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Foundation Engineering

Introduction ;

Thesoil mechanicscoursereviewed the fundamental proped of soils and
their behaviomunder stress and strain in aleed conditions. In practice,
natural soil depositare not homgeneous, elastic, or isotropic. In some
places, the stratification of saileposits even may change greatly within a
horizontal distance of 15 to 30 rRor foundation designandconstruction
work, one must know the actual ssitdification at a given sd, the
laboratory test results tiie soil samples obtained frorarious depths, and
the observations made during tlenstruction of other structurésiilt under
similar conditions. For most major structures, adequate sudbgudration
at the construadin site must be conducted

Definition;
The process of determining tteg/ers of natural soil deposits that will

underlie a propasd structure and their physiqaloperties is generally
referred to asubsurface exploration

Purpose of Subsurface Exploratio:

The purpose of subsurface exploration is to obtain information that will aid

the geotechnical engineer in:

1. Determining the nature of soil at the site anditatification.

Selecting the type and depth of foundation suitable for a given structure.

Evaluating the loatbearing capacity of the foundation.

Estimating the probable settlement of a structure.

Determining potential foundation problems (e.g., expansive soil,

collapsible soil, sanitary landfill, etc...).

Determining the location of water table.

. Detemining the depth and natureloédrock, if and when encountered

8. Performing some in situ field tests, such as permeability tests, van shear
test, and standard penetration test.

9. Predicting the lateral earth pressure for structures such as retaining
walls, sheet pile, and braced cuts.

ok wnN

~N o

Page {) Ahmed S. AFAgha




Foundation Engineering

Subsurface Exploration Program:
A soil exploration program for a given structure can be divided broadly into
threephases:

1. Collection of Preliminary Information :

This step includes obtaining information regardingttpee of structureto

be built and its general use. The following are examples explain the needed
information about different types of structures:

U For the construction dduilding:
V The approximate column loads and their spacing.
V Local buildingcodes.
V Basementequirement.

U For the construction obridge:
V The length of their spans.
V The loading on piers and abutments.

2. Reconnaissance:

The engineer should always make a visual inspection (field trip) of the site

to obtain information about:

V The general topograptof the site, the possible existence of drainage

ditches, and other materials present at the site.

V Evidence of creep of slopes and deep, wide shrinkage cracks at regularly
spaced intervals may be indicativeexfppansive soil

V Soll stratification from deeputs, such as those made for the construction
of nearby highways and railroads.

V The type of vegetation at the site, which may indicate the nature of the
soil.

V Groundwater levels, which can be determined by checking nearby wells.

V' The type of construction aeby and the existence of any cracks in walls
(indication for settlement) or other problems.

V The nature of the stratification and physical properties of the soil nearby
also can be obtained from any available-sgjploration reports on
existing structures
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3. Site Investigation:

This phase consists of:

V Planning (adopting steps for site investigation, and future vision for the
site)

V Making test boreholes.

V Collecting soil samples at desired intervals for visual observation and
laboratory tests.

Determining the number of boring:

There is no hardndfast rule exists fodetermining the number drings

are to beadvancedFor most buildingsat least one boring at each corner

and one at the centeshould provide a starSpacing can be increased or
decreaseddepending on the condition of the subsoil. If various soil strata

are more or less uniform and predictable, fewer boreholes are needed than in
nonhomogeneous soil strata.

The following table gives some guidelines for borehole spacing between for
differert types of structures:

Approximate Spacing of Boreholes
Type of project Spacing (m)
Multistory building 10i 30
Onestory industrial plants 201 60
Highways 250500
Residential subdivision 2501500
Dams and dikes 40i 80

Determining the depth of boring:

The approximat required minimum depth of the borings shdugd
predeterminedlhe estimatedepths can be changed during the drilling
operationdepending on the subsoil encountefed.,Rock).

To determinghe approximateequiredminimum depth of bring, engineers
may use the rukeestablished by the American Society of Civil Engineers
(ASCE 1972)

1. Determine the net increaBeeffectivestresgYA under goundation
with depth as shown in the Figupelow.
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2. Estimate the variation of the verdl effective stresé& with depth.
3. Determine the deptfD = D,) at which theeffectivestress increase

(Y isequalto — q(q = estimated net stress on the foundation).

