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PART 2. - HIGHWAY SYSTEM

1.0 TRAFFIC S5TUDIES

1.1 DIMENSIONING THE INTERNAL ROADS AlID THE ACCESS
ROAD TO THE INDUSTRIAL COMPLEX

For dimensioning the internal roads the location of the lst
stage industries and the highway network planned to service

them were taken into consideration.

The number of trips to work was based on the number of
direct jobs provided by the Suape Industrial Comples in
the 1lst stage of implementation.

The flowchart in Figure 1-I was used to calculate the

number of vehicles during rush hour.
A PASSENGER TRANSPORTATION

The home-to-work trip hourly distribution contributes
so much traffic during the peak period that it would be
disadvantageous for the industries to transport cargo
during this period. Therefore, dimensioning the roads
can be based solely on the passenger traffic, admiting
for a margin ofisafety an volume of cargo traffic equal

"to 10% of the average hourly cargo transported.

It is predicted that by the end of the lst stage the
Industrial Complex will have around 22,000 emplovees, as
listed Beioﬁ, of whom 80% will travel from home to work

and vice-versa during rush hours.

S Iv=2/1.1



JOB FORECAST FOR THE lst STAGE

INDUSTRY
Refinery - 600
Fertilizer Plant - 100
Aluminum - 2,000
Cement - 1,500
Others - 1,000
Subtotal - 5,200

PORT/ADMINISTRATION AND OPERATION

ADMINISTRATION CENTER:
Administration Headquarters - 131
Businesses - 335
Hotels - 150
Restaurants - 180
Subtotal 846

CONSTRUCTIOUN - 15,000
TOTAL JOBS ' - 21,6406

Once the forecast residential areas are constructed at
Suape, 70% of the hoursing demand will be met; this 70%
is therefore fixed as the percentage of employees in

the area.

Since these employees will be of a relatively low
.economic status and since the distances to be covered

are vey short, it is presumed thag heavy use will be

made of public transportation; it may be assumed that
90% of the residencs in the area will use public buses or

i er 4l B2 e o e & ot 1. v o mpmante
hucses 5\3??110(‘} SFOUAE ZITWMS I0T Walla Thly WoIrA.

For the remaining 30%, a division of the job categories
must be made in orcder to characterize two distinct

economic ranges:

- Those with grecater economic purchasing power

CIv=2/1.2



Construction workers

For ?hé”ﬁiisﬁlgfoup, the .percentage found in Recife (Trans-
pbr£§t}on Study of-Greater Recife), 50% using automobiles,
was ﬁgéé. For the second ground, it was assumed that

90% wiil use public transportation and 10% will use

* automobiles (engineers working at the construction sites,

ctec.) .

To convert the individual trips into a number of vehicles,
it was assumed that there will be 36 passengers per bus
and 1.5 passengers per car. The bus equivalence to

passenger car units was assumed to be:

1 bus = 3 UCP's (bassenger car units} (Coefficient for
hilly ground) based on the lighway Capacity Manual -
National Academy of Sciences - National Research Council -
1965,

Using this methodoloay, the following traffic flow,
represented in the flowchart in Figure 1-I, was obtained:

Table 2
Section Paséengers
AAY 1,108 UCP
BB* 1,532 ucp
cct 549 UCP
DD' | 1,530 uce
EE! 255 ucp
B CARGC 'TRANSPORTATION BY TRUCK

-

In order to maxe the crlterla uniform, the same cargo
mtransportatlon volumcs as used for dlmen51on1ng the

pav1ng, as well as. the-same type of truck, were adopted.

;;iXi?{lz%*
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The absence.of peakcpcrloda 1n truck traffic shown in
traffic ccuﬁts made in Reczfe permlts us to assume that
the situatlon wlll be Lhe same in Suape. For this reason,

uvg ‘-

the dally truck traffic was divided uniformly by 14 daily

******

£l L T
e . Z" 1 H

As stated before, truck traffic should not occur during
rush hours since it would be disadvantageous for the
industrleu to have their trucks delayed in an hour of
intense passenger traffic. Therefore, only a l0%portion
éf‘the‘ﬁoquyutruck traffic was assumed to move curing
rush hours: ’

»

To convert the nunber-of .trucks into UCP's the factor

S

of 5 was adOchd, in keeplng with the region's geographical
conditions,  yielding: '

kS
a

CARGO TRAFFIC - -

Eﬂ”f““ﬁ'%mfl ] Trucyr/dﬂv. Trucks/hour UCP/neour L
» Sections: 11980 (1985.{1995 11980 11985 [1295 {1980 !'1835 '1a93
T AAtDy v TFlo4817|"6847|847-] 34 | 49 | .61 | 170 | 245 | 303
BB' ‘- ¢ [°3991| ‘513544 | 20 | 37 | 39°] 145 | 185 | 195
cet o 375 7478 | 430 27 34 35 | 135 | 170 | 175
oDt o 24 #1334 50 2 3 4 10 15 20
- CEEY: - 7L g&”gu-“z_sz 4 51 1| 19| 25 551 95

"_‘thEE 'ﬂ: -‘Egu;yq;encé Factor - 5 UCP = 1 truck

The particxpatxon of cargo ‘transportation during rush

. hours (105 of the hourly cargo flow) results in:

P Ay o=
- — R X

o

SECTION. | 1995
AR 31 wep
BBt 7 {20 uce
cc'“ ~-|: 18 ucp

' DD‘ ~ |2 ucp
- th.n ;{leqﬁucg.

IV=2/1345;



‘¢=" " s " DIMENSIONING THE ROADS

v T e AT N we PP
.k : 5

e

Siﬁce 66Iy‘3ﬁsmall differerice in work starting times
s expected to occur in the industrial zone, the peak
traffic perlod was assumed to be one hour long.

Thus for the various sections, the following traffic

flows during the rush hour were used.

SECTION | PASSENGERS | CARGO TOTAL

AR' 1,108 3l 1,139 ucp
BB' . .1,532 .20 1,552 ucp
cer - - 549 ~ 13 567 UCP
DD 1,530 2 11,532 uCP
EE!' - - 255 10 265 UCP

A~ ®

The Scepe:iﬁéustrial Complex’s internal traffic may be
considered traffic with urban characteristics since
the roads are charactcrlzed by peak period lcads,
:close cr0551ng distances and a large passenger nmovement.
_The follouzng formula was adopted for calculating the
:capac1ty of e two lane hlghway.|

c:= 2,000 # WL x '1'B b4 TT

where_WL is a parameter that varies with the highway
dimehsiohé"add T, and T, arc parameters relative to the
Lrates for buses and trucks.

-Adoptlng the dlmen51ons recommended in the Highway Capacity
"Manual and usxng the equivalence factors for buses and

trucks,,ylelds-"

C = 27000 % 1 %L x 1'% 2,000 UCP*s/hour

IV-2/1.5-



JASince thc traffic flows calculated for the various sections
of the planned hlghway network are below the saturation
lqyel‘for a two land highway, a typical section of the
fpllqw%ﬁg form was adopted: ’

0
£
o
2
" . N 2 o
3 = 0 2 3 <0
. =4 =wm @] = =
! 3] =5 = > 3] =5
0 - oo G5 8] & 5o
[ =] - - = oA [ | - - =
@ a =0 ok o a =%
I | | i I i
1.60 0.5 3.00 7.20 3.00 0.5 1.60
Y \ N

For the points with the 'largest load on the roads it was
concluded that the service level will be A if there is
no traffic signalling installed and level D with
traffic signalling.

By the end of the flSt stage the highways will be operating

at 75% of their saturation level, leaving a margin of 25%.

It is recommended that the shoulders receive the sane

surface treatment as the highway lanes in the places
_ 1Y

where bus stops will be necessary, and on hills where

the heavier vehicles will greatly reduce speecd.

IVz2/1:6;



7% % “ACCESS ROADS 'TO THE INDUSTRIAL COMPLEX

Scction AA" cited in the preceding item, can be viewed
as an- eiﬁghélon of highway PE-G60 since its cutt-off is
situated“at a’ p01nt which will accomodate only the
traffic conncctlng with- the Industrial Complex's external

area. -

Considering the traffic flows set down in item C of 1,1.1
and gompaiingmsegtion AA's flow with the calculation of
the two lane highyaﬁ's capacity, it was concluded that
during the first stage there would be no justification
rfo; wiqéﬁfhg'%he preégnt highway PE-60. Only improvements
" to the preséhé shoulders are suggested.

Since the dlstancea to the closest cities (Cabo, Ponte
dos Carvalhos, etc.) arc approximately 20 km with
quite hlllj sections, .the use of bicycles as means of
commutlng along the accesa roads to the Industrial
Complex is not fep51ble, nor is construction of special

bike routes justifiable.

IV-2/1:7
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2.0 %' BASIC' GEOHMETRICAL DESIGH

2,1 GENERAL CONSIDERATIONS

The planhed'highWay network aims, during the first stage,
+at linking the various port terminals to a main distribution
trunk road for the Industrial Complex. The network itself
1s interconnected with the stated and federal highway
system through a main access road to highway PE-60.

The routes proposed are intended to fit simultaneously
the r§gion!s téchnical and economic conditions and the
port industrial complex's operating framework without
hindering the functions for which the adjacent areas

are designed.

'iV:' -2-/2_. 10



2.230 Ue¢ HORIZONTAL PLAN AND PROFILE

B »
P

2.2.1° CHARACTERISTICS

e 22

The philoéophy expressed above guided the determination
of . the highway characteristics to be presented below.
The highway system plan (scale 1:10,000) was based on
aerial photographs on a-1:30,000 scale, restitution of
the aerial photographic survey on a 1:10,000 scale and

local reconnaisance.

The highway traffic characteristics demand that traffic
flow continuously. Therefore, for the Main Access

and the Main Distribution Trunk Road, horizontal radii
larger than the minimum- (380 m) and a maximum slope of
2%, or a class "0O" highway inm a flat and hilly region,
as per the classification scheme established in CNER's
regulation no. 3,602.

The port access roads' cha;actcriséics permit them to
be classed as class "1" roads with a minimum horizontal

radius of 245 m and a maximum slope of 3%.

2,2.2 LENGTHS OF HIGHWAY T0 BE.CONSTRUCTED FOR
THE FIRST STAGE

The highway system is presented in Topographical Plan

‘on a 1:10,000 scale and in profile-on a 1:2,000 horizontal
scale aﬁé:qgi:zpo vertical scale in the respective Book

of. Drawings. The average lengths on the plan yield the

following values:

HIGHWAYS . LENGTHS
~Main access - . 1.60
_f@ain“pispigbgtipn,Tfunk ~ 5.60
IPoreRoad 1 | 5.30
‘PortiRoadid. v 2.57
. Port Road ‘4 ~(Parf) 4.07

-

{EQ£§22:i



Port Road 5 (part) 2.60

;TOWnSiFG access 1 . 3.75
Townsite circuit 3.70
Secondary access to the

Refinery 1.78

N S of O access (ZRl) 1.15
Access to the Cement Plant 1,20
Road 1 (ZR2) 2.40
Road 2 (ZR2) 1.50
Road 3 (ZR2) 2.20
Road 4 {ZR2) : 0.70
Road § (ZR2) 2.00
42.12

. Iv~2/2.3



"2.3 . ¢l TRANSVERSAL SECTIONS
”Trdnsygfsal°sections for the highway system were
designed to handle, all through the working life of
“the raégs, the increases in heavy, medium and light
‘traffic. " '

Figure 2.1 shows the'seégion to be used for the various
higHWay sections for the first stage. For maximum
utilizapibh:of the Industrial Complex, duplication of
the SQCt;oﬁ“in the main access road and the main
'distribgéidgﬁérunk’rééd was predicted,

Iv-2/214
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3.0 - COHVENTIONAL CIVIL COMSTRUCTIONS

“3.1 ' GENERAL CONSIDERATIONS

‘In order to protect the highway system infrastructure

and the paved roads, drainage to capture surface and
underground water was planned.

