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CHAPTER 1 ~ PLANNING OF IRON ORE AND COAL BERTH

I-1  PRINCIPLE OF PLANNING ) L
In 1570, it was decided to. establish a major up-to-date Steel Mill 15
Pakistan. Port Qasim, with the advantage of deep sea watera for the‘
transport of Taw materials, was selected as the location of the Steel

Mill,

From the beginning of the feasibility study, alternate.siteerqere
considered for the location of the Steel Mill, From the point qug_:.:
marine transport, the area areund the entrance of Phittl Creek will

be a favorable site with access of deep water, Howaver, a wide space
on land with a favorable foundation may be secured in the rear aree

of Gharo Creek Comparing the two sites, it was decided to locate the

Stee1 Mill in the Gharo Creek area,

The Gharo Creek is 24 km inland from the entrance of Phitti_Creek.

As iron ore and coal must be,transeorted to the inland location by
large carriers, a wide channel must be dredged.over a long distance.

In general, ports are deﬁeloped for medium ane small size veseeis_ie
the early stages, and gradually develop 1nto:major ﬁorts fer.la;gerl
vessels. Contrary to, the general port develppment_pplicy, Port_Qesim
will be developed to meet the demand of large ore carriers in the first
stage, and_general‘cargo,be;ths for medium:vessels'will beeeonstrueted

in the second stage.

‘The construction of the Iron Ore and: Coal Berth will be a siginificant

project in the development of Port Qasim..

Though situated at a considerable distance form the sea,the Gharo



Creek area prossessés advantages for the comstruction of a port complex.
_Besidgs the Iron Ore and Coal berth, various terminals may be construct-
ed in the area. Wtih a Port Control Office in the afea as well, with

various facilities centered in the Charo Creek area, it will be a great

advantage from the point of port operation.

Hoﬁever, the iron Oré and Coal Berth will be a facility for the exclusive
use of the Steel Mill, wﬁiie other facilities will be for public use,
An exclusive be?tﬁ wiil hé ﬁperated independent;y from public_ﬁthhs.
From the poiﬁt of ore dust and hoiSe'during.loadihg and unloading, it

will be advisable to construct the Ifon,ofé and Coal Berth at a certain

Fh

distance from the public wharves. -

It will be quite feasible to develbp'a port cbmpléx élpng the banks of
Gharo Creek, and construct the Iron Ore and Coal Berth in the adjacent

area.

I-2 LOCATION AND ALIGNME&T

The proposed site for the Iron Ore and Coal Berth at the entrance of
Gharo Creek cannot be said to be a favorable locatlon for the -const-
ructiop of berth facilities from the geographic and hydraulic point of .
view, with a crossing of creek systems, subject to the effect of tidal
currents and littoral drift. However, at the shortest distance from the
Steel Mill, fhé ;ite has bsen_selected with regard to thg flow.of.Gharo
Creek, With considgraciénslto aﬁoid hydfaulic changes which may_affeqt
‘sedimentatiﬁn and erqsion Qithin the creek as far as pﬁséible, aﬁd to
fall in line witﬁ the fiow.in the creek, the direction of the pier

face line has been detérﬁiﬁed ag follows.



Fig., I-1 Alignment of Berth =~
E 2260468.36 yds. % i Distance will depend on design of Bérth..
N 871236.62 yds. '

é—B&a
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Bore Hole 108 Pilap

3_2260335.59 yds.
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I-3 QUTLINE OF FACILITIES
The berth 18 to be designed to meet requirements of vessels of 25,000
DWT -~ 50,000 DWT in the firs£ stage of port development, and vessels
of 75,000 DWT in the second stage. Hdwévef, structures will be designed

for vessels of 75,000 DWT to provide for ‘the second stage.

1. Berth
The berth will include berthing facilities, unloadex pier, belt
conveyor system, ducts for water supply, electric power and fueling,

and mooring facilities.

2, Approach Trestle

Iron ore and coal will be delivered from the berth of the ore

carrier to the Steel Mill by a belt conveyor system. The belt
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conveyor will be installed on an approach trestle. The approach

trestle will also serve as the passage for bulldozers to unload

iron ore and coal, as well a8 workers to be engaged in unloding

operations,

1-4 ALTERNATE TYPES OF CDNSTRUCTION '

The following three alternate plane will be studied to determine the

structure of the berth.

1) Gravity type wharf

Advantage:

Disadvantage:

2) Open type pier

Advantage.

ﬁisadvantege:

- The method of construction will be

simple.

The foundation will be subject to
scour by tidal currents with risks
of failure.

May be easily connected with rear
areas. The foundation will withstand
scouring.

'With a wide area, the cost of con-~
struction will be high.

3) Detached pier type wharf

Advantage:

Disadvantage:

The foundation will withstand scouring,
and cost of construction will be low,

An approach will be required for
connection with rear areas.

From comparison of the above three types of construction, it is recom—

mended that the berth be designed as a detached pier type construction.



 CHAPTER IL | SOIL’ CONDITIONS

Subeoil investigations at the prOposed aite ‘for the Iron Dre and Coal
Berth have been carried out by H/s Volkerman Ltd. (Pakistan) from 19&5
to’ 1975. The ground foundation and sovll conditions will be evaluated
" on’ the basis of the report of the above investigations, "Iron Ore end
Coal Berths, Memorandum, Stratigraphy and Subsoil Conditions, September;.ﬁ

1975," prepared by the National Engineering Services, Ltd,

The location of bore holes and the soil profile are as shown in F:I.g.:f

‘2-1 and Fig. 2-2,

Furthetmore,.from October‘l9?5, garticuleriy in regard to the soil
conditions at the proposed site of the berth, supplementary investigation-
has been planned at three points, R,S. and T along the proposed berth
alignment to obtain accurate data for designing, and to check tha- resnlts
of_previous investigations.. Thé:inﬁestigation-is being carried'out

bj M/s Volkerman ﬁtd, nith technteai anvice from specialists in soil

investigation from Japan.

Results obtained from the supplementary investigation so far are boring

iogs of the above three bore holes given in Fig. 2-3.
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According. to Fig. 2-2 and 2-3, with elevationilevelf-SO' n 55" ag roughly'
the border, the subsoil of the present sea bottom may be largely divided
into the upper Btratum of soft clayey silt and the lower stratum of hard

muds tone,

However, the assumed border line between the hard and soft layers
drawn along the proposed berth site (bore hole 103 ~ 108) must be-closely
evaluated in designing the berth structure in regard to the judgement of

hard and soft soil and the accuracy of depths:

1. * Upper Stratum

.From site observation the upper stratum consista of gray clay'to

silt,

According to soil investigations carried out up to September 1975,
results of most standard'penetretion-tests in the upper stratum
record N values = 6 v 8,

According to laboratory'tests-of samples‘ooileoted, the moisture
content is 10 ~ 16%, the liquid limit 26 ~ 47%, and the plasticity
index 3 ~ 19%, revealing extremely low values,‘which‘do not seem
to represent the soil at' the site.

From supplementary investigation, it was found that the upper
stratum is so soft that boring rods penetrated into the bore holes

at points R, S, and T by their owit weight.

»

According to results of vane tests, the distribution of shearing
strength shows the maximum value of Cu ¥ 0 3 kg/cm around elevation
—50'; and it may be assumed that the values show a gradual decrease

to N = 1 or less around the sea bottom,
In'general, the upper stratum cannot be sald to be favorable soil
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as supporting foundation for principal structures.

2. Lower Stratum

Ffom'sité'observation, the lower sttéiﬂm-$é§'5é'ju&ged to be hard
browﬁ'éilty bla&; As shown in Fig. 2-2, tﬁe'lhyers"ékfend'ffoﬁ
elevation ~507 ~ 55' to depths beﬁbnd';lbo';;aﬁa ihjiﬁvestigations
éarfiéd out up to Saptéﬁﬁéf”1975,'the aoil-has been classified
uninformly as hard silty clay. ' Laboratory tests of cores collected
from bore holes, in the proposed site'for~the Iron'Ore-and'Coﬁl-
Berth and the vicinity reveal that the unconfined compressaive

strength of the soil is, .

qQy = 2.7 - 9.2 ton/ft? & 3-10kg/em? -

)

The value is a slightly lower test value than the assumed hardness.
Hoﬁeﬁef, in addition to data from the aboﬁe'éomprehensiﬁe report,
particularly in the surface layérs of the lower stratum from eleva-
tion =50' ~ 55' to elevation —65' ~ 70"§enetréted Ej'théjtaSihg
plipe in the course of boring, close Examinaﬁibn of results of
supplementary investigation at bore holes R and S reveals an
obvious variation in hardness of  the soil, In bﬁth bore holes,
the surface layers are of N value = 50, while immediately below
in depths of ~62°, the hardness decreases to N value = 31 ~ 35,
and further down, immediately, layers of N = 50 are encountered

again. »

4

As the variation in hardness is also observed at bore hole T, it
may be assumed that the trend continues throughout the section of

bore holes 103 - R - 105 - S -~ 106.

On the other hand, at bore hole 108, the casing pipe could not be

2-6 -



penetrated beyond depths Pfhfﬁof).with,ﬂ4V91995.FH785 89 and 50,

revealing a sudden solidification of the soil.

The surface layers of the 1ower stratum show a variation of hardness
in the course of changing to mudatone. it may be assumed that -
the layera are not of uniform characteristics along the same

elevation or in different depths.

r=.

However, on the whole, the 1qwer stratum may be said to possess
sufficient load bearing power as supporting foundation for heavy

struc ture_s .

"Investigations carried out up to October 1975, consisted mainly

of seolgsical survey as mentioned above. On tha other hand, the
detaiied supplementary survey carried out from October 1975,
particularly in regard to the hardness of the surface layers of
the lower stratum, has provided useful information for the design—
Jing of ‘the berth atructure. However. the survey cannot be said

to be quite sufficient in the number of holes surveyed

The berth structure will be designed on the basis of available
data. In the course of construction, it will be'uecesaary to
carry out further investigation to check partial variation of the

soil in advance.
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' CHAPTER-III' -~ BERTH CONSTRUCTION SYSTEM-

- III~ l ALTERNATE BERIH STRUCTURES

Prior to the detailed designing, varioug alternate plane heve been studied R

for the berth conetruction of the Iron Ora and Coal Berth and it has'
been concluded that a detached pier type structure completely indepeneent
in the.creek eystem would be the:ébtiﬁuﬁ blah.f'in‘tﬁé{bfeeeut etudy;":
the following three alternate typas of construction will be compared for
the foundation of the pier. =
1) :f;CQ pile atfuefute
2) .S.b. pile structure i
3)  Caisson structure |
Comparison of the atoue'tﬁree eitetnete tyuee.of‘struetute'will be con=
ducted on the basis of various problems involving the effect on tidal’
currents in the creek eystem, subeoil conditions, and berthing of veasels,
a) Effect on tiadal currents
The above structures 1) and 2} may be recommended from the point
that a foundation of pile'construction will not affect tidal -
currents to any large extent.
In case of a caigson structure 3), if the caissons arxe lined aiong
the entire extension of the berth, an obstacle of island form will
be created in the creek, aud the structure will not be a favorable
type of construction from the point of tidal currents. Therefore,
the caisson type structure will be designed to place the caissons
at uniform intervals to allow the flow of tidal currents between

the caissons.
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b) - Subsoil cqnditiuné;-.;

At the proposed site of the: Iron Ore. and Coal Berth, shrféce-iayerg

of the subsoil consist of relatively soft silty clay.t.Belbw ﬁhe.
design water depth (-47').in lower-layers beyond depths of appfoximétély
-50' ~ -55', continuous layers of hard silty clay with N values.ovgr

40 are. found.

Difficulties to be encountered in driving long piles into the hard

" material must be'cohsideied‘in'dééighing'pile structures 1) and 2).

¢)  Berthing ahd‘unlbﬁdingléﬁuiﬁméhf
Generally, in iron ore and coal berths, the structure of the pier
is designed to resist.external forces of vessels and unloading

equipment. ..

~ In case the impact force and pulling force of vessels are particularly

8trong, to avoid unfaveorable effects on.the.unloader, breasting

dolphiﬁs and mooring dolphins will be. constructed as separate

structures from the pier.

However, 1f it will be possible to ‘construct an unloader piler
with sufficient strength, the pier may be expected to perform
functions of breasting and to a certain extent, of mooring for
vessels, an advantage from the econcmic point as well. The case

may be applied particularly to a pier of caisson structure - 3).

