8. CAUTION FOR TOWER MATERIAL AGAINST CORROSION.

8.1

8.2

General

The area wheve towers are to be installed is situated very near the
sea, with very little'precipitation'thrd&ghOut the year and'very
High humidity in the summer. As such, salt deposit on the tower

surface will show marked increases as there will be no wgshing of £

by rain. Salt will easily melt getting H,0 in a high humidity

environment. As salt water can easily damage steel, special

treatment shall be required for the steel material,

Protection Process

The following process is recommended.

Anti-weather material-

Hot dip galvanizing

Chemical treatment

Painting in factory

Details of Each ‘Process
{1) Toﬁér material
Low alloy steel with‘chemical‘compbsition of P, Cu, Cr, Ni,

Mo, Ti, Zr, etec., which is called anti-weather steel, has the.
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characteristic of inhibiting rust fofmation as shoﬁn in Fig. 8.1,

The rust grows during the first one or two years of exposure
and gfter that, the growth becomes very steady. Once creation
of this steady rust adheres to the steel surface, it works as a.
prétective fi;m much like paint, thereby rest¥aining further

advance of rust.

Therefore, no gélﬁahizing

=
i e 2 —
nor painting is required § Normal steel
if steady rust can be g
created on the steel B Anti-weather steel
N ——— .
surface. g ’
g
However, to create steady s
Exposed period
rust, it is necessary for .
the rust to be exposed to ~ Fig. 8.1

a certain climatic condition.

In areas of very high humidity'and.extremely small
precipitation, as rain cannot De expected to wash off salt
or sulfurous scid gas from the surface of the steel, the rust

will grow without attaining good quality.

Anti-weather steel costs apprbximately 10z mofe than the
normal steel in Japan. However, this steel has the advantage
in that the term of effectiveness of the paint is much longer
than on normal steel, which means, maintenance costs caﬁ ﬁé
reduced. According to the Corrosion Committee of the England

Steel Asscciation, the terms for repainting are 2.5 to 3 years
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and % to 5.1 years for riormal steel and cobper.contained
steel, respectively. : : 7
Fig. 8.2 shows the comparison
of progress of rust on the
painted surface of anti-
weather steel and normal
steel on which the surface
was scrattheﬁ to penetrate

the steel interior.

Fig. 8.2

(2) Hot dip galvanizing

Zinc galvanizing work shall conform in all respects to ASTM
A-123 or JIS H0401-83 and H9124-87, and shall be performed by
the hot dip process. The thickness of zinc shall not be less
than 900 g}mz. or 502 more than the st;ndard thickness, for

steel having a thickness not less than 6 mm,
{3) Chemical treatment

Galvanized steel shail be applied with phosphatiziﬁg.coﬁpduﬁds
to ensure thé=adhésioh of ﬁaint. 'After the phéspﬁafiZing
compounds become dry, the non-reactioned liquid.shail.he
washed out with water and powdef.remainiﬁg oh'the sdrfacé shall
be rémoveduby:bfﬁéhiné.--If whité rust or tustris'¢reéted on .
the galvanized surface, it shall se removed'cdmpletely with a
Qire brush or power:tbol befofe applying:phosphatizing

" compounds . Surface treatment and chemical treatment shall be
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done with scrupulous care, as these treatments are highly

important for ensuring durability of the paint,
(4) Painting in factory

Undercoat paint
Undercoat paint shall be anticorrosive paint made of special
epoxy resins, and shall be applied as early as possible

after completing the chemical treatment mentioned in item

{3).

Final coat paint
Final coating shall comprise anti-weather type paint having

polyurethane resins, Two coats shall be appiied.
(5) Example of painting

(i) Surface treatment of material

Removal of dust, grease, white stains_agd all foreign
matter

(ii) Phosphatizing compounds
Application of PALBOND PB-36T, several coats

{(iii) Undercoating
Applicaticn of 0.2 kglm2 and 50 p of thickness of HI-PON
20 ACE

{(iv) Einal coating
Application of two coats of 0.312 kg}m? and 30 u thigkness

each of HI-PON 50
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9. INSTRUCTION FOR MAINTENANCE WORK

There are two meanings to the words maintenance work in overhead

transmission lines. One is in relation to the life of the"

facilities, while the other is to maintain theé system in satisfactory

operation.

9.1 Maintenance Work for Satisfactory Operation

(L

oy

(3)

Ordinary patrol

General conditions of the transmission lines and their
surfoundings visually investigated and check at least once a
month for detection of any intéerference or hazardous
situation:

Tréubie.ﬁafroi

Situéfion and‘conditioné of troubie are investigated in detail

whenever trouble occurs.

_Inspection

_Salt deposit density on insulator discs and corrosion on

hardware of insulator strings are periodically .checked.

. Faulty insulators and wash discs are detected. Damaged discs

and/or hardware is replaced whenever required, The interval
of disc washing shall be‘detérmined=by.m6asuring of ESDD as

mentioned in Clause 9.3,
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9.2 Care for Durability of Tower Life

(1}

(2)

Inspection

Check shall be carried cut on the condition of paint coat on

tower members by visual inspection every § months and adhesion

test of paint coat once a year.

Repainting

The most effective way to ensure the durability of towers in

areas similar to those found in this project is to carry out

repalr painting in & careful manner.

Repainting should be done as follows.

(i)

(ii)

{iii)

(iv)

Remove. all rust and loose pgint coat from the surface.of
tower members by chipping,., brushing or with s motor
driven tool. Remove all foreign matter such as dirt,
grease, salt, etc., using cloth soaked in thiﬁner ér soﬁe
other suitable liguid.

This work should be carried out with extreme care.
Insufficient removal will result in the repainted coat
peeling off or corrosion forming under the repainted
coat.

Two coats of anticorrosive repair paint should bé applied
on the surfaée after rust or loose paint has been
removed. This paint should be the same paint as the
undercoating.

Anticorrosive undercoating should be applied.

Two coats of anti-weather type final coating should be

applied.
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All paint to be applied for repainting should be the same

paint as the old paint,

9.3 Measurement of Contamination on Insulator Disc

{1} Conception
Measurement of Equivalent'Salf Deposit Density (ESDD) on
insulator discs is reébmmendéd to establish & cleaning )
schedule of thé insulators..-Data obtaiheﬁ.ﬁill also be useful
:for:deterhining the'deéigﬁ critgfisrfor future projects. |
The conception of the'mEasurgment should be as follows.
Period 1+ at least 3 years
Place :  Several éoints (Select towers on which
insulator strings'of spécimen will be hanged.)
Interfal of coﬁtﬁminéiion méasuremenﬁ:

each month, each three months and each year

A _~ Insulator for eliﬁiﬁaiiné”end effect
} For each year measurement.
} " For each'thréé month measurement
'} For each month measurement

~ For eliminating end effect

Insulators after ESPD measurement should be re-installed on
structures for the next exposure.
The design is based on 0.5 mglcm2 and 0.3 mglcm2 of ESDD for

220 kV line and 132 kV line, respectively.
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(2)

Measurement of ESDD

(1)

Procedure of measurement

(a)

(b)

(c)

(d)

{e)

Beaker, measuring cylinder, etc., should be well
washed g0 as to remove electrolyte ﬁrior to
measurement. Hands and glaves should be washed
clean and free from dirt.

3 is placed into 2

Distilled water of 200 - 400 cm
beakers (more water is added for heavy contamin&tion).
Absprbent cotton or a brush is immersed in distilled
water. Conductivity* and water temperature are
measured,

(* Refgr to item (v) for measuring conductivity)
Contaminants are wiped away separately from top and
bottom surfaces of the insu;ator with wet absorbent
cotton or brush. A gloved hand is preferred for
precise measurement.

The cotton or brush with contaminant is put back

into each beaker for top and bbttOm surfaces

(see Fig. 9.1). The contaminants should be dissolved

in water by shaking the cotton or brush while

immersed.
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Beaker

Ny [
N

D

Cotton
' Bottom 'b
Beaker E)Z /

Fig} 9.1

(£) Wiping is repeated so.és not to leave any
contaminant remaihing.on-the insulator surface.

(g) Attentibn should be paid to maintain the quantity
of water (i.e. the quantity should not be changed
very much before or after coileétihg contaminants).

:(h) Conductivity of the water cpntaining the
contaminants is measurgd with a cqnductivity
metgg:* At the same time, the temperature of the
water is measured.

(* Refer to item (v} for measuring conductivity)
{ii)} <Calculation of ESDD
(a) The measured conductivity of the water containing

the contaminants is corrected into the conductivity

at 20°C by feferring to the attached Fig. 9.2,
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(by Fig. 9.3 shows the relationship between the
conductivity at 20°C and the salt {NaCl) concentration
of salt water. From Fig. 9.3, the amount of equivalent
salt in the water is obtaihed.

(c) The ESDD on the insulator surface is calculated by
the following equation.

V x (Dy - Dy)
W= 10 x

s
where, W : Equiﬁalent salt deposit dgnsity, mgfcm2
V : Amount of distille& water, cma(g)

Dy: Equivalent salt conCentraﬁion ef the
water containing contaminants,

Dyt Equivalent salt concentration of the
water with cotton or brush before
collecting contaminants, ¥

8 : SBurface area of insulgtor, cm2

(d) For reference, an example of a data sheet for

measuring ESDD is shown in Table 1.

(iii) Measurement of non-soluble material déposit-densiff {NDD)
Measurement of NDD is made by weighing residuum in tﬁé
water containing the contaminants. Residuum één be
obtained by filtering water with filtér“paPEr and then

drying the filter paper c0mp1ete1y (Refer to Fig. 9.4).
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Filter paper

Residuum

Drying [ cm%-?ﬁ’:ﬁ

' Contaminant :
solution

Residuum

Weighing

Fig. 9.4 Concentration - cohductivity curve of NaCl at 209

(iv) Analysis of contaminants

The foilowing chemical and physical analysis is made on

samﬁle cqntaminants.

- Qualitative analysis by the X-ray diffraction

~ topography

- Qdéntitative chemical analysis on soluble and non-
soluble material¥

- Particle size distribution analysis

* Soluble materi&l
Na, Ca; K, Mg, Zn, Si, CI, 50,, NOg, CO,
Non-soluble.matérial
510, Al,04, Fe,0,, Ca0, 0, Nay0, Kp0

Procedure of chemical analysis'is as shown in Fig. 9.5
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Specimen insulator
Collection of Contaminants
““““““““ =
on insulator surface l
¥
Drying
T : :
Measurement- of weight of contaminants : ! When contaminants
: l« — — — -1 are collected
and calculation of deposit density with water
Qﬁalitative analysis by
X-ray diffraction topography
l
Dissolution of contaminants in
distilled water
!
Filtering
i ]
Components of Components of
insoluble material ' - soluble material
5105, Al,04, Fey04 ' MNa, Ca, X Cl, 80,,
Ca0, Sn0, Na,0, KZO Mg, Zn, Si- NO4, 003

Fig. 9.5 Procedure of Chemical Analysis of Contéﬁinants
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(v) Details of Conductivity Meter

"(a) FEATURES

(b)

Temperature Measurement Function {equipped)

Temperature measurement is essential for

conductivity measurement. However, there is

no need to prepare a thermometer as the

temperature can be measured using the same

electrode.

Handy, Lightweight

Handy and lightweight, convenient for

measurement both in laboratory and in fieid.

shaped to suit to carriage and measurement,

Simply Designed Electrode

Equipped with three pole electrode for

excellent performances, cleaning is easy.-

STANDARD SPECIFICATIONS

MODEL

Y

Measuring Range

Indication :

Analyzing Capability 3

Temperature of Solution:

Power :

 TLG-1-125

SC51
0 - 20 uSjem, 0 - 50°C
312 digits; digital indicator
{quartz)
0.01 microS/cm (in the range
0 - 20 microS/cm)
0.1% (for temperature
measurement )
0 - 50°¢
Dry battery (006P x 1 unit,

Max. 50 hours continuous
operation)



Tolerance + + 3% per span (for conductivity
measurement)
+ 1% (for temperature
measurement)
Net Weight : 300 g
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10,

TOWER FOUNDATIONS

10.1 Geological Profile

The repoft on the geological survey of the project should be

referred to for detaiis of the geolbgical conditions.

Power will be tranémitted for approximately 1.3 km ;hrough
uﬁderground cables from the West Wharf Thermal Power Plant to:the
first transmission tower, from ﬁhere the iine of transmission
towers will run to the Baldis Grid Station, first along the |
_coastline and then, tﬁrning jinland along the periphery of the

. Pakistan Air Force (PAF) Base.

From the geological point of view, the route of theitraﬁsmiSsion'
towers cah be divided ﬁnto 3 zbnes:' Coastal Zones ¥ and II,-énd
the Inland Zone. Boriﬁg surveys have been carried qut_along‘the
coast at 7 locations: TL-1, TL-2, TL-5, TL-6, TL-7, TL-8 and TL-
9. At the 3'points_of TL-1, TL-2 énd TL-5 in Coastal Zone I,_the
supporting layer consists mainly.of fine sapd.and sapdy silt, with
silty clay running down to depths of 10 to 15 m. At thé.é points
of TL-6, TL-YF TL-8 and TL-9 in Coastal Zone II, the upﬁer layers
are made up of fine and coarse sand, with éilﬁy shale béloﬁ; The
depths of the supporting layers are small in Zone II, with N-
values between 20 and 60 at depths of 1.0 to 2.0 m. The

groundwater levels tend to be high in the Coastal Zones at GL -0.3

to 3.0 m,

According to the boring surveys carried out at points TL-10, TL-11"
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and TL-12 in the Inland Zone, the surface layer consists of coarse
sand mixed with gravel and sandy silt, while silty shale,
conglomerate and limestone are found in the layers below. The N-
value reaches 60 at 1.0 m below ground, providing a geological

composition most suitable for spread foundations. No groundwater

was observed.

10.2

10.2.1

10.2.2

Transmission Towers

Tower Types'

The transmission towers can be divided into the following 10

types.

AS, A, AL, B, C, D, DR (220 kV - 2 cct)

AL, D&, DR4 (220 XV - 2 cct, 132 kV - 2 cct)

Loads

Loads are transmitted down from the upper structures. The
stationary load used in the design is the load which will be

applied at the wind velocity of 38 m/s, while the abnormal load

is that which will result when the conductors of the

transmission lines have been broken. 1In the design, the greater

of the two between the stationary load and two-thirds of the

abnormal load will be used. These design loads vary according

to the 10 towers types as follows.