According to criteria in the following items, quantitative
values for the following elements were arrived at:

- Cave and grade culverts

- Deep drains
- Gutters
- Benches
Lo Protection ditches
- Plant covering

IV-2/3:1



ORIENTATION ADOPTED

LY
L ]
X

T e L £y )
L

73.2.1 CAVE BOTTOM CULVERTS

ginformation needed to pre-dimension cave bottom culverts
?was taken from aecrial photographs (1:30,000 scale) and a
?topographic plan {1:10,000 scale}. A 20 year replacement
:period was adopted for a projected 70mm/hour water

~fall rate.

‘The flow sections, determined by the Talbot empirical

. formula, were converted to pipe sections with ¢ 1.00 m.

L
3

=3.,2.2 DEEP DRAINS

Deep drainage was indicated for all cuts with a red

elevation greater than 3 meters.

3.2.3 GUTTERS

Gutters at the cut embankment bases were adopted.

3.2.4 BENCHES

" Were adopted for the sides of the fills with a red

elevation greatexr than 3 meters.

EV‘%Z3,2



i3.2.5 PROTECTION DITCHES

s
Oy

3
¥
'Were considercd along all of the cuts.

3.2.5, PLANT CQVERING

3,_ R .

EGrass covering of all the fill embankments was predicted.
No such covering will be done on the cuts since most of

zthem will be widened.

‘.
" The area to be covered was estimated as the product of

{the fill extension times the mean height axonometrically

- projected over the embankment slopes. A one meter

. strip of grass covering was assumed in addition to the

ngase of the fill embankment slopes.

IV~2/
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QUANTITATIVE, DATA
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3.3

.

Quaﬁgfzé@ive data for each drainage element for each
sectfoﬁﬂof the highway system, are presented in the
following, tables:

- .Culverts ‘ . Table 3/1
- Deep Drains Table 3/2
- Gutters ' Table 3/3
- Benches Table 3/4
- Protection Ditches Table 3/5
- Piqpt covering Table 3/6

- Summary Table Table 3/7




TABLE 3/1

¥
1]

CULYZa2TS

SECTICN. LEXGTH II MITZR%
M yain Locess . 66
Distribution® Trunk + Port Route I - 657
2nd section Port Route I + secondary access 671
road to bulk v»roducts vort . .
Toimsite access road + Towmsite Road 1 354,
NS 0 Access + Port Route IV R §:) §
Roed 2 " . _ 83
Read 3 ‘ 177
Roed 4 88
Road 5 205
Secondary access to Refinery : 89
TOTAL - . . 2,580

I ;2)};5
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© PABLE 3/2 -

“DEEP DRAINS - BIGHIAY AL .

SECTION

LENGTH (M)

Distriv. Trun'z + Pert Route 1

2nd «ectzon Port Route 1 + secondary access to

bulk pronuct.. port . .

Port Route 3 + Paort oute 4 + secondary access
to I"ertil:l.qer Plant

Secondary ‘.ccc :3 to Cewent FPactory

Kain acce 5 road

Port Route V + Access to 7 S0

To:mmte acposs 1+ Totmsite ftotd 1

Toungsite cix;‘c;uit )
Rowd IT .
ftend IITX w . .
Road IIX
" Road ¥

x

Second‘.ry acce :5 to the ’{ei‘merj

CTCTAL

L

3,160
2,980
700

-

930

S 14170
1;375

708

1,580

1,870

1,060
.15)540

ree s

L e .
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TABLE 3/3

HIGHJAY -  CGUTTERS

-SECTICH - LENGTH
=y Port Route 1
Trunk + Port Route L 3,528
Jain ACCBSG 928
Port Route 3 + Port “foute 4 + cecondary acces 1.890
to fortiliz er. ")lﬂ."&t 1
2nd section’ Port Houte 1 + '-econc...ry cceess to 4,200
bulk produc.ts nlaﬂ.t
wceess to I S O + Port Route V 1,500
sSecondary access to Cerment Factcery -
Jowmsite Access 1 + Toimsite load 1 2,070
Po:maite circuit 2,240
foad II . 710
Road III . ' 2,660
Road IV . s 640
,HOZ‘.d 1) ‘ 11870
-Secondary access. to Refincry . 1.460
“POTAL T 22,170

Yv=2/3.1



TABLY -3 /4

.
.

.

.Wsacwioh

-k i

LEIGTH - OBs3

Dist- trunlr + Port Houie 1

Hain 2ccess) > -

Port ?oute .+ . Port Houte 4 + Sccondary
accc.,s to i‘crt:.l:.--er nlc.na.

15t roct_:.on Port 'Iouuc 1 + ..econd«:;.ac-,jr access
fo bul}"product... *zor*'

;‘icce.,s to II S 0%+ I or't Route ¥

Sccondary accc:s'- to Cement Factory
Townsa.te acoc s + Tomsite road 1

Tom.;u.tc,c:.rcu1t
- ¢ BL" [l T

Rtoad II. )
Road IIZ -
Road l’V _

Road Vv,

Sccondary accoss to the Refinery

6,240
920
11,440 -
6,330

. 2,440
‘ 2,900
2,200
1,830
1,020,

1,620

1,770
36,800

U Y v

TCTAL -



T4BLE 3/5

-

—— .o
-f

L PROTECTION DITCHES
SECTION LENGTH IN ITTER
.Dist. truni + }’ort toute 1 3,530
Hain access ’ e 930
.Port Routu 3 + Port Route 4 + Secondary 1,8600
access to- fertlllvcr plant
“1st sectlon Port Route 1 + secondary access o 44200
.1o bullk.products port 1.400
sccess to jif S 0, + Port Route ¥ }
Scccndary access to Cement Plant /'-. -
Townsite access + Towmsite Road I . 930
Townsite circuit ' 2,240
.Road II° 710
Road ITI ‘
SR 24 2,670
-Road IV~ 640
Road V - . 1,870
.Secondary acéass to Fertilizer Plant 1.460
—_—

. TOTAL , ' 22,170



BABLE 3/6

SEQTIOH ARES (M2)
¥ain access )
. 11,800
Dist. trunck + Port Route 1 56,060
ond section Port Route 1 + cecondary access 48.600 -
to bulk products port H
Port Route 3 + Port Route 4 + secondary access 79.500
to Fertilizer Plant )
Secondary zccess to Cement Factory 17,270
Townsite Access 1 + Towmsite Road 1 '4015Q0
Tovnsite circuit 19,810
foad I 131000
Road IXII- 7,820
Road IV 1,290
ad Y- . .
Road ¥ 24,790

~ Secondary accessfo the Refinery

TOTAL

16.730

|+ 348,880




pABLE 3/7

’

QUALPITIES OF CCHYENTIOMAL CIVIL COLSTRUCTICHS (SUITiARY)

SERVICES

UNIT

— HIGHUAY

Excavation:and laying of cancrete

pipes f# 1.CO m
Deep drains

Loncrete gutters

4
Commercizl benches

Protecticn ditchies

-

Plant covering

2,580
15,540
22,170

33{800

346;880
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4.0 ¢ EARTH MOVING

®

4.1 . ORIENTATION ADOPTED

The basic design for earth moving took into consideration
the following factors:

- Nature of the material to be excavated
- ‘Crdssing of the mangrove swamp areas

- Volumes of material to be excavated

- Volume of compacted f£ill

- Mean transport distance



4,2 - CUTS -

For pﬁ;p?ﬁgs of calculating volumes, embankments with a
1:1 $lopeiwere adopted for the cuts. The present status
" of thgﬁﬁﬁikgdoesn‘t-petmit more detailed studies on the
cut embankiient slope stability.

vihenéver the cut sub-grade material shows low support
capacity, it is suggested that better quality material,
with expansion less than or equal to 2%, be substituted.

L.



4.3 BORROW - MATERIAL

The results of volumo calculations hoﬁed a clear
predomlnancc of £ill volumes over cut volumes.
w1den1ng the cuts was indicated as the first choice
for obtaining borrow material in a manner that preserves
'the region's natural landscape as much as possible and
provides better drainage and visibility conditions.



4

4.4 .. NATURE OF THE MATERIAL

The haﬁeria;s to be-excavated were sampled by auger
drillings at points where the route showed a section

of cuts.’

The samples obtained were laboratory tested for:

- Size consist

- Physical limits

- Compaction and

- California Bearing Resistance (CBR)

The results are prcseﬁ@cd in Tables 4/1 and 4/2.

The nature of the materials was found to be group A2
clayey and/or silty sands and group 7 clayey silty
materials, as per t@e HIRB classification svysten.

For subgradé materials, a good part of the group A7
mageriqié cculdhbe used since a low bearing. resistance
capaéity and a higher than recommended expansion were
found in only two of the drill holes. All of the group
A2 material will be used. V '



4.5 ~. ~ -FILLS

4.5.1 COMPOS ITIOU
Embankment slopes for the £ills constituted of cut and
borrow.materials were set a 3 (horizontal) : 2 (vertical)

in order to determine values nceded for calculation of

volumes.

Use of materials with low bearing resistance (CBR less than
3) and high expansion (greater than 3%) in the fills is

not recommended.

Material with expansion greater than 2% should not be used
in the final layer (60 cm).

In sections, where the subgrade support capacity is such
that, in spite of being greater than the recormended
minimum, it lcads tc hlgu pavement 'thickness, the

£ill should be topped Wlth sclect materials. Materials
from group A2 will be suitable.

4,5.2 FILLS IN MALGROVE SWANPS

. Special attgﬁtioﬁ was given to this topic.. However,
-definiﬁg;soiuﬁiéns:fpr-crossing mangrove swamp regions
does nbE;fiﬁuin the scope of this phase's work. It is
reconmended that studies be conducted at a rore advanced
stage for spec1f1c solutions for each fill in mangrove
swamp areas.: The following are suggested:

BERMS -,

Are latéfél équiiibrihm benches to reduce shearing
tensions that occur ln the flll s soft foundation layer.

An example of the method ~is shown on page 4-I.

ns



VE”RTI’CA'IT SAND DRAINS ;.

Are columns of sand penetrated into the soft layer on
which the flll will be laln. The serve to accelerate
the cpndep%;ng proeesses to occur in that laver.

DYNAMITING UNDESIRABLE MATERIAL

COnsists in the ellmination of the soft material by
explosicns eiLher under the £ill or at the base of the

£ill.

4

- Use of the above suggested processes will be determined
for each £i1l area after the characteristics of the soft
materlal the thickness of the layer in which it occurs,
the helght of flll over thlS soft layer and other
factors, such as economy of the project design and
executlon time, have been checLed.

In order to make cost estlma es that are as realistic

as poss;ble, Zm, the value of the pole neasurements
taken . in’ this region, was added ‘to the red elevation
quantities for the fill over mangrove swamps.

IV-2/4.6



4.6, ..} - 'PRESENTATION,

Cut, - borrow and fill volumes and mean transport distance
are llstcd ln Table 4/3.
. The chE_énd fillivolqmes.we:c determined from the mean of

the réﬁ elevations taken from the profiles.

The value 1.3 was adopted for a coecfficient of expansion.
Therefore the volumes are increased by 30%.

The red elevations for fills over mangrove swamps were

increased by 2 meters.

The high mean. transport distances arise from the fact that
borrow materlals will be obtalngd by widening the cuts.

It is ‘not dlfflcult to realize that, in addition to the
conalderatlons cited in item 4. 3, shorter transport
dlstunces cannot be- realized by’ performing lateral bhorrow
operatlons because the fills that require the largest borrow
volumes.arq.located in low areas.