’

With consideration for the above three conditions, alternate plans
for berth construction will be designed with structures and

framework as shown in Fig, 3-1 ~ 3-3,

T Y



1, P.C. Pile Structure (Refer to Fig. 3-1)

The length of the berth of approximately 300m will be composed of
blocks of approximately 30m in length. 1In each bléck, in mesh
arrangement of 3 v 4m, a large number of long prestressed concrete
piles of large diameter will be driven in as vertical piles. The
superstructure of each block will be a combined floor system
structure of beams and slab of reinforced concrete, and rails

for the unlpader track will be lald on the beams.

A pler of P.C. pile structure will be able to function as both

breasting and mooring facllities for berthing vessels.

2. S.P. Pile Structure {Refer Fig, 3-2)
i

A S.P, plle structure will be studied as the most favorable design

among alternate plans under comparison.

In a berth of steel pipe pile structure, for the unléader pler,
a group of piles will be driven in at intervals of approximately
20m in the direction of the pler axis, The pile groups will be
composed of raking piles with comparatively shallow penetration

inte the foundation ground.
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P.C. girders will be installed between the pier studs, and rails

for the unloader track will behlaiq_dp ;hergigdgfs.‘rln a pile
type foundation, 1n.o:§ep togsegprg_thg‘ra11 gag?g“in ;ogiéioq;
pilea_qn:the sea,aide“gnq,landVQQQg_will‘be.jp;n§§_iniéai?éiﬁyrr_
castfin-ﬁléce cdnqrgte tops.__The:gPPer surface will be a decﬁ_
fpr :he bglt conveyof system and transit. Tp reduce the cnnst;
.rugtion ﬁériod an& éiiﬁiﬁ;te shﬁtfééiﬂé at'tﬁe'éiééiﬁé faf.as
pbssible, thé aeck_ﬁill be Ef pfécag£ concre£é.§1ab;‘

A pier of steel pipe pile‘struc§urg.will fuqé;ion as a brgag#iqg

facility, and as a mooring facility to a certain degree. _

3. Caisson Structure-(Refer to Fig. 3-3)

In a concrete calsson type berth,:fqr ;he uqloader pier,_re@tangular
parallelepiped caissons will be arranged‘atViptérvalé’of.approximate—
ly 20m in the direction of the pier. axis in twoflines: The.;pp,of
the front and rear cailssons will be joined as one body by massive |

cast-in-place reinforced concrete.

The superstructure will be a floor system of precast concrete

along the same reasoning as the case of a S.Pf plle structure.

I1T-2 COMPARISON OF STRUCTURES |
A comparison of alternate plans for therdetgiled dgsign pf:thg Iron Ore
and Coal Berth will be carried  out with regard to the following problems.
1. Construction method
2. .Cqﬁstruction.cost gpa béfioq
The type of structure to be adopted must be of easy;constructlon at fhe

site, with advantages in the construction cost and period.



1. - ‘P.C. Pile ‘Structure

- 1f the unloader pier is to bE‘of-;akingﬁpiie stricture, deep
~‘penetration of pi1es will not ﬁe required;“'Hodevef; 1t will be
extremely difficult to drive in P.C. piles (raking pileé)7of'heavy :
" weight directly into the hard ground. - |
Kbﬁ.ﬁha other hénd,'in caééhbf”aivertféal'ﬁifé skfﬁcﬁﬁfé:”ﬁn

embedded length of piles fncluding the calculated safety factor
'muét'bé secured. Judging from available soil data, though it may
be difficult to drive in pilea directljzto’thernECESSary EmbEdded
length: it will be possible to drive in piles by'driiiihg pllot

holes!by auger machines in-advance. -

However, in case of P.C, piles, from the limit to the size of

diameters of piles to be prefabricated (Erom the function of .the
‘pection), a great many number of piles will be required for the
dolphins, involving a large amount:of ground drilling. The

pile driving will require engineering technique of high level.

Notwiéhstanding the advéhiage that bééic materials for P.C.

piles Are produced locally,' the above problems,: together‘with

the problem of providing for the P.C. pile prefabrication plant,
will result in an iﬁérease in the cost and period of berth con-
struction. The rate of foreign currency'in.the'construction cost

will also be: a congiderable figuré.

Therefore, involving various difficult problems, the P.C. pile
. type structure will be ruled out from the comparison of alternate

plans, .



2. !8.P: 'Pile Structure

In case of steel pipe piles, even in soil layers with N values
over 50, if the soil 1s not of base rock, genéfniiy,:ic ié'pcssible.
to drive in piles to depths 0f 1 & 2m. From the soil conditions

‘at the proposed site, it may bé'juéged that in case S.P. piles are
used, a certain degree of embedded length may be secured, but the
value is cnknown. However, -the problem may be solved by conducting

test driving prior to the actual pile driving.

Therefore, in case a sufficient embedded lenéth?cénnot-ce secured
for raking piles of the unloader piler, it will be advisable to

1)

design ‘the pier head as a gravity type structure so that pulling

of piles will not oceur.

In case vertical long steel pipe piles are to be used for tha
mooring dolphins. piles will be driVen in by drilling pilot
holes. As steel pipe piles possess higher sectional function, the

number of piles.to be driven im will be far less than the case of

P.C. pile dolphins, and pile driving will be easier.

The ccnstruction period will be_shorter comparcd to P.C. pile
scructures. As S.P. piles must be importcd, thc use of the piles
will be contrary to_the.principle to use domestic material as

fnr as_possinle. Howevec, from the point of safety and reliability
of che entire berth construction, the use of S5.P. piles must be

tolerated.

3. Caisson Structure

The calsson structure will be considered Erom the point of con-

hstruction cost, as a method to take advantage of the hard Eoundation

of the site.



In relatively small depths (-50" ~ -55') from the design water
depth ( 47") at the proposed berth site, hard silcy clay dEposits .
are encountered. By removing the upper soft 1ayers by dredging,

. and replacing the material with foundation rubble scones. a largé ~
ground bearing capacity may be obtained.

_ However, diffic#;gieé will_bg enéounferéd iﬁ éﬁercﬁﬁrse:ﬁf ﬁaking
caissons. The conséruction.ofra caisson yard requires a long |
pefiod of time and an eﬁbrﬁbﬁé amount of funds. In case a floating
dock is to be used, the cost of transport from abroad will amount
to a large sum. If the number of caissons to be formed is small,
the construction cost of the berth will be extremely costly. As
a third method, the caissons may be cast-in-place on the shoals in
the creek. When the caissons have been formed, the material in
front of the calssons may be dredged, and the calssons may be
floated and towed to site. However, engineefing technique of high

level will be required for this method of construction.

111-3 RECOMMENDED CONSTRUCTION SYSTEM

From the above discussion of alternate plans for the berth structure,

it has been concluded that the P.C. plle structure will be ruled out

from the detailed designing as it may be judged that it will be extremely
difficult to drive in P.C. piles at-the proposed site for the foundation

’

of the piler.

A steel pipe pile type structure and a caisson type structure will be

studied as alternate plans for the detailed design of the berth construction.

~ From various studies and the detailed designing to be carried out, the

structure to be finally adopted will be determined from the two alternate

310,



plans.

From discussions conducted so far, it may be concluded that an Uhloéder
pier of 5.P. piles will be'thé most favorable structﬁfa.fqp.;he I;dq_Orgﬁ
. and anl,Berth.

In case of a caisson structure, it will be advisable to study methods

to prepare the céissons'at low cost. .
(Refer to Appendix:"Structural Analysis and Study of a Caisson Type .

Pier)
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 CHAPTER IV - DESIGN CRITERIA

The berth structure and unloader pier foundation will be designed according

to the following criteria. o

1. Soil: Conditions

From the evaluation of subsoil conditions discussed in Chapter 11,
the design soil conditions will be largely divided into Type I and

Type 11 as shown in Fig. 4=1,

Fig. 4-1 Design Soil Conditions

T Approach trestle
Unloader pier abt. 300 m .| . . . .abt. 150m
250m ~.50m 50m 100m
. (TYPE -~ I) S (TYPE ~ II)
o CHART DATUM - 0.00
WATER
_ o EXISTING
SEA BED
WATE
ATER -30' ~ 15
EXISTING SEA BED -29' n -35!
:  SILTY CLAY
SILTY CLAY TO CLAYEY SILT To Clayey Silt
Cu = 0.1+ 0.3 kg/cm3 ‘ Cu = 0.1 0.3 kg/cm
~15m . -  -16m
" FINE SAND N = 30
HARD SILTY CLAY | -18m |
= 40 ~ 50 HARD SILTY CLAY
~20m S | ~20m N-= 40 ~ 50
HARD SILTY CLAY . '
N o> 50
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Berth Structure

Length o abt. 300m (1000 ft.)
Length of approach trestle abt. 150m (450 ft.)

Crown height of structure

‘dolphin o + 4.50m (14.8 ft.)
unloader o + 6.00m (19.7 fr.)
approach trestle + 6,00m (19.7 fc.)
Berth depth (75,000 DWT) - 14.30m (-47 ft.)

Design berth depth

(allowing for over-dredging) - 14.90 m (~48.9 ft.)

Dasign ship size

Ore carriers 75,000 DWT, 50,000 DWT, 25,000 DWT

. Vesse) lengfh o 247.0 m
Veasei width 35.4m
Vessel deptﬁ 1B.9 m
Full-load draft 134w

Displacement tonnage 97,000

Weather and Sea Conditioms

Desigﬁ tidal levels ERAW ‘ +.3.96 m (—‘13.00 fc.j
(chart datum +0.00) IR
HAT + 3,96 m ( " )
MHHW + 3;40 m:(+11.16.ft.).
' MLﬁw .t 2ETHM f% 8.76 ft.)
| MSL - +2.05m (+ 6,73 ft.)
MHLW + 1.43 m (+ 4,69 ft.)
MLLW +0.70 m (+ 2,30 ft.)
LAT - 0.6l m (- 2.0 ft.)
ERLW :_ - 0.83m (-

2.70 fr.l



" Tidal currents

‘Currents parallel to berth

-Currents perpendicular to

berth '
Wind velocity

On unioaders_qqykiug

:dn_ﬁnlogde;s in‘é;éfﬁs

On vessels in berth

2.0 m/sec.

79.5 m/sec.

nld.3 m/sec (Zo-knoté)

31.0 m/sec (60 knots)

20.0 m/sec (39 knots)
Temperaturé ' _ S
In air _ 40°¢C
| to 5& ignored

In water, underground

Average for structural 20°cC
analysis '

!

Sedsmic coefficient
Lateral ‘ : 0.1
Vertical o V 0.0 |

5; Lbad.Conditions of Unloading Equipméﬁt:.'

ﬁnluading equipment for iron ore and coal wiil'inélude-uﬁioadérs;
bulldozeré, trucks and conveyors. _Mobil cranes are nﬁt in common
use to carry ore and cbal or buckets for repairs. Unloaders are
uééd in place of mobile cranes. If a pier ﬁith.a mobilerbrane
is to be constructed, the foundation of the pler and deck slab
must be relnforced in strength, requiring a large amount of con-
struction cost. Thérefdre, a mobiié cféﬁe will be ruied out in
the course of deéigning.
a) Unloader |
i Capacity: 1,000 tbﬁ/hr
1i Dead weight: 1,000 ton

1ii Number of wheels: 6 wheels x 2 = 12 wheels/corner
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Fig. 4-2 Wheel Layout of Unloader
lobpood Frebdbddd! Thdadbad!
!
| 5.50m !_ 50.50m | l__s_sgm__(
20.00m
27.30m 2.00
¥ 1

SECTION of rail track (one side) PLAN of rall track (one side)

R
X

51 = H

.|

P

0.'80 0.80 .
1V Wheel load
Leoad Wind Vertical Horlzontal Duration of
Condition Velocity ¢ (perpendicular) Load
Working Long period
in Position 20 knots 30 t/wheel 1 t/wheel Load
Travelling do 37.5 t/wheel* 4 t/wheel** Short
’ period load
In storms 60 knocs 35 t/wheel 4 t/wheel do
Note:

Approach of two unloaders will be considered

during operation.

