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CHAPITR IIL PRESENT SITUA*ION AT THE TWO PORTS
ITI-1 Role améng'chilean Ports

(1) Situation of the Two Ports

Thg JICA btudy tean went on 1nvc&L19atzon tours through Chile to
(1dPva the functions of the major ports (refer to. Fig. I1I-1-1), and the
PLQU]tS of Lhe PomparaL1v0'and1331s are shown in Table I1I1T-1-3}, All the
poPl& in Ch;le have  their owrl spec1allzcd funct:ons and that there are no
rcdundaHCJG%, at least: aL preaan. o |

The ports of northern Chsle'are almost exc1u81ve1y export ports for
mlncrals, fish pellets and so on. On the other hand, the southern ports are
prlmarlly domestlc public ports'fé? forestry producls, wood pulp'and fish.
The . two sﬁﬁdy ports are: for public use and especially for import of
industrial goods: such as a _eleCtrohic products, clothing, chemicals and
ﬁthér déily ﬁecessities including foods. The.activities ol' the ftwo ports
afe_thus cldsély'cbnnécted to the-living'standard of the Chilean people, and
the developmeﬁt.gf the two ports may be one of the most affective ways to
impvoﬁe this living $tahdard and to increase the national income. The
dévéiopment of the 'poris will, in and .of itself, directly benefit the
Cﬁiléan"économy through atrengthening the cowmpetitive :power “of Chilean
'exporté on the world market, _

."OF these major ports,'the two study ports, Valparaiso énd San Antoﬁio,

function as the:gateway:of the Santiagd Metropolifan area which is their
hinterladd, and-therefdre the activities of these ports significantly affect

the national economy.
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{2) Comparison of the Two Ports
) The present conditions at the two subject ports can be examined through
a comparison of the ports with each other. This comparison also.helps in

determining which roles should be played by each of the ports in the future,

1) Potential of the Immediate Hintcrlands
The immediate hinterland of the port of Valparaiso including the cities
of Véipaﬁéiso, Vina. dcl Mar and Con Con has a population of aﬂout 540
thousand., 'The population of the immediate hinterland of the port of San
‘Antonio, that is the city of San ﬂnﬁonib, is aboult 60 thousand. Thus, the
prulﬁtion around the port of Valparaiso is about O GLimes the population

around the port of San Antonioc. | o

Accordingly, the * concentration of commercial .activities around
Valparaisq_is also much greater. There are many tehtiary enterprises in the
area suéh‘as banks ;. service égents; stores and hotels, and, near the port,
companies concerned with port activities,

' _ According to  interviews = with shipbing_ company representatives,
valparaiéofis mUCh mare éttfﬁctive than San Antonic as an. operations base.
This is probably due to the peiétively advanced concentrétibn'of commercial
'aCtivities at Vaiparaiso. .

twaech,'the’pOrt_of San- Antonio may be preferable in terms of the

availability and the price of land.

©2) Inland Transportation N _
Road  traffic dis more congested around the port of Valpafaiso 'thah
droynd the port of San Antonid. Plans to improve the road infrastructure of
.the arca are becoming mOPC concrete, and include a new bypass to the port of
San Antonio. - The construction work on portions of this bypass have already
begun, _ R
.As-for the existing roads which connect.the ports with the Santiagoe
[néprdpolitan' area; there are two Lunnels along the road from Valparaiso,
The Valparaiso road is somewhat longer than the San Antonio road.
Both . ports have railway connections with Santiagof The San Antonie
Vine - is used exélusiﬁely~for cargo. The San Antonio line is about half as
long as Lhe'line connecting Valparaiso with the capital.
In generaﬁ, the road and. rail infrastructures are better at San Antonio

than at Valparaiso.
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3) Features ol the ‘Two Ports.

The Port of Valparalqo has WJdor sea areas thlttrod by breakwater than
the Port of San Antonio, and 80 Lhe avaleb111Lv of entrance 0hannelb and
waiting areas in the former is higher than in, the latter, As Valparaiso is
open to the nbrth_ dirvection, the south and southweét winds, whiéh' ére

predomihént'in the region, do not disturb Lho calmness: of the port San

Antonio is open to the west, and thercfore the calmnesb of Lhc water aveas

and the mancuverablllty of vesqels suffer irom the Qtrong wlnds _
As for the water areas, “both portt ale too deep to construct’ buch
faciliﬁ*es as breakwaters, QUayé and seawallb fvom the viewpoint of'cdst
effleency, even 1f the average size of calllng vessels becomes lavger‘ind a
deeper port becomes necessary. This is csDeCLaily true at the Por of
Valparaiso where the high’ prlce of land is also: a factor.
The space for futur. port -~ development . is suvgrely limited at

Valparaiso.

4) - Special Activities at the Ports _

The Chllean Navy maintains. a base -at ‘the Port of Valpavdlso ahd.many
important military fac111tles are located not only on land’ but also in sea
areas. At present, coastal navigation control is executed by _*he Navy
Cinsofar as it is convenient and necessary for transit vessels. However, in
the future, it wl11 he prefeﬁable to c]early ‘separate the purb into general
use and mlthary use areas

Similar considerations should be applied to the Port of -San” Antonio
where fishery is very active. .

Due to its long history,-the Port.dF'ValpaPaiso-has variouv‘attfactivé
tourist peints arocund it 1nclud1ng a little park faciné the sea, scafood
resturants souvenir shopq and many monuments, dlstorlc ports LhroughouL

the world have nice places for gsightseeing, and cont1nuouslg makc efforts Lo

develop Lhese resources,  In thir'senbe the Port of Valparaiso should be

Dromoted for reglonal ‘tourism, taking into account the noighbouring resort,
Vina Del Mar. The Port of San Antonio should deveiop similar resouacps

along with the overall port development. -
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111~-2 Usage ol Port Facilities

{1) Port of anparaiso
Outline ”

1)

(i) Port Facilitics -

i):Hérbbr and Berthing Facilities

There are” ten berths owned by EMPORCHT in the port, and the dimen-

~slons of each berth and the facilities associated with each berth

afe.ShOWn.in Table 111-2-1."

- The berths Trom No.l_to No.8 are protected by the roughly 1,000 m

breakwater, but Baron pier which has 2 tﬁrths, No.9 and No.l10,

f'aces the open seé_without any breakwater. The total length of the

";bcbths_is 2,005 m, and their water depths are from -7.5 m to -11.0

ii)

m except Fop the Né.lo - 5.0 m berth: As for the storage spaces in
Lhe_pdrt area, there are 14 sheds and warehouses wilh about 115
thousand square meters of floor space in total, and open storage

yards;with about 70 thousand square meters of space.

Handling Facilities and Equipment
The'specifications of wharf cranes are tabulated in Table III-2-2.

Other equipment owned by EMPORCHI is listed in Table 1II-2-3; these

'are'items which wére not damaged ai all by the earthquake on 3/3/

/85, ﬁt-pfesent,'privatization of cargo handling is progressing,
and the private 'sector owhs a lot of equipment including a forkiift
{TAYLOR, - USA) with,BB,OOO lbs capacity owned by AGUNSA. Utilities
genefally considered at-ﬁha?vés are electricity, water, water to

vessels, lighcing1 comnuniication systems and fire fighting. The

‘present condition of the utilities provided at esch berth are shown

in.Table IfI-2-4. It.can be scen that most of utilities have not

been damaged by the earthquake except for the fire-~fighting system,
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Table T[T1-2-3 Equipment Oumied by EMPORCH Other than Wharf Crancs

—138~—

: ., Manufacturér
Equipment (Country) Capacity Q'ty Remarks
Forklifc B CLARK (Belgidm)._ 16,500 1bs 1 i
" PELTTBONE (USA) 16,500 1bs 3
" | oo 125,500 1bs 2
" YALE, DPA-51 (UK) 6,000 1bs 30°
g YALE KE~72 (UK) 5,000 ‘1bs 21
Tractor COVENTRY (UK) 10,000 lbs 14 T
" T.C.M (Japan) 40,000 1bs 6
Chassis SOGECO (Chile) 20/30 tons 7
L  THOMAS (USA). 2 tibs | 200
LForklift " TAYLOR (USA) 52,000 1bs 2 For Container
- A ‘—'_L "
Forklift SUMITOMO (Japan) 6,000 1bs 10 from Dec. '85
able TI1-2-~4 Service Utilities to Berths
“-\\ Bert h . )
— 1 2 3 4 .5 6 7 8 9 10
Utilities"‘fx\\x o ' .
Electricity 0 0 0 0 O 0 O 0 0 0
Water -0 0 0 0 0 0 0O 0 0 0
Water to vessels 0 0 0 0 -0 0 0 0 0 0
Lighting 0 0 0 0 0 0 0 0 0 0
Communication g 1 ) T T T T T G C
Fire.Fightiﬁg 0 0 ~ - - X - X - -
Q= Availabie
T = Telephone available
C = Intercom available.
~ = Not Ptovidéd _
X = No longer available due to earthquake




(ii)'Summary of:Cargo Volume 7 _ _ _ o

'Avcording:to fhe annuul statiSticél-report'cbmpiledﬂﬁy EMPDRCHI;
the total volume -of cargoe handled at the port wﬁs about 1,6
million Lonb in ]984, _' '

After 1981, when the peak of about 2.2 millicn-toné'was'vccovded,
‘the cargo volume dropped dfasfiéally, but it _has recently been
ﬁégbvering;'lOQ-the other hand, through fhe.ﬁeriod from 1962 to
1984, the foreign trade cargoes :shoﬁed a .tendency to increase
agaihst'théée‘for domestic trﬁde _ Espeéially,-thé Qxﬁort'éabgoés;
increased gradually year after year, as shown in Table 111-2- 5.
From the Table, the. average growth rate per year from 1974 to l98&
“is 1. 8% for total foreign trade. and 11 1% f01 exporLs _
As the cargoes for forelgn trade comprase_abouL 90% of the total
cargoes, the Pori of Vaiparalso can. be rha*acterlfed as .a loreign

trade port.7

2) Cargocs

(1) Commodjtjes ' ‘ ‘ -
The total cargo volume was aboqt l 5?5 Lhousand tons Jn J98¥ 'and:
éccordlng to the ‘cargo StatlSthS bv commodlty, as shown in Table
IT11-2-6, fPUItS were ranked as the flrsL commodltV' The share . of:
fruits wds about 30% of the__total cargoes, 1ndustilal products
about 17%, copper about 13 and food products. aleo ij
As Tor: the CQmmodltleS of export cargoea fru1t9 Were - also first
and coppﬂr caue nékt-. The - share of ‘thes e two reached 81 of the
total export cargoes On the, other hénd as. to the commodlties of
1mpﬂrt cargoes, 1ndustr1dl products were raiiked Flrat w1th a share
oft 35%.. ‘
ﬂThese results snom that the major commadities handlcd at Lho Por

of Valparalso ‘are fruits, copper "and such general rurgogﬂ- ‘as

~industrial products.

