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5IDE BEARING FOUNDATIONS

A side bearing foundation 1s classified as a foundation which safely
resists, transfers and spreads the imposed loads (from the overhead catenary
system}) laterally to the ground. No end bearing or base resistance is
considered. A side bearing foundation is normally constructed in concrete.
It will have cast-in bolts for a bolted base mast. The hole for the
foundation may be hand dug, or machined augured or grabbed.

gide bearing foundations are suitable for the following soils:

K P

CATEGORY TYPE OF SOIL (kN/m2 /m) {kﬂllmz)
Non-cohesive Dense gravel or dense 160-200 -
Soils sand and gravel.

Dense Sand 160-180

Medium dense gravel or 80-160 =

medium dense sand and

gravel.

Medium dense sand 80-120 -
Cohesive Very stiff boulder clays - 30-40
Soils and hard clays

stiff Clays - 20-30

Firm Clays - 14-20

side bearing foundations are not suitable for the following soils:

< Frost susceptible soils

= Peat

- Loose soils

= Filled ground

- Soft clays and silts

- Chalk

= Running sand

- goils with a very high water table

Where side bearing foundations are not suitable, gravity foundations, rock
foundations, or piled foundations will be used.



METHOD OF CALCULATING THE OVERTURNING
MOMENT FOR SIDE BEARING FOUNDATIONS.
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DEFINITIONS

M -

BENDING MOMENT AT TOP OF FOUNDATION DUE TO RADIAL AND WIND LOADS
ON CONTACT, MESSENGER AND ANCILLARY WIRES, WIND LOAD ON POLE AND
MASSES OF EQUIPMENT AND CANTILEVER (kNm)

HORIZONTAL LOAD DUE TO ABOVE LOADS (kN)

NON EFFECTIVE DEPTH :— PORTION OF FOUNDATION THAT DOES NOT RESIST
O.T.ML

EFFECTIVE DEPTH :— PORTION OF FOUNDATION THAT RESISTS O.T.ML
INTERSECTION OF X-X' AND ‘Y-Y' IS CONSIDERED AS THE POINT AT WHICH
THE OVERTURNING MOMENT (O.T.M.} ACTS.

IT POLLOWS THAT:—

O.TM = M + H(d +2/3D) kNm
THE RESISTANCE MOMENT OF THE PARTICULAR FOUNDATION MUST NOT BE
LESS THAN ITS OVERTURNING MOMENT.

SLOPE ADJUSTHMENT

FOR SLOPES UP TO 10 DEGREES, TREAT AS LEVEL GROUND.

FOR SLOPES BETWEEN 10 AND 20 DEGREES INCREASE 'D’ BY 10%
FOR SLOPES BETWEEN 20 AND 30 DEGREES INCREASE 'D’' BY 25%
FOR SLOPES BETWEEN 30 AND 45 DEGREES INCREASE 'D' BY 43%




FORMULAE FOR SIDE BEARING FOUNDATION

COHESIVE SOIS
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THE ASSUMPTIONS MADE IN DERIVING THE FORMULA ARE:—

1. THE CENTRE OF OVERTURNING ‘'O’ OF FOUNDATION IS 1/2 DEPTH OF FOUNDATION BELOW
EFFECTIVE GROUND LEVEL

2. THE STRESS DIAGRAM IS BOUNDED BY A STRAIGHT LINE.

3. THE PERMISSIBLE GROUND PRESSURE IS A4 CONSTANT RELATED TO THE ULTIMATE SHEAR
VALUE OF THE SOIS 'S".

4. THE LINE OF FAILURE OF THE SOIL IS NOT PARALIEL TO THE SIDES OF THE FOUNDATION.
A CONSTANT 'C' SHOULD BE ADDED TO THE ACTUAL LENGTH OF FOUNDATION FACE 'L’
RESISTING THE LOADS THEREFORE THE EFFECTIVE LENGTH OF FOUNDATION = L+C.
ASSUME C = 0.4m FOR L > 1.0m, FORL < {0m L+C = 14 X L

FORCE A" = FORCE 'B' = D X S X (L+C)
2 2

= DS(L+C)
4
RESISTANCE MOMENT ABOUT 0" = DS(‘I{+C} X Eg +_£)_J

= DBSEL+C)

LET S = CONSTANT 'P’
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RESISTANCE MOMENT = PD*(L+C)
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| FORCE 'A’ = FORCE 'B' = 4D%KL

FORMULAE FOR SIDE BEARING FOUNDATIONS

NON-COHESIVE SOILS
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THE ASSUMPTIONS MADE IN DERIVING THE FORMULA ARE:—

1. THE CENTRE OF OVERTURNING 'O OF FOUNDATION IS 2/3 DEPTH OF FOUNDATION BELOW EFFECTIVE

GROUND LEVEL.