TLE-1-129 -



Table 10¢.2,1 Load Conditions

Compreééion Uplifﬁ

Tower Type (tons) .. {tons)
AS 37.54 25.49
A 49.27 34.09
AL 57.95 40,17
B 55.84 © 41.65
o 85.59 68.77
B 95.63 80.88
DR 124.05 107.47
Ab 110.95 | 84.56
D4 207.39 171.08
DRA 245.32 201.88

10.3 Geological Conditions
10.3.1 Outline

Geological conditions, which have a major bearing on the shépes
of fbundationé, were aséertaiued.through boring éurveys. Qnd the
soil is classified according to the résulté of site tests; sﬁéh
as the standard penetrﬁtioﬁ test. Mine wﬁter lévelé afe taken
into account in the foundation de#ign. The:resulté of thé‘r
standard penétration test, which.is.performe& tb éscertain Ehe
hardness of the soil, is used in déciding wheﬁher-to uée.pile
foundations or spread foundatibns. As saft soil, consistiﬁg'of
clay with N-values below 2 or sand with N-values below 3,

continues underneath the bottom of the foundation, spread
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10.3.2

- foundations will be unable to bear loads from the upper

structures and the stability of the structure cannot be
maintained, Therefore, pile foundations are advantageous for
supporting the foundation bodies and securing the stability of

the upper structures,

S0il Consistency

Soil characteristics are indicated by the physical properties of

the scoil (cohesion, internal friction angles, stress-strain

curves) used in the design calculations. The constants for each

are estimated from the N-values using the following formula,

gqu = N/8
N : N-value according to standard penetration test
qu; unia;ialrcompressive étrength.(kgléﬁz) |

C = quf2

S cohesion-(kg[cmg)

The reiationship between the N-value and the uniaxial
compressive strength is clarified throﬁgh the laboratory and on-

site tests described below.

Table 10.3.1 Relationship between N-value and qu-value

Very 5oft  Soft Medium Hard Very Hard Solid

N-Value. .below 2- 2 to & 4 to 8 . 8 to 15 15 to 30 ‘above 30

qu-Valye below 0425 . 2043 - 1,0 - 2.0 " “above
(kg/cm®)  0.25 to 0.5 to 1.0 - to 2.0 to 4.0 . 4.0

: (According.tb proposalg by Terzaghi and Peck)
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The relationship between N-value and internal friction angle is

as follows,

¢ = V15N

+ 15

internal friction angle (degrees)

The bearing capacities of the spread foundations and pile

foundations are calculated from the physical properties above,

and the piles are designed using the strength constant of the

stress-strain curve obtained from the horizontal loading tests

on site.

The following have been selected as the boring sites and

physical properties for use in the design based on the

geological survey.

Table 10.3.2 Représentative Boring Sites snd Physical Properties

Type of Roring Site  Adhesion Internal Stationary

Foundation Friction Volume
Angle Weight

¢ (t/m®) ¢ of Soi}

(degrees) (t/m™)

Pile TL-1 : 0 20 1.8

(Coastal I)

Spread TL-6 0 35 1.8

(Coastal II}

Spread TL-12 0 40 1.8

(Inland) : o

t -(shear strength) = 5 tlm2 will be taken into account in the

calculations for the resistance to uplift in the spread

foundations in the Inland Zone, since ample shear strength can

be expected here as seen from the results of the unconfined
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compression test (qu-value) in the geological survey report,

10.3.3 Groundwater

Groundwater levels also have a major bearing on the shapes of
the foundations. Special consideration must be made,
particularly in the Coastal Zones I and 1I. Since the buoyancy
due to groundwater will lighten the weight of the foundation
concrete and soil that provide resistance against uplift, the
foundations in Coastal Zones I and II should be larger than
those in the.Inland Zone where groundwater need not be taken
into account. Particularly, in,I-fype foundations, the
exiégencé 6f groundﬁéter nébessitates deeper flooring surfaces,

making the work more difficult.

The fbllowing design grbundwater levels have been selected on

the basis of the results of the geological sur#ey.

Table 10.3.3 Design Groundwater Levels

Foundation Type Zone Design Groundwater Level (m)
Pile Coastal I GL + 0

Spread Coastal I GL + 0

Spread Inland no groundwater

10.4 Foundation Types

Tower foundations can be divided into 2 types: the spread =~

foundations, in which the loads from the towers are transmitted
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directly to the supporting ground, and the pile foundations
usually used when supporting layers are deep under ground. The

foundation types can be classified as follows.

: _ 1 Type, Independent Type
Spread Foundations [

IV-1 Type, MAT Type

III Type, Independent Type
Pile Foundations IV-2 Type, Integrated Type

Rigid Frame Type

Upon compafative study of various foundation types, 1 type will be

used for spread foundations and III type in pile foundations,

Rigid frame foundations will be used in portions crossing the
Layari River in Coastal Zone I, and will take inﬁo account the

flood water levels.
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Table 10.4.1 Foundation Types

Foundation ;
: Configuration
Type
:P
o T (TS
o 1 Type // i
[N A '
B .

= Y ' 7%
g | IVi Type \ ! | ! /
\ S
A
!
~
N . i YIRS
111 Type A Y 4
[
rlﬁ | ‘ :
T /A I _T““"—v—m*—, g
= 3 i o ; ' S
H IV2 Type \ L
= 1
Rigid
. Frame.
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10.5 Piles

Piles are used in soft ground having supporting layers deep below
the ground surface. Here spread foundations will be inadequate
for maintaining the stability ﬁf the structures. Pile foundations
are ﬁsed when boring surfeys reveal ihat the N-value of the soil
is below 2, in the case of“clayey spil, and below 5, in the case
of sandy soil, or where the supporting layers are found mére fhan

4 to 5 m below ground. Piles can be classified into the following

types.

< Classification by Materials >

Concrete Piles
Driven Piles [ Prestressed Concrete Piles

Steel Piles
Cast-in-Place Piles - Cast-in-Place Concrete Piles
< Classification by Functions >

Point Bearing Piles

Piles

Friction Piles

Point bearing piles have the function of transmitting the loads
from the upper structures to the hard ground, which represents the
supporting layer, Fhrough the soft layers in between. The |
supporting layer must be étrong enough to support the loads: that
are expected to occur. 1In general, the supporting layér must havé

on N-value of 10 or above, in case of clayey soil, and 30 or

TLG-1-136

B 1 TR



10.

above, in case of sandy soil. Friction piles, on the other hand,

are used when the loads are relatively small. They transmit the

‘loads to the ground through friction between the sides of the

- piles and the ground.

The choice of the type of pile is determined by geological

conditions, loads, strengths of the pile materials and economic

_consideratidns.‘

Cast-in—plaée concrete piles 22 inches (559 mm) in diameter have
been sélected-for use under thé present conditions from our
experience-in bast construction work. The diameter will be
increésed to 36 inches (914 mm) for rigid frame foundation$ and

for foundations D4 and DR& types having larfge lcads.

All piles will be point bearing piles.

_Comparstive Study- of Tower Foundations -

Transmission toﬁers are divided.into groups-acéorﬁing ﬁo load and
geoiogical conditions and zones,rénd comparisoné were made among
fo&ndation types. The most éuifable foundaﬁion typés as
determined from economic comparison on each tower.type are as

follows.

TLG-1-137



10.6.1 Results of Comparative Study

Table 10.6.1 Results of Gomﬁarative Study

11T, Iv-2

IIT

Tower Tower Foundation | Most
Zone Type Type Type Suit. Remarks
Group Studied | Studied Found.
Type
Inland As, A AS I, Iv-1 I no groundwater
{Inland)
& —
groundwater GL10O
Coastal 11 (Coaspal I1)
o, B, D I, Iv-1 X no groundwater
C, DR o {Inland)
| groundwater GL+0
{Coastal II)
Coastal I A4, AL | A4 III, Iv-2 | III groundwater GL+0
: {Coastal I)
DR4, D4 | DR4 groundwater GLi0

{Coastal I}

" omitted from the comparative study.

10.6.2

AL type towers in areas

Zone I will be provided

crossing the Layari River in’ the Coastal

with rigid frame foundations in

consideration of the possibility of floods. DNote: These were

Comments on Foundation Types for Each Tower Type

AS Type - These towers will be constructed in Coastal Zone II

and Inland Zone.

I type foundations have been

selected for use on the basis of the results of the

comparative study.
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Table 10.6.2 Comparison of Construction Costs between I and IV-1 Type
Foundations in AS Type Towers (Coastal Zone II)

4F0undatidn
Type

Tyﬁe of Unit Quantity Estimated

Work - - Cost 3 o ) Cost
. (Rs/m”)  (m”) _ (Rs)

Excavation 100 234 :
168,000
Concrete 2,000 2.7

iv-1

Excavation 50 159
o 346,100
Concrete. . 3,000 _112.7 i AT

A Type -

AT Type -

B Type -~

A type towers will be constructed in the Inianﬂ Zone,

I type foundations have been selected for use from

the results.of the comparative study on AS type

towers.

In view §f.the geoiégical conditioné.at the sites for
these towers, pile foundations will be used. III
ﬁy?e_fbuﬁdations ﬁave been selécted for use from the
fégults of the éompéraiive sfudy 6ﬁ A@ type towers.

Some of these towers will have rigid frame towers.

These towers will be constructed in Coastal Zone IX

and the Iﬁlénd Zoné. I.type foundations have been

selected for use from the results of the comparative

'étudy on D type towers.

C Type -

These-toweré will be constructed in Coastal Zone II
and the Inland Zone. I type'foundations have been

selected for use from the results of the comparative
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D Type -

study on D type towers.

These towers will be constructed in Coastal 2one II

and the Inland Zone. I type foundations have been

selected for use from the results of the comparative

study.

Table 10.6.3 Comparison of Construction Costs between I and IV-1 Type
Foundations in D Type Towers {(Coastal Zone II)

Foundation  Type of Unit Quantity Estimated
Type Work Cost 3 .y § Cost
(Re/m”) (m™) {Rs)
I Excavation 100 633 :
- o 440,300
Concrete 2,000 188.5
iv-1 Excavation 50 400
929,900

Concrete 3,000 303.3

DR Type -

A4 Type -

These towers will be constructed in Coastal Zone II
and the Inland Zone. 1 type foundations have been
selected for use from the results of the comparative

study on D type towers.

file foundations wiil be ﬁsed duelto the geological
conditioﬁs affecting these towers, and:ﬁill be
constrﬁcted in Coéstal Zdne I, Iii.ﬁype_foundations
have been selected fo;ruse from fﬁe-resﬁlts of

comparative study.
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Table 10.6.4 Comparison of Construction Costs between ILI and IV-2 Type
Foundations in A4 Type Towers {(Coastal Zone II)

Foundation . Type of Unit Quantity - Estimated
Type . Work _ Cost 3 3 Cost
‘ - {Rgfm”) (m~) (Rs)
III ] Excavation 50 342
Concrete . 3,000 162.8 w 1,023,900
Piles 1,800 288.0
(p22")
iv-1 Excavation 50 3184
Concrete 3,000 264.8" 1,504,800
Piles - . 1,800 384.0 .
(¢22")
D4 Type - Pile foundations will be used due to the geological

conditions affecting these towers, and will be
- constructed in Coastal Zone I. III type foundations
have been selacted for use from the results of

comparative study on DR4 type towers.

DR4 Type - Pile foundations will be used due to the geological
conditions affecting these towers, and will be
construcﬁed in Coastal Zone I. IIT type foundations
have been selected for use from the results of

comparative study.
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Table 10,.6.5 Comparison of Construction Costs between III and IV-2 Type
Foundations in DR4 Type Towers (Coastal Zone II)

Foundation  Type of Unit Quantity  Estimated
Type Work Cost 3 3 " Cost '
(Re/m”)  (m") (Rs)
Iil Excavation 50 688
Concrete 3,000 . 361.3 2,439,900
Piles 5,900 224.0
($22™) '
iv-1 Excavation 50 762
_Concrete 3,000 533.3 2,934,000
Piles 1,800 720.0
(d22")
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Table 10.6.6 Types of Tower Foundationsg

Tower  Boring Foundation Spread - Pile

Type Site Type Founda;ions Foundations . Remarks
AS-D TL-12 i *

AS-C TL;E. I *

A-D  TL-12 1 *

AL-S  TL-1 111 *

AL-R TL-1 Rigid Frame *

B-D TL-12 X *

B-C TL-6 I *

Cc-D TL-12 I *

c-C TL-6 I &

D-D TL-12 1 *

D-C TL.-6 I - *

DR-~-D TL-12 I *

DR-C TL-6 I *

AL4-5 TL-1 IIT *

D4-8 TL-1 III *

DR4-5 TL-W1 ITI *

Note: Letters to the right of the tower type indicate the following.

1. D:
2 S:
3. G
4. R:

Inland Zone {no groundwater}

Coastal Zone I (with groundwater)

Coastal Zone II (with groundwater}

Rigid Frame
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10.7 Detailed Design

Computations for detailed design will be made in accordance with

the desipn flowcharts.

For rigid frame foundations, safety calculations for towers will
be incorporated in the safety calculations. Also, analyses will

be carried out regarding their rigid frame structures.
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10.7.1 Design Flowchart

Flowcharts for Design of Transmission Tower Foundations

(a)

Safety Calculations

'( Start }

Design Conditions

Sof't

1. Load Conditions
2. Geological Conditions
3. Topographical Conditions

"Assessment
of Geological

Piling Foundation

2. Uplift-
3. Horizontal

1. Compressive’

Spread Foundation

Pile Configuration

‘|Bearing Capacity

Bearing Capacity

Subgrade Reaction

T

‘Pile Reaction

h

Safety Factor

Bﬁlteration"of

Configuration

1. Compressiﬁe
2. Uplifrt
3. Horizontal

Alteration of

Pile Configuration

Structural Calculations

Structura1'Calculatibns
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{(b) Structural Calculations

( Start )

| Safety

Calculétions )

Load Caluculations

TS

Sectional Force
due to Each Load

b

'SectionalrForce
due to Combinations of Leads

Provisional Diameters
of Steel Reinforcements

N

Concrete Stress and
Reinforcement Calculations

Bending Stress ¢ ﬁllowable
Stress. on Reinforcement?

(aéa}

No Bending Compression
Stress on Concrete =
Allowable Stress on

Concrete?

Yes

\

- Detailed Investigation

4

Calculations
on Weights of Reinforcements
and Quantities of Concrete

End
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10.7.2 Deéign Calculation Formulas
{1) Shape of foundation size

After completion of salecting the foundation type, the
three-dimensional aspect of each section of the foundation

will be determined tentatively.

The following limits are derived from past experience and

study results.

