CHAPTER Vlli DES!GN AND COST ESTIMATEON
FOR THE MASTER PLAN o






CHAPTER VITI DESIGN AND COST ESTIMATTON FOR MASTER PLAN
VIIi;1 General

. The high capital COSﬁ of port facilitics requires that they should be
storongly Cdn$tructed_and be able to withstand severe operating conditions.
It is also desirable that:they.remain operational with minimum maintecnance
costo over a long u*eful life. This demands careful design Qf port facili~
ties Lo obLaln the opL1munl balance betweétl capital - cost and operational
offeciency.  The basic design concept of port f301l3tjes, therefore, should

he selegtgd'through:

bétter understanding the effedts of.such meterological conditions as
QWaves;'wiﬁds, elec. .

- évaiﬁaﬁion of_'subsbil ‘conditions to ‘be considered in designing
1nd1v3dual port facilities.

- lnvebtlgatlon of seismic risk to determlne the approprlate level of
ase;smlclty of structures.

- ‘élarificatidﬁ: of-’ berth requirements for berth utilization in the
f:amewoﬁk:ofifuture-development plans. '

- choice of a basic deésign concept most suited to the site conditions and
economical in construction:

- r@vieW'éf:the-aﬁailébility of such construction inputs as materials,

manpower and heavy equipment.

VITI-2 General_Considefations

(1} Netéoroiogiéal Conditions

Winds and-waves are two of the major factors governing the port devel-
opment. planning of the ports. These factors may necessitate restraint of
port obcrltlons under severe condltlons, resulting in the inefficient utili-
zation of ‘the port fac113t1es.

J_A gu;dellne for port devciopment plannlng is presented in Table
VIII-2-1: the table'Shows the maximum wind speed and wave height under which

cargo hnndling_at ports is normally operational.
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Table VIII-2-1 Max. Conditions for Cargo Handling

Item nmx. condiLion;“
wlnd 15 m/s :
Wave (H1/3) 0.5 % 9.7 w

1) The Port of Valparaiso : _

The port of Valparalso is  well sheltered from the south@erterly waves
which prevail along the coast of leparalso throughout the year. Waves
affecting the port are mnortherly to norhwesterly waves., The waves f{rom
these directions are'generally frequent only in winter, but are sometiﬁe
strong. )

A wide range of shoreline in Valparaliso qu ]S avallable for Lhe future
deve]opment of Lhe port. However sp001al dttentlon should ‘be pald Lo the
northerly to northwesterly waves, parflculdrty in plannlng port GXpan310n to
the western part of Valparaiso. Moreover, verv-deep water offshore’ from the
port makes the  extension of port facilities offshore prohlbltlvely expen—
sive. o

Based on the wind and wave data collected, the harboﬂf.caimneSé'of the
water area of the port is roughly estimated.. Tﬁg réstraint of cargo hand-
ling due to wind at the port is niminal because winds‘over 30 knots chur in
frequency of approx. 1%. Fig. VIII-2-1 indicats the average frequency (%)
of wave occurence of not more than 0.9 m wave hight. @Mig. VIIi;2—1 (1) and
{2} are prepared for the selected master plan w1th and without the extension
of the existing breakuater. _ _

- The study concludes that the extension of the existing breakwater is
unnecessary as far as the port development is env1310ned at the wateriroﬁt
east of berth 8. Since +hc extension of the ex1 tlng breakwater' would
fequifé-a high capital éést 1t is recommended thar wave data ‘be ‘collected
and a detailed investigation by model test on harbour ralmness be  carried
‘out  so that _the optimum'.sOlution between apltal cogt  and opcratlonal
efiéienﬁy can be determined ; The recommended gujd]lnc for the 0parut101d1

‘frequency of port cargo handiing is 90 - 95% on an annual basis.

2) The Port of San Antonio

The port of San Antonio is well protected from the prevailing waves by
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an artificial Breekwater, Molo Sur, Thus, vessels can remain alongside the
existing berths and work cargo hendling in all weathor.

However, Since.the port opéns to the Pacific Ocean westward, the water
hagin between Fepigon de ALraque and Molo Norte is subJert to. wegterly

WAVEE . This water basin i8 a1eo very deep. Thus, the allocation of berth-

ing FéCLlltles alongside this water basin will have to be restrained unless
the port breakwater is properly exterided.

Cargo handling operations at the port of San Antonio will very rarely
be 1eetra1ned by w;nds of more than 30 knots speed: less than 1% of the time
on Lhe average. 1h0 uLudy results on the harbour calmensss are presented in
Fig. VIII-2-2 which shows the average frequency (%) of ‘the occurence of

gaves not more than 0.5 m in wave hicght.

(2) Subsoil Conditions

The'berts.of Valparaisd ahd San Antonio appear suitable'for the const-
ruction. of pert facilities in view of the subsoil conditions. In practice,
the type of berfh‘structures is'langely determined by the prevailing founda-
tion conditioﬁe Therefore, the subsoil conditions must be locally examined
for de31gn1ng each ‘individual berth structure. Following afe.our general

overall views on the sub501ls at the ports ‘of Valparaiso and San Antonio.

1) The Port of Valparaiso _

Accordlng to.subsoil data obtained by our boring works, the natural
soils (sea bed 50115) were found at 11,0 m pelow the datum at borlnge 1 and
2 {ex1st1ng berths 1 to 3) as shown in Fig. II-2-12. The sea bed soils
appeared Lo be comprlsed.of very dense silty sands of not less than 35
N-value. At existing hefths 1 to 3, the natufal rock level is relatively

shallow; ~16 m to w]Y m below datum

Vo boring was carried out in the bllp between berths 4 and 6 by our
soil 1nvebt1gat10n. But, the existing subsoil datal) show that weak subsur-
face cléys:exist in the water area. The ‘existing Jetty wharves (Espigon
Atraque) of berths 6 to 8 appeer to have been constructed upon the weak

clayey 50ils.

1) Source: Dréwing'df Puerto‘de Valperaiso, Sondajes Geclogicos en el Sitio

‘del Espigon Atraque, Drawing No. V.0, 192, 20 Augest 1913.
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{1} Witheut Extension of the Breakwater. Nofes 1. Conditions of cargo handling
: Operation H¥% £ 05
2 Average Frequency of Wind and Wave Directions

L Freguency of wave
Winds in total occurence affecting
o -the harbour claimness

Discion | MG | Direston § U™
E~NE | 128 E~NE ‘Neglect |
N |87 N 6.7 |
Nw 1.8 : !

: e CNNW 5.4
w . 38 .

_SW 399 -] SW "1  Neglect
S~SE 145 -] S~8E - | . WNeglect
Cam. | 207 | Cam. Neglect |
Total © | 100% - Totat

3. Dotied line ingicates the present waterfront.

2} Wit'h 'a 100 m long Extension of the Breakwaier. '

Fxg VIH-2~1 Opcratmml i*requency (%) ef Ldrgo Handlmg for ihe Sclcctcd
o Master Plan at Valparaiso

| 538



Notes 1. Conditions of cargo handling: :
Operation H'/; £05m _ ]
2. Average Freguency of Wind and Wave Direction.

) Frequency of wave
Winds in total occurence affecting
the harbour claimness
Direction rec::;;ncy Direction Frec{a;e;ncy
NE~N R B NE~N Neglect
NW 2.7 Nw 127
w : 108 -
- 1 WSW 33.2
SWo 224
§~E . 283 $~E Neglect
‘cam.. | 208 Calm. Neglect
Totsh | 100% Total

3. Dotted ling indicates the present waterfront
4. Wave data at Quintero is used for the study
Sousce: * Institute Hidrografico de la Armada.

Fig. VIII-2-2 '. Ol)éi'zltioaz Frequency (%_) of Cargo Handling _i‘or the Selected
Master Plan at San Antonio



In close proximity to baron pier, there is a soft clayey  soll approx,
5 m thick. Despitle this soflt layer, it appcars that port oxpan31on n1;1“0

zone may be possible.

2} The Port of San Antonio

The subsurface natural OJL

¢4]

(sea bed) appear- to e comprised of
alternate soil layers oft mediunm pld%tlc élaya af 15 Nevalue in nvgfﬁge e
medium Lo very dense silty sands.  1in particulaé, t.he subsurfude sand layer
at the water avea botween berths 3 and 4 will be the dépdsits coming - fron
he soulh beach:of.the port. .VEPy‘dénse grayel farmations. vary by lecation
of boring, but are mostly found at =22 m below datwn.

The backfill 501lb at berths 1 to 3 are 100 01y deposited Fine sands
and are pfobably suppi1ed by the dredging onevatlon irom the ouL81de séahed
of the port. There is a ligh possibility of soil liquefaction during strong

earthquake vibrations.

(3) Seismic Risk

The country of Chile lies <in the eastern Pegloﬁ of the Pan-Pacilic
Earthquake Belt of veolcanic activities. The tectonic plate theory indicates
that the Chilean coast 1is located along the border~ betweeh the Souih
American plate and the Nazca oceanic pJate which ha\e impovtant slgnlflcd“u
for volcanic and earthquake act1v1tles. '

The cause of interplate eavthquakes is the diastrophism along the
_border of the tectonic plates, where the dip subduction of Lhe plates takes
place. This d1p oubducL1on follows the displacement of the crust uhifu_
finally ylblds and produces Seismic waves perccptiblé as earthquakes on khe
sufrace ground |

The country of Chile lies in a highly frequent zoneé of earihquake acti-
vity and, thereflfore, port btructur =34 11 the {rauework Df the future develop-
ment plan should be des;gned gleng COﬂ‘ldedthH Lo -future carthguakes and
_ thenﬁ effects on the structures. |

A detailed evaluation of future seismic risk is carriéd out in Lbe
gsucceding subsection. The_study results provide a basis to determine Lhe

appropriate level(s) of seismic resistance of the porlt structures.
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(4) Study on the Type of Sructures

The alternative types of borth structure are:-

- open piled construction with suspended decks
- QUaYQalls such as sheet pile walls, concrete walls, caissons and

diabhragm walled cells

The [lactors for selection of the type of structure'arc ground condi-
LAons, ‘watér depth of herth, 'durability, availability of materials and
consﬁrﬁctidn équipment; cost and maintehahée.requirements, etc; In order to
provide an opbimum'361uti0ﬂ, ﬁraétic&l judgement'mUSt'be exercised in evalu-

ation of all the factors, but some of these cannot be measured precisely.

(5) AVéiiability of Construction Materials

Thé'uée:of locally availaﬁle\materials.provides such distinct advan-
tages aS'miﬁimal foreign currency:réquirments, and enhances the country's
ceonemic aétivities which are slﬁggish at present. . The maximum utilization
of locaily évailabie materials will therefore benefit the people of Chile in

accordance with the national economic policy.

{6) Availability'of Construction BEquipment and Possible Participation of

Local Contvactors

Thié prdject requires the implementation of construction by contractors
capable of handlingbffshdre as well as Onshére activities., At present, not
a few local contracfors have some skills and technolagy in this field, but
iocal contractor with,adequate experience in offshore works are limited.
The phrticipation of 1dca1 contractors together with foreign contractors
will Facilitate and ensure the necessary tfansfer of skills and technology
in this ficld of ébusbbuctipn activities... . |

Generally, sQéhfon—land equipment_és hoisﬁing cranes;, transportation
vehicles and earth-moving cequipment are locally available although the
quantity 6f'theSé'machines'is.relatively limited, particularly the larger
sine heavy'eqdipment.'

There ave “very Few. fioéting crafts locally available.'in Chile.
Floating crafts are essential for the proper execution of marine works for .

Lhc_pvojcct and, therefore, should be mobilized from other countries.



VIII-3 Seismic Risk

(1)

General : _ _ _
Seismic risks at the ports of Valparaiso and San Antonio are evaluated

based on the stataatlcs of earthquqkoU “which have occurred in central Chile,

The SleMIC rlsk eva]uated in this

study is defined as the probabi}ltv Lhat

a certain intensity o' ecarthquake . afieptlng both ports will oceur in an

objective period.

The following seismic risks are evatuated in this qLud\

report:

@

@

probability.bf very 1argeiscale=eérthquaké'OCCurPence'ﬁd be uged for
evaluation of the high seismic resistance berth concept.

probablllty of earthquake occurrence 'Which would cause & certain
intensity .of earthquake vibrations (qulmum ground accelerations) to be
used for determlnlng the approprlate geli ismic resistance levels of new

ctpuctures and the Temaining useful life cxpectancy of existing

structures.

The procedures of the seismic risk evaluation are shown as a flow chart

in Fig. VIII-3-1.

" Statistics of Earlhquékes
{ms. Epicenter, year of
otcurrence, eic.}

'

Siatistical Treatment
on Frequency of
Earthquake Oceurrence

Catculation of Max,
Ground Acceleration
of Earthquake Vilrations

Probability of Earthquake
Occurrence by Magnitude

Ground Acceleration ond

Relation betwaen Max!

?m_d Return Period

Sesmic Fisk 1 : Very
Large Scale Earthquake

Saismic Risk .2 : MEFIK‘

" Ground Acceleration

Fig. VIII3-1 Procedure of Seismic Risk Evaluation




(2) l.ﬁéar't';lziqu:ake S'tat;iétics: _

The 0cbuPrence of stfohg earthquakes which ‘damage structures is very
wﬁ@ in any specific earthquake zone. In éstimating séismic risks, the best
restil bs arc obtained by using carthqﬁake statistics covering a long period.

Thlb geismic: risk ovaluat1on uses the aarthquake statistics in the
sludy peport prepared by Universidad Ldtollca de Chile entitled "Programa de
inversion para el Sistema Portuario Quinto Region: 1986-2000" which is shown
in Table VlI] 3-1. ‘The &LatJuTlC& include all the earthquakeb of not less
than 5.9 magnltude whlch occurred in the earthquake zone of 31°00' - 35730
gouth latltudo and 70° OO‘ - 72°30" west longltude during 71 years from 1906
e 1977, In addiflon, five large—scale earthquakes of more than 8.0
magnitude which occubred durjﬁg 1730 to 1906 are also considered. The
oqrthquakcs conaldered 1n the statlstlcs are determined so as to 1nclude all
the earthquakes which cause maximum ground vibrations equlvalent to 0.15 g
al the portu of Valparalso “and San Antonio.

Although the erthquakes listed in the statistics are not uniform, the

set of earthquake -data is c0n81dered sufficient for our study of seismic

risk evaluation.

{3} Selbmlc Rl%k of Largewﬂcale Eartnquakes
1) Maximum Ground Acceleratlon to be Conbldered
The dyndmlc responses of structures durlng earthquakes are greatly dif-
ferent [rom those auqumed in -the - static analysis by the seismic coeff1c1ent
method currently used for the design of port structures. -Fh;s difference is
quantitatively expressed by the following equation as presented in Section
TIT.

S S
KE— 3 }\(_g)

/3

"where KF: Seismjc coefficient corresponding to the maximum

?LDURd acgeletation
a @  the mdximum ground acceleration (gal) on an SMAC-BZ

accelerograph basis

ac

gravity acceleration = 980 gal
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Table VIIL-3-1 ?ﬁarthql.lalkc Sl:atﬁisétiés

Estadistica Sismica de eventos de wagni tud

(A Year Month
L 1730 Jul.
2 1822 Nov,
3 1847 Mar.
4 1973 Jul,
5 1880  Ago.
6 1906 Ago.
7 1928 Dic.
3 1931 Mar.
9 1943 . Abr.

10 1945 Sep.

11 1958 ' Sep.

12 1965 Mar,

13 1969 Abr.

14 1969 Abr.

15 1969 May.

16 1969 pic.

17 1970 Abr.

18 1970 Sep.

i% 1370 Sep.

20 1570 Sep.

21 1970 Sep.

22 1970 Oct.

23 1970 Dic.

24 1971 Ene.

25 1371 Jul.

.26 1971 Jul.

27 1971 Jul.

28 1971 Jul.

29 1971 Jul.

30 1971 Jul.

31 1971 Jui.

32 1971 Jul.

33 19?1 jul.

34 1971 Ago.

35 1971 Ago.

Ms > 5.5 en el escenarlo

Day

19

15
17

18

13

28
26

26

13

14

17

18

19

22

9

10

11

11

11
25

"3

Epicenter
Lat. Long .
Stgo. ¥ Vglpso.
33.0 72,0
La ‘Ligua
La Ligua
31.5 71.5
33,0+ 72.0
35.0 72.0
32.5 72.0
30,7 72.0
33.2 70.5
33,8 70.2
32.4 71.2
30.6 1.4
30.6 71.5
30.8 71.8
32,7 70.0
3.0 70.1
33.9 72.0
31.8 . 70.0
33.8 72.1
33.5 71.9
34.0 72,2
30.7 71.2
30,6 72.0
32.5 L 7L6 -
32.2 1.7

32,4 71.5
32.6 71.5°
33.0 71.9
32.1 71,7
32.3 71,8
2.4 71.7
12.4 71.5
32.8 72.0
30.8 71.4
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46
40
25

Sup;
Nor .
100 .
10

61

.23
Sup.

