_ DETAILED DESYON ON PORT REACTIVATION PROJECT :
IN LA UNION PROVINGE (JICA) ' : FINAL REPORT

' 44  Reclamation and Soil Impmvomont
441 General
. The most reasonable consnuctlon mcthod shall be selected lhrough a technical
' comparatlvc study for land ru,lamahon

Accordmg to the soﬂ mvestlgatlon in the proposed reclamatlon area, n is obwous that
: the soft layer will remarkably settled due to its soil characterjstlcs whlch LXhlbll high .
water contents’ (130 - 200%), silt and clay with N value of less than 4 Also the sill
* and clay soil layer (1) is clasmficd as cxtremcly unsu:tablc matenal in terms of ground
bearing capacny ' :

D ' Locauon of Pmposed Reclamatlon Area and Bormw Area
. The proposed reclamatlon area is located in the sed arca ]usl in front of the ex1sung
Cutuco Port, havmg a land area of approx1malely 26.5 ha On the other hand, the
e proposed borrow arca for the filling materlal is located }ust behind the reclamation arca
ona woody and hllly land w1th an area of approx1malely 26.6 ha.

- _ The locatlons of the rec.lamatlon area and borrow area are shown in Flgurc 4. 4 1.

(4] | Planned Helght ol‘ Reclamahon and E Earthworks _
- The planned he1ght of tho reclamanon and earthworks was sei based on the fo]lowmg

: con51derat10ns
The helght of quaywall th1ckness of pavement and so on were mamly cons1dered

'. 'Tho p].mned reclamatlon and carthworks ievol is shown in Flgure 4.4.1

(3) Earthwork:; Volu me _
" The earthworks volume 3 was cstlmaled to be approx1mately 3.0 mxlhon m3 for filling
'and 1.6 m:lhon m? for excavation as detailed below:

Excavatlon volume: (excludmg removal of surface soil) _ 1,.5.18,000 m3

Fl]lmg volume: (mciudlng repldccmcm ot soft soil deposﬁ): .3,0‘05,0.00 m3
* Balance: (dredgmg matenal) SR o 1,487,000 m*

Removalof surface so1l (excavanon area) S 84,000 m?

| @ Condltlons of Reclamatmn Area and Excavatlon Area
1) Topographlc Condltxons '

The topography of the proposed site is cxiremely undu]ated and the ground
elevations range Erom 0 mto DL - 11 m in the reclamation area. The borrow
area is located at hlgh ground with elevanon reachmg more than DL+ 25 m.

MAIN REPORT _ : o ) . § . CHAPTER 4
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2

Geological Conditions

From the results of investigation and geological survey, it was [ound that the
geological strata of the site include a soil layer mixed with broken picces of rock
in the first and Sccondary strata. Ttis e){pcctcd that only the surface layer can be
used as filling material but some of these materials were found to contain silty
sand. Its thickness varics between 0.5 m and 10 m.

MAIN REPORT
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442 l)esu,n Condltmm
(D Design Code
No design codes for reclamation and soil 1mpr0vcmcnl are available in E] Salvador

Therefore, the Technical Standards for Port and Harbor Facilities in Jdpan were
- referred to wherevet qpphcab]c '

(2) | Natura! conditions _
1)  Geological _Condilions

Land Area ‘ S SeaA:ca

Layer (1): Top Soil (Silty Clay), 0 to 3.0 m thick | Layer (1): Silty Clay, 5.0 to 10.0 m lhxck
Layer (2): Silty/Clayey Sand Layer (2): Gravelly Sand, 3.0 to 8.0 m thick '
R . o : o Layer (3): Grave}ly/Saudy Clay, 3. 0 1o 12.0
Layer (3 Andesite, 50 to 130 Mpa ' m thick

' ' o Layer (4% Unhthlf ed Lava

3 In the reclamauon area, the 311ty clay laycr (Laycr 1) w1th a 5 m to 10 m th]ckncss is
_ch‘iracten?ed by high water contcnt hlgh plastlclty and h}gh compression. - The

: properlle*; of the laycr 1 in thc reclamanon area were estimated to be as follows

Nevalue: __1~5 -
Moisturc'éqment:. I 13G%~200%' .
Mca‘ﬁ unit Weight' B - 14'01'<N/m= _
Shear streng,th C: s (JkN/mz -

On the other hand the soﬂ propertxcs at the wharves are as follows: '

Tabled4.1  Soil Pmpertles

Silo Soil IR - Soil Properties : X
re s KN | . C B i V12N +20

Layer Cla_ss@cahon : . KN/or? degree N-Value degree
1 Silty Clay 140 5 S Y
2 Gravelly Sand - 180 - - - 30 : 39
3 Sand Clay ' i80 | - - - 30 39

2 Désign Load

The fo]lowmg ]oads are to be conmdcred
1) Surcharge of port area: 20~ 40 kN/rn2
2) Superstructure and dead weight
MAIN REPORT o : - : : CHAPTER 4
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44.3 Soil Improvement in Reclamation Area -