* 30t x 1.25 = 37.5 t/wheel

*%30t x 0.1 + 1t = 4t/wheel
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b) Sﬁaiilnulldozers

Fig. 4-3  body Space of Bull&oger y

2.600m 1,000m

f Contactzface pressure
7.2 t/m

2.280m

Weight of body 13.13 ton

2.000m

c)  AASHO H-20 truck '

Fig. 4-4 Wheel Layout of Truck

11 (7l

— | E— —— &
&
=]
—

e -§2]

4.27m

Wl = load of front wheel = 1.8l t/wheel

il

W2 = 1load of rear wheel ' 7.56 t/wheel



d) Conveyor System

Fig. 4-5 Conveyor Load Positions on-Unloader Pier -

4 .475m

3.225m

, Center of unloader.
- rall gauge

Conveyor post

Unloader rail gauge 16.000m

Pltch of support 7.50 m

Reaction force of support 5 t/support

Fig. 4-6 Conveyor Load Positions on Approach Trestle

- 6,200m

5,300m

0.50m

Conveyor post

)

12.000m

Width of approach trestle

Pitch of support 7.50m

Reaction force of support 5 t/support

b6



e) Erection of unloader

Large cranes must not be placed directly on the pier for erec;
tion of the unloader and test working. The aséembly of large
parts of the unloader shall be car;ied out by floating cranes,
A de;rick crane may be used on the pler for the erection of the

unloader on condition that a temporary beam frame is used.

6. Surcharge

Unloader U.D.L. | Ordinary 2.0 t/m?
Extraordinary 1.0 t/m2
Approach trestle U.D.L. Ordinary 0.5 t/m2
Extraordinary  0.25 t/m’

!

7. Wind Velocities on Vessels in Berth

It will be difficult to provide effective storm bollards, as the
conveyor system on the pier will be in the way, and tﬁe size of
vessels to berth is uncertain. Therefore, on condition that vessels
will evacuate when the wind velocity is expected to exceed 15 - 20

m/sec, storm bollards will not be installed.

The design wind velocity when vessels are in berth will be 20 m/sec.
In cases of extraordinary storms, with wind veleocities over 20 m/sec,
vessels in berth wiil evacuate to the water area in front of the berth

with sufficient space and depth for anchoring of vessels.

8. Berthing of Vessels

At times of berthing of vessels of 50,000 DWT - 75,000 DWT at the
iron Ore and Coal Berth, the engine will be stopped at a distance
of 1 - 2 km from the berth. The vessel will then berth with the aid

of a tug approaching‘parallel to the berth as far as possible.

47



Berthing speed o 10 cm/sec.
{at the center of gravity of the vessel)

Berthing angle 6° or less

In deberthing, the vessel will stay hack while the tug pulls the
vessel out to the turning basin. Then the vessel will turn and leave

port. Refer to Fig, 4~7 and Fig. 4-8,

9. Strength of Construction Materials

a, Steel
i. Steel pipe pile &y 3 24.61 kg/mm? A.S.T.M. A252
' GRADE 2
ii. Reinforcement Sy 3 24.00 kg/mm2 -

{ y: yleld point strength, allowable stresg will be

based on A.S5.T.M. 615.)

ii1. P.C. steel wire §t > 175 kg/mm2 A.S.T.M. A4S
GRADE 250

iv. P.C. steel bar &t > 102 kg/mm? A.5.T.M. A416-68
GRADE 250

(8t: tensile strength, allowable stress will be

based on A.C.I. 318-71.)

b, Concrete

i. Prestreesed concrete 828 > 350 kg/cm2

ii. Precast reinforced concrete 628 > 300 kg/cm2

iii, Cast-in-place reinforced 828 > 240 kg/cm2
concrete

( 528: 28 day strength, allowahle stress will be

based on A.C.I. 318-63 1003.)



10. Corrosion of Steel Pipe Piles

Rate of corrosion ~ one side 0.1 mm/yr
Durable years Corrosion 30 yrs + cathodic protection
20 years

The effect of cathodic protection is reduced when the steel {8 exposed
to air. The part of steel pipe piles exposed above water level of

-1.00 m, will be coated,



Fig. 4-7
MANEUVERING OF BERTHING VESSELS

Fig. 4~8
MANEUVERING OF DEBERTHING VESSELS
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Chapter V Mooring and Berthing of Vessels

V-1  MOORING OF VESSELS

1. Arrangement of Piler Studs and Mooring Posts

(1) General line handling

Fig. 5-1 Arrangement of Mooring Lines

\

ql
4

Spring
line

a. Lines in frequent use are the bow and stern lines, A
favorable angle between the bow and stern 1ine§ and the
shoreline of the berth will be of 30° ~ 35°, and the
maximum allowable angle will be in the range of 25° 457,

The mooring posts will be bitts.

b. 1In case of storms, breast lines will be pulled at a
distance longer than the vessel width from the shoreline
at an angle of 45° as storm lines. The mooring posts will

be bollardq.

c. The standard arrangement of bitts in regard to number
and intervals on a berth for large ocean-going vessels is

as given in the following table:
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Table 5-1 Arrangetment of ﬁitts

Displacement Maximum Minirmum
Tonnage of Interval Requirement
Vessel, of Bitts per Berth
20,000. ~ 50,000 tons 35m 8 bitts
50,000 ~ 100,000 tons 45 8

(2) Particular line handling at proposed berth

As discussed in Section II of Chapter III Berth Construction
System, for a steel piﬁe pile structure, the pler studs will be
arranged at intervals of 18 m aleng the entire length of the
berth, from the desirable span of P.C. girders for the travell-

ing unloader from the economic point of view.

As bitts will be installed on the pier studs, the arrangement
will provide for the installing of bitts at intervals of 18 m

and 36 m.

Even under wind velocity of 20 m/sec. on vessels in berth, a
considerably large pulling force will act on the hitts on hoth
ends of the bertﬁ. The end bitts will be installed on the
mooring dolphins of independent structure from the unloader

pler.

Nevertheless, at the proposed berth, it will be difficult to
instal efficieht storm bollards for breast lines due to the
conveyor system and uncertain vessel sizes. Therefore, it will
be necessary to plan the evacuation of vessels in times of

storms,
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The arrangement of bitts and line handling for various

vessels sizes at the proposed berth are shown in Fig. 5-2.
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Strength of Mooring Posts

(1) Wind pressure and tidal current pressure to act on berthing
vessels

Wind pressure due to winds of wind velocity of 20 m/sec., and

tidal current pressure due to tidal currents of 20 m/sec., from

the ship axial direction, and tidal currents of 0.5 m/sec. from‘

the ship width direction may be calculated as follows.

i. Calculation of wind preésure
Wind pressure on vessels in berth may be calculated accord-
ing to the following formula.

R = % Cuz(Acos

20 + Bsine)

Where R: resultant force.of wind pressure (kg)
p: alr density 0.123 (kg-seczlm4)
v: wind velocity (m/sec)
A: area of front reflection of vessei on water.(ﬁz)
B: area of side reflection of vessel .on water (mz)

Ore carrlers

n

Full-load 1log A = 0.42 + 0.480 log D.W.

[}

log B = 0,648 + 0,550 log D.W.

il

Light-~locad log A = 0.377 + 0.533 log D.W.

log B = 0.733 + 0.601 log D.W.
angle of wind direction and center line of hull
C: wind pressure coefficient

0° C = 0.69

where, @

where, © 9p° c= 1,122
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ii.

Calculatioﬁupf‘tidal,cufrent force

a. Resisting force against currents from the.bow ;‘,5
direction..

Resisting force between the vessel and flow of.tides

ffom the bow direéfioﬁ.may be calculated according

'ta'thé'following'formulq.“'

R = 0.14.8v%

Rg: -rééiéting force (kg)'
s é waterline afeaj(mz)
Ore carrier |
Pull-load log S = 0.871 + 0.660 log n.wi
‘Light-load log § = 0.632 + 0.661 log D.W,

V : velocity of tidal currents

b. Resisting force against currents from the petpeh—

dicular direction to pler axis.

Resisting force may be calculated according to the

following formula.

R =2, cve g

N

where
R : current pressure (kg)
p : sea water dehsiiy 101.5 (kg'seczlma)
C: curfenﬁ pressuré coeffiéiént, 4.60

B': alongside area below_drafﬁ line



cet,e Ore caryiers Voo

i

- Full-load log BY'='0.484°+ 0,612 Tog D.W.

Light-load 1log B' = 0.499 + 0,463 log
Add, Summary of calculations® - 7 E
; J_N';Wiﬁd fréssu}e,ForcenandnTidaiféurrent~#orcé'“Wigf“:“j
_ .Perpendicular to Berth ‘- parallel ‘to Berth =~
Vessel Tidal | . .. Tidal |- . - . |:
: Current | Wind Current Wind o
Pressure Presaure Total | Pressure | Pressure| Total -
Full= o, ¢ 58.9 t [ 233 t| 6.9t 9.9 t | 16.8 ¢t
load , , R L T SRS Bt
. 'DWT' . . . . R : ) N . o .
75,000 iight' 8.9 |127.0 [ 136 4.0 16.0 20.0
: oad - s o . .
Eg;é" 137.4 50.8 188 5.3 8.2 | 13.5
DWT L= : L : :
50,000 | Light~ R
Josd 7.4 | 1074|115 3.1 12,9 | 16.0 .-
igié- 30.0. .-32.2 .- 1"122 3.3 [ Stb' 9.2
25,000 | Light= |- 5 4, | ¢5.4 71| L9 8.9 | 10.8
load
(2) Pulling force of vessel

1. Pulling force R of the bow and stern lines against

- wind pressure and tidal ¢urrept.preséure from the piler

side may be obtained by vector analysis as shown in the

following table.

D.W.




Table 5-3 Pulling Force of Vessel

TR T S o ) R
175,000 DWT | Full-load 233 ton | 45° | 165t N

-..50,000 DWE | - . " 188 ton. | 30° | 18&;;f.
“asiooopwt | " 122 ten | .30° | 122t !

o 4d. - Pulling force R of the bow and stern linee against
.:wind pressure and tidal current pressure from the ship sxial
direction may also be obtained by vector anei§sis.‘ However,

as: the wind pressure and tidal current pressure are small;

the pulling force may be ignored.
’ .

(3) Hoofing pssts.

Accsrding to 1.5.0. standards, the breaking strength-of-mooringl.
lines for vessels of'75,000 DWT‘N 25,000 DWT 1s 75 ton/line. -
(Equipment number 7,400 ~ 13,400) Bitts will be instsiledfbn'
the pier studs and dolphins-accsrding to ‘the above standard

as shown in the following table,
i. Mooring bitts
Bitts for the bow asd stern lines at either end of the’

berth



'Tab

le 5-4 Bitt Capacity

o o -Actual ' Breaking
Position Bitt
Pulling Strength
of Bit.ts Force - Capacity of Line
75,000 DWT.. on dolphin «.| 165 ton '10228“.:2“3 Zszé?“ﬁéf
: - ‘ 70 ton x 3 75 ton x 3
SO,OOOIDWT on dolphin 188 ton = 210 ton = 225 ton
Pier stud
25,000 DWT ‘No. 2 122 ton Zolzgntx 2 Zslggn .
? 11. Manehvering bitts

b

- Spring . line bitts in the middle part of the berth and the

end bitts wili be used for maneuvering of vessels in berth-

ing and.deberthing. In maneuvering, the bitts may be used

for only one line at a time. Therefore, as the breaking

strength of one line is 75 tons, allowing for poor maneu-

vering, a bitt of 100 ton breaking strength will be install-

ed for maneuvering of vessels.

iid. Conclusion

From the above discussion, the arrangement of bitts for the

entire berth will be planned as follows.

Pier Stud

Dolphin No. 1

Fig. 5-3 Arrangement of Bitts

Mooring Bitts

Center of

Berth

5-9 -
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Manuevering Bitts

O 00000000

100 ton - - 100 ton 100 ton 7100 ton
x 1 bitt x 1 bitt/ x 1 bitt/ x 1 bitt
ISR pler stud  pier stud '

) Therefore.

OOOOOOOOO
| [ |

70 ton 70 ton 100 ton " 100 ton 100 ton
%2 bitts x 1 bitt x 1 bitt x 1'bitt/ %1 bitt
100 ton 100 ton. pler stud

x 1 bitt x 1 bitt

240 ton 170 ton

5-10°



V-2

+

BERTHING OF VESSELS -

1.  Arrangement of Fenders = -

The arrangement of fenders will be planned for the 16 pier studs an&,
2 dolphing shown in Fig. 3-2. Fenders must be arranged so that
vessels will not touch the pler directly before the fenders absorb

the berthing energy of approaching vessels,

Generally, in berths for vessels of large dimensions, fenders are
installed at intervals of approximately 20 nr, Fenders may be instal-
led at larger intervals if the concrete surface is projected at the

position for the instéllation of fenders.

