

apureCohesiveor Granularsoils.
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Accuracy of assumptions

Safetyfactor

Costof project

—




Who looks for the results?

A Geotechnics Engineers/ Designer s

Optimum Design, Less uncertainty

A Contractors
Proper and low cost of construction, Less uncertainty
A Owner s

On time delivery and Best quality of project
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Purpose of Site Investigation

ATargets:
Gatheringnformationaboutverticalandhorizontalextentof soil layersandthickness
Determinatiorof geotechnicaparametersf subsurfacdéayers
Selectionof soil constitutivemodel
Distinguishof geotechnicahazardge.g. liguefiablesoil, collapsiblesoil, expansivesoil,)

Seismichazardclarificationof projectarea

15
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: Geotechnical
Hydrogeological : ,
(Soil Mechanics)

Site

Investigation

Environmental Seismology
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Loekmgffor:
eotechnical study
w Soil parametersC, 5& ¢ )
w Bearingcapacity (ULS, SLS)
w Lateral parameters (aKKp, Ko)

w Seismic parameters ¥, Kv)
w Consolidatiorcharacterdked, k. OCR)

|

|

ydrogeological study

wHydraulic conductivity (K)
wBasic ermironmental tests

nvironmental

|

wPhase |
wPhase Il
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Correlations of Soil andRockPropertiesn GeotechnicaEngineering

It is commonin geotechnicakngineeringoracticeto estimatevaluesfor designparameters

from bothidirecto andfiindirectdo measurements

Geotechnicaliteratureis full of empiricalequationsandgraphs,andthey are usedregularly
by practitionersvorldwide.

Thesearederivedbasedn:

- laboratory

- field data

- pastexperience

- engineeringjudgement

Wherelittle or no geotechnicainformationis available,or wherereasonablenessf a test
resultneedgo be checkegtheseempiricalequationgrovidean alternativevery usefulto the

engineer




Planning Exploration & Testing Program

A 1-Gather & Analyze of Existing Information;
A Conduct Site Visit

A Develop Preliminary Site Model (Field Reconnaissance)

A 2- ldentify Material Properties required for Design & Construction;
A Estimate Scope of Field Program;

A Divide into Zones of Interest

A 3- Develop Site Exploration Program

A Selectingocationandlayoutof boreholes
A Decidingnumberof boreholes

A Depthof boreholes 0




Planning Exploration & Testing Program

A 4-Conduct Exploration & Field Testing
A 5-Perform Descriptions and Laboratory Index Testing
A 6-Summarize Data & Develop Subsurface Profile

A T7-Present the GBR (Geotechnical Base Report)

BH—-5 BH—-4
700 - USCS sPT Uscs ser L 700

Elevation (m)

55 T T T F 55
(0] 50 700 750 200 m

Legend

3 = iltng material Silty CLAY
L Jwariseone L Jewysione

Silty SAND / Clayey silty SAND - — CWIL

Sandstone Soil Geological Section A—A"
=] Alternation of Sandstone & Maristone Rock 20




ENSCON R Ggac)mamlee

Geotechnicabnd Hydrogeological

Investigationsteps

C Planning Exploration & Testing Program

C Borehole Drilling, Soil and Water Sampling and Field Tests
C Lab Tests

C Determination of Soil Parameters

C GBR(Geotechnical and Hydrogeological Base Report)
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Boring methods of exploration:

Augerboring:

preferredor shallowdepths, low groundwatertable
Washboring:

high watertable,deepeisoil deposit

Rotarydrilling:

high quality boring,alsofor rock drilling
Percussiomrilling:

fastdrilling, nottakingsamples
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Sampling:

To collectthe samplespftenusedrill rig or handaugersandspecialsamplecollectiontoolsto

gatherbothdisturbedandundisturbedsoil samples

Disturbedsoil samplesdo not retain the in-situ propertiesof the soil during the collection

process

Disturbed soil samplesfor soil type and texture moisture content and nutrient and

contaminananalysis
Undisturbedsoil samplesretainthe structuralintegrity of the soil and havea high recovery

ratewithin the sampler

Undisturbedsamplesallow anengineeito determinghe geotechnicapropertiesf strength

permeability compressibilityandfracturepatternsamongothers
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- Standardpenetratiortests(SPT) or Conepenetratiortest(CPT) weredonein all boreholego

investigatethe strengthandcompressibilityof the subsurfacdayers

- Requiredsampleswere taken during the drilling and were sentto laboratoryto perform
differenttests