The proposed transveraal sections plus two meters on

each 516e wcre uscd as’' a basis for predicting guantities

of deforestlng, stump grubnlng and clearlng {(Table 4/4).

Iv-2/4.7



4,77 T QUANTTIATIVE DATA

The!‘ e'g_&h\;atiogx véglﬁrgti::s and the transpo'rt distances were
taken fx;b_in_'l'able:' 4/3. The fill volumes, without added
measu;éz_nqnts ‘fo‘i—i e}“cp"ansion, were used for the compaction
volumes. Quantities for earth moving work in the

. various highway sysf:'em components are listed in Table 4/4.

v-2/4.8
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TABLE 4/4 .

SECTION

«\‘HDEE_OR TI;IG STUKP GRUBBING AlD CLE ARI‘IC-

AREA {m2)

Main Accecs

Dist.:trunk-+ Port Route 1

2nd uectiSH Pérﬁ Route 1 + socondary access to
bulk product port

Port ioute 3. +:Port loute 4 + secondary access
to rertillver Plnnu

Secondary:acceéss ‘to Cenent ictorJ

Toimsite "Accoss 1 + Road I-

Tonmsito C@rguit

Road 'II

Road IIT -

Road IV

Roazd ¥

Secondary accéts to the Refinery
Port Route-V-

18,000
149,000
164,000
180,000

" 32,000
138,000

77,000

35,000

50,000

11,000

50,000

54,000
161,000

B A
1,107,000

TV=274.12



TABLE 4/5

-

CUATTITIES
SERVICES UHIT .
i HIGHYAYS
- Cut ané borrowing excavation of
1.st category naterial with
transport ‘distance up to 0.4 - knm m3 .647.,000
~ Cut z2nd borrowing excavetion of
15t category material with transport
distance fro;a’0.4 to 0.8 kn. m3 N 6361000
« Cut end borrowing excavation of
1st category material with trans-
port distance from 0.8 to 1.5 ka. e 1,104,000
— Cut and borrowing excavation of
2nd cate-crj "1..»:3“1‘..1'? uith trons-—
port dlgtaqco_up to 0.2 k. 3 960,000
~ Cut and borrowing excavation of
3rd category material with trans—
port distance up to 0.2 X, 3 48.000
- 1%y
- I}ofore.,tmb, .aturm grub‘bmg a.nd m2 1,107,000
clearing = -3 3
m 1,694,000

= Conpac‘tzﬁonr -

IV-2/4013°
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5.0 .. ‘PAVING
5.1 CALCULATION OF NUMBER N

The number N, used to predimension paving was calculated
for a pfojected period of 20 years (1975-1995 - 1lst stage),
“pbased on the results of the dimensioning of the highway
network: - undivided two lane highways.

Murilo Lopes. de Souza's Method for Design of Flexible
Paving (MBtodo de Projeto de Pavimentos Flexiveis) was
used, This method gives the following expressed for the

number N:

VT % FE x FC x FR where:

=z
I

VT is the volume of one way traffic during the projected
period

FE is the axle factor
FC is the load factor
FR is the regional factor

5.1.1 TRAFFIC VOLUME (VT)

The traffic considered for the lst stage is composed of
céfgé Qéhiél?é for transport of products originating in
offdeéiiﬁéd'for the port complex, and passenager vehicles
(buses and automobllcs) for transport of construction
workers and industrial employces.

A CARGO FLOW

The - economlc studies conducted led to the cargo flow
conclus;ons shown in Tables 5/1 throegh 5/4. Figure 5-I
shows thc cargo dlstributlon accordlng to origin, destination
and- type of carco.~ Ualng inforrmation from these tables,

the valuea of thc €cargos - Lo ‘ba transporttc throughout the
first stage on scct1onb h B C D and E were calculated

in 1 000 tons.im . ’

v=2/5.1"



- SECTIONS & . CARGO (1,000 TONS)

ORI'GIN‘— SUAPE DESTINATIdN - SULPT
A ' 83,019 26,268
B 79,377 -
¢ 72,394 -
D 6,963 -
E 3,642 26,266

Carqgo transportation by two types of trucks was assumed:
one with a 25 ton capacity to transport 70% of the cargo,
and the other with a 12.5 ton..capacity to transport the
remalnlng 30% of the cargo. These vehicles are sketched

) rchematically in Flgure 5-I1I. Using the figqures for
the cargo tonnages to be transported and the determination
of the types of trucks to carry the cargo the cargo traffic
composition in a total number of trucks for the lst stage

was developed. See Table 5/5.

B PASSE:GER TRAFFIC FLOW
The flow diét;ibptiqn shown in Figure 5-IIT was derived
from the dimensioning of the highway network.

Thé'ﬁﬁidéé indica&cd are for buses énd automobiles (alwvays
a- larger numner) per day, inh one dlrectlon. They will be
used 1n almen51on1ng the paving under the assumption that
the flon Wlll occur rore than once a day, i.e., in the
' oppo 1te dlrectlon.”‘ln orcer to arrlve at a total numker
of passenger venlcles aurlng the 1lst stage, it wvas
=assumed that the dlstrlbutlon dhown in Figure 5-IIT,
correspondlnc to the end of the stage, 1995, will remain
,constant startzng in 1980 becauge the procduction increases
“1n the factor;cs An- ope;atlon w111 not -imply any great
increase 15 the number of employees. The cexcess number
iof passengcr vehlcles redultlng ‘from the assumption of
a- trafflc lcvcl ecual to that forccast for 1995 will be
"gcompensatcd for bv tho conftructlon traffic which is
-mimpobsible to forccaqt corrcctly Tnprgfprc the paving

wxll not be overdlnen510ncd




?ﬁ;It was assumed that ‘the 1ncreaae in pagsenger traffic in

_the years 1975 (zero) thrOugh 1980 will increase linearly
(values 1n Flgure 5 III), and from then on to the end of
' the flrst atage the increases will also be linear. The
rcsulting total‘numbers of buses and automobiles for
"passenger traffic As shown in Table 5/6.

' 3
EEE

c - " «CALCULATION OF TRAFFIC VOLUME (VT)

The sum of. the cargo traffic volumes from Table 5/5 and
. thé paséehgdr traffic volumes from Table 5/6 yield the
total’ traffic volume for the projected period (VT) shown
in. Table 5/7.

-

-

5.1.2.% ° AXLE FACTOR (F,E)
The axle factors for the various secctions were calculated
-“uSLng Table 5/1.

= -llwy“r
s
L

Exaﬁbié,gor‘sectiop A:

Vehicles Wlth 3 aVles-‘ 3,060,596
Vehlcles W1th -2 axles. 8,263,530 -
Total' [-1“J;¥<i:,.m - 11,324,126

3 axles:

2 axles: ..

.Fézjw——o 27 % 3 £0.73 x 2 = 2.27

IV-2/5.3.



Th&“nxle fhctorudura shoun below for all the highway scctions:
N i

g e T »‘ ,,-xk v’t‘”‘

sgerrow - F.E.
';ectxghgﬁ‘,- ‘ ' . 2.27
sé‘étlomn - - 2.20
Sactlon c 2.28
scctlbn D 2.03
' Segt;pqx? T : .2.3
quinc;ﬁiﬁcccss 2,00
N S.do O Accecs 2.00
Townsito iccess 1 2.00
Townsite Circuit 2.00
Road I 2,00
" Road II , 2.00
Noad: III . 2.00
Road IV N , 2,00
5.1.3 CARGO PACTCR (F.C)

Calculation of the cargo factor for excch section may be found in
Table 573. The-loads por- single axle end tandem vehiclies were

gclected accord;na “to the thes of vehicles and their equivalence

I
. Tl \

factqrp; “The*pg;centage composition of the types of axle iraffic
and the'6peréting‘cqﬁiva1encq (33 x FiEG.) were calculated, toking

into’ conaldorutlon the f*equency for vehicles with the single or

uned Tor thc reglo a2l factor since ithe region

1nfu11 of over 1 ;5C0 nm.




510, TR

A 5ﬁmﬁq?j'oﬁ@tﬁﬁ“bqfcﬁia%ion of the number XN for all tho highvay

sections iz found in Teble 5/9.

IEB/5.57



5.2 ... 'DEFINITION OF PAYLIC . .

. A

5.2.1° 'onIE_:iT,iTié:r',\bcp [ED

= .
LR, Lo T
LI

Use of.ma torlnls exisiing, in’ tho region for construction of the

pnviﬁg‘layprsf within technoldgically recomaendable conditions,

was a ttempted.

Therofore a brief survey of matericls vas made, conpatible with

tho study rhase's requiremente.

4 -

mce datoe on ihe existing materials -ccre obtoined, zoluiizns were
- M ’

proposed fer the pavinzy vhoues,

5.2.2 - SUZER/DT .

Tho;loéatioq of the 9 drill holes cxecuied in the arca led lo the

indication of the follouing values fcr the subzrade CBR:

- Port Access (Bu-“ Products Port) -~ CBR 3

- Othcr Hi"hxaj Sections :: -+ ~CBR 6

s R . s

For the sectlons Lhere the gubgrhdo copacity iz low but still pigher

P

than- the m1n1num rcccrwcnrcd EUnuo-t capecity, a leyer of celect

.
- -
-

tcrlal for ap ng uhe flllu and surstituting for the euis' ugner

- R [ - . — A,’
= lrae e, 2 "

layers~was-adopted The pu‘i g for tqe nort access (bu’k prcéuctis

port) i ﬁ ; r-uhr-r...de relnxorceﬂent lajer nnde un of material

fron Group A2 detected 1n uore of the drlll holca and ebundant in

thq_squrceiarca# 39rveyedAhy*DSR;(rcferrcd‘to;in the follec-ing itez).

The CB? valuoq for thﬂ Groun n2 nhte} éls’féuﬁduin the £€rill holes

._,u - - - "-
- < P

pcrnit thc anovtlon of a CEQ velue cqu_l to 8 for s b*r de

- e lia - -

relnfprcemcpt;

TV-3/5.6



Phe rosultﬁ of uest runﬁop*sumﬁlcs obtained from the drill holes

are 11"tcd in- Tablegn 5/10 anﬁ'5[11.

3

The dfiil;ﬁ@lés ara located approximctely at the following

coordenates:

DRILL HQLEMNOJ CCORDENATES

o . . i E
st 9,079,450 279,50
§T2 - 9,081,250 279,350
513 - 9,082,750 279,250
ST4 9,075,880 279,2C0
STS . , 9,074,900 278,230
576 | 9,071,750 . . 278,430
STT 9,075,7c0 282,450
s18 9,076,5C0 281,450
S19 . ‘ . 9,073,050 261,300

They zre :ﬁgtchedhin Figure 5—IV.
5.2,3 - ©  MATERIALS éu&vsy,

DER PE) furnlabnd thc regults of” r-'l:.uﬁ:v.f_w done on ten source arez

T - L

locuted ulonb the 11ne “of - ”cce cs to Suhne nroaec;ed by trtem and

rcpreucnucd scha1ht1callj in- Flgure 5~ I.

.

The reuultu of »he DER utun1c - are presented in Tables 5/12 ihreugh

s/hz annﬂ 1n Fxcuro 5 'I. MIp gégeral; the aajority of the mzterials

fall 1nto Groun u’, slth lo" expension, CBR grea tcf than 20,

wlth lltulc or no pl thCluYo

‘voe/5.7



oﬁgﬁrvatlon of‘th07r00u1ta shown in Tabloes 5]10, 5/11, and 5/12

ol n“ * b
= t ; T
et ".,.r;x,,; e L ?vﬂ &£ RN N Y ‘.s-,«.f

LA, = =
grounor uize ch 5ig s. A.-moro- 1ntcn ¢ search for more matericls

,’GJ"

Pt

ia bejond”the uccpc oL this dtudy.