(1) Gemral
T he soft layer in the reclamation area is composed of clay and silt. It is cxpectcd that
LOI}SOhdallOIl and e.ettlemcnt will occur due after the placement of the cmbankment
and rcclamatxon soxl The rcqmred thickness of the cmbankment is 5.0t0 150 m and it
will cause high presa.urc forces to the ex1st1ng soft layer
Conaequcntly, residual scttlcmont w111 continue cven  after completton of the
constructlon if no soil 1mprovement is carrled out for this ]dyer The soft soil dcposncd
* below the sca ]cvcl should be 1mprovcd The suttabtc tmprovement method are ‘;tudtcd
have in and finally the replaccment method is recommended '
: (2) Settlement of Soft Depos:t in Reclamatlon Area _
' In the reclamation area, the existing silty clay layer (Layer 1), 5m to 10m thlck causes
consohdatlon sctt]emont of the reclaamed land.
The settlement of soft clay is estlmatcd by Terzaghl theory of consohdatton using
compresmvc index as follows;
S Cc/(1+€o) * H * iog(Po+ P)/Po
v ¥ APH
Where:
- Consohdattou settlement ( cm)
Ce: Comprcssron ndex
(mv): Coeffrcrent of voiumc comprosmblllty ( cm?fkg )
eo: . - Initial void ratio
"¢l:  Final void ratro
H Lcngth of dramage path (cm )
Po: Vcrhcal effiective pressure due to ovcrburden { kN/m?)
AP Prcssur_e increment due 1o soil overburden { kN/m? )
| Consohdatron settlements were estimated as shown in Tab]e 4. 4 3.
When the thlckness of the consohdatron layer is larger than 50 c¢m, residual
consolldatton settlemcnt will 31gmﬁcantly affect and induce damage such as pavement
' cracks ]rrcgular surfat.e of ground level by differential aeltlement Thercfore, large
arcas shall be Improved to carry the load of port operatlon. '
MAIN REPORT § . o - . . CHAPTER ¢
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" Consolidation Settlement in Reclamation Area

Table 4.4.2
Case | Existing Ground Level | Thickness of Soft Lajrer Eipected Settlement | Countermeasures Remarks _ Maximum
| CD (m) | (m)  em) | Caring Period (year)
1 2 2 <50 No displacement | Care will be required 2
2 -2 4 | <50 " No displacement | Care will be required &
3 4 4 <50 No displacement | Care will be required 6

<50

No displacement

Jisplacemer

Care will be required '

<50

<50 |

No displacement

~ No disi)laéement

Care will be required

| Care will be required

14

© 14

16

15 )

~ No displacement
" No displacement

 No displacémeht

Care will be required
Care will be required

Care will be iequired

14
24
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Compzirison of Improvement Mcthod

The most popular systems of soft soil improvement can be achieved by various
methods such as Replacement method, Preloading method, Vertical Drain method,
Vlbrofloalatmn method , Well Point method, Cement Deep Mixing method, Sand

' Compactlon Pile mcthod (,ompabllon Pile method and other methods . A compamnve

study is carried out for determining the rational soil improvement method.
1) PLAN—A Replacement Method

The Replacement Method is used to improve and stabilize soft ground by
replacing it with good quality soil to the depth required below the ground surface
and it is possible to cdrry out partial replacement or total replacement of soft soil.

2) . PLAN-B Sand Drain Method

The S'md Drain Mcthod is one of the most typical soft 5011 1mpr0vemcnt

methods app]ymg the dehydratatlon theory Sand piles will drain void water

comamed in clay soil by short cut of the draining path and void water will be

dlscharged through a vertical path by increased pressure of embankment load.

The sand drain will accelerate consolidation scttlement of the ground and it
_ becomes steady in a relatlvely short penod

The consohdat_mn time was calculated from the féllo'wiﬁg formula:

- Tnde? _
o= (b.1)
Cv
Where:
't Cousolidation time

Th: Coefficient of time (.sec_o.nd)

Cv: Hotizontal direction coefficient of consolidation (cm? 5)
de: Eﬁ‘cclivé_ diameter of sand drain {cm)

The effective diameter (de) was estimated as follows:

de = 1.05d In case of triangle sh'ape arfangement of sand
~ piles '
de=1.13d In casc of square shape arrangément of sand
' " piles '
d= Spacmg of sand drain piles

The relatlons between the cffectlve dlameter / pile diameter ratxo (d e/dw) and
Coefficient of Consohdatmn Tl_me “Ty” at consolidation degree (Uh = 80%) are
as follows: |

MAIN REPORT - - . _ . : ) . CHAPTER 4
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5

IN 1A UNION PROVINCE (JICA) ' - _  FINAL REPORT
n= de/dw 2 3 4 5 10 20
Th (Uh=80%) 0.05 0.1 0Is | 02 0.34 0.49
dw:  Diameter of Sand Pile (cm) : : -

Land reclamation should commence after compietlon of sand drain work and
carried out by dump rucks with other construction equipment for creation of
land gencrally.

LAN—C Cement Dccp ang Method

The Cement Deep Mixing Method (CDM Mcthod) is to add slarry eemem and
mject 1nto soft ground a special hardener, a sort of cement mix, and to stir by
foree for the creation of stabilized soil by chemical hardening function. The
improvcd ground with hlgh Strength will be made comparanvely in a short
construction period. There are many advanlages such as less environmental
effects and little settlement of the ground. '

 PLAN-D  Unslaked Lime Pile Meihod |

: The Unslaked Lime Pile method i isa kmd of sohdlficatmn method s1rmlar 1o the

CDM method. The design and construction method require the same equipment
as CDM. A different hardener such as Unslaked Lime is used to strengthen soft
soil instead of cement. ' -

-PLAN E Sand Compaction Method

The Sand Compaction Pile Method is applied to stabilize ground by compacled
sand piles and to make surroundmg subsoil compacted. It is to cast sand into
ground through instatled steel casing pipes by driving or vibration, producing
hardened sub- ground by machine compact ion during extraction of pile casmg

The Sand Compacllon Pile accelerates consolidation effect of soil by draining
void water from clay ground like the Sand Drain Method. Although the
consohdal;on effect depends on the sml density and grain size distribution, the
piles. are set up at 2 to 4 m intervals and a sufficient quantity of granular sand is
injected by. force into the ground. The bearing capacity of stabilized ground will
increase N value by 10 to 20.