— 134~



Table 111-2-5 Sumnary of Cargo Statistics at the Port of Valparaiso

- (1962 - 1984)

— 135~

{tons)
Forelgn Trade . Domestic Transit Total
Import EXQAEL | Sub-Total Trade
e e e
1962 519,832 112,177 632,009 | 688,232 14, 762 1,335,003
1963 485,194 144,902 530;096 709,579 26,355 1;366,030
1964 416,449 | 140,820 | 557,269 | 664,278 | 6,087 | 1,227,694
1 196s | 516,697] 180,086 | - 696,583 | 618,242 5,029 | 1,319,854
1966 678,490 | 150,036 | 828,526 | 548,983 6,372 1,383,881
1967 | 657,565 | 187,496 | 845,061 | 609,120 | 16,579 | 1,470,760
1968 709,613 | 227,332 | 936,945 | 510,630 15,947 1,463,522
| 1969 843,274 | 252,466 | 1,095,740 | 426,995 | 13,462 | 1,536,197
1970 | 732,300 | 256,583 | 988,883 | 419,220 365 1,408,468
1971 825,078 227,300 { 1,052,378 | 435,799 142 1,488,319
1972 927,489 | 183,659 | 1,111,148 318,955 ~ | 1,430,103
1973 | 969,415 | 165,203 | 1,134,618 | 248,340 - 1,382,958
1974 . goé;izl 257,341 | 1,167,062 312,146 - 1,479,208
1975 | 625,381 | 331,594 957,975 | 190,596 - 1,147,571
1976 | 498,249 [ 439,014 | 937,263 | 244,404 - 1,181,667
1977 1 782,757 | 545,39 | 1,328,106 | 287,739 - 1,615,845
1978 844,292 | 546,478 | 1,390,770 | 267,393 - 1,658,163
1979 | 1,027,290 | 610,228 | 1,637,518 | 276,847 - 1,914,365
1980 | 1,095,079 | 612,659 | 1,707,738 | 351,991 - 2,059,729
1981 | 1,337,078 | 602,888 | 1,939,966 | 248,827 - 1 2,188,793
1982 684,586 1 603,466 | 1,288,052 | 162,155 = 1 1,450,207
1983 | 589,114 686,174 | 1,275,288 | 190,616 - 1 1,465,904
1984 | 645,734 ] 756,944 | 1,402,678 | 173,018 - 1,575,696
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- table 111-2-7 Carpgo Traffic by Commodity at Valparaiso Port 1981 - 1985

(tons, %)

Pza"‘\_-'i\[-\.;‘ 'J ) _ :
" 1981 1982 1983 1984 1985
Lommoddty N o anroer) |
01 386,425 380,237 396,372 . 471,815 533,223

(17.7) (26;2) (27.0) (29.9) (35.4)
02 - - ~ 1 -
_ (0)
03 95 218 247 1 27
(0) -0y (0) (0) (0)
joa 4,732 10,194 8,884 3,373 6,360
: (0.2) (0.7) (0.6) (0.2) (0.4)
05 2,335 1,085 3,566 953 34,139
(0.13 (0.1) (0.2) (0.1) (2.3).
06 3,219 7,691 10,918 10,038 5,811
(0.1) (0.5) (0.7) (0.6) (0.4)
07 266,618 239,600 272,012 209,290 246,639
~(12.2) - (16.5) (18.6) (13.3) (16.4)
08 134,024 24,837 12,599 14,406 11,688
| BERRCIEOR IS 1.7 (0.9) (0.9 ©.8)
09 129,576 | 176,482 180,902 209,281 167,595
o (5.9) (12.1) (12.3) (13.3) (11.1)
10 51,076 19,851 13,248 14,882 13,262
(2.3) (1.4) (0.9) - (0.9) (0.9)
11 183,137 47,741 40,109 66,912 55,560
(8.4) (3.3) (2.7 (4.2) (3.7)
12 92,119 182,798 277,571 262,992 210,115
' (4.2) (12.6) (18.9) (16.7) (14,0)
13 90,331 116,139 132,166 123,295 95,631
(4.1) (8.0) C{9.0) (7.8). (6.4)
14 845,107 243,324 117,315 188,458 124,828
© (38.6) (16.8) (8.0) (12.0) (8.3)
. ' B A -
Total >,188,794 | 1,450,207 1,465,904 1,575,697 | 1,504,878
- (100) - (100) (100) (100) (100)

—~137--



(id) Contalner Cargoes . _
Thie conLainer cargo -volume and Lhc number of containerg handled at
the 416 Lhousand tons and 42 Lhou and

pOIL amount to boxes

respectlvely in 198N as shown in Table TIT-2-8. _

If the percentage of contalncpjzation is deflncd as the 1atio of
annual Lontalner:gargo volume to Lhe annual cavgo volume of for-
eign trade,
as shown in Table L11-2-9,
The Table .

the percentage at the Port of Valparaiso has lnereased

also shows that in 1984 the pebcentagé of containeri- .

zation is about 30%.

38—

Table ILI-2-8 Container Cargo at the_Poft of Valparaise (1979 -~ 1984)
1979 | 1980 |. 1981 | 1982 1983 1984
Total 185,388 |292,737 | 479,166 | 346,652 | 332,159 | 416,446
Volume ) 1420,259)1(306,522) | (299, 074) | (375,638)
(tons) | Inward 121,416 |204,298 | 348,070 | 197,810 | 175,052 | 213,297
(336,157)|(188,655) | (163,453) | (197,757)
Outward 63,978 88,439 | 131,096 | 148,842 157,107 | 203,149
L (84,10D](117,867) [(135,621) | (177,881) |
Total 20,954 | 38,399 62,447 40,409 | 34,238 41,967
| | (35,671):(23,898) | (20,740) (25;842)
Number — , _ i e T : T g
(boxes) | Inward: 12,957 | 20,707 | 34,836 | 19,644 | 17,217 | 21, zoo
9,421 (15,7763 | (12,390) (15, 082}
Gutward . .| 7,997 | 17,692 | 27,611 | 20,765 | ‘17,021 | 20,767 |
(6,250)| (8,122)| (8,350)| (10,760)
Nete: Figures in pérentheséé are the volume . and numbér of loaded containérs




Table LII-2-9 Percentage of Contalnerization

‘Annual cargo volume Annual container Percentage of
_OE fqreign trade (tons) cargo volume (tons) | containerization (%)

N T 1
1979] 1,637,518 1 185,388 11.3
1980) 1,707,738 | 292,737 17.1
1981 1,939,966 479,166 24.7
1982] 1,288,052 o 345, 652 26.9
11983l 1,275,288 332,159 26.0
1984 1,402,678 816,646 29,7

3) ?hlp Movement _

As for vessels’ Lalllng at the Port of Valpdralso in 1983, the number of
ShlpS and  the average gross tonnage ‘of those vessels are 742 vessels and'
8, 600 G/T reapcctlvely, ag shown 1n Table III-2-10.

The Table also shows that the average size of vessels has become larger
year afterlyear.

'As_fof the type of vessels, from 1981 to 1985, conventional cargo ships
For.generalrcargo énd refer shi?s for fruit comprise more thén 70 percent of
the total numbeP of ships, as shown in Table 1I1-2-11. Fig. TI1-2-3 shows
the- distfibution of ship size by type. The major class of conventional

cargo ships is 10,000 ~ 20,000 DWT.
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Fig. 1I1-2:3 (a) Distribution of Ship Size (1984)
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Fig, 111-23 (b, ¢) Distribution of Ship Size (1984)
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h) Use of Berths - Before and After Larthquake _ _

' Table 111-2- 12 shows the condition oF erLh usage af the Popt of
Valparaiso and T'ig. IIT-2-4 .shows the beth ococupancy rahe from 1981 Lo
]985 These figure show than borths No.l - & are used more frequently and
berths No. 9 and 10 are used less fraquently. Combaring data before and
after the earthquake, the use of beths L - U is 1ncr asing, buL the use of

berths % - 8-is decreasing because of the earthquake damage.
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The usage of gach berth before and after the eafthduake is summarized

in Table III-2-13.