38
105
120

Sup.

118
25
21

53

50 . .

t537
._'46

9
43

Focai Dépth Magnitude
(Km)

(Ms)
_ﬁég:bﬂ
8.0
28.0
8.0
8.0
8.4
8.0
7.1
7.9
7.1
6.9
7.4
6.0
6.3
5
6.1
5.7
5.5
5.8
5,7
5.6
5.5
6.4
5.8

U'!.

!
5.7
5.7

(%)
.
WY

5.5
5.5
6.3

5.7
6.2
5.8
5,7

continusd



Ne Year: Monti fbéj ~ Eplcenter Focal Depth | Magnitude

Lat. Long. (K} {Ms)

i 171 Sep. 28 32.0  70.0 110 6.3
37 1972 kne. 13 32,3 70.9 ' 80 6.2
18 1972 Ene. 2 35.0 70.3 11 5.7
39 1972 - Feb. 4 3.2 71.9 23 5.8
40 19712 May . 13 32.7 1.8 40 6.0
41 1972 Jun. 8 30.5 71.8 57 6.2
42 1972 Jwn. 8 30.5 71.8 399 6.6
43 1972 ock. 2 33.9 70.8 3 6.2
4 1972 Nov. 27 32.1 72.2 31 5.5
45 1972 Dic. 29 30.6 71.0 60 7.0
46 1973 Abr. 23 36,0 70.6 85 5.7
47 1973 - Jul. 24 30.5 71.6 60 6.3
48 1973 Oct. 5 32,5 71.5 Mo . 6.7
49 1973 Oct. 5 33.0 71,9 4 6.5
50 1973 oct, 5 32.9 7.9 24 6.3
51 1973 oOct. 9 31,6 71.8 39 5.7
52 1973 oct. 12 33.1 72.1 29 5.5
53 1974 Ené. 7 331 71.9 24 5.5
sS4 1974 Enes 13 35.5 . 72,7 Nor. 5.5
55 1974 . Feb. . 21 35.2 71.0 87 5.5
56 1974 Mar. 24 33.0 70.3 104 5.8
57 1974 Abr. 9 3.3 71.0 84 5.5
58 1974 Jul. 22 35.8  7L1.5 86 6.0
59 1974 ' Ago. 15 35.2 71.0 96 6.3
60 1974 Oct.. 11 30.9 71.6 65 5.5
6l 1974  MNov. - - 12 33.2 70.6 90 6.2
62 1974 Die. - 29 33.0 70.0. 99 6.2
61 1975 . Ene. 2 331 70.0 108 5.7
64 1975 Jun. 14 32.5 70.7 94 6.5
65 1975 Sep. 14 33.8 . 70.5 37 5.7
66 1976 Jul. 16 3L.5 71.3 60 6.0
677 1976 MNov., 8 306 71.3 59 6.0
68 1976 bic. 29 - 30,3 71.3 59 5.5
69 1977 Ene. 11 3.7 71.4 35 6.0
70 1977 Jul. 30 30.7 1.4 45 5.5
L1977 ov. 1 325 - 7Ls. 84 5.5

~ Hota: Sup dndica profundidad menor a 60 Kms.
' "Nor. indica profundidad restringida & 33 Kms
Seurce: CLAPEP repart prepared by the Universidad Catdlica de Chile
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v will - be - evldent that the design sélShic 'coéfficjent is LIObCly
related to the design procedures and wust be doLerlned in the field of port
~and harbour engineering through many e;per:encca of eulthquahes and damageg
to pbrt btructurcb; In the Japanese standav me thod of de&igﬂ, a selamic
coeffiecient of O. 25 is appr01matcd as Lhe hlghe pvnctically adaptabhw
beyond which the stability of such submerged btruciuvco ﬂS quaywalls can not
be maintained. It is therefore understood that the seismic resistance of
port structures to be provided for the strongest garthquake vibrations is
0,25,

The maximum ground acceluratlon COIP?prHdlng the seismic coeFF1001ni

of 0.25 is computed applying thc above equation as:

413 gal on an SMAC-B2 accelerograph basis

or 537 gal on an SMA-1 accélefograph basis

2) Reconstruction of the ObjéCtive Earthquake Area

It 1s necessary to review Lhe objective earthquake area w1th1n which
the study report by Unlver51dad Catollca de Chile 'lists the pasl earth-

quakes. o L :

The - earthquake‘ intensity at a specific -éite is dependent upon the
magnitude of the_eérthquake and the distance from the epicenter zone .to . the
sitc as expreésed by the following genera} equation: .

A x 1OBMS x (A + Ag)c

where o : index representing intensity of seismic vibration

ol

Mé :  magnitude of earthquake
A distance related to the attenuation of seismic vibrations.

A,B,C : constants

The above relation is acknowledged .to express the at£EHUQtion'of the
selismic vibrations by distance between the_epicehker zone and the specific

" site. Many empirical formulés7are.pf09036d at present, but the locality of
the earthquake vegion is said to be.'one of the significant lactors 1o

evaluate the relation.
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- pmong others, the following_formﬁla is proposed by Fresard and Saragoni

(1985} 1 and is considered appropriate to be adopted for our study.

om0
max (R + 60jTH5§"
where-Améx : maximﬁm'sufface ground acceleration on the basis of
an SMA-1 accelerogram (gal)
Ms : magnitude of earthquake.
R.: distance between the epiCEHter zone and the site.

Bvcaueo the largest earthquake in central Chile was the event in 1906

it

with a magnitude of Ms 8. 32), the maximum distance between the epicenter
of the earthquake {Ms = 8.3) and the ports to cause the maximum ground
accelerat1on of 413 gals { SMAC- BZ) or 937 gals (SNA 1) is compuied to be 72
um based on the above formula. This destance can approximate the earthquake
zone within the limited ‘area -of 3?°O0‘"3H°50' south latitude and of
10° 50" -72° 50' west longltude In tho 11m1tcd zone, a set of earthquakes {(Ms
fb 5) to cause the gtrongest vibrations at boLh ports can be extracted for
our study. The large scale earthquakes which occured outside this zone are

recognized to induce earthquake vibrations lower than those. corresponding o

0.25 g.

3} Frequency of Earthquake Occurrence
“The frequency of earthquake which occurrence in a specific zone is

generally given by the experiential formula as follows:

log N = a -~ s {by Gutenberg~Richtef)

Where ~ N: number of earthquakes occurred in a given time span
Ms: magnitude of the earthquakes on the Richter .scale

a,b: constants

1) ‘Séuree: R. Saragoni H, P. Gonzalez §,M.Fresard B; Analisis de los

Acalevegrémas de). Terremoto del 3.de Marzo, 1985.

2) Source:: A. Eisenberg and otherb, Sibmieidad Historica y el Terremoto

del 3 de Marzo, en la Zona Central de Chile.
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The constsnts "a" and "b" can bhe determined uging the same procedurcs
of analysis as those adopted in the study by Universided Catélica de Chile

as follows.

extract a set of earthquakes which gecurred in the earthquake zone

D to
of 32°00'~34°50" south lat. and 70°50'=72°50" west long.
@ to compute the frequency of earthquake - occurrence at defferent levels

of magnitude

@ to determine constsnts "a"and"b" by adopting the 1east_squares

The above analysis results in the following recursion: formula.

log N = 5.585 - 0.94l Mg (Ms 2 M)

It indicates that large~-scale earthquakes (Ms > 8.0) occur with a fre-

0.0108 per year or once in a 93 year period: ACCordingfto the

gquency of N =
research in th field of seismology, it is said that the Pan-Pacific Barth-

quake Belt Zones are periodically affédﬁed by large-scale earthquakes, an

example of which for the southern South American continent is shown in Fig.

VIII-3-2 and Table I111-3-2.

5 4
& 7
g 2 7
= .
.’f" %l i J

i I . ]
40 80 120 160 200 240 280

Period of Repetition {yr}

Fig. VIII-3-2  Frequency of Repetition Period of [;ug:c#Sc.aEe 'fi.arth:quakés.i)

{Southern South America)

Source: T. Rikitake; Tectonophysics (1976)
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Tahle-VIIi"BﬁZ Frequency of RepeLJLaon Period of Large- 5Cd191)
: Parhhquakes

Larthquake Regibﬁ Perioql?f : Stavdé?d
_ R Repetition Deviation
Japan ([okal Ndnkai) - _ 117 Yrs 35.0 Yrs
Japan (Hokkaida) - | 85.3 26 .6
AleutianmAlaska : 27.2 8.9
_CentraifAmeriéa_. : 34.5 . 3.6
Northern Sdu;h America’ 46.3 _ 30.0
':Soﬁﬁhern South America 100 22.5
ALl these regions a 88.2 65.4

4)  Seismic Hazard by Magnitude of Earthquake.
Ir eafthqﬂékeédécﬁr periodicaliy and accidentally, their frequency of

cccurrence approximates a Poisson distribution as follows:
. B ‘ n _ : .
P o= (NT) e N?/uf

_where P i probability of a number (n) of earthquake occurrences in a
given time épan (T)

N : average number of earthquake in a given time span

Since the probqblllty of no earthquake occurrence in the time Span (T)
, -NT
is e , thé probability that at least one earthquake occurs in the time
spen (T) is
-NT
p o, T)] = l-e

Applying 'the préviOUS' study results on the frequency of earthguake
occurrence (N) the seismic haaard by magnltude of earthguake is calculated
as shown in iﬂb]c VIIL- 3-3.

Source: T, Rikitakej Tegzgnophyélcsf(1976)
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Table VIII-3-3  Probability of Earthquake Occurrenpe_by'Magﬁitude

'Hagnitude Yé&t of  Annua1.average o PtobabiliLiy of 0ccu1rence ]

_ last | frequency of : rlo, 1] ([)“_7 e

Ms > event | occurrence(N) 1990 “1995 12000 | 2005 2010 2020__2030
6.0 | 1985 | 0.8337 985 99.98 k;“§p953_1po_ e

7.0 |1e8s | o0.0948 | 37.7]|61.2 75. 9 85.0 90,7 | 96,4 98 6

8.0 - 1906 -0, 0108 58.0 6L 8 63 8 65.7 67.5170.8 !3 8

log N = 5,585 ~ 0.944 Ms

It is generally recognized in the field of seismology that thevé ig a
periodicity of earthguake occurrence in'the game specil'ic fegion. This is
due to the accunulation of straln energies in the CFUbtb explained by the
plate  tectonic theory and, Lherefove‘ the p]Obdblllty of_hearthquake_

occurrence derived as above is recognized as physlcdlly gignificant.

However, the probability only reflects the statistidal‘avérageﬂstaths
of a set of earthquake events and therefore can never be uSQd”to reliably
prediét:'the next earthquake. Spec1flc carthquake _océurrences must be
evaluated based on the understanding of the mechanismé of the crust
fracturg, the energy release and the sequence of occurrence by locatioﬁ,
etc. This is the subject of earthquake predictibn theory. 
1herefore, it should be construed that the.study'rESult provides a
preliminary probability of large-scale earthquake occurrence in tﬁe future,
and is only to be used by the Government of Chile as a reference bo help

determine the acceptable level of seismic risk. .

(4; Maximum Ground Acceleration EBxpectancy .

1} Abtenuatlon of Ground AcceJcration i
lt is essentlal Lo Ohtdlﬂ the' seismic f{sk 6n'a ground'accelération
bas1s This ‘is becéuse the majority of port-SEruhtnres‘are c”ajuatod For
seismic reSLStance in terms of ground accclovatlon in the design practice of
the seismic coefficient method. ‘
Poas1nlQ ground acceleratlons of earthquakcs at boLh porLa are LOMDHLfd

baoed on the attenuation relatlonshmp proposed by Irgsard and Saragoni
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(1985)

‘fdf .all the

Universidad Catélica de Chile.

shows the -maximumn

earthquakes"listed in the study report prepared by
Table VILI~3-14

ground

mxmleeratlong ‘of earthquakes which are relatively strong at the ports.

table VIII%

34

Max1mum Ground AcceleraLion hstlmated at Valpdralso

de - Inver81on para el Sistem Portuaric Quinto Region:

and San Antonio
*ﬁgﬂjbf- Magﬁlgude Epicepter  .Valparaigo | . San Antonio.
pccurrence Lat./Long. -Epicenter Acceélera~|Epicenter Accelera~
- distance | tion distance | tion
1730 C|M > 8.0 |Valy Santiago| 55 km | 410 gal | 60 km 380 gal
1822 ‘1M > 8.0 338/72W 40 500 74 320
1847 M> 8.0 |La Ligua 4 320 - 140 170
873 IM>s8.0 | | 74 320 140 170
1880 8.0 31.55/71.5% 185 120 240 0<100
1906 8.4 | 338/72w 40 700 74 440 -
1928 8.0 | 355/72w 240 <100 210 100
1931 7.0 | 32.58/72w 74 170 37 240
1943 7.9 1 30.75/72w 280 a<100 220 <100
1945 | 7.1 |33.28/70.5W 110 120 115 <100
1958 . 6.9 33.85/70.2W 170 <100 145 <100
1965 7.6 | 32.48/71.20 74 190 124 120
1971 7.5 32.55/71.6W 65 230 <100
1972 7.0 30.65/71W 300 <100 240 0<100
1973 6.7 | 32.58/71.54 65 130
1973 6.5 | 33.05/71.9% 20 200
1973 6.3 32.95/71.94 3 160 |
1)Source: Report prepared by the Unlve131ty of Ca»01ca entitled "Programma

1986 - 2000"

2Y The maximam Ground Acceleration is computed based on the attenuation

curve proposed by Fresard and Saragoni (1985)

2y

' Based -on-

the abhove resnlts,

Maximum Ground:AGCGIGPatidn”ahd Corresponding Return Period

the seismic risk defined as the relation-

Sth between the maximum ground acceleratlon and the correspounding return

petiod is- cva]uated by ddoptlng linear recursion analysis.
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The return period (TR) of a maxxmum gtound accclorqtnon ig compuied -

using the data given the rank {m) from the maximum as ['ollows

IR = K/m

Where 'TR : Peturn perlod
K : lee qpan within whlbh the enxthqu&ke data are us od

m : ranking ol the data froin bhe maximum

The relationship betwecn the maximum ground acceleration (o) and corie-
sponding veturn period (TH) expressed as log TR = A + B log is computed by
linear recursion analysis at both ports. The linear recursion formulae

obtained for both ports are:

Valparaiso : log T, = -2.217 + 1.695 log « -

. R .
San Antonio @ log TR '52.270 + 1,715 log o

il

The relationship obtained is shown in Fig. VIII-3-3.

3) Probability that Structures will be Attected by Earthquakes‘.

The relationship between the maximum ground acceleration and Lhe return
period prov1de3'the seismic PlSk in the future on tha ba51a of an indefinite
time span. As mentioncd in- sectiomn _Iif, the probability of earthqguake
occurrence within a period (Tb} of an indefinite time span is expresscd as

follows based on the random access theory.
. N 1 ,Tp.

PlY>y, Ipl =1 ~-41-==-}

| TR

Therefore, the pvobabilitylof earthquake QccurPence causing a scisiic

Cdintensity (Y) of not more thahfy'within the same period (TD).;-i.e.'the_nonu

exceedant probability, is given by the following squation and ié.shawn in
Fig, VITI-3-4, '

P [Y < v, TD} =_ (1 - ?é”)TD

This new idea of fﬁefnon-ekcéedant pbqbability of earthquake occurrence

was fecently introdu@ed infaffhé détermination_of the seismic resistance of

structures to be assessed for the seismic Pisk.in'the'FyLurQ. In designing

port structures, it is rational to . determine ‘the -Séishic':besistaucc

.Qonsidering a reasonable level of seismic risk and the appropriate service

1ife of the structure.
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VIL1I-4 Desigh'COnditionB

The pOPL facilitles comprise var1ous structurea It 1is necessavy'tn
clearly set Forth the design COﬂdlthHS to be used in deLermining th01r
structural dimensions. Ihe f0110w1ng are the pr1n01pal deblgn Londlt1onq Lo

be used for déSigniﬁg port structures proposed in the mastecr plan.

(1} Berth Dimensions
® OchcL1ve Shlps _

The 1argest 51203 of Shlpb whlc are to be accommodatcd at each berth
proposed’ in the master plau are stated in Bection VIl and Poqu1lo
11.0 to 13.0 m water depths of berths for safe acaommodation

In the long term devclopment plan, the largest container. bhlp sixze
is 40,000 DWT, Although the container berth is designed wlth a -12 ¢
m water depth in this study, 1t w1ll be preferable ito execute ‘the
berth at ~13.0 m in the short term development plan if the conotluL

tion costs between ~-12.0 m and 13.0 m berths are not so different.