Determmatmn of Foundatmn lmprovement Method -

Five (5) soft soil improvement methods were selected among many 5011 1mpr0vemenl

methods, considering the site conditions such as the characteristics of existing very soft

clay and silt layer, location of dumping materials and past similar port development

experiences, elc,

For example, the improved .grou'nd by CDM can achieve the designed etfength by

adding stability materials without soft soil removal. And also there is no consolidation

MAIN REPORT
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seitlement and it is possible to shorlen construction period compared with normal
consolidation by the Sand Drain Method. Curing is required for 2~4 weeks after
_ imp}emcnlatioh of CDM. The treatment of units composing CDM causes no noise, no
vibration from units and no environment cffect at the construction site, It is possible to
creaie high quahty stabilized soil with assured construction control Hchvcr CDM
can nol be procured from abroad except Japan.  Therefore, this method is not
'rccor'nniendablc as a soil improvement method due to expensive mobilization and
construction cost | | |

The Sand Drain Method is applied without soft soil removal from the site by
acceleratmg consolidation settlement of the g ground, " T here are no technical problems
for execution of Sand Drain Mcthod. However, the construction cost is hlghcr than the
chlaccmcnt Method. Therefore, it is not recommended as a soil improvement
‘_rn.cthod. ' o

| The replacement Method is 1o place good granular materials afier removal of soft clay
and silt layer and special eqmpment is not necessary for the nnplemenhuon cxcept
grab drcdgers barges‘, and tugboatq

As a result of the comparatlvc study'of the improvement methods, the Rep]ziccmen‘a
Method is recommended for this Project because of its hlgh quality, short construction
penod and reasonable cost.

After removal of soft deposned matermis coarse’ sand wilt be used for reclamation
basc. The Replacement Method usmg coarse sand matcrial produces a good stability

of the reclamauon ground without scrious differential seltlement.
Table 4.4.3 shows the comparative study resuits on soil improvemcnl for reclamation.

Figure 4.4.2 shows characteristics of soft soil improvement.

MAIN REPORT _ , ' CHAPTER 4
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Table 443 Comparative Study on Soil Improvement with a Consideration of Reclamation Method

Plan of Soft Soil Imprdvcment Methods

Item
B c D E
Name | Vertical Drain Method = | Cement Deep Mixing Method| Unslaked Lime Pile Method | Sand Compacﬁon Pile Method
Proposed .
Borrow Pit Port Area Port Area Port Area Port Area
Quality of Fill Silty Sand Silty Sand Silty Sand Silty Sand
Materials Quarry Refuse Quarry Refuse Quarry Refuse Quarry Refuse
Average distance
from borrow pit 800m 800m 800m 800m
to reclamation
area
Construction
period required 30 months >40 menths >40 months 30 months
Dike & .
Temporary Necessary Necessary. Necessary Necessary -
Causeway at least 2 lanes al least 2 lanes at Jeast 2 lanes at Jeast 2 lanes
Temporary road Not necessary Nol necessary ~ Not necessary Not necessary
Main .Equipment Sand Drain Vessel - CDM Vessel UL P Vessel Sand Corﬁpactio:: Vessel
- 1000t with 4piles/ship Machine Weight 340t : 10060t with 3piles/ship
Required No of Vesse]! 3 30 30 . 5
Required Material Coarse Sand Cement - Unslaked Lime Sandy Gravel
: _ Middle Expensive Expensive High
Cost Index 1.70 >10.00 >7.00 2.6
- |Evaluation Good Fair’ Fair Good




DRAWINGS OF WORK
VESSEL

Skin Wirs

"wde Wira

CRAB DREDGER -

_

SAND CARRIER WITH

SAND DRAIN VESSEL

SAND COMPACTION VESSEL

MATERIAL: CEMENT

? 2
é w&i!f.ﬁ
E F\BD.EEER PLANT UNIT
i R
2H[19% CALCULATIO AT

=N TROL GAUGE
E CASING n7 HWL .
E. FiPE 7z m A

I = | | \
! .

al {&ictior | % SEA BED . :

P FINISHED ELEVATION _

’ COM ELié.Sf :
- CDM VESSEL

MATERIAL:
UNSLAKED LIME

NAME. OF SOFT SOIL IMPROVEMENT METHOD

GRAB BUCKET

' REPLACEMENT METHOD

VERTICAL DRAIN METHOD

- SAND COMPACTION METHOD

CEMENT DEEP MIXING
METHOD (CDM METHOD)

UNSILAKED
- LIMEPILE METHOD

PRINCIPLES OF SOIL. IMPROVEMENT

MECHANICAL EXCAVATION AND DISPLACEMENT

TO ACCFLERATE SETTLEMENT SPEED AND
INCREASE SOIL STRENGTH -

COMPACTING SAND PILE FOR GROUND OF

HORIZONTAL DIRECTION

USING CHEMICAL
SOLIDIFICATION FUNCTION
WITH CHEMICAL CHANGE

- {TO DEHYDRATE WATER

OF - SUBSOIL BY CHEMICAL
ABSORPTION FUNCHION

PURPOSE OF SOIL. IMPROVEMENT

TO INCREASE STRENGTH OF GROUND, TO
RESIST SETTLEMENT OF GROUND, TO
PROTECT LIQUEFACTION OF GROUND.