- Boreholelogs have beenpreparedbasedon field observationduring drillings, grain size

analysesandclassificationof thesamples




Planning Exploration & Testing Program

Sampling:
After boringprocesseachedlesiredepth,a soil samplens advancedy driving it with adrop hammeror by pushingit with a

hydraulicpistonor jack.
Then,thesamplens broughtto the surface

Somesoil is removedfrom eachend of the sampler,wax is appliedandthe tubescoveredby protectivecapsSamplesare

clearlylabeled(projectname date,boreholenumberdepth,methodof samplingetc).

Thedifferenttypesof samplingare
- OpenDrive Sampler

- PistonSampler

- Thin-Walled Sampler

- Split-SpoonSampler

26
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In-situ tests

A StandardPenetratiortesti SPT

A ConePenetratiomesti (CPT,CPTu,SCPTY
A VaneShearTest

A PressureneterTest

A DilatometerTest

A Groundwatef©Observations




Planning Exploration & Testing Program

> > > > >

Standard penetration test (SPT)

65 kg Hammer

(76 cm) freefall.

Drive samplerover150 mm.

Recordno. of blowspereach75 mm penetration

SPTN value= summedhelastfour successivef 75

mm increment

If the resistanceis very high, the 2" stage is
discontinuedat 50 blows evenif the total penetration

IS lessthan450 mm.

63.5-kg Drop
Hammer
Repeatedly
Falling 0.76 m

' ]

Need to Correct to a
Reference Energy

Standard Penetration Test (SPT)

Per ASTM D 1586

Third Increment

Efficiency of 60%
Anvil t
s - t (ASTM D 4633)
Borehole 3

(o_leod

(S o Note: Occasional

Ntymel Zot;‘r’m Increvr,r:,ent

sed to provide
fit-Barrel additional soil
Drive) Sampler material
{Thick Hollow
Tube}:

O.D. =80 mm

I1.D. =35 mm

L= 760 mm I

EATT E s
S R Sg
& x < = g B " . SPT Resistance (N-
g A g S 5= First Increment value) or “Blow Counts”
e P = E' is total number of blows
23|f : = “ Second Increment to drive sampler last
s soig e

0 §V= e ;z 300 mm (or blows per

foot).
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Planning Exploration & Testing Program

Cone penetration test (ClPand piezocone (CPTu)

Cad ke to Coar poter

A Originally Developed in
Netherland4.93Gs. Eﬁ*im”ffz

d =26 mm {10 cm®)
ar
d =33 mm {15 cm®)

1. Saturation of Cone Tip Cavities
and Flacement of Pre Saturated
Forous Filter Element.

2. Obtain Baseline Readings for
Tip, Sleeve, Foramater Trans ducer,
& Inclinometer Channels

A Furtherdevelopments 195Gs.

A Alsoknownasn DutCoime o Cone Penetration: Test (CPT)

per ASTIID 5778 procediires

A ASTM D3441

Srclinont eher

A Typesof CPTdevices

) . T = sleeve fTiction
A mechanicatone

U, = porewater pressure

L i

A electriccone Y

o A4
A plezocone d,= comected tip stress =g, + {1-a.ju,

&, = net area ratio (from tria«<ial calibrationl

i]. = measured tip stress or cone resistance

Continuous
Hydr=ulic: Fush
= 20 mm's; Add

rod ewery 1 m.

Cone Hod
(36 mrer R )

Readings taken
every 10 to 50 e
T

-
Uy,

29




Planning Exploration & Testing Program

Seismic cone penetration teSPTY

multi-measuremerntbolsfor thefield investigation

—) Polarized
A\ «— Shear

Wave

Trace

It consistsof two parts

- Responsiblefor the measuremenbf the parametersbtainedin the Hammer

Source Digital

" . e, ,] Normal Force Oscilloscope
standardCPTutest(theability to determingheqc, fs, u2 parameters l l l l
- For the registration of the shear and vertical wave propagation =ee——a—— =

velocity (which allows to determinethe parameterscharacterizing

elasticpropertiesof the soil medium)

Seismic Cone
Penetrometer

30




Planning Exploration & Testing Program

Vane sheartest

Originally developedby Swedish Engineer,John Olssonin
192Cs.