- @ Copeline Helght o

This 1is one ol the factorq whlch determlnes th serv1ceab111tJ of
‘berths as well as ‘the cost‘of constructlon. The guideline in Japan
recommends fhe COpeline height to be 1.0 - 2.0 m above. the highe%t
high water 1evel for berthing facilities to accommodate 1arger size
ships. The adoptlon of thls gu1de11ne resulbu in a moderate cope -
line height of approx. +4.0 m above the port datum

This figure is 1.0 m 1ower than the present slevation. Of course,
the final deéisioh must. be subject to the future.devélopment plan of
thé port beéausé of - the neceésity to consider the overall

rehabilitation of warehouses, port yards, ecte.

@ Apron Wldth |
The current narrov - berth aprons and back-of-port. yivdé séem'not to
meet the modernized standard of port constructlon, This dis also
pointed out by the JICA Japan bxpprt Mlﬂblon In ordev to modernlze
the por Pacilities. as practlcally a& p0881ble,'an apron width of not
- less than 20 m should be provided for berths to accommodata ocean-

..going general cargo ships.



(2) Seismic HOBi»Lance of" Structurces
The strandard practice for design of 5Lructurcﬁ'3n Japan provides the

fFollowing methods .of evaluation for the seismic stability of structures:

M seismic coefficient to be determined based on the seismic hazard repre-

gented by the regional selgmic soefficient

@ Sciqmic_ coefflicient to be determined by the dynamic soll response
ana1y51s for the specilic earthquake of which the probability of
cvurronce is very h15h and urgently requires such countermeasures as

high ascismatic berth coneructlon.

1) Application of Japanese Sténdﬁtd Method
In.Japdn, Lhe de51gn se1sm1c LOGFflClent method is adopted designing
port FdCl]JLlcs. The belumlc coeFf1C1ent stands for the ratio of the
earthquake acceleration agaln%t the grav1ty acceratlon (g) and rvepresents
ihe zntcn31ty of . earthguake v1brat10ns The design seismic coefficient (Kh)
is determined bas ed on the follow1ng Povmula in consideration of the seismic
pisk level of the Deglon whefe_the_port is located (Xo), the factor for

subsoil conditions {(Ks) and the importance of the structure (Ki).
Kh = Ko x Ks x Ki

The éeiémid_risk levei of the region is represented by the regional
seismic coefficient (Ko) which is appropriateiy determined based on the
seismic Hdzard of the Leg1on "Fabfe YII1-4-1 shows the examples on the
cxpectancy ol pbak .accelevation and thc regional seismic coefficient adopted
For dehlgnlnb porl facilities at [ive defferent ports in Japan.

T will .bé observed in  Table VIII-4-1 that the regional seismic
cocflicient ddOpLLd in Japan is 0. 15 For portq where the expectancy value of
acceleration for return perlods of 75 years is 200 - 300 gals on the ground
lcvei.: The peék grbuhd_ﬁacceleration expectancy for . the 75 year return

period at both'po?ts_is estiméted based on the seismic risk as follows:

Valparaiso : 350 gals for Ty =75 yrs
San Antonio : . 260 gals for T =75 yrs
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Basically, Lhe acceleration .of earthguake. vibrations on  base rock iy

lower than this value, although il depends upon the subsoil conditiony,

BRased on the above, the seismic scale of acceleralbion of 0.1% is appropviale

for use as Lhe vegional seismic coeflicient in designing ascismatic sirue-

fures at Valparaiso and San Antonio.

Considering subsoil condetions at the ports and the importance of popy

facilities, the design seismic cocflicient appropriate Lo port Facilit oy

for Valparaiso and San Antonio will be,

~Kh =

Ko x Ks.x Ki

=0.1% x 1.0 x 1.2 4 0,20

Where Kh:
Ko:
Ks:
Ki:

Design Seismic Coefficient

Factor for subsoil conditions.

regional design seismic coefficient

factor for structural importance

When designing the high 'seismic resistance berths, the design scismic

coefficient of 0.25 can -be adopted as the 'impobtdnce. factor of 1.9 s

recommended.

Table VII[-4-1

ixamples of Approximate Expectancy of Acceleration

and Regional Seismic Coefficients in Japan

Port

. Re tl}i’!f %
Researcher (s) ?;:;iz) 'fc-k-_,ru‘mT Os;ka Akita Hosojima Hachinohe ;
Kawasumi (on ground} 75 00 zbg 106 50 1ﬂoiﬂ i

ditto - 100 600G 300 100 - 150 150 150
Goto and Kameda 15 300 250 200 150 15G §
(on ground) %
Hattord (on rock) 100 200 50 = 100 150° 199 150 :
Uwabe and Xitazawa ) 75 250 230 250 200 g0 %
(on rock) . : T !
________ 100 270 250 281 220 220 E
Regicnal seismic coefficient {;o) 0.15 E 0.15 '"'w‘w:;.lo 0;10~ mﬁméizn e
Al . i

Source: Report on bamage to Port Pacilitie
Earthgquake on March

3, 1985, lapancse Export Missfon. April 2, 1

s in the Port of Valbaraiéo by the
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) e Lermination of Seismic Coefficicnt

" he

' leve la

geismic risk dn  the future helps to . determine Lhe appropriate

the seismic redistance -of siructures. Lb may be appropriate to

congider more than one level of'seismic resistance in designing future port

gtructures. Along these lines, the high seismic resistant berth provides a

nintmns  operational “capacity against Lhe highest ‘level of ecarthquake

cxpected while the olher structures are designed against smaller earthquakes

G as

to optimize the economical solution between the capital cost and the

operational capacity of the ports.

(i)

Ordinary Berlhs
Recently, :the new idea of the non-exceedant probability of
éarthquakes is proposed for the. determination of the earthquake'

vibration level Lo be considered in the design of structures, as

'presented'in Fig. VITI-3-4. TIn gcneréi, the service 1life expectancy

(TD) and the return period of earthqguake (TR) to be adopted in
design of structures are 50 years and 75 years respectively so that
a ndn—exceedant pyobability of 0.51 is maihféined. Tﬁe probability
of ?I: 6.5} means that: the structure will not be affected by the
design earthquake .vibrations_during its service 1ife with a 51%

probability.

Moreover, the following relationship between the maximum ‘ground

acceleration (o) and the corresponding seismic coefficient (KE}

will be wused for evaluation of the appropriate “design seismic

"ecoefficients.

& 51/3

. 1 o
Kp =3 x (—g- a:; 200 gals

Appling the above to the port of Valparaiso and San Antonio, the

following design seismic ceefficients are obtained.

‘Valparaiso = San Antonio

- Retufﬁ“?eriod of Earthquake {years) : 15 75
- Service lLife (yearé)' - 50 50
- Maximun Grouﬁd Accelerétion (gals) B0 260
- Design Seismic Coefficient 0.236 0.214.

Kp; -“‘*.]3? * % 1/3



Tt will be dppropr iate to adopt the design seismic coefficient of
0.20 for ordlnary structures, c0n31der1ng the discussion. on Lhe

appliéaton of the Japanése-standarﬁ method.

(11) High_Seismic Resistant Berths _

A seismic coeff1c1enL of 0.29% is cdnSideﬁed the highest Lo. be
practlcal]y applicable to the design of pori structures on the
basis of standard practice used in Japan. Thoreforc, the seisnic
COBfflCLLnt of 0.25 is reasonable for the deslgn of ‘ligh veismiv
resistant bnrtho if* the govelnmunt af Chile conbldevs thaL Lhe high
seismic re81stant berths should. be provided in order Lo assure
minimum'operatiohal capacity in each of the portis for the-strongesL
expected earthquake. _
The uElsmlC coeFF101ent of 0 2) COPFLSpOHdb to 9 maximum ground ac-
celeration of ”13 gals wilh a return perlod of 90 and 165 years for

Valparaiso and San Antonio, respectively. Nhen the non-exccedant
probability of 0.50 is adopted, the service life expectancy is 60
years for'Valparaiso and 114 years for_San‘Anthio. |

The highly. aseismatic berths should be basically provided againsi
the strongest earthquake that is evaluaLed as llkely to occur. Our
study shows that the probability of occurrence of a large scale
earthquake {Ms > 8.0) is 60% in the year 1990.and about F0% 4n the
years 2010 - 2030. The judgement on whether the high seismic
Pe81stant berth is needcd is dependent upon the assgbsment o the
value of the p?obabLlltF. In  Japan, hlgh13 ﬁfelsmatlc berth
construction is implemented as one coﬁntefmcaéure against the high
possibility of occurrence of the largest scale carithquake wﬁich ix
predicted nol only by earthquake statistics, but also by Csuch

. earthquake precursors as strain accumulation in the crust.

(3} Avallabjlltv oft Construction ﬁatcrla1“

Constructlon materials Pequlred For thc project  were survéyed by
conducting interviews at ‘Government offices -~ and laboratory, . local
'contractors and others. 'The'ahnual'éverage productioﬁ of cement, stone and
steel were confirmed through on- the»spot surveys at detOFlOu, qﬁnrry:sites,

'stock ‘piles, ete. The information gained is outltined as follows:
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(O Ready-mixed conérete

At preseht there

proximity- of Valparaiso or 3San Antonlo.

Moreover, since

no manufacturer of ready mixed concrete in the

the small

geale of the pPOJCCLS will not induce ]ocal firms to begin production

of’ Pbddy“MlXCd congre Le, the construction will utilize concrete from a

gemporary concrete plant erccted for the development.

3 Cement

In éhilb,

the business

scale of cement

production is not so large.

Two~thirds of the total national cohsumption of 3 million tons is

produced by five manufacturers.

At present, only two types of portland

cement , ordinary. cement and high early strength cement, are produced by

the local manufacturers.

Generally,

handlod as bagged cement in Chlle

)] Aggrcgates for use in Concrete

Stones and Rocks

the locally produced cement is

Aggrcgates for use in. concrete are abundant in the proximity of the

sLudJ smLes.

for concrete

production.

be used for'the éggregates.

River

sands,

The quality of the materials is good enough to be used

graveis and crushed stones may

There are several. quarry sites in close proximity to Valparaiso. Two

of them are Sausalito .and Cucharas,

located 18 km and 16 km diétant from the site,
produced
gquantity

Antonio,

north

hardness

one of

of - the

and the quéntity

by the quarry are granite

port of - San Antonio.

which

run by Valparaiso cily,

which are

respectively. - Rocks

is sufficiently

the available quarries is located at Panul.

hard. :The

available is.moré than sufficient for the project. At San

about 3 km

The rocks are granite of good

is sufficient.

Table VIII-4-2 Sources of Stones and Rocks

~ditto-

Unit Cost at the
_ Project Site
Pary Source Distance(km)  Quality (peso per cu.m)
Valparaiso Sausalito 18 Granite 1,800 for 20-~~100kg
Cucharas 16 -ditto- 2,500 for 100~1000kg -
Jan Antonio  Panul -3 ~-ditto- 1,400 for 20~100kg
B 2,000 for 106~1000kg
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@

Materials for Reclamation

The future development of the ports requires a large quantity of

reclamation materials. The dredging work ‘to obtain reclamation

materials for the port of Valparaiso is very much restrained due to Lhe

deep waLel‘ of' the pOLL
The following borrow pits can be expected to bc u%ed For the PevlnmuLOH

work of th port of Valparalso.
Table VIIT-%-3 Borrow Pits for Reclamation atl Valparaiso

Distance from Cost at the :
Remarks

Borrow Pit the Port (km) Port (Peso/cu.in)
Laguna Verde 15 800 - 500 ~B00 thousand cu.m
. sed sands available
Curharas 16 1,000 river sands and hill 5011
' about 1 million cu.m
_ available
Colmo 30 _ 1,200 - sands "at Aconcagua river,

about 800 thousand cu. n
aval]able

Playa Punta 30 Fine sands, abundantiy
. ) 1,200 ; san
de Piedra 35 _ available

The reclamation materials from these sources ¢an be brought ;o'thc'port

‘of Valparaiso principally by land transportation or by sea transporla-

tion in the case of playa Punta de Piédra«' But, sea transportation by
barges may be difficult due te rough sea. conditions outside the summer
season. '
Prestressed Coﬁérete Products

At present; several. pre streqsed conrrcte [acLorwr are in basiness in
the Santiago region. They manufacture 'such pre-or post-tensioned
prpducts as square pilés and columns,  beams and electric lighting
poles, étci '

Maximum length df-theiruprbducts is 18 m dﬁe Lo traflic feétribtion in
Chile. The product cost is roughly estimated ot 40,000 - 60,000 pesos
per cubic meter, although it depends upon the size and shape of ‘the

product.



(0 Steel Malerials

Reund as well as delormed bars are produced locally at Concepcion. The
scale of this productidn is N00'tﬁouﬁand tons per year, but is planned
to dncrease. up to ono miilion tong per year.
Sives of iocally:available"stebl bars are:

round bars 6 to 26 mm dia.
_ deformed bars 10 to 36 mm dia.
SLeel materials available locally are steel plates, various mateials
fFor use in building wdrks, shaped steéls and steel pipes. .}bwever, the
shapéd=éteels and steel pipes é&ailable locally are of smaller sizes
produced by welding or pressing, and will require close inspecton. The
majdr sleel materials of thé project will have to be impbrted shaped
steels, and high—tension steels for use in prestressed concrete

members.
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VIII-5 Design studies

(1) General

In practice, the slructural type’ of berth structure is largely
determined by the prevailing subsoil cond1110ns In this sthdyg we have
investigated the oplimum solution by berth among various sktructural types

construction materials.

(2) Options .
1) Open Piled SLructures
Piles are used to carry working loads down  to Lirm soils when. the
subsurface soil is weak and ‘the F1rm soil is found at grealer depths. “Open
piled structures can. be designed either as mﬁrglnal hharia with an uninter-
rupted ground gsurface from the suspended.dcck to the land behind the quay or

as island wharfs or Jjetties with approach bridges from the shore to save

Open pilé structures provide stronger seismic i@éistance than other
types of . structures owing to the. flexibility and llghtness of  these
structures. But, when the sea bed is extremely dcgp and the aubsurface WLd¥.
soil is relatively ghin, the pile foundatlon becomes pPOhlblCJVCly g(pengzv
and phy31cally unstable part1Cular13 curing conutructlon. :

Open pile structures are rovommended as a satlsfactory bolutlon if the
site subsoils are not strong. ‘Selection of. the. type of dpen pile structure,
egither marglnal wharf. or 1slan0 wharf, is made based on the economic balance
between the additional cost of the marglna‘ wharf and the polentla] savings

from opérational efficiency.

2) Quaywall Structures

Quaywalls have. the adyahtage of massiveness and thus withstand the
berthing impacts of ships more readiiy than lighter opeﬁ piled structures.
Morecver, -quaywalls have an easier and Simﬁief foﬁm. OF. éénstvudtion.
However, one of their greatb. uLbadVdntages iq the heavy-loadé.they-impose on
th ground and therefore, quaywallf r0qu1re strong gPound o near'thc
foundatlon 1eJe] : _

. If the subsoil just be]ow thc required water level is notl stvong LHOU?h

to support the walls or if the existing seca bed is -Loo ‘deep, Lhc quaywall

foundatlon must be’ taken deeper with rcﬂultlng additional works such. as
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pemoviﬂg the weak subsoil or placing a firm base mound. 'These works
Jnvpcabo cosls conaldcrablv _

Quaywal] %Lructuvpb are only v1dblc wherc thie subsoil conditions are
sbron enough Lo carry the loads. When Lhe existing sea bed is considerably
deep, 1L becomes necessary Lo compare alternative designs in order to esti-
mate the:construction cost accurately enough to select the most ecdnomical

solution.

(3) The Port of Valparaiso

The copeline of the wharfs porposed in the master plan is detcrmlncd on
the asqumptlon "that all the structure are to be constructec as marginal
xharfs with an unlnteirupted surface from the copeline to the land behind’
the quay. “The final: judgement will be made based on ‘the view that 'the
additioﬁal3CQstS of the marginal wharf censtruction can be balanced by the

potential_savings'from operational efficiency, including;

operatlondl access and control

less distance of cargo movement {rom the copellne to the storage yard

- less cost for cargo handling equipment

higher efficiency of labour activities, etc.

" In the port of Valpaiso, the subsoil conditions ére strong enough to
permit extension bf.the land.area, and there 1s no technical restraint for
adoption of marginal wharf construction by reclamation in terms of the
locqllzed shear fallure as well as the failure of th whole earth mass.