¢. THE STRESS DIAGRAM FROM EFFECTIVE GROUND LEVEL IS BOUNDED BY A PARABOLA.
3. THE MAXTMUM PERMISSIBLE GROUND PRESSURE ON EITHER SIDE OF THE FOUNDATION DOES NOT

EXCEED K TIMES DEPTH.

IF K ALLOWABLE PRESSURE/UNIT DEPTH

27

| IF L = LENGTH OF FOUNDATION FACE IN PLANE PERPENDICULAR TO FORCE ‘A'.

RESISTANCE MOMENT ABOUT '0' = 4D®KL X D + 4D?KL X 11D = 4D3KL (D + 11
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TYPICAL BATTERS OF EMBANKMENT SLOPES

MATERIAL TYPICAL SLOPE BATTERS (VERTICAL : HORIZONTAL}
Hard Rock Fill 1:1.5 {34°) to i (45°)
Weak Rock Fill 1:2 (27°)y to 1:1.25 (39°)
Gravel 1:2 (27°) to 1:1.25 (39%)
Sand 152.5 (229) O 1:3.5 (34°)
Clay 1:4 {14°) to 1231.5 (34°)

It should be noted that the properties of an embankment fill
may alter with time, together with the stability of the embankment.

There may be settlement of the embankment due to settlement of the
embankment £ill and/or the foundation strata. Potential seasonal variations
and potential for local deterioration of soil properties must be noted.

Consideration must be given to both the theoretical Effective Depth required
to resist applied forces due to the overhead catenary system, and the actual
condition of the embankment.

TYPICAL BATTERS OF CUTTING SLOPES

MATERIAL TYPICAL SLOPE BATTERS (VERTICAL : HORIZONTAL)
Massive Rock 1:5:1  (56°) to Vertical (S0°)
Well Jointed/ 142 (27°) to: 2% (63°)
Bedded Rock
Gravel 152 {27°) jrte (- {45°)
Sand e 5 (22 te 1:1.5 (34°)
Clay 1:6 {3.5°) to 1:2 (27°)

1t should be noted that the properties and stability of slopes in cuttings may
alter with time.

The stability of natural and cut slopes is a complex interaction between the
soil materials that form the slopes, the ground water conditions or pore water
pressures, seasonal variations, external and/or surcharge loadings and
weathering of the cutting slopes.

Consideration must be given to both the theoretical Effective Depth required
to resist applied forces due to the overhead catenary system, location ot
the foundation and the actual condition of the cutting slope.
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vertical and
may collapse.

K
CATEGORY TYPE OF SOIL FIELD INDICATIONS VISUAL kN/m2 /m
Rocks Not inferior to Requires at least a - >200
Sandstone or bPneumatic or other
limestone mechanically
operated pick for
excavation. See
section on Rock
Foundations.
Non-cchesive | Dense gravel, Requires mechanical Very stable 160
Soils dense sand and excavation sides during
gravel excavation.
Teeth marks
of excavator
visible.
Dense sand Requires pick Very stable 160
for excavation sides during
eXcavation.
Medium dense Requires pick Stable sides 120
gravel or medium for excavation during
dense sand and excavation.
gravel
Medium dense sand Can be excavated Firm sides 80
with a spade with during
strong force excavation.
Some soil
falling from
sides,
Loose gravel, Can be easily Loose sides N/A
loose sand and excavated with during (40-60)
gravel, loose a spade excavation.
sand Do not
remain

The above table is dependent on the
than below the base of the foundatio

ground water table assumed to be a depth not les:

n.




fingers when
squeezed in the
fiskt.