4. Determine the depth (D =jJpat which(Y ¥ ¢ 8 8

5. Determine the depth (D =3Pwhich is the distance from thewer face
of the foundation tdedrock (if encountered).

6. Choosethesmaller of the tireedepths(D, D,, and 1), just determined
Is the approximatesquiredminimumadepthof boring

—l—._,-"

“g—.:c
frrhni
PR

1

-

FEETTrrTEN T

D—-—'-—_hD—.p-

v
Depth

After determining the value of (D) as explained above the final depth of
boring (from the ground surface to the calculated depth) is:

$ $ 3
Because th®rilling will starts from the ground surface.

Determining the value of verical effective stresg 7 :
The value of A always calculated from thground surfaceto the
required depth, as we previously discussed in Ch.9 (Soil Mechanics).
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Determining the increase in vertical effective stres®/

The value of YA always calculateérom thelower face of the foundation

as we discussed previously in soil mechanics course (Ch.10).

An alternative approximate method can be used rather than (Ch.10) in soil
mechanics course, this method is easier and faster than methods in (Ch.10).
This meahod called2:1 Method). The value of YA can be determined

using (2:1 method) as following:

According to this methodhe value of YA at depth (D) is:

’ 0 0

YK =
A

0 OEA ABADITHAEEA O AAOCRBI 1

I OEAO A ZEAROC ORB@O O AABOIEA 8
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Note thatthe above equation is based on the assumption that the stress from
the foundatiorspreads outwith avertical-to-horizontal slope of2:1.
Now, the values of (Pand D) can be calculated easily a8l be seen later.

Note: if the foundation iircular the value of YA at depth (D) can be
determined as following:

I OABADGE A
T
0 OEA ABADITHAEEA O AAOCRBI 1
AEAT A@EMA O1 ARBEIT 1

&
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Foundation Engineering soil Exploration

In practice: The numbeof boreholes and the depth of each borehole will be
identified according to the type of project and the subsoil on site, the
following is example for a 5 story residential building with dimensions of
(40 x 70) m:

V The required number of boreholes =5 Inmles (one at each corner and

one at the center) as mentioned previously.

V The depth of each borehole for this project K3 m up to a depth of
water table.

The following figure shows the distribution of boreholes on the land:
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Procedures for Sampling Soil
There are two types of samples:

U Disturbed Samples:These types of samples are disturbed but
representative, and may be used for the following types of laboratory soil
tests:

Grain size analysis.

Determination of liquid and plastlimits.

Specific gravity of solil solids.

Determination of organic content.

Classification of soil.

But disturbed soil samples cannot be used for consolidation, hydraulic

conductivity, or shear tests, because these tests must be performed on

the same sbof the field without any disturbance (to be

representative)

The major equipment used to obtain disturbed sample is (Split Spoon)

which is a steel tube has inner diameter of 34.93 mm and outer diameter

of 50.8mm.

< <K <K<LK<LK KL

U Undisturbed Samples:These types of samgare used for the
following types of laboratory soil tests:
V Consolidation test.
V Hydraulic Conductivity test.
V Shear Strength tests.
These samples are more complex and
clay, however irsandis very difficult to obtain undisirbed samples.
The major equipment used to obtain undisturbed sample is-{Vailed
Tube).

Degree of Disturbance
If we want to obtain a soil sample from any site, the degree of disturbance
for a soil sample is usually expressed as:

$ 3

$
I AOMDA OEA OHE OO AWM AR &N EI
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$ 1 O00CEMA A@EGAT DIOBBA
$ EIT OABAI AREEBAT PIOBB A

If (! pri® OERA| EIOA "Hi "I 18" "HHH

If (! pmt® OEGAT HEIGH "I "I "I."HH'H

For a standard splgpoon sampler (which sampler for disturbed samples):

I b . 080 pnimtp ppb pm® AEOOBOAAA
O®O

Standard Penetration Test(SPT)

This test is one of the most important soil tests for geateahengineers
because itodos widely used in calculatir
later. This test is performed according the following procedures:

1. Determining the required number and depth of boreholes in the site.

2. Thesamplerused in SPT tess (Standard Split Spoon) which has an

inside diameter of 34.39 mm and an outside diameter of 50.8 mm.