_ a
' (a) Column GL: ;::;"‘—‘_‘_J;T“
I
o Top width: a
a 2 3L (or 3¢)
bf
B
Fig. 10.7.1

where: L'% Flange width of ﬁost'of angle.s;eél'tpwéf
$ = Diameter of post of steel pipe tower
- o ‘Bottom width: b
. Shallow foundation: b >a+ 0.15 H
. Deeﬁ.fpundation: .b 2 a_+ 0.15 H and
bz B4
where: H = Cplugn height
B = Footing width
o Column height abové the ground: £

£ = 30 em (Standard)
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(b) Footing
o Shape: principally square
o Thickness: t 2z B/S
if compressiqn load is more than 200 ton, thickness

shall be at least 1 meter.
(2) Stability of Spread Foundation

(a) Yield bearing capacity: qcy
The foundation bearing capacity shall be calﬁﬁlated by
Terzaghi’s_formula, as follows:-
qey = 1/1.5(s C Ne + By g B Nr +v g5 Dp M)
where:

qcy = Yield bearing capacity {t!mz)

o ,B = Shape coefficient shown in Table 10.7.1

Table 10.7:1 Shape Coefficient

Form of foundation Continuous Square Rectangular Circular
o 1.0 1.3 "1+ 0.3 BfL 1.3
B - 0.5 0.4 0.5-0.1 B/L 0.3

B & L = Each denotes width and length of rectangular
fodting, respectively. (B<L}
C = So0il cohesion beneath the foundation (tlmz)
.Ysl = Average unit weight'of s0il beneath the
foundation (tlm3)

(For a portion below the ground water surface,
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submerged weight shall be considered.)
Yg2 = Average unit weight of soil above the
| foundation bottom level (tlm3)
(For a portion below the ground water surface,
submerged weight shall be considered.)
D¢ - Eﬁbedﬁent depthffrom the ground level to the
:'foundation,bottom (m)
Nec,Nr,Ng ; Bearing cabacity factors, functions of

angle of internal friction ¢ (Table 10.7.2)

Table 19.7.2 Bearing Capacity Factors

¢ Nc Nz Ng
0° 5.3 o 3.0
50 5.3 0 3.4
10° 5.3 o 3.9
15° 6.5 1.2 4.7
20° 7.9 2.0 5.9
25° 9.9 3.3 7.6
28° 11.4 5.4 91
32° 20,9 . 10.6  16.1
36° 42.2 30,5  33.6
more than 40° 95,7  114.0  83.2

(b) Yield uplift capacity: qty
As shown_in.Fig. 10.7.2 vertically excavated and

backfilled, uplift capacity will be calculated
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according ‘to the following equation based on the

shearing method.

Column

Foundations bf

Ll't'ooting [

Fig. 10.7.2

qty = K{Wec + Ws + 1[1.5L'Df(C + llszz-Df-tan¢[(1 + sin ¢)))
gty = K{Wc + Ws + 1/1.5 Letr7} (rocky area)
where:

K = Reduction rate in uplift capacity due to overturning

moment

K = L 5 > (g 0.67)
1+ 6 e Bf(B° + b%)

B = Footing width (m)

e = Qp HI{T - Wgp) (m)

b = Bottom width of column (m)

Qg = Horizontal component of brace member force (tqn)
H = Column height (m)

T = Uplift acts on foundation from tower (ton)

= Sum weight of a column and a part of footing

under the column area {ton)
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We

Ws

Ys2

=

i

Foundation weight (ton)

(Submerged weight shall be considered for a

_portion under the ground water surface)

Backfilled soil_weight (For a portion under the

'grbund water surface, submerged weight shall be

considered)

Surrounding length (m) - 4 x B

Embedment depth ffom the ground surface {(m)
Average cohesion of soil on footing (tonlmz)
Unit-weight of-sbil on footing (ténlm3)

{Submerged weight shall be cohsideréd below

ground water surﬁacé) | |

Internal friction ahgle of soil 6n footing (degree)

Shear strength'(timzi

{c) -Maximum bearing pressures against compressive force: U cmax

Horizontal force Qp simultaneously reacts against a

compressive force (C). Maximum bearing pressures (0cmax)

at footing edge is to be calculated from following

formula:

Scmax = PfAsu

where:

-P

We

Ws

It

Vertical force acts on foundation (ton)

P =C +We + Ws

n

Compressive force (ton).

Weipght of foundation (ton)

Weight of soil on footing (ton)
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A = Footing area (ma)
A=BxB
§ = Incremental rateé in bearing pressure at footing

edge due to oyerturning moment by horizontal force} Q
(1) H=1+4 %ﬂ; (in case of e g B/6)

: 2 .
|| QS . —
(i1) YEVERYS (in case of B/6 < e < B/2)

o c
where:
Qe
e = eccentricity shown in GL
. . RFT
Fig. 10.7.3
H
e = Qp(H + t)/P (m)
B = Footing width (m) _ e 6

H + t = Depth from top of KD '
' : Jecwax
column to foundation

bottom {m)

Fig. 10.7.3
{d) Safety factor
Safety factor regarding each compreséive force and

uplift shall be as shown in Table 10.7.3 below.

Table 10.7.3 Safety Factor Regarding Each Load

Xind of load A B N E
Compressive force qcyfCcmax 2 2.0 qcy/Ucmai'g 2.0/1,5 ' -
Uplift qty/T 2 2.0 qty/T 2 2.0/1.5  We + Ws 2 To
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where:
T = Uplift (ton)
To = Continuous uplift load (E-load (ton))
Regarding the safety factor shown in Table 10.7.3, the
safety fscto; of 2.0 is applied to the normal
-condition’lo;d A agﬁinst the yield bearing capacity
for shq£t term loads, i.e., B-load (abﬁormal
condiﬁion). -fhe-s#fety factor of.2.0 is given not
against the yield bearing capacity, but the ultimate
Bearing:caﬁacity. which is 1.5 times that of the
former.

Uitimafa )

bearing load 1.5qQ fe-rcene-.,

Yield
bearing load q

Design load 1/2 q ¢~

Displacement 5
Fig. 10.7.4

TLG-1-153



(e) Anchoring

Anchor shown in Filg. 10.7.5 beslow:

{(3)

b e —
Reinforczizge T post 1eg
R \L 4

d : :/‘l AT Y

i //Z Concrete block
' d=20cm (standard)

Fig. 10.7.5 Structural Detail of Anchor
Stability of Pile Foundation (II1 Type)

Pile foundations are usually provided in soft stratum
areas. Under axial compression, the piles are supported by
the shearing reéistance concentrating on the embedded pile
surface (skin friction) or by the bearing resistance at the

pile tip (end-bearing), or both.

Piles whose supporting capacity is dominated by skin
friction are termed friction piles. Those predominantly
supported by end bearing and skin friction are termed

bearing piles. Tensile loading is resisted solely by skin

friction.
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{a) Beqring capacity against compression
(i) Friction piles-
Qcy = 1/1.5 {{Ns-1s/5 + qu-1c/2}.U} - 2Wp
(ii) Bearing piles

o Steel pile driven Dy hammer
Qcy = 1/1.5 {30°n*N*Ap +.(Ns'1s[.5 + quelcf2).U} ~ 2Wp

o Cast-in- place concrete pile . |
Qey = 1/1.5(15- N-Ap + (Ns-lsIS * qu-lcfZ) U} - 2Wp
where:
Qecy ==Yieid compre#sive 5e§ring:capacity per piece

of pile (ton[p;ece)
n.=.Coeff1c1ent of occlusxon of pipe plle
n = 0,16 Lg/D (s 0.8) (In case of open-end pile)

1.0 (In case af closed-end pile)

-
]

LB = Length in bearing stratum at the plle tip (m)

”D = Inside dlameter of plle (m)

ﬁ ¥.Average N value.of bearing stratum

Ap = Pile croés séctional area.(ﬁzj

Ns.=.Average N value of sandy stratum inte which
pile is penetrated (s 50}

1s = Length of sandy stratum in which pile is

. peuetrated (m) ' . |

qu.= Average unconflnéd éompréssiée strength of
clayey soil stratum in which pile_is penetrated
(ton/m®) (s 16)
In the case of no corresponding data, presumptive

equation for qu is shown below.
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gqu = 1.25 Nc¢-

lc = Length of clayey soll stratum in which pile is
penetrated (m)

U = Periphery of pile (m)

Wp = Weight per pilece of pile (ton/piece)

(b) Bearing capaciﬁy against ﬁplift
Qty = 1/1.5{Ns*1s/5 + qu*lc/2)°U} + Wp’
where: |
Qty = Yield capacity against uplift per piece of
ﬁile (toﬁlpieﬁé) |
Ns = Average N value of.sandy stratum in which
pile is penetrated (g 50)
1s = Length of sandy stratuﬁ in which pile is
peﬁetrated (m)
qu = Average unconfined compresaive strength of
clayey soil sgratﬁm in winich pile is
penetrated (tonlmz) (3 6) 7
lc = Length of clayey séil étratum in wﬁich pile
is peﬁetfated (m}r
U = Periphery of pile (m)
Wp*' = Weight per piece of pile when buoyancy is

taken into account (ton/piece)

(c) Compressive reaction of pile
Ncmax = P/n + M{Em xi%- %o
where:

Nemax = Maximum compressive reaction of pile (ton/piece)
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P = Resultant of load in vertical direction (ton)
P=C+We+ Ws
where: GC = Compressive force from tower (ton)
We = Weight of foundation {(ton)
Ws = Weight of soil on footing (ton)
M = Moment at the graphical centér of footing (t.m)
= Qp(H + T)
where: Qp = Component of horizontal load of
. brace member force {(ton)
~ H = Column height {(m)
t = Thickness of footing (m)
Xo = Distance from the gravity center of pile group.
to the center of pile on the outermost side {(m)
EmX12'= Secoﬁdgry mo@ent pertaiﬁing ﬁo the gravity
center of p£le group (mzj

n .= Number of piles (piece)

(d) Uplift reaction of pile

Nemax = (1-k} ( L + —H—. x0)
- n SmXiZ

. where:
Ntmax = Maximum uplift reaction of pile (ton/piece)
K = Reduction rate of uplift reaction due to weight

of foundation

We' + ¥s’®
We' + We' +n Qty

=

Wec' = Weight of foundation when buoyancy is taken

into ‘account {ton)
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Ws' = Weight_of_soi} on footing when bucyancy is taken
into account (ton}
n = Number of piles (piece)
Qty = yield bearing capacity against uplift per pile
(ton/piece)
T = Uplift load from tower (ton)
M = Moment at the graphical center of footing (t.m)
Xo = Distance from the gravity center of pile group
to the centeér of pile on the outermost side (m)

P mxi? Secondary moment pertaining to the gravity

1l

center of pile group (mz)

(e) .Safety factor
Safety factor applied to each compressive force and

uplift is as shown in Table 10.7.4 below.

Tabie 10.7.4 Safety Factor Applied to Each Load

Kind of load A B E

Compressive force Qcy/Nemax 2 2.0 Qcy/Ncmax 2z 2.0/1.5 e
Uplift Qty/Ntmax 2 2.0 Qty/Ntmax 2 2.0/1.5 We+WsinWp' 3 To

where:

To = Continucus Uplift load (E-load (ton))
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(4

Design Conditlons

Allowable unit stress

Table 10.7.5

Allowable unit stress . Remarks
Long term Short term

Reinforcing

steel bars

Reinforced
concrete

Stee pipe
pile

Modulus of
elasticity

Tensile unit stress 2,000 kgfcm2 3,000 kg]cm2  8D30

Compressive unit 60 kglcm2 30 kglcm2 UzZg =

stress o o 180 kgicm2

Shearing unit stress 6 kglcm2 9 kglcmz

Bearing unit stress 60 kg[cmz 90 kgfcmz

Bond unit stress 12.0 kglcm2 18.0 kglcm2

Compressive unit 1,600 kglcm2 2,400 kglcm2 SKK 41

stress

Tensile unit stress 1,600 kglcmz 2,400 kg!cmz

Shearing unit stress 900 kgicmz 1,350 kglcmz_

Concrete 2.4x10° kglcmz 028 = 2
' 180 kgloem

Steel pipe pile 2.1x10° kglcm2 SKK 41

o The allowable strength of reinforced concrete is
calculated according toe JEC-127, Design Standards for

Transmission Tower (Japanese Electrotechnical Committee).

The modulus of elasticity of reinforcing steel bars
and that of steel pipe pipe are calculated respectively
on the bpasis of Structural Design Standards for

Architectural Foundation and the Design Standards for
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Architectural Pile Foundation (ArchitedturalIInstitute

of Japan).
(b) Unit weight

Table 10.7.6 Unit Weight of Materials

(tonIm3) Submerged Remarks
Reinforced concrete | 2.4 1.4 628 = 180 kgldmz
Steel pipe pile 7.85 6.85 SKK41 -
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10.7.3 PFoundation Design

N =376
(1).AS D I | =2§\‘?‘?
Q= 2.87
‘ . Q£= HHO
PROFH_E : S - 5=1/100

9718 e

L2200 5318 ~

14193 (575125 R

' )
444T5C8 TANG=0 - 12069

£
|
1350450
1800

Q

£189]

442 18

450
[+
900

746

oo
746 " 55
2200

Fes7.21 % 2.m

Ft=2.07 - 2.2

PLAN
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*x*[INDIVIDUAL TYPE TOWER

e e INPUT DATA

TOWER NAME...

(1}LOAD CONDITION

Comp. Load.....
Uplift Load......
Hori. Load.....
Hori. Load..
E-Load.....

now

“ e s e a s
------- LR B
LI T O I N S P

LR L R )

c
T
Q
Q
T

nonow

B
Q

T AT AT LYY YT E LY AN

(2)DIMENSION OF FOUNDATION

0.450
0.900
2.200

EEXXIETEI
WL

-

[V 1 B I T L LR

- 10.000
2.40 TON/M"3

NEUI~Tow

(3)SCIL CONDITION

Unit Weight of Soil {(beneath the foundation)
{on the foundation)...

Unit Weight of Scoil}
Cohesion (beneath the foundation)
Cohesion (on the foundation)....

Angle of Internal Friction €on the foundationd....® = 40.000

varaaasaNO. AS-D-

P N T I R A Y

FOUNDATION (1 , IT )%k

I

37.54- TON
25.49 TON
2.89 TON
1.1¢ TON
14.24 TON

...... 51=
cie.a82=
veae-Cl=
..C2=

1.800
1.440
0.000
0.000

TON/M"3
TON/M"3
TON/M"2
TON/M"2
<

“ 4.

I I R

..

Bearing Capacity Factor..Nl= 95.400 N2=114.000 N3= 83.200 (¢ =40 °)

(4)FOUNDATION TYPE

Foundation Type (shallow type...]

TLG-

ydeep type...2)...