Now Standardize@dsASTM D2573
Speciallysuitedfor soft, sensitiveclays

Quicktest,usedto determineundrainedshearstrength

T

pé;th +bd3g
e ~ A U
e 2 4

b = coefficientof shearstrengthmobilizationat the endof soil cylinder.
31




Planning Exploration & Testing Program

PressuremeterTest

ThePressure metaest is one of the most importantsiu tests for determination of the strasgsin behavior of
subsurface layers. T T—

ASTM D4719- 07 Standard Test Method férebored
Pressuremetdiesting in Soils

4 i
¢t e
= | B A
E | | DP
A B | Ep=20+uv)(V, +Vm)W
i For determination of:
O Prezsure

Elastic modulus of soils
CU 32

Ep=pressuremetanodulus,(kP3g




Planning Exploration & Testing Program

Groundwatepnbservations

GW condition is an important factor to observefor design and constructione.g. deep excavation
,tunneling,deepfoundation slopestability analysis& etc.:

A Groundwatefevel mustbedeterminediuringsiteinvestigatiorworks

A Measureattime of drilling andlater (24 hrs, 1 week,etc).

A Canbeaccomplishedby makeobservationg borehole& existing

A Or, installapiezometer

A Monitor Wells & Sampling

A PermeabilityTests

33
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Standard‘®
Activi Most Not Oibtained from field
¥ FHW.A suitable for | suitable for activity
Reference
Preservation and
Transportation of Saoil ASTH Dd4Z220-25 All Fa Fepresentative samples
Samples
Field i11- ] )
Prnézdure ﬂlinSEll?igTube ASTH D1SE7-00 Clawys, Silts S::SZI Undisturbed samples
Subsurface
Explorations (Soil and AETh Dhs43534-2°7 A1 M WWarious
Fock)

. . AETH D158a-29 Stratigraphyw, SFT M-values
Common(Geotechnical Standard Penetration | ", oTu Denge. | Sand sie @ relative density,
Field Procedures-and 20e1™ groundwater, samples

Continaous stratigraphy, soil
Cone Penetration Test AT DSTTFE-95, Sand, Silt, Gravel, type, strength, relative
ests
’ o ] Briaud (19927 and Clay bouldets soil denzity, Ko @, pore
pressures, no sample
Field Vane Shear Test |, crpg pas73-04 i':'ft te | Hand E';lld Undrained shear strength
Field Test Ve T) Medium Clay Graw
Soft Rocle
Dense Sand, Soft Clays Soil streneth, ¥,
Pressuremeter Test LETHM Da719-00, Mo - a? : tjE’EE, gt L n.
: . Loose Silts DR MY, compressibility,
(FPWIT) Briaud (19897 Sensitive d d 1 dul i
Clay, Gravel and Zands so1l modulus no sample
Till
. ASTHM D6E635-01, Soil type, Ko, OCE,
Flat l:g:z: gﬁ;?eter Briaud and Liiran Saré;iaand Grawel undrained shear strength,
(19927 ¥ soil modulus, no sample

Motes: {17 Indiwvidual ASTH standards can he found in ASTR (200273 Arman et al. (19977 and Sahatini et al. (20027
present general discussions on these field procedures.
(27 SPT can he used with limitations in clays and grawvels.
(37 K,isthe at-rest earth lateral pressure coefficdent.
47 OCR iz the overconsolidation ratio.
(57 ASTH Dalda-2del for the use of SPT in ligquefaction resistance evaluation.
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- Grain analysis
- Atterberg limits
- Shrinkage limit (SL)
- Specific Gravity (Gs)

- Permeability

- Consolidation, Swelling & collapsibility
- Direct shear
- Uni-axial

- Tri -axial

e

- Compaction & CBR

- Moisture content

o AT W
o y

- Unit weight
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Common!Procedures
and Laboratory Tests
for Salls.