Using drilling machinel.5m are drilled.

4. The drilling machine is removed and tsemplemwill lowered to the
bottom of the hole.

5. The sampler is drivemto the soil by hammer blows to the top of the
drill rod, the standard weight of the hammer is 622.72 N (63.48 Kg), and
for each blow, the hammer drops a distance of 76.2 cm.

6. The number of blows required for a spoon penetration of three 15 cm
intervals argecorded.

7. The first 15 cm drive is considered as seating load and is ighored

8. The number of blows required for tleest two intervals are added to
give theStandard Penetration Number (N)at that depth.

9. The sampler is then withdrawn and the soil samplevered from the
tube is placed in a glass bottle and transported to laboratory.

10. Using the drilling machine to drill another 1.5m and then repeat the
above steps for each 1.5 m till reaching the specified depth of borehole.

11.Take the average for (N) valfram each 1.5 m to obtain the final
Standard Penetration Number.

12.Split Spoon samples are taken at intervals (1.5m) because theses samples
are highly disturbed.
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Subsoil Exploration

Drilling Machine

STANDARD PENETRATION TEST (SPT)

SPT
Resistance 140 |b Hammer
(N-value) is dropping

total number of Anvil 30”
blows to drive
sampler the 2nd
and 3rd 6"
increments
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Correction to N value
There are several factors contribute to the taneof the standard
penetration number (N) at a given depth for similar profiles. Among these
factors are the SPT hammer efficiency, borehole diameter, sampling method,
and rod length.
In the field, the magnitude of hammer efficiency can vary from 30%0,9
the standard practice now is to express theaNe to an average energy
ratio of 60% (No) (but we assume it 100%), so correcting for field
procedures is required as following:
LGRS

T
N I'/S\A('(E)(IJO&/Si~ R AR O © OO BFATO
OOAT AADA OO OO ARRIOO O AAGddE Ail A ABOET T O
EAI | A@EE AE AT AU
AT OOAAIGEORBEARAOAO
OAil PATA@OMBAOET 1
AT OOAARIOEIAATE EO

“m wm v v

Variations ofs g g PA T g\ are summarized in table 2.5 (page 84).
Note:takes 1@ 5 DA AUl 8 O

Correlations for Ngp:

Ngo can be used for calculating some important paramsters as:

V Undrained shear strength jGpage 84 indxt book).

V Overconsolidation ratio (OCR) (page 85).

V Angle of internaffriction (n D A QA.

V Relative Density$ D A @A 8

V Allowable bearing capacit 1 AT RAAOOI B ABOACH 8

Soil Report
Different soil reports will be idcussed on the lecture.
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Problems:
1.

Site investigation is to be made for a structurg&@¥mlength and7Om
width. The soil profile is shown below, if the structure is subject&@
KN/m?what is the approximaigepth of borehole (Assume

+  10KN/m?®).
200KN/m?
_ Structure \ 4 GWT
R3S 100m —
130m L

SIS S S S

Bedrock

Solution
Givens:
N ¢cnnA. hOOOOAGBOAA OBt or ft
OO0 ¢gnmmpmnmnymn pg&8 pTm+.38
$ W 3000ROEAAEROT @IOHOAAAA p y i
$ ponmAEOOAEDIDEA xAOAEOOODLTEIDOAAOS AE

1.Calculating the depth (D) at whichY »  — I :

— N — c¢nngmn#l
The following figure showing the distribution of stress under the structure at
depth(Dy):
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P=1.4x10°KN

The increase in verticatress YA at depth$ s calculated as follows:

o 0 pg8 pm
AT pTTS X T $

8

@%$ © Yk — Ko ¢m® $ pyns

2. Calculating the depth (Dy) at which 8 D

[~
—

The effective stres€ at depth Ris calculated as following:
A r ( $
o)

h
Ay pYpm $ 0Ky s 8

The increase in vertical stre$é(( at depth$ s calculated as follows:

o 0 pg8 pm
Aot pTtT$ XT$
@%$ © - mw 8 v P °$  pndl

So, the value of (D) is the smallest value of D,, and 3° $ $ p i .
° 3 $ $°83 ™t pnd p ndpl HS
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2. (Mid 2005)

Site investigation is to be made for a structurg&@¥mlength and7Om
width. The soil profile is shown belownowing thatthe structurexerts a
uniform pressure a200 KN/m? on the surface of the soil, and the load
transprts in the soil by2V:1H slope.