At the proposed berth, applying the above method, fenders will be
arranged at intervals of 18 m:36 m in gymmetry to the left anﬂ right

from the center of the,bertﬁ; as shown 1in Fig. 5-4,

Fenders must also be ihstailed on the mooring dolphins.at both ‘ends

of the berth to providé for emergency in berthing and deberthing.
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 ARRANGEMENT OF FENDERS

Fig. 5-4_

&

: FENDER POSITION

wive = 1

— = —
L1 b a .t 1 T
IR
“Ih“...___k__ n._
i 9 G ¢ £ F4 |

.. 72

T gl

wog

tagl

gl wor T wel wWiE o ruelT Wiz
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Impact Force and Pressing Force of Vessels @
(1) Berthing impact of vessels . '
The impact reaction of fendgrs'will be calculated for the

following conditions.
Design conditions

Vessel type. 75,000 DUT ore carrier

Vessel length 247.0 n
Vessel w'idth'.= o ’35.4 n
Vessel depth : SR : 18.9 m
Full-load draft L 134
Displacement tonnage | 97,000 D.T.

Berthing speed {at berthing pbint) 12 cm/sec,

Maximum berthing angle 6

Berthing point of vessel 1/4 lenpgth point or
' 1/3 length point of veasel

i. Vessel's berthing energy (E)
The kinetic energy (ES) of a vessel is calculated by the

following equation..

: , 2
ES = g!- (t—m}
8
where
ES = gineti: energy of a vessel (t-m)

W estimated weight of a vessel (ton)

W= (1+%Il) Wo
D: ﬁréft"(m),
B : Beam (m)

Wo: Displacenent tonnage of vessel (D.T.)
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LV = berthing speed of a vessel (m/sec)
g = acceieration of;gravityn(g.é m/secz)*r
W= (1 + §*9 Wo .
B |
{1 + 35 4 o) X 97 0oo

E 170,435 t

ii. Energy lost by turning of the vessel (ER)

In most cases, a ship berths with either the bnw or stern
at an angle of a certain degree to the quay-wall or dolphin..
At the time of berthing, the ship turns and rolls simulta-
neously. For'thia reason, the total kinetic enérgy held by
the vessel is consumed partially as its turning energy, and
the remaining energy 1s conveyed to the mooring quay-wall,
The energy-lost (ER) by the turning of the vessel can be’

‘obtained from the following equatian,

. (2)2
- Wy T
: r
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where

L= distance alongside the waterline of the quav-wall

" from the center of gravity of the vesgsel to the
_ berthing point.

r = turning radius (m) around the vessel's center of
gravity on a level surface.

ii1. Vessel‘sreffective berthing eﬁergy (E)
The effective berthing energy (E) may be expressed by the

following formula.

1.0
E = ES = ER _ ~
o © 0.8 T
_ W « 1 SNy
2g I+HHZ 0.6 ]
r )
0.4 [T
Wv2 ,
= EE_ X K
0.2
0 .
1/2 2/5 1/3 1/4 2/9 1/5

Berthing point of vessel .

The wvalue of coefficient K.may be read from thé ahove

diagram.

Bérthing energy In case of berthing at % length point,

K = 0.5
_ Hv2 .

E =3 K
170,435 x 0,122 . .
= 2 x 9.8 x 0.5
= 62.6 ton.M

Berthing energy in case of berthing at'% length point,

5=15



=
I

0.7
Wyl

EB:’Eg—-K

170,435 x 0,122 . B ROk
2 x 0.8 X 017“ .. L

87.7 toneM S .

iv. TImpact reaction
The impact reaction in berthing of vessels depends on the

characteristics of ‘fenders.,

 Description of ‘fenders'

Type ._7 : Eeilhtype

Size = i' C—l?ﬁO‘H x1
Rubber . 3 RH

fraﬁe size width 2,89Q i

.height 2,97b‘mm
During actual berthine conditions, the fender is generally
1oaded at an angle which is equivalent to the approach
angle of the vessel. These angular loadings change theTA
characteristics of load~deflection and the resulting
.capaeity of the feqder=to absorb energy. These changes

can be predicted based on the results of medel testing;

The performance of fenders described abOVE to efficiently
absorb the berthing energy calculated in paragraph iit will

“'be as follows.
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w_Table 5~5  Performance of Fenders "~ -

PERFORMANCE OF C1700l1 ~ RUBBER GRADE: RH

“DEFLECTION @ .~ =+ :1g =0 o o v g gl
(%) _E R B _R_
5 2.7 839 2.6 60.6
10T i3 11407 9.8 11000
.15 21.6°  150.3 20.8  146.5
20 34.9 163.6 - 33.6  158.7
25 49,0 167.0 - 47,27 159.7
30 631 716503 60.7 159.2
3s 7.0 l6ls 742 1se9
40 . 90.7  157.8 87.8 . .161.0
" 45 | 104.3 161.6  101.3 1729
47,5 ©.9109.0 - 167.0 o = o el

Remarks: _
- @ ¢ Berthing angle (degree)
E : Energy absorpticn (r-m)

R : Reaction force (tons)
The following table maﬁ ﬁe obtained from the éboﬁe diséuséioﬁs.

Table 5-6 Reaction Force of Fender against
- Berthing Energy of Vessels

Ttem Calculated  |{. Berthing-Ahgle
Energy A= 0° B = 6°
Energy absorption 87.7 109.0 101.3
(ton-m)
Reaction force _ 167.0 172.9
{(ton)
Deflection '
o - 47.5 45.0
(%)
Face pressure =
5-17



From: the above table,-thé‘m&kimhm3féactidn force will be

172.9 t

and the maximum face pressure will be‘23.l t/mzl.

"_ (2) ‘Pressing force due to winds and tidal currents

‘Reaction force of pier studs agéinsﬁ wind pressure and tidal

- current pressure from the channel side may be calculated as

follows.

Table 5-7. Reaction Force of Pier Studs against

Winds and Currents

No. of

H Pler stud | Reaction
. Pregsed e
75,000 pyT'| Futl~load 233 ton | 39 ton/piey
50,000 DWT " 188 ton 6 )
25,000 DWT S :122 ton 4 30 0"

H:. Refér to TaBle 543.

The number of pier studs pressed by the vessel may be obtained

‘from Fig. 5-4,

The pressing force against'féhders due.tb winds and Ei&ﬁl

currents is far smaller than the berthing impéct forceiéf

'172.9 tons.

'5-18"
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the hard ground to assure reliable stahility and accurate con-

- . CHAPTER . VI .. DESIGN AND STRUCTURE

MOORING DOLPHINS

l;: Desipn o _ _
Mooring colohioe to eostaioitee;ehio oollioéfforce:will be designed
from,tﬁe‘point oflreetfictiog EﬁeAstress to‘be exerted in founde—'

tion piles, disregerding'the lateral displaceﬁeﬁt of piles.

The ‘dolphin foundation, subject to ‘strong lateral external’ force,
"to‘be3coh9trdcted'on hard ground, will be designed as a vertical

"pile structure with piles diiven in’ by drilling pilot holes into

+

struction.

" The strustural analysis of the mooring dolphins will be carried

oﬁt:by.the'ﬁethod of Radosavljecvic based on the lateral resistance
theory of piles of Y.L. Chang. According to this method of analy- -

sis, the loWer part of piles will be fixed to the foundation

’grOund and the upper part will be fixed to concrete of strong

rigidity. The stress and displacement of piles are calculated

o considering the effect of inclination of the t0p concrete due to

the lateral elasticity of the ground and the elastic deformation

of piles. The numerical computation will be carried out by elec-

tronic computers.

To satisfy the lateral resistance theory of piles, the penetration
depth of piles into the ground will be /8. B is related to the

elaeticity of the ground and the stiffness of piles, and may be

6-1



‘expressed by the following formula.

. [ DRh
B = 4/ %e1

where, D = pile diameter
kn = coefficient of horizoneal éﬁﬁgré&e reaction
E = elastic modulus qf plle ; ”ﬁ-:"

I = geometrical moment of 1nertia of piles

"~ . The value of kh ﬁill be assumed to be 7.5 kg/cm3 in.caae of hhri
Sciayey ground with N values in .the range of 40 - 50. A slight .
' _error in the assumption of the value of kh will not have an .
apﬁréciable effect on the_st;uctural-ana}fsis.
. oo :

' The top reinforced concrete will be designed with sections to
‘assure hard stiffness for sufficient allowance for the bending

: mumeﬂt of pile heads.

2. Structure (refer to Fig. 6-1) _

Foundation piles will be steel pipé_vertical piles. The end wiil
be penetrated into thé hérd.soil layer to a depth of 10 m,'and;
the top will be embedded into the top concrete to é length of_?
1.30 m. Thé steel pipe piles ;ill be filled with sand for a |
length of 2.00m beiow the bottom of the top concreté and the

upper part will be filled with concrete.

The surface of the steel pipe piles above +0.00 m will be coated
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with conecrete of 12.5 cm in thickness.,

Dimensiohs of dﬁlphins
width

Crown height

Depth of foundation piles

Stgel.pipe plles
Concrete

Auxiliary facilities

9.00 m x length 15.00 m
+4.50 m ~ +3.70 m
"25.00 m

¢ 1016.0 mm, t = 25~ 22 mm
15 piles ' '

§28 = 245 kg/em?

1) fenders cell type 1,700 H

2) mooring posts Type A 1007 biet x 1

Type B 1007 bitt x 1, 70T birt x 2

3) capstan capacity 2.07

motor 11 KW

3. Summary of Calculations

Vessels Pulling | Vessels PFulling | Vessels Berthing
{long period (Short period (Long period
load) load) load)
Welight of dolphin 76L.05¢ 761.05¢ 761,05t
Horizontal force 188.0t 240.0¢ 172.9¢
{net pulling (bitt strength)
force)
Direction Angle of 45° Angle of 45° Perpendicular to
to pler face to pler face pier face line
line line




(Pile with maximum indentation force)

safety factor Fg = Q
for plle bear~ Ymax
ing capacity 1.024 St
=-—-'————-:—--—=
169, 38¢E 6.1>2,5
Requirement of | fa ~Cmfb
combined Fa (1';';2%)Fb

stress

(Pile with minimum indentation force)

Minimum
indentation
force

(Pile wiéh maximum extraction force}

Safety fac-~
tor for

pile bearing
capacity

Tensile stress

{Lateral displacement of dolphin)

Perpendicular
to pier face
line

Along pier
face line '

= 0.82<1.0

Fs .,=.__"Q_

-Vmax

183.9¢

= 39.95€ 2. 4,623.0

og = 717 kg/cm2
< 1,392 kg/cm?

A= 3.08 cm

4= 3.31 cm

- Vmax
024, 8¢

i
® 190.54¢

Fs
5.3>1.5

Cmfb
Q- é%%oFb

ia
Fa

= 0,95<1,5

Fsg__—g_..

-Vmax

183.9t

= %5.97F = 2,.8>2.5

gg = 936 kg/em?
< 2,088 kg/cm?

3.92 cm

o
1l

4,23 cm

>
1l

fs = 8

7 Vmax
1,024,8t

= _$€T7€E*=13‘4>2f5

Cmfb

4, - fa
(1 - Fe,)Fb

fa
Fa +

= 1,52<1.0

Vmin = 25,12°

A 3.89 cm-

L R AT

The horizontal selsmic force to act on the dolphin (short period

load) is smaller than the 2,400 ton pulling force of vessels.

. 6-5




Vi-2

where,

Q = ultimate bearing capacity of plle.-
Vmax = maximum axial indentation force against pile

F, = axial stress that would be permitted if axilal force alone
existed

Fp = compressive bending stress that would be permitted if
bending moment alone existed

fq = computed axial stress

fy, = computed compressive bending stress at the point under
consideration

Cm = a coefficient whose value shall be taken as 0. 85 for
members whose ends are restrained.

PIER STUDS '
1. Design

In regard to the pler studs to be lvaded with the girder and
floor system, particular consideration must be given to the
1atera1 displacement to occur at times of travelling of the un-
loader, berthing of vessels, and pulling of vessels. In order
to reduce the lateral.dieplacement, the foundation will be con-
structed with'raking and vertical piles. It will be difficult
to penetrate raking piles into the hard ground in long lengths.
Therefore, the penetration depth of tﬁe pier stud piles, includ-
ing vertical piles will be shallow, aed the lower end of the
plles will be eonsiéered'as a hinge support in the structufal

analysis,

In the hinge support, the horizontal force to act on the lower

“end of the piles will be resisted by the friction between the

bottom surface ef piles and the ground, and the shearing strength



of the ground around the piles.