The reLOMﬂLnded structural types for the individual berths at

Valpavaiso are presented below.

) Berth'Cul C-&

_ thher grav1ty quayualls or open plle structures can be used at these
horths because the existing seabed is a moderate depth of -10 m below datum.
and the subsoll_ls hard enough to w1thstand the loads. But, due to the
relative hardness of the subsoil, only open-ended steel pile foundations
would be viable in the case of open pile congtruction to minimize the pile
tip fesisténCQ.during_driving operations. | | _

~ Open Strﬁcturcs‘have an advantage in that the shperstructure can be

nade as light as possible to reduce the elffects [rom earthquake vibratons.
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This results in a ‘higher .scismic reSiSfanbc of the structures. On the
contrary, the lightness of open pile siructures Peduces:'Lhe cﬁpécity ol
“these structures to absorb such.heavy 10ads as ‘Lhe bevrthing impacts of ships
and so, in addition to the provision of dockihg bﬁmpeﬁs along the copeline,
it is necéssary Lo increase the lateral resistance of the pile foudation.

In Lthis respect, the lateral fesiﬂthnco' of the pi1¢ foudation is
minimal because:the relatively shallow rock [ormation level at the'zﬁl@
permits pile embedment into the subsolls of only. less than 10 m.
Considering the subsoil conditiqns_of the site, opén piled c0nstruction in

" combination with: a gravity quaywall is vecbmmendod_ as ﬁtrsutisfactory
solution to maintain the advantages of both 6pen'pile nnd_grﬂVity quaywalls.
Among other options of quaywall structures, steel wall cells may be usedg

providing enough space to permit pile foundations.

2) Berths C-3 and G-1
Tn designing the new proposed structure along the existing berth'S, one
of the decisive economic: factors is a possible shift of the berth copeline

from the existing alignment as follows:

Case-1 : to construct along the same alignment as before replacing all
or part of the existing quaywall .
e ‘will be costly and gives no allowance to widen the
berth apron for the time being. ' '

Case-2 : to construct along a line somewhal forward to the harbour
side by reinforcing the existing quaywall
————— will be ecoromical but assurance of long-term seismic
resistance may be difficult. _

Case-3 : to construct a new berth structure in front of fhe_cxisting
quaywall o
————— will be costly but will result in an ideal asecismatic

berth of the apphopriate-dimensions.

The most stable structure is_obthinéd in casé—l'bﬁdausé.of the consoli-
dated base rock foundation. :Howévér,'thé'chéicé-involves coslly investment
for additional removal works of the existing quaywall Structure nS'QCll.SS
partial demolition of existing warehouses.

-~ The best type for design of a new berth structure ghould be determined



by cdmﬁariﬁgfultcrnativc'atrUctuPal'types,: We have- found that the use of
{Nﬂssonc-mountod”on the artificial base rock is most preferable in terms of
asnis mchy, duraDJlle and adaptability to decp water. [Figs. VITI-5-=1(2)
aﬁd (3)- how the cross section of the proposed new berths for C-1 and G-1
G ing prgca 31 conerete caissons. Jn the framework of  the proposed master
plan, Lhe  new general cargq_berﬁh G-1 is identified as an high seismic
pesistant -berth  to. be urgently consturcted to  assure the operational

capaciby of the port of Valparaiso.

1) Berths G-2 'to G5 _

Berths G-2 Lo G-% are to be newly developed at the offshore arca along .
the watorfront east of the cx:atlng berth 8. The seabed at the proposed
area is ?5 Lo j) m' below datum, the depth of whlcn technically rules out the
pee of plllng mcthod For open piled structures and ‘sheet piled walls.

- AlthoUgh;detailéd soil test results at the proposed offshore site are
not available,. it is :Certain tﬁat the sandy seabed subsoils are strong
(ﬂmugh to w1thsLand the loads from. the grav1ty guaywalls of ho tons per sq.
moas 1nvest1gatcd by our soil 1nvestjagt10n ai, on-land horing no. 4. Th
construction costs of the grav1ty quaywalls would be somewhat higher, but no
more than thoée.for open piled. structures.

Since the seabed is very deep, the gravity quaywalls must be founded
upon a base rock mound However we have not looked intc the question of the
serious Settlement of the quaxwalls excopt for that instantaneous settlement
which occurs during'construction'in the case of sandy soils. The possible
ﬁnm_o? quaywall failure would be a massive earth slip on a circular plane
with collapse of the -entire ground behind the walls and a heave.of the
ground in front of the wall. With tfial slip circles, it is found that the
factor 0f saPety for the whole earth mass Tailure is moré than unity and,
therefore, there would not be a slip failure. The preceding gravity quay-
wall construction of the existing berths 6 te 8 has demonstrated that a

vertical Taced quaywall structure mounted upon the artifficial base Tock is a
viable solution, although a -careful consﬁruétion procedure might be

voquired.
(1) The Port of San.Antonio

As mentioned before, the wharf structures can be designed either as

island wharfs or as marginal wharfs. 1t is fair to say that, considering
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all the factopé.related to port operations, mavginal wharves for general
cargo and container berths are preferable.  But, because  the  moavginal
wharves involuve extra capital costs, the advantages must be  carclully
1nvestlgatcd and weighed agalnst the cxtra costs in each parLicu1ar case,

Form our design studies, marginal wharf cons tvucLLon is Pecommcndcd as
the optimum solution for the general cargo berths. Chiemical and graim
berths cahnoﬁ, in our views, be cons tructed ad marnginal wharves duo to the
imbalance between the extra cost and the potentia} SaVngS in opeational
efficiency and, therefore, we recommend that they be cdnéttucted as island
wharves.. The iélénd wharves should be connected by approéch bridges {'rom
‘the shore so that wﬁen the port faces the peak operation demands thesc
berths ¢can be  fully utilized fdr handling cargoes other than chemiéal
pPOdUCtS and graan. '

Our oveﬂdll view on the subsoil " condltlons in Lhe porL of San Antonio
shows that the subsurface sandy or clayey soils ar e strong enough to support
the gravity walls and the bearing strata for th stractures-.ls_-found at
relatively shallow depths., This &ould make pile foundation difficult, but
not impossible, and th peéulting minimal tateral reéistanbe ef piles due to
insufficient embedment into the subsoils might be a pfoblem.

The individual berths at San Antonio are considered helow:

1) Chemical Berth
The subsurface soil just belcow the required &ater depth having hot less
than 40 N-value is stfong enough to support a guaywall structure. Uenerally,
quaywall structures are constructed to form continuous walls bdt, in certain
circumstances, the guaywalls are used island wharfs_connected to thé'shore
by access bridges. Such quaywall‘structurés have obvious economic.advantage.
' Among guaywall Structures, the use of steel walled cells is best suited
to hard subscil conditions. Since ‘the quaywalls from very -high vertical
walls, they should be constructed as light as pessible. in view of seismic

resistance, adopting a piled deck structure in combination.

2) BerthG-1 _
The ekiéting anchored steél;sheet pile walls appear to be inadeguate in
the horizontal seismic fesistanée of anchoring 1if the berth is utilizéd as a -
berth having an ~11.0 m water depth. In addiﬁion, the residual strength of

the steel sheet piles is uncertain at'present'and must. be subject to the
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ohﬁdinﬁ IHVCungBLIOH by the Governmcnt of Chlle. |

- The subsurface sodll at the site is very hard clay w1th an N-value-
<H0hnd 30, But, as demonstrated in the construction of the existing bCth
pile. toundation is technically viable but with some difficulties during
constructlon.

Possible'stnudtural-modifications to modernize the berth are:

Jﬂmurﬁaﬁivé~h : Re-use of thé exiéting sheet pile wall subject te the rein-

. " gorcement of anchoring '
Alternative-B Provision of a new steel sheet piled structure in front of
B _ “the existing copeline anchored properly by piled structures
zﬂtérnative—C . Alternative-C : Provision of a new structure in front of the
existing cqpelihe; rensing the deformed sheet pile wall as

much as technically possible.

Alternat1vp npY is completely subject to the assessment of the residual
U‘ngth of: the exlatlng front walls of the steel sheet piles. Bven if
positive results are obtalned through the investigation, it will be manda-
tory to- reinforce the resistance of or replace the ezlstlng anchorlng wails.
This would be costly.. '

The ‘newly :cqnstruéted' sheet' pile walls as well as the horizontal
anchoring in alternative "B" would require a minor change of the copeline
alignheht_of the berth. The édjuétment of the deformed copeline alignment
would be easy. However, this measure would be somewhat costly and would
probably encountér-difficulty in pile driving works at the back yard dué to
the existence of baxkfill rock. _

Alternative "C" would be pPactlcal because of the re-use of the
existing sheet pile walls. The design is aimed' at supplementing the
inadequate lateral resistance of the existing sheet pile walls. by the new
structure: Ahout a 10 m shift .of the copeline seaward would be required to
provide enough space for constructlng 'the new structure. Also, this new
structure could be prefcrablv des;gncd in terms of seismic resistance.

' A}Lernap;ve.“b" is judged belter than the other alternetiveb due to the
ease_of constfuctidn-and'the seismic resistance. The possible occurrence of
s01] liquefaction in backfill 'soils requires sand compaction works as a
coﬁntermeasure againsk strong earthquake vibrations.

Marthermore, if adverse structual problems are observed in the existing
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sheet pile walls through.the investigation, corrénbhdiﬁg cdﬁntérmeasmwm
must Le taken hascd on a coﬁpvehenﬁive Lechnical adsossmcnt ol {the Stability
of thé quaywall, This may require thalt a contingehcy_plan hQ_eStablishcd Lo
modify the'engineeviné design. dnly Lhe detailed enogineering study to le
made af'ter the field investigation can therelore Finaiize the stvuctumu

design ol the proposcd berth G-2.

3)  Grain Berth - _ —

The subsurface soil:upon ﬁhe bearing strata af approx., 20 . behm
datum is clay having a hardness of 15 in N-Value. An iéiand“wharf‘rounded on
steel piles and connected to the shore by approach bridges'aﬁpoabs Lo be the
optimum sclution.

Because the site of the berth Pfaces the mouth of the port Lo the
northwest direction, the bherth may be subject 1o waves, especially in the
winter season.. The open piled structure would decrease thejéffects of wave
action to the structure more readily than a gravity:qua&wall'stfucture.

. However, an opén'piled structure reduces the capacity of the structure
to absorb heavy'latefal loadings such as the berthing'impacts of ships. -1t
is thus essential to provide docking bumpers in thc'design to minimizg the
damages by ship berthing. In .practiée$ steel piled foundations . with =a
combination of vertical and raked piles are used to withstand heavy latera

loads.,

4) Berths M-1 and G-2

The existing open piled pier at berth 5 was -designed. at a seismic
coefficient of 0.15. However, no essential damage to the structure wés
obsérved  during the'vefy strong vibrations of the iast:eavthquake, which
demonstrates that open piled struétures have higher scismic resistance than
other quaywall structures because of their flexibility aud'lighthess.

fhe existing berth 5 was newly constructed in 1979 :and, therefore, the
extent of aging or deterioration to the struétural-ﬁaterials_is minimal. 1r
our view7'the-existiﬁgIStructuré should be used effecfively'in the feamework
of. the future development plan of the port. 'waever,.this view imposcs the
design of rehabilitation measures to berths M-1 and (-2 proposed in Lhe
master plan. '

Under this special circumstances, constructon of a-new.structuré wiih

complete rvemoval of the existing backfill materials is indeed the oniy.
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1£Chﬁ1qhily.viable alternative.  The additional cost of the removal works
panfbﬁinppnféntly off'set by the cost saving.for the construction of a new
structure, in FxonL of existing berth 5.

i ther open pile or gra»LLy quaywall con struction is technically viable
.Lonéldersng the subsoil CODdlLJOH of the site. However open pile construc-
pion 18 mop Peddlly ad}uqtab]e to the exmqtlng opcn pier structure of berth
5, The. eonslruction costs would be bomewhat higher Lhan those of quaywalls,
put such advantageé of the open piled construction as higher seismic resis-

cance and minimum ef'fects from wave action would balance the cxtra costs.

5) Berth G-3 and G-l

_ According to_.the soil investigation additionally. carried out by the
Government of Ghile, a very thin layer of subsurface soil is founded upon
the hase Tock [ormation arund _16m below the datum: at the site for the
proposed new berths G-3 and G-4. The subsurface soil of 5 to 8 m thickness
cig vcvy hard. '

In such circumstances, the olemum type of structure is a gravity quay-
wall W1Lh the advantages of massiveness, simpler constructlon and generally
lower construction costs. But , the one great disadvantage is that the heavy
weight: of the stfucturé can  canse a strong earthquake load during the
siesmic vibrations resulting in less .séismic resistance than open piied
structures.. : .

Less. seismic resistance is considered the decisive faétor to rule 6ut
the use of gbavity.quaywall construction in the case when the structure is
identified as a high seismic fesistant berth strong enough to assure minﬁum
operational capacity againsﬁ'the maximum expected earthquake. In our view
<ﬁmained_through comparative design studies on different types of struc-
tures, open piled_constvuctioh in combination with sheet pile walls is the

satisfactory solution for the berths.

{5} ‘betails of Structures
1) Container Berth
A.bch1LL/gd contalner lermlna} requires such port facilities as a wide
open storage ya?d, a contalnel;fre;ght station, an administration building,
specialized gantry cranes and equipment and various other service utilities.
The size of these facilities varies according to the container handling

system. Since thses port facilities require a high capital investment, a
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detailed gtudv on the conLaanP opcraiLong as well as the possible invest-
ment in new equ1pment by the port users should be OOISJdorcd

In certain circumstances; it ig prudent “that the contdiner berth also
be designed as a multipurpose: berth so- that the"utilizatELWI ean change
readily and effectively as the port faces the peak demand-cayséd by the
seésonal'cargo variations or ‘as the cargo mix changes. Howéver, it is;ciean
that a transit shed'is not necessary for Lhe container traffic and a shed
would rather be considered as an obstruction caﬁsithQuayside congestion, A
wide. open deck is réquiredy allocating ample mancuverihg SDééc fof'éﬁntainor
operations, '

Special gantyy crlned may bg prcferable for hlghly efficient conbainer
handling operations. The Future possible Lrafilc of container shiphnents
will require two - 35 ton capacity cranes per berth. The deck of the wharf
must be designed to be:st?ong.enough to baar all the'ﬁéék;loads and to

transmiit the loads to the subscoils through the foundations.

2} General Cargo Berth

_ A trasit shed is required on the quay side as near to the copeline as
possible to reduce_cargo Handling distance. = The minimum width of the front
aporn'of the berth must be determined in view ol necessary cargo hahdlihg
space. .

Provision of rail tracks on the apron.impose restraints on maneuvering,
occupying about 4 m. It is likely that a mabile crane will occupy the cope
gside of the track (5 @) with provision of a winumuwm 6 m wide access’ way
betwéen the rail track and the-trénsit_shed. Accordingly, the minimum width
of Lhe front apron ié approximatély 15 m. The minimun turing circle Tor a
20 ton trailer (gross weight) is about 24 m, but the turning on the front
apron is not likely to occur. From pracitlical éxpeviéncé, a 20 m wide Iront
apron is the minimum size that can be said to be adequate for modern berths.

3) Grain and Chemical 'Berths |

It is recommended thab the grain and chemical berths hc used  as
multlnurpose berths so as to supplement the general cago hdnﬁ11ng CHDHCllV
during .peak demand. A wide open deck without a transit shed is basically
reqﬁifed fﬁr the specializes cafgo'traffic. An island.befth of a mihimum 15
—'20 m width is,; in our yiew,ithe optimum'Sblution in_view‘of econdmy in

construction and ample maneuvering space for gencral cergo traffic.



'o allow {or access f{rom. the gshoreline, the access bridges should be 7

uxﬁide to maintaning enough space {or two-way traffic with some allowance.

) Quaysidé.Cfanes

IForr the near futgrc,_it is agreeable to make lull use of existing wharf
(xﬂnes; for Whlch neces sary provision of lacilities should be made.
chcrtheless, in th long term as. det of the modern and Jmproved port being
dcmﬂmééd in Lhe Ivamew01k of the future developmeni, the existing ‘wharf
cranes shOﬁid'be:retiPed as they are old and their capacity will no longer
be sufficieht; | _ .