P
CATEGORY TYPE OF SOIL FIELD INDICATIONS VISUAL kN/mz
Cohesive Very stiff boulder | Brittle or very Very stable 30
Soils clays and hard tough. Requires sides during
clays mechanical excavation.
excavation. Vertical
teeth marks
of excavator
visible.
Stiff clays Cannot be mouldea Stable sides 20
in the fingers. during
Requires a pick for | excavation.
excavation.
Firm clays Can be moulded in Firm sides 14
the fingers by during
strong pressure. excavation.
Can be excavated
by graft with a
spade.
Soft clays Easily moulded in ~ N/A
the fingers, sticks
to the hand.
Very soft clays Exudes between the - N/Aa

The above table may be affected by seasonal variations i.e., a hot summer might
affect the field indications of a soft clay or a very soft clay.

CIVILS1:SIDBRFD.SAL




THE UPLIFT RESISTANCE OF DRILLED-IN ROCK ANCHORS

The resistance to pull out of anchors drilled and grouted into rock depends
on five factors:

1. The safe working stress on the steel anchor itself.

2. The allowable bond stress between the anchor and the grout.

3. The allowable bond stress between the grout and the rock.

4. The dead weight of the mass of rock and any overlying soil which is

lifted by the anchor.

B The dead weight of the mass of rock and any soil overburden which is
lifted by a group of closely spaced anchors.

The bar anchor will usually be manufactured in high tensile steel. Working
stresses vary from 250N/mm2 for reinforcement bar to over 500N/mm2 for very
high strength alloy steels (Macalloy etc).

The allowable bond stress between the anchor and the grout depends on the
compressive strength of the grout, the amount of deformity in the bar and
the diameter of the bar. As a guide allowable values of 0.3-0.7N/mm2 can be
used for bars up to 150mm.

The allowable bond stress between the grout and the surrounding rock depends
on the compressive strength of the intact rock, the size and spacing of
joints, the amount of keying given to the anchor pole by the drilling bit
and the cleanness of the rock surface which can be achieved by the drilling
water flush. Observed bond stresses at failure range from 0.15-0.3N/mm2 in
weak weathered chalk, mudstone and shale to 1.0-2.0N/mm2 in strong
relatively unweathered but jointed rocks.

The pull-out resistance of the mass of rock depends on the shape of the mass
of rock lifted which itself depends on the degree of jointing and fissuring
of the rock and the inclination of the bedding planes. A cone with a half
angle of 30° gives a conservative value for the pull cut shape and
represents a heavily jointed rock. A cone with a half angle of 45° could be
used for most sound rocks. Take a safety factor of unity where the rock is
bedded horizontally or at moderate angles as the shear strength of the rock
has been ignored.

Where a number of anchors are grouped relatively closely together the cones
of uplift overlap. The anchorages of the group should be deep enough to
ensure that there is sufficient weight in the cone of rock encompassing the
whole group.

C2:ANCHORS.SB




(1) Load transferred to bond (2) Load transferred by end plate.

+60° used when rock mass is soft, heavily fused or weathered.
9¢ used in all other rock conditione.

(o) Geometry of cone
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(b) Interaction of cones for overall stability anolysis.

Transient loading in rock (after Littlejohn & Bruce 1977)




BALEODR BEATTY POWER COBSTROCTION LIHITED
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DBSIGR TABLES FOR 0SB WITE LINITED
SITR 1BVESTIGATION
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FORMULAE FOR SIDE BEARING FOUNDATIONS
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THE ASSUMPTIONS MADE IN DERIVING THE FORMULA ARE;— .
{. THE CENTRE OF OVERTURNRIG 'O’ OF FOUNDATION IS 2/3 DEPTH -OF FOUNDATION BELOW EFFECTIVE

GROUND LEVEL
2, THFE, STRESS DIAGRAM FROM EFFECTIVE GROUND LEVEL IS BOUNDED BY A PARABOLA

3, THE MAXG(UM PERMISSIBLE GROUND PRESSURE ON FITHER SIDE OF THE FOUNDATICN DOES NOT
EXCEED X TIMES DEPTIHL

IF K= .ALLQ’H’ABLE PRESSURE/UNIT DEPTH _
IF I, = LENGTH OF FOUNDATION FACE IN PLANE PERPENDICULAR TO FORCE 'A’. @mn\m At € )

FORCE '\’ = FORCE 'B' = 4D£KL
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: 2
RESISTANCE MOMENT ABOUT '0' = 4D?KL X D + 4AD?KI X 11D = 4D°KL [D + 110
27 3 27 48 a7 e
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METHOD OF CALCULATING THE OVERTURNING

MOMENT FOR SIDE BEARING FOUNDATIONS.