Therefore, to function as a hinge sSupport, the plles will be
driven'in to a penetration debth.cf over 3m into the hard stratum
with N value = 40 v 50 beyond debﬁhs of apprbkimately -15m (end
of pile will be at —iSﬁ). Thus the piles will acquire the:neceam
aafy bearing capacity and the pulling force of piles will be

registed by the weight of the piler.

As discussed in Chapter II Soil Conditions of Site, and Chapter 1V .
‘Design Criterla, of the entire length of 300m of the proposed
berth, in the section of approximately 50m towards bore_hole
No, 108, from depths of =15m, the hardness of seoil iIncreases
sharply. It may be difficult to drive in vertical and raking

piles directly to depths of -18m.

A practical method of pile driving must be studied thoroughly in

the "Construction Program',

It will not be advisable to excavate the hard stratum in the
entire section to a depth of -18m to replace the soill with sand
as a method for pile driving as one solution to the problem. An

"effective hinge support will not be assured at the pile ends.,

In the rémaihing section of approximately 250m of the entire
berth iength, a penetration depth of ovér -18m may be secured by

piling driﬁing equipment.

The structural analysis of the pier studs will be carried out by

the deflection method of analyzing the stress of various members,

et



assuming that the deflection caused when a load - acts on the
structure is of unknown value. The numerical computation will

be carried out by a computor acéofdinglto.the structufai aﬁélysis
program by the deflection method, "STRUDL", “STRUDL" is & struc-
tural analysis program in the ICES (Integrated Civil Englneering

System) developed at MIT (Massachusetts Institute of Technology).

The reinforced concrete to bind the upper end of the piler stud
piles will be designed to possess sufficient strength against
stress due to fixed load and surcharge, and the bending moment

and shearing strength of pile heads.

External forces to act on the pler studs way be divided into the
!
fixed load from the weight of varlous structures supported by the

pler studs, and variable load of the unloader and vessel.

2. Structure (Refer to Fig. 6~2)

The pler studs will be designed as a raking pile type foundation
of steel pipe piles, with the pile tops fixed in concrete. Both
the vertical and raking piles of the foundation will be penetrated
into the hard soil layer to depths of‘3.00rn,and the pile heads
will be embedded in the top concrete for a length of 1.10 m. The
foundation piles will be filled with concrete, for a length of
1.00 m from the bottom of the top concrete and the surface of
piles above #0.00 will be coated with concrete of 12.5 cm in

thickness.

Dimensions and material of the pler stud structure will be as

follows.



Size

Crown helght

Depth of foundation piles
Steel pipe piles
Concrete

Auxlliary facilities

Width 8.00 m x lengt

Floor
Girder support

4 914.4 x 16 mm

aog = 245 kg/cm?

h 2
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1) Fenders._ -

"2) Water supply bitt

Width 1.50 m x LengthiZ.OO m x Height 1.10 m

3) Bunkering bitt

Same as water supply bitt

4) Light box

Width 13 ch x Length 1,41 m x Height 3,10 cm

3. Summary of Calculations

1) Common Case for All ?ier Studs

_cell type 1,700 (for dolphins and pler studéj

Unloader working
in position
(Long period

Unloader travel-
ling in work
(Short period

During
Earthquakes

(Short period

load) load) " load)’ :
Weight of pier stud 1,415,3t 1,415.3t 1,415,3t
Floor, ducts and
conveyor load
Unloader surcharge 1,272¢ 1,590t 500.0t
(2 unloaders (2 unloaders (3 unloader
on piler) on pler) . on pler)
Horizontal force
perpendicular to . .
unloader pier 42.4°% 169.6 249.04
axis line
direction of "
unloader pier —-— —_ 249,04

axis line

Perpendicular to unloader pler axié

6 -11




l .
(Pile with maximum indentation’forcL)

Safety factor . Fe = Q- 'Fé;'a“ ~Q Foo=—Q.
for pile bear- Vmax » Vmax 8 Vmax
ing capacity . | 7gg 7t . ‘7887t _ . o | 7887t
= 303.8E 2,6>2.5 =m= 2.1>1.5 = 338.5€ ° 2.4>1.5
Requirement of | fa +' cmfb fa + Cmfb fa Cmfb
combined Fa fa ~ |Fa _ fa Fa . ._.fa e
stress o _Fe')Fb ' G ,Fe')?b ' a -_Fe')Fb_g
= 0.73<1.0 = 0,90<1.0 = 0.78<1.0 -
(Pile with minimum indentation force)
Minimum . ' _ -
indentation vmin = 160.5°% Vmin = 131,7°% Vmin = 41,3F
force ¢ - -
(Lateral displacement of piler)
A= 0.4 cn A=0.9 cm A=1.1cm
Direction of unloader pier axis line
B l
(Pile with maximum indentation force)
Safety factor Fg = GE§§
for pile R
bearing —_— — _ 788.7t _
Requirement of fa Cmfb
combined — —_— Fa fa
stress (1 - Fe')Fb
= 0.86<1.0
(Pile with minimum indentationm forqe) ‘
Minimum' o
indentation —_ —_ Vmin = 26.35_
force .
{Lateral displacement of pier)
—_ _— A=1.3 cm

: 6 - 12




The wheel load (short period load) of the unloader to be

sustained by the pier studs is smaller in times of storms

than the load when thé unloader is travelling during work. ;

2)

Cases for Breasting and Mooring Pler Studs

Pler Stud No. 2 &
15 '

e e g gy ——

Pier Stud No. 3, 5,
6, 8, 9, 11, 12 &
14

Pier Stud No, 2, 3,
5, 6, 8, 9, 11, 12,
14 & 15 :

Vessels pulling
(Long pericd load)

g

- Vessels pulling |

(Short period load)

Vessels,Berthing
{Long period load)

Weight of’pier
stud

Floor, ducts
and conveyors
load

Unloader
surcharge

Horizontal
force

Direction

1,415.3t

575,08t

(no unloader on
pier) '

122.0%
(net pulling force)

Angle of 30° to
pler face line

1,415,3t

575.08t

(1 unloader on
pler)

100.0%
(bitt strength)

Angle of 10° to
pler face line

1,415,3¢

575,08t

(1 unloader on
pier)
172.9%

Perpendicular to
pler face line

(Pile with maximum indentation force)

Safety factor
for pile
bearing
capacity

Requirement
of combined
stress

{Fa

Fg = —3—

~ Vmax

t
- ;zg'; = 3.252.5

fa Cmfb '
fa
1 - Fe.)Fb

= 0,60<1.0

-

” Vmax

_ 788.7¢t
= 275.0¢

Fs

= 2,9»1.5

Cmfb

fa ., Cmib
fa
(1 - Fe,)Fb

Fa

= 0.66<1.0

6 ~'13

3

Vmax

_ 788.7t
T 312,6%

Fs =

= 2.522.5

Cmfb

fa , _ Cmfb
fa
a- Fe')be

Fa

= 0,74<1,0




, I

(Pile with minimum indentation force)

Minimum . .
indentation VYmin = 7.9% Vmin = 59,4t Vmin = 110.5t
force hh

(Lateral displacement of pier)

Perpendicular

to pier face A=0.3cem A=10,2 cm 4 = 0.5 cm
line '

Along

pier face A = 0.5 cm A=0.6 cm _—
line ' ' '
vIi-3 UNLCADER GIRDER

1. Design

The unloader girder will be deéigned as a simple beam structure

supported by pler studs at elther end with a span of 11.0 m.

The girder will be composed of'post—tensioned prestressed con-

crete beams.

The design external force will be composed of vertical and

horizontal wheel loads of unloaders. It will be necessary to

provide for cases of wheel load conditions other than those

given in Seetion 5 of Chapter IV Design Criteria.

The wheel load conditions may be summarized as follows.

Load conditions Wind Vertical Horizontal L, Duratiqn of
_ velocity » . load (perpendicular) load
Off-work ordinary |20 knots | 20.8 t/wheel 1.0 t/wheel Long period.
times ' load :

Working in do. 30.0 t/wheel 1.0 t/wheel do.

position

Traveling in work do. 37.5 t/wheel 4.0 t/wheel Short period
load

Off-work during - 28.6 t/wheel 2.9 t/wheel do.

earthquakes

0ff-work in storms 35.0 t/wheel 4,0 t/wheel do,

60 knots

6 - 14




From the above comparison of loads, the girder will be designed

for 1oad conditions of the unloader at work in position, and travel»i

ling in work.

2, Struéturé (Refer to Fig. 6-2)

The unloader girder will be composed of p.C. beams with box type

ections.

- The upper flange will be designed with consideration

for the case of alteration of the unloader rail tracks to a single -

track on one side, but it will be necessary to check the calcu-

lation for the final wheel layout.

Outex dimensiqﬁs

P.C. steel wire

Concrete

width 1 uﬁéef flange 2.30 m

height : 2.00 m
length : 11,90 m
seven wire strand

¢ 2 175 kg/mm?

apg = 350 kg/cm?

3. Suﬁmary of Calculations

Working in Position
{Long period load)

Travelling in Work
{Short period load)

Weight of girder

Unloader wheel
load

- Ve‘rtical- ‘

Horizontal

(2 unloaders on
girder)

. 30 'ﬁlwheel

1.0 t/wheel

(2 unloaders . on
girder)}

37.5 t/wheel

4.0 t/wheel

-6 = 15" '
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Stress of concrete

upper compres- a. = 83 kg/cm? 0o = 105 kg/cm?
slve stress < 158 kg/cm? <-158 kg/cmz
lower compresg- gc = 2L.2 kg/cmz_ do = -5.,2 kg/cm2

sive stress *~29.8 kg/cm?

v

~29.8 kg/cm?

v

84.6 kg/cm? o 105 kg/cm?

Stress of steel g
- wire

A

105 kg/cm2

[ L

105 kg/cm2

FLOOR SYSTEM OF UNLOADER PIER

1. Design

The floor system will be a slab structure with P.C. beams arranged
in 1iﬁe.as a single body to sustain horizontal post tension. The
A?er#ge ben&iﬁg moment due.to concentrated loads and partial

gsurcharge to act on the entire width of the slab will be cal-

culated, - The section of the beam will he designed so that the

bending moment will be supported by the beams composing the slab

.according to the respéctive sharing ratio. The ratio will be

calculated according to the methods of Y. Yuyon and C. Massonet,
which allow for the bending stiffness and torsional stiffness of

the slab.

The average bending moment of the slab will be calculated for a
simple beam of one way slab supported at both ends by the pier

studs, The span length will be 10.5 m and the width 11.0 m.

4

The maximum stress of the slab will be exerted in the beam sup-
porting the stay of the belt conveyér'system when a uniform load

acts on the entire slab.




2.  Structure (Refer to Fig. 6-2)

Pretensioned prestressed concrete beams will be arranged in line,

and cast-in-place concrete will be filled in between the beams

te give horizontal post tension 80 that the beams will compose a

single body, The upper surface of the slab will be pavéd with‘

concrete.

Dimensions of a slab beam will be a width (flange) of 32 cm and

a height of 60 cm.

beam will be 11.00 m.

Materials
Prestressed concrete

P.C. steel wires

cast-~in-place concrete

o9g = 350 kg/cm?

Seven wire strand
gy > 175 kg /mm2

opg = 245 kg/cm?

3. Summary of Calculations

The length of the vertical section of the I

Uniform load in case
of full load
(Long period load)

H-20 on floor

(Long period load)

Surcharge load

Weight of slab

Uniform load
2.0 t/mZ % 10.5 m
x 11l m = 231t
Conveyor post
5 t/post x 2 = 10t

1.84 t/m? x 10.5 m
x 11l m= 212.5¢t

AASHO H-20 % 2

Uniform load
2.0 t/m?2 x 10.5 m
x 5.55 m = 116.6¢%
Conveyor post
5 t/post x 2 = 10t

1.84 t/m? x 10.5 m
x 11 m = 212.5t

6 - 17
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Stress of concrete

upper compres-—
sive stress

lower compres-
sive stress

Stress of steel
wire

Axial direction of unloader pier

105.6 kg/cm?
158  kg/cm?

38.5 kg/cm?
-13.8 kg/em?

87.6 kg/em?

< 119  kg/em?

Internal force exert-
ed in P.C. slab will

. be smaller than the

uniform load of full
load condition.

Sﬁtess of éteel
bar

Perpendicular to unloader

Ip

<

pler axis

= 53 kg/mm2

57 kg/mm?2

ditto to above.

MAINTENANCE PLATFORM

1. ﬁééign'

The platform will be designéd as a vertical pile structure, Piles

will be driven in to penetrate the surface layers, and secure a

penetration depth of 3 m into the hard ground with N values of

40 - 50 (end of pile will be at ~18 m).