1-162



{GIVERTICAL LOAD

Weipght of conerile. oo iiiinnnnnan A (613

Weight of Sofl. oo Cra et e WS=
Weight of Column and a parl under Column..,.¥W(C'=

Yertlical Loead............. e VP=C+WC+HS=

(6IPILE CAPACITY

11.334 TON
10,439 TON -
3.596 TON
59.313 TON

COMP . SHAB. v e ertneeieece e tn e rananens QCY= 100.000 TON/M™2
Uplift Side............ e QTY= 51.451 TON/M"?
HOFE . SHd0e s o vt tie i e eineneaenarenneans QHY=  40.000 TON/M™2

(7)S01L, REACTION Upper Limit

1)YCamp. Side

Eceentricily....E=QBx(H+T*)/P= 0.048 M <= /6= 0.367 M
Incremental Rate...... et HU=]+6xE/DB=  1.132

Max. Soil Reaclion........:i...cuiu.. Qmax=1/AxMU= 13.866 TON/M"2
2)Uplift Side

Beecenteicity. ... ., R E=QBEH/ (T-¥C )= 0.090 M
Reduclion Rate......... K=1/(1+6%E%B/ (B 2+b"2))= 0.826

(BIIORIZONTAL SOTL REACTION

Max. llarizoental soil Reaclion....Qlmax=0/(Bxl)=

(9)SATETY FACTOR

COMP. SidEeressrranesns e ... SFC=QCY/Qmax=  7.211 3=

Uphift Side. . ooomeim .. SFT=QTY/T= 2.018 >=

HOTi. ST16Gn . oo SEN=QIY/Qlinax= 24 360 3=
(10)E-LOAD : From Upper Limit

WC+WS'= 19.685 TON >= TO= 14.240 TON =0QK= .
(HS ' =HS%0.8)

TLG-1-183
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2.00 =0K=
2.00 =0K=
2.00 =0K=
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(2), As~ C -1
PROFILE
11886 -
4000 a858
c48g ed9ai
12
?31FE13 TANG=0.120869
= FAYART ] N
) o
! 3 9 o
! Lo
b e R
I
I
i g
}
o)
A— A" SECTION
1200
737_113
450
-
A iy,
Aon i
0 -t g
' o
ht
s
Es |
1H72Q 2001128
4000
PLAN

Ce 32.62°
T= 2¢.9.9
Q= .87

5=1,100

s

Fc= 2.37 1.2
Ft=~ 2,13 ya.0¢



##x[NDIVIDUAL TYPE TOWER FOUNDATION (1 , Il )%

------------------------------ INPUT DATA==rrmem—rm=mmm——mmmmcmmme—rme—mm—m e e e e
. TOWER NAME............NO. As=C~]
(1)LOAD CONDITION

COMP, L0Ade e esvressnennernanns C = 37.54 TON
Upliit Load......-....- vessseaT = 25,49 TON
Hori. Load....... G herenere..aQ = 2.89 TON
HOTi. LOAG. cueeeernsrmnnennnnn QB=  1.10 TON
E-Load...... F i ettt ' TO= 14.24 TON

(2)DIMENSION OF FOUNDATION

‘ s}
a = 0.450 M ' I
b=  1.200.M. ] I
B = 4.000°M ST
t o= 1.000'M -]
H = 3.000 M
D = 2.550 M
¥L=- 0.000 M . |
= .2.40 TON/M"3 l_b R
B
(3)SOIL CONDITION
Upit Weight of Soil (beneath the foundation)...... Sl= 1.800 TON/M"3
Unit %eight of Soi]'KOnuthe foundation)........... S2= - 1,440 TON/M"3
- Cohesion. (beneath the foundation).............. «..Cl=" 0.000 TON/M"2
Cohesion {(on the foundation).....ovcvenirnnnnn. ..C2= " 0.000 TON/N"2
angle of TInternal. Friction (on the foundation).... ¢ = 35.000 °
Bearing Capacity Factor..Nl= 35.400 N2= 23.400 N3= 27.800 (¢ =35 °)

(4)FOUNDATION TYPE

Foundation Type {(shallow type...l,deep type.,.2)... 2
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———————————————— T EE PRI 1 11) A O PR T PP EE R TR LR R T

(3)VERTICAL LOAD

Weight of concrite. . . i inneennnnns .o WC= 43.638 TON
Weight of Soll. ..ttt iiiinnnenainnes e s . WE2 69,720 TON -
Weight of Column and a part under Column...WC'= 5.187 TON

Vertical Load.......... ..o vvvue.a . P=CeWC+ES= 150.898 TON
(6)PILE CAPACITY

Comp. Side........ PR ettt e QCY=  72.603 TON/M"2
Uplift Side. ...ttt isasscnanana QTY= 54.378 TON/M"2

HOTi. Side..onrnnoorn, e tiuaeierii.....GMY=  29.041 TON/M"2
(7)SO1L REACTION '

1)Comp. Side

Eccentricity... . E=QBx{(H+T"'3/P= 0,020 ¥ <= B/6= (.667 M
Incremental Rate..... e vervess e JMUs1+6%E/Bs 1.044

Max. Soil Reaction..... e e e i Qmax=P/AxMl= 9.844 TON/M"2
Z2)Uplifl Side

Eccentricity...-c.aun., vireine s JE=QBEH/(T-HWC" Y= 0.163 M
Reduction Rate......... K=1/(1+6%ExB/(B"2+b72))= G.817

(8)HORIZONTAL SOIL REACTION

Max. Horizontal soil Reacliopn....QHmax=Q/(Bxit)=z 0.723 TON/M"2
"(9)SAFETY FACTOR

COMP. Sidesruvereeevunennenenne. . SFC=QCY/Qmax= 7.375 »=. 2.00 =OK=

Uplift Side.... i vivvrviinneessa. SFT=QTY/T= 2,183 »= ~2.00 =QK=

Hori. Side.. ... viurnniennansen.. .SFH=QHY/QHmax= 40.1953 >= 2.00 =0K=
(10)YE~LOAD .

WC+¥WS'= 42.614 TON 2= TO= 14,240 TON =O0K=
(WS'=W3%0.8)
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(3), A~D-1" o C=427T

72307
Qe 414
_ _ Qp= A L3
PROFILE - | 5=1/100
o 11873
2300 7P73
1491 8890
0B
49%506 TANB=G . 12204
| r |
o {1 i
AL e . 1o
i 3 g g
i il g &
. _ i ] |
o I N
O
m 1
A-—~A’ _SECTION
]05%'
494 16 .
A 354 [19) A
1 oottt S|
& o |+ 88
o} v ol &
i o N
o
[~
7221050528
Fe=6.11 > 2.0
Ft=2.01 7 2,00

PLAN
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¥k INDIVIDUAL TYPE TOWER FOUNDATION ¢, W )

R LT INPUT DATA=======~==-memmmsmmcomammamn s de,

TOWER NAME.........,..NO. A-D-I

(1)LOAD CONDITION

Comp. Load....ovvvvensnnnns vae 0o 49,27 TON
Uplift Load....cveueunnn. sev.T = 34.09 TON
Hori. Load..e.esserennecnnnns LQ = 4.14 TON
Hori. Lot .oeeeeernennn. ....QB=  1.53 TON
E-load........ heseaean R IV B 1.89 TON
(2)DIMENSION OF FOUNDATION

a
a= 0.550 M ——e——
b=  1.050 M T e
B= 2.300M
t = 0.800 M N T
H= 2.000M 3
D= 1.550 M
WLz~ 10.000 M i g r I
¥ = 2.40 TON/M™3 - b | -

8

(3)SOIL CONPRITION

Unit Weight of S0il (beneath the foundation)......S51= 1.800 TON/M™

Unit Weight of Soil (on the foundatiom).......... .52=  1.440 TON/M™3
Cohesion (beneath the foundation?.veesvieeeinnnnn .Cl= 0,000 TON/M"2
Cohesion (en the foundation)..................... .C2= 0.000 TON/M"™

Angle of Internal Friction {on the foundation)....¢ = 40.000 .
Bearing Capacity Faclor..Nl= 95,700 N2=114.000 N3= 83.200 (¢ =40 °)

(4)FOUNDATION TYPE

Foundation Type {(shaliow type...l,deep typé...z)... 2
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T ———— e RESULT o mmm s s e e o -

(SIVERTICAL LOAD

Weight of conmertle. .o i n.n. e WC=
Melght of Sobl .o, Che e ¥S=
Weight of Column and a part under Column.., . WC'=
VYertical Load...... ... .. i iiinnan P=C+WC+W3=

(GIPLILE CAPACITY

13.329 .TON
12.679 TON
5.289 TON
75.278 TON

COMP. Side.eernnaneeneneaieno... e QCY= 100.000 TON/M"2
Uplifl Side. ..o innnnineennns verraa...QTY=  B8.558 TON/M"2
O E . @ e ta s e eens e e ettt QY= 40.000 TON/M"2

(7)80I1L REACTION

1}Comp. Side

Eccenlricity... .E=QBx{+T"3/P=  0.0587 M <= /6= 0.

383
Ineremental Hale.............. e MU=1+6*E/D= 1.148
Max. Soil Reaction................. amax=P/AxMU= 16.343
2)Uplifl Side
Eeceentricily. ... vy, LG E=QBA/A(T-WC' )= 0.106
Reduciion Hate......... K=/ (1+6+E*D/ (B 2+b72))= 0.813
(BINORTZONTAL S0QIL ﬂEACinN
Max. lHorizontal seil Reaclion....QUmax=Q/(B*t)= 2.250
{9)SAFETY FACTOR
Comp. Side....... ... .o oL STPC=QCY/Qmax=s 6,118
Uptifil Side. . ov it r i v ein e LSFT=QTY/T= 2.01
T-717

Hori. Side....... .. i, SFH=QIIY/QHmax= 1
(10)E-LOAD

WCH+WS' = 23.472 TON >= TO= 1.890 TON =0K=
(WS =W5%0.8) ‘
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Upper Limit

M

TON/M™2

M

TON/M"2

»>= 1.33 =0K=
»=  1.33 =0K=
= 1.33 . =0K=

From Upper Limit
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*x+PILE TYPE TOWER FOUNDATION QBT

————————————————————————————————— INPUT DATA==wosommemomemcmcommmemmcmomeeom o
TOWER NAME..... NO. AL=S-T
(1)LOAD CONDITION
Comp. Load......... cererasasrsaesss .G = 57,95 TON
Uplift Load...vneeuvnesns Cheaaens vev T = 40,17 TON
Hori, Load. ... . ivininranrnasrnn Vel @ = 6.89 TON
Hori. Load....... et ee st e QB= 1.72 TON
E-load. .. ...ttt teennacneonnnnnsnns TO= 2.29%9 TON
(2)STRATUM DATA
No. Stratum No. N-Value{N}) Thickness(L) Nxl,
1 1 0 0} 1.00 H 0.000¢( 0.000)
2 1 1¢ 1) 2.00 M 2.000( 2.000)
3 2 3L D 1.00 M 2.500¢ 2.500)
4 1 T ) 6.50 M 45.500( 45.500)
o 2 16¢ 62 1.50 M 24.,000( 9.000)
Sand (tofal). .. enieniocnnnsons NSxLS= 47.500 TON
( 47.500}
Clay {(total)..veivvusencorresaa QUxLC= 26.500 TON
¢ 11.500}
(SIWATER TABLE. . - v v e vt tencenncnnans v..WL==  0.000
{4)N~VALUE OF BEARING STRATUM..... vo..N =29
(5)BULEK DENSITY
Concrete.....ecnonn. I = 2.400 TON/M™3
S0i1 (on the foundationd............82s 0.000 TON/M"3
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(6IDIMENSION OF FOUNDATION

TLG-1-172

a.
[t
a = 0.550M L !
b= 0.700 M é ' ‘qu:
B = 4.000 M |
t = 1.000 M LJLJ -
H= 0.450 M = -
b= 0.000 M . |
I = 0.12245 SR ‘
B -A.
IL_o Vol
(7)PILE TYPE (driven pile...l,cast in place conc. pile...2).... 2
(8)PILE CONDITION
Diameter of Pile. .. ... p = 0.559 M
Length of Pile.i.o. i icnneneens L= 12.000 M
Enit ¥eight {(without buoyancy)...... Gl= 0.589 TON/M
Unit Weight (with buoyancy)...... .. .G2= 0.344 TON/YM
Blockade Ratio............ e e R = 1.600
(9)LIMIT OF PILE CAPACITY
Comp. Side.......... s QCA= 124.000 TON/UNIT
Uplift Side......... e e s e s QTA= 49.000 TON/UNIT
(10)YCONFIGURATION
Row of pile Number (UNIT) Distance(M)
1 1 1.394
2 1 -0.373
3 1 -1.021
Eccentricity........cvmu.rn. S e ..E= 0,000 M



(11 )}VERTICAL LOAD_
1)¥ithout Buoyancy

Weight of Concrete......... N e 38.824 TON

Weight of Soil (on the foundation)....WG= 0.000 TON
Vertical Load.....i.uvavvsrnees PoCrHC+WS= 96.774 TON

2I¥1th Buoyancy -

¥eight of Concrete........... ve.d..e..WC= 22,824 TON
Weight of Soil (on the foundation)....W¥WS=c 0.000 TON
¥ertical Load..... Che e « P=C+HWC+WS= 80.774 TON

(12)PLLE CAPACITY

Comp. Side...QCY=15%RxNkz *D"2/4+((NS%LS)/5+(QUxLCI/2)% 7 D) /1.5~ 2%WP
= 84,849 TON/UNIT

Uplift Side;.QTY=((NS*LS)[5+(QU*LC)/2)*ﬁ *D+1.5¥P"2/1.5
: = 21.638 TON/UNIT
(13)OVERTURNING MOMENT

1)¥ithout Buoyancy

Comp, Side........vsue...NC=QBx(H+t)+P=E= 2.494 TON-M
Uplift Side... MT=QBx(H+t)+ | T-WC-¥S | xE= 2.494 TON-M

2)With Buoyancy

Comp. Side..i...ve.v.....MC=QB*(H+t)+P%E= 2.494 TON-M

Uplift Side....MT=QB=(H+t)+ | T-¥C-¥S | %E= 2.494 TON-M
(14)¥EIGHT OF PILE

Without Buoyancy....... e .WP= 6.479 TON/UNIT

CWith Buoyant¥.....vvveasensenirres..WP'S 3.784 TONJUNIT
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({15)LOAD DISTRIBUTIVE

Without Bueyancy......vevvvrasnevnes. KAz 0.374
With Bouyancy......... e et ateaea o KA= 0.260

(16)PILE REACTION-
l)Comp..Side
Row of pile Without Buoyancy (TON/UNIT) ¥ith Buoyancy (TON/UNIT)

33.371 ) 28.037

1
2 31.960 26.627
3 31.443 26.110

yUplift Side

Row of pile ¥ithout Buoyancy (TON/UNIT) With Buoyancy (TON/UNIT)