Sanple uere taken fron threb tzreas vhere rocky materizls avpeared:

- caﬁbir,af.,s"anio Agstinho” (P2) .
- Algodoalﬂ (P3)

ot

- Ponto ‘do.,. Carvalho., (PL):

H,«;#.» ) {.u
Tho 199;?10n of thcvo are is indlcatcd schenatically in Figure
. :—K‘ ’:V'A_E .
5 II. ‘Abra f3n‘tcé?s Wwere run on' the samples with the Los dAnzeles
,*' H’n'\ - - *
t sf hg mhchlno una thn re"ultg,vThblcs 5/44 through 5/16 proved
'-.k\

h w

that. tho weur porcentage per 1@5 uqc of thg‘materlals found in

a Ay IS u—f—&

-s.. “ o

= -* =
L
thc.;c“three c.I" 25 N - ¥ ST b - i
e Ve 3,; -z ‘»-;3‘ LA * I
k\; ’ - Fr, T 4 . =
: ‘(m;n‘w ﬂw mﬁ'q_. :’:‘ ',E, 5 S '.'.-'4. (,,: e &

‘O
"‘
d"a
ﬁ -
R
Hs.
=
=
10
e
o
'5
<
[
{n
[
o
0
£
o
[y
[
P
&1
U
o 1
B
1
e
.
a2
P
Q
4]

Since the ane ogs,j nho qu:
ot ,hiﬂw?_t i
is- belqg“hiftorlca1l* gndhecologlchll

el l‘) It ot N T

rcconnendcd. o

-

J ésgrved, its uze is not

-, i) 4.‘

Lo - =%

ar

o »&"k
, ¥

Loy . s
“n. - * .

f the Al odo ih;lyonte doa Carvalhos or ouner arezs

will depend on

s Carvalhos guarry,

o -

aneuort dzrtance cltuhtlon,

uzed

I‘

1:orstut

ﬁr?o-e sw;np and e ater-

e
e - - - .
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It. was thoreforo provduedqtofpfo Ilexiblc paving at first and to

. ¥ N
o ey -.»:,_ s .
“ .‘;. o - 4
A‘ ..m..‘-,<~ e «..xv R !‘.gm Eacal

use- concrete ‘at- aélater nha ) wnen the fill stabilily is

R W ol g ..
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conaolldated gndfthe traffic 1nten41ty so justifies.
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PR v’pih B P

. “
The follow1ng sggtion",dcal Jlth discussiong

A -u-. .

for‘Cach?bé&iﬁg~cbhpbnent phase.
‘u,h'“‘ o ) T ¥ .

.
- .

A -~ RELNFORCEIZIT OF SUB-SOIL

»

Hill quﬁpeddon sections with the subgrade's

)

of pocsible solutions

low support captcity

dcmaﬁdb:‘,ﬂormaily,this will bg;déﬁg with Group A2 material

prqbq@gd to be available ncar the routes.
B v 'S'UI'!‘-BASE ;

i - *
{3«'« - - .

As per the ~.cc‘l::.t:m on- UJteriala SurveJ the conctructicn cf 2

e ; .
»

suﬁfbaéﬁ stabilizeﬁ'byzsi:b consiﬁt wi
a2

e

present . hlonr the Stape” gccevs “1ine (Project

. P S - .
N - CE, - [ 7 =
* i‘v;.-v!'-v i [ RG] . _.a. P ]

s 2

h Groupn A2 materials .

DER-PE - PR-023).

Y

It is’ prcquncu thht ~ub—oh;é’ﬁétggiéls'will be Tound in other

e S
* AT g A

areus, s1nce drllllng sH ed uroun A2 naterlal n the subgrade;

.5.3, 4 S £ ,,.*‘_

'
P T o Vo

howeﬁbr the. source are ng 1 in .hlon" tne nro ject PE-28 line
g, :

B .
A A D ent Lwﬁ#" ot

vere' taken' as the b"vlc aource. lThpir use will mecn the worst

s oy
’.\r k,‘?m el T ] b e
N

'brlefmmaterlgld ¢urvejwd}§ Qqﬁ eqbourter

e
= .

e d B T e e

ojected:for tho bh-e-'

nauerials that would




CEMENT SOIL- . 7" ' ="%." .

A R

Thae Brazilian Portlund Cement Azcocisiion recommends a percenicge

. PR LTS . S, e

increase of from 55 to 9. f

mr

or ceneny solil bages using A2-4 material.
Therefore for basic design purposes a A2-4 soil base with 76 cement
by woight was indicated.

Crughed Rock Soil

The goil hz;d encountered has neither the support capecity nor the

size consizt composition to meet the reaguirements for materials

to make up a bage thet ig-stebilized b, si-e consist. The addition

of crushed rock would correct such deficiencies znd could lead to

the adovtion.of this iype of buse.

£ common size concist ronge was taken from the sub-base source arezs

and 2 mixture with crushed recck thet wyould place the ninzure wizhin

one of the renges reguired for the bace (see Pigure 5-7II) wzs

desipned. : -

> -

In general,. the designed mixiure is mode up of 70) soil ond 30

crushed rock, by ueight,
MRS

QUARRIES - - - . BaSE {217%GT) SOTL A2—4 CIUSIED ROCE

L T 100 10

_ R :‘-50---, 10 0 ~15
4. " 50— 55 100 0~ 5
w0 - . 40 - 70 98 ‘

w0 545 60

1 TS -
- = -

200. . % - . 5 - 20 20

o -

p.

The nusbers

above  nre’-the percentasds passing through the

indicated cercens. - -, - -

Tv-2/5:10
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D .. 7T ECOVERTIG.

Progres qlve'covcrln" to te done in accordence with traffic increases

a "

LY

was indic .Eld for the highway system during the 1st stage. Covering

wl ,7«__1_‘

sucgc“tlons 1nc1uded thoe double surfzce treatment with zsphalt emulsion
P6r the construction phase and the initial traffic generated during
instéliafion-oﬂ—the incustries. Ihen the traffic.just' fies, the

pavc ent wouldsbe increased with a layer of bituminous ccncrete.

4This would 2ll ocecur during the lst stage, in accordence with the

values fbund for the number N.

3

v=2/5.11-



The Murilo Lopes de Sou,o methed wos uzed to predimensicn ihe
pavemcnt; in accordance uith the values of I for each sections
and the subgrade CBR conziderations decscrived in Itenm 5.2.2.

E

The cocfficienis prono:cd in the methed are:
- Subgrade reinforcement K ~-0.71
~ Sub-base K - 49.77

—~ DBase stobili-ed by size consist K - 1.C0

- Soil cexment beose X -1.4
-~ Surfoce treatnent K -1.2
-~ Bituminous c-ncrete K - 2.0

Table %/.17 containg o cuan-ry of the pavement layers For erch

section.

=2/5.12.



iy

s ES

'].‘able 5/48 cent a:z.n.d thn ruantitativo estinctes for the naving
. ‘ﬁq}f’" &‘4“ -a L u. ,U! 2 3%,‘ ~.‘

worlc calcul..tod b scd on- the trancversal sections proposed for

the i‘irst t; ';o, t_h‘_uo i,hic‘:cnesscs of the loyers ccmpoiing the

r 4‘5‘
e 19-*—; .

pavowen‘b and the nem ‘transport distances of 3.0 km, 10.0 knm,

and 20 l-'..n, for rcmforcaﬂont sub~base and bese, re.,nectlvcl.,r.
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PRPER

o

rp,m:,gé% = COMPOSITION OF CARGO TRAFFIf

: CAP. 25 ton. CAP. 12,5 ton.
SECTIONS . : . .

, “* awne., | LOADED WiLoipep  f LOADED “UnLO:DED
SECTION A . 2,324,532 736,064 | 1,992,456 630,912
SECTION B- 2,222,556 - 1,905,048 -
SECTION C 2,027,032 = 1,737,456 -
SECTICH D . 195,524 - 167,592 -
SEC IIOK E 736,064 101,976 6304912 87,408

IS s

- S
rorlln ey e



TABLE 5/6 - CONPOSITION CF PASSHUGER TRAFFIC

SECTION VENICLES PER VEHICLES DURING lst STASE
DAY (CNs "1AY)
: BUS AUTO
BUS AUTO
SECTION 4’ amr (o772 709,012 | 4,931,150
SECTION B 207 | 915 1,322,212 | 5,844,562
SECTION © 153 409 977,28:4‘ 2,612,487
SECTION D 225 856"~ | 1,437,187 | 5,467,700
SECTION B 37 | 143 . 2364337 913,412 °
ACCESS 'TO 1 100 | 381, 638,750 | 2,433,637
REFIIERY . o
Acbass T0 } 45 131 - 312’987 835)762
NsDoo (1) ‘ no
HATY ROAD (2) 104 278 664,300 1,775,725
TOUNSITE CIRCUIT 52" 139" 332,150 BR7,662
ROAD 2 26 ¢ 70 166,075 447,125
ROAD 3 26 | .70 - 166,075 |° 447,125
ROAD 4, - 26 | 70 - 166,075 | 447,125
RO 5 " 26 | 70 - 166,075 447,125

f(l)"f“';i;_l”z’_gﬁ,:Route V. +-fccess to N 5 do O

- -

(2) "~ Tawmsite Access 1 + Road 1

Wal

923754172
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‘TABLE 5/9 -

“NUMBER g

ot w— - - :’“_zh;_& . .

SECTION v F.E. | F.C. | F.R. ",
'SECTION, A 11,324,126 |.2.27 | 7.59°| 1.8 3.5 % 108
SECTION B ‘] 11,294,378 | 2.20 | 7.58| 1.8 3.4 % 108
SECTIONC 7,354,252 | 2,28 | 10.02| 1.8 | 3.0x 10®
SECTION D- 7,268,003 | 2.03 1.41{ 1.8 3.7 x 107
SECTICH B 2,706,109 { 2.31 | 16.02 | 1.8 1.1 % 168
ACCE5S:TO, 3,072,387 | 2.00 g.20.| -2.8 | 2.2 x 10%

REFPLIERY P - 3 6
ACSES. TO NS )l 1,149,749 |-2.00..| o0.28| 1.8 1.1 x 10
do 0. (1) - 5

MAIN ROAD (2} "2,440,025.| 2.00 0.28 1.8 2.4 % 10
TOISTTE CIACUTT | 1,220,012 | 2.00 0.28] 1.8 1.2 = 108
ROMD .2 - ' 613,200 | 200 {+ 0.28| 1.8 6.0.x 10°
ROAD 3 613,200 | 2.90 0.28| 1.8 6.0 x 10°
ROLD 4 1613,2000 | 2.00 0.28{ 1.8 6.0 x 10°

' ROAD.5 . 613,200 ) 2.00°f ©0.28] 1.8 6.0 % 10°

(1) -vPQI‘_t;R-({lgté v + -.Qégé_ss.??tp ¥S.ds0.

(2). . Towmsite ac€ess .l + Road 1

P I

.
e

19327520
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* SPECIALCIVIL ‘CONSTRUCTIONS |

The following bridges were planned to overcome the
water courses that will continue to cross the roadbeds

(,.(-. L. S;‘

even after hydrologlcal work has been done.

.Water Course | Span (m)|width (m)

h

'AAlgodoals D ‘ 52 14.50
‘Canal .=~ .

;biStr;butioninékafi; ﬂvIpojue33§5ﬁel 24 13.00

‘Main, ‘Access Road 7" f xabatinga PEEE 40 13.00

S T ”EE '+ -River, m
Townsite:Access<Y- .~ .| Iéo;uca River [r 1oo 14.50

‘iDigtriéuﬁiohﬂ@rﬁﬁkg%J} gfﬁaéﬁihfgiﬁer“, .9 13.00

Tabatinga~f . | Ab 13.00

'-Distribution:iTrunk .-’

DAY D Rivera ERS . . .
SR DL ., < >, .