Apari frbh gpecial gantry cranes for container handlings, positive uti-
lization'of ship geﬁr.and mobile eranes should be introduced for the future
hﬂﬂ[dcmand oF épecializedicanges in line with the master plan., DMost ships
have thier Own,adéquate handling gear. However, such smaller ships as those
used fof coastal trade may have some difficulty in handling cargoes by
their own gear and, in this circumsiances, it is preferable to have mobile
cranes Lo promote'ffexible cargo handling obefations poth on the berth apron
and in the strorvage yard. - :

51 Dock betails

The berth eruLturgs inust be protected from the berthing impact of
ships. Rubber bumpers mounted on the cope face are recommended for all the
propesed berths in the master plan. The size and number of the rubber
bumpers is to be determined in the detailed design stage, but a large size
tyre unit is LenLdt1v 1y propo sed in this study because of its low price and
Jocal availability in Chile. ‘.

The frent face of the berth has td provide ample space to recieve the
mibber fenders and to cater to the objective size of ships. The top of the

opeline uhould prefgrablv cut away obliquely to minimize damages from the
Mlared Bows of larger size ships when ship Derthlng occasionally OC“urS at
an angleé to the copline: '

_ The berth apron - surface should be about 1 in 60 to 1 in 100 slope to
the front Copéline for drainage.. It is also recommended to pfovide corner

curbs along. the edge line of the berths.

0) Service Utilities

Service utilities'ducts'for pokable water, high pressure fire fighting
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water and electric supply cable are provided. along the front copeling of the
berth decks. An allowance in duct sapce .should prefcrub]y bhe provided for
possible future provision of such other utility lines -as bunkering fucl awd

telephone service to ships.
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VITI-6 Cost Estimate and Time Schedule

(1} Cost Estimate for the Master Plan
..1) Qverall Projéct.Cost' B _

The cost estimate i madﬂ'on the overall pvoféct of the masler plan of
the ports. The project oost 1na1udo all the port 01v11 works at the.plénned
berths, the related on-land works and procurement of conlainer crancs
excludlng other cargo handllng equlpment, | . .

The overall pPOJeCt cost eholudlng price eucaldtlon is SQmmafizcd in
Table VITI-6-1 and VIIT«S—Z The breakdowns 'of thc pLOJecL-CGSt_fOP the
master plan into direct cost are shown in Table VIII-6-3 and VIII-G-U,  The
overall project cost for both Valpariso and San Antonio is eutlmaLed ﬁL

$70.7 billion Chile pesos, as summarized below.

Port Local = " dereign : Tgtal

_ Currency Qggipngi Cost
Port of Vélparéiéo 2h.1 25.9° 50.0
Port of San Aubonio 9.3 AL L 20.7
Total 33 T O T O

in biliion Chile pesos
(= $1,000,000,000)
The main cost items are divided into: |
(1) Direct Cost for Construction and Procuremént
{ii)} Indirect Cost '
(iii) Tncorporation
{iv) Enéineering Study and Construction Superéision.

(v) Physical Contingency .

2) Conditions of Cost Estimation
ThHis cost estimate is based on the following assﬁmptjonsz
(1) Exchange Rate o .
- The prevailing’ ratc of 1 US dollar = 180 Chile peéos as of 1985 is
applied. ' '

-~ The prevailing market pfices'as of 1985 are applied.

@DT@#

- Materials and constructzon p]antv jmported for this project arc

578



cxompL from import duties and import sales tax.
The value added portlons by the contractor are exempt from duty.
- 1ncorporaplon.tax_of 2.5% of the contract total (=50% of net income

agsumed to be 5% of the contract total) is applied.

(® Indirect Costs
- Indirect costs of 30% for the construction and 12% for the procure-
-ment are asﬁumcd to cover all the costs for mobilization, demobili-
zabion, Lempozary Works, 1p5urancc prcmlums, stamp duty, overhead,

profit and other miscellanews expenses

@ kngineering Study and Construction Supervision
We have allowed a. sumn of 5% against the construction cost to cover
feaSlblllty study (=0.5%), detailed design study inciuding field
investigation {=2.0%), tender évaluation and construction supervision

(=2.5%).

(DContlngmncy
1‘% ‘of the CORStPUCLlOﬂ ﬁost and engineering studies is allocated to
cover unknown physical factors. No allowance for price escalation is
included.
S : -

®) Foreign and Local Currency Requirements
The cost of the project is estimated in foreign and local currency
portlons. The foreign currency component constitutes the cost for all
import expenditures and the cost for use of locally available mate-
rials. and cqulpment which include foreign currency exchange input for
Lhelr production. Local currency ehpendlture includes wages f{or
Chilean workers and all the locally produced materials and fuels,
ete. whieh - excludes the  portion of the cost spent in foreign

currency inputs for their preduction.

(2) Construction 11méIQCheduic

The -construction time schedule for the master plan is shown in Fig.
VITl= 6 1 din- Lhe form- of a ‘bar chart. " Overall constructlon works for this
dgvglopmcnt program are dJV]ded into 3 phabes ‘as shown the chart

The high scismic resistant berths for general ‘cargo berths G-1 at
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'Valparaiso and G-3 and G-% at San Antonilo are given Pirst_priotity.-So, thoy

are scheduled to be constructed in the first phase of the construction.
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iv.

v

rable VITL-6-1 Construction Cost of Master Plan at Valparaiso

Descriptlion

pirect Cost

:Indirect Gost !.nc].udiug Mi.,cellancou

gxpenses, for Site Works, Overhead and
profit.

1304 of Construction (1) and }.2/ of ”
Procuremant (1))

Sub ’1‘01‘_.‘11-(1 + 10

Incorporation Tax. {2.55: of (I + 11))
gub Teotal (L .+ LT +.ITL}

l-ngiueeri.ng Study including site survey,
ronstructlon Supervision :
{5% of Construction I + 1L + IIT)]

Sub Total (I te 1IV)

Physical (ontingency .
[15% of Construction (I ta IV)]

trand Total (I to V)

Total

32.3

_ (Unit: 1,000,000,000 pesos})
. Construction . Procurement
Local Forelgn ¢ woral Local Foreign g roral
Currency Currency -~ Curreucy Cutrency _
'16.9 11.0 27.9 0.2 4.2 4.4
2,5 5.9 8.4 0.4 0.4 0.5
19.4 16.9 36.3 0.3 4.6 4,9
18 0.4 0.9 0.6 G.1 0.1
19.9-° 17,3 37.2 0.3 4.7 5.0
0.8 1.1 1.5
20.7 18.4 39.1 0.3 4.7 3.0
3.1 2.8 5.9
23.8 21.2 45.0 0.3 4.7 3.0

|

' Te-ible:VIII_b—Z Construction Cost of Master Plan at San Antonio

.-Beseription

Pirect :Cost

Indivect Cost including Miscellauneous,
Expenses for Sj_r;e Works, Overhead and
Profit. .

[30% of Construcuon (I) and 12% of
Procurement {I}]

Sub Total (I + II}

Ingorporarion Tax. {2.5% of (I.+ TI}}
Sub Total (L + I + TLI)

Engineering S cudy including site survey,
{an:,Ctuchn Supervision

15% of Comstruction ([ + II + IT1)]

Sub Toeal (I + 1V)

Physieal Contingency
(5% of Constructioun (T te IV}}:

Grand Tetal (I to V)

Currency Currency

Sub-Total

Currency Currency

(Unit: 1,000,000,000 pasas)
' Construction Procurement:
Local Foreign Local Foreign

Sub-Total Toral

5.5 5.9 12.4
1.1 2.6 3.7
1.6 _8.5 16.1
0.2 0.2 0.4
7.8 8.7 16,5
.3 0.5 0.8
8.1 9.2 17.3
1.2 1.4 2.6
9.3 10.5 19.9

¢.0

0.7

0.1

0.7

13.1

18.1

2.6

20.7



Table VIII—6~3.-Breakdown of Birect Cost for Master Plan at Valparaiéo

Desdription

(4) Construccion

(1)

(23

Container

@

@

@

Container Bevth C-1, €-2
~ Sceel sheer pile cells
~ Steel pipe pile

"= Filling gravel for cells

~ Cover concrete for cells

- Coping cencrete

- Approach deck

~ Back filling gravels and saunds.

- Concrete retaining wall

- Auxiliary facilities, miscel-
laneous materials

Container Berth C-3

- Ccncrate caisgon

- Rubble mound

~ Coping concrete

- Back filling

~ Conerete retaining wall

- -Appreach deck

~ Auxiliary facilities, miscel-
laneous materials

Yard pavement and utiliries ser-
vices

Reclamation C~3

Others

- Dredging in front of berth
- Lighting Tower :
~  Temporary embankment C-2°

Sub rtotal

General Cargo

©

General Carpo Berth &-1

{High Seismic Resistani Berth}

~ Concrate calsson :

~ Rubble mound

- Coping concrete

- Back filling

- Approach deck

- Auxiliary facilities, wmiscel-
laneous materials '

General Cargo Berth -2~ G-5

~ Concrete caisson

- Rubble mound

- Coping comcrere

- Back filling

~ Retaining wall

- Approack deck

~ Auxiliary facilities,
ilaneous materials

miscel-

Yard pavement and urilities
services G-l G-5

Reclamation

Unit Quantity
Ton 3,560
pigee _ 360
n ' 52,800
mt 3,300
wd 9,900
m 2,880
sum -1
m _60ﬂ
Fum 1
m " 390
md 156,000
m3 5,880
ud 36,300
n 200
3 840
SLm 1
@ 279,000
=} 1,020,000
w3 4,000
piece 11
w100
ta 210
@ 40,110
o3 4,788
o 12,390
m3 588
sum L
m
w3 840
mg 430,980
m 16,464
m 84,840
m3 B4O
2,152
su@ i
e 126,000
m? 2,200,000

- 582

Unit Price

{Cosk: 1,000,000 pesas;

Local Foreign

(1,900 pesos)  Currency Curremcy Total boy

252

950

2.

30
55
35

290

2,971
&5

124

o

3

3,000
1,600

3,546
10.

45

AN

55

2,487
7
45

169

3
]

Lt

A

1,260 1,62 2,884
S 200 798 998
( 68 274 LT
107 A 151}
( 69 30 39
( 164 . 545 )
( 1l 47 158 }
( 135 58 193 )
{ "122: 52 R
( 67 155 222
1,643 1,203 2,840
( ° 44e 445 891
( 843 - 566 L4141
( 186 79 265 %
( 73 T 32 105 }
{ 36 16 - 32}
{ 32 14 46 3
( 22 51 i3y
2,132 als 3,045
1,428 612 2,040
100 77 177
( 3 1 4}
{ 13 20 3%}
( 84 56 Lan Y
6,563 4,430 10,991
847 - 686 1,533
371 T 372 745 3
252 168 400}
150 65 215}
25 11 36}
22 10 37}
25 60 - HS }
3,922 2,849 6,771
{1,045 1,044 2,089 )
{ 1,919 1,293 3,232 )
519 222 7R )
(172 74 246}
( 99 43 142 3
{ 949 - 39 129
{ 58 134 1923
803 344 1,047
'Lmo 1,320 4,408



{Cost: 1,000,000 pesos)

. _ : . bnit‘Pricer Llecal  Foreign
.Dest:_g;g_y;_.tgﬂ-n_ Unit Quantity (1,000 peses) Cutrency Currency Toral Cost
5) OLhers o 758 B6h 1,624
~Sheds (8,000m% x 3 sheds) me 24,000 50 ( 5l6 684 1,200 }
~ {ighting Tower o plece 36 2,000 { 24 36 60 )
- Temporary embankment = §-2 ~ G-3 f 260 1,400 ( 218 146 364 )
Sub: toeak . o : 9,410 6,065 15,475
(3) . Hiscellaneous _
() Roads o ' m 3,000 200 420 180 600
@ Improvement of Baroa Pier . T282 188 570"
- Rpmoval of existing skab. m2 &, 380 14.3 { 55 16 91 )
. & Improvement of slab and beam wl 6,380 59.4 € 227 152 379 )
) Pemolition works 246 164 410
- existing sheds w? 87,300 3.3 ¢ 173 115 288 )
- existing pavement m? 122,000 1. ( 73 49 122 )
Sub total . _9_4@ . 382 1,480
Total ~ (A) 16,9271 11,027 27,948
'3) Procurement
{1} Container ('r:me .
@ Container Crane piece 6 730,000 180 4,200 4,380
Tecal - (B} ) 180 4,200 4, 380
Grand total [(A) + (B)]_' 17,101 15,227 32,328




Table VIIT~-6-4 Breakdown of Divect Cost for Master Plan at San Antonio

Description

(A
(1}
w
@
€
(2}

@

Construction

Multipurpose Berth

ﬁultlpurpose ‘Berth

Steel pipe piles
Concrete caisson
Rubble mound -
Coping concrete

Back filliing

Conerete feraining wnll
Approach deck

Auxitiary facilities, miscel-
laneous materials

Yard pavement and utillties
services

Lighting Tower

Sub toral

General Carge Berth, Others

General Cargo Berth  6-1

Steel pipe pile
Coping concrete

Removal of existing pavement and

repair

Connecting o[ e\isting quaywall

Auxiliary facilities, miscel-

~ lanegus materials

General Cargo Berth G-2

-.Steel pipe piles

- Concrete caisson

General Cargo Berth
* {High Seismic Resistant
~ Steel sheet pile

- Steel pipe plle

- Baskfilling gravels and
~ Coplng concrete

- -Auxiliary faeilftfes, miscel-

- Rubbie mound

- {oping concrete

-~ Back [illing

- Concret retalning wall

~- Approach deck

~ Auxiliary facilities, miscel-

laneous materials-:

Berth)

laneous materials

Chamical Berth

- Steel sheet pile cells

- Steel pipeé pile

- Filling grave! for cells
- Coping concrate

P.C. slab _ :
Concrete pavement for cells
Auxiliary faciliries, miscel~
lanagus materials

G-3 =~ G-4

sands

tiuit Pelee

Unte Quantity (3,000 pesos) |
plete 200 1,318
m 250 l 094
ad 13,829 10,4
w? 4,400 55
m3 8,125 2.9
w 250 50
a3 700 55
sun 1
m 67,500 13.3
piece 6 3,000
plELL ~1%6 1,209
m3 3,150 55
ol 8,400 . 9.8
sum ¥
sum L
piece 163 1,318
0 210 1,096
@ - 11,610 10.4
w3 3,700 53
a3 6,525 2.9
“m 710 50
3 S88 55
sum 1
ton 1,302 1!
piece 138 834
o &20 604
w3 14,322 53
sum 1
ecn - 1,850 265
pilece 220 795
w3 33,242 2.9
wd- 2,665 45
o) 476G 55
3 2,620 9.1
sur L

.“584;;

e e e,

— o~

P )

Y e T

Lecal
Cur euuy CurlenCy

558
53:
137
86
169
17

(27
60

5852

1,147

3L6
47
121
49

4790
44

115.

73
143
14

22
51

932
‘55

133

178
531
35

3138
98
32
67
B4
18

22

22

~{Cost: 1,000,000 pesos)

Forelgn
T '_Fi)ta]. Cost,
642 b, 00
L 211 264 3
137 Ity
a8 a4
73 PIRI
7 KA
4 R3]
12 59
140 208
249 831
11 LA
a0z 2,089
464 780
190 237}
52 173
33 57}
] 31}
180 257 3
538 1,008
177 221 )
115 236)
48 121)
3! 204 )
[ 2000
3 ' 113
i0 a2
118 169 )
1,145 2,077
220 275}
© 532 645 }
© 76 254 1
228 %9
a9 124 )
65L 989
392 496
128 160 3
23 46 )
16 120
8 260
7 24 3
51 1i



{(Cost: 1,000,000 pesos)

- Unit Price

Bescription ] “Unit ~Quantity (1,000 pesos) Currency :Currency Total Cost
® Crain Berth : . 398 615 1,013
- Steel pipe pile o plece 364 1,407 ( 102 410 512 )
- Loping cancrete 3 5,000 55 ( 193 82 275 )
- P.C. alab, P.C. beam : nd 590 55 ( 22 10 12)
- Rubble' mound _ T A 10.2 ( §6 30 76 )
- Auxilfary facilities, migcel- sum - 1 (. 35 83 118 )
laneous matetials -
(@ Yard pavement and ixl.:'illitiesl m? 125,000 9.1 797 341 1,138
gervices i
& Dredging and Reclamation ] . _ 788 337 1,125
-~ bredging aud Reclamation . ° nd 750,000 1 { 525 225 750 )
(G~3 ~G=4) .
~ Dredging (Slip) ‘wd o 750,000 .5 ( 263 . 11z 375 )
@ Others : : : 8L 764 1,559
- Sheds (6, 5000? % 2 sheds) : m © -13,000 " 50 { 260 390 - 650 )
< Revetment {(G-2, G=3, G-4) . ~ [P 250" 1,372 ( 206 137 343
- Lighting Tower = . @ . ) pigee S 36 2,000 ¢ -2z 43 12 )
- Sand Coispaction (G~3, G-4) - mZ 12,600 15 {132 57 189 )
~ lnspection . of sheet piles, tierods. .sum 1 ( 35 15 50 )
and anchorwall = (G-1} ] ) . -
~ Removal of existing inner’ ow 150 1,000 { 20 60 130 )
breakwater (G-4) : _
- Temporary embankment (G-3} m : 150 700 { 63 42 105 )
Sub t’o_ca1 : 4,854 4,835 9,689
(3) Miscellaneous )
@ Roads _ m 2,750 200 385 165 550
@ Demolition works - ;. 56 38 94
-~ existing sheds . . - a . 1,280 3.3 ( 2 2 4 )
- existing pavement n? 90,000 | 1 ( 34 36 90 )
Sub total ' ' 46 203 644
“Toral - (A). . 6,442 5,940 12,382

{B) Procurement

{1} Coatatiner Crane .
"D container Crane piece 1 730,000 0 700 730

{2). navigation

{D Navigation . . Csum L _ ) 11 11
_Total - (B) i ) _30 711 741
crand roeal [(A} + (BY) _ 6,472 6,651 13,123
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© GHAPTER IX IMMEDIATE RESTORATION PLAN






CHAPTER 1IX IMMEDIATIS RESTORATION PLAN
T¥-1 Identification of Porlt Facilities

(1) General _ _

The Jmmcdlahe restovatlon p}ann]ng ?undamental]y depends upon technical
COHu)dCPdLLOﬂo hasaed on Lhe rcbujt< of Lhe survey on the extent ‘of damages
and ‘the stability fnvestigation of Lthe existing auaywall structures. The
1mmedi5te ﬁeasure) ‘for restoration also have to be determined from the
ecénominViowp01nL to obtaln eif3c1enL utilization of the existing facili-
Liéélat tﬁe:least cost, Ldklng 1nto account both the neceds for immediate
restoration and thé'eCOnomic situation of Chile.