The penetration length

will provide bearing capacity for the piles and sufficient depth

to fix the lower part of the piles in position.

Thé-vélue of Kh which will bear effect on the lateral resistance

of piles will be 1.0 kg/cmd,

The method of structural analysis

will be similar to the case of the mooring dolphins. The design

external force will be the maximum in case seven bulldozers are

loaded on the platform and a selsmic force should act simultane-

ously.

6 - 18-




VI-6

2. Structure (Réfer to Fig. 6-3)

The structure of thekméintenanée platform will be a steel ﬁip;
vertical pile fbuﬁdation with the:tdp fixed in the concrete héam. f
Foundation piles will be penetrated ;n;o‘the ground to a deptﬁ |
of 8 m, and the top Gill'be embe&ded in concrete for a length of

1.00 m. 5Steel pipe plles will be fillled with concrete for a

‘length of 1.00 m from the bottom of the concrete beams. The :

surface of the pilles above $0.00 m will be coated with concrete

of 12.5 cm in thickness.
Concrete beams and slab will be formed by cast-in-place concrgte.f

Superstructure of platform

Dimensions
Slab Width 5,90 m x length 24.00 m x height 25 cm
Beam widtﬁ 80 cm x height 150 cm

Foundation of platform
Steel pipe piles ¢ 812.8 mm x 12.7 mm 10 piles

Concrete apg = 245 kg/cm?

APPROACH TRESTLE TO UNLOADER PIER

1. Design

The approach trestle will provide a base for the belt conveyor

»

system, .

6~ 19
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The foundation of the pier stud to compose the trestle will be ofk;aking
pile structure to reduce the relative lateral displacement between ad-

jacent pler studs at times of earthquakes,

The end pier stud of different type, adjacent to the unloader pier will
be designed for similar soil cqnditions as the case for the unloader
pler. Therétructural analysis Qill carried out by the same method as
the. pler stud of the unloader piér, assuming that the lower end of the

pile dis a hinge support.

The number and angle of inclination of the raking piles will be deter-

mined on the assumption that pler stud piles will acquire bearing capa-
city from a penetration depth of approximately 3 m into the ground of N
value = 40 - 50, and the pulling!force will be resisted by the weight of

the pier stud,

The standard pler studs comprising the trestle will be designed accord-
ing to different soil conditions from the end pier stud of different
shape, Sufficienc penetration depth into the ground to fix the lopwer part
of the piles may be secured when the lower end of the piles are driven in

to depths of -~18 m,

Though a raking pile structure, the structural analysis will he carried
out similarly as the case of mooring dolphins, assuming that the coef-~
ficlent of reaction of the surface layer of the ground which will affect

~ the lateral resistance of piles will be kh ='1.0 kg/cms.

The top concrete of the pler studas of the trestle will be designed with
sections to assure hard stiffness with sufficient allowance for the

BEnding moment of pille heads and the stress due to floor load.
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Maximum stress will be exerted in the pier stud biles when a seismic

force acts on the pier stud supporting full uniform load.

The structure and design of the floor system of the trestle will be

. planned similarly as the unloader pier,

2, Structure (refér to Fig. 6-&,_655:and 6-6)

The approach trestle wiil be composed of the pier studs-and slab, ex-
tending for 137 m. The end pier étud of different type adjacent to the
uﬁloader pler will be of pier struéture Qith foundation ﬁiles, beam,

and slab as a single Lody.

a)' Pier studs (end pler stud té inclﬁde beam and slab)

The pier studs will be of raking pile typé stéel pipe.structure, with
pile heads fixed in the beams and the.loﬁér end penetrated into the
ground toc depths of 8 - 10 m, ?ile.ﬁEadé‘ﬁill be embedded in ﬁon_

crete to a length of 1.00 m,

Steel pipe piles will be filied with concrete to 1,00 m below the
bottom of the.beam, and the surface above + 0.00 m will be coated

with concrete of 12,5 cm in thickness.

Superstructure of pier studs
Standard pier studs Width 4.00 m x height 2,00 m
x length 16,30 m
End pier stud Width of floor beam 80 cm
¥ height 160 cm x slab height 25 cm
Foundation of pier studs

Steel pipe piles © in water: ¢ 812.8 mm, t = 12,7 mm

on land ¢ 647.7 mm, t = 12.7 mm
Concrete §28 = 245kg/cm2
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B), Blab e
Théldiab;wiil_ﬁé.of thé_séme strupture,aa'tﬁe fiﬁéf‘systgm
of tﬁe unloader-pieri(v-ﬁ)-except that the lengthéfﬁf“tﬁemi;‘
elab will be 15,00 m. |

b) Auxiliary facilities Guard rails

3. ;Summary ofsCalculationé

ia) Standard pler

Uniform load in case During
of full lcad Earthquakes
(Long period load) .| (Short period load)

Weight of pler stud - 289,98" 289,98°
Floor, duct and . ' ' 'é
cbnﬁéyof' load 510,98~ Sloqu
Uniform load 108,0° 54,0°
Horizontal force
Pefpendi;ﬁlat to i
to appreach tres-~ )] 85.5t'
le axis
Axlal direction of e
) - . 85,5

approach. trestle

Perpéndicular to approach trestle axis

(Pile with maximum indentation force)
I
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_Safety factor for

elty

pile bearing capa-

Requirement of com-:
bined étresg

(Pile with minimum indentation force)

Minimum -
indentation

foree

(Lateral displacement of pier)

Internal force ex~
erted in piles will
be smaller than the

case of earthuakesgi

9
8 Vmax

= 595,95 = 4,751.5
126098 e

fa Cmib .
-0 m

="0.8751.5 |

Vmin = 47,975

= 1,6 cm .

‘Axlal direction of approach trestle
(Pile with maximum indentation forc.)

Safety factor for

pile bearing
capacity

Réquirement of

combined stress

(Pile with minimum indentation force)

Minimum .
indentation

force

~ (Lateral diaplaéement of pier)

ditto to above.

Fo = ol
295.9t = 4,351.5
138.9t !

Cmfb -

-+ .
- fay b
a 'Fe]

= 0,62 <1,5
. 2
Vmin - 29,63 !

4= 0,7 cm

.6 =27



b) Slab

Uniform load in casé H-20 on Floor _

of full load

{(Long period load)

(Short period load)

Surcharge

Weight of slab

Uniform load
0.5%/m? x 14,57

x 12™ = g7°©

- Belt conveyor post

St/pnsition x 2

1.845/m% x 14,57

x 12™ = 320.2%

AASHO H-20 x 2
Uniform -load -

0.55/m? x 14.5™

“x 5.55™ = 40,2%

Belt conveyor post

St/position x 2
= 10°

Same as ieft = 320,2t

Axlal direction of Ap

Stress of concrete

upper compress-

ive stress

lower compress-

ive stress

Stress of steel

wire

broach trestle

Internal force ex-
erted in the P,C
slab is smaller
than the case of
surcharge of H-20

truck,

sc = 156,1 kg/cm2
< 158 kg/em’

Sc = -1.1 kg/em?
> -13.8kg/cm2

Sp = 92 kg/mm2
< 119kg/mm?

Perpendiculéf'to épﬁr

Stress of steel bar

oach trestle Axis

ditto to abovg.

&p = 53 kg/mm’
57 kg/mm2

M
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. CHAPTER VII  CONSTRUCTION PROGRAM

L

i11-1 SCOPE OF WORKS

me sequence of engineering works and methods of working for the Iron 'Ore
and Coal Berth and Related Facilities will be planned under one construction

program as the facilities are closely related to each other,

4 berth for handling iron ore and coal 'wi.ll be constructed for the Steel

¥ill to be constructed in Port Qasim, The construction of the berth will

pe commenced with the beginning of preparacions and the transport of

o p .
construction equipment to site on July 1, 1976, and the construction of

the main berth will be completed by the end of December 1977.

Works on the "pier and related facilities will be 'comméhced with the area

for the ﬁiér dredg’eﬁ to a depth of -12.8m., and the land reclamation area

for related .fécilities dredged to a depth of -5.0m by a cutter suction
dredger in advance.

The dredging of the navigation channel and the construction and installation
of aids to navigation will be undertaken simultaneously with the con-

struction of the berth and related facilities.

From October 1977, the erection of the unloader and installation of the

belt conveyor sjstem will be commenced on the upper part of the pier.

The principle structures and facilities of the project will be as follows:
° Mooring dolphins | 9.0m x 15.0m 2 sets

* Unloader pier 23.1m x 297m

® Approach trestle 16.5m,‘x 137m

¢ Maintenance platform 5.9m x 24.0m 2 sets



. small craft trestle

s Water supply

}. pover supply and telephone system
Bunkering and oil facilities

Fire protection'system

0ffice and operation bullding complex

Terminal office 1317 m2
Gate houge | 60 m2
Mooring facilities
70 toﬁlbollards' | f. | - | 8 gets
106 ton bollards : 7 | - 9 sets
Capstans’ : 4‘ ‘ ' 6 sets
Utility ducts and cqﬁers ’ ' 48.ducts
Cathodic prdtection ;
Rubber feudefs ' . i : 9 sets

Road and guard fence:



Plan ;of. Iron -Ore and Coal Berth:
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the flow of works for the construction of the berth

gay be outlined as follows:

‘Dredging

.and related Eétilities.

y

Piling

Yard, concrete
plant

Land reclamation

L

Protection
against
corrosion;
portar lining
arid cathodic
protection

‘Coping coucrete

Prefabrication of
P.C, memberS"

Buildings-

Installation
of P.C. members

! N
Prefabrication

of utilicy duct

- Concrete

pavement

Piping for
‘oil and water




Principie materials for the construction works will be as fqllows:
: Concrete . 15,700 m3

¢ Reinforcement 630 tonQ

. Steeljpipe piles 3,300 tons

¢ Land reclamation material 132.700 m3

o Armor stones (slope protection). 87,600 m3

Vi1-2 Temporarf Works
1) Surveying platforms
SUrveying platforms will he:ﬁeéessa;ﬁlfor pile driﬁing in locaﬁi&ﬁs
offgﬂ;re in the sea, Platforms in the sea will be planned in

locations where the navigation of vessels in the area will not be

interfered.

Two platforms of steel pipe pile structure (¢#660.4 piles will be
sugplied) will be installed as given in the following diagram.
The location for pile driving will be determined by the line of

sight from two points on land and sea.

LS sl f
- - L
 — — Surveying

Platform

Surveying Platform

Location of Survéying Platforms



- SURVEYING PLATFORM TYPE-B
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Construction Base
An ‘area of approximately 600m-x l50m.gi117be_secured as_rne cgn—n'
struction base on the south side of the Karachi Sée_el Mill
approximately 7 km east of the eonstruation site. ‘A base for the
conatruction of the marginal wharf ia already planned in she

area by P Q. A, and the base for the present project will be

located in the adjacent area on the east side.

The headquartera for the construction of the project will be
established in the construction baae aa the center of the manage-

ment of construction worka.

Various materials required for the construction works, including
steel pipe piles, reinforcement, lumber, and cement will be
brought into.the base, After_necessary working and processing,
the ma;eriala.will.beiconveyed to aite. The following facilities

will be established in the construction base.

o Welding shop for steel pipes

U Welding inspection Toom (radiographic inspection)

o Stock yard for steel pipe pilea

o Concrete planr and inspection room

° ?refabrieation yardrfor pretension P.C. elabs and beams
° Prefabrication yard for pretenaion P.C. unloader girders
o Iemporary‘storage yard for P.C. slabs, beams and girders
o Moton pool | | |

o Shop for reinforeement

° Lumber shop



The arrangement of the various facilities to be éstabiished'in hh:w; -2'

the construction base will be planned to meet the Eollowing

requirementa.

1.

The prefabrication yard for P.C. girdera will be located
immediately behind the temporary jetty, as the girders will
be pulled aside and conveyed to the temporary jetty by

—

large trélléys along the rails.

As the P.C. beams will be prefabricated in a series of
8-6 beams in a2 straight line, the yard will be of a narrow

long éhapé with minimum dimensions of 110m x 50m.

The'léngth'of'thé'steel pipe piles joined by welding will
be 20m -~ 30m. The minimum width réquired for the welding

shop will be 30m. As two sets of weiding equipment will

| be provided for the project, the shop will be planned with

'a width of 60m.