"ﬁ;\ ",; i ;:.‘»- e T ¥ R ER .
A : W

protected from the vehlole trafflc.? For the sectlons

LeEor

_where the heav1est trafflc w1ll occur, and wnere a ruture

‘!

deoubled withfloss of only one shoulder.;“-

- —1‘L-_- - . —

‘iv;i)dziw
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7.0 OVERALL BUDGET



TOVERALL BUDGET =~ HIGHWAY SYSTEM

£
b
N

.+ peseription” Crs$
_:.Conventignal Civil Constructions 58,139.60
- Special civil Constructions 4,362,792
Earth Moving . 19,389,910
Paving - 32,384,355
SUBTOTAL , 61,951,037
Engincering and Inspection 6,195,103
TOTAL - - | 68,146,140
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EARTH “MOVING, BUDGET

“:f;be}Vicésﬂfyinﬁgfif ‘a | Unif lQuantity jUnit.Cx$ jSubtotal «
Cut and fill excavation of
lst category material w1th
transport distance up to
0.4’ w0 o0 4 ow’ lear,000 § 433 2,801,514
CuL and fill excavation of
1st category material with
transgort diatance between
o ey and 0 8 km o, 't m3 | 636,000 | 6.20 3,879,60C
s ‘~. P ;.; -u«;‘ S : ‘
Cut and flll eXCavatiOn of
Ist" categofy materlal w1th
tranSport dlstance between
~o 8 and 1 5 km - m>  1104,000 8.50 9,384,000
Cut excavation of 2nq cate— .
gory materxal with tranSport . o S
distaﬁbe up, ‘g6 073 m® | '96,000°| 12.00 | 384,000
™ .| 48,000 | 25.00 1,200,000
‘?@%*;,iidvgpqé' " 0.18 199,260
|- ® |26937000.| o0.92 1,541,540
P A . 19,389,910

IV=-277.3
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SPECIAL CIVIL CONSTRULTIOVS - BUDGET

~.-Bridge

Length Unit Total

Poft_é&??@gimqvpr the

.Algodoais‘Chanrel 52 14,973.97 778,646.20
Dié%;;bét;qg-irunk-over

Ipbjhaa Channel 24 15,456.85 370,964.35
Main Access Road over

Tabatlnga River 49 13,584.76 665,653.39
Townsite Access Road 1

over Ipo;uca River 100 16,188.41 1,618,840.57
Distribution Trunk ‘over

Jasmin 'mver ~ 9 27,736.57 . 249,629.17

H:%"J‘éf.- ,
Distribution TrunP over oo ot
' Tabata.nga River 40 16,976.45 679,058.12
4,362,791.80

‘IV-2/105"
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'PART .3 Z* “RAILROAD.SYSTEM

1,0 . JTRAFFIC

' o

1.1 R TR;\F?IC FORECAST

Analagously to the hlghway system, the railroad system

i

-consists of a Distribution Trunk Line starting at a main

)T“-x »eu 50

) yard“COnnected with the 3rd RFFSA division's south line,

“J },,,.,,..,a x\ ‘u,»— R

Lhree‘branch lines to the port and one branch line to the

bty Y

,petroleum refinery. :

e
,‘; e
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.;‘, Fa "v . . .
o Ta % w . A
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e P

i ; ﬂDistrrbuLion Trunk Line starting from the
hmaln"yard w1ll run approxlmately parallel to the Highway

T TR
Distributlon Trgnk Llne ‘and will branch off from there

‘...w_ .n;,\( .14,-4,

wrth one*branch‘ilneirunnlng to the Collective Port,

i, wf s i g

.,q ' Eragw

one branch line between Highway Port Routes II and III

h?h"" -3 m*‘ :.

to=Z- l”and z 2 central, and another branch line approxi-

-'\\‘-I\H \'u P o

natel"*pa allc “to t.e Frgbwa" Port Route- V. for the

P s
e '

."coastalylndustrial zone. ) v

PRV e .,,_,"q

.Eﬂg ﬁailroad Dierrbutlon Trunk Llne will be single

I e 1T e 7

tracked .£to thewZR-z townsrte srnce the p0551b11ity of

,; .nﬂ,‘,l_ £, N
et

S Foo s
passenger traffrg from there to Recrfe has

—statlon=bu11t nextﬂto the admlnrstratlon arna, as

W t_-___ﬁ_, P
' - =,{u.
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YEAR 1980

T
1

. PRODUCT - AINUAL IRR CAR Ho«of RR CARS/DAY
- POIRIAGE CAPACITY, : RR cars/ (Y2AR 330 4)
g {(1,c00 t}) |in tons YIAR
k- DG"fJJ;h:tl‘dn ' T, ) A
ggﬁ P"’d“"f" 250 c k2 5,953 18
subtotals . A 250 © e |- 75953 18
: v . . 3
B~ I}estmation - ‘ '
Fcrt:.llzcr Plt.nt .
LIQU]:D AI”IONIA . -7 . 30 « 234 1
T URBAS g, :,,‘.‘ . 30 42 7. 905 3
Subtotal L B 45 L 1,139 &
-onzcxu— Pertlllzer " _ 2o
By ) : L.
Plant - - . .
; 100 42 - 2,381 8,
Subtota.l . 100 2,381 @
SUB'I‘O'I'AL """" - 245 o T 3,520 12
C -oucm-Petrolem ‘
Rei‘inery } ‘ -
Liquid Pctroleum . . '
Denvatwes 3 380 30 12,667 39
- A LA L L AN —_—
SUbt"tal - 380 o] 12,667 39
'r 0 'I' A L 3 T s ¢ 22,1740 69
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YEAR 1985

" PRODUCT ANUAL RR CAR lo. of RR CA1S/DAY
TONIIAGE CAPACITY RR Cirs/ (YR 330 4)
(2,000 t) |in tons AR
A I)er-tinatlon 700 . iz : 163567 2}_
Bulk produ’ct., o . T
Port * 700 .. 164,667 51
Subtotal A ’
Bl- Des ‘Llng.tlon - ‘ ]
Fcrt:.lz.ver PL.nt ; .
LIQUID APYONIA 17 30 567 2
UREA T .103 42 24453 B
Subtotul B 120 " 3,020 10
BE—OrigJ.n-— Per“t:.l:.zer i .. \
Prant= e 200 42 : 5,762 15
Subtotal - 200 4,762 15
aTET - ) 7.782 25 .. -
SUBTOTAL s 320 hat -
C —Orlgln-petrqleum -
Refi 1;10115& R ' " .
Lmu:.d i’otrolem - - o
Derlv..tlvet--w:'- . ; Lot - .
Fezie o % 400 30 16,000 43 .
" 1" oo sooo0 |a6j000 49
s 1,500 49,242 a2z

1v—3/l 3
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TEAR 1995

"5 T PRODUCT,

AIMUAL
- TONHAGE

Rt CAR
CPACITY
in tons

Ho. of
RR cAns/
YEAR

RR CARS/DA)
(YEAR 330 4)

}..nestlnatlon .
-pulk Products
Port a0
Subtotal :V- A

B-Destln stion -,:1'~

Fertlli"er Plant

LIQUID AP?OJIA
UREA

Subtotal

eut
LR

Pkmt Lo T
btotal PR

{",

SUBTOTAL

Ref:ner;

c -Orloin—vetroleun"

(1,000 t)

o
£ B

BB-Orlgin— Vertlllzar‘ﬁj

- 1,200

1,200 . ©o

49
L)
230 | i

T ..250 62 ..
250
480
- ! -
a9 oo

263334
--26’333

28,572

. ’ 28’572

1,634

: "d,?lﬂ

5,944

0 -

- 54953

5 953
ll 097
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Qe . w}:‘:“: . ) : ) YEAR 2005

-'-v%-PRODUCT AMUAL RR CAR ¥o. of RR CARS/DAY
. PONAGE  CAP.CITY  RR CARS/ (Y24 330 d)
«n?. “}tgij-‘ -"(1,000 t). in tons YEAR

- ' - . P e . -
S - .

A..Dcst’lnation*rﬁ ARS P 1.%00 . %2 " lug.953 - 9
1 pulk: Produc‘ts RN =32 g 284222 .

portiic T, - 1,300 . 30,953 .. 94
’ su‘ntotal w o, . i i .
B, - Destination ‘-{-’:« WP - . R ; . .
Fcrtihzer Pla.nt . s . ..

LICUE AlﬂaONIA - 49 0 1,634

[
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L]

s

\

[

=
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W
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230 - - 5,944 18
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1.25%  -TRAIN MOVEMENT

r;?;ij 'RUNNING TINES
Even thouqh the basic design's technical COHdlthnS are
excellent, the ve1001ty assumed for train traffic on the
Suapc line will be low. The distances between the
'relcasing stationa and between the switches for branch
lines are so short that the mean velocity can be

cons idercd cqual to 20 km/hour.

Thcfcfore we _have the following values for running times.

1) ?ro@ the main yard to releasing station 1 -~

" Distance = 5.79 km; t = 5.79 = 18 minutes
20
2) From releas;ng statlon 1 to releasing station 2 -
Dlstance<“ 4,96 km; = 4,96 = 15 minutes
c . 20
L " e L
3) - *From rcleasing station2 to the Reflnery -
Distance = 2.57 km- t = 2.57 = B8 minutes
] : 20
4 V'From releasing station 1 to the Bulk Products Port
Distance = 5,00 km; t = 5.00 = 15 minutes
. R LR - P 20
5) - F;om releasxng statlon 2 to the Fertilizer Plant -
o Distance = 5, 61 km, £ = 5.61 £ 17 minutes
T 20
1.272% " oRATHS
A .. YEAR - 1980 - SCHEMATIC 1 (FIGURE 1-T)

In thxs year, ‘in accordance with the daily cargo flows
and railroad cars to be handled, the follow1ng trains

should run on the Suapc 11ne.

V37130



h;r‘ 18 railroad cars carrying sugar should arrive
”3f” daily at the bulk products port for unloadlng.

;J:iﬁeoé,IB cars_ﬁill make up just 1 train.
b 8 railroad cars to be loaded with fertilizers and
4> carrying ammonia and urea to be unloaded should

arrive daily at ‘the fertilizer plant.

These 12 cars will make up just 1 train.
c 39 railroad cars should arrive daily at the

_petroleum refinery to be loaded with petroleum
derivatives.

- These 39 cars will make up 2 trains of 19 to 20
‘cars.each.
The graph for 1980 in Figure 1-IX diagrams the
movement ‘of the trains, 24 Hours a day.

€

B . YEAR - 1985 ~ SCHEMATIC 2 (FIGURE 1-III)

‘1
PR 2

In rhis year; in accordance with the daily cargo flows
and railroad cars to be handled, the following ‘trains
_7should run on the Suape line.

éi! A 51 rallroad cars carrying sugar should arrive
';“:daily at the bulk products port for unloading.

sﬁoolgzarrrye dally at tho fertlllzer,plant.

IV=3/138 -



”Tbeéef25;éér§:ﬁi{1'make\uﬁ,jpst 1 train.

- 49 - railroad cars should arrive daily at the

‘ffipetrole“m reflnery to be loaded with petroleum
--derivatives. L

. \EngThese a9 cars will _make up 2 trains of 24 to 25
.. cars each

‘-ul
L

LI .,“. .

L The graph for 1985 in Figure 1-II diagrams the movement
.'“1 of thc traxns, 24 hours a day.

srm

In this year, in accordance with the daily cargo flows
and railroad cars to‘be handled, the following trains
should run on the Suape line.