_ Furthermore, the overall future deVelopment'df the ports will serve as
a. guideline in determining the immediate measures for restoration.
Pfac{ibal measures for immediate implementation will  be taken without
'mmnllng Lhe future posélblllty of port development. in this connection,
some of urgent repa;rs are already taking place under the direction of the
Government  of Chile. These ongoing repairs should be reviewed from the

viewpoint of. the comprehensiye future port development.

(7} Review of lmmediate Measures by the Government of Chile
The overall program of the immediate measures already contracted and
being carried out at present is summarized as follows.

1. Project Financed by the N@rld Bank

1) The port of Valparaiso $222,900,000
' fwofk items are summarized in Tab]e IX-1-1)

2) The port of San Antonio. - $261, 140,000
{work -items are éﬁmmarized-in Table IX-1-2)

3} Dredgers _ | 8145;000,000

i) Procufemént of 2-Locomotives $333,500,000

Sub total $962, 540, 000

2. Project Financed by Umporchi

1) Procurement of Microcomputers $1, 350,000
2) Recreatjbn.Center3 ' $4,610,000
3} Protection for Berth 4 at Valparaiso . %23, 090,000
Sub total $29, 050,000
Total $991,590, 000

(Chilean Pesos)
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The OVétéil.cdst df ﬁheIWOfk'is §91,590,000'peéoa.for Bdth VélpuruiSn
and San ANtbnio; of which QGZ,BH0,000 pesos ﬁhe Finan@gd by  loans ?vbm_tho
World Bank. The work programme covered by_the Woflﬂ'BnnR-loans aon$piﬁuteu
29 ﬁork items Ffor the pori of Valparaiso and 25 work items foP_th_Antbnju
excluding.dredgevs‘ahd_procurﬂmqnt_of locomotives . TheSe'vak items for Lhe
ports of ValparaiSb dndIISaﬁ” Ahtonio are summarized in Table 1X-1-1 and

1X~1-2 respectively.

Table IX-1-1 Restoration Works ongoing or planned by the
Chilean CGovernment {(The Port of Valparaiso)

Bertﬁ N?: L 23180506 71891 10 .ﬁrcakwater
Repair of qqaywal}s _ :: | _ : _- : -
Repair.df g;;qné/yardéfm' e B f:.o O-.Q: olol | ' -
Repair'of whéyf cfanes _ o o fO':O_'d e -
Repair of craﬁe'railings 7 ) . o
and railway tracks ©1e -
Repag;i;f Shedsf: B
warehouses '
Repair of Breakwater N RE - f: B - . o
Repair of Utiliﬁies YR IKe! | i ol o .O.’5 ': o -
Inﬁgstigatiun of &améges ol | "iololo Q-'O: o O: T “““““ b —
Key_

O : Measures ongoing or planned .

.~ @ Mo facilities’

. S BRG '



Table IX~1-2 Restpratiuu Works ongoing or plamed by
the Chilean Covernment (The Port of San Antonio)

Berth N° | PlL2p3paysp6l7 Breakwater

{epair Df qu(uwill% : b V:‘ 7 _ ]

RLpdli of aprons/yq1d< ' -Mi };ﬂ; ”é"”;"f“””““’:* o
.Répair of wharf [rﬂn“:””*”W““ é o L : (;“1;- _ Wﬁ:iiim—w_
TRepair of crane railings | | | |

and ral]way tracko- ' 0 e -

k?pdll of %h&dS/WdLChOUbC$ IS ORI B - ‘.'_

chdtr"of Dreakwater ' . ;  :7“:m ;-N; 777777 ;’“; “O

Répair 0[ utilitiés “"“: ”i“ o ojol o0, ~

Inveéfigatianbf &;;;g;;MMWT. Q O—“ O ;n-o. e o

Key

0 : Measures ongoing or planned

- ¢ No facility

.The work items covered by the progran are more or less minor and are
hl:lC&]lY related to repairing. back-of-port -facilities in addition ‘to
conductlng a field 1nve%51gatlon oF the damages at the pOPL.

It iz appropriate that the above measures have already been initiated
by the 'Covernmcnt of Chile. The work items appear 1o e minimal but
essential to recover the Fformer capacity of the ports as soon as posulble.
The measures plannud by the Government of Chile are practlcally necessary to
"0%pond to the tla{flc demand at the ports.

'However,- the - implCmentation of these measures should take place 1in
close'Codpefation3w1th-the_Framewbrk of the immediaﬁe restoration and future

developmenl programs proposed in this study.

- 589 -



(3)  Immediate Restoratlon Plan :
The overall plan of the 1mmodlatc measures nece 5sa1y for rostordtion is
tabulated in Tables IX-1-3 and IX-1-f. The measures for restoration by

perth are classified as following: -
- Berths subject to the master plan (marked "A").

- Bcrthb to be Jmmedxately restoreu as ch010 for utillzdlion provisio-

nally or on a long-term basis {marked "B").

1) Berth Facilities.

N The restbrétion measures for the berths Clds&lfled as A", Ehat is
berths 1, 2, 8, 9 and 10 at Valparalso-andrl, 2,3, 6 and T at Sdn ‘Antonio
should be revié&ed as.part of futureudevelopment plans. This' is necessary
to ensure eff1c1ent 1nvestment in the future.

The 1mmed1ate measures for P@uLO atlon of heﬁtho 3 to 7 at Valparalsa
and berths 4 ‘and 5 ‘at’ San Antonlo, which are c11891fjed as “B”, are‘closely

réelated to the future development.

2} Wharf Cranes and Other'Facilities
. The existing wharf ¢ranes seein Stabié'aﬁd there is a genéfal concept to
make full use of the existing equipment as much as poss1b}e . Thcrefdre,
there is no ohgectlon in pr1n01plc Lo contlnuous use of the GXLStlﬂb whar{

cranes over a short_upan of time,

The total'capécity of the existing whacl crénes'is'sufficiént ﬁithoht
the use of ship-geaf to handle the commodity throughput for several yeafs to
come . _ _ _ . _ '

However, all Lhe cranes were expoéed tL extremp stfess in thwir.stvur«
tural e]ements durlng the eathqudhc ESpOctdin, the cranes at borths 6 to
8 at Valparalso should: be lnspcctgd Lhrough]y be fore full uue, and ohOUld be
maintained perlodlcally with c]o&e ObbCPV?LlOﬁ

The perm1551ble tolerance for rail dcformatlon is generally 1/300 to
1/500 in Jncllnatlon both horl?ontally and vertzcally These figureé:may be
'reluctantlJ reduccd_ to 1/200 for pvactlcal use for 1mmed1ate veshoration
ﬁeésures. The rails, especialiy those ‘at berths 6 to 8 at’ Valpaﬁaiso,‘must

be readjusted to the appropriate alignment and level.
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[x-7 Immediate Measures

(1) The Port ol Valpuraiso: _

The.Peétbrution measusz'largoly dcpend upoﬁ the extent df'damages due
L0 the.eahthquak* and the structural problems which intensify the damages.
These damages and %LrucLurll problems should be.remedied ag much as possible
ror -sale berthing and normal cargo handling operation at the berth apron.

TathfIX~24? is é.éﬁmmafy of the present conditions of the berths and
the seledted meqsu[es to réStéré the damages or repir the structural pro-
bHlems of dlffOLQﬂL ,enilona of the whérﬁes. Table XI-2-3 summarizes the

moasures to be implemented at each of the berths, as ocutlined below.

n Lopeilne Deiormai1on and D]SpldCGﬂEﬂt of Quaywall Elemenls
”Punddmental restoration Lo adjust Copellne allgnment and displace-
ment of quavwdlls is costlv Berths 5 and 6 are clesely related to
ihe.future pori development. Berth % is not efficiently uL111 ed
due folinsufflcient water depth. These berths should be temporar¢ly
'Pestbfed for'short—térm use through minor worké. No measures are

. needed to restore berth 4 as the deformation is not critical.

@5 Gaps between Concrete Blocks
MCGQUPGS are determlned by the extent and nature of the gaps. Table
Ix-2-1 shows the comparlson of measures to be considered to repair
the gdps as part of Lhe immediate restoration.
Ail Lhe measures exceot for {illing by stones (measure D) are to be
fadopted, depending upon the extent of the openings and the loss of
‘back{’ill materials. Basically, measure A is adopted for wider gaps
:at berths © -and 7 and measures B dnd C fov smaller gaps at berths 3

'to-67

@)'DeterzoraLlon or Aging of Concrete Materials
The detevLorﬁtloﬂ of concvctc blocks used at gravity type guaywall
~berths (Nos. I.to 8) is mihimal and is not considered absolutely
necessary to campenbate for the loss of backfill materials., - The
deterioration of Lhc concrete materlals of the superstructure of
Baron piev 1% qulte beverc,_and approprtate measures should be con-

sidered as . part of the future developmenL plannlng of the port.



Table IX-2-1 Comparison of Measures to [ill in gaps

Measures _ A B _ C SERE R
Concrete Bagged : Cement pasfe Fil]“hy
Ttem pouring conerete fill with clay loneq
‘Adaptability wide gap ' LO v 30cm gap | gap less 10em | gap 107V 50¢m
I ‘ .n': reliable d 2 v
Efficiency | good g00d ot FL } lig_ln not lllLdb]L in
: the long term thL long Lerm
Econoy . costly = ' | moderate - costly ' moderate
wider aps'mofe gap having 1 gap having not
Recommendat ion than 20cm and ‘width of - width of less recommended’
’ * the portlan 10 v 20cm i than 10cm
subjected to : ; '
heavy loss of
backfill -

@ Pavement of Berth Aprous
In pr1n01ple,'thc hea v1lv damaged berth. {(No. 7) should be wrepaired
using concrete pavement ‘while the less damaged perths {Nos. 3 to 0)
should be overlaid with bituminuous materldls. It is also Pécom—
mendeu that measures at berths Nos. ¥ - & which are related Lo the
Future development plan be executed as economlgallv and nracLlcal]\
as posolble. Fundamental restoration measures for the concave in
'the'backfill-aﬁea immediétely hehind thé'quaywalls must completely
preclude - the -loss of materials through the gquaywalls. . Possibim
measures include the use of sand-proof sheets OP.the fiiling of gaps
in the quaywalls. Since-_thése’ fundaﬁental measures  are coStly,
refilling and compééﬁion'aée:édopted'to corréct the concave in the

backfilied areas.

® Repair of Rails
Only the heav1ly damaged portiong of the rails at berths ¥o. .t to 7

‘will be repaired to normalize operatlon .

1t should'be noted that these restoration meaasures are only a tempo-
rary Lreatment to preclude problemq for the Lime being. Furthermore, these

mea%ureb are subJecL to vazlous lator &Ludleb and Lhe deta:led de%1yn work
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pirior. Lo the dmplementakion of* the immediate restoration plan. Again, it is
paportant Lo note that these measures are notl designed to restore Lhe port

facilities on a permanent basis.

(2) The Port of San Antonio _
The damage items and festoratiqn.measures at San Antonio are presented

in Table 1%-2-4,  Table 1X-2-5% is a.summary of the immediate restbration

peasures by berth. The selection bf_immédiate‘measures for restoration is

carried out considering the [ollowing:

(D Berthé 1 and 2 which were completely destoryed and berths 6 and 7
which suffeved fundamental struétural damage require costly resto-
ation :neasﬁres,  Resioration "of these berths should therefore be
feviewed'ih the framework of the futuré port development plan.

@) The main structural - problem at -berth 4 is the deterioration and
'damage té the front walls of the steel sheet piles. This can be

corrécted by adopting the following measures.

- Obénings aloﬁg.vertiéal joints: underwater welding
- Hoieé éh the sﬁrfaée : underwater welding
- Loss of concfeté:biocks 'é Fiil using bagged concrete

3 Repair of the pavement at Berth 4 is not absclutely necessary as the
settlement - is relativeiy minor. Also, cathodic protection is not
included in the plan. For long-term use, the berth should be
féhébilitated' in the fﬁtu?e hecause of the inadequate seismic
resistance of anchoring. o | |

@) Necessary measures at berth 5 are the wurgéent restoration of Lhe
retaining walls- aﬁd pavement immediately behind the open type

structure. Possible measures to repair the retaining walls include:
(a) Re-installation of the existing retaining walls
(b} Replacement with a new approach slab to be founded on a newly

constructed base behind_the_éxisting walls.

Plan (b) is preféfable. The measﬁre.ShOUId:also be expected to

minimize the active earth pressure working on the existing walls.

- 597 -



We must emphasize once again that the restoration measures'recommeﬁaed
above do not iﬁprove the structural pesigtance of the Dberths against
earthqualke vibrations. Particular attention muSt_be'paid to the utilization
of the berths in the'scope of the immediate restoration plan.' The'gcnorul
procedure for implementation of the plan requires detailed enginoeving

studies to finalize the design work of the immédiate réstoralbion measuras.

508
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ix-3 Construction Program

(1) Basis for Construction and Cost Bstimates

The major conditions for construction and cosl estimates are summarized

8

follows. = These conditions arc commonly appiicable. to the immediate

postoration plans for both Valparaiso and San Antonio.

M
o

&)

¢l

\.
5

Bxchange Rale: 1 US$ dollar = 180 Chile pesos as of 1985

Prices: based on the prevailing market prices as of 1985

Taxation :

- Exempt [{rom import duties and impeort sales Tax

~ Tax ermpt'From sales tax {IVA) for the value added portion by the
contractqf '

- incorporation tax of 2.5% of the contract total {=50% of the net
income, assumed 5% of the contract total) is imposed on businesses
to invelved in the Government projects. |

Indirect Cost: 30% against the direct cost of.construction to cover

“mobilization, demobilization, temporary works, insurance, stump

duty, overhead and profit, etec.

Engineering Fee: 5% against the contract total for engineering
study and construction supervision.

Cantingencies: 15% for unknown physical factors but no allowance

for price escalation.

{2) Cost Estimates

The cost estimates are made on the overall project cost for the imme-

diate restoration Plan. .

The overall project cost excluding price escalation is summarized in

Tables IX-3-1- and IX-3-2. The breakdowns of the project cost into the di-

rect costs for restoration measures by pori are shown in Tables IX-3-3 and

1X-14

Tt is estimated that the overall project cost for both Valparaiso

and San Antonic is $348 Million Chile pesos.