Geomaplee

STANDARID

PROCEDURE TEST NAME APPLICARBILITY
ASTM® AASHTO @
Wisual and Marnual Description and .
Classification Identification of Soils D24388-00 B All soals
Classification of Soils according to USCg ¥ D24 &87-00 M14s All zoils
Particle-Size Analvsis (with siewes) D22-a3 (19987 TE& Granular soils
. . . Fine-grained and
S o1l Fraction finer than Mo, 200 {75 -t Dil40-00 Ti1 ararmlar moaterals
Sieve
boundary
Index : :
MMoisture Content D2216-98 TZ265 All soils
FParameters — - - -
Atterberg Limits D451 8-00 T89, Ta0 Fine-graned soil
Organic Clontents D2974-00 T194 Fine-grained soil
fraction
Specdfic Gravity of Soil Solids LEs4-00 T1i00o Al soils
Unconnfined Compressive Strength (UTC) D21aa-00 TZ208 Fine-grained soil
Unconsolidated-Undrained Triaxial . . .
Compression (U DZ2850-95 (19997 TZ296 Fine-grained zoil
Strength i i i@z . . .
gt Consolidated Un!:irained Triazial DATE7-95 T334 Fine-graned soil
Compression (Z1ID)
Direct Shear (Consolidated) D3080-98 T236 Sands and Fine-
grained soils
Hyvdraulic .- ]
Conductivity Permeability (Constant Head) D24 534 -68 (20007 T215 Granular soil s
COme-Dimensional Consolidation D24 55-964 T216 Fine-grained soil
Compressibility Oie-Dirnensional Consolidation D4186-89 el i Fine-crained soil
(Controlled-Strain Loading) (1998) =
Frost Heave and T.hE_I.‘E.?_E.F Wealkening DS5918-96 (2001) i i lts
h Susceptibility
Dther Collapse Potential D5333-92 (1996) ] Loess, silt
Swelling Potential D 546-96 T258 Fine-grained soil

Motes:

(17 Imdisridual ASTR standards can be found in ASTR (20027

(27 Imdisridual A ASHTO standards can be found in AASTHO (19927
(3% USCS: Unified Soil Classification System.




Soil constitutivemodel(Parameters)
|

General properties

Density ()

Sandy soil 1800 kg/m
Gravel soil 2000 kg/m
Silty so1l 2100 kg/m
Clay soil 1900 kg/m
Mafic igneous rocks 3000 kg/m
Felsic igneous rocks 2700 kg/m
Metamorphic rocks 2700 kg/m

Permeability

Well-sorted gravel 107 to 1 cm/sec
Well-sorted sands, glacial outwash 107 to 107 cm/sec
Sedimentary rocks 2600 kg/m Silty sands, fine sands 107 to 107 cm/sec
Granite 2700 kg/m Silt, sandy silts, clayey sands, till 10° to 107" cm/sec
Shale 2500 kg/m Clay 107 to 10° cm/sec
Limestone 2700 kg/m”

Chalk 2100 kg/m”

Sandstone 2000 kg/m’

Steel 8000 kg/m”

Concrete  1680-3000 kg/m’

Water 1000 kg/m”

3
3
3
3
3
3
3
3
3
3

Advanced Soil Mechani¢c8rajaM. Das; Third edition; 2008




Soil constitutivemodel(Parameters)

Table 9.4 Typical values of Poiszon’s ratios for rocks

Foisson's ratio

s 1 0C I type Gexcek (2'007) Lambe and Whitnan (19?9:]
| Arnphibolite 0280 30
Andesite 0.20-0.35
A Anhydrite .30
P OIFrssonos ( Basalt 0.10-0.35
Conglomerate 0. 10040
THabase 0.10-0.28 0.270.30
Trorite 0.20-0.30 0.260.20
Drolerite 0154035
Material Poisson’s ratio Dolomite 0.10-40.35 0.30
N Dunite 026028
Saturated clays (undramnmed) 0.5 Feldspathic Gneiss A.150.50
Saturated clavs (drained) 0.2-0.4 (iabbro 0.270.31
Dense sand 0.3-0.4 Gneiss 0.10-0.30
Oranite 0.10-0.33 023027
Loose sand 0.1-0.3 Granodiorite 0.15-0.25
Loess 0103 Grevwacke 008023
Tee 036 Limestone 010033 0.270.30
- Marble 015030 0.27-10.30
Aluminum 0.35 Maxl 0.13.0.33
Steel .20 Mlica Schist 015020
Concrete 015 Morite 020025
CObsidian 012018
Bowles (1986), Kulhawy and MMayne (1990}, and Lambe and oOligoclasite 0.29
Whitman (1979) Quartzite 0.10-40.33 0.12-0.15
Rock salt 0059030 025
Sandstone 005040
Shale 0059032
Siltstone 0.0540.35
Slate 0.150.20
Tuff 010028