‘87 rallroad cars carrying sugar .should arrive daily
_ ;,at Lhe bulk products port for unloading. -

T hl e L . - " 4
. - T ' v P -
SR . e s -. _r

These 87 cars WLll make up‘'4 -trains of 21 to 22
“‘u': cars eaCh- ," ::, "“— ): “':' “‘* -’ ¢ P - L °

18 rallroad cars to-be. 1oaded thh fertllizers
:“and 18 carrying ammonla and urea to be sunloaded
’.should arrlve dally at the fertlllzer plant.

e 80 railroad cars to be loaded with- petroleum
! ’:derlvativcs should arrlve dallv ‘at’ the petroleum

refinery.nlffgf L. . S -

IV-3/1:9:



«the trains, 24 hours a day.

B

-

Iﬁhéhiéfyégf?'in‘éccordancc with the daily cargo flows and
railroad cars to. 'be moved, the following trains should

T4
;.J.,‘o i,

run- On the Suapo line.

ﬂ.u\dlf B > ¥

ailroad cars carrying sugar should arrive

; ily Et thc bulk products port for unloading.

5 Rt “
he R '

. f=-?heso 94 cars will make up 4 trains of 23 to 24
rézaqars each.-

i""i ’ w3 o
LAY _.*ﬁ ‘4‘

AR M

- Py ."L"

an@xtla rallroad cars to be loaded with fertilizers and

Pe AT ‘,e_‘.".«},\.
&

ALY

: 18 carrylng ammonia and- urea to be unloaded shouid

The_graphvfor 2005 in Figure 1-VII diagrams the
movement of the trains, 24 hours a day:




The bulk products terminals, the fertillzer plant and the
petroleum refinery should all have sidings for the switching

“ Lin *

needed to 9051tion the cars for loading and/or unloading

e, ,:‘; r .

ahd for returning the locomotive to the head of the train.

I's . - ..

‘e

As can be scen from the diagrams showing the train
:schcdules, their length of time in the terminals appears

to be Sufficient  for loading and/or unloading the cars.
Invthe event that the terminal facilities don't have the
nccessary capaCLLy for loading the cars in the projected
lengths of time, supplementary sidings will be indispensable
for accomodating the train that is arriving as well as

] the one whlch»remalns loading ox unloading. They will also
permlt the mandatorj maneuvers of removing one train and
placihg the other at the loading and/or unloading sites.

T
&
>
P

The' railroad cars that enter and leave Suape will be
weighéd by an automatic electronic scale located near
releasing statlon no. 1, before the first branching.

i‘
b A

oy

’”.‘-" L]

142.3: ** " "COMMUNICATIONS

Operatlon of trains on the line demands a commnunication
system linklng the termlnals, the releasing stations and

the maln yard“

H ~-4.-‘"

*thlrd hortheast d1v1510n, at whose southern line the

LTS - I

Suape railroad- yard-and line originate. It.is also

'"'\‘.7—.—Fn---'~ -t

LT T

lndlspen51ble thaL the lOCONOthES, releasxng stations

:}ontrol towér and 1nterested partles and will permlt

FVEILAL



'd*ﬁﬁ$LEbéiNG OF TRAINS

'Even though lt nlght be p05a1b1e tc use the seclective call
telephone system to release the trains between the Suape
yard and the varlous terminals, for safety reasons the
consultantq recommcnd that a staff electric releasing
_system be installed This equipment would be installed

at the railroad yard and releasing stations 1 and 2

(Sqé schematics 1, 2, 3 and 4), (Figures 1-I/fIII/IV/VI).

As can be inferred from the train graphs there is no need
for a more sophisticated releasing system unless there is
a desire to economize on labor.

Each releasing station will have to be manned 24 hours a
days“py one operator, just like the station at the main

yard. - K

aim = o}

Swltchmen would not be needed on the line. They would be
replaced by the releasxng station operators or by the

' tra;g prgw switchmen who would, in any event, have to
perfbph‘gwi;ching at the terminals.

Thus: the two stations would nced nine -persons {four

I

employees “for each stations plus one as a cover for
'holidays and leaves) No train would leave a terminal
w1thout first having been authorized to do so by the
operator of the respective releasing stations through the
selectlvé céll telephone system. This will assure
better control and traffic safety.

.- SIGNALLING

LigthSLQnals, working on local batteries and operated by
the releasxng statlon operators, could be used to indicate
Eoﬁthe locomotlve englneer how close the’ train is to the
swltching deV1ces in front of which the train has to stop

or slow down 1n order to receive the relea51ng s;gnal

1v=3/1742



1o :,:

In gencral two conaecutive 51gnals would be installed in
cach direction* The first would be the approach or
warning signal and the second would be the full stop or
proceed ‘at slow speed signal. The signal characteristics
would comply with the Brazilian railroad signalling
standards.

1V=3/1:13’
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2.0 BASIC GEOMETRICAL DESIGN



lphSIC‘GEOMETRICAL DESIGN

2,1 CONSIDERATIONS

Tﬂe"fgilfohd’network links the various port branch lines
-to Lhe principal line that connects with the RFFSA.
Trafflc in the network is directed by the operations

The routes
proposed are intended to fit simultdneously the region's
technlcal and economic conditions and the port industrial
complex s operating framework without hindering the
‘functlons foxr which the adjacent areas are designed.

1y=3/2: 1



2.2 7 . HORIZONTAL PLAN AND PROFILE

“g&zi;*«', ‘CHARACTERiSTICS

»

“The philosophy expressed above guided the determination

"of the railroad s characteristics.

The track system was drafted on a 1:10,000 scale based on
_de:ial_photographs on a 1:30,000 scale, restitution of
éﬁis aerial photographic survey on a 1:10,000 scale, and
local recéonhaisance.

Tho?Raglroad Distribution Trunk Line and the main branch
we?e designed with a minimum horizontal radius of 350 m
ﬁhd:a"maximum.grade of 0.5%.

The port branch lines have a minimum horizontal radius
of 245 m and a maximum grade of 0.5%.

i '

L]
-

HThe'following additional factors were considered in the
basic design horizontal plan and profile.

= Minimum height of landfill in the low areas
that will assure uninterrupted traffic even in- the case
of“floods. A geometric levelling of the floodwater marks
) from the 1970 flood was made and the elevation arrived
at was 3 80 m at Usina Salgado.

- “Elevation of the port apron = 2.70 m.

- Dredging of the main waterways crossed: Ipojuca,
fﬁinaoréma, Tabatinga, Jasmim, Algodoais and Prego.

- Highway/railroad crossings.
f;;'f ﬁailroad branch line crossings of the RFFSA.

f:of: Railroads grades compatlble wlth future

f}private sidlngs.

IV-3/2.2 -.:



' 2.2,2 . PRESENTATION -
L ',j" - PR " .

’uThe-railrddd syétémVis presented in a topographic plan
:on a 1:10, 000 scale and in profile on a.1:2,000
_horlzontal scale and a 1:200 vertical scale. See the

:,respective volume of draw1ngs.

Tﬁéfiéngths measured in the plan yield the. following

values: .

:Railroad Distribution Trunk Line and
L main branch line (Recife)

"Maln llne (Cabo)

‘Port branch line 1 (Collectlve port)

R ¥

.Port branch line 2 (Fertilizer plant)
4 i

« f

. YOTAL

-

. Iv-3/2.3,

Length (km)

16,74
0.58
3.17
5.22

75.71



2.3 °} .| TRANSVERSAL SECTIONS
‘forgthézfiyét stage the transversal section shown in
‘F;guresgjl'wés‘adopted.

The MainfShﬁpting Yard's secction is shown in Chapter 5.0.

Iv-3/2.4.
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3.0 EARTH MOVING

3317 ‘ORIENTATION ADOPTED

-The ba51c design for earth movxng took into consideration
the following factors-

7 ay
1ﬂ\. i -

- "fﬁééﬁgé'bf the material to be excavated
- 7 ﬁCrossing of the mangrove swamp arecas

- ’-Volumes of ‘material to be excavated

- QVOlume .0f compacted fill

- Hegn ‘transport distance



3.2 CUTS ¥

For purposq5vof calculatlng volumes, embankments with a

,'»m- Goh =~

“chreaadoqud for ‘the cuts.

b -
S l,'\’ ~

-

il ‘*"'-Ql .

N i
- 1rul~ :
o . -

capacxty““it is suggested that better quality material,

W ,
&-.u-»,,. WL T e e

mwithlexpansion Les ss.than. or equal to 2%, be substituted.

s epe vogdegt e

IV-3/3
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......

3 3“ BORROW MATERIAL

‘4

’The results of volumc caldculations showed a clear
hprcdominance of £i1) volumes over cut volumes.
'_:Widening the cuts was indlcated as the first choice
gggﬁngtainlng borrow material in a manner that preserves
the region'f natural landscape as much as possible and
provides better drainage and v151b111ty conditions.

cam Ty

Iv-3/3.3



3.4 ' NATURE OF THE MATERIAL

;The materiala to be excavated werc sampled by auger

drillingu at points where the route showed a section
of cuts.¥

?ﬁéféémplcs obtained were laboratory tested for:

r"‘l M

- Sizec consist

- ﬁhxs}cal Limits
~  Compaction and
- . California Bearing Resistance (CBR)

- -

§H§;?§$plts are presented in Tables3/1 and 3/2.

”Tﬁe nature of the materials was found to be group A2
clayey and/or silty sands and group A7 clayey silty
Imaterials, as per the HRB classificatlon systen,

. EREe =
i, e )=y
-k T

- L]

o

For subérace materials, a good part of the group A7
materials .could be used since a low bearing.resistance
»capacity ‘and a higher than recommended expansion were
found ‘in-only two of the drill holes. All of the group’
AZ materlal will be used. ’ )

1v=3/304;



3:5 .. FILLS

*3;5:1 COMPOSITION .

Embankment slopes for the fills constituted of cut and
'borrow materials were set at 3 (horizontal) : 2 {(vertical)
in order to determine values needed for calculation of
volumes.

Use of materials with low bearing resistance (CBR less than
3) and high expansion (greater than 3%) in the fills is not

 ieEQmmcnded. .

ﬁQEerial with expansion.greater than 2% should not be used
in the fipal layer (60 cm).

In sections where the subgrade support capacity is such
that, in spite of being greater than the recommended
mlnimum, it leads to high pavement thickness, the fill

* should be topped with select materials. Materials from
group A2 will be suitable.

3.5.2 . FILLS IN MANGROVE SWAMPS

Special attention was given to this ‘topic. However,
%efining solutions for crossing mangrove swamp regions
_does not fit in the scope of this phase s work. It is
i"rec0nmended that studies be conducted at a more advanced
stage for specific solutions for each fill in mangrove
. swamp areas. The following are suggested:
Lo .Berms
- Vertical sand drains

= Dynamiting undesirable material

’Bcrﬁs

Are lateral equilibrium benches to reduce shearing tensions
thaf occux in the f£ill's soft foundatlon 1aycr.

IVi3/§i5§
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the copdensing prqcesses to occur in that layer.

Dynamitlng undesirable material )
it "

Consxsfs ln the elimination of the soft material by

e¥31051ons elther under the £ill or at the base of the
fill

“”9

Hovw n §

'Use of the above suggested processes will be determined
fo:Jeach fill area after the characteristics of the soft
éﬁ%&?lél, the thickness of the layer in which it occurs,
the héight of fill over this soft layex-and other
’factors, such as economy of the project design and
execution time, have been cheched

fﬁ‘bfdgf to make cost estimates that are as realistic
as pOaSlble, 2m, the value of the pole measurements
' taken "I thls region, was added to the red elevation

“quantitles for the fill over mangrove swanps.



Y -, 14\
v ]

The“cut and fill volumes were determlned from the mean of

ﬂ)ﬂ)ﬂ.\u

the red elevatlond taken from the profiles.

e v g
5 ¥ -
,k‘: . . .

* % "

The value 1.3 was adopted for a coefficient of expansion.

oy 4© 4_, &

Therefore the volumes are .increcased by 30%.