1 9.075 10.730 .
2 8.193 , 9.687
3 7.869 9.304
(17)SAFETY FACTOR
1Y¥ithout Buovancy
COmMP. SEB€cvrnneennenennns SFC=QCY/NCmax= 2.542 >= 2.0 =0K=
UPlift SIdE.erveneerunnnnn. SFT=QTY/NTmax= 2.384 >= 2.0 =0Kz
2)¥ith Buoyancy '
COMP. STG€.trnnnrrnennns . .SFC=QCY/NCmax= 3.026 >=.2.0 =0K
Uplift Side......... .v.v...SFT=QTY/NTmax= 2.016 >= 2.0 =OK=
(18)E-LOAD '
1)¥Without Buoyancy
WC+WS+N#WP= 58,261 TON >TO= 2.290 TON =0K=
2)¥With Buoyancy
WCHWSHESP s 34.176 TON >T0= 2.290 TON =OR=
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(5), AL-R

7847 :
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No. Strétuh No. N-Value(N) Thickﬁess(L) ' Nl

11y 3.00 M 3.000¢ 3,000

1 1
2 2 3C 3 1.00 M 2.500¢( 2.500)
3 1 7C 6.50 M 45.50Q0( 45.500)
4 2 16(¢ 6) 2,00 M 32.000¢ 12.000)
B 1 80(50) 1.50 ¥ 75.000¢ 75.000)
Sand (total)........0ovveuvunen.. .NS®LS= 123.500 TON
( 123.500)
Clay (total).......;.............QU*LC= 34.500 TON
( 14.500)
WATER TABLE...,........ 7.......r....WL=—_ G.000
*N-VALUE OF BEARING STRATUM.........N = 48
PILE CONDITION
Diameter of Pile................ res D o= 0.914 N
Length of Pile........vi.uvsvvenu. L = 14.000 M
- Unit Weight (without bucyancy) veaGl= 1.575 TON/M
Unit{ Weight (with buoyancy)...,.....G2= 0.919 TON/M
Blockade Ratio....... .. .. vt +.+..R = 1.000
‘LIMIT OF PILE CAPACITY
Comp. Side...veuvrnninnennn se e+ QCA= 334,000 TON/UNIT
Uplift Slde........ ........ ........QTA* 131.000 TON/UNIT

PILE CAPACITY

Comp Slde.. acy= IS*H*N*fz*D 2/4+((NS*LS)/5+(QU$LC)/2)*7:*D)/I 5-2#WP
334,000 TON[HNII — 3Z0 T

UPlift Side..QTY=((NSALS)/5+(QULC)/2)% x %D+1.5%P')/1.5
= 74.027 TON/UNIT —= 74 *

WEIGHT OF PILE

Without BUOYANCY e« ovvvusnseesueensss . WP=  22.050 TON/UNIT
With BUOYANCY -+ tv vt vennrroennansnns . WP = 12.866 TON/UNIT-
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..........................

(c) Coefficient of Lateral Subgrade Reaction

The coef
calculated us

1ntq five lay

ficient of lateral subgrade reaction should be
ing the following formula, dividing the ground

ers.

ko = qBEoD-3/4
where,
ko : coefficient of lateral subgrade reaction
(kg/cm? )
o coefficient for computation of Eo (a = 0.2)
(Eo is estimated using the N-value of 28N.)
Eo : deformation modulus of ground (kg/cm?)
D : effective pile diameter (91.4 cm)
Types ' ' : ' S
Stratigraphy o Eo (K Deony | Bo(fgfai) R Effa)|Remarks
Fine sand 02 | 28 919 | 0.187 | 1723
Humus s Y o : 86377 | 3¢
Fine sand 2 126 s 1326 1222
Silty clay v isen , 9972 | 8467
Fine sand B 1400 5 9,472 | 8457
Note : k = koD
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N0 remereameesersene

(d) Axial Spring Constant. of Pile

The axial spring constant of the pile should be computed

using the following formula.

kv : axial spring constanf'of pile (kg/cm)-
Ap : net sectiénal area of pile {(cme )
. Ep :.elastic modulﬁs of pile:bédy (kg/cm?)
(= 270,000 kg/cm? )
_.2 : pile length (cm) |
a :a=0.022(8/D) - 0.05

(cast-in-place pile).

;u L -] _' YL 2LA x 2o0000
kv f(ac_)zzx o7 0.05 ) X ae

= 3d3 /37 Fofom.

= 34300 Y
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"{f) Skeleton Diagram

AN/

8463
“’i}% 7 1]
W2 1,
~i
% -7 I
¥ ®© @
7 .
. ¢ A
TETEF A 7
L-] - @
@
q| o + i s
\1‘ ®4 + *;
Y @ @
htl
L 3 1 76
2 @ @
4 f S /7
B @ @
;o T

A =b-h
. _ m*
g 020 =120

443
L=

3 +
= YIZE = gufto™
/2

3 - 4
LS L NN PR T,

TLG-1-181




...........................

(9) Oblique Wind (taking account of temperature changes)

L.oad Computation

(TEMPERATURE CHANGES : + 15' ) N
i ' ~] 2 .
+H
/ \
N | \ _ '
S B MR =
e - [ %
j % =
e ©
0. 08 ™ |, o
o =5
< gL 4 &
ST == y e AT Eg
N m:
| a,
i =
| ! £
| ! &=
o Design Loads
= ng?gf'
T: #0477
Q= &322 v 862 =g.8?+
‘0 Dead Weight of Foundation
- 3 %
W, = A0 % 12D x’?.“}‘A“ : =z.8&/"‘
Py = /3 ," 72.&47 w120 100 + 100 030024 : 1%£0 'L‘
Pom Mo o300 80 r10r2 v2.9% = ned”
P = /g % 0.80° < 120 v 2.9 = o.gf"

P] = }6.. )0-’-
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-~

e

No. L PP e L

o Wind Pressure
/S x
Ont= Y v 9887 ¢ 120+ 0. ¢ Creob 2, &0) x0:30 } o /2

= e-?ﬁ'f
_ : o
g#/'-‘- 091t % o0& o = 0-07+/'n'
‘o Without Water Flow Pressure
o Dead Weight of Pile
In the alr g, =Ty x 094° r2g™ = r&7 7
' - 4. 72 ’

In the water Z.. . 24

(Temperéture changes)

+ 15 C

(Coéfficient of linear expansiqh)
20 x20° = Eps

Concrete
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...........................

' Load Diagram (at oblique wind : C-T) CASE 1
' (CASE 13)

Temperature changes

L¢3 . (Temperature changes
7 79319 g&17 o : + 15 C)
Ny T vz (Coefficlent of linear -
{
(:"7 expansion = 1.0 x 10-%)
oo LITTTTT; S
' - I vl & B
#""*5‘ PR L, — ,mﬂ g
S T ] :
j: f*"’_ 1 Rl — ;‘t:
U e - e "
= y =
i = R %
&~
]
’ 4 - ?
3 # | H=3% \%
O
b ! g2’ N
. )
% A g2 ~
~ .
| |
| ( Regecr” 3
l | Remesr B
T " T
Ky =330 ™ kv

Ny=P =T =1610 - $0.17
= —2.‘?'.071‘-

Kee Pr+ ¢ =160 + 5795
= 77087

OH=Q + Py = 687+ 075
= 7447
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Avstanmssssasandvereartimany

: _/L\‘SQ

" Load Diagram (at oblique wind : C-C) CASE 2

Sem

(CASE t4)
Temperature changes
BLE3 (Temperature changes
N : NZ(coefficient of linear
&7 | cxpansfon = 1.0 x 10°5)
e VITTT T . ow
BRIV~ DY K
~ :
5’{*{ P fﬂ/::lq = A
oo TE :
§ { { S { N —
! SpEes 8
:j ‘:J 123967 3
O A
g P G S
N .
Jal . . h‘[
|  Reget7r
] , ,
Y o teses7” 8
T ., T
KT=3B%¢£)/"‘ ky
A2 = 708

Ly=Q+Pry = 6.8‘7_1- 078
= 7647
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‘Load Diagram (at obligue wind : T-T) CASE 3

/j‘&ib

(CASE 15)
Temperature changes
X4E3 o (Temperature changes _
s VAN £ 5 N 4 P 18C)
) y(Coefficient of linear
- _ (_l"‘} - ) ~ expansion = 1.0 X 10-5)
LM (1! {44 N
B T . Z:,_'—" b . g ?_l -
. .{/./,51 - . H;“"T’M"—““—'T“\ ,
3 N < 1
b 1 = R At g
- . - N
t o - | "~
= 7T -
= H}"f ~
: (TR
I"O
<:J 4:J ‘i=‘3%, _gv
! N7 Q
4
% s [t >
~ .
ip‘ J g_
1  ReBeE7T
4 3
. IR
T 5 T
Kr=3t30™ kv
N/ = -2fo7

OH=Q + P = L8Tr 078
= 7647
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13

- (h} During Rarthquakes

Load Coﬁputation

o
INERTIA - ;

o Design Loads

c=:%z?*
T= 282"

Q= 1341+ 070% = 2087

o Dead'Weight of Foundation

4T1.= .2-88’-%&

ps = 150 T (Beam)
Pz = 228 *  (Haunch)
Py = o k2 (Horizontal haunch)

F}:‘ ’6|’D-T

B ?JVTL¢}1-18757




...........................

o Wind and Water Flow Pressures

Not taken into account

o Lateral Seis_mic L.oad

Lateral seismic coefficient - %H_r- 0./

(Vz X 9567 x 10D x 1,20 x 2.4 7m +

+
Beam _ . . e 2.47
Yy x 7567 % oo 2 120X 2045 16,
Beam’ Lo 620 x 2.4 ¢ o\( « 007 '
Haunch 4 55, vodo wieo 22 22y s = el
Haunch Y} ¢ op0” » 202 2.4 =20.) = 0.05
ﬁ;’}= 270"
- 7 N
Pile 7%/ 4v 014" x 240" #v.| PRI
o Dead Weight of Pile
n
In the alr 3,-‘—%;0..9/4”;: .2.4:5/"’ - 457
In the water 2 = » s " = 9,927
o Lateral Force on Tower (#y-0/)
+
PHe =26.SF xo.l = 2,65

TLG-1-188
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No. D e R

Load Diagram (during éarthquakes C-T) CASE 4

29 K00

(2 0

g 453 .
#87 27232 7
Ny Ao,
4
wy
% " ’ . Jﬂ/gl ﬁj 3 =2 -
v Gt 5 - gni | Jlvey 2‘5 :
| L | il
4 B A% | 7 )
fnta U 43 %
| | #an- |
l !-u:ﬁc.
| | Azt D
I |
- |
it IETIT
’{_ | h-ges7 S
1 T >
K= 343007 lr
Ni= po ~T = 1670 -22.82
< -g.72%

Me= Prt € = 4101927
= 36397
Bz B PHi+fra=2001270r2.45

= 2g0"

i TLG-1-189 .




No. ELATERLE LTS - -

Load Diagram .(during earthquakes T-T) CASE S

8453
&7 v AVi 287
& 4
: {
[ )
Uy :
&
ATIITITL s
4L ] SvEE 0! o
S " 2 “ J'_:%Lgé ‘.2‘_
t% Grir ] | Zny. l/ua/ - §
1L | { L i
{nte l jwvs"" §
§ ;l l fa394 ” e
) ég J Ingg
3 i | =z’ %
v N
| 4:4_ | }-se57
h T R
K= 383007 ey
M= - 6727

Su= @+ Pri = 2.05+3.78 +2.70’

+PH2
¢

-—

90

TLG-1~190
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O

;7'

No‘ R L LT PR T Ry

Loa_q_Diagram (during earthquakes C-C) CASE 6

193 &40

3453
&7 7739 457
Ny M.
wy
4
IIENEEREREE N -9
en § @ >
A= 2 e
3 2 Tl DA R |
| im ¥
AT T 7P T
Jaga | iwvs*‘{' §
|
15} 'l "513‘?'6’* &
§ J lugg %
3 i | deziz
| b '
! | fsm87 3
il 1 %-8657 S
T S
K= 343c0% e
Na= 35,37

Ay= B+ PH1i = 2.05+ 270 +2.45

<+

ey <
=3

D 40_

TLG-1-191




(1) During Floods

Load Computation

I _
-! -Mfﬁa .
g | °™" | WIND PRESSURE
]W v Hwli 0,08
WATER FLOW PRESSURE ] WATER FLOW
‘ PRESSURE ||
&L
H et/
r |
o Design Load
C = &5.067
7= 37.28"
Q= 6783+ 4489 = 5287

o Dead Weight of Foundation

47, =_2.33*%ﬁ
g, = S0t
P2 = 08
Py = 082 '
no= oot

TLG-1-192
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7

‘o Wind Pressure

Py = 1 V3 28887 x 720 + Vo x oo +2.50) % 0.30 ) » 0.72
o o . ot

Tm= 0914 » 008 P = 0_07"5/M
o Water Flow Pressure

The water Tflow pressure 1is calculated using

the following formula.

Piz = K+« A+ V2 (+)
where,
K : coefficient of sectional shape ({circular
section =-0.04) _
A : vertical projected area of pile
V : flow velocity (v = 1.83 m/s)

H : depth of water (= 3.962 m)
The application point of the water flow pressﬁre is
0.6H above ground level.

044t
2.378 ™

]

Puz = 004 x 09/4 * 1.83%x 3.942

{t

Application point (h) = 3.962 X 0.8

Ik

3. 7b2

k: .57 &w
| ¥

. TLG-1-193




o Dead Weilght of Pile

In air

In water

&= /57 t/“’\.'
32’_‘ 0?2 ¢

TLG-1-194




2/

' ¢
A= F =T = 4410 - t646 =-387L

Ne=Pi1C = 2410t

: +
BH=Q t Prys = 1128 ra75 =203

37.28

Now et
Load Diagram {during floods C-T) CASE 7
&LER
879233 48P
Nf - .
y Nz
&7 -
g REREERES Q-2
. ) = . . . -—-u—*@” ~t N ..t,:
PR == U S 2= et v
W : &—P Atz ’fff_,_,; 4Mﬁ——*~3§ A
{ _ i 5
T )
l 3 ﬁ: 173% %
% b | é *ﬁ o "SM‘
3 ‘l ‘H =3 ¥ L
% I | 4 .r202 §
S W& !(/Zz !
i |
|  ReBe77 N
3 QUL
T, R
Ke= 34300 ™ ky

+
z £3.38

L TLG-1-195



...........................