Table TIT-2~13 Summary of Berth Usage in Valparaiso Port (Preliminaty)

Bertl SR . ' = ‘
N° ! Before Earthquake. [_ After Rarthquake Remarks
1 Priority to liner vessels-i?riority to liner vessels | Shortage of '}
for foreign trade for foreipn trade ‘handling yard
2 ditto ditto ditto
3 ditto ditto
A Priority to contaiwner = | Priority to container Shortage of
vessels ' vessels ' stock yard
5. - - Insufficient
' water depth;
siltatioh
6 . Tramper -lramper : DeLLrloraLlon
(Priority to charLered (Priority to - chaltered of calgo
vessels for fruits) I vessels for fruits) handllnb
: : ‘capacity
7 ditto ditto Lack of
cranes
8 ditto ditto 1 Deterioration
' N of cargo
handling
capacity
9 Domestic tréde'_ L Deterioration
reserved berths. non-use of facility
10 ' ‘ '

There are some problems as lollows:

contalners, dre needed.

In the congested season (normal]y the summer scason),

berths is 1nsupf1c1ent

150~

_Adstlonal handilng and 3tock1ng yardo For cargoes,

Berause of 31ltatJon berths No U and No' 5 are not in Full use.,

'papcclaliy for

‘the numbér of




{

2)

1)

Port: of* San Antonio :

Outlihe. : _
(1) Port Facilitiés.
1) Harbor and Berthing Facilitiéé
The Port:of San Antonio is located in the city of San Antonio with
a population of 60 thousand, and it is about 110 km by road and
ahout: ].2_()= km by railway dug west from Santiago, This is the
néﬂrest“povt to the_Métropolifan Region, and therefore it can be
cpnsidered as f; very important pori in Chile, as is the Port of
Valpavai&o. ;
As.fop=the.hérbo? facilities, the harbor entrance is about 400 m
wide with a water depth of over 10 m., Of this, there is an area
about 25b_m wide with a water debth of . over 15 m, On the oiher
-_hand,jthe:length of'shipé with a full load draft of 15 m is 250 m,
'éo the width and dépth_of the wéterway are sufficient at present as
célliﬁgfships'Seldom'péss each other. However, the length of part
of_the harbdr entrancé is not sufficient considering the stopping
distance of vessels. Table III;2~14 shows the standard widths of

waterways in Japan.

Table.IIi—Z—lé' Widths of Waterways

(L is the oveiall length of the ship)

Ny Léngth of Haterways' Condition of Navigation Width
13 a - .
Relatively long Waterways where Shlpslpass 2 1L
. S by each other frequently
waterways
. : Other waterﬁays _ 1.5 L
. ek : .
Waterways other - Waterways where ships pass 1.5 1,
than the above by each other frequently )
Other Waterwayé o L

The port has a calm sea-aréa protected by the 800 m bréakw&ter, and
there are 7 berths which have water depths of -7 m to -10 m. The
.total }ength of these berths is 1,305 m, but only 6 berths are

~avallable at present because berth No.3 is being reconstructed. As

o Hl e



there were two shods

for the storage t;pac'e‘ before the earthquake,
behind the

and open storage vardq ‘of” "about 52 thousand m? jut;t'

berths, .and there were also two warehoubes und open storage avdh'
3

of about 79 thousand m2 in ‘the port.
Fhe main port fac111t10* bofore the oavthquakc are 1lotbd in Table

Ii1-2-1%5.

- NUEVA AURORA
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Fig. 11125 Plan of the Port of San Antorio
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1i) Handling Faciiitiés and Fquipment o _
The‘speCifications:of wharf cranes are tabulated in:TébleIiII~2~16..
Equipment other fhah‘tﬁé'wharf_cranes owned by BMPORCHI is listed
in Tabie_IIIﬁZHIT. These itéﬁs-wérc not damaged. at all bj the.
earthquake on‘3/3l/8r._ : - _
Additionally, thé private sector owns various hahdiing.eqﬁipmenﬁ,
notably mObiie cranes - and _forklifts ‘owned by AGUNSA.

Specifications are:

Mobile Cranes

. Capacity =50 t x 14 m
Weight =180t
Manufacturer _ = DEMRG (Germany )
Number -2

Forklifts for 40 ft containers :
Capacity = 85,000 lbs
Manufacturer TAYLOR (USA)

)

[

Number

Provision of utilities at'present is shown in Table 111—2L18; Te.
can be seen that most of the utility Sservices at bcvthé No.l - 3
have been damaged and can. no longer be used, ‘and some of the

utilities at berths No, 4 & 5 were damaged as well,
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Table IIi“Z*l?

Fquipment Other than Wharf Cranes Owned by Emporchi

Manufacturer

Qlty

hquipment (Country) - Capacity. .Remark§
Forklift HYSTER  (USA) 62,000 1bs | 1 | For containers
Y YALE (Japan) 3.2 ton 4
Chute 1 | For bulk
Yard Locomotive DEUTZ ABM-428 | N
(Gexrmany) 10 ton - 2
DEUTZ V6M-536 '
{Germany) L5 ton . 1
Tractor Locomotive | WHLTTING (USA) 15,000 1bs | 1 | Two Directious
u o 30,000 ibs | 1 | Tire/steel wheel
ISCO (USA) - 1

Shuttle Wagon

15,000 1bs

One direction

Tiré/steel wheel

Table TTI-2-18 Service Utilities at Berths

12 3 6 5 6 7
Electricity X - 0 0o 0 0
Water _ X X X X 0 0
Water to vessels X X X X 0 0.
Lighting - X X 0 0o 0 0
Communication X X - - 0. 0
Fire Fighting X - SX X - -

0

i}

Availtable

Not Provided:

IS

'_156_“— |

"No longer available due to earthqgake'




(i) Summary of Cargb Volumo . _

The total cérgo volume handled al the port of San Antonio amounted

to Q,Blﬂ_thousand tons in 1984, and Lhis was the largest volume

ﬂm@hg all the norts: managed,'by EMPORCHLI. The teotal volume of
foreign cargoes increéscd from 806 Lhousand hons in 1974 to 2,204
thousand tons in 1984, This is a growth of 270% with an average
growth Pate;pct year of 10.0% over the ten years (Table 111-2-19]).
As for-Fovcign_cacgocs, imports have grown especially rapidly gince
the liberalizatién of imports was adopted as a basic policy by the
‘Covernment in 1978, . PFor dimport cargoés, the volume was 538
thouﬁand.fons in 1977 and 1,074 thousand  tons in 1978 which was
twice the volume bthe previous year. On the other hand, export
cargoes have grown steadily from 207 thousand tons in 1974 to 773
thousand tons in 1984, '
The_totaifQélume of domestic cargoes has decreased over time LO

less than 110 thousand tons in 1084 (Table 11I-2-19).

—}HT-




Table [LI-2-19 Summary ol Cargo Statistics Port of San_Antoﬁio
| 1962 - 1984

(toiis)
. Foreign T?EEF e - Domestic ._-TraUSit _
Tmport ~ Export Sub~Total Trade Cargo .Total

1962 | . 188,494 | 234,112 422,606 289,284 ~ 711,850
1963 136,177 | 230, 181 366,358 | 379,884 ~ L 746,242
1964 L 220,495 | 274,332 | 494,827 | 435,762 | - | 930,589
1965 | 320,570 | 233,984 554,554 4165731 - 971,285
1966 | 301,063 | 241,309 | 542,372 412,830 | = 955, 202
1967 | 298,542 | 219,851 518,393 | 304,258 217 | 822,868
1968 | 365,650 | 210,834 576,484 | 317,616 | 62 . 894,162
1969 453,723 | 197,256 | 650,979 250,849 <+ b o901,828
1970 "430;883 © 240,472 671,355 177,638 - 848,993
1971 436,602 | 209,870 | 644,472 | 189,054 | - | 833,526
1972 | 621,354 | 197,610 | 818,964 | 123,313 ‘|- - | euz,277
1973 869,039 | 106,182 975,221 193,429 ~ | 1,168,650
19741 599,046 | 206,568 805,614 116,33 | - 919,948
1975 | 527,541 | 303,351 | 830,892, | 102,960 - - 933,852
1976 | 837,214 | 396,688 | 1,233,902 101,628 1~ ]1,335,5%
1977 538,271 | 510,656 1,048,927 87.825 | - g 1,136,752
1978 | 1,073,629 | 451,014 | 1,524,643 | 83,914 | - 1,608,557
1979 | 1,086,411 | 480,392 1,566,803 . |. 76,364 | - 1,643,167
1980 | 1,504,952 | 524,387 | 2,029,338 | 65,18 | - - |2,094,523
{1981 | 1,549,438 | 562,129 | 2,111,567 57,612 - 2,169,179
1982 | 1,577,231 | 759,223 | 2,336,454 | 101,928 - 2,438,382
1983 | 1,395,805 | 732,213 | 2,128,018 | 65930 = 12,193,948
1984 | 1,431,265 | 772,913 | 2,204,178 | 109,798 - 2,313,976

_Source;"Maﬁuél_de los Puertos Operados por ia Emﬁresa Portuaria_dé'Chiie, 1984

o Z158—



2)

Cargoes

(i) Commdditiéﬁ_

The cargo volume by commodity in 1984 is shown in Table TII-2-20.
Among. the export cadrgo commodities, copper is ranked No 1 and

fruits ~come next. On the other hand, among the import cargo

.commodities, wheat is ranked first, chemical liguids second and

sugar thiprd., The share of " the two leaders, copper {17.4%) and

grain (38.3%), comprise about 56% of the total cargeoes., Thus, at
the port of San Antohio, bulk cargoes comppise about 60% of the

total. cargoes.

“The composition ol the commodities of foreign trade in 1980 and in

1984 are shown in Tables I1I1-2-21 and 22. We note thal no major

chaitges have occurred over Lhe five years except for a sharp

:decvease ol corn, Overall, the port of San Antonioc is a port

specializing in bulk cargoes including copper.

