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CIV E 354: GEOTECHNICAL ENGINEERING I

1-INTRODUCTION
Geotechnical Problems Review of Soil Mechanics (Chapter 3):

Design Philosophy (21-1) Effective stresses,
Design Loads (2.1) Shear gtrength: drained and undrained,
Mohr circle

“The most important thing is to kegp the most important thing the most important thing”
“A dructureis not stronger than its connections”

Foundations transmit al the structurd |oads to the underlain soils. The foundation engineer must be muilti-
disciplinary and have knowledge of Geotechnical Engineering, Structurd Engineering and Congtruction

Enginesring.

...and we can save 1000 Lira by not
conducting soil studies!



1.1 Geotechnical problems

Principal aspects of the project

!

Expected performance: strength and deformation

tolerances, compounding the cost)

Foundations  2.0-3.0

Factor of safety: Pffalurel by Code (cost, uncertainties,

eg. Eathdams 1.3-15, Retainingwalls 1.5—- 2.0,

i

}

Ste investigation L

Redesgn

Ste-improvement

Predicted strength and time effects settlement
(data from adjacent facilities, consolidation test)

v
Performance and safety check

A

v

Congtruction and design recommendations

Contingency Plan
Monitoring  program  during
construction




1.2 Design philosophy

Since the behaviour of soilsis quite complex, most of our andys's and design methods include a mixture
of rationd and empiricd techniques. The success of a geotechnica engineer relays on his solutions to
practical design problems based on his understanding of the srengths and limitations of this mix of
rationdism and empirician (CE 353). A successful dructure will fulfill the following performance
requirements.

Strength
Serviceahility
Condructibility
Economy.
Settlement
Connection with existing structures
Utility lines
Surface drainage

Access
Aeshetics.

In spite of uncertainties in andyds and design, the society expects engineers to develop economicd,
timely, and reliable designs. The factor of safety (F.S.) is based on required reliability (i.e. the acceptable
probability of falure), consequences of falure, uncertainties in soil properties and applied loads,
congtruction tolerances (design and as-built dimensions), ignorance of true behaviour, cost-benefit ratio
of additiona conservatism in the design. Therefore, the factor of safety is used to compensate for
uncertainties.
We use the factor of safety:
F.S= Strength/ Load (deterministic method)

In Geotechnical Engineering there are two main gpproaches for design:

Working stress design or dlowable stress design (WSD, ASD): forces from working conditions

Limit state design or load and resistance factor design (ULS, LRFD): forces from maximum loads

P.=0.Po+ QP+ ...

P.ETPR,



A

Probability Load /N

Strength

FAILURE

Pl falue]= PL>S] =& P[S=So] P[L > 0]

1.3 Design loads

D

D+L+F+H+T+(LrorSorR)

0.75[D +L + (L ror SorR) + (W or E)]

0.75[D + (W or E)]

where:

dead loads;

live loads;

snow loads;

ran loads,

earth pressure loads;

fluid loads;
earthquake loads;

mMmITOWLTO

SF:
ICE:
CF:
BF:

Force

Cost

>
Probability of failure

wind loads
sdf-draining loads,
impact loads;

stream flow loads;
ice loads,

centrifugal loads; and,
braking loads.



1.4 Review of soil mechanics

1.4.1 Total and effective stresses st=s.-u
Example 1.1
Soil 1: H=5m, gr =16 kN/n?, f '=30°, ¢'= 15 kPa g"@
H . —_ —_ T 0 '
Soil 2: H=7m gr =19 kN/nv’ and f =35 7N
Compute the total and effective stresses Sail 1
at the soil 2 — bedrock interface. 24
What is the water content of soil 2 if the in-situ Sail 2
void rétio is 0.60? v
1.4.2 Drained (t f) and undrained shear strength (t)
Drained shear strength: ty =ct+s %ten( fQ
A
>
Example 1.2:

Compute the maximum shear stresses that can be gpplied on avertica or horizontal plane at depth H.

g »

/// N\\\ V4

%; H1

ty




Undrained shear strength: t: =cu

NV
\_/

Unoonfingd i i Triaxid test
compression

test

Example 1.3:
Compute the maximum load “q” for a strip footing on clay for fast loading. Cu= 80 kPa.

B=3.0m




1.4.3 Mohr Circle: Graphical representation of the state of stress at any direction, at a given
point

e

Characteristics of Mohr circle:

1- A change of an angle g in the element represents an angle 2q in the circle
2- Principal stresses s; and s; = Null shear stress

3- Radius and centre of the circle:

From principal stresses R = 51—252 c=% ;Sz
2
From non-principal stresses R = |2y~ Sx 9 42 c=3Sx Sy
g 2 o YX 2

4- The resultant stress at any planeis given by

Sp=4/(5y)° +(ty) -



5 The maximum shear stress is equa to the radius of the circle. Maximum shear
stress acts on planes at 45° with respect to principal stresses.

1- Stresses at any given orientation - Pole or origin of planes. Locate any given
state of stresses (s, t) on the Mohr circle (Point A). Draw a line parale to the
plane on which the stresses (s, t) are acting at Point A and extend this plane until
Intersects again the circle (Point P). The intersection of this plane with the Mohr
circle (Point P) defines the pole. This procedure can be used with any known
state of stresses and the same pole should be obtained.

<«
Sgn convertion: i@ T @)
—




Example 1.4:

For atriaxid test, s; = 10 kPaand s, = 5 kPa. Find the normal and shear stresses in
aplane inclined +30° with respect to the horizontal.

Example 1.5:

Find the maximum height H for an open-cut excavation on Soil 1.
Soil 1: gr =16 KN/m®, f '=30° , ¢'= 15 kPa




Review Formula Sheet
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ry =@+w)ry _(1+w) _G,(1- A)r
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(1+e) 1+wG,)
Cu = Deso/D1o Cc = (Da0)*/(D10 Deo) g=kiA i= Dh,
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Cu® 6 1£Cc £3 (SW) _ )
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u=g —2snc—-=e = H =1-
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%[sin a gn( a + 2b)]

S:WGS A_Va
e Vv
dd éD_I_l‘:|1/2
" & nt

g=K hreeias)y (Nt/Ng)

hr =h, +he

So= Surface/Mass
Sphere
Area=4pR?
Volume=4/3.pR®

[a+sin acos(a+2b)]

sn aoos(a+2b)]

at=ctcos f ¢

tana¢=4nf ¢