TO INCREASE STRENGTH OF GROUND, TO
RESIST SETILEMENT OF GROUND.

TO INCREASE STRENGTH Of GROUND AND
RESIST SETTLEMENT, LIQUEFACTION

OF GRCUND

TO INCR'EASI.E STRENGTH
OF GROUND AND RESIST
SETTLEMENT OF GROUND

TO INCREASE STRENGTH
OF GROUND AND RESIST
SETTLEMENT OF GROUND

NORMAL

REMARCABLE

EFFICIENCY OF SOIL IMPROVEMENT NORMAL REMARCABLE SMALL
CCNSTRUCTION SPEED NORMAL NORMAL - - SLOW NORMAL NORMAL
CONSTRUCTION COST INEXPENSIVE ' NQRMAL NORMAL EXPENSIVE NORMAL
DEﬁlGN ACCURACY EXCELLENT EXCELLENT. GQGD GOoD NORMAL .
IMPACT AGAINST ENVIRONMENT SEVERE IF NO. P'R_OTECTION SMALL -:- NORMAL SMALL NORMAL
CONSTRUCTION EXPERIENCE MANY MANY MANY FEW FEW
Japan International Cooperation Agency | Figure ) Title
. (41CA) . . - ; . . S .
The Delailed Design on Port Reaclivalion Froject | - CHARACTERISTICS OF SOFT SOIL
. in Ia Pnion Province . 4.4.2 IMPROVEMENT
of the Republic of Fl Salvador
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4 4 4 chulrements of Rechmatmn |

M

Countermeasure Agamst Liquefftclwn o _
In the carthquake pronc countries, there are many cases that most of damage are

: caused by hquefactlon

The ground damaue can be d1v1ded into several cases such as slldlng ol cliff slope, |

' d1fferent1al scttlement of soft soil, cracks and co]lapscs of ground resulting from

hquetactlon _

Partxcularly, takmg countcrmeasures agamst hquefacnon of Joose sandy sorl is one of

5 the most 1mp0rtant pomts in the reclamatlon work

2

:._The materral 1o be used for reclamatlon by fllhng shall be well- graded and shall

Tt is wrde]y known that the saturated sandy ground will become hquefred by

carthquake and the so1l spouts out from the ground affectmg the surroundings such as

- settlement of burldmgs 1nc1mat;on of bulldmgs falhng down of plants and damagc of
~ facilities ]aymg under the ground ctc

.-'-Generally, 1t is said that the soil w111 become m a state of llquld by the 1ncreased pore |
'water press'ure The llquefacuon is a phenomena causing the soil to lose its bearing
- capacity due to the app]]catlon of extcrna] forces and it is a pecultar phenomena of
-“dllatancy” of sorls by demohtlon causmg decreased effective stress. In the case of
loose sand packed the bmdmg capaclty of grains: become frail and the cﬂ’ectrve '
..resrstance of sand grams lose completely resulting in “0” effective stress, - The .

hquefacuon of soil decreases effectlve stress of soil.- The external forces causmg
hquefactron are not only dynamic sheanng stress like an earthquake but also seepage
ﬂow ﬂuctuatlon of water pressure and statlc sheanng '

Accordmgly, the f}]l matenals should be chosen from granular sand coarse sand mrxed
: 'Wlth gravel 0 avoid Ilquefacnon ‘and it is required to study physmal characteristics of
“fill materials prlor to the constructlon commencement and if necessary to replace them
- with soils of sufficient beanng capacny in accordance wrth the classification of the

reclamatlon area

Fill Matenals for Reclamatlon :

: 'contam Iess than S% of wetght passmg sieve of 74 .

: 'As for the reclamatlon s011 the surtable rnaterlal of reclamatlon from the borrow pit in

the port area and dredgmg area will be used.

- When the materlal doesn’t sult a matenal from another borrow p1t nearby should be

used 1nstead

Fwe (5) samples were taken from potenlra] borrow plts located in mountains

MAINREPORT . =~ S . B CHAPTER 4
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6

approxmlatc]y 5 km away. The Pit No 4 is locatcd in ’I‘amarmdo beach The fest

results of samplcs are as shown in Table 4. 4 4.

~ Table 4.4.4_ _ Content of Fine Materlal

Sample l\Io . Content of Fine Material .| .~ Colorimetry Level
o {%) passing sicve No 200 - (#1)y
U1 ' : 41 ' 1 -
2 SRR ¥ B R
3 o o133 o " -
4 e TR ¥ I ' : 1
-5 cn 6.1 ’ ‘ R

Note #1 blandard lest Method of AASHTO C4G 84 is referred _

| Compact:on Melhod for Fill Materlals B

Aftor so1l nnprovement the bearmg eapauiy of the foundahon for the contalner yard

“will be sufﬁment prov:ded that proper eompacnon methods are used

"The snrface sand layer should be well compacted under opumum control of moisture -
‘ content deﬁned mamly by the gram sxze The detalled in summarlzed in Chapter 8.

Road.and Paving
Road Planning .Con.d'ition

Clasmﬁcatmn Of Roads

" The projeet roads consist of a main road and teeder road The main- road stretches

@

from the bypass road to the’ Contamer Terminal and Mult1 purpose Terminal gate '

' wh]le the feeder road i is from Passenger Termmal to the main road

P]anned Traff‘c Vo!ume in Port Area "

-'The cargo volume of bulk and contamer in 2005 2010 and 2015 was est;mated as

shown in Table 4.5.1. These values were based on the forecast cargo volume as shown _
in Table 3.1.20. _ _ _

Table 4.5.1 Future C_argo Volume * —

2005 2010 - 2015

Bulk Cargo(MT) =~ . 624,700 727,000 ¢ | 841,200
' Conlainer Cargo (TEU) - 121,000 ' 185,000 B o 275,()00 .