—50) -



This overall project cost is outlined below:

{Univ: Million Pesos)

Locai Foréign _
Currency . Currency Foral
The Port of Valparaiso e oo 108 22
The Port of San Antonio. 76 52 128
Total 188 T 160 35

(3) Construction Time Schedule
The construction tinme schedule by perth is shown in Fig. IX-3-1 in the

form of a bar chart. By this schedule, the important milestones are:

Completion of restoration measures at Valparaiso

————— 10 months from thc'ﬁotice'to proceed

Completion of restoration measures at San Antonio

wew—- 8 months from the notice to proceed

Alsc shown in the time schedule is the ‘number of  berths available

during the construction period.



pable 1X-3-1  Construction Cost of Immediate Restoration Plam at Valparaiso

(Unit: Million Pegos)

T uf-st‘.ripl;lou Local Curreaesy | Foreipgn Currency | Toral Cost
1, Direc'r cost | : See breakdown
: _ 77 60 137
il. Inclil:ccr. Cosat im.luding ‘ﬂscellaneouq )
Expanses at Work Site, (1 % 30%Y 12 9 41
Dverhf_nd ami prufi.t )
: Sub T’ota[ (I * m : 89 89 | 178
tie. Iﬂcr.lrpur.'xtiott.ia.!( CHYIT & 2.51) 2 L2 A
Sub Toral (T+II+1LD). o <oy 91 182
e e e s e e et S i . - N
1V,  Eagindering $tudy (idcluding site :
suryey), construction supervision (E+I11+1T1) = 37 l & 3 e
“Sub Total ([+IEriEL+1¥) R R _ 94 191
cal Contingéncy for .the works {I4.Ii'i-.§]',_[_;1\j}x 15% 15 _ 14 .2
Graml Toral {l to ¥} 11z 108 220

table 1X-3-2 Coustruction Cost of lmmediate Restoration Plan at San Antonilo

fUniz: Million Pesos)

Bescription & Togal Currensy g Foreign Currency !Total Cost
g pirect Cost . See hreakdown 53 1 26 L 79
- Table IX-3-3 I
0 UV R S LSS S —— .- B
1. Indirect Cost {ncluding “‘5celianeaus ! 1
Expenses ar Work Sice, i (T % 302) ! 7 i 17 : 24
rrarhead and p:ofit . ! i ] E
Sub Tu:al(m;) : . g0, 43 Pows
r11, :ncm'pm'acwn Tax C . ATeII X 2,50 ' 2 i 1 i 3
e e Ly e = |
Sub Total (mmm 62 P 44 P106
. anmeerl‘.ug Qtudv (Eucluding site : i
|urv..)) goustructiau ‘iupewision (T+1Ie3I11) * 31 4 i H : 5
Sub Totat (1PLTHIXI+IV) ; o 66 i &5 o
e e e b e, ot et ot e i e e e _ R S
V. l’hvwh_;l ‘bntiny-mv fm thl., a.ork ‘{hii 111~;V} R 7 10 . j 7 ' { o 17
| Grand Total ({ to &) 6 52 % 128

~ 603



Table

IX=3-3 .Di,rec t Costs for Tumediate Restoration Plan at Valparaise

i Swb rotal T T T

leenm Bevth
- TloFi1t gap by
bagged con-
ereLe
Duaywall @Fili' gap by No. 3 [
cement paste 4
with clay’ 5
. o o
BPour cencrete | Ho. X
into gap i
TRk Eotal o
Pocking Fender | Ho. 3
D¥ender 3
5

Apron and
yard

Qverlay Pave-
weat {Asphalt)

T TEue teralT T

SizefQuaiity

under water

o fand ]

Tire Type
"

pleca
plecn

) S Unde )
aft 1 Quantity | prico (posos) ) Currency
w 12.5 | -46,000 259
'’ 50 46,000 1,035

w’ 37.5 46,000
n 225 . A6.000 e
wd 2.5 © 100,000
o 20 100,000
w’ 12,5 100,000 .
LA I SO U L8 T
m? 278 .
3 .

Cutrancy

5,692

‘316
1,265 -
249

Resat wrgue No. 3 | One side : o
valls valllonly [ 50 20,000 480 600 1 ,OGO
4 | One side e
only e 200 1,600 800 1,200 2,000
jPCrane 6 ] One side.’ ’ : : :
rail tall only ks 250 20,000 2,000 1,000 5,000
7 1 Oone slde : : :
rail includ-"" : T ’ '
ing base ® 1t0 40,000 1,760 2,640 C 400
Sub total _ : 4,960 T, 4460 12,400 #
_ Reset rail Mo. 3 | include base | = 50 30,0000 . 600 500 1,500
©hai lway of ratlway 4 " ® 200 30,b00° 2,400 1 3,500 6,000
5 " o 165 31,000 1,980 2,970 4,950
5] % o im 250 39,000 3,000 4,500 b 7,508
Sub total ~ 7,980 11,870 1,950
Bprerforn bsse |[No, 7 o’ 5,760 4,000 16,128 6,912 23,040
mound (include '
. leweling) . . i
TO0Ckers P FLLL, coumpact 7 at 1,800 5,000 7,560 3,240 10, 800
ard  re-pave - T
with concrate -
L Sub Total o o
Toial S e e S —
Table IX-3~4 Direct Costs for Tmmediate Restoratlon Plan.at San Antonlo
- - - Cost {1,000 pesos)
teens ecth | steosquattey uns o | tresosy | Tael | Forsan o
Stze/Qus y| Oric GQuantity rice (fegon}, Curreacy Clitrcncy Total Cost
Overlay Pave- Ko. 4 . me 10,000 2,400 16,800 7,200 24,000
DApron _ rent {Asphalt)’ 5] vard oaly i’ 1,500 2,000 - 7,560 | 3,240 10,800
and yard | - boe, 7 " s 16,600 T2, 16,800 | 7,200 ThU00
R T B e I R BT BT T -t
MRepair dateris
arated Cr NG, 4 L.5. 1 212 419 nn
T0thers steel sheet ) ’
plle by weld-
ing
BFiL1Y by bapged . :
roncrete Ha, & place 1 41 51 92
¥iReplacement i .
of connecting | e, 5 " 118 167,000 11,824 7,882 19,400
Vhoard Lo . S e e i RPN NSRS NTIUI R B
o 3 Sub e . B ——— R T AZL8TT 8,430 | 20,506
Tatal . 53,237 | 26,069 | 79,06
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CHAPTER X RESTORATEON AND !MPROVEMENT
i PLAN FOR VALF“AF%A!SO PORT






CHAPTER X RESTORATION AND [MPROVEMENT PLAN FOR. VALPARAISO PORT
x-1 Outline_of thé Bestoration and'lmprovement Plan

(1) CGencral )

The Restdfation and,Improvemeﬁt Pian for_valparaiso'Poft iz a first
phase development  plan for the target year 1992. Although the Master Plan
detcrmines"the port's Overall future development course, the aim of the
restoration and jmﬁfovomgnt-plﬁn_is.to concretely propose the'festoration
and impvd#ementIOF port facilities which should take place by 1992, as a
short*térm_plén'(hereinafter referred to as the "First Phase Plan"),

The First Phase Pian is dfawn up based on various technical, economic
and financial evaluations.

The Ffollowing items have to be consideréd in formulating the First

Phase Plan.
(i) The First Phase Plan is a stage plan to realize the Master DPlan.

@):The-prbposednfiPSt'phase port facilities should have enough capacity

" Lo bandle the forecast cargo volume in the target year 1992.

@ Existing port facilities will be used effectively in consideration

" of the ateismicity and deterioration of facilities.

B
et

The investment should he minimized.

(z) Scale of the First Phase Plan

The scale of the f"irst Phase Plan is proposed in Secﬁion ViI-6, phased
pian, as Fig..x—iml.

The'fol]owiﬁg items have to be examined in formulating the First Phase

Plam.

(1) Continuity to the Master Plan: Can facilities provided under the

First Phase Plan be readily shifted for use under the Mastrer Plan?

{2 Containerization: Is it possible to cope with containerization soon

and completely?

.n,50? .



Fig. X-1-1 First Phase Plan
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@ Brficient Usc and Operatjon of lLixisting Pacilities:  Can the
efficient use and operation of ij%tln? port fd01L1LJL% be realized

. by the’ 1ay0ut of facilities?

@ Early Utilization of Aseismic Berth: Can the aseismic berth bo

 provided as soon as possible?

& AmounL of Tnves Lment What 1s the amount of 1nvestmgnt9
Will thc money investaed and put 1nLo the conutructlon prove to have

beon spenL wisely?

Néw.the bféposed Fifst Phase Plan mﬁét be examined in accordance with
the above items as Followq

CFirst, regardlng Lhe conLalner berths, . it is deéirabie that existing
herths No. 4 and 5 whlch are cur"ently used as contalner berths are also used
as Contalncr belths durlng the’ conqtructjon of new berths. Therefore, it
may be appropniate_that Lhe contalner berths he_constructed one by one from
c-1.. If C=3 Qefgzconstructe& Pirst} it wou}d:ﬁrehaturély halt geheral cargo
operatidns at egisting"béfthé No. 4 -7 and cause the loss of handling
capacity for containers"during the construction; Moreover, it would
increase the initial investment due to the large _amount of reclamation
necessary. . However, the Qohétfuctioh of Cmi.&ill not increase the area of
the"coﬁpainér yards -greatly. - However, in this case, the area behind
existing befths'No..B - 5'will be available as the container yard.

Next;. as  for the general cargo-'berths: in'_Valparaiso Port, it is
expécfed that.the'béfthing capacit&”is sufficient with the existing number
off befths until about year of 2000. Therefore; if we disregard the fact
that  the exiétihg-?ééilitieé aré not modérn,_the géneral cargoe berths will
be  constructed one. by one .adjuSting the construction schedule of new
_cdntdiner berfhs asg éubstitﬁﬁe ber;hs; and it is desirable to minimize the
initial investment_foerhe new construction works by using existing berths.
However, it 1is -also 'desirable that. the new ‘berths be constructed soon
considering modéfnization and-theIASeismiqity of port facilities because the.
extent of deterioration is severe aﬁd-the existing aseismicity is low.

On the othér hand ~general cargo berths are more ddvéntageous as
g5018mic be?ths than - centalner berths from the viewpoint of economy .

-

: Consequently, it is proper from the v;ewpolnt of minimizing the
investménﬁ;and'prdviding efficient use of the facilities that the G~1 berth

be constructed early.
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X-2 Basic Design Studies

(1) Ceneral _ . _

It is usually necessary to deterwmine the obhimum' tyhé of satructure
through prepaving-alternative designs. Bub, in certain cases, the fype ol
structures is lafgeiy de termined by the subseoil conditions al the sites.  In

.this subsection, we investigate various types of construction and dif ferent
construction materials to select the most ecbnﬁmiéal'aﬁd suitable solution
for the berfh structureé propéséd in the-firsL §hhse development plan at the

port of Valparaiso.
(2) Thé Port of Valparaiso

1} Container Berth C~1 éhﬁ C-2 :
The pfeVailing pFﬁfile of -the  subsoils at the proposed site .are__
chardcterized by the3§hollow base rock formation found 16 to 17 1w below
datum and the ‘dense subsurface5soiis'haéing‘an M-value of 3%,  Under Such'
subsoil conditions, gravity duayWall construcﬁion or gravity quaywall ‘ip
combination with open piled construction is the only viable solution.  Among
other types of: coﬁétrqctiong. the Foliowing structures are conSidefcdﬂ as
alternative designs which are possible solutions considering the site

conditions.
- gravity quaywalls using stec] sheet pilg vwallied cells:
.~ gravity quaywalls using precast concrete caissons

« open piled econstruction in combination with submerged steel’ sheet

pile cells

ALY the  alternativé .desighs‘.woulﬂ be  constructed _iﬁ. Pront ol the
existing berths 1 to 3. 'This is bhecause suqﬁ Cbypes of strﬁctures as
anchored sheet pile wall's require the .disturﬁéncc- of ekistiﬁg backy ards
which is considered imﬁraétical'duc to the existence of hard backliil rocks.

' A comparative'study:on ihe proposed'altepnatives ié-summﬁrized in Table
A-2-1, Aitérnéti&es'“A”'and "B using gravity QUayWQllS have th€.gP0at

disadvantage of less seismic Pesistahce&_althOUgh this'typé‘b? ghructure. iy



tmét guited to the-subsoil=conditionsi I s

Tecommended Lhat'thé_berth

congtruction should be as light as possible so as to winimize the effects of

carthquake vibrations.

In view of the seismic resistance of the structure,

zﬁternative "C" is judged better than the'obher'alternatives{

Table X-2-1 Altermative Designs for Container Betths
C~1 and C—-2 al Valparaiso '

alternative

-

B

Steel sheet pile

walled cells

Precast concrets
caissons

Open Pletr in

¢ ]

combination with steel
sheet piled cells

vase of Construction

easy and simple

Sgismic Resistance

better

Aﬁaiiability of

to be imported

easy and simple

somewhat complicated
but no problem

best

available Jocally

“to be imported .

Materials

iZconomy economical costly somewhat costly

- ‘. e ———

dverall recomyended

Assessment

Steel materials used for the recommended alternative design must be

imported. In this respect, we have alsc studied the possibility of concrete
piles. However, the hardnéss of the subsoils rules out the use of concrete
piles.

3) General Cargo Berth G-1

. The hew'general_cargo_hefth G-1 is proposed at the site where  the

existing . berth 8 is located. The berth is identified as an aseismic berth,
We haié studied the possibility of an open deck structure founded on piles
which is in general better in terms of seismic resistance than other types
of structures such as gravity guaywalls or sheet pile walls anchored to the
rear':waf}s. Howcvéf,' only gravity type structures can practically be
édopted',bécause cof the existence of the high .mound of base rock along
‘existing berth 8.

designs, the following gravity quaywall

As  viable alternative

stryctures are selected based on the site conditions.

- precast concrete caissons
- precast concrete cellular blocks

-~ precast concrete blocks
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Table X-2-2 summéfizes'the_cbmpavison of  the different gravity type

quaywalls proposed as alternative designs,

Table K-2-2  Alternative Pesigns for General- Carge Bevth G-1 at Valparaiso

Ttem TTConerete ‘Concrete ' Concrete
" Qaisgsons - Cellular Blocks - Blocks

- R e — e I ey I

Aseismicity and Durability s A B L - B

Ease of éonstrucﬁibn ,' B B ' A

Economy of édhéﬁfuttion _ : B A S B

Adaptability to unevenness

apLabt _ . _ A B I

of ‘Base mound Shl

‘Adaptability to berth having . ' .

g . : o : A : B C

eep watet . .

Overall assessment _' _ A ' B - B.

A: Excellent
B “Good

C: Not Good

As shown in the tablg, the_use of caissons iS the bpﬁimum solution in
terms'OF’its:aseismﬁciﬁy, durability and adaptahility to deep wéter, and
emerges- cleary as the optimum solution. = In order to provide:ample.seismic
resistaﬁce, cohcrete; calgssons are Vplaced ﬁpgn _aSpﬁélt base mats, The
measure is aimed at increasing the stability For:hofizontal Sliding from
which the g?avity quaywall is most likely”to:suffef damage during'stﬁong

earthguake vibrations.

~6)2-



L

0

e e - . Stopy w100 /
Wi Buet /ﬁv i T —— S ; e — -
A o .

HHL s FIOIC IR, fhie L ap —
R "‘ B i e 1 #Fh

{ Conmuts Faramont
1
a]

___SZ_,L"!_L__'.‘Ei,__
B

Seqet SHast Biar
TS aight wsb Sectiont)

Baciti

Sigol Fipw Pilss

, Exighing Scadads
T ba dridsed

' |

-t - ..._.-.»
T

Fig. X-2-1 Alternative Design “A" for Berths C:1 and C-2 at Valparaiso

( o
] Pritirened Eonersss
Ty Dt | Berms Com- 12 Pavemgnt
40 - , Foca V2§00 . - .
T TRl | T TF

: . . Ll
7 Mwh g a0 H B
= R R T ]
- 10 L. . AR

> o ——————rs 3

Crong Fouscstion

g7 LWL 00

Rpuining Walia

. Prespal Cororate
i Ok

Bacafad

N

Fig. X-2-2 Alternative De51gn “B* for Berths C—l and C-2 at Valparaiso

Aubbis Moynd



Eg"_ ILL‘}._I_I 8 -

[ LWL, 100

£

a0

Slopa Tig 100

Prevvaed
Qo 4ti Baang

Suedd Piog Fitnn

R T et O e

RN
"
K
ta
th
Stept St Pitey . # !
W pight wah Seerioas) : H
Tl
tfe
iy
(R
1,1
I
To b dradgig 1 :
'
¥
Vi
i
i
______________________ ~dt-bjd-
Bl
. . P
-12.0 .
T "l: o
SIS aE
v )
: bl i
[
o
i
i
(513

-16.%

EES R

j e Raleining bWalt

1% Frettremiad Caoor et Barry
i / L COPpl Payament
i) i
BN ST =

HWL 4130

)

LAL 1200

R e

Asphat Bavg Wit
i

Foat Framenr
Concraey Bhocky

N\

Eeunng
Ruttte Moed

Fig. X-2-4 Al ternative Design for Berth G-1 at Vaipagmiso _

614



x-3 Construction Cosl and Implementation Program

(1} Cont Egtimate ) L

. The required quantities of construction materials are determined based
on Lhe uompavative designg of thé berths. The most economical method of
mnmtructioh is dnvestigaled among otlier practical methods. Based con the
anit ‘eosts obtained thrbugh our. studies, the constfuction cost is estimated
(o Lhe'fiﬁst bhase devclopment'program.