- 159—
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Table T1T~2-21 The Share of Main Export Cargoes by Commoaity

~ Year 1980 1984
' Commodities -Cbppor : 52.7% Copﬁer 52.0% N

| Fruit 9.1% | Fruit 12.5%
Agricultural 7.0% | Mineral 6.1%

Products Products
Foodstuffs 1.1% . Agricultural 3.5

' Products
Others 25.1% Others 22:1%

Table 1[1-2-22 The Share of Main Import Cargoes by Commodity

Year 1980 | 1984

Commodities: | Wheat . . 53.5% ~ Wheat 59.3%
| Corn 21.2% Chemical 12.5%

S “Products
| Foodstuffs 8.2% | Foodstuffs 8.1%
Chemjcal 4,97 . Industrial 2.5%

~Products " Products
Others 4.7% Others 13.1%

(ii) Container Cargoes

..Table 111—2-23 shows the tonnage and number of cohtainer cargoes

handled_pver six years; The number of containers steadily increa-
sed from'l,ll3 iﬂ,1979' to 20,966 in I98H., The group of CCNI (Cia.

Chilena de Nav. Intergceanica), K., Line (Kawasaki Kisen Kaisha) and

CNYK Line (Nippon Yusen Kaisha) Started to service the Port of San

CAntonio in’ 1981, so the number of containers shows .an abrupt

increase, 1984 was also a special year since the containers ships

of EUROSAL calléd‘only-ét San Antonio due to a conflict concerning

‘Lheir return cargo (copper). From this it may be noted chat in

© 1984 the Port of San Antonio showed an abrupt increase (1.8 times)

- in the number of containers handled.
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‘Nevertheless, -

neither

special

.hhndling_”spuce

- for

containers nor

specialized container berths have been provided in response Lo the

containerization

Movement of Container

Taﬁle 111—2f23 Cargo at the Port of Sau'Aﬁtbnid
(1979 - 1984)
1979 1980 1981 1982 | 1983 | 1984
Volume | Total | 9,224 | 10,708 | 79,446 | 140,925 | 130,978 | 222,108
(tons) | (61,276) | (138,693) | (123/521) | (203,661)
| Tnward | 4,622 | 3,29 49,403 47,232 | 43,460 | 135,764
| | (39,479 | 6,313y | (40s292) [ (133,189
Outward | 4,602 7,414 30,043 93,693 | 86,618 | 86,334
R N (21,801) | (92:380) (83,229)| (70,478)
Number | Total - | 1,113 1,430 9,445 8,837 | 11,819 | 20,966
| o o (5.783) (7,879} | - (9,730)| (14,089)
Thward | 499 459 5,372 | 3,784 5,430 11,103
o . (3.751) 1 (3,385 | (4,415)] (10,183
Outward | 614 971 | 4,073 | 5,053 | 6,389 | 9,863
| o (2,032) | (4,494) (3.315) (3, 906)

Figures in pdrentheseq are the vo lume and numbcr of loaded Lontalnere.

3) Ship Movement

Based upon the records

‘the numbez of

vessels were ﬂl? and 11 093 G/T respectlvc]y in 1983

IIT 2-2h,
the world.
wefe‘éoﬁventlonal cargo ships,
=  liguid bulkICafgoes,

remain;ng 32 shibé'ﬁefe refér shipS’for fruit and Ro=Ro sh]po,

the size of - ralllng vesscl& 1ncreased

.5“

ships were - full

ship calls. and the 'avefége' gross .

As. shoWn in

of vessels calling at the Port-bf_San:Antohio;

tonnages -of occangoing

Table

wnlch is common thoughout

A total of 428 shlps called during 198H

and’ semi- COnLdzngr'

thcse,

shlp

'Abbut-SO? of

255 5h1p§

87 shlp% were bulk rarrzers for graln and:.

and Lhe

the total vessels were general cargo carriers 1ﬂc]udlng contnjnex ahipo arnil

about . 20% were bulk carriers.

The number_gfrsh;ps by size is'
nt: ua% 10 OOO
“domlnant size was over 30 000 DWT
‘the range of 10,000 - 25,000 DHT.

conventional cargo ships

shown Fig.
~ 20,000 DWE,

and most:of-the contalncr‘ships were in -

T

T11-2-6.

 The main size of

As for gxaln ships, the
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Nusmper of Ships

Ul U

Ship Size W1}

15,000
20,000
25,000
30,000
e
30,000

.(a') Conventional CarQO'Ships

50|
g -
é
=
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4) Berth Occhbaﬁcy
Table I11I-2-2%5 shows the rate of berth occupandy by berth'oven five
years. | . : | | . | . | : |
We note from this Table thaf berth No.l waé‘éfficiehtly'used béforo the'.
earthquake. Howevov the othef'bcfths WQvé not uscﬂ_officjenty' cspeclally.
berths No.d and No. ? ‘show a low occupancy ol only about 10 - 30%
Thus, the. present capacity of the Port of San Antonio excecds the

present demand.

Table T11I-25 - Raté.of Berth Occupancy

Year : : - : _ Average
Berth 1980 | 1981 1982 1983 | 1984 siﬁinm
1 757 | 642 | 67.0 | 60.4 | 66.3 6.7
2 50.1 | 60.3 | 57.8 43.6 | 58.7 | 541
4 2507 | 2705 | aLT 201 | 33.0 27,6
5 38.4 | 50,0 | 28.8 27.5 | 36.1 36,2
6 52.6 55.6 | 485 | 413 | 42.0 8.0
7 12.3° |, 27.5 | 13.9 9.4 | 22.3 7.1
No. ! Bouy 3.6 . 3.7 | 7.8 8.1 | 3.2 5.3
Average 42,5 47.5 41.3 337 43,1 41,6
{No.. 1 - No.7) R N

Note: No.3 berth is being reconstructed

53 Use of Berths =~ Before and After the bdrthquake

Here, the changes in. the use of ‘each berth before and after the eatth—
quake are. Drellmlnarlly are studied,. Before the earthquake, botha No 1 and
No.2 were OCCUpled by‘bulk .carriers for handling wheat at a high rate, But
these berths were completely deeroyed by the arthquake,- and bhoip
facilities‘éuéﬁ:aé;bheds, yards, cranes’ and even the quayha11 themselves
all suffered majér damages. These berths are therefore Lompletely useless
at pfesent. Berfh'ﬂb.S;'just unaér-constructiOn,'was'also.damagcd-by Lhe
arthquake Before.thé-eaﬁthQUake, bérth No. ﬂ'was uséd mainiy for cdntainér
cargoes because- of the wide space behlnd 1! (abouL 100 mj, '

General cargoes and copoer were hand]ed at berth No 5, and fruuta and
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pept1li?er ak berth No,6, Bérth‘NbQT was fof domestic tbéde, handling salt,
Bovths No.6 and No.7 albo *uffcvéd cdnsidefable damagés.

Duc to Lhe earthquako damage,"the ekisﬁing 'port' facilities are, of
necegsity, heang usnd more effjciently than beforc, and all the cargoes now.
concanPaLc on- the wharf where the avaquble berths No.4 and No.5 are
locaied Lt can be said that the useful berths are No. i, No.5, No.6 and
NO'?P and * that the total berth length of the port has been reduced to
aboul jCO_m} -OF these berths, 1oading'weights are limited on Lerths No.6
and NO."Y. _

From the facta mentioncd_ébove, there aré some protliems, as follows:

.(a) There is no suitable béfth for large-size vessels. _

{b)  The clean cargoes are handled together with the dirty cargoes

{maihiy_copper}.

{c) The fiow bf-cargdes on wharves is congested.

As one of the solﬁinns to these problems, a dolphin type berth for
wheat ig'being'constructed at the'northern part of the port. However, after
the 'wheat bertn- is constructed - the problem that concentrated copper
(pohdered copper) is handled together with clean cargoes {especially fruits
and sugar) Wlll still rewain,

Tdﬂ_éoive thls, it will be neoéssan to provide a new whar? for
concnntrated copper fdP from the existing wharf at an early stage

" Table I1I-2-26 shows the pe?fopmancp of cargo handling at the Port of

San Antonio in 198&

— 67—
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IIT~3 Damages. to Port Facilities

(1) Outline of Port Pacilities
1) The Port éf Valparaiso _ _

The Bay'of Valﬁéraisb is 1odated.on the lee side of Punta Angelos and
is well sheltered naturally except:from northerly'and northwesterly winds
and waves. A bréakw&tef is providéd extending [rom Punté"ﬁuprat 250 m

“eastward and then 700 m southeastwafd;: The breakwater is conslructoed with
concrete caisson or concrete block units founded upon a rock mound thending
offShofe'up to water depth of éppfox. 45 m, | _

The_berﬁhing facilities were canstruéted between 1915 and 1932 withoﬁt
considering seismic résis{ance. Thc aglng or dLLorloraLJon of qtfucﬁﬂﬁal
members of' the berthlng facilities is notable as the facilities ave over 50

" years old. - The berths are 1nostlv Constructcd as grdv1Ly type qudywallﬁ
using precast concrete eiements (berths 1 to 6 and 8)-and precast conerete
caisson {(berth 7);‘_Béron pier is built wlth reinforced’ concrete slab and
beam upon concrete piles 4.0 m ih'diémétéf:. thcreté'éile foundations are
_also adopted in front of the grav1ty tpr quayuall of berth 4 to bustaln the. .
seaside crane railing. _ , ' o

Fig. III-3-1 shows the orlglndi section prolees of Lhesc Fac;lltles:
To better understand the_damages caused by the last edarthquake on 3/3/85, it

‘may be recalled that the qudywalls at the port of ValdealbO were alsp

1)

damaged by the earthquake in 1971, disturbing normal port opcratidﬁs for
many month In part1cular, 1t is reported that the Llltlng of quaywalls- No.
4 and 5 with a maximum dlsplacemenu of 9 cim and uh31dence ‘of the backfall
up to 40 cm were prominent. Other damages Lo quaywalls No. 6 and 7 were

also observed with alsplacement up to 30 cm,

_2) The Port of. San Antonic _ _ _

Some beths at the port of San Antonlo (bevths 3, "5 and parts of ©&
and 7) were recently rehabllltated  However, the aging or detcrioration of
the 5trucLural memberd of berthing facilities is Lon%iderable at berths b, 6
and. 7 in partlcular.._Moreover, damages to berths 1 and 2 by ‘the 373785
earthquake have inévitably' led to the closing of . the ‘berths up to the

present,

1) Source: R'M Lastrlco and J Monge, Engineering Aspects of the July: 8,
1971 Farthquake in Lentra] Chi]e :
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Unlike the part of Valparalso, the berthing facilities at the port of

‘gan Antonio are yaried'WiLh gravity type quaywalls at berths 1 ahd 2

stecl
sheet pile walls at berths

3 and 4 and bpen Lype piers at berths 5 to 7.
pig,'le 2~2 shows opiginal section profliles of these.flacilities. .