'_Accordmg to Manual of F/S for Port Prolect by ihe Overseas Coastal Area'

Development Institute of Japan (OCDI) the traﬂw volume generated by port activities '_ ,

s esumated by the followmg equation. -

Planned Trafflc Volumc (Truck / Hour) C/W X ,6’ N2 x r/ E 0 X (1 + 6 )/ Ex0o

MAIN REPORT ' L : SR : o CHAPTER 4
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e 'Meaffic Volume -T'rnrrsported by Track (M / Yoar)

w: Load Capauty of Truck MT / Truck)
. General Cargo 2 'lon, Bu]k Cargo 8 Ion
| 8 .Monthly Flucimhon Ratio = 1. 2)
o ‘)’ - Daily Huctuatlon Ratio (— 14-15)
£ 0 Average Workmg Day per Mouth (.,25 days)

S: - _Relatcd Vchrc]o Ratlo (=0.5)

* &£: Substantial Vehicle Ration (= 0.5)

i Time Change Ra(ion (= 0.16)

- The planncd trafflc volume per hour is est;maied as shown in Tab]c 4, 5 2, Accordmg to :

the estimated traffic volume 4 Lmes were rcqu]red for the main access road in the year

L2015, -

'lable 4 S 2 l‘ra{'fic Volume and Number of Lanes

Year -

?005 - 2010 12015
“Traffic Volume per Hour 421 568 763
_ [Required number of lanes . - S
’ (2 ianes / 650 trucks) 2 © 2 4

3 Road Structure

 The main road wﬂ] compose of four }anes w1th srdewa]ks and its section betwcen the

bypass road and the Cargo Gatc w1lh med:an

- Thc feeder road w1ll have two lanos wuhout rncdian and srdewalk Howcver the

feeder road sectlon besrdc the conlamer yard is desrgned with one- srde s:dewalk for

pedestrlans : _
" Section Number of Median Sidewalk
- _ S : Lancs : ) B
Main Road 1 (0+000 —0+400) 4 " With Both Sides
Main Road 2 (0+400—04569) - 4 Without - " Both Sides -
Feeder Road -1 and -3 20 " Without * Without
Feeder Road _2 2 Without One side

4.5.2

_The planmng ‘and demgn of roads and pavement were camed out’ based on the

followmg standards and codes

__ Desrgn Standards and Codes_ ,

- - Manual for Road Structure in Japan (19‘%.: ¥ Japan Road Assomaﬂon

- Manual for Asphalt Pavement in Japan (1989) Japan Road ASSOClatIOII

. MAINREPORT
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- Maimal for Ccniént Concrete PaVerﬁcnt’ in Japah ('19'83)' 'Japém' Road Association

- _Manual for Interlocking Block Pdvement in Japan (1994), Inlerlockmg Block
‘Association :

- Dcmgn Standards for Port Pacmues in Japan (2000) Japan Porl A%socmtlon

- Central Amerlca Mamml of Spccmcatlons for the Constructlon and nghways
' (March, 2001) : - :

- Sccrelary of Central Amenca for Economlcal Integratlon (SIE(‘A)

- Amencm Assomatlon of Stale nghway and Transportataon Otficmls (2001) 3
AASHTO

_ _4.5.3 Desngn Condltmn : o
(§)] Load Limlt in Central Amerua . _
_Th(, load 11m1t of the roads in Central Amernca was defmed for the lruck type TB-SZ. .

This maximum load is 37 tons,

E:

£ o o
g BT 16T oaeT
I NN NN R s

s'r T- iIQ qq

- 14,40m (min)

17,508 (max.) : :
B:gure 4.5.1 Limited Vehicle Load in Central Amerlca

(2) l)esngn Load
The corrcs;:ondmg numbers of repetltlon (N) and the demgn load (L) adopted for '
' pavement deS}gn are glven in 'Iable 4 5.3. : :

MAIN REPORT i E . - : . " CHAPTER 4 -



'DBTAILFD DFSIGN ON PORT REA(‘TIVAT[ON PROJFC'I'

FINAL REPORT

IN LA UNION PROVINCE (JI(,A)

Table 4.5.3

Pavement Traffic and Loading

_ Locatlon K.iud_of Eqnipmént : N M‘.""({;;‘;" (L) C"“‘(‘";g;cl:lﬁi‘ sure
Contamer Marshalling Yar(l Fork Lift Truck (15 ton) 5,000,000 170 79
R/T.G Traffic Lane R.T. G (32 ton) 7,500,000 250 80
Recfer Area Fork Lift Truck (15 ton) - 800,000 170 79
Bduipmeirt Parkrng Fork Lift Truck (15 ton) : 3,800,00{). 170 79
_Truck Parkmnga)tmg Area _Trilck (1-25) B,SOQ,OOO 120 12d

B Cnntalncr Frcrght Station - : Trnclr (TZS) . 500,000 120 120
Car Parkmg ' | Trailer (40 ££) © 500,000 50 750
Open Storage for Car Stock | Trailer @0 ft) 500,000 50 50
Main Road | Truck (1:25) 10,000,000 120 120
Feeder Road Truck (1-25) 5,000,000 120 10
Branch Roads Truck (T-25) 2,500,000 120 120

(3) Subsml Condrtlon _ _
~ The subsoil condnlon conmdercd in the pavement des1gn is defined by CBR valuc as