/?S&?’)_

- +
Bp=Q+ Fri= 1028 ro75 =110

049*

Pri=

LL¢e3 .
7 77;? g¢l7
NI‘ ' ' N1
L. [y A
(_)/
o VTTTTTL S
; . 5, f+2 4 M" 0\&'1"'_, -
. M%W v P20 e A Dl N
§. Dz Lrz <% -
by g V7% poer S
i { > L
S - LT N
! TR NI
: ~
! | PEU T
% ] -l .;:,..12/2” ‘%
N VA 8z R
»‘ hl
I { £;86§7° §
1 ,{ _'l i:sg;?" %
T o A 3
Ke= 36300 ™ kv (
N = -38.96%
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Load Diagram (during floods C-()

CASE 9

228

REE3 .
7 7233 2807
e M2
_ uiy
‘ - 7 ‘
SR VL Bt
NEELLARE S Lt = Le—T
7oz a2 3 .
i‘: i_dv‘lﬂ i Nedt iy - ;‘.‘\é
i ] ~
7RI " “f‘_ .,..N
e gk g
[l G,J ‘i=‘3%" gi .
{ { 42’ ;%,,
3 e /2 ~
| 4
[ | Reget7? g
i ..1 pemes)” ?
T 0] N
Ky=312 o ky
Al = 53,287

By=Qt Pris = 1028 o785 =705

Pri=

o49¢

-_‘_I“LC_{-,:I‘.-_-'I'I.Q?



...........................

{ j ) During Load E

v Load Computation

o Design Loads

C = :‘?-2‘?#

7= 9_2.82{'

por s

Q= He%il+t 070F = 2.067

o Dead Weight of Foundation

ATy 2.88 Vin

by = 1950 v {Beam)

. = a0®  (Haunch)

Py = o6.52 '

—r‘
7= 34,10

o Pile Welght

In alir ¥ = /.57 Yo

(Horizontal haunch)

In water 2,= 092 "

TLG-1-198

o,



O

25

...........................

- LLE3 o
57 2233 287
Y | Me
i &
CITF T -
| G — ==31 3 ~T
% - é‘"’ r‘bugf @’1 er . %b\n_ L\" |
N
4 ! * g
! _ ™
s "l :}7‘5% - g
. . . ™
3 ! 4,J'i=aﬂs* 1l
On i
h } § 4 w27 N
- ) yY)
% IV !nffz. _ NG
Jé  {
| | ReBet7? 3
.1 P
T al =
K= 2b300 ™  ky

“Load 7Diagram (during lcoad E C-T) 'CASE 10 -

Tt
My =Py =T = 110 - 22,8247

' F
Mr=Prt o= 103,927 =3837

&H:’@ :.Z-ﬂrt
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...........................

Load Diagram (durir}g load E C_nC) C_ASE 11
Z{€3
$7 7239 2407
Nz ! l Nz
(:’?
COIT T3 .
By, WG, T ; @r;. M, co‘.“_ J:‘/ ’
4 vy
by i | X |
L, I : {
) GG -
- =} 5%
| ] i §-7 ‘ g
3 H Reamr R
04 .
N { i 2 122 %
B ' W4 N
"y WZ‘* l ? \
! |
|  Be86877
. .{ ) 4 ’8‘57" §
—r 5 ,
K-r'—w,oo'*/“ kv '
n = 35377
Rrw=0 =3th
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--------------------------

Load Diagram {during locad E T-T) CASE 12

Bp =l = Z.M't

243
12 VAN & X S 23 A
Ny M
S wa-, y
B Q5
< S| Sa |k gpj“t"__
5 | | N
) { -‘—V- Y4 ! "
| TS
8 ’ I, 4=9567 R
| £ ' 3
o _
1 I { 42’ :‘%
R VA /s ~
J ..,!.
R=86877 ™
<Ll : ' >{
U B ST -
T 0 a
ke 2630 ke
Nt = - 4727

S TLe-1-201



(k) OUT PUT

CASE 1

BENDING MOMENT SHEARING FORCE

8
n
7480 ]
~3.10 7.45
~3:10 7.48
-48.48 18.26 3.83
~189.46 19.96 3.88
~22,87 . 2346 2.59
~72.87 23.16 2.59
~5.61 6.9 ~3.77
~5.61 6.9 .77
-0.78 0.81 ~3.18
Q.78 Q.81 -1.46

743 "848
7.3 8.5
R \.__ g.13

. 8.13
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CASE 2

BENDING MOMENT

&

w1655
~18.55

-20.02

SHEARING FORCE

]

g

G .
¥
o
¥

-3.49 ~3.71

-3.48 =71

-1.18 -3

~1.18 “1.35

T

.46
B.15
B.19
8.18

27
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CASE 3

IBENDING MOMENT SHEARING FORCE

B
O
Y ol 9.8
35,43 7.13 . a.15 .
ragl | ~j_38.ds8 ¢
o Jes.ee 738 —18.18
3 ‘.' .
SR 5
5,24 7.45 8.4
G2t 7.45 I a.4r
-16.55 +.13 483
~15.58 443 4.89
~20.02 2.89 2,33
~20.02 2.89 .53
-5.42 ~3.48 3.7
-5.42 ~3.48 _ ~3.71
0.8 -1.18 =138
~0.81 ~1.18 -1,35

ILG-l—ZOh




SHEARING FORCE

320888 ppi.

o 6o 9 . a0
0y
1T A e e
R AF S &&
i 7T
-
8 33
T e
E: ol y
- kb i @
SR Lk iion
- @on LY

BENDING MOMENT

CASE 4

3;?/

PEO8

41.07

[} .97

O

()

31

< TLG-1-205



SHEARING FORCE

0105 -
[T T = _
- B33
2 8%
.W.u. )
37 ¥y
IR
mho.._. r T
I‘ll_lll‘llc.-.‘.ll—\“
et @@ . et
- oD m ¥

| CASE 5

BENDING MOMENT

TLG-1-206
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CASE ©

BENDING MOMENT

SHEARING FORCE

fl?
847
.28
. Bam

mo
EE

W
ggRe

Z.78]

~4.42
~4.42

-1.42
~1.42

I

GEDw
Bies

B

ttod
- B
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CASE 7

BENDING MOMENT | SHEARING FORCE

‘ \ —70.02

1488 ] T 1in.54
s=2i1E o 12.54
isr| e | _t12.58
11.57 12,58
- L
12.70
12.70
-28.2¢ 28.02 7.08
-28.24 28.03 7.05
~F3.47 F3.858 4.54
~F3.47 F3.56 4.34
-8.64 9.2 ~5.58 5,53
~8.64 g.z2 «5.68 ~5.52
-1.24 1.99 ~f .65 -a.02
-1.24 1.3 -1.65 -2.08
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CASE 8

BENDING MOMENT

ha
L1

87
-£.87

CEE Y

SHEARING FORCE

14,28 ) Q.88
1138 |8 12.68
t1.43) [ 3.7
1431 -

. [2)

i2.84
12.84

] £.51 7.58
-2 5.5t 7.58
-28. 4.5 5.56
-28. 4.75 5.56

-8.22 ~5.13 -5.44

-8.22 -5.49 “5.44

~1.28 —1.84 -2.08

~1.29 -1.B4 -2.05

" TLG~1-209
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CASE S

BENDING MOVMENT | SHEARING FORCE

\ -73.,15

T 1 - 1054
s R - - 12.54
1i.570 17 18.58
13.57f |} [ jiz.58
8 .
11.89 | _{s2.70
11 .89 12.70
25,50 25.28 B.S1| 7.27
-25.,50 25.29 §.51 7.27
-30.89]_ | 3i.48 %.58 5.22
-0 .83 31.48 4.58 5,22
-5.47 8.04 <5.41 5.6
—g.47 8.04 “5.41 -%.68
-4 .27 1.4 -4 .65 -2.02
-1.27 1.4 -1.88 -2.09
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CASE 10

BENDING MOMENT

~2.48
m2.48

hdod
BiBh

SHEARING FORCE

o
-
L3 L d
1 s
Z ‘\
184
1.54 ’
1.54 L
1.54
1.54
1.54
B5.43 Q.8
5.43 0.68
B.64 Q.37
B.64 Q.37
1.84 Q.84
1.84 .84
Q.28 -0.2¢
Q.28 -0.24

=151 /

~1.i7
=1.47

5.4
-0.41

NN .

N
B

- g

FEnE

8833
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CASE 11

SHEARING FORCE

%61 88
T

ahs
- AR
= s Y T .

& ET— . MM M.HH.

SR £ A

g8 g3

shg i T 9%
= B & E REEY
[ ot Qoo

BENDING MOMENT

AN

-i.18
~1.18

-0.16
-0.18

=501
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EB8R 23 A%
B 8 a0 U T P
L] T . | e ) . 28 33
m.wu w99
Le
(J
=
e 3% 3
. wnn s+B __ N T $9
B 855 TS _
-t purpen [=N-1-F:)
H o
=
ol }
3
-
B
T 29° 55~ %I[.\\-\I\\l\lllﬂ
= N 2%ag ke 38
=
.
P
A
— =
—
wiQa e — e e
BIP= B8 TREss 2R OGS
M % ._. ] ..—74.4._.“- . . [
s . .o~



SHEARING FORCE

1M % gy

¥ a1 o L]
Ll | I—

a0 . ..lIfllI.-IILllnllll

== BB

1 77

¥ oo

.38 4 l\lll!ll!!!kﬁllHM
] b
— RRET
b I ande

| CASE 13 (TEMPERATURE CHANGES)

BENDING MOMENT

e B 5

nmmm § 4 ¢%
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(TEMPERATURE CHANGES)

14
BENDING MOMENT

CASE

SHEARING FORCE

298] 3
'“_|&B~B Ema mmmm
T S
e S T TR
o By %
. ee  TT
3% w3
B L l\\liiillMHle4
1 | I— _
605 gn . B8RE - o
...R-.nmm 1“-.“ TR YL LR . .. : :

4 ..
284 ww ©°
S A

ol ——=a RE
IR A A

-iB.B9
=15.65
—la.i8
-18.18

()

U TLG-1-215
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(TEMPERATURE CHANGES)

SHEARING FORCE

2ogg gg ;
= i e ~ 48n4
] I —
" X e A Py
e o THEL
: T
EIRET
_ 66 23
a0 e
| | I———
e 5577
chrh 3 aand

BENDING MOMENT

[CASE 15

-

o~ 1l %y
N T by 3%
Shgg :

T Sgee—— 2% RE
, (4 S

-85
+H5)

-5

=&
-13.10
-15.18

71.G-1-216



No. B LR EEE EE T T Lt

V*.O —n—

go'Z  Mosuz| WN| 99F 4 o 4 peoT]
X4 P77 jee ‘ 4 spooTd
§€ 7 hosuz| uey I ¢ 4 _mmxmsvnpumm
daz 909 a8 ‘ ¢ PUTM 90BTTAQ
ooz 305 282 22 OF€® . | PUIM PMDITqO
vis | a8 4s | wo T P
203001 32395
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wwy FUPURORTASTIQ -2 L—1 1-=9 sadAL

uot3o®ay 9TTd ( T)

)

)

_TLG-1-217



(6) B-D-T | C=&& 647

T= 41.6&
Q= 493
Qa=~ 7.¢4+7
S5=1/100
OFILE
. . " 13398
2700 7998
1766 . . ages
1150, - '
_ 5-9%553’— TANE=0.14865
_ ] ' 5
| /1 1
GJRLVW BE :3 8
e I ReRS.
/i Mg
| S - u
i 3
mA
A-A" secTiON
1150
597 13
I _
A 85@ . A
Do )
L)
[®,
T - Y
gl
93l11501657 Fe=7.24 > 2.0
2700 Y Dk
? ?:-(:=2.0_7 7 2.0
PLAN
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ek INDIVIDUAL TYPE TOWER

FOUNDATION (1 , 11 )ik

e i e e e e e R me e WY PR TR TR e WA S AR e e

TOWER NAME............NO. B-D-T

(1YLOAD CONDITION

Comp. Load.....vivoviereves...C = B5.84 TON

Uplift Load....i.... e T = 41.65 TON

HOri. Load.t e eeerrunrsnnannns .Q = 4.13 TON

Hori: Load.:.. ... viinnennn Qb= 1.49 TON

E-load.......oonven Prar e L TO= 9.85 TON
(2)DIMENSION OF FOUNDATION

a

a = 0.650 M I I _

b= 1.150 M- . GL f 1

B = 2.700'M - TR Y

t = 0.800 M _ e

H = 2.000 M b

D= 1.550 M =z

WL=- 10.000 M .

Y=  2.40 TON/M"3 —y— |_b ] _

L s

(3)SOIL CONDITION

Unit Weight of Soil (beneath the.foundation)...... S1= 1.800 TON/M"3

Unit Weight of Soil (on the foundation)...........S2= 1.440 TON/M"3
~ Cohesion (beneath the foundation)...... Cees e Cl=  0.000 TON/M"2
' Cohesion {on the foundation)............ ceee ..C2=  0.000 TON/M“2

Angle of Internal Friction {(on the foundation)....¢ = 40.000 °

‘Bearing Capacity Factor..Nl= 95.7
{4)FOUNDATION TYPE

Foundation Type (shatlow ‘type...l

TLG-

00 N2=114.000 N3= 83.200 ($.=40 °*)

,deep type...2)... 2

1-219



(SIVERTICAL LOAD

Weight of concrile....,......l...f..........WC= 17.609 TON
Weight of Soil........ e P R 17.940 TON
¥eight of Column and a part under Column...¥WC'= 6.151 TON

Verilcal Load....... e r e a e P=C+WC+¥S5= 91.389 TON

(6IPILE CAPACITY

COMP. SIde. erennrnn . e aCY= 100.000 TON/B"2 -

Uplifl Side.ue. i ennn. R, QTY= 86,538 TON/MT2
Hori. Side.......... e, IO ....QiY=  40.000 TON/M"2. ,
(7)SO11. REACT1ON . : Upper Linit

1)Comp. Side

Eecentricity... . B=QD# (H+T')/P=  0.046 M <= B/6= 0.450 M
Incremental Rate...... e e MU=1+6%E/B=  1.101
Max. Soil Reactlon........... ... ... Qmax=P/AxMU= 13.808 TON/M"2

2)Uplift Side

Eececentricity......... e E=QDRAN/(T-WC )= 0.084 M
Reducgtion Rate,........ K= L/ ¢(1+6xExB/(B"2+072))= 0.864

(8YHORIZONTAL SOTL REACTION

Max. Horizontal soil Reaction....Qlbnax=Q/{(B#l)= 1.912 TON/M"2

(9)SAFETY FACTOR

COMP. B1d@. et vrvsaernnnn s . SFC=QCY/Qmax= 7.242 >=. 2.00 =0K=

Upliflt Side...... ... . .ot eon e S BET=QTY/T=, 2.078 >=. 2,00 =0K=
Horl. Side. .. veuuin i ininannas SFII=QlY/QHmax= 20,920 >= 2,00 =0K=
{10)E~LOAD ' From Upper Limit

WC+WS'= 31.961 TON >= TOo= . 9.850 TON =0K=
(WS '=H5%0, 8) :

TLG-1-220



(7). B“C ‘“:[ R C“Q‘\S“Sg‘*
| ' T= ¢/7.68

Q= 2./3

Qo= g, 27

_PROFILE. - 5=1/100

15 992
L 4700 ’ & 592
. 3083 .. 9866 _
1290
1 14%5010 TANS=0.14865
f
N - l ‘ ) I \ 1.
O RS EERS
) - . .l 8 O
! S QU
{ {n (%
i 5
_I
j
! !
!
sf
A-A' SECTION
()
_ 1 700 _ -
A o pase o # A
: = . 550 -
' 801‘1} ] 28
.(D
is
un
s
1648 | 1700 li3sz Fea7.43 v aud
_goo — o Fte2.09 550

.:' PL‘AN_"_ o
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ik INDIVIDUAL TYPE TOWER FOUNDATION (1, I )asx

TOWER NAME............NO. B-C-1

(1)LOAD CONDITION

Comp. Load.....cvovivinnnnnnnns €= 55.84 TON
Uplift Load........... wieesssa.T = 41.653 TON
Hori. load......... B L B 4.13 TON
Hori. Load........ . v 0v0vaues...@B= 1.49 TOX
E-Load....c.nuviineennnn veas o TO= 3.85 TON

(2)DIMENS]ION OF FOUNDATION

b

a = 0.5350 M

b= 1.700 M 6L -
B= 4.700M T

t = 1.000 M

H= 3.800 M N =
D= 3.330M =

WL=-~ 0.000 M _ .