Gercelt (2007 and Lambe and Whitnan (1979

Correlations ofSoil andRock Properties in Geotechnical EngineeridgyAmeratungaNagaratnanSivakuganBrajaM. Das;2016




Soil constitutivemodel(Parameters)

Modulus of Elasticity (E)
1.Correlationof N (SPT)with Modulus of Elasticity E) for Sandy Soils

= Webb (1969} + Begemann (1974)
For sand and clayey sand, For silt with sand to gravel with sand,
E = 5(N + 15) ton/ft* E =40 + C(N —6) kg/cm? (for N > 15)
In ST umits, or,
E = 479(N + 15) kN/m? E =5 4000 + 100C{N — 6) kN/m?
* Ferrent (12963} and
E=7.5(1 — v?)N ton/ft? E= C(N + 6)kg/em?{for N < 15)
#+ — Poisson’s ratio or.

g 2
In ST units, E == 100C{N + 6) kN,/m

2 2 ' =3 for silt with sand to 12 for gravel with sand
F D= 718(1 — )NkN/m

Correlations ofSoil andRock Properties in Geotechnical EngineeridgyAmeratungaNagaratnanSivakuganBrajaM. Das;2016




Soil constitutivemodel(Parameters)

Modulus of Elasticity (E)

1.Correlationof N (SPT)with Modulus of Elasticity ) for Sandy Soils

E Modulus of elasticity folGranularsoils
— = SNgo {for sand with fines) y
Pa Type of soif E (MN/m?)
— — 10Ng { for clean normally consolidated sand) Loose sand |0 3574 |5
Pa = Silty sand |0, 35—17.25
— = 153Ngg {for clean overconsolidated sand) Medium-dense sand |7 2527460
Pa Cense sand 24 5552
zand and gravel &F 00— 725

2. PlateLoad Test(PLT)

Modulus of elasticity for Cohesive soils
DP .. . 2\
=— - n?)o Clay E,, (VPa)
DS Very soft clay 0.5->5
3. Pressuremetefest Soft clay 5-20
Medium clay 2050
Stiff clay, silty clay SO0—-1040
_ Ep@+m@A- 2n) Sandy clay 25_200
S @- ) Clay shale 100—200

After U.S. Army (1994) and Bowles (1986
Pressuremeter modulus JE T ¥ (1994) owles ( )

Correlations ofSoil andRock Properties in Geotechnical EngineeridgyAmeratungaNagaratnanSivakuganBrajaM. Das;2016




Soil constitutivemodel(Parameters)

I N N NN N b NI, N N N N N NN N N NN N N NN N N N N NN N MhBGET T I —
Angle of internal friction (¢)

Cohesion and Frictioangle

Rock 30°
Sand 30-40°
- Directshear Gravel 35°
Silt 34~
- Uniaxial Clay 20°
Loose sand 30-35"
- Triaxial Medium sand 40°
Dense sand 355"
- VaneShearTest Gravel with some sand 34-48°
Silt 26-35°

- In Situ ShearlTest
Cohesive strength (t)

- EdgePlateLoad Test(EPLT) Rock 10,000 kPa
Silt 75 kPa
Clay 10-20 kPa
Very soft clay 0-48 kPa
Soft clay 48-96 kPa
Medium clay 96-192 kPa
Stiff clay 192-384 kPa
Very stiff clay 384-766 kPa
Hard clay =766 kPa

Correlations ofSoil andRock Properties in Geotechnical EngineeridgyAmeratungaNagaratnanSivakuganBrajaM. Das;2016
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Chemical analysis of Soil samples agraundwater chemistry
Someof the chemicalmaterialsin the soils can causedamageson the buried concrete

structuresn subsurfacelayers,which leadto seriousproblemson undergroundstructures

suchastunnelsandsubway stations

wpH wpH

wWCLY% wCI (ppm)