Berthing Facal1llcs at the port of San Antonic alse suffered damages

from the earihquakc -in 1971, 1) It is reported that guaywalls 1 and 2

auftured hcavy tilting seawards WJLh a  maximuam dl splacement of over 60 cm

and suh31dence at the backfllled vard and apron up to 60 cm. Longitudinal

epacks in the yard behind berths 1 to 3 were also observed. Warehouses were

heavily ddmaged and hdd to bhe demcllshcd A group of undamaged steel silos

were dlsassemb1gd For_ aFeLy purposes Uti llzatlon of berths 1 and 2 had to

be suspendcd Tor many months after the carthquake took place.

e
JUNEEEIEE e

1) bourc : Sce iIl 3 (1) 1)
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(2)
1}

Damageq to Pan Pacil;tleb
The Port of Valpdralso

{i) Damages to Berthlng Fa0111Llee

The  damages to the berthing fa911111os and adjacent  yarda are
heavier:than the damages to the buildlngs. _ . _

The déformatioh-(ﬁ"quaywails mostly caused 'by horiﬁonta}‘ sliding
towards thefhéfbour vhriGS'by berth: less damage at berih j'io 3
and heaviér damage at 'borths 14 to 8, thbugh more or less in a
decimetef‘ scale.  The deformatlonb are clearer in the subnierged
portlons OF the quaywalls. Another typical patterﬁgof damageé to
quaywalls is _dlsplacement to the harbor side by rotation as
observed at erths 5.$nd ? N _

The allgnment of "crane railings and the railwav trocks is uLlll in
a state of deformatlon or settlement, ‘although these fa0111tles'

have already' been partldlly ‘restored Settlement is observcd
showjng a w1de gap on the paved qurfave. '" :

The copellne deformatlons are - clear at be?thﬂ K ;iB, G _and 8.

Berth 5 was tilted qllghtly seawards by the earthquake in 1971.

 The present copellne dOFOPmatlon toward the sea measured by "our

Survev is as remarkable as a maxlmum of 170 cm. _
The underwater 1nvest1gatlon5 by divers revealéd the Tollowing

major facts:

@) The gap between concrete_biocks_due to deformation or settlement
of quaywalls has been widening 'and seems more noliceable in

obliguely placed concrete blocks at berths 6 and 8,

@ Seaward tilting of 1 tc.2=degrees”of foundation piles exists at

berth 4,

'CbﬁThe cyllndrvcal concrete pile foundation of Baron pier is

composea of core concrete covered by outer precast concrele rings
2.5 meters long. Neither breaks noP_cracks in_tu& piles were

observed.

a) Scourxng of the base mound in fPOnL of Lhe quaywajl caissony al

berth 7 and a slight L11L1ng of Lhe cajaaonf tovards the harboup

."‘}76_—



{ii)

it is also observed that the aging or deterior

side were observed. Thus, the quaywall is unstable

‘ | | | ration of structural
members. of berthiny Pacilities has progressed. In particular, the

deturlorallon to c¢onerete and stecl bar) in the longitudinal beams

s Pemarkahle and | appear& danyerouu This type of deterioration is

alsae {ound atl. Lhﬂ holhom face of the seaside crane beam at Berth 4

b

although the ddmdgn thgre is not so sor;ouo.

The ' coverall arca “of the befths 6 to & (Bspigon de Atrque) has
seLLled conuiderably. The cogellne helghts of these berths are
getting lower_-foﬁards the offshore ‘side. The present copeline
height at“berth 7 is about 4.3 w above the port dalum, which is 60
<l lOWPP than Lhe original height., This may have been caused by a
long_per;od of settlement at the base mound and the consolidaﬁion
of Ssubsoils. jit_is considered that the settlement there has almost
completéa. o -

The extent of damages is summarized in Table I11T-3-1,

deages Lo Wharf Cranes and Others

blnce mout of wharf Chanes daraged by the 3/3/85 eapthquake had
already ‘been repalred. by the time of our survey, the Ffacts
discusééd-belo@”afe baSed on the report "Damage to Port'Facilities
in thc Povt of Valparalbo by the earthquake on March, 3 1985" dated
April 2, 1985 by ihe Japﬂnese Expert Mission.

The_éktent of damages to wharl cranes at berths 6 to 8 was more
severe than at befths_l_to 3. Nearly half of the wharf crancs were
démaged_éﬁ_thc portai leg ahd‘ring. This type of damage was caused
by - buckling duc to oﬁcr;qcmpreSSion or deformaﬁion from being
stfiked. by hand?ihg Cérgo, In addition, derailing of land~-side
wheela and buckllng of land-side truck frames were also observed at
most of the whart crares at berths 6 to 8. No damage occured to
the Hitvachi crane ét bertﬁ‘ﬂ.pr to the cranes’at berths 9 and 10,
but:whavf’cfuhe No. 26 at berth 7 collapsed.

At prdsent, théré is a b]lght d1ff1cu1ty in movement due to rail

derormation al borthb 1 to 3 av well as aL 9 and 1G. Due to a

~vonsiderable degPCL of rail deform nLlon whar cranes at berths 8

to 8 are difficult or impossible to use for normal cargo handling

e 177 e
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2)

The

(i)

operations,

The warehouses at berths 1 to.3 Suffered minor cracks in the
interior walls, Several cracks running parallel to the copeline of
the bcrth& were . also observed in - the pavement inside the ware-
_houseﬁ. Minor cracks in the columns and walls of the wapehouses=at
berths 6 and 8 have also apparently developed. It 3is uncertain
whether these cracks resulted from the 3/3/85 earthquake or from

the long-term settlement of the area,

Port of San AnLon10

Damages Lo Berthing. FdCIlJtIE"

The damages to the herthlng facilities at San Antonio are much
leavier than the damages at Valparaiso., The virtual destruction of
quaywalls:éhd thé's§vére subsidence of the aprons of berths 1 and 2
are most:'ramarkable. Several wharf cranes collapsed or were

ﬁamaged in part. Apart from berths 1 and 2, other. berthing

_Facilities wére all damaged more or less equally, and overall, the

pork cargo handling operations were considerably restricted as a

rauult of the 3/3/85 earthquake.

‘(D Berths 1 and 2

The gravilty type quaywalls compléﬁély fell down into the sea or

vere .considerably tilted towards the sea. The aproﬁ surfaces were

‘also heavily deformed.. The front slope of %the utterly déstroyed

portion is protected by stones from scouring by wave action.

'@ Berth 3

Thcghérizontally anchored sheet pile wall was tilted towards the

'harbohr on a secale of 70 - 100 cm. This deformation of the

gquaywall resulted in a considerable opening between the rear face
of ' the coping and the apron pavement. Dbost of the adjacent paved

areas sufTered heavy settlement.

@ Berth 4 _ _
No significant damages Lo the steel sheet pile wall took place

except for a slight,defgrmatidﬁ of the copeline seaward and heavy

~settlement behind the guaywall. However, several holes or openings
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(ii)

exist din the submerged portion of the  steel sheet piles,
Disconnections_along:tﬁe sheet pile jointings were also ohsepved,
The damaged portion of the shéet'piles was repaired by installing

additional piles immediately behind the walls,

@ Berth'S _ o

The ' L-shaped retaining wall Séttled and tilted, with settlement of
as much as 40 cm at the area behind the deck. Lt appears that the
deck structure and the.foundation piles have suFFeréﬂ no damage at

ail.

&) Berth 6 and 7

The vear cope of the deck structure settled about 60 cm.
The concrete fbundatlon piles tilt ‘over toward the hdvbour with
some breakage at the corner of the pile top qevere corroglon to

the welded H-shaped steel plles is about Lo take p]ace

The extent of damages and deterioration:to berthing lacilities is

summarized in Table 1II-3-2.

Damages to Wharf Crénes and Others
The damages to wharf cranes at berths 1 and 2 were guite heavy.

All seven of these wharf cranes collapsed or. 1nc11ned severely,

_ together with the collapse of the mharf stPuctures Howpver' Lhev

is no damage to the wharf cranes or dlfflculty in Lravelllng at
berth 5. At berths 6 and 7, no damages to Lhc uhar! cranes are

reported although there 1% apparently a sllght dlfficulty for the

-wharf cranes to travel due to rail deformation.

Several cracks. in the paverent of the warehouse at berth. 2 werc
brought about by the settlemenrt of the berth yard. . The steel-
framed warehouse also suffered damdgés;cauaed by the destruction of

the wharf cranes.
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(3) The Rarthquake on March 3, 198%

1) . Outline of the Larthquake.-.

The earthquake which took plage on March 3, 1985 waq the lavggai in the
central region of Chile since 1906. Thc eavthquake had a surface wave
magnitude of Mg %-7.8 An isoseismal wmap with the’ earthquukc intens:ty at
several locat:ons is atLached as Fig, I11-3-3. The earthquake 1nten%1ty was
VII to VIII at Valpavalso and VII1 at San Antonlo on Lhe ModeJed Mercari
Scale. The location of the epicenter :was about. HO km: east from the port ol
San Antonlo_and the_focal depth was 15 = 30 k.