- follows:

J 1) Road and Pavernent in the Rcclamatlon Area

_2)

“The port area is gencra]]y planncd to be on reclalmed land. For the pavement
_desrgn it is assumed that the reclaimed miaterial is fine sand with a unified

classification of SP-SM and 2 AASHTO Classlﬁcatlon A-3(0) A minimum

' _"soaked CBR of 7 % at 95 % standard compactron was adopted

; _Access Road

Thc access road is gencrally p]anned to be on existing land.. Accordmg to the
fand bormg data the: ground consrsts of surface soil (mainly sand) gravelly sand,

- sandy gravel from the upper to lower layers in the planned area of the access
h road Even the surface soil has N- vajues of 23 to 30. The N-value of gravelly
sand and sandy gravel 1s more than 50. Almost all existing land shall be

excavatcd up to the ]evel around +5. 00 m. Therefore, the subsoil of sub- grade

o for the access road is mainly composed of gravel]y sand on sandy gravcl The

‘ CBR«value was assumed at 10% from the followmg formula to convert N-valuc
: 1nto CBR-valuc based on thc “Gulde of Geotechmcal Invcstlgauon in Japan

CBR 1. 818*(8 53*logN 602) -4

4 5 4 Desrgn of Pavement

Ccment concrete pavement type was apphed as pavcmcnt slructure in consrderatlon of

~ the traﬁ"lc volumc design ]oad durabrlrty, mamtenance etc. in thc prmc1pa] area such

. MAIN REPQRT
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| as the contfuncr yard and main road from the statmg pomt to the eontamer yard gate

For the main road except for the above sectron feeder road and parkmg, the 'tSphall: :

) pavement type was apphed since the traffic volume w111 be not 80 much

acadam pavement was 'tpphed for the opcn stora;;,e t"or vehlcle and mult1 purpose

. yard in consrderatron of the traffre volume and the purpose of use,

The mmlmum CBR of 20 % was adopted in the desrgn of sub base course Cement

 treatment macadam wrth a4 minimum 7- day unconﬁned compressrve strength of '

2. ON/mm was adopted in the b'rse course deslgn B

The genera] layout of pavement is shown 1n_ I_‘rgure 4.5.2.

' .Details of each pav"em'ent type are as fo}lows;

r'a)__'

Concrete Pavement (1) [’Pypc 1]

Thls pavement type 1s normalty used in the area requlred high. durabrhty on the

o '_surfaee but hlgh dlfferentral sett]ement The pavement structure comprlses a 35

: cm thrck concrete beam a 15 cm thick base- course and 15 cm thlck sub base

course. This type of pavement was app]red for the RT.G traf_ﬁc lane.

Concrete Pavement @) 'Iype 2]

: __Thrs is’ used for hrgh traﬁrc road The pavement structure comprlses a 30 cm

O

thick concrete beam, a 15 em thick base course and a 15 ¢m' thick sub-base

course. Thrs pavement type was apphed for the Contamer Marshallmg Yard and' o
_Mame Road

- Asphalt Concrete Pavement (3) [Type 3]

The pavement structure eomprrses a 5 cm thrck asphalt concrete surfaee Iayer,
“10cem thick base course and a'30 cm thlck sub- base course This pavement type
- was applred for the mam road wrthout medlan between the startmg point and the

container yard gate on the exrstmg land and feeder roads in the reclalmed area,

Maeadam Pavement (1) [Type 4]

This pavement type comprrses a sprayed bltumen solutron layer a 25 cm thlck
: 'base-course and a 35cm thick sub- base coursc. This pavement type was apphed

for the equrpment parkmg, truck parkmg, and empty contamer area.

. Macadam Pavement (2) [Type 5]

) Thrs pavement type is normally used for l]ght traffic road The pavement

structure comprrses a sprayed bitumen solution layer a 20 cm thlck base—course

and a 25 cm thick sub»base course. This type of pavement was applied for the

- open storage of vehlc]es and multr-purpose yard

~ MAIN REPORT
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B In"tcrlockiﬁg'Concrctc._Block Pavement ['l.‘ype.ﬁ]
- 'The pavémént'stmcture cdrﬁpriscq a 10 cm thick interlocking conerete block, a 2
cm thick sand layer, and a 10 cm thlck base coursc. This pavcment type was

L dpp]l()d f01 sidewalks.

Thc typlcal Cross sectlon of cach pavcmenl typc is shown in F}gurb 4. 5, 3
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4 5, 5 Claselﬁcatlon of Accese Roads

The acccss roads inside the port area are. classmcd as shown in T’lb]b 4.54. The
: typlcql sections of each road are shown in F1gure 4.5. 4

’I‘dhle 454 Ciasslﬁcatwn ofAcceSS Road -

. Eane - | Width - - | Remarks o

Main Road : 2x2 =4 lanes B=250m . with Median, Sidewalk
| Sub-Trunk Road | 2%2=4lanes’ B=200m - | with Sidewalk
Branch Road 1x2 =2 lanes’ B= 90m - o

I ' A ) ’ SAE T Lo
SOEAALK -+ ; MoloR vEHOL g e LT - . JMOToR weHSlE

THEANCH WITH BOVER
31500 250

s L)

[FUTURE DEVELCPWENT) . . R (FUTURE DEVILOPHENT)
7500 B 560] 3000 ) Do W . - [5ee)
. : . (PAVEVENE : TWPE 2} . . . (PAYENENY @ TYPE 2)
2500 L . 20000 . . | 2500 .
i 28600

" TYPICAL SECTION OF MAIN ROAD {TYPE A)

TOEWALK

NOTOR VEIRCLE . SOEFALK

(PAVENENT : TYPE 2) . . ) ‘NIURE DMLB?MWT} . L
1750 L 16500 .