What is the approximate depth ofborehole? (Assume - 10KN/md).

200KN/m?
7 s’ wgpour
RS 100m =
30m
r p x 1
100m r el
J S S S
Bedrock
Solution
Givens:

N ¢nnmA. hOOOOAEBDAA OB 1t or ft

OO0 ¢gmmpmnmnxmn pg& pTm+.8

$ MW 3IO0OOOARCDEAEEDT OOAOAAAA

$ pomAEOOADIDEAA xAOAZEOOOLDDEBAAOS AE
1. Check if (D;<30m or D;>30m).

@depthD30mifYA& — N0 $ omnmhAigHAomnioo
Because the magnitude ofA decreasedwith depth.
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Py £ ¢cmmne nHl 8

p T p T
The following figure showing the distribution of stress under the structure at
depth(30m):

P=1.4x10°KN

) /
7 1
0&30\/ \/1 W?JG

The increase in vertical stres4(( at depth ¢ Tt [ is calculated as follows:

o 0 8 Tt
YA = PP p g+. 7l 8
! PTMTMCT XTOT
o VA L Ne$ omé8
p Tl

2.Calculating the depth (D) at whichY »  — I :

P g £ cmmnemHl 8

p T pT .
The increase in vertical streS8{( at depth$ is calculated as follows:
o 0 p8 pm
YA —

! prim$ X $

@$ °© Y54 — Ko 8

¢ $ pyYms
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3. Check if (D,<30m or D,>30m):.
@depthD30mif == mBrw $ onfAiPAonico
|

Because the magnitude 0% decreasedwith depth.
I

YK prig+. 1 AAAIT A QOA AN GBAAA

The effective stress at depth (30m) is calculated as follows:
A& r r O T

O£ i px pm o1 A f ¢ pHLA

o YK p TI&
AP ¢pm

™p P $ omn8

4. Calculating the depth (D) atwhich 2= 8 D

, A0 om 8 BGAEOOADIRIAURAODA AR B
The effective stres€ at depth Dis calculated as following:
A& PX PTT OoTT pwpPpTm 8

O A CPMwWd

The increase in vertical stre$é( at depth$ s calculated as follows:
o 0 pg8 pm

YA T MO om8oo
. prim$ XTm$

YK P8 pm
pom8 p T8

@$%$ © Y ome 8 ™I CpPpTmMwS

8 @wOoO%$ oowom ww

So, the value of (D) is the smallest value gf D,, and 3° $ $ W .
°$ $ 3$0% ™ Www wekh H
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3. (Mid 2013)

For the solil profile shown below, #;=10mandD,=2D,.

A- Detamine the dimensions of the foundation to achieve the required depth

of borehole.
B- Calculate the load of column which should be applied on the foundation

to meet the required depth of boring.

FTTTTTIIv LIy |

10m r S
L I W GWT
r ¢t .M -
30m
J S S S S S
Bedrock
Solution

Givens:
$ pmnih$ ¢ ©$ ¢ pmcemihs ¢l

$ TTNMIAEOCOOADIDEA xA&AOAKL O AADERAAOT AE
A. (B=77)

2% O YK —

2
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The following figure showing the distribution of stress under the structure at
depth(D;=10m):

.B.\-‘\D

Theincrease in vertical stres¥{ at depth $ p Tt [ is calculated as
follows:

7 S ‘3[9K -—————]——+>Eq4.

R- — ol _ & ) I
[ J

By equal 1&% o " 4.62mHS8
B. (P=7?)