A compapatiﬁely léfge number of strong earlhquakg vibrations ‘were
recorded during fhe earthquake The_ acceleratlon selsmogramo obtained

.durlng the edrthqudke indicate that the maxlmmn horlzontal aCCe]LPdthHb
were 0.293g at Valparalso and O 669g at Llolleo near San- Antonlo.. “The
seismograms were obtained- u51ng an SMA 1 type strong motlon acceleroguaph

" The main thrust of the earthquake-on.Mazch 3, 1985 was:compoacd ét
least of two shocks. The initial motion started at722:H6:56,u Followed by a
larger motion at .22:47: 06.9 (Gpeenw1ch Mean Tlme) The mégnitudeﬁfmb:'body
wave magnitude) of the flrst and second motlons ﬁere S;E_anG 6.9, As =
result the composite motion produced a surface have magnitudé (Ms) of 7.8.

The hypocenter papameters ot the maln shocks are shown in 1ab1e I11-3-3.

Table I11-3-3  Hypocenter Parameters of the Main Shocks
of the Earthguake on March 3, 1985

Depth.

Origin time| Latitude | Longitude lm mg _Mg. li : 'fSoufce.f
22:46:56.4 .| 33.118° s.| 71.822° w. | 33 8. | 5.2 NELS (PDE No. 9-85,

Match 21, 1985).
22:47:06.9 | 33.155* §.1 71.980° w. | 33 N. | 6.917.5 | o

22:46:56.9 | 33.24° S. { 71.86° W. 16 S univ. of ghl]e
' ' ' 1 Dept., of hoophyalts
(E. Kausel, oral '
commun, , 1985)
(only initial’
_shoe¢k located),

Source: 8.T. Algermissen and'dthers; Site Response aSsocidtéd‘with the Central

Chile Earthquake of March 3, 1985 and Af tershocks
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The shbcké_ wer¢ _pfecéd¢d 'byu the fdreahock sequence.  The foreéhock
actiVities continyed fbém_Deqember'U,'198ﬂ“to MéTCh 3, 1985. The foreéhdék
aclivities included a'pbrjbd of* quiescence from Jdnuary 26 through February
20 and groat]y JhLPCdued activ1t1es from: Pebruary 21 through 27 followed by
the main Dhoc‘ks on March 3. ' A '

The maln bhOCk% on March 3 were fb]iowed by a series of aftershock
activities. Fig. TIL-3- # ‘shows the eplcenter dl&tflbutlon of the after hock
acﬁivihies"pecorded from Mareh 3 through Junc l],:1985,_ The notable shock
in the seqﬁéncc of the aftershocks occﬂréd oni Apfil 9, 1985 which was Ms =
7. 2 . The aftorshock ?ohe wééaabout-200—km long in the north to south
“direction and 100 km wide in the east to wes st direction along the dip of the-
'Bubductlon of Lhe Nazca plate, Fig. IIl 3-5 Shbws'the focal area of the
e@rthquake ‘on March 3,,1985 1n'which hoth cities of Ha1parai&3 and San
Ahtonio are situate.

Mlnor scale tsunaml brought about by the March 3, 1985 earthquake were
'obuerved at 'ueveral, ports,  The maxlmum recorded wave heights oi these
tsunami ‘are summarlzed in Table I1I- 3~ h '

_ No obborvatlon of ‘soil llQUGf&”thﬂ was reported in the port area of
Ualparalso.' At San Antonio, small scale sand b01ls-assoclatea with 5011
1jQQQfaction were observed at some. places in the.port vard behind Eerth

-NCQB;

Table Illf3—4__'H¢ight of Tsunami

Location Wave . Height Remarks
| (m)-
'Valparézggw ' 0.2 ﬁﬁfMﬁmeEiSO GMT-fﬁ o
Valpéfaiso ' ' 1.5 . 00;30
Coquimbo - _ | 0,55 B 03:46
Taleahuano - 1.82 1 03:00
Arica -,_ R 0.50 04 : 20
T R
QuLnLay ' an 2
' .Algqyrohq | : 1'57 :éétimééidﬁ by institutb.
Cartagena - : 2 -3 _ Hirografico de la
San Antonio - '_f.' | R 4 Arm?da
Source: B . Kausel V, Process Sismico, Paramefros -

Pocdleb y Replicas del sismo del 3 de
Marzo, 1985.
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6.0 $my <7, 0; the triangle is the M = 7.2 aftershock of Aprit 8, 1885; and the
star represams ‘the main shock. :

68 67
28 | N -1
29 + + '5.30
30 } N 131
D
a1 N 32
n N H33
‘ = 2 134
33 x
. . N i T 35
34 A
y o 36
35t
137
o
36
. 136
37
. 439
VT8 15 74 73 72 71 '70_ 69
Le{;cnd: The dmmonds rapresem carthquwkes my < 6. G the squares represam earthquakes

Fig. 11-3-4 Fplcenter Dzstnbuuon of Aftershocks from Mqrch 3 to June 17, 1985

Source: ST, A!genmssen and others; Site raspunee associated with the Central Chite

Ear'.hquaku of Mareh 3, 1986 and Aftershocks
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(#) Unique Characteristics of the Earthquake on March 3, 1985

1) - Long buration and Long Period Vibrabions
‘The extent éf ‘the damages may have jbéen inteﬁéified by the long
duration of :the:'strong motions. _ Duration is generally related to the
intonsiﬁy bf earthquakc vibrations. it seemé: that - the duration of the
strong moLIOn& at Valpara:so ahd ' at llolleo near San Antonio was about 20

sec as computcd by Lhe fo]lowin? formula by Trlfunac - Brady (1975).

T = ~4,888 + 2;33M + 0.149 x D
= -4.88:+ 2,33 x 7.8 + 0.149 x 40
19,5@0

il

Qucn'porf.Faci]itiGS'as gravity type QUaywéllQ and éheet pile "walls
have a 5horL natural perlod and 1arge dumplng, and therefore in the design
aractlce currently adopted theqe are d981gned by statlc analysis based on’
the 'selsmlc coefficlont method;_: Such- dynamlc effects of earthguake
vibrétions_;as frequency, amplitude aﬁd durétidn; etc. . are generally
cohsideréd as 'haVing a -minimal affect on: the stability .of these rigid
structuves,. ' o _ - ' B

'HGWevep, flexible structureé' having small damping such as tall
buildings and open . type piers are Signifiéantly_affected by these dynamic
combbnents of earthduakeivibraﬁicns. In general these dynamic components
‘are p051t1ve1y 1ncluded in the engineering analysis.

In static analysis by geismic coeff1c1ent methods, it is generally
cthAdered that the _effects of theoe_ dynamic components of earthquaké.
motions areg included.in the seismic coefficient which is determined through

many earthquake experiences.

_2). Strong Motions D _

‘The btroﬂg motlon sequogram% of the last earthquake and the results of
our dynamic soll reuponse ana1y51b at both ports freferred to subsectlon
ITi 4) are summarized in Table IIL-3- 5 - The base rock as well as the
surface ground acceleratlon aL San Antonlo are substantlally larger than
those dﬁ Vaiparaiso. The ratio of the maximum ground acceleration recorded
is 0.669G/0.293G = 3.3. | |
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Table ITT~3-5 Sfrong Motion Data at Valparaiso and Sau:Ahtonio

S AR

————y

Strong motion seismograms ) . 'lhe rosults of emthquake rcsponh analysu- o
recorded by SMA-1 seismograph . Location - Hax. Accéleration® Dominant Flcquemy
focation Acceleratwn (Br. Ne.) Base Rock Ground Im.!;tal wawﬂgeuu
valpsteiso uFsy 0.179¢ Z 164 gal el ;:g 3z
Atoondral G.293¢ 5 . 313 2.9 2.0
Llolteo 1 : 1 435 2.7 t.1
0.669G K: 513 427 2.7 1.1
| Bear San Antomio 3 629 2.6 1.6

® Based on SMAC-BZ type seismograph

The peak acceieréfion'geherally appéars_iﬁ shorter periods of strbng
motions on the accelerations response spectra as shown in blg I[I 3 6(1)
Since such port structurcs as grav1ty quavwalis hav a natural DEPLOG (T) or
more than 1.0 seC. and damplng ratio (h} o? 0. 05, the peak acceleratlon of
short periods do have not much affect on’ the stablljty of the structures.

Based on Fig. IT1-3-6{1 ) the ratlo of acceleratlons for T = 1.0 sec.
and h = Q. 09 at Valparaiso an: Llolleo is 0.65G/0.65G = 1 0. Plg;'III—3»6(2)
shows the veloc1ty Pesponse spectra at both locatlons the ratic of which
(T'= 1,0 sec. and h = 0.05) is 105/95 - 1 |

The acgeleratlon at. the natural period of the structures répresents the
acce]eratlon response of the structure which is proportlonal to-théiforce of
Lnertla. The velocity represents the -energy. of - the 'mdtions to thc
structures, which is also one of . Lhe decisive factovs for the structural

stability.

: In view of the above, the effects of btrong motions of the lasL eath~'
quake to structures at - both ports are not so dlfferent presumably Lhey wére

about 10% larger- at San Antonio than at Valparax&o even though the maximum

ground. accelerations are qulte different.

3) . Large Aftershocks _ .
The series of the aftershocks which succeeded Lhc main’ shock on March

3, 1985 are described below
the largest event : M = 7.2 on April 9, 1985

other major events at least nine shocks of 6 M7

during 3/3/85 to 6/17/85
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The proportion of the energy release by the aftershocks ﬁhrough'Junc 17
is estimated as 36 percont ‘of the energy released by the mnin bhOCk& 1)
This relatnve]y high ratio of the &Ptershock energy release is a result of
the M = 7.2 aftershock on April 9, 198‘.