Gut éétimate of the céét of* civil engineering works for the first phasé
development of 600 m-of container berths (C-1 and C-2) plus a 210 m general
cargo berth (G-1) at Valparaiso is $14,121 million pesos ‘at 1985 prices.
Do (ails of the makedp of this amount are given in the following Tables X-3-1
tb X-3-3.  We héve also broken the figures down inte the programmed
expenditure by quarter for the 6 year implementation program; the details
are giveﬁ in Fig.X-3~1. The difact construction cost by berth is shown 'in
lables=X—3éﬁ.aﬂd'X«3;10.

The cost estimates include all the port civil works at the programmed
berths and the ' procurement of container eranes, but do not include the
dredging works reqguired for  the construction of the container berths. We
have allotted a sum of 30% for cover the indirect costs of comstruction,
2.5%' for incorpéfation “tax, 15% for physical contingencies and 5% for

engineérjng.
The cost estimate does pot include:
(D Costs lor the Phase I development of 420 m of general cargo berths
at San Antonio, which should be estimated by the Government of

Chile.

2) Costs of mechanical cargo handling eguipment except for container

cranecs.

(M ALl the cobsls necessary to provide temporary berths bto accommodate

cargo demand during the construction works.



(2} melementatibn Prograﬁ_

The implementation schedule for the Phase I dqulopmcrﬂ: pvogrgmsjs

.shéwn in Fig. X-3+1. The periodluf this deveiqpmant program . is 6 years.brmw

January 1987 to December 1992, By January 1993} ali of  the new 3pbri
facilities  wi1l be operational - to cope with thé carge domand. The
engineering study will be started in Jénudry 398?f

We: estimaté the timé'for'completion of the recommended works alt ahout 6
years from the instruction to proceedlwith the design and preparation of
tender documents. Oup implemehtation pPOgram.allows only 3 to U months Cov
evaluation of tenders and. award: of contracts. = However, it ‘would 1k
acceptable to select .the contractor or coﬁsortium‘ leader following the
normal tendering'prdcedﬁfe, wvhich may require. a longer period for tender
evaluation and award of contracts.

The questioh must’ be  asked whether it is desirable’ to arrange for
construction using one or two package ébntvacts'in the interest of rapid
implementation and lOWef construction cost. The contracts could be divided
into a contréct for the container berths_and other for the general=¢argo
berth. It must be noted that the two package contract system.would only hte

- recommendable if the cost is considered less important than timing,
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Table X-3-1 Construction Cost for Container Berth C~1 at Valparaiso

Deacription

Ui, Diresi Jsst

i1, lodirect Cost including Miscellaneous
gxpedses for Site Werks. . Overhead
: and Peefit, (302 v Construction (L)
! and 121 of Procutement (13}
Sab~Tocal (L + 11)
fngorporitin "fak.fz.sx of {1 + II}] .
Sub Total ¢ [ v [L + LID)
v, Eogineering Study (incliuding site
autvey) Construction Supervision,
{5z of construction (I + X + 1IE)]
Sub Total (T + LY v LLL + IV}

V. Physical Coacingency, o
{152 of Constructin (1 to 1¥)]

Geand Total I to V)

e Siomsbryetion o .

———

Loeal Foreign o Fotal
Currency Qurrency

L1940 1,103 2,297
207 482 689
Lagl 1,585 2,080
33 40 75
d.e36 L6250 3,001
51 92 153
LELLIAN YA YA 3,208
224 258 482
1,720 1,975 3,696

{Unit: 1 .000.002‘ pesos)

_..Procurement

Local P:ort:;ign Sub Total Total . Remarks
Currency Carrency e
60 1,400 1,460 3,757 See breakdown
for Alternative
~-C
52 §23 175 864
132 3,573 3,635 hf.621
3 a8 51 116
s 1,36} L 4037
€] 0 ¢] 53
15 . 1,581 1,676 4,830
\] 0 a 482
115 1,561 1,676 5,372

Table X-3-2 Construction Cost for Container Berth C-2 at Valparaiso

{Upic: 1,000,000 pesos)
. . Construction Precursment .
Descripticn Local Forelgn Sub Toral lLacal Foraign Sub Total Total Remarks
Currency Currancy Currency Currency
i, Birect Gost 1,-'439. 1,227 2,716 &0 3,400 1,460 4,176 See breskdown
for Alternma~-
give - C.
I, Indirect Cost including Hiscellaenous
Expenses for Site Warks., Overhead LY 371 315 5% $23 175 993
and Profit, (307 of Construetion {I}
‘aigd 12X of Procurement.. (1)}
Sub Total {1 + IL) . 1,733 1,798 3,531 112 1,523 1,635 5,166
fncorperation Tax ,(2.5% of {1 + T1}} 43 45 38 3 8 41 129
Sub Total {1 # E1 + TIL) 1,776 . 1,B43 ;},_fiﬂl 115 1,561 1,576 5,295
tv. Engineering Study (including Site
survey) Construstion Supervision, 7z 103 131 s} 0 0 181
[5% of Construction (I + {1 + LIE)}
Sub Toral {1 + IT + 1IL + TV)' _l_,va?f_ﬁi 1,952 3,800 15 1,361 1,676 5,476
V. Physiecal Contisgeney, 237 293 Si0 0 D 0 379
“(15% of Conscutetion {I to IV}
Grand Yoral {1 to ¥ 2,12% 2,245 4,370 k15 1,56) 1,676 6,046
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Table X—3—3 Construcﬁion.CQSt for Geéneral Cargo Berth G-1 at'Valparaiso

(Units 1,000,000 pegss)

Conseruct ion Produremant

Deseription Local Foreign’ E‘;.E.;I.-l‘nwmﬁmréii:gs\ b To Tar e
Currency Gurrancy Sub Total ‘_:“""_“._’_‘cj:,ﬁ‘j’ff‘?f_‘ﬁy Syl tal ntn_lﬁia:m\ ko
. plrect Gost 965 T4 L6790 0 D 1,679
I[L. Indirect Cost including Miscellaneous 151 353 | 5¢4 ¢ 0 : 0 504
txpenses for Site Works, Overhead 151 353 504 0 0 0 S04

amd Profit, (30X of Construction (I}
and 12T of Procurement. (1))

Svb Total (1 +4D) _1.116 1,067 2,183 . O o 0. 2,083
Lii. .Inc.c'urporé;tlon'“i‘:ax,{2.57; of I +11}} T-28 27 ‘ 55 K] 3] ¢ 55
Sb Total (1 T TID | L4 L0 nme 8 9 00 2238
[V. Engincering $tudy (mcluamg site 4s 67 1 - 0 o o 112
survay) Construccion Supervision : 485 67 - 112 9 0 [V 112

Conseruction Supervisica, 5% of :
[57 of construction (I + IL + IIL + Iv)}

seb Total L1891l 2,350 o9 2,350

V, Physical Contingency, . 179 . 174 35y O 0 .8 353
(157 of construction (I to IVv)] )

Grand Total {1 to ¥} 1,368 1,333 1,003 . 9 @ o 2,703

Table X-3-4 WDirect Cost for Container Berth C-1 at Vélpara‘iso

Cost funit: 1,000,000 Pesos)
lrem Unit Prize - Local Forelign
- Unit fuaercicy (1,000 pesos) Currency Durrency  Total cost Rematks
(4) Construcrion ..
C : © 3ee breakdown
D Quaywall = 40 4,807 §£20 822 1,452 for Alternative
. -
% Yard Pavement and ; . N
Grilicies Services e? . 38,200 £3.3 356 152 508
@  Dmolition works ) 129 84 215
- existing sheds om? . 58200 33 {4 1L 76 - 185 )
- existing pavement =12 30,000 1 { 3 12 0 )
@ oOthers . - . ] a9 43 132
- Roads @ &00 200 (B4 36 120 )
- Lightiang Tower . plece 4 3,600 { 3 7 12)
sub Toral ' Li% 3,103 2,297
{B) Procurement . .
I} Contrainer Cranes piece 2 730,000 B0 1,400 :
" Sub Total &0 1,400
Toral o : : 1,284 - 2,503
[t ) Pk fyttnlc
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“Table X-3-5 Direct Cost for Container Berth C-2 at Valparaiso

Cost (Unit: 1,000,000 Pasos)

Untt Price Local Foreign
[tom : Unit Quantity (1,000 Pesos) Currency Currency Total cost Remarks
{a) Construction _
M quagwalt” : o 300 4,807 620 822’ 1,442
@ Yard Pavemeat and m? 67,500 13.3 629 269 398
Utilitiaes Services :
@ Demniirién worka . ' 3t 71 52
- oxfstiug sheds ol 6,800 33 (1 9 22 )
~ exiating pavement md 30,000 3 { 18 12 3G )
@ orhers o . _ 209 115 324
- Roads. : ‘m 160 200 42 18 [1VI
- Lighring Tower piece 4 3,000 ( 3 7 12 )
«~ Temporary ewbankuent m R Aili 1,40¢ { &4 56 148 )
- BReclamation . 56,000 2 { 73 34 112 )
Sub Total ' 1,489 1,227 2,718
’ és) Pruu;.lrement
m Containaf Cranes piece 2 730,006 14 1,400 1,480
Sub Total . 60 1,400 1,480
- roral : : © 1,548 . 2,627 4,176

Table ¥-3-6 Direct Cost for General Cargo Berth G-1 at Valparéiso
' (High Aseismic Berth)

Cost (Unit: 1,000,000 Pasos)

. Ynii Price Local Foreign
Irem | tnit Quantity {1,000 pesos) Currency Currency Tutal._ cost Remarks
(&), Coascruccion
D Quaywall [ 210 7,300 874 659 1,533
@ Connection fo exisecing n ) a6 2,000 55 37 9z
quaywall ’ - : :
(M Yard Pavement and @l 4,200 . 2.1 27 11 8
- ¥tilicties Services .
@ Pemolltion works for w2 4,700 1 2 2 4
existing pavement
\'5). I..i'ghcin'g Towar ) phace 6 2,000 : 7 5 12
Sub Toral 985 14 1,679
Total - R © 863 714 1,678




Table X-3-7 Direc‘;t Cost of Alternarive — A For Berths C~1 and C-2 at
Valparaiso ' '

{Cost per uweter of harth)

Unit E‘l;'ice. : E’Pf'E“,“ 00_0_32503)_
Deseription Unit Quanticy (pesa) Locsl Currency Forelygn Cuvrency Total- Coat
(1) Calls _ . St sk 1,650 2,212,
- Steel sheet pile ton 3.9 122,000 { 0 1,086 1,086 )
~ Steel shaet pile driving m 34 _22.0[_}0 . {299 K4y . . 148 )
- Filling gravel for cells w? 132 2,960 (- 268" 115 333 )
(2.} Sreel pipe pile ) ) 54 iy
~ Steel pipe pile | ) piece 0.5 407,000 { 0 204 204
=« Steal pipe pile driving plece 0.5 210,000 { St 31 135 )
(3} Coping concrete n? 8.3 45,000 . 262 A1z 4
(&) others o a1 o 826
- Back filling gravels - - wd 95 2,900 TSETE 33 o278
- Back £1lling sand w3 93 1,900 {124 : 53 177)
- Dredging fun front of berch nld 26 1,000 { ‘1% 6 200
- Crain rails . | : Sum 1 { 1l 72 103 3
- Cachodic protection Sum 1 (- 3 L 120 )
~ Auxiliary facilities Sum H { » ’ 91 . 130 ;.
nisceilaneous materials - :
Toetal 1,328 2.436 1,756
. ARS.c A - JEAtEAR

Table X~3-8 Direct Cost of Alternative - B for Berths C-1 and C~2 at

Valparaiso
{Cost per meter of berch}
Unit Piles .Cosr. {1,000 Pesos) :
Descriprion uantizy ({peso} iocal Currency Foreign Curtency Tozral Cost
() Caisson ' . 1,339 1,432 29m
~ Concrete ¢aisson : nd 135 20,990 (1,150 C1,350 2,700 )
- Filiing sand for e2isson - oald e - 1,300 (146 : 63 309 )
" — Cover concrete of caisson o3 2.2 28,900 [ % R . 62 }
(1) ¥ouad 201 156 m
- Rubbla base mound for cafsson =3 - 13 6,700 [ S 48 131 )
- Levelling base round =2 2% 8,000 {134 : 58 1972 )
(3} Coping concrate 2} 13.8 45,090 517 163 882
(4} Others : i A3 Asz L0139
- Toe pretection biocks e 1 4G, DOO (- 28 12 40 )
- Back ffliing gravels . . =3 86.5 2,900 ( i7% 75 251 )
- Baek f{lling sands a? | 105.8 1,900 (14t £0 201
- Concretée retaining wall n 1.5 40,008 L 98 47 140 )
- Base gravels for retaimning md 7 4,300 ( 24 Ht 34 )
wall : ) .
T Crane raik Suim 13 R { 3 72 103}
~ Approack deck o w3 2.8 55,000 (.. 168 4h 154 )
- Dredging for quaywall’ ol 85.5 1,000 t 52 34 36 )
- Auxiliary facilities Sum 3 ’ . { 1% . o9 130 )
mizcellaneous material
Tocal - ) 31,060 C ?!.265 5,392»

620



Table X-3-9 lﬁir'ecl; Cost of 'A_].ternative-c for Berths C-1 and C-2 at

Valparaiso

{Cost per mater of berth)

[ - ) ) Unit Price 3 Cost (1,000 pesos;
fegcription Unit - Guantity {peso} Local Currency Foreign currency Total Cost
() celled 38 L,485 2,083
- Sgeel sheet ipile . - . © ton 66 122,000 ( 0 505 a0s )
~'Sreel sheet pile driving n 30 28,600 [ 343 515 858 3
- Filling gravel for celles w? 83 2,900 ¢ 179 16 255 )
- Cover conerete for celles w3 5.3 30,000 116 49 165 }
(2} Stael p.ipc pila 60 510 _570
© - Seeel pipe pile _ piece 0.2 653,600 £ o 13 131 )
- Steel pipe pile {(Raking pile) piece 0.4 722,400 { 0 289 289 )
- - Steel pipe pile driving pigce 0.6 250,G00 { 60 90 150 )
(1 Coping concrete nd 6.5 55,000 __&36 L2 __%08
{4} Others 733 _ 513 1,246,
- Backfilliag. gravels ) wl 40.3 - 2,900 ( 82 35 117 )
- BackFilling sands wd 108 1,500 (164 61 205 )
- Approach deck a3l C4.8.0 55,000 (185 7% 264 )
.- Concrete retaining wall wl 4,9 45,000 ( 133 86 221 )
.~ Base gravels for retdining ' '
wall ) a3 5.9 7,900 48 21 69 )
- Dredging in Eromt of berth . m3 20 1,000 ( 14 6 20 )
- Cranerail = Sum 1 [ S ¥ 28 40 }
< Cathodic protection Sum 1 { 54 126 180 )
~ Auxiliary facilities Sum )
miscellameous wmaterial 1 39 91 130 }
Total 2,067 2,740 4,807 )

Tablé X-3-10 Direct Cost of General Cargo Berth G-1 at Valpariso

{Cost per meter of berth)

Descristion } Unit Price Cost (1,000 pesos)

crip Unic Quancity {peso} Local Currency Foreign Currency Total Cost

(1) Caisson ' 1,835 1,711 3,566
- Concrete Caisson Cwd 162 20,000 {1,620 1,620 3,260 )
- Fillsand for caisson a2t 120 1,900 (160 58 228 )
~ Cover concrete of caisson n’ - 2.8 | 28,000 { 55 23 78 )

(1) Hound ' ' , S 1,198 800 1,998
- Rubble mound 3 17 6,100 ( 470 314 784 )
- ATHOUX SLones m3 ? 9,600 (. 425 284 710 )
- Lavelling stones Cmd . 63 8,000 {302 202 504 )

(3) Coping concrece -' o3 228 45,000 718 C 3mm 1,026
(4) others | : ' 409 A 730
- Tos Protection blecks ol i 40,060 { 28 12 40 )
- packfilliny gravels m3 5% 2,900 (120 ' 51 171 )
= Approgeh deck wd 2.8 55,000 ¢ 108 46 154 )
- Ceane raib o . Sum 1 4 1 8 40 )
- Pemelition work of existing Sum 1 { 87 58 145 )

~ guaywall ’
- Auxiliary facilities, Sum : i ( S 128 180 )
miscellaneous materials ’
Total C - | 4,160 3,140 7,300
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