Chemical < Chemicalanalysis

wSQ2%

Yl WE. (umhos/cm)

materials of groundwater

wCaSQ2H,0 %

WS, (ppm)
wT.D.§ppm)

wOrganic Material %




ENSCON K2

Engineering </stems Construction ey
Hydrogeological tests
vd I] | test
Acenaphthene Fluoranthene - Aqua-Regia Digest Chrysene
COD Benzo(a)pyrene Fluorene Anthracene
Dibenzo(a,h)anthracene Acenaphthylene Mn (total) Phenols
Total Kjeldahl Nitrogen Total P Au Benzo(a)anthracene
Benzo(k)fluoranthene Naphthalene Phenanthrene Pyrene
Rh 1-methylnaphthalene 2-methylnaphthalene Hexachlorobenzene
Benzo(b)fluoranthene Indeno(1,2,3-c,d)pyrene PAH (Total) Benzo(g,h,i)perylene
Pt BOD5 Cyanide (total) S2-
Hg Oil & Grease - Non-mineral Oil & Grease - Mineral Oil & Grease - Total
pH F Total Suspended Solids 1,1,2,2-tetrachloroethane
Xylene; total 1,4-dichlorobenzene 1,2-dichlorobenzene Trichloroethylene
Benzene Tetrachloroethylene Ethylbenzene Dichloromethane
4-bromofluorobenzene Toluene-d8 Toluene o-xylene
m/p-xylene 1,2-dichloroethane-d4 Ti SO4
Cl Ag Al As
Bi Zn Cd Vv
Co Pb Cu Fe
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The results will be used in:

wFoundation design
Sl wShoring

Geotechnical

wSlope stability

wDewatering
wWater balance
wWater proofing
wDrainage

Hydrogeology 2

_ wStorm water management

~ :
wExcavation

@l (oDamping

wSynthetic cleaning

Environmental




Geotechnicaproperties

GBR(Geotechnical BasReport) datgpresentation anceport

- Theinterpretatiorandanalysiswere done based on the method used for analysis.

- Bore log informatior(drilling & sampling depths & methods, field test data, drilling

notes, soil appearance, stratification and etc.)

- Content of reporfintroduction, site description, site geology, soil conditions,

discussion, appendices and etc.)

45




GBR(Geotechnical BasReport) datgpresentation anceport

A

>

>

>

>

>

Introductioni brief summaryof proposedworks, investigationconductedgsite location, timescaleof the work, key
personnel

Site Descriptioni Topography,main surface features,detail access,site history, site maps, pre-existing works /
undergrounapenings

Site Geologyi Overallgeology,specificareageology,mainsoil androck  formation/structures

Soil Conditionsi detailedaccountof the conditionsencounteredin relationto the proposedwvorks), descriptionof all
strata resultsof laboratoryandin situ tests,detail of groundwaterconditions

Discussiori Commenton validity andreliability of theinformationpresentedfurtherwork (if required) Definition of
appropriatedesignparameterandmethodsf bothdesignandconstruction(interpretativaeport)

Appendicesi boreholelogs, laboratorytest results,in situ tests, geophysicalsurvey records,referencesliterature
extracts

46

GEOTECHNICALENGINEERING Site Investigatiorr. AmizatulhaniAbdullah




Step by Step Design

-_e s —
U Empirical design
1- Approximate Predictive Design
2- Experimental Predictive Design

3- Neural Network

U Limit Equilibrium method

U StressStrain Analyses

1- FEM (Finite Element Method)
2- FDM (Finite Deference Method)
3- BEM (Boundary Element Method)




Limit Equilibrium method

Input ‘ Output
Geometry B Safety Factor
SurchargeCondition Element Force

Soil Parameters » » Seepage

Limitt Equilibriun, Selver
Water Condition - é




Stressi Strain Analyze

Input
Output

Geometry

Constitutive Model Stress Distribution

parameters

g ° o Strain Distribution
Element Parameters
Crack Propagation
Surcharge Condition — Pour Pressure
‘ . I Distribution
Boundary Condition : : StressStrain Solver : :
» I 4 Structural elementSorces
Water Condition | i i |
1] It Safety Factor
Stage Construction L === === sl