Y=  2.40 TON/M"3 g (bl } __1

(3)S0IL CONDITION

Unit Weight of Soil (beneath the foundation})......S1= 1.800 TON/M"3
Unit Weight of Soil (on the foundation)...........52= 1,440 TON/M"3
Cohesion {beneath the foundationd.......v.se......Cl= 0,000 TON/M"2
Cohesion (on the foundation).........c...i0uvuenn C2= 0.000 TON/M™2
Angle of Internal Friction (on the foundation).... ¢ = 35.000 °
Bearing Capacity Factor..Ml= 35.400 N2= 23,400 N3= 27.800 (¢ =35 °}

r

(4)FOUNDATION TYPE

Foundation Type {(shallow type...l,deep type...2)... 2

TLG-1-222



B e e RESULT = emwmm e m e S

(53)VERTICAL LOAD

Weight of concrife . i i irinererennnan . WC= 65.564 TON
¥eight of Soil....... e s e vaarses W8T 124,103 TON
Weight of Column and a part under Coiumn . WC'" 11,538 TON
Vertical Load..... et JP=C+RC+RS= 245,308 TON

{(6)PILE CAPACITY

COMP. STAR . e veeen s ronnnnnteansrenannes QCY= 87.958 TON/M™2
UPHIEt SId€.eesunuvnnerannennsnsneenseses,.QTY= 91.537 TON/MZ
HOT . Sid@+ncnanerunsnonensnnnsusnnsconnnns QHY= 35.183 TON/N¥"2

(7)S01L REACTION
1)Comp. Side

Eccentricity....E=QB#(H+T')/P= 0.029 M <= B/6=

0.783 M
Incremental Rake..... .. invveness.. . . MU=1+62E/B=  1.037
Max. 50il Reaction........oov ... .Qmax=P/AsMU= 11.527 TON/M™2
2)Uplift Side
Eccentricity........ et E=QB#H/ (T-¥C')=z (0.188 M

Reduction Rate.........E=1/(1+6+E+B/(B"2+b"2))= 0,825

(8YHORIZONTAL SOIL REACTION

Max. Horizontal soil Reaction...,QHmax=Q/(B%t)= 0.879 TON/M"2

(9)SAFETY FACTOR

COMP. Side. . .vuesrueesnnnnnnnn... .SFC=QCY/Qmax= 7.630 >= 2.00 =OK=

Uplift Side..... eieeeeerecareeaees . SFT=QTY/T= 2.197 s 2.00 =OK=
Horl. Side.....euvesveennnrens...SFH=QHY/QHmax= 40,039 >= 2.00 =0K=

(10)E-LOAD =

WC+WS's . 68 754 TON >= TO= 9.850 TON =0K=
(W5 '=W5%0.8) .

-
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A INDIVIDUAL TYPE TOWER TFOUNDATION (F , 01 rasx

TOWER NAME...........

(1)LOAD CONDITION

Comp. Load..........
Uplift Load.........

LS

Hori. Load.............
Hovri. Load.............
E-Load.. . oviienivanann

L R N N AR

.NO. D-D-I,C-D-I

{2)DIMENSION OF FOUNDATION

0.600
1.550
3.400
1.000
2.400
1.950
10.000
2.40 TON/M"3

ZZTZTZEXT

=

LI N | S T SO T VI 1

RETTomre

{3)S01L CONDITION

Unit Weight of Soil
Unit Weight of Soill

Cohesion (beneath the foundation)...
Cohesion (on the foundation)........
Angle of Internal Friction (onm the foundation),.

vierav-C = 95,63 TON
T = 80.88 TON
....... Q = 3.58 TON
cr e QB= 0.84 TON
caesavaTO=  34.04 TON
&

6L {1 ¥

I

b ] |

] -

(bepeath lhe foundation)...... S1=  1.800 TON/M"3
{on the foundation)....... v...52=  1.440 TON/M™3
cevrerrseies . Cl5 0,000 TON/M™2

.v..C2= . 0.000 TON/M"2

- ®= 40.000 °

D I B

Bearing Capacity Faclor..N1= 95.700 N2=114.000 N3= 83.200 (¢ =40 °)

(4)FOUNDATION TYPE

Foundation Type (shaiiow_lype...l,deep l?pe,..Z).;.: 2
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(5)VERTTCAL LOAD

L O s s R Rt ko e e e,

Upper Limit

20K=
ZQK=
=0K=

Weight of concritle...... et e e WC= 34.834 TON

Welight of Soil...... et h e e r et e W3= 35.645 TON

¥eight of Column and a parl undc1 Column.. . WC'= 12.856 TON

Vertical Load. . .. it iiinneen P= C+WC+W§= 166.109 TON
(6IPILE CAPACITY

Comp. Side....... i, e ...QCY= 100.000 TON/M"2.

Upllft Side. st iciiioaeeenn.. e QTY= 163.487 TON/M"2

Horl., Side. .. ittt it ettt eansan QY= 40.C00 TON/M"2
(71S01L REACTEON

13Comp. Side

Ececenltricity ... . E=QBs{I+T'}/P= 0.017 M (= B/G= 0.567 M

Incremental Rate........ - e LHU=1+6%E/DB= 1.030

Max. So0il Reaclion..... e e Qnax=P/A%MU= 14.805 TON/M™2

2)Uplift Side

Becentiricity. ... i i e E=QU#1/ {T-¥WC')= 0.030 M

Reduction Rate......... K=1/7C136%E=B3/(B"2+b72))= 0,958
(8)HORTZONTAL SOIL REACTION

Max. Horizontal soil Heaction....QHwax=0/(B+id= 1.053 TON/M"2
(9ISAFETY FACTOR,

Comp. Side...oureiron.n.s e SFC=QCY/Qmax= ©-754 >= . 2.00

Uplift Side.e.eeieennnnn S SFT=QTY/T= 2.021 >= 2,00

Hori. Side..........0i.. v s SEH=QUY/Qmaxs 37,986 o= 2.00
(10)E-LOAD From Upper Limit

WC+WS'= 63.350 TON >= TO= 34.040 TON =0K=

(HS'=WS5*0.8)
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#%% INDIVIDUAL TYPE TOWER FOUNDATION (1 , H )#&#

—————————————————————————————— INPUT DATA==—mmwmmmemmm oo m e ecmee

TOWER NAME............,NO. D~C-1I, C-C~1
(1)LOAD CONDITION
Comp. Load.....vavenvnaer.aa..€C = 95.63 TON
Uplift Load......... W e aaaa T = 80.88 TON
Hori. Load...... . v @ = 3.58 TON
Hori. Lead.......¢ .o vvereea..QB= 0.84 TON
E-Load......ouvuenn veeeriasae.TOs  34.04 TON

(2)DIMENSION OF FOUNDATION

-

oyl
L LTI | N I [ )
ot
I~
o]
[~
RZIZXTIXZX

CEOTmon

WL

2,40 TON/M"3

. . : |
3]

{3)SOIL CONDITION

Unit Weight of Soil (beneath the foundation)...... S1= 1.800 TON/M™3
Unit Weight of Soil (on the foundation)...........52= 1.440 TON/M"3
Cohesion (beneath the foundation).................Cl= 0.000 TON/M"2
Cohesion {(on the foundation).............. fearene C2= 0.000 TON/M"2
Angle of Internal Friction {on the foundation).... ¢ = 35.000 °

Bearing Capacity Factor. Nl= 33,400 N2= 23,400 N3= 27.800 (¢ =35 *)

(4)FOUNDATION TYPE

Foundation Type (shallow ltype...l,deep type...2},.. 2

TLG-1-228



(S)VERTICAL LOAD

Weight of cencrite........ R cre. WC= o 113.072 TON
Yeight of Soil. ... i i W3= 194.998 TON
Weight of Column and a part upder Column., . WC'= 21.994 TON

Vertical Load.. . cwreesone e, P=C+KC+¥S=  403.702 TON
(6IPILE CAPACITY '

COMP. Sideceesennennenennnnnn. . ceve....QCY= 100.000 TON/M™2

Uptift Side......... P QTY= 168.534 TON/NM"2
HOT L. ST€n e ee s e e QHY=  40.CC0 TON/M™2 _
(7)SOIL REACTION . : Upper Limi

1)Comp. Side

Eccentricilty... E=QBx(H+T'1/P= 0.011 M <= B/6= 0.933 M
Incremental Rate...,...... ..o MU=1+6xE/B=  1.012
Max. Soil Reaction................. Qmax=P/AsMU= }13.028 TON/M™2

2)Uplift Side
. BEccentricity......... e E=QB+H/(T-WC"}= 0.:060 4
Reductien Rate......... K=1/(1+6+ExB/ (B 2+b™2))=  0.948

{8IHORIZONTAL SOIL REACTION

Max. Horizontal soil Reaclion....QHmax=Q/(Bxt)= 0,533 TON/M"2
(S }5AFETY FACTOR

CQﬁp. 1T P e e SFC=QCY/Qmaxs . 7.675 3= .00 =0K=

2
Uplift Side........ocviiii i, SFT=QTY/T= 2.0%6 >= 2.00 =O0K=
Hori. Side............ e . .SFH=QHY/QHmax= 75.046 >= 2.00 =0K=

(10;E-LOAD : From Upper Limit

WC+WS'= | 113.840 TON >= TO=- 3.4.040 TON =0K=
' (WS'=WS5%0.8)
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(10), DR-D-] R ¢=r2q0¢?
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++%[NDIVIDUAL TYPE TOWER FOUNDATION (T , 1 )%

T INPUT DATA= === o= o s m o —em

TOWER NAME............NO, DR-D-I
(1)LOAD CONDITION

Comp. Load.....oivvirnnnenae..C = 124.05 TON
Uplift Load... "o veeviv e T = 107.47 TON
Hori. Load.....ivuivvevnnn s = 3.67 TON
Hori. Load. .. iccvivvanavna.,. .QB= 0.87 TON
E-Load. ... i visesrtrivisnnwnas..T0= 48,35 TON
(2)DIMENS]ION OF FOUNDATION
da
a= 0.600M FHT '
_
b= 1.750 M Ok I
B = 3.900 M ’ i '
t =  1.000 M -
H = 2.900 N =
D= 2.450 M E=
Wh=- 10.000 M - .
N 1.9

Y=  2.40 TON/M"3 1 Lb | -

: _t

(3)SOIL CONDITION

Unit Weight of Soil (beneath the foundation)......Si=  1.800 TON/M"3

Unit Weight pf Soil (on the foundationd...........52= 1.440 TON/MN"3
Cohesion (bencath the fnundatlon)......., ......... .Cl= 0.000 TON/M"2
Cohesion (on the foundation)............ vesenress.C2= 0.000 TON/M"2
Angie of Inmternal Friction (on the ioundmtlon)... P = 40,000 ° .

Bearing Capacity Factor..Nl= 95,700 N2=114.000 N3= 83.200 (¢ =40 *)
(4)FOUNDATION TYPE '

Foundation Type (shallnw'typé...l,deep type...2)... 2
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{(HIVERTICAL LOAD

Welght of concrile......... B e 46.880 TON
Weight of Soil...... .. ... .. S K 69.681 TON
Weight of Column and a parl under Column...WC's 17.726 TON
Vertical Load................ veeen s PRCHWCHWS= 230.611 TON

(GIPTLE CAPACTTY

Comp. Side...... e e LQCY= 1CD-CCO:TON/M“2-

UPTiTl Side. et i i e GTYE 224,264 TON/JM™2
Hori. Side. ... iiiinnnean, S QiiYy= . 40.C00 ToN/u"2.
(7)S01L REACTION ' - ' Upper Limit

NComp. Side

Geeenlricily. .. .F=QBx(lI+T') /0= 0.015 M <= D/G= 650 M

0. : .
Incremental Rale........ e e JMU=1+6%E/B= 1.023 . -
Max. Suil Reaction.. ... .o, Qmax=P/A*MU= 15.505% TON/M™2
2¥Uplift Side
Hecentricity.. ... e E=qQB*l/(T-WC'Y¥= 0.028 M
RReduction Rate......... K=1/(1+6%E:B/(B"2+b"2))=  0.09GH

(8)YHORTZONTAL SOTL REACTION

Max. Horizontal soil Reaclinn....QHma;ﬁQ/(B*l)= 0.941 TON/M™2

(9)SAFETY FACTOR

Comp. Side...... e e e LLSFC=qCY/Qmax= 6.449 3= 2.00 =0K=

Uplifl Side..rveuerernniinnnns i SFT=QTY/T= 2.086 >= 2.00 =0K=
HOVE. STd@.caerunoennunivaeno... . SFU=QIY/Qlimax=.42.507 >= 2.00 =0K=
(10)E~LOAD ' From Upper Limit

WC+WS'=  94.0625 TON »= TO=  48.350 TON =OK=
(WS ' =WS*0.8) :
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A L e

*%%«INDIVIDUAL TYPE TOWER TFOUNDATION (1

TOWER NAME.