00

| covEr

1750

. TYPICAL SECTION OF SUB-TRUNK RODAD (TYPE @)

X

MOIDR VEHICLE _uDTOR VEHCLE

25

. 25
[ﬂl N TRENCH WATH COVER

500 T Lﬂ‘ L‘ml
. [PM(uEN! : TTFE 3) . iPm(u[xr 17?1: ;)
3000

T‘{F‘ICAL !’:‘ECTIGN1 GF BRANCH ROAD (TYI—‘E C)

Flgure 4.5.4 Typlcal Scctmn of Access Roads
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456 Bypaqs Road

The. leas1b1hty study for the Bypass Road commmsioncd by MOP was comp]cted in
Novcmbcr 2001 'md the fund allocation was approvcd by the N National Congrcss
Assembly in June 2002. The connection pomt of the Bypass Road and the port Main
Road 1 is locatod mSIde the port It was planned that the intersection will be developed _
- near thc port by means of a roundabout type structurc The followmg crosqmg was
' proposed for thls Proy,ct ' '

_ Thc coordmates elcvation and the end sectton number of the Bypass Road 1n the port 5

-~ area are shown below

Coordinates 627296 03 E, 246090 31N
_Elevation  : 9. 00 . .
~ Section Number o112+ 238 (Thls sect;on number was bascd on the drawmgs of _
'the Bypass Road by MOP. This means the boundary between thc Bypass Road h
conslrucuon by MOP and the Port construction by CEPA)

Flgure 4 5. 5 Proposed Cmssmg of Bypass Road Near the Port
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46 Storm Drainage
- 4.6.1 l)rainag'c Planning Condition

) I)ramage System inside I’ortArea ; , ,

' A dramage system corlststmg of plpe culverts and trenches is planncd to be provtded o
Ifor the structures 1nsrde the port area such as road, yard berth and burldmgs in
cons1derat1on of mamtenance, 1mportance and mrmmum length of dramage o
comblnairon between p1pe culvert and trench etc :
Moreover the storm water inside’ port area is planned to treat by orl/watcr separator in -
'order to avoid dlSpOSlng 011 waste into the ocean dtrectly The orl/water separator :

- B should be arranged al the end of manhole for the dramage route

- (2) : Dramage System outsrde Port Area | : S

o Open culverts (dwersron) is planned to be used for the dramage system outs1de the port .-

area, such as in the’ as in the Lumng area for reclamatlon material and the ex1stmg

: dramage in consrderauon ot mamtenance 1mportance and m1n1mum length of
S .:_dralnage etc. '

(3) ._Method of Dramage _ _ .
o As mentioned above, prpe culverts/lrenches and open culverts are apphed for the

- dramage system 1n and out of the port area respecnvely '
I . (4) _' Route of Dmmage SRR - _

- Five main routes m the port area and 2 main routes out of the port area for storm

dramage were detcrmmed as shown in Figure 4.6. 1

4,6.2 I)eslgn Standards and Code i
The planmng and design of the dramage system are carrled out accordmg to the
followmg standards and codes: o '

- Guidelines for Dramage in Japan (1987) Japan Road Assomatton |

- Gulcle]mes for Culverts in J apan (1999) Japan Road Assocranon 7

- ~ Manual of Des1gn and Construction of Conerete Manufactured m Japan (1986)
National Concrete Manutactured Assoclanon '

4.63 Design Condltlon _

D Formula for Run- oﬂ' Volume Calculatwn . . ,

' The run-off volume to be consrdered for dramage design is calculated by the fo]lowmg '
formula

Q = xCxIxA
- 360 '
| .MAIblREPbRT . : _ . : . CHAPTER4 ~
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Where:
B 6 Ruﬁ-off volume (m*s)
C: Run off c,uefflcmnt

I _ Dcmgn ramfall mlcn';lty (mm/hr)
A © Caichment arca (ha)

(2,) Run-ol‘f Coelficnenl
" The desagn run off coefflcwnt for cach ground surface typc is shown in Table 4.6.1.

| 'lable 4 0. 1 | Run-off Coefﬁcxent

: _ Surface type - - : - Run-off Coetflcmm
Hou‘;c roof and concrele pavement burfacc o o - 0.85
Asphalt pavement surface L o 0.80
Macadam pavement surface . 0 o - - 070
Rubble pavement surface U S : 0:50
Soil surface R R - o .. 040
Grass surface . - N L | - . 015

Cutlmg arca with grass L - L . : ~ 005

(3) Desugn Ramtall Intcnslty L o
* The dcmgn ramfall mtcnsxty is ca]cu]ated by lhe fo]lowmg formula based on lhe
“Guide for Dramagc in Japan” dnd on the 10- years probable ramfﬂl mtenbliy for this
-Project '

Im—R;o
I+b

”[a —b+60] .

b= (60~ 10p,, " (10" -1)]
- Where;

L Dcs;gn rainfall inleﬁsity with a 10-year return period (mﬁ;/h.r)
. Rie: Probable ramfall mtcns;ty of 60 minutes dunng the 10- year return pcnod (= 70 mm/hx

. as shown in Tab]c 4.2: 3) _ : .
Bi™ 10-minute ramfa]l spcc1f1c coef:ﬁclent of the 10-year rctum penod
L Duralmn of ramfa]] (mm) ft= 1 (4 2]
1 ¢ | . ' Overland flow travel tl_mc (mm)
ty - Travel timé in culvert (min)