Facing Condition




Solil constitutive model

The propersoil constitutivemodelis animportantissueand matterof discussionn numericalsimulationsof soil structures
which affectstheresults

Theanalysisof tunnelsconstructionn cementedoilswith strainsofteningbehaviouiis avery complexproblem

In suchmaterials,which are characterizedy distinct peakand residualstrengthparametersstrengthreductioncan occur

with increasingstrain Furthermorethe high stiffnessof unloadingpathsin soil massaroundtunnelsectionandof low strain

in cementedoilsaffectstheresults

prediction of ground settlement strictly is influenced by the
material constitutive model.
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Soll constitutivemodel

It is consequentlyifficult to determinewvhich modelto selectfor a particulartaskandtherequirement$or determinatiorof

parametersarenotuniform.

Usualconstitutive modeare

A ThelinearElasticModel (LE)
A TheMohr-CoulombModel (MC)

A  TheDruckerPrageModel (HS)

A TheSofteningModel

Overviewof ConstitutiveModelsFor Soils, by PLade,2005




Soll constitutivemodel

The Linear Elastic Model (LE)

Thesimplestmaterialmodelis basedon Hooke'slaw for isotropiclinearelasticbehavior

Soil behavioris highly nontlinear andirreversible The linear elasticmodelis insufficientto capturethe essentiafeaturesof

soil.
Theuseof thelinearelasticmodelmay,howeverbe consideredo modelmassivestructuresn the soil or bedrocklayers

= N

1 v
T Ty T T T e T T O /

Young's modulus E
Poisson's ratio v >




Soll constitutivemodel

The Mohr-Coulomb Model (PerfectPlasticity)

The oldestandstill the mostusefulyield criterionfor cohesiverictional materialsis the empiricalproposaimadeby
Coulomb(1773 in hisinvestigationf retainingwalls

S
o
BasedParameters
Young's modulus E
Poisson's ratio 1))
Friction angle ¢
Cohesion C
Dilatancy angle 4
- e — e” - =

Basic idea of arlastic perfectly plastic model
Plaxis(FEM Software)-MaterialModelsManual




Soll constitutivemodel

Hardening Soil Model (Isotropic Hardeninq)

The hardeningsoil modelis an advancednodelfor simulatingthe behaviourof different typesof soil, both soft and stiff

soils, SchanZ71998.

In the specialcaseof a drainedtriaxial test,the observedelationshipbetweerthe axial strianandthe deviatoricstresscan

bewell approximatedy a hyperbola

laterusedin the well knownhyperbolicmodel(DuncanandChang 1970.

BasedParameters

Young's modulus

Poisson's ratio
Friction angle
Cohesion
Dilatancy angle
Unloading/reloading stiffness
power- dependency of stiffness

Failure ratio
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Soll constitutivemodel

Hardening Soil Model (Isotropic Hardeninq)

Hardenings assumedo beistropicdependingn boththe plasticshearandvolumetricstrain

Forthefrictional hardeninga nonassociate@ndfor the caphardeningananassociateflow rule is assumed

N
9 %
ESO& E¢:oed
e combined hardening =
e i o o
Eso i TR
shear hardening Eoea -
cap hardening
/ — O3
> o,

P’p P

Plaxis(FEM Software)-Material ModelsManual




Soll constitutivemodel

M.C. and H.S. Soil Model

o
-ILI—-I i - E
Mohr-Coulomb Model (PerfectPlasticity) Hardening Soil Model (Isotropic Hardening)

s N ™

Hardening region Softening region

Elastic region
I I

Hardening- Softening soil model for }
cementedsoils




Soll constitutivemodel

Softening Soil Model

Yasrobiet al (2013 presentech numericalresultsusing softeningsoil modeland Mohr-Coulombelastic perfectly plastic
model and comparedwith monitoring results from Niayeshtunnel the strain softening behaviourof the material was

consideredfor by a reductionof the strengthparametersof the elasteplastic Mohr-Coulomb model with increasinga

deviatoricplasticstrain

BasedParameters

Young's modulus
Poisson's ratio
Friction angle
Cohesion
Dilatancy angle

€06 cm

profile of surfacesettlemenfor monitoring
andprediction

settlement
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Soll constitutivemodel