3) Electric Power System

(1)

(2)"

Power required for works at sea will be supplied by generators.
For welding in places where generators cannot be installed,
the generator will be set on a poutoon. For other welding
. purposes, the generator will be ingtalled on the structures

completed. -

In the base, powar will be supplied from the powar plant
to be established at a site approximately 4 km northwest

. from the base. - Electric power will be transmitted from

" .the power plant to the receiving equipment of the facilitiles

~4n the base by high voltage of 3,300V - 6,600V. The electric



4)

Vi1-3

L

power will then be distributed to various electric apparatuses.

Electric power demand in the .respective shops and plants may

be estimated as follows.'i

© Concrete plant : 2 60 KVA

o Welding shop ; '.._ 110 KVA
e P.C. Beam yard ' ‘ ' 90 Kva
° Lumber ghop | | 20 KvaA
a Reinforceméﬁt shop ' 15 KVA
o Motor pool 50 RVA

o Lighting of office and 155 KVA
living quarters

° Total _ 500 KVA

Water Supply

Water supply will be in demand in the concrete plant at an
average of about 300 ton# per_day, and iﬂ the P.C. beam prefabri-
cation yard for steam curing purposes., Water will be supplied |

from the vicinity of the electric power plant.

Piling

Pfeparation of Piles

Steel pipe piles will be ﬁﬁloaded from cargo vessels in the
Port of Karachi and brought in to the steel pipe stock yard

in lengths of 10.0m - 15.0m.

After bevelling by an automatic gas cutter, slag, dirt, rust,
0il, paint and other foreign matter will be completely removed

from the base metal. The steel pipes will be joined by .
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EACILITIES

NUMBER ITEMS
SITE OFFICE FOR SUPERVISICN
SITE OFFICE B LODGING HQJSE‘ FOR CONTRACTOR -
LABOR HOWSE
RECLAMATION SOIL STOCK
ARMOR STONE TEMPORARY STOCK YARD
GRAVEL STONE TEMPORARY STOCK YARD
CONCRETE MIXiNG BUTCHER PLANT -
PRECAST CONCRETE MAKING YARD
PRESTRESSED CONCRETE CRANE GIRDER MAKING VARD
- PRESTRESSED COMCRETE SLAB MAKING YARD
STEEL PIPE PILES MAKING YARD
-, STEEL, PIPE - TEMPORARY STOCK YARD
- PREPARATION YARD OF STEEL BAR
FORM. MAKING YARD . - -
PARKING AREA B REPAIRING FACTORY
GENERATOR HOUSE
" ACCESS ROAD
TEMPORARY LOADING FIER
BUHPINE ARLA fOR B0 AMATION RAND
-3 WORKING ROAD :
DREDGING
MOORING . PILE '
CUTTING AREA
BANKING AREA .

~,

TYPICAL CROSS SECTION OF WORKING ROAD

SCALE :20
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welding on an automatic rotating equipment to be finished as

steel pipe piles.

4 1.016

SLEEPER

/ <~

G. L
LA
)
o 'x 300 x 2 500
o e . N
! g 0.20 BASE co CR‘ETE 020
[ 3.00 -
~ 1 ) TYYY IYYY ) TNY Y Y
o M CX LY X LLy
L 3.40 J
Steel pipe piles welded and joilned to the length specified in
the design diagrams will be marked with the pile number, and
scale marks for every 20m in paint. The piles will be loaded
on pontoons by a crane and conveyed to the side of the pile
driving barge.
2) Piling Works

A total of 48l steel pipe piles will be used for the construction
of the bertlh. Detalls of the dimensions and number will be

as follows.
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Table of Steel Plpe Piles

Dimension No. Remarks
41,016 x 22-25mn x 28m 30 Mooring dolphin
$914.4 x l6mm x 21.5-25m 256 Pier
¢812.8 x 12.7mm x 22.5-24m 103 Approach trestle
$647.7 % 12.7mm x 21.5-230m 92 Small craft trestle
and pier

File driving works of the abave steel pipe piles at the site

will be commenced from the middle of November 1976, and completed
in approximately 240 days by the middle of July 1977,

Consldering the weather and natural conditions_and holidays,

the actual number of days available for pile driving may be

estimated to be approximately 200 days.

The majority of the plles are of large diameters of 900m/m -
1,000m/m, the foundation ground is hard with N values of
50, and bore hHoles must be drilled for pile driving in some

locations.

The number of piles to be driven in per day may be calculated

as follows.
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. Piling Schedule

it Pile Profile
Approach Dolphin
Trestle and Unloader " Unloader
d Pler Pier Dolphin
an Small Craft
Maintenance (driving (driving
Trestl d i ¥ '
Platform stle ( ri},’“‘{%) drilling je®)! drilling jes
lameter 812.2(m) 647.7mm 914, 4 {mm) 914, 4 (mm) 1,016 (mm)
leagth 22.5024,0 21.5v23.0 21.5v24.0 21.5v24,0 28.0
i-hedded length 10v14 50N B.0n12.0 8.0v12.0 12.2m
trbet 103 92 208 48 a0
fltimate
saring Capacity 737 ton ?52.ton
" Pile Driving & Drilling Works !
D-40 D-40 b~40 v D-70 D-70
e of Driver or 3B-270 | or SB-270 or SB-270 |v or SB-400 or SB-400
orMRB-1000 | MRB-1000 MRB-1000 J~ MRB-1500 MRB-1500
ioight of Ram 4,000 Kg 4,000 kg |4,000 ~ 7,000 7,000 kg 7,000 kg
kg
mber of Blows 500
frhlpeﬁetration 250 100 500 500
wher of Blows
«l nlnute 50/Min 50/Min 50/Min 50/Min 50/Min
vl i
t 18 fe thinutes)| 60 Min 10 Min 100 Min 100 Min 120 Min
:Hﬁﬁg time - - -
.‘f-}- PilE(minuteS) 50 Min 70 Min
thing time 60 Min 40 Min 60 Min 60 Min 60 Min
-1} plle
;Mfdng and 60 Min 10 Min 60 Min 60 Min 60 Min
mﬁtioning . .
:lﬂﬂge of barge - - - 60 Min 60 Min
"l Piling time Mi Mi 370 Mi
1 pile (minutes) 230 Min 130 Min 220 Min 330 Min n
“her of P . ,
urdayo iling 1.3 Plles 2.3 Piles 1.3 Piles 0.9 Piles 0.8 Piles

* Working hours 8.0 hours/day

* Effective working hours 5 hours/day
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Two sets of pile driving barges will be prépared, equipped with

the following pile drivers,

Type; number H40 .... 1 set H~-70 .... 1 set

Weight of ram 4,000 kg 7,200 kg

Number of blows ' 40 ~ 60 blows/min 38 ~ 60 blows/miﬁ
Energy per blow 11,600 kgem 21,500 kg-m
Length of stroke o 2,750 mm ' 2,750 mm

Weight of driving hammer 9,500 kg 18,500 kg

Cooling system Water-cooling Water~-cooling

The dpecification of the pile driving barge to be used will

be as follows,

Displacement tonnage 1460 ton

Size of pontoon 40m % 18m x 3.6m x 2.0m
ﬂain enginé D.E 700 Hf

Height of leader 52.3m

The following data will be recorded in pile driving.

Pile number

Pile type

Pile inclination

Type of.driving hammet

Degree of penetration i; last 3 series of blows (10 blows each)
Final level and position of pilehead

Number of blows per penetration interval

Total number of blows

Degree of rehound, if encountered
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3)

In the construction works, piles must be driven in to depths
specified in the 'design. Piles shall not be severed on grounds

that piles cannot be driven in further.

Pile driving of steel pipe piles will be suspended and drilling

will be commenced in case the following conditlons are encountered.

° When buckling occurs in the pile head.
o When the total number, of blows exceeds 3000 blows, or

when the degree of penétfation per blow is 2m/m or less.

Drilling Works

In hard ground where steel pipe piles cannot be driven.in by

a plle driver (pile driving barge), piles will be driven in

b& a diesel hammer as far as possible. With the steel pipe pile
as the casing, boring holes with a diameter of a difference
within 5cm from the outer diameter of the piles will be drilled,
and the piles will be driven in to the depth specified in the

design.
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IHI-WIRTH Boring Machine on a Pile Driving Barge

Suspended Boring Machine

AIR HOSE

ROTARY TABLE
HYORAULIC ' L
O(L HOSE =
WORKING DECK ~“T
e
DRILLING SHAFT F

HYDRAULIE PUMP . UNIT
1 2 COMPRESSAR

“~FPILE DRIVING BARGE

STEEL PIPE PILE

W@W&"”’W

BASE ROCK

VERTICAL PILE
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In case of piling of raking steel pipe piles with an angle of
12.5° or more, equipment to drill holes with the pile as the
casing ‘is not edsily available due to the shortage of equipment.
Judging the soil condition ffom-soil survey and piling of |
vertical piles in the vicinity, in rhard ground, it will be
allowable to drill a hole with a casing ($1219.6) in advance

(2 holes for piling of one steel pipe pile), and the casing will
be filled with returned sand., The casing will be pulled out,

and the steel pipe pile will be driven in at the specified

location.
+ 3.50
L}
+1.40
. _£0.00
S ‘7 -12.80
AR
I
e e D 2 =18.00
—-18.00

'RAKING __ PILE
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vii-4 Prefabrication of P.S. Concrete.Units

1)

P.C. Beams

Pretensioned prestressed concrgpg.beéms will be used Ebr the
construction of the appfoach treétlé and unléader pler.
Precast concrete beams for the épproabh trestle will be of
15m in length, and beams for the pier will be of 11.0m in

length. The section of the'beams ﬁill be as follows.

730
55)404040, 55
]
o s
= —at-
= g
o o o
o] g ] 8
w L) a
O
[+
TS i3
Q Ce e — 8
& - 3
B
4927.5 |4027.5
p_=110_l40! =110 30 P
320

DETAILS OF P.C BEAM
(MEMBER OF SLAB OF APPROACH TRESTLE AND UNLOADING PILER)

According to the design drawing, 252 precast concrete beams

will bé required for the approach trestle, and 507 beams will
be required for the unloider pler. The total 759 precast
éoncrete beams will be prefabricated in the concrete plant
approximately 7 km from the site, and conuefed by pontoons
over tﬁe sea to the‘éité. The beams transported teo site will
be placed on the pier, and will be prestressed after concrete

has been cast between the beams.

7-21



1i0.00

10.00 B.0Q 4 00 8.00 10,00
8 : ,
A anlngfraluni
3
2 3
g
8
8
3 3
¢ g
ST
g 5130130 .0_@_._;
L 50.00
PG BEAM, PREFABLICATING YARD

7= 22



From the entire construction schedule, the construction period
allowable for the prefabrication of the P.C. concrete beams

will be 8.5 months.

‘Prefabrication of P.C. beams as members of the slab will be
commenced in January 1977, when the concrete mixing plant to
be established in the construction base étarté working, and "

the pfestfessing at the site must be comple ted on‘Sépt. 15, 1577;‘

The demand for precést preétrgssed céncrete beams bn the‘
design drawings is a total of 759 beams. Allowing a loss rate . “i
of 2% for damage during transport and errors in prefabrication,

775 beams will be prepared.

During tﬁe-construction‘period,-it will be assumed that on an
average of 6 days per month, it will be difficult to carry oﬁ.
prefabrication of P.C. beams due to unfavorable weather conditions,
cut~off of éléctric and water supply, mechanical trouble,

holidays; and other causes. In order to complete the con-
struction works in the specified period, it will be necessary

to prefabricate 5 beams per day on the average in the plant.
‘Therefore, the concrete plant will be equipped with facilities

tb prefabricate 5 P.C. beams per day.

The prefabrication of P.C. beams will be carried out in the

following sequence.
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sequence of Prefabrication

Setting of bottom

forms

Setting of cables

Tensioning of

P.C. cables

[:__Reinfurcement

Framing of

side forms

Concrete placing

Steam curing

Stripping of
Side forms

PrestresSing

l Cutting of P.C.

Cables

Findishing

Forwarding

A typical progress schedule for the prefabrication of P.C. beams

according to the above sequence will be as follows.

1stDay|2ndDay| 3rdDay |4thDay |5thDay [8thDay
¥ SHUTTERING
| REINFORCEMENT, CABLES
CONCRETE PLACING —

STEAM CURING

: STRIPPING OF SIDE FORMS

(Cdtting af
Strand Wires)
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2)

P.C. Crane Girder

Prestressed concrete beams will be used for the crane girdeg

to be installed between the pier studs of the unloader pieri

The beams will be of 12m in.length, and approximately 70ton/§eam,

in weight. The section of the beam will be as follows.