N ',L,.,.M
ST,
Jadre, -

pa T e

The red elevationq for fills over mangrove swamps vere
increascd by 2 metexs.

» .t .
sy

.The’ high mean transport distances arise from the fact that

w'-*,‘s # *

borrow matcrials will be obtained by widening the cuts.

Foax »

rftalsrhot difflcult t+o realize that, in addition to the

."“__;,- i

qon51deraL40ns citedeln item 3.3, shorter transport

getur e A‘QQ,-

“ﬂlstances cannot be realizcd by performlng 1ateral borrow

R B

Zoperations because the flllS ‘that require the largest

:.,;,_“

rrow volumes are located in low areas.

= g ad
e e

The propoéed transversal sections plus two meters on -

each sxde_were used as a basis for prealctlng quantities

-.- P e

. of déforesting, stump grubbing and clearlng {(Table 3/4)

Quantities for

lng ‘work in the various rallroad system cornponents

:arellisted in Table 3/5. ) .

- i -

N N S

1v-3/3.7
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" TABLE 3/4 .

e

s N N

e M

. DEFORESTING, STUKDB CRUBDING, CLEARING

EREETCEUNE " PO YA

SECTIOHN ARER ()

¥

Main Branch Lines and Main to311,118
Distribution Trunk Line .

Fertilizor Plant Branch Line ** 116,284
Collective Port Branch Line 115,818
RIS . e 543,220

IV-3¥3.11
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qaqﬂ " CONVENTIONAL CIVIL CONSTRUCTIONS

*

[}

4714 CONSIDERNTTONS

In order t0 protect the railroad subgrade and track

structure, drainage to capturc surface and underground
water was planned.

'Accordlng to criteria in the following item, quantitative

f:"‘

=values for the following elements were arrived at:

s
I{“‘y

wﬁiﬁ";'Cave and grade culverts

- 'ﬁeép drains

- Gutters .
- “@énchcs

.~ . Water. races

-/ .Protection ditches
= - plant covering

-

1V-3/4.1



ATy 2~ ORIENTATION ADOPTED

+

4.2.1 CAVE BOTTOM CULVERTS

AInformation needed to pre-dimension cave bottom culverts
was tayen from aerial photographs (1:30,000 scale) and
LOpographlc plan (1:10,000 scale). A 20 year replacement
‘perlod was adopted for a projected 70 mm/hour water

Fall rate.

Thg flow sections, determined by the Talbot
'qmpirical formula, were converted to pipe sectons with

¢ 1.00 m. '

4.2.2 DEEP DRAINS

. Deep drainage was indicated for all cuts with a red
elevatlon greater than 3 mecters.

-

""Tup lines of deep drains were set for the railroad

branch lines.
4.2.3 GUTTERS

. Gutters at the cut embankment buases were adopted.

-

. %412:4 PROTECTION DITCHES

-
PR

‘Eﬁéfé conisidered along all of the cuts.

.
s
>

4.2.5 _ PLANT COVERING

Grass covering of all the fill embankments was predicted.

suéh ‘€overing will be done of the cuts since most of

-&h area to be coverecd was catlmated as. thc product of the,

érOJected_over the embanknent flOpgﬂlf

IV=23/4525
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“*'Atone meter-strip -of grass covering was assumed in
oy LY 3 4 -

A e

" addition to the base of the fill embankment slopes.

Frs LI
N
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4.3 ! QUANTITATIVE DATA

Quantitagive\data for each indicated civil construction,

for eéch bortlon of’ the railroad sections, are presented
‘in ?able 4 1.

L3
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~5.0° ' 'RAILROAD OPERATION

»

5.1 DESCRIPTION
At the start of the Suape branch line, linked to the
RFFS/A Northeast Division, there should be constructed

"a marshalling yard. A layout of the yard is shown in
Figure 5-1I. )

The yard will be composed of 1l lines: 4 for receiving
and disbatching, 6 for classification and 1 for turn
around_switching. The 4 lines will have 10 m of midway
.between each two adjacent track centers. This large
width was planned to permit inspection of long trains by
a railroad vehicle runhing along a 6 m wide paved strip.

The vehicle would be equipped to handle small, relatively

quick repairs. If more time is neceded to make the

repairs, ﬁh& railroad car would be marked and switched
*.to the maintenance shop.

The other 7 lines have a normal 4.25 m midway between ecach
two adjacent track centers and 6 of them would be used -for
classifying the cars destined for or cbming ‘from the Port
. Industrial Complex's Terminals. At each end of the yard
there will also be a maintenance shop for cars and a
“ maintenance shop for locomotives. Horizontal plans and
sectlons of the suggested layouts for the maintenance
:}‘shbps are shown in Figures 5-II/III. "9wo lines for
.,loadlng and unloading containers and one line for loading
_-_5ﬁd'unloading incoming or outgoing cars, probably heading
w fﬁ} or coming {rom industries in the vicinity of Cabo,
éﬂé?é planned for the land available at the edges of the
‘yard.

ha

+‘A;road will also be nceded on the western side of the yard

a ongSLQe the sca), which will give access to the container

doadlng/unloadlnq arcas .at the edges of thie yard, to the

lntenance shops and to the yard s admxnxstratlon building.

I e

Iv=3/5.%



w In @he event .of an. emergcncy, the road could alsc be used

‘(4&:,5 “‘l‘"».

-*to supply the locomotive shop's fuel reservoir and to
,provide the material consumed by both shops.

wd LI TN

#ﬁgfafally, the road will be connected with the Complex's
.road system.

- CE S
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5.2/ OPERATIONS

. .

Iq genera} lines 1 and 2 will ‘be used to receive trains

R ot

com}ng from the 3rd Northeast Dlviglon s lines.

'G’ ”"*\

e'cars brought in by these trains will have only three
destinations-' the bulk products port, the fortilizer

e e "“,,u-

plant, and‘the reflnery

S R '
ol P e 4,,; des ) e

tThe shpnting locomotives will marshall the trains, separating

U

'them in 3 of. the yard's 6 classification lines, one line for
each.of the threc destinations,

L.t Jva
.

"‘1 -c- -

The other,3 classiflcation lines will be reserved for
éralns eomlng from the Industrial Complex's 3 terminals. The

._,, v-—r‘:.,rhu..if‘?ul —~ -_

cars brought 1n by these trains wxll be switched to the

L T T ._A"’ -

departure llnes (3 and 4) accordlng to their destinations;

..,d* ""-‘

in this manner the trains that will return to the 3rd
Northeast Dlvision, ‘and "on to all lm gauge track in the

.netloﬁwrde railroad network, wxll be formed.

—{auxiliary sthching llne. It therefore w111 be occupied

;for only short perlods of time.

e v S

o

"The two;departure lines will also be able to form rather
s, The shorter of the two, llne 4 w11l have a

For gr ater shuntlng speed and afety, all of the locomotives
3 - 'on the Suape branch llne should be'equlpped w1th
ntaln contact thh the control

radlos so_that they .can ma1

ar other 1ocomot1ves, sw;téhmcn aq;;;he releaSLng

R
Ter

"

stations.? et =



As can be seen from the layout,. the yard only occupies’ one
side of the ‘central track. The other side is reserved for
yard expansion which should occur when the Single side

el

becqmes insufflcicnt for marshalling operations.

Inltiélly there will also be no need for automatic
signalildé or turnout rods for the switching devices.
Startlng in 1955 however, the number of cars to be moved
could pOSSlbly demand installation of light sigpalling
with the track circuit and turnout rods.

”Agﬁshowﬁ in the suggested layout, the paved strip which
‘@ill Be used by vehicles for’inspection and maintenance
of ‘cars on lines 1, 2, 3 and 4 will cxoss tracks 10 times,
S times at each end. Therefore, for the safety of these
movements, the vehicled themselves should also bhe

féduipped WLth radios for communication with the control
tower. ‘

".
) Figure 5 IV shows a section of the track structure that
) will be used on the main brach, sub-~branches and yard

l;pes.g
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Loaded cars

- LOCOMOTIVES TO BE USED

LEVEL AND TANGENT RESISTANCE

Empty cars
Approximate tare = 16 tons V-= 20 km/hour
No. of axles = 4

AZ 8

R = 4.4 kg/ton

R, = 0.65+13.2 + 0.01394V + 0.00944AV?  (Davis Formula)
1)) W.N

W= Weigﬁt/axle in tons

N = No. of axles

A= Frbntal area.in m2

? = yplocity in km/hour

: 2
R =0.65+13.2 + 0.01395 x 20 + 0.000944A.20° _ 4 4 xm/to

- 4 4.4
S,

2.1 - 42 ton load

R = 0.65 + 13.2 + 0.01395 x 20 + 0.000944 x 8 x 202
n 14.5 4.5 x 4
Rn = 1.9 kg/ton )

2.2 - .30 ton load

2
R = 0.65 + 13.2 + 0.01395 x 20 + 0.000944 x 8 x 20
n I1.5 11.5 x 4
R, = 2.1 kg/ton

2.3 - 25 ton load

2
R = 0.65 + 13.2 + 0.01395 x 20 + 0.000944 x 8 x 20
n 10.25 10.25 x 4

Rn = 2.3 kg/ton .

IV- 3/5}@5 =



Cxivwit - “Locomotives

-7 Weight = 60 tons A = 10 m2 V Z 20 km/hour N = 4
Ry = 0465 + 13,2 + 0.00931 x V ¥ 0.00453 x A x V2
A W VN
R, = 0.65 =13,2 + 0,0093L x 20 + 0.00453 x 10 x 202
i5 15 % 4
R =0.65 + 0.88 + 0.1862 + 0.30 =
’ R, = 2.0 kg/ton ’
5.3.2 CURVE RESISTANCE
Rc = 500 H =245 m (minimum curve radius on the
I section)
R, = 500 =~
37T 2.1 kg/ton
53,3 GRADE RESISTANCE
- :Rr =10 x i i = 0.5% (maximum slope on the
- section, as per the profile)
MR, =10 x 0.5 = 5 kg/ton
©5.3.4 NUMBER OF LOCOMOTIVES
A In 1980

- Train P (bulk products port)

- ;lih the maximum weight (42 + 16 = 58 tons}

-

R = 1.9 kg/ton
R, = 2.1 kg/ton
R_ = 5.0 kg/ton

R, = 9.0 kg/ton

T

18 cars at 58 tons = 19 x 58 = 1,044 tons
"1 044 tons x 9.0 kg/ton = 9,396 kg~

IV-375.6



. ’Assuming’ that the locomotive weighs 60 tons:

,.nn
- R

H

= 2.0
Re = 2.1
R~ 5.0
. 8.1 kg/ton

60 tons x 9.1 kg/ton = 545 kg
Total resistance = 9,396 kg + 546 kg = 9,942 kg

‘ Tperqﬁorq, 1 diesel-clectric locomotive with G0 tons of
dﬁhér@nﬁ and total weight, 12,000 kg of continuocus tractive
hfqrcq and around 900 CV of power (models GE-Ul0B, GM-G8 or
éimilar) will be sufficient to pull train P, since the
‘total resistance will be 9,942 kg???2,000 kg continuous
‘tractive force will be provided by the lighter of the two
cied }écpmétives.

L}

*

L
* Train F (fertilizer plant)

The trains will have only 12 cars. Therefore 1 locomotive
with the characteristics of the locomotive described above

- will be more than sufficient.

Train R {(Refinexy)

Trains with a maximum of 20 cars with 30 tons of cargo and

. approximately 18 tons of tare.

Rn - 2.1

—

R, - 2.1

~

Rr - 5.0

= 9.1 kg/ton

?fbacaxs x 48.6 = 960 tons; 960 x 9.1 kg/ton = 8,736 kg.

i_V"B/s -,7



.....