Phe aftershock region Lends to have a wtder dlSiPlbﬂLlOn as tho ecarth-

quake mdgnmtude is greater, This trend is given by the follow1ng equation:

log L = 0.5 Mm -1.8 o 5.5 Mng 8
- Where L: approx. diameter of aftershock
region {Km)

Mm: magnitude of main shock

From the above equation the aftershoch reglon is estlmated as 100 Km

Cin dlameter which is noLably smaller than the actual one. Thls may'lndlcatc

that the energy release by the main shocks was rclatlvely large in the case
of the 3/3/85 earthquake. . .

In general, the total energv release by a series of aftershoks is less
than that by the main shocks. The dlffepcnce between the main shocek
magnitude (Mm) and the largest aftershock magnitudL'(m) is generally 0 to 3
and about' 1. 0 on the average for earthquakes with shal]ow Focal, depths.
Richter (1985) gave a dlfference of 1.2 by his Bath's Formula The magn1~
tude of the largest aftershock is estimated at M = 7.8 - 1.0 = 6.8 to M =
7.8 - 1,2 = 6.6, but the actual magnitude was much larger than what was

- calculated. ) . | |

The damages. to structures by the main shocks mav hdvc been 1nten51flod
by the succeedlng aftershocks, rutther damages to port FdCll]Lles by Lhe
aitershocks are uncertain due te the lack of 1nformatlon but‘lt is presumetl

_that remarkable damages were not caused Almost all the energies of.thé
last earthquake are considered Lo have bcen released by Lhe séries of

aftershocks which contlnued until June 1? 1985.

4) Widespread Gfoundshaking
" The ports of Valpdralso and San Antonlo are sltuated w;thln the focal

'reglon of  the 3/3/85 earthquake The "extent of the focal region of an

1) Source: §,. T Algermissen and ochers Site Responae_
Associated with the Central Chile Larthqua?e
- of March 3, 1985 and AftershockS'

90—



e&ythqu&ké=is closely related to the magnitude of the earthquake, but the
" maximum acceleration within:thelfochl'regién'of an earthquake is understood
{o be'almost.cdhstént'For large-scale earthquakes. In various studies, the
Follbwing'maximﬁm limits of thé base rock accelerations ﬁithin the focal

region of ecarthquakes arve estimated:

TabIe'IIIﬁB—ﬁ' Maximum Bas¢ Rock Acceleration within Focal Region

SN LR Max. acceleratio
Publishers H lera e

| | | | Remarks i
Katsumata (1972) _ 400 (M = 5) at the edge of the focal region
Gutenberg-Richter (1956) | 180 (M = 7) S ~ 2
R | : 450 (i = 8) log ao = -2.1+0.81M-0.027M
Okamota (1971) . ‘&ﬂO:(M_% 7

‘ _ | 580 1 = 8)

Schnabel-Seed (1973) 350 (M = 5.6) £ = 7 Km .
: 500 (M = 6.6) £ = 10 Km{ based on
% = 20 Km ] observatiouns

300 (M = 6.6)

Fof this,fthefacceleration of base rock moﬁidns'will be a constant
 .value of about 300 - SQO'gais maximum. :Therefore, it is prudent to consider
that.maximum_base rqck‘accélerations'largerEthan-those experienced by the
last earthqﬁake would not be caused even if.another_large earthquake may
occur in fhis_regibn‘ ' '
_'Oh the ‘other hand the amplific1fion.effect by'sdil layers upon the
base rock 1% lmpov tant to evaluate the surfﬁce ground motions. Our dynamic
s0il re ponse .analy51s oi " the last earthquake vibrations discussed in
subsection III—H—(3)_evaluaLes this amplification effect by the soil'layers
dur1ng the strong mobions, - GenerallJ, the amplification effect by soil
‘layers upon the base rock is significant For weak or moderate motions, but
" net Forastlong_mot;ons_becaune of 1L§ upper limitation of constant values
“The amplificatioﬁ_efféqt'is 1argely-dependent upon the p:edomlnant periods
S of the soii. layers .énd the response spectra of the strong motions of

earthquakes.
5) Largc SuLducLlon Favthquake w1th a bocal Depth of ]5 - 30 Km

The earthquake on Mavch 3, 1985 was the largest subductlon earthquake

to qu1ke central Chile since 1906. The focal depth of the earthquake was
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15 to 30 Km on the'.infévplaté subduction with a dip s1lip nngle of - 10
degrees, This is decried most common to the subduction of' the Nazca plate.
In generdl the shallowev Lhe focal depth of" an earthquakc the more
severe the extent of damages - around-the source regions. When the faulting
of an earthguake reaches.the;SUrfacé gEOUHd the Posultlng damage beconeg
more serious within the limited area near Lhe Pault The 1en5th of  the
earthquake qult is generally about 100 Km 1n the case of an M = 8 class

earthquake

6) Tsunami ‘ _ .

The causé of tsunami is the water mass disp]acement due to'the vertical
movements of the sea bed.  The source area of tsunam1 isg approx1mated to be
the same ‘as the aftershock region of the earthquake _

Tsunami waves can be estlmated frqm ‘the possible "location and_parémeﬁdr
of the fault and the sea bed'cOnfiéurafions - The predlctlon of tsunaﬁi
requires hlghlj spec1allzed knOWLedge and judgement 51nce 11 is closely
related to such earthquake parameters: as maﬂnltuue focal depth mechanlslm
of the earth crust fracture and velocity of Faultlng,ietc.= _

During the last earthqﬁake the maximum wave height of tsunaml observed
was 1. 15 m at'Vaiparaiso' Although no data is available at San Antonlo, the |
maximum height is estimated at . 2°'- 3 m by the lnstltuto H:drograflco de la
Armada as presented in Table ITT-3-4,

The lanrge earthquake which took place in 1906 and - destroyed central
Chile is reported to have caused minor tsunami, of 0 4 -0, 5 m at Conéon'but
no tsunami were observed. at Algarrobo Valpardiso or San Antonlo accordlng
Lo HlStOPld Slsmlca de los Andes Meridionales by F. de Montesqus de Ballorc
However, the 1960 earthquake whlch struck southern Chlle between Concepc16n-
and Aisen is. reporped to have cauued tsunami. _ . _

B351cally, 1nterplate subduction earthquakes 'occur thpough dip-slip
faultlng and, therefore have a pronounced tendency to causes: tsunam1 The
perlods of tsunami waves are vePy 1ong and effects of the L&unuml‘wavcs'to
port structures are. SlmllaP Lo those caused by hydrostatlc water“préssuﬁe.
In the case of the fsunaml caused by the last earthquake, it appears Lhat
the tsunami themselves  did not cause any decisive damage to the port

facilities,
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7) aoil Ilqucfactlon _

No . 3lgnlfjganl 5011 liqueféction _during the-_last earthquake was
obsarved at Valparaiso. However, a minor scale of soil liguefaction was
.ropovLed behind beth 3 at San Antonio where sand b01}s were itraced in 2 or
3 plqceq The scale 0? so:] 1Jquefacploya observed, however, is not so
serious compared w1th our experlence cin Japén' ' _

The technical study on the soil llquefdctjon in Doth ports (referred to
in  subsection TII—H) has led us to conclude that there is a large
poaﬁiblllty that so1l llquefactlon occurred at the aubsurface backfill soils
laL berths 1 dnd 3 {Br. No 1 and 2) when erong mOLlOHS of not less than 350
gals on base rock struck Lhe port of San Antonio. Since the strong motions
base rock abt San Antonic were presunmed {o be more than 350 gals, one of the
major causes ol damaées to the port structﬁres at Saﬁ'Antonio by the last
eathquake was the soil llquefaction This is particularly observed in the

case of the damages. to berth No. 3.



III-% Stability Tnvestigation

(1) Ceneral _ _ _ . _
In order to obtain a reliable basjs ofz'judgment for the immed{eto
restoration measures, it is necessary to first assess Lhe steblllty of' the
"existing structures and the p0881b1e causes of damages from Lhe last
earthduake. ' ‘ _

The stability of the existing strurtures as orlglnally' degigned is
computed based on the static analy51s by Lho seismic coefflcaent method. A
minimum oelsmlc coeff1c1ent {Ks mln) at whlch the quaywalls become unstable
is clarified through the study, .