The demand for the‘precast concrete beams will be 28 heams
according to deéign drawings. The beams will be prefabricated

in the specified yafd within the construction base,

The beams will be conveyed on rails to the temporary jetty and
transported by a floating crane to the construction site to be

installed.

As the beams are of heavy weight of approximately 70 tons per
beam, the prefabrication yard will be located near the tempo;aryi
jetty for loadihg.i'The arrangement within the yard will be

as follows.
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As=7fday9 will be required on the average for the prefabriéation
of one beam, in order to complete the construction works within
the specified period; facilities will be prépared'for'the

prefabrication of 8 beams.

P.C. crane girders will be prefabricated according to the

.followiﬁg process,

Process of prefabrication of P.C. crane girders

Setting of bottom Setting of
‘ Reinforcement
forms P.C. cables
Framing of Concrete curing

Concrete placing

side forms by water sprayer

Tensioning of Stripping of
Compression Test
P.C. cables side forms
Water spray Conveyed to
curing temporary storage
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VII-5
1)

Coping Concrete
Concrete
The volume of concrete required within the site will be

approximately 13,000m3,

Construction works will not bg'tcmpleted in time 1if the concrete
is to be mixed in the concrete plant on iaﬁd and cénveyed to
site, and a-largé fangé in strength will be found injquality
tests of:ﬁontreté,; Therefore, thé-concreié will be mixed in

a floating mixing plant and placed in siﬁe.
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Floating Mixing Plant
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Floating mixing plant

For the unloader pler requiring approximately 590m> of concrete,

concrete placing will be carried out in two steps. The
placing of the coping concrete for the piler stud on the west
end of the approach trestle will be carried out continuously

without interruption.

During the summer, thg temperature exceeds 40°C in the daytime,
with'ffequent unfavorable days for concrete placing. For the
main structures, concrete placing will be carried oﬁt during
the night (7:00 P.M. ~ 8:00 A.M.). As one round of concrete
placing will be approximatély 13 hours, the miniﬁuﬁ concrete
ﬁixing'capacity of the fléating concrete mixerrin demand will
be 21m3/H per hour. As the volume required for the approach
trestle is 27m3, 1t will be possible to complete the concrete

placing in one night.

Curing
Sea water will be sprayed for the curing of the slab concrete
placed-in-situ for the superstructure of the pier studs.

A small pump and sprayer will be provided.

Stripping of shuttering
The sides of the shuttering will be stripped after 2 ~ 3 days
from the éoncrete placing. The bottom and supports will_ﬁe
étripped after it has been confirmed by compression tests

that the concrete has acquired the specified compressive

strength.
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2)

Supﬁorts

‘Supports will be composed of H-shapéd steel Bééms-with brackets

attached to thé'éteél'pipe'piléé by welding as shown in the

following diagram.
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3)

4)

Shuttering

Binding members for the shuttering will be fixed by bolts or
steel bars. Separating material will be applied to the shuttering
boards so that the binding members may be completely stripped

from the concrete surface.

R e |
S AR A RN R : '
N .' . R X FT I T AT TIMBER SUPPORT
b T a1 a7 —
1l A 1TH H.-
H H q ] 4 £ (4

[ -
. ) [“\H—-BEAM

BRACKET

Reinforcement

The Eﬁtal volume of reinforcement in demand at the site will be
épproximatély 630 tons. After pfocessing 55 specified in the

design draﬁings in the shop on land, the reinforcement will be
conveyed to site by pontcons.

In the shop, electric bar benders and bar cutters will be

provided for the processing of reinforcement.

7 =32



VyiI-6 Miscellaneous Works

1)

2)

Utility Ducts

Precdst concrete will be used for ducts for water and oil supply

and cables.

The duct will be of approximately 12m ~ 18m in length and
approximately 38t " 73t in welght per duct. The section of the

duct 1s given in detail in the design drawing,

With thin sections in part, it will be advisable to reduce the
number of times that the ducts will be moved as far as possible.
Therefore, the ducts will be cast on the main berth. When the
P.C. slab between the pier studs of the unloader pier or the
P.C. slab of the approach trestle has been completed, prefaﬁri—

cation tables will be installed on the floor system in number

to meet the requirement of the construction schedule. The

tables will be shifted with the completion of the P.C. slab so
that the ducts may be cast in places as near the place of

installation as possible.

Cathodic Protection of Steel Pipe Pilles

Cathodic protection by galvanic anodes will be applied.

Metals such as zinc, aluminum, and magnesium with lower electric
potential than the body to be protected, or compounds of positive

metals will be attached to the piles to be protected by electric

wires,

Welding will be carried out in water by divers, The effect of

protection will be confirmed by galvanometry.
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3y

4)

Rubber Fenders :
Nine sets of ‘rubber fenders of C, 1700H, will be lifted by the
wheel c¢rane on the pler or a floating crane, and installed on-

the bolts embedded in the concrete in’ advance.

Capstans and Bollards

Nine sets of 100 ton bollards, and 8 sets of 70 ton bpllards
will be installed in the specified locations by a crane on the

pler or a floating crane,
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VII-7 Related Facilities

7-1 Land Reclamation Works

1)

2)

3)

Dredging

Dredging of the area to be reclaimed will be carried out under
a separate contract for naviatiﬁn channel dredging, The area
will‘hé_dredged to a depth of -5m below chart datum, and the

dredging will be completed by the end of October, 1975.

Sand Filling
Material for sand filling will be collected from the borrow area
at the daily rate of 920m3, and will be transported to the working

yard through the temporary construction road with an effective

-width of 6m and crushed stone pavement of approximately 2 km in

length .

At the working yard, material will be dumped directly into a barge
of 500 tons from the elevated lumpway on the E-shaped temporary pief.
The barges will be towed to the site by tugboats of 500HP,

Thé material will be picked up and dumped into the area to be

reclaimed by a tractor shovel with a capacity of 1.4m3 or

a ciamshell of l.2m3.

The ground reclaimed to El, +0.5m above the chart datum will
graded and levelled by a special bulldozer of the 16 ton class
which will be capable of maneuvering on soft and wet filling

material,

Riprapping
Material for riprapping will be obtained from an approved quarry

and will be handled and transported to the site by the same method
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4)

L

as the case of sand fi1lling material, The material will be

picked up and dumped in the area by a clamshell of 1.2m which

will be mounted on a pontoon of 300 tons,

The mounting and diking of ripraps will be carried out in two
steps. The first step up to El. +0.5m will be carried out in.
parallel to works for sand filling. The second step above

El. +0.5m will be carried out after the sand filling has been

completed;

The surface of riprapping submerged in water will be smoothed out
by divers and the surface exposed out of water will be smoothed

by ordinary laborers,

Armour Stones
Armour stones will be transported, handled and pitched in the

same manner as the case of riprapping

Placing and ﬁitching:of armour stones will be carried out in
areas where riprapping and sand filling have been completed.
The surface of the stones above El, +0.5m from the chart datum

will be smoothed out by pitching.

Small Craft Trestle

Piling
Piles to be supplied by P.Q.A, will be brought into the stock

yard and will be prepared for piling in specified lengths,

Piling works will be carried out under similar sequence and
methods of working as piling works for the main berth structure

and approach trestle,

7 - 36



2)

3

4)

Pile Jackets

Pile jackets will be cast in-situ with metal forms,

Pile Caps and Beams
Staging and scaffolding work of steel members will be installed
to support forms for the preparation of pile caps and beams of

cast in-silitu concrete works,

-The general sequence of concrefe works will be simiiar to works

for the main berth structure and approach trestle,

Precast Concrete Slab

Precast concrete slabs will be prefabricated in the prefabrication

 yard, )

Slabs will be handled and transported to the temporary piler by

a 40 ton truck crane and a heavy truck of 15 tons,.

. Prefabricated slabs of a maxlimum weight of 15 tons will be loaded

on 100 ton barges and towed to site by tugboats of 250HP. )

A 40 ton crawler crane mountedon a 300 ton barge will be provided

‘at the site for the placing and pitching of the slabs.
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APPENDIX
Structural Analysis‘and Study

of Caisson Type Unloader Pier



1.

SUMMARY

This report relates an alternative plan of an Unloader Pier

~of a caisson.type structure, the design of which are shéwn

in the following drawings. It has been made as a comparative étudy'

to the steel pipe plle type structures.

 The result of findings has proved that the caisson type

structure is not practical for this Project on the following grounds.,

L

The overall construction schedule for the particular

typé'ofréaiésbn exceeds thé‘proposed“construction period

. as embodied in the plan of this Project.

Theoretical structural calculations may be sufficient

- as shown in this report.iHowever, a slight deviation in

the subbase will cause unstability of the tall structure.
The construction period shall be prolonged due to diffi-
culty of construction such as concrete'placing at sea
and installation of the structure considering the 4 knot
current speed. '

Since the height of the structure exceeds.the stanﬁard

height, a floating dock cannot be employed for construction,

Blocking of the flows of current will be undesirable.
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2.

2-1

2=2

2-3

CONSTRUCTION METHOD AND CONSTRUCTION SCHEDULE

By Construction of Caisson Yard

(1) Prefabrication of caisson on CAISSON YARD up to 9m in height.

(2) Towing the prefabricated caisson to the temporary site in sea.

(3) Completing the caisson up to the designed height by cast-in-
place concrete..

(4) Installation of calsson at designated site.

By Employment of.Floating Dock

(1) Prefabrication of caisson on FLOATING DOCK up to 9m in height.

(2) Towing the prefabricated caisson to the temporary site in sea.

(3 Campleting the caisson up to the designed height by cast-in-
place concrete.

(4) Installation of cailsson at designated site.

By Construction of Temporary Quay Wall and Utilization of Floating

Crane

{1} Inland prefabrication of caisson on TEMPORARY QUAY WALL up to
the designed height.

(2) Lifting by FLOATING CRANE and towing the completed caisson to

the designated site for installation.
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SLIPWAY AND 600t-FLOATING CRANE
4-2,000t FLOATING DOCK AND 600t-FLOATING CRANE
TEMPORARY QUAY WALL AND 1,000t FLOATNG CRANE

NOTE: 1. FOR METHOD OF CONSTRUCTION, REFER TO PAGE 5

2. THE NUMBERS SPECIFIED ABOVE INDICATE THE NO. OF‘CAISSONS
TO BE FABRICATED. .



ltem ' Quantity | Schedule Rate Item I_’riéc_

fay It Unit : N
No. Puy [tem " | (Approx.) | in PAK. RS in PAK. RS |
RS. Paisa RS, Paisa|
COST BY CONSTRUCTION METHOD 2-1 1,000 |
. Rupies
SUMMARY
1 Preparation Work Sum 1 7,600
2 Transportation & Hires of Sum 1 29,000
Floating Crane ’
3 Temporary Work (Caisson Yard,etc.) Sum 1 23,870
44 | caisson Construction Pcs 34 1,590.5 54,077
5 | Foundation Works ) sum | 1 19,356
6 Installation of Caissons Sum 1 7,600 '
7 Superstructure Sum 1 31,%00
Total : 173,403




Quantity | Schedule Rate | llemil.’;i'c'c'_;_’.

Jlem . ' 1
My N Unit : Lo .. . x
No. vay ftem "l (Approx.) | inPAK.RS | ‘in PAK. RS
RS. Paisu| RS. . [|Paisa i
COST BY CONSTRUCTION METHOD 2-2 | - 1,000 |
: Rupies
SUMMARY
1 Preparation Works Sum 1 | 7,600
2 Transportation and Hires of Sum o1 | 42,200 |
Fleating Dock
3 Temporary Works Sum 1 485
4 Caisson Construction ) Pecs 34 1,410.5] 47,957
5 | Foundation Works Sum 1 19,356
6 Installation of Caissons Sum 1 7,600
7 Superstructure ' Sum 1 31,900
Total : 157,098




Quantity

Schedule Rate

ltem | _ ' ltem Price | -
: Pay ltem Unit : - in PAK. RS .
No. (Approx.) in PAK. RS in . RS -}
RS. |Paisa)- RS.  |Paisa
COST BY CONSTRUCTION METHOD 2-3 - 1,000
Rupies
SUMMARY
1 Preparation Works Sum 1 . 7,6000
2 Transpnratibn & Hires of Sum 1 48,000
Floating Crane
3 Temporary Quay Wall Construction | Sum 1 16,550
4 Calsson Construction Pes 34 1,682.8 57,215.2
5 Foundation Works Sum 1 19,356
6 | Installation of Caissons Sum 1 7,600
7 Superstructure Sum i 31,900
Total : 188,221.2
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