Softening Soil Model

to estimate the accuracy of results givembynerical modellingthe surface settlement given toypnitoring recordss

considered as the reference and has been compared with results ofofted@igandelasticperfectly plastic Mohr
Coulombmodel

0 L] — Monitoring of 1+770
% N_*_ I © ; W (J {9
0.01 K& < S — Monitoring of 1+790
| €l SN T
gg,‘:e}z a = w0 <€ — Prediction of 1+740 & 1+790
'Sf\\ A L N in Softening
T _0.03 = == = Prediction of 1+740 & 1+790
-E-' -0.04 ""'--—_.-_______ — Monitoring of 1+940
= L - e
E _0.05 - . - Predict_ion of 1+940 in
g iy P I Softening
@ == == == Prediction of 1+940 in M-C
w -0.06

Comparison of the results of soil modeling and monitoring data




Soil constitutivemodel(Parameters)
e
Dilatancyangle

Therelationbetweerthe dilatancycomponentrom atriaxial compressiortest,the relativedensity,andthe meanprincipal

stressatfailure suggestedby Bolton (1986

f_.'-‘f’;c—cﬁ;v:?x{ﬂr |:10—]11(IDD x%)} _ 1}

Kulhawy andMayne (1990 suggestakingasthedilatancyangley.
Bolton (1986 suggestedrom laboratorytestdatathatfor planestraincompression

loading
fﬁ’pe&k — ';b.:'v + 0.8 s
A simpleandsomewhatrudeapproximatiorfor dilatancyangle,asoftenusedin Plaxisanalysisjs

W= (rf);}eak — 30

Correlations ofSoil andRock Properties in Geotechnical EngineeridgyAmeratungaNagaratnanSivakuganBrajaM. Das;2016




Numericalmodelingtools(Software)
S

Differential methodsaremoredifficult andtime consuminghanboundaryanalysegBEM), bothin termsof modelpreparation

andsolutionruntimes As such,theyrequirespecialexpertisdf theyareto be carriedout successfully

wFinitedifferencemethod w Discreteelementmethod

Continuum < DisContinuum < -
wFinite element method wDistinct element method
N~
Commercial Software's
FLAC (Itasca)More use in soil and rock PLAXIS (PLAXIS BV) More use in soll
Phas@ (RocsciencgMore use in rock SVSoild(Soil Vision Systems Ltd.yore use in soill
DIANA (TNO) More use in soil and rock ANSYS (ANSYS, Inc.)More use in soil and rock
ELFEN (Rock field software Ltdyore use in rock ABAQUS (SIMULIA) More use in soil and rock

VISAGE (VIPS Ltd) More use in soil andbck GeoStudidvore use in soill




NumericalModelingof Geotechnicaprojects

Foundatiorengineering

DeepFoundation Driven Concrete pile
Shadegaisteel Complex
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Excavation
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un/re

NumericalModelingof Geotechnicaprojects

BasedParameters

Young'smodulus
Poisson'satio

Frictionangle

Cohesion

Dilatancyangle
Unloading/reloadingtiffness
power dependencyf stiffness
Failureratio

.
I OEET

Results
-Deformation an®ettlements

- FacingstressegShotcreteConcretéNall, Berlang )

- Tendondorce (Nail, Anchorg )




NumericalModelingof Geotechnicaprojects

Excavation

DeepExcavation (Anchorage& Waller)

Access to Tunnel

Horizontal displacements (Ux)
Extreme Ux -79.03*10 % m




NumericalModelingof Geotechnicaprojects
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NumericalModelingof Geotechnicaprojects

Improvemenbf soft soil ground
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Construction Methods ofDeep Excavations:

1- NAILING OR ANCHORAGE
2- STRUTSSUPPPORTS
3- SOLDIER PILE&LAGGING
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Construction Methods of Ramps Nailing)

Structure& tower

Air Exchangeof Niayesh

North tunnel of

Niayesh

South tunnel of
Niayesh
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Construction Methods of Ramps Nailing)

Theareaof ?robablecracks

Probable failure surface

Contour of horizontal
displacement
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