Wlll be sufficient. Thcrcfore a total of three locomotives

will be su§f1c1ent to move the trains between the

R R E

marshalliné yard and the Complex's industrial and port

terminals.

"

fIt ;s gstlmated that two locomotives will be neceded for

‘éw1tching.

~It is indispensable that a reserve locomotive always be on
hand to substitute when one of the others has to be repaired
or overhauled. Thus, the total number of locomotives will
be,anreased to six locomotives, all with the above described

*characteristics, in 1980.

-

uThe same calculation process yields around 7 for the numrber
of locomotlves to be necded in 1985, around 8 in 1995 and

around 10 ln 2005.

Py .
R N S —— .
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Porto«- Port

ﬁrea “Verde, =, ‘Green aren

Rocﬁo n,Back up

Area,P/ Containers - Area for containers
ﬁgua trat ada ~ Treatod water
-0loo’dingo) - Diesel Fuel

}Linha p/barga e deccarga de containers — Containers loading and
DA unlohdlng irack

,Povto do reV1uao de locomotivas - Locomotive maintenance shop

Admlnlstragao do patio — Yord administration building
‘Porre de controle - Contrel Touer

“Estrada:de Rodegenm Pevimentada ~ Paved Road

Linha de doscarga de vuﬁoes ~ Railroad car unloading track
Posto de revisao de v¢¢oes -~ Car Mointenaonce shop

'Llnha dc cargn ¢ descarsa - Loading ané Unloading track

Linha’ de cargi e de"cargu de centainers - Containers looading end
unlohdln track

Rortqo - Gate

™ -
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SUGGESTED LAYCUT FCR THE FUTURE
SUAPE RAILROAD IARSULILIIG - Y D '
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6.0 SPECIAL CIVIL CONSTRUCTIONS



gy LT
Cr

0 'SPECIAL CIVIL CONSTRUCTIONS

DESCRIPTION OF THE WORKS

~The.. followxng bridges were planned to overcome the water

EREY

-courses that will continue to cross the railroad bed even
aftLr Hydrologic work has been done:

vt
bt

e

EE}irdad Section Water Course Span (m}| Width {m}
[N

"Mélﬁ‘Dlstribution

% Trunk Line Algodoais River 21 5.10
Main Distrlbution .

Trunk Line Prego 18 5.10
Port Branch Line 1 Canal (Algodoais) 40 5.10
Main Dlstrlbutlon

Trunk Line Tabatinga River 40 5.10
Main- Distrlbution
e Trunk Lire Jasmin River, 10 5.10

e h g

- _ BALLAST GUARD

BALLAST GUA

-
I3

LR - )

5.10
[
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7.0 OVERALL BUDGET



. OVERALL' BUDGET

 SUBGRADE
EARTH MOVING

MAIN BRANCH AND DISTRIBUTIOH TRUNK LINE,
EXCLUDING YARD

lst category material with average transport
distance up to 0.4 km

Qty. 36,200 m> x $§ 4.33 = § 156,746.00

lst category material with average transporL
distance from. 0 4 to 0.8 km

Qty. 124,000 m3 x$6.10 =5 756,400.00

1st category material with average transport
distance from 0.8 to 1.5 km
) 3

.. Qfy. 151,000 m” x $ 8.50 = $1,283,500.00

'»éﬁd category material with average transport
- dibtance up to 0.4 km

34 $6.72 =5 169,344.00

Qty. 25,200 m
3rd category material with average transport
distance up to 0.4 km

Oty. 12,600 m> x $129.07

$ 366,282

1

Subtotal $2,732,272 .

CABO BRANCH LIHE

1st category material with average transport
distance from 0.8 to 1.5 km

" Qty. 19,000 m> x § 8.50 = § 161,500.00

FERTILIZER PLANT BRANCH LINE

1st category material with average transport
distance from 0.8 to 1.5 km

Oty. 269,000 m> x § 8.50 = $ 2,286,500.00

Iv-3/7.1



7012

(% COLLECTIVE PORT BRANCH LINE

T

-~ -distance’up to 0.4 km
“Qty: 6,800 m

SEoers sogs L :
- 18t category material with average transport

X$% 4.33 =8 29,444.00

—w;lsQTQQtégéry material with average transport
- .distance from 0.4 to 0.8 kmn

Qty. 10,000 m> x $§ 6.10 = 5 61,000.00

- 1lst category material with average transport

v

distance from 0.8 to 1.5 km
Qty, 160,000 m> x § 8.50 = $1,360,000,00

- 2né'bategory material with average transport
distance up to 0.4 km
Qty. 21,300 m> x § 6.21

$ 143,136.00

~ 3rd catedory material with average transport
~distance up to 0.4 km

Qty. 10,650 m> x $29.07

PIE -

$ 309,595.50

[}

Subtotal $1,903,175.50

s
<,
L] ..’ -

"DEFORESTIIIG,  STUMP GRUABING AND CLEARING

MAIN BRANCH LINE AND DISTRIBUTION TRUNK LINE,

EXCLUDING YARD, BUT INCLUDING CABO BRANCH LINE

Qty. 151,118 m® x § 0.18 =-§  27,201.20
FERTILIZER PLANT BRANCH LINE
Qty. 151,818 m® x § 0.18 = $  20,847.20

CONVENTION CIVIL CONSTRUCTIONS

CULVERTS WITH @ 1.00 m PIPES

Main branch line and distribution trunk line

excluding yard .

-
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1,292 m x $ 563.50 = § 728,040.00

Collective Port Branch Line
190.m x $  563.50 = $ 107,065.00

DEEP DRAINS

Main branch line and distribution trunk line,
excluding vyard.

7,660 m x $ 50.00 = $ 383,000.00

Fertilizer Plant Branch Line
120 m x $ 50.00 =35 6,000.00

Collective Port Branch Line
4,380 x $ .50.00 = $ 2192,000.00

GUTTERS

"Main branch line and distribution trunk line
excluding yard

.10,000 m x $ 30.00 = § , 300,000.00

Fertilizer Plant Branch Line
920 m x £ 30,00 = % 27,600.00

Collective Port Branch Line
4,900 m x $ 30.00 =$ 147,000.00

*

PROTECTION DITCHES

Main branch line and distribution trunk line
excluding yard

9,900 mx $ 5.00 =3 49,500.00

Fertilizer Plant Branch Line
930 m x § 5.00 =% 4,650,000
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‘lCollécfivé'Port Branch Line
4,97 mx § 5.00= § 24,870.00

PLANT COVERING

Main brqnch line and distribution trunk line,
excluding yard
2

135,000 m“ x $ 2,50 = § 337,500.00
Fertilizer Plant Branch Line
79,800 m° x § 2.50 = § 199,500.00

Coilebtive Port Branch Line
44,700 m> % $ 2,50 = § 111,750.00

COMPACTION

Main branch line and distribution trunk line,
.excluding yard

-

{368,000 + 1.30) x $ 0.91 = § 257,600.00

“ve .

1
JFertilizer Plant Branch Line

(269,000 + 1.30) x § 0.01 = § 188,300.00

., Collective Port Branch Line

(182,000 + 1.30) x $ 0.91 = § 127,400.00

SPECIAL CIVIL CONSTRUCTIONS

\

Main branch line and distribution trunk line,
excluding yard

128 x $ 17,000.00 = 5 2,176,000.00

Collective Port Branch Line
40 x §$ 17,000.00 = $% 680,000.00
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ggncnnbs TOTAL

Main branch line and distribution trunk line,
excluding yard

Length
Cost/km

15.32 km
3 466,880.87

.

Fertilizer Plant Branch Line

n

5.71 km
$ 478,718.23

Length
Cost/km

Collective Port_Branch Line

Length

= 5.00 km
Cost/km = § 664,052.00
Total = $ 13,227,203.70
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_TRACK STRUCTURE

-

ﬂQIN'QRANCH LINE AND DISTRIBUTION TRUNK LINE,
EXCLUDING YARD

15.41 km x $ 500,000.00 = $ 7,705,000.00

COLLECTIVE PORT BRANCH LINE
5.00 km x.$ 500,000,00 = $ 2,500,000.00

FERTILIZER PLANT BRANCH LINE
5.71 km x $ 500,000.00 = $ 2,855,000.00

TRACK STRUCTURE TOTAL

= $ 13,060,000.00
Contingencies 10% = 1,306,000.00
$ 14,366,000.00

or, approximately

. $‘14,500,000.00

Length = 26 km Cost/km = $ 558,000
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7.3.4

“PELECOMMUNICATIONS AND SIGNALLING

3
&

-MAIN®BRANCH LINE AND DISTRIBUTION TRUNK

EXCLUDING YARD
15.41 km x $ 40,000.00 = § 616,400.00

COLLECTIVE PORT BRANCH LINE
5.00 km x $ 40,000.00 = §% 200,000.00

FERTILIZER PLANT BRANCH LINE
5.61 km x $ 40,000,00 = §  224,400.00

TELECOMMUNICATIONS AND SIGNALLING TOTAL

$ 1,040,800.00
Contingencies 10% = § 104,080.00
' $ 1,144,880.00

or, approximately

$ 1,200,000.00°

Length = 26 km Cost/km = $46,000.00
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7.4.1 SUBGRADE
3!?...#:; .l ‘
A EARTH MOVING
- lst category material with average transport
: distance from 0.8 to 1.5 km
Qty. 470,000.m° x $ 8.50 = § 3,995,000.00
B DEFORESTING, STUMP GRUBBING AND CLEARING
- oty. 160,000 m* x § 0.18 = §  28,800.00
c ) DRAINAGE WORKS IN GENERAL
‘ - Estimated $ 700,000.00
D -~ . COMPACTION
-~ " 12(470,000 = 1.3) x $ 0.01 =§ 329,000.00
" E SUBGRADE TOTAL = $5,052,800.00
7.4.2 TRACK STRUCTURE
R~ TRACKS - Length = 13.7 km-
13.7 x $ 500,000.00 = $6,850,000.00
=B TURNOUTS = 32
B 32 x § 40,000.00 = $1,280,000.00

< Iy-3/7.8



TRNCK STRUCTURE TOTAL
. 3 W
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+$4837130,000.00
'COMPLEMENTARY WORKS

RAILROAD CAR MAINTENANCE SIOP:

- Building: 1,128 m?; $1,200 x 1,128 = § 1,400,000.00

Facilities -~ S 300,000.00
Equipment = 3 700,000.00
~ $ 2,400,000.00

LOCOMOTIVE MAINTENANCE SHOP:

Building: 1,824 m?
Unit cost = 1,400 (duec to elevated platforms)

1,400 % 1,824 % $ 2,600,000.00
Facilities (including oil, water, -
<7 sand supplies) ‘ ~ % 2,400,000.00
“Equipment s  500,000.00

Vs, $ 5,500,000.00

+

-

ADMINISTRATION BUILDING AND CONTROL TOWER

Building: 750 m?
Unit cost = §$1,100/m%;

$1,100 x 76 = $ 850,000.00
Tower: 80 me » )
Unit cost = $3,000 ( due to height)
Building = $3,000 x 80 Z$  250,000.00
Facilities ] Z$  200,000.00
Equipment ’ < $ 500,000.00
= $ 1,800,000.00

1v-3/7.9



“LIGUTING YARD = § 800,000.00

5 . g
- _

= $1,400,000.00
SCALE FOR WEIGHING RATILROAD CARS

PAVING ROADS

MAIN MARSHALLING YARD TOTAL:

Contingencies 10%

Iv-3/7.10
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CONTAINER LOADING AND UMLOADING EQUIPMENT

$ 500,000.00

$1,500,000.00

$27,082,800.00

$ 2,708,280.00

$29,791,080,00



TOTAL};FOR THE RAILROAD SYSTEM DURING THE
1S tYSTAGE °

$ 53'3;',713.'283.70 or approximately Cr$ 59 x 10°

Iv-3/7.11
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