H—

DEFINITIONS 1‘%

U — BENDING MOMENT AT TOP OF FOUNDATION DUE TO RADIAL AND WIND LOADS
ON CONTACT, MESIENGER AND ANCILLARY WIRES., WIND LOAD ON POLE AND
MASSES OF EQUIPMENT AND CANTILEVER (kNm)

H — HORIZONTAL LOAD DUE TO ABOVE LOADS (kN) .
d — NON EFFECTIVE DEPTH :—~ PORTION OF FOUNDATION THAT DOES NOT RESTST

OTJI_

mms@cnon OF X-X' AND Y~ I3 CONSIDERED 4S THE POINT AT WHICH
THE OVERTURNING MOMENT (0.T)L) ACTS.
I! FOLLOWS THAT:—~
[ 0.TAL = M + H(d +2/3D) kiNm | T
THE RESISTARCE MOMKNT OF THX PARTICULAR FOUNDATION MUST NOT BE
LESS THAN ITS OVERTURNING MOMENT.

" SLOPE ADJUSTMENT

FOR SLOPES UP TC 10 DEGREES, TREAT A9 LEVEL GROUND.

FOR SLOPES BET¥EEN 10 AND 20 DEGREES INCREASE ‘D' 'BY 10%
FOR SLOPES BETWEEN 20 AND 30 DEGREES INCREASE 'D’ BY 25%
FOR SLOPES EBETAEEN 30 AND 45 DEGRERS INCRESE 'D’ BY 43%




A 5lde bearing Izundaticn 1s Ciassiiled as a roundation wnicn ot et
T251518, transi ana spreads the _mposed loads (from the overreag zaterary
f/stem) iatera:.y Io Tie cround. ‘o end cearing or base resista~ca 53

5
@ cearing rcungaticn is ~ormalily constructeag - Scocrete

tcnsicered. &

-% Wiil have casi-in peits for a colted base mast. The ho.e
Icundation mav -e rand dug, or macnined augured or grabbed.

Lol o

:lle cearing fci-dations are Sultablie for the following sciis:

1
X 7
ZaTEGORY TYPE CF SOIL {kKN/m2Z /m) (kKN -m2»
Son-cohesive | Zense gravel or dense 160-200 =
Spils sand and gravel.
~ense Sand 160-180
Medium cense gravei or 80-160 =
medium dense sand and
sravel.
Medium dense sand 30-120 =
Zohesive Jery stiff boulder clays - 30-40
Soils and hard clays
Stiff Clays = 20-30
Firm Clays - 14-20

Zide cearing fcundations are not suitable for the following soils:

- Trost suscaptible soils

= Seat

= Loose soils

= Filled grcun

- Soft clays and silts

= Zhalk

= Running sangd

- Soils with a very high water table

dhere side pear:-g foundations are not suitable, gravity foundatzizns, rock
fzundations, 3r riled fcundations will be used.



“ATEGORY

KN/me /1

ROCKS

Non-cohesive
Soils

TYPE OF SOIL FIELD INDICATIONS FZEUAL
Not inferior to Requires at least a - >200
Sandstone or pneumatic or other
limestone mechanically
operated pick for
excavation. See
section on Rock
Foundations.
Dense gravel, Requires mechanicel | Very stable 160
dense sand and excavation sides during
gravel excavation.
Teeth marks
of excavator
visible.
TCense sand Requires pick Very stable 160
for excavation sides during
excavation.
Medium dense Requires pick Stable sides 120
gravel or medium for excavation during
dense sand and excavation.
gravel
Medium dense sand Can be excavated Firm sides 80
with a spade with during
strong force excavation.
Some soil
falling from
sides.
Loose gravel, Can be easily Loose sides N/A
loose sand and excavated with during {40-60
gravel, loose a spade excavation.
sand Do not
remain

vertical and
may collapse.

The above table is dependent on the
than below the pase of the foundation.

ground water table assumed to be a depth not