It is a genéral prlnCJple Lhat the" 1nten51ty of the ground surface

arthquake v1brat10ne varies by location. and is governed by the subseﬁi
condi tions upon the base rock “In 1nvestlgat1ng the causes of damages,
therefore, it is fundamental to have =& better undersLandlng of the dvnamlc
ground motions’ of the last earthquake This 1nvest1gat10n is carried out by_
adoptlng a dynamic so0il response’ analy31c during the earthquake. fhe
results  are refilected to the investigation dn;-the possibility' ol soil
liquefaction, o

The reeults of -the above studles are used to 1nvest1gate the “Ldbllliy
of  existing structures - and the DoSSlb]e ‘causes of" damsges, The
investlgatlon ks carried out based on the Jepanese methods of evaluatlon of
the seismic stability of port structures A method of cvaluatlon to
investigate the stability of existlng structures. for a specific earthquakc
has already been established in Japan considering the. dynamic effecis caused

by the strong motions as much as 90331ble

(2) Stability Check by Seismic Coefficient Method

The stability of exlstlng structures as orlglnal}y deelgned is camputcd.
for different seismic coefflclents Lo show " the effects of the scismic
v1bratlon intensities on the structural dtabzllty. The: calculation lC&ﬂltb

under unloaded conditions are summarlzed in Table IIT-4-1,
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'.Tabié Illmnwl. Seisﬁic Coefficient for PFailure of Txisting Structures

Check

Soiamic Coefficient

. Berth| . g for Failure (Ks mig) Remarks
Port : Blevation . -Gz s
No. () Sliding| Overturning
1, 2 -6.6 0.09 - 0.11
3,5 -11.1 0. 14 0.18 7
~6.6 0.09 0.11 Composite with pile
. T : o foundation of which
Valparaisol & ~11,1 0.14 _ 0.18 . : e
. 2o N . J lateral resistance
crane beam | 0.17 for lateral is omitted
‘| Foundation ‘resistance of piles :
~7.7 0.12 {-Over 0.20
SRR T 0.17 | Over.0.20
-6.6 0.15 Over 0.20 -
! ~9.1 0.18 over 0.20 . - Calsson Type
9; 10 Foundatidh. 0;19 fof lateral .
. T 2 ' Open Prer
- |pile resistance of piles :
1, 2| -9.6 0.11 " | 0.07 _
3 - |over 0.25 ‘ Sliding of "anchoring
' = - |'over 0.25 Sheet pile wall and Tie Rods
4 - R 9% I/ Sliding of Anchoring
San Antdﬁio B - min. 0.16 Sheet pile walls and Tie Rods
- -0.35 " Pier deck foundation
5 e e e g . . '
= 0.17 ]'over 0.25 L-shaped retaining walls
- 1 0.2 Slope under pier deck
- Nil Concrete Pile
6, 7§ - Nil ‘H-shaped piles
' - 1 o.10

Slope under pier deck -

(3) Dynamic Soil Response Analysis of the Earthquake on March 3,:1985

1) Acceleration Seismograms at Base Rock for Soil Response Analysis

The dynamic .8oil response ﬂuring the last ‘earthquake' can be

investigated by adopting the computer model prégram_SHAKE

1)

The earthquake waves on' the base rock are transmitﬁed through layers of

" soils to the ground surface where the earthquake waves are perceptible,

1) Source: P.B. Schnabel, J. Lysmer and H;B. Seed, SHAKE-A Computer

Program for Earthquaké'Response'Analysis of Horizontally'
Layered Sites (1970)'.
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Therefore, the earthquéke. waveé on the base rock :hévé .to :bé_'detevmiﬁed
first | | '

The accelefation_seismograms were recorded at Valparnlso and Llolleo
naar San Anﬁonio by SMA-1 type strong motion accelerographui Lln Japdu;
SMAC-BZ strong motion accelérographé'ave‘éUrﬁenLly used for the oeismogfaphs
observation. The sensitivity charactev1>llcs ol the SMAC-B2 seismograbhs
are quite different from those of the SMA—I in the high Frequency rénge.
Therefor the acceleration *eismogfams recorded b§=thc"QMA'i seismograph
arve first converted into an SMAC-Be2 selsmograph baqe B8O that Lhe study of
the dynamic soil response during the earthquake can be carried out o the
Japanese basis, _ _ L | _

Figs. 1II-U-1 and III-H-2 Show'accelératioﬁ ueismograms simulated from
those actually recorded at Valparalso (USFM N?OE on. babe rogk) and Llolleo
(N 10E assumed to be the surface ground motlon} near San Antonio. The
acceleration seismograms ' Pepresent base Tock- motlons_ hé?ing the same
response spectra as those recorded. Table 111?9—2 compares theldifferenées
of Lhe base rock.acceléfations between SMA-1 and SMAC-B2 écéelerbgéapﬁs;
The acceleration on the'basié of the SﬂA~l-acce1erograph is about 30% 1atgéﬁ
than that of the SMAC-B2.

Table III-4-2  Comparison of Accelefatioh by SMA-1
: and SMAC~B2 Accelerograpls '

Location - . Recorded _ Acceleration on Base‘Rgggméggiﬁlﬂ 'QJ§HA—1
Acceleration SMA 1 SHAL Bz O SMAC- Bz
Valparaiso o : : - _ _. '
(UFSM NTOE) 0.179 g 211 165 1.28
Liolleo - ' o )
I 0E) 0.669g 706 - 513 138

: 2}96% 
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2) Model of Soil Condd tions. | _ e __
The base rock is ﬁechnically considered as a very hard'strdtﬁm héving a
transverse wave velocity of not less than SOO'M/S The soils upon”the'bgse '
rock are divided 1nto horizontal ly layercd 90118 of 2 - 2;5 m in'thicknéss
having the same soil propertles ‘such as transvcr 5C Wave veloulty N=value
and uniaxial compressive strength, | '
The velocity of transverse waves (Vs) and longitddinal.thes (Vb) is
obtalned through our method of PS prospcctlng which was carrled out using 3

bored holes at each port

3} Dynamic Soil .Response
The soil response analysis was carried out at 3 locations in each port

as outiined bélow.

Valparaiso : . Boring Nos. Qg.ﬂfahd'S

San Antonio : : Boring Nos. 1, 2 andiB

The results of the lnvestlgatlon u51ng computer dldS is summar1zed in
Table IIT-4- 3, whlch is 1nd1cat10n of the effects by the earthquake rosponse
of subsurface soils and the: local. conflgratlons_ of Lhc base rock. The'

findings are as follows.

@ Intial and conve;gence predomlnant Irequenc1gs are 2.5 - 2.9 Hz and 1.2 -
- 2.1 Haz rebpecflvely and Lhere is noL much dlfference betwéeanalpaPa—

iso and San Anténio,

@ Intial ampllflcatlon rates at Valparalso are 5.3 to 8. 1 while those at
San Antonlo are 2.4 to 3. O “The same trend 18 “also obSerVGd in the.
ampllflcatlon rates of acceleration.

® In the port of Valparaiso, the amplification rates of acceleration'afc
maximum at Br. No. ! and minimum at Br. Mo. 2. This difference is due

to the soil'thicknéss'uﬁon_thé-bééé rock, -

@ In the port of San Antonio,;the ampiifidatioh_rates Qf'hccéleration

increase in the order of Boring Nom. 1-2-3.
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Table TiI~4=3 ~ Results of Soil Response Analysis

Location . At -
| oemtien . Max. eceloration (gal) | powinant Frequency (itz)| Amplification Rate |
Port B, Mo, [ On Base Rock]On Ground Surfac Tnitial Lonvorpenue Enitial Lonvcr?enge
‘ 2 164 238 2.5 1.2 s 2.9°
Val~ |~ . .
paraiso 4 164 334 2.8 2.1 _ 5.1 &4
| s lbﬁ. 313 2.9 _ 2.1 5.3 3.6
San 1 ' SlJ 43) 2.7 1.1 3.0 2.2
Antontoy 513 427 2.7 1oy 2.4 1.8
3 ©o513 629 2.6 L6 2.4 2.2

Note: Max. accelerations are on the basis of Lhe SMAC-B2 accelerograph.

(#) P0581b111Ly of SOll quuefacblon

Soil Ilquefactlon 13 llkcly to take plaue i’ soils comprlslng fine-
gralncd and saturated materlals of ]ow peameabllzty are looselv deposited.
Loose flne . sands or ‘coarse silt are most llkely to result in soil
llquefactnon due to - Lhe effect of the exce551ve pore’ water pressure induced
by -the selemlc v1bratlons. .in geéneral, _Lhe _501L Ilquefactlon continues

vy

until o the excess;ve pote ‘water disappears, forming denser deposits. The
possibility of fhe soil liquefécﬁim1 is iargely related to the degree of
denslty and .the graln size dlStFlbuthﬂ of %o;ls. _

Sejumic v1bfat10ns aloo cause a dynamlc qhear stress ﬂgalnst the effec-
tive vertical stress _ Thp dynamlc shear ptzess ratio, i.e., the ratio of

dynamlc ‘shear stress dgalnst ihe eFFectlve vertlcal sLress in the depth of

the soil is also a d991save'factor For the occurrence of soil liquefaction.
The soil 13quefactlon results in exccsslve loadlng of Structures near
the 11quefled SOll*mﬂSS The rlsk of 5011 llquefactlon therefor , must be
car*fully asses ued in Lhe sLaleity 1nvcst1gat10n of the port facilities.
"he - poss 1bllitv of soll liquefactlon is thus assessed based on the
tanda1d nmrhods presented in the deblyn manual fof soil liquéfaction for
port'stvuctures complled by the Bureau of Ports‘and Harbours,'Ministry of

Transpourt of Japan., It includes the'fcllowing two methods of assessment.

(0 assessment by_the'grain sizes and N-values of soils

@ assessment by the dynamic shear stress ratio
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1) Assesbment by Grain bi;eo and N values of the Soil
The results of  the assessment by graln slaea and N-values are summa-
rized in Tabie'III—MHH. No poqsibility of' soil 1iquefacti©n is obtained at
the poﬁt of Valparaiso. . The. vcsult at the port oi 5nn Anton1o buggpotb thaL'

the soil liquefaction study should be furphbv asuesch using the dynamlc

shear stress method.

Table 1LI-4-4 . Assésément of Soil Liquefaction
: by Grain Sizes and N-valués

Pﬁrt. Br. No. | lhlcknebb of Soil Layer (m)_ . '.i:zgzi;ent

| ] T TiT AR -

2 - - 1.8 7.9 | - O

Valparaiso 4 - - - 19,4 | O
5 - s f = |oarss | O

1 -~ | 1.65 | 32 15,05 10D

Sén Antdnio 2 - . - . .'. “ _ ._ 20}55f ‘ O
° R 19.95 | O

Notes 1) Soil Classifications
I : decisively liquefied

1T probably liquefied, but'shoﬁld be further evaluated .
using the dynamlc shear stress ratlo '

111: probably not liquefied, buL should be furthtr
- evaluated using the dynamic shear stress ratio

IV: decisively not liquefied

2Y