$ ¢$ 9% ¢ prncmih" &l
2% O YK o A

YA - o [S'/A 8—]—> Eq.1
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The effective stres€ at depth(D,=20m)is calculated as following:
A EDAT AOCEWNOEXIT "I'T THI "HH H'H
Ky PUGC PYPT CG PT pTT COQA.

o 0
- 0] ~ O
2% Y/E ™LA j YRR ™tv 60 Q
©0 ptpysd+ ."H3
4.

Site investigation is to be made 600 KNload carried or§3.0m x 2.0 m)
footing. The foundation will be built on layered soil as shown in the figure
below, estimate the depth of bore hole. (Assufre 10KN/md).

2500 KN

#1 AU p @+ .7

S LSS S S

Bedrock

Solution
Givens:
0 cumn h A O1 AABEAT OEd icd
. O cumnm . .
N+ 3 c Tp@x .1 h$ pd |

$ pnmped W@
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Wit hhout check, I t 60, Dg>r3.a5ml yb uth e fv ayl a
sure you should do the check at every change in soil profile (like problem 2).

1. Calculating the depth (Dy) at which Y 7 —
— N — 1tp@x T @x

The following figure showing the distribution of stress under the foundation
at depth(D,):

2500KN

The increase in vertical stresé(( at depth$ s calculated as follows

VA 0 CULUTT

! c $ ¢ $
@%$ °Y¥Y& — No TAHYS$ uvd g8
3. Calculating the depth (D) at which y— 8 D

, A0 o® 8 8dAE OOA&QDIDIEMA A A WDHORA AR B
The effective stres€ at depth Dis calculated as following:
Ay PXP® pXC p® pm p® p@ pm 8
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OAhr XGUL @B Ay XU B $ 0B
O A T @ @dH

The increase in vertical stre$é(( at depth$ s calculated as follows:

o 0 CULTT
YA —
! o $ ¢ $

y CUTT
@ ° X mrw — T o T @as,

$¢ ¢ $¢
°©$ pay
So, the value of (D) is the smallest value @f D,,and R° $ $  uv& @ .
°©% $ $°% P P& O OGX P "HB
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Foundation Engineering ate Bearing Capacity of Shallow Foundatic

Introduction

To perform satisfactorily, shallow foundations must have two main
characteristics:

1. They havea be safe againstwerall shear failure in the soil that
supportghem.

2. They cannot undergo excessiveptisement, or excessive settlement.

Note: The term excessive settlement is relative, because the degree of
settlement allowed for a structure depeadseveral considerations.

Types of Shear Failure

Shear Failure:Al so call ed fABearamd ictap:acodcgut
the shear stresses in the soil exceed the shear strength of the soil.

There are three types of shear failure in the soil:
1. Generd Shear Failure

Load

Final Ground
Surface

Initial Ground ==
Surface

\ Shear Surfaces

Load/unit area, g

>

qll

Y
Settlement
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The following are some characteristics of general shear failure:

V Occurs over dense sand or stiff cohesive soil.

V Involves total rupture of the underlying soil.

V There is a continuous shear failure of the soil from bel@xabting to

the ground surface (solid lines on the figure above).

V When the (load / unit area) plotted versus settlement of the footing, there
Is a distinct load at which the foundation fails

V The value of 1  divided by the area of the footingdensidered to be

the ultimate bearing capacity of tfaoting N

V For general shear failure, the ultimate bearing capacity has been defined
as the bearing stress that cawsesiddencatastrophic failuref the

foundation.

V As shown in the above figura general shear failure ruptures occur and
pushed up the soil on both sides of thating (In laboratory).

V However, for actual failures on the field, the soil is often pushezhup

only one sideof the footing withsubsequent tiltingof the structures

shown in figure below:
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2. Local Shear Failure:

Load

Final Ground

Initial Ground=—> —
Surface

Shear Surfaces

The following are some characteristics of locadhear failure:

V Occurs ovesandor clayey soil of medium compaction.

V Involves rupture of the soil only immediately below the footing.

V There issoil bulging( € m O 3 omlfoth Sigey o theFqotingut the

bul ging is not as significant as i n (¢
underlying soil compacted less than the soil in general shear.

V The failure surface of the soil wiradually (not sudden) extendutward

from the foundation (not the ground surfaas)shown bgolid linesin the

above figure.

Page 25 Ahmed S. AFAgha