The 10—m1nute ramfall spemﬁc coeﬁlcxent of ihc 10—year return perlod (ﬁm") is
assumed at 2 0 based on the “Guldelme for. Dramage in Japan

’Ihe pori area is d1v1ded mto six (6) catchment areas as shown in F}gure 4.6.1. The -
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dralnagc syqtem‘; m the porl was pianncd 10 be composed of plpe culverl s and trcnchcs '

Thc demgn ramfail 1nten31ty for each culvert is computed at 95 - 135 mm/hr as shown

~in Tablc 4.6.2. The dcmgn ramfall mtcnsny for the storm dramage sy‘;tem in the port _
area is compui.ed at 135 mm/hr

: Tab_le 462 Des:gn Ramfall lntensnty of Culverts

~ Route " Length of Overland Flow Travel “Travel Time in DcSIgn Ramfall
_ Mam Culvert . Time (ty: min) - Culvcrl (l :min) | Intensity (mun/hr)
i (m} . SRR L Lol
Rouie - A - 340 87 - , - 62 ] 12759130
Route-B | . - 300 12 o 47 - 135.0 > 135 .
| Route=C | 525 | 109 - 85 | 1177 2120
Ronte - D - 975 o 188 . ‘ 112 C920 295
Route - E 585 103 - . 83 1175 =120
MAIN REPORT CHAPTER 4
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4 6 4 Dctermmalmn 0[‘ Size of Dmmage
S Hydrauhc Dcslgn .
The cross scctlonal area of the drainage flow 'md the slope reqmrcd 1o lead the tunolf
_  .water to outlet pomls were detcrmmed by applymg the Manning Fon mula as follows:

Q Ax1/an2’3 S”2

' whcr‘e;
- Q¢ Runoff (m%)
A :. 'Cross sectional area of the runoff flow (nf)
R : Hydraullc racims of dramage
s IIydrauhc slope
a Coeff]c:cnt of roughness of dramago surfacc

)

0 013 for concrete plpc cu!veﬂ .
0. 014 for trcuch

10030 for open culvert

'n'

@ Slze ol‘ Dramagc. L
L Plpc Culverts

—'The p}pe culvert type was selected as the culvert structure “The ouﬂct blZe was
estnmated based on the dbOVf: menuoncd condltmns as shown in 'I‘able 4.6.3.

' Table'4.6.3 | Estlmated Outlet Sues l'or Plpe Culverts - -

\- . 48" (1219mm) | . . 1.798
5,51 - 1553 48" (1,219mm) S 1798
674 1566 | 48" (1,219mm) 179
2080 1321 48" (1,219mm) - | - 1.798
~ 1530 1.346 48” (1,219 mm) 1.798
- Where,
Quq: _. S Réqu%red dischargfngvo]ume
D _ - Drameterofdes:gncd culvert L
. Qc o R ..Dlschargmg capauiy of culvert (=09Qcmax)
MAINREPORT . , = L _ ' ' T CHAPTER4
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Trenches.

Thc size and 1cngth of trench €s 101 thc Routet;Ato E are as shown below;:

Table 4.6.4 Estimated Sizes of Tl_'enches '

Dnvcrswns

The siz¢ 'md lt,ngth of dwcrsmns for the Routes A to E are as shown bclow

Table 4.6. 5 Estlmated_ Sizes of Dwersmns 3

Bottom 4.0 m x Top 5.5 m x Height 1.5m :
Bottom 1.0 m x Top 25mx Hcight 1.5m - 580

l_4'.6.5 'Determlndtmn 0[' Slze 0[' Oll/Watcr Separator 7-
) | Fnrmula fnr Calculatmn of Oll/Water Separator

. The capacuy of 01l/watcr separator was determmed accordmg to the fo]lowmg formula
- Mannmg Formula Flow Rate for 011/Water Separator

-~ Ca]cu]atlon Model of USEPA and API Capacny of OIIIWater Sepatrator o

(2) Flow Rate for Oll/Water Separatnr

The dlscharge volume of cach oﬂ/water scparator is est1matcd based on Mannmg
Forrnula as shown in Tablc 4.6.6. . '

Table 4.6.6 Estimated Dlscharge Volume of each Oll/Water Separator

3 Capac:ty of Oll/Waler Separator

The capacny of 011/walcr separator .1s estlmated based on the followmg formula as
shown in Table 4_ 6.7.
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 Rise Rete: Vp=179x (dp;clc) xd2x 1(5"811
Where; | | o
dp: .I.)en's_ity of Oil .(gm/cc) ; 0.9
" de: Dencity of Water (emfec) ; 0.99567
d: Diameter of the dmpm '
_et:tobe removed 45,&
n: qhwolute Veloc1ty of Water : 0 008
.A]low Homzontal Veloc;.ty 15Vp -
Surlace Area of Ol]fW.}ter Separator As=Kx Q / Vp '
Where 7 |
_ K Dlmensxonless Facior Descnbmg Turbulence 1.5 |
. Q Retamed F]ow Rate (mS/s)
Wldth of Oll/Water Scparator W= e (As/S)
Length of Ol][Water Separator L from 3 Wio5s W 4 W
g Depth of O1]/Watcr Separator D «Q / L/’ W) + Dp + C

where o
Dp Dlameter of Pﬂe Cu]vert 0 4m o
C: Clearance ; 0.3m - '

Tahl_e'4.‘6.7‘ " Dimension of .Oil'/W_ater SepafatOr _

MAIN REPORT ‘ ‘ . . : S . CHAFTER 4
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