EER R

(1)YLOAD CONDITION

...NO. DR-C=1

Comp., Leoad....... Cr e ee e = 124.05 TON
Uplift Load.....,. ... vesoT = 107,47 TOXN
HoTi. LoBd. vt ivenicnrsrersa@ = 3.87 TON
Hori. Load.... .ot isnivraqe.QB= Q.87 TON
E-Load..v.inemeenenns e LTO= 48,35 TOWN

{2)DIMENSION OF FOUNDATION

0.600
2.500
6§.000
"1.200
4.900
4,450

- 0.000
2.40 TO\/M 3

=

ol o e B0 o B )
i e . 4

it Hooomowouon A

izz

~

(3)S01L CONDITION

Unit Weight of Soil

Cohesion
-Cohesion {(on the ioundation}.

(beneath the foundation)
nit ¥eight of S0il {on the foundalion?}
{beneath the foundatiom)...........

P N T N Y I

Angle of Internal Friction (on the foundatlon)

------

------

y I Ymak

INPUT DATA= === e s mm s s ‘

1.8G0 TON/M™3
1.440 TON/M"3
" 0.000 TON/M"2
0.000 TON/M"2

... = 35.000 °

Bearing Capacity Factor..Nl= 35.400 N2s 23.400 N3= 27.800 (¢ =35 °)

(4)>FOUNDATION TYPE

Fotundation Type {(shallow iype..

.1l,deep type..

TLG-1-234 -
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(3)VERTICAL LOAD

Weight of concrite........... e .. HCE  135.471 TON
Veight of Soil......... P on. . ¥WSE 264.901 TON
Weight of Column and a part under Cglumn...%WC'= 29,259 TON

Vertical Load.................. P P=C+WC+%S= 224,422 TON

(6)PILE CAPACITY

COMP - SIAE. e ir e s e et et e .QCY= 100, 0CO TON/M™2

Uplifl Side......... ...t e e e .. QTY= 224.478 TON/M"2
Hori. Side... ... o i, P QHY= 40.0C0O TON/M™2

(71SOIL REACTION - ~ Upper Limit
13Comp. Side’

Eccentricity....E=QB+(H+T')}/P=  0.010 M <= B/6= 1.000 M

Incremental Rale........o. i, MU=1+6=E/B= 1.010

Max. Soil Reaction.........., ... .@Qmax=P/AsMU= 14.715 TON/V""
2yUplift Side

Eccentricily....ooenn... e E=QR+H/{(T-¥C*)= 0.055 M
‘Reduction Rate....... L K=1/(1+6%E%xB/(B"2+b72))=  0.956

(8IHORTZONTAL SOIL REACTION

Max. Horizontal soil Reaction....QHmax=Q/(B+t)= 0.510 TON/M"2

(9)SAFETY FACTOR

Comp. Side......... il i .. ..SFC=QCY/Qmax= 6.795 >= 2.00 =OK=

6
Uplift Side......o..ouiiiiivia, SFT=QTY/T= 2.08& >= 2.00 =0K=
Hori. side..... T W...SFH=QHY/QHmax= 7£. 431 >=" 2.00 =0K=

(10)E-LOAD o -~ From Upper Limit

WC+WS'= 143,992 TON > TO=  48.350 TON =OK=
(WS ' =¥#S%0.8) i
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#%%P1LE TYPE TOWER FOUNDATION (0l )s+x%

------------ e mme o m oo e INPUT DATA= = o mmmm e e o e mmmmm e mmmaoe -

TOWER NAME...,.NO. Ad4~S-II

{1)LOAD CONDITION

Comp. Load..... i vavivninnarvenanas.C = 110.95 TON

Uplift Load...... e, «v..T = 84.56 TON

Hori. Load........... e e et Q = 9.24 TON

Hori. Load........... et e QB= 2.34 TON

E-Load.. o eesnas b e e aeeaees TO= 7.60 TON

(2)STRATUM DATA

No. Stratum No. N-Value(N) Thickness(L) NxL,
1 1 o 0} 2,00 M 0.000C0 . 0.000)
2 1 1¢ 1) 1.00 M 1.000¢ 1.000)
3 2 3¢ 3 1.00 M 2,500¢( 2.500)
4 1 TCT) 6.50 M 45.500( 45.5300)
5 2 16¢ 61} S 1.50 M 24.000¢ 3.000}

Sand (t0%al)..ieunenrrnnnneenn . NE2LS2  46.500 TON
(

46, 500)
Clay (lotald).......cioviiuunon,.. QUxLC= 26.500 TON
¢ 11.500)
(3)WATER TABLE.........ovoinunn.. veusKHL=- 0.000

(4)N-VALUE OF BEARING STRATUM.........N = 29

(5)BULK DENSITY

Concrete..... it eereisa s TR 2,400 TON/MT3
Soil (on the feundation)............ 52= 0.000 TON/M"3
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(G)DIMENSION OF FOUNDATION

a
l
a = 0.600 M GL [
b= 0.700 X = T
B = 4.500 M | |
b= 2.000 M | o B
M= 0.450 M z . .
D'= 0.000 M . J
1 = 0.09398 —+ -
= B :) . __‘
- {

23

(7YPILE TYPE (driven pile...1l,cast in place conc. pi]é...2)....

¢(8)PILE CONDITION

Diameter of Pile... ... nn veaeaaDo= 0,359 M
Length of Pile...... iesasseresasee L= 12,000 M
Unit Weight (without buoyancy)...... Gl= 0.589 TON/M
Unit Weight (with buoyancy)......... G2= 0.344 TON/M
Blockade Ratio...... C e s s ..R = 1.000
(9)LIMIT OF PILE CAPACITY
Comp. Side........ R R, QCA= 124.000 TON/UNIT
Bplift Side.... ..t e .. QTA=  49.000 TON/UNIT
(10)YCONFIGURATION
Row of pile NumberfUNiT) Distance(M)
1 2 1.650-
2 2 0,000
3 2 ~-1.650
Eccentricity........c.ocun varsee.a.BE= 0.000 M

TLG-1-238 -
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(113VERTICAL LOAD

1)Without Buoyancy

Welght of Concerete.....vovevarenenas . WGz 97.657 TON
Weight of Soil (on the foundatlon) .WS= 0.000 TON

Vertical Load.. .. viieevivsnrenn pP= C+NC+WS= 208.607 TON

- 2)¥ith Buoyancy

Weight of Concrete.., v veivevinnnenn ¥C= 57.157 TON
¥eight of Scil (op the foundatiom)....Wi= 0.000 TON
Vertical Load. .. .o envenannns P=C+¥%WC+¥WS= 168.107 TON

(12)PILE CAPACITY

Camp. Side...QCY=15*RsN*x 2D"2/4+ ({(NS*LS)/5+ (QULLCI/2)xwm D)/ 1.35~2=xWP
o = 85.793 TON/UNIT

Uplift Side..QTY= ((NS*LS)/3+(QUsLC)I/2)% 2 #D+1, 5%P* /1.
= 21.060 TOXN/UNIT

'(13)OVERTURNING MOMENT

1)Without Buocyancy

Comp. Side....coenvrnn. L MC= QB*(H+£)+P*E- 5.733 TON-M
~Uplift S:de....MT QB*(H+t)+I T-WC-%S | =E= 5,733 TON-M
2)With Buoyancy
. Comp. Side.....veaeens.. HC=QB#(H+t)+PxE= §,733 TON-M
- Uplift Side....MT=QBe(H+t)+ | T-WC-WS | %E= 5,733_TQN“M
(14X¥EIGHT OF PILE
Without BuoYancy......se.ss. cesaaan L. WP 5.890 TON/UNIT

Hith BUOYANCY et v v errovnsnnnnanneans WP's '3.440 TONJUNIT
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133

{19)LOAD DISTRIBUTIVE

¥ithout Buoyancy. ..o it i it ennns KA= 0.436
With Bouyancy.......... R Ka= 0.311

(16)YPILE REACTION
ljcomp. Side

Row of pile Without Bunyancy_(TON/UNlT)' ¥ith Buoyancy (TON/UNIT)

) 35.637 ' B © 28.887
2 34.768 . 28.018
3 33.889 ' 27.149

2)Uplift Side

Row of pile Without Buoyancy (TON/UNIT} With Buayancy {(TON/UNIT)

i 8.440 : 10.302
2 7.950 . 9.704
3 7.460 . 9.106
(1TISAFETY FACTOR
1}¥Without Buoyancy
Comp. Side.....o...........SFC=QCY/NCmax= 2.407 >= 2.0 =OK=
UPTift Side.eeensenunerenns SFT=QTY/NTmax= 2.495 = 2.0 =0K=
2)¥ith Buovancy
Comp. Side....... veee.....SFC=QCY/NCmax= 2.970 >= 2.0 =OK=
Uplifl Side...... “evr......S5FT=QTY/NTmax= 2.044 >= 2.0 =OK=
(183)E-LOAD
1)¥j thout Buoyancy
WC+¥S+NxWP= 132,997 TON >TO= 7.600 TON =0OK=
23¥ith Buoyancy

WCA WS« N WP = 77.797 TON >TG= 7.600 TaM =0K=
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*%xPILE TYPE TOWER FOUNDATION C(HI )%k .-

TOWER NAME..... NO. DR4-S-IL D4-S-p

(1)LOAD CONDITION

COMP. LOAd. st aererecnersrionennnns

C.= 245.32 TON
Uplift Léad...v.iiveeneasncinaneaea.T = 201.88 TON
Hori. Load.......... feerraearearas.-@ = 12.37 TON
Hori. Load........... I =) B 0.78 TON
E-L0Ad.+eeuurnnernrsensarenseassaes.TOs 76.67 TON
(2)STRATUM DATA
No.  Stratum No. N-Yalue(N) Thickness(L) _ ~ NxL
1 1 0C .0) 2.50 M 0.000¢  0.000)
2 1 1¢ 1) G.50 M 0.500¢ 0.500)
3 2 3¢ 3 1.00 M 2.500( 2.500)
4 1 CT) 6.50 M 45.500(¢  45.500) -
5 2 16( 6) 2.00 M 32.000C 12.000)
6 1 50(50) 1.50 M 75.000( 75.000)
Sand (total)......... e cerev. NS%LS= 121,000 TON
( 121.000)
Clay (10881} vuueneirsnnnicnrannn QUsLC= 34.500 TON
( 11.500)

(3)WATER TABLE. .............. eeee....¥L=- 0,000

(4)N-VALUE OF BEARING STRATUM.........N = 46

(5)BULK DENSITY

2.400 TON/M"3
0,000 TON/M"3

ConCret . iue e v ie s sttt s nnenrrrenns e ¥
S30il (on the foundation)............852
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(6)DIMENSTON OF FOUNDATION

0.730
0.950
6.000

N 6L
M
M
2.500 M
M
M
g

0.450
4.000
0.1906

ol i i ol = B = g =)

L2 O (S LTI [ |

d Lo

{(TYPILE TYPE (driven piile...l,cast in place conc. pile...2)....

(8)PILE CONDITION

0.914 M

Diameter of Pile......vivevnernaa.D =
Length of Pile...... vheieeenresreas..Lo® 14,000 M .
Lnit ¥eight (without buoyancy)......Gl= 1.575 TON/M
Unit ¥eight (with buoyaney)......... G2= 0.919 TON/M
Blockade Ratio.........i.viisnvnen..R = 1. 000
(8)LIMIT OF PILE CAPACITY
COMP. SIAC. . evirrsreenrnrnraennnss QCA= 334,000 TON/UNIT
Uplift Side. . v iv i ensan L. QTA= 131.000 TONSUNIT
{10YCONFIGURATION
Row of pile Number(UNIT) _ Distance (M)
1 2 2.050
2 2 -2.050

Eccentricity..................0v . B2 0.000 M
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(11)VERTICAL LOAD
1)Without Buoyancy

Weight of Concrete.. ... . iuviennnnn.. HC= 216,784 TON
¥eight of Soil (on the foundation)....WS= 0.0006 TON
Vertical Load... ... v vvnneen. .P=C+WC+WS= 462.104 TON

23¥ith Bueyancy

Weight of Concrete..... T WC= 126.784 TON

Weight of S0il (on the foundation)....WS= 0.000. TON
Vertical Lead......... [P .. P=C+¥C+¥W8= 372.104 TON

(12)PILE CAPACITY

Comp. Side...QCY=15+RNs 7 xD 2/ 4+ {NSHLE)/5+(QULLC)/23% 5 #D) /1. 5-2%KP
= 334.000 TON/UNIT |

Uplift Side..QTY=s((NS*LS)/5+{QU¥LC)/2)% =& #D+1 . 5WP*)/1.5
= TFO.T73 TON/UNIT
{13YOVERTURNING MOMENT

1)¥i thout Buovancy

COmp. Sid€.....uvvsenr. .. MC=QB%(H+t)+P3Es 2,301 TON-M
Uplift Side....MT=QB#(H+t)+ ] T-WC-¥S 1 %E=  2.301 TON-M

2)¥ith Buovyancy

COMP. Side..v.oveunnss.. HC=QB#*(H+t)+PxE= .301 TON-M

2
Cplift Side.... .MT=QBx(H+t)+ | T-WC~-WS } *E= 2.301 TON-M
(14)WEIGHT OF PILE
Kithout BUuoyYanty ... .o vesnsconnnnsns LWP= 18.113 TON/UNIT
Fith BuoyanCy...e.vevun e ter e WP'= 10.569 TON/UNIT
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(15)LOAD DISTRIBUTIVE

Without PBuoyancy........
¥ith Bouyancy.......

+ KA=
ove s KAS

LR R A R R

LR BN B R

(16)PILE REACTION
1)Comp. Side
Without Buoyancy {(TON/UNIT)

Row of pile

115.807
115.245

LI

23Uplift Side
Row of pile ¥Without Buoyancy (TON/UNIT)
1 28.741
2 28.423
(17)YSAFETY FACTOR

1)¥ithout Buoyancy

... SFC=QCY/NCmax=
«..SFT=QTY/NTmax=

Comp., Side......euv..
Uplift Side.....

-8

B s oa s s

2)Wi th Buoyancy

COMP. Sidee. vununeeeeenons SFC=QCY/NCmax=
Uplift Side....... ... .SFT=QTY/NTmax=

DR )

(18)E-LOAD

1)¥ithout Bugyancy
WCH+WS+N*WP= 289.234 TON >TO=  76.670 TON
21%ith Buqyancy

WCrHS+N=WP = 168.058 TON >TO=

TLG-1-245

0.434
0.30%8

¥With Buoyancy (TONJUNIT)

93.307
92,745

¥ith Buovancy (TON/UNIT)

35.0382

34.663%
2.884 >= .0 =0K=
2.462 >= 2.0 =0K=
3.579 »>= 2.0 =0K=
2.019 >= 2.0 =0K=
=QK=

76.670 TON =CK=



11. LEDGER FOR INDIVIDUAL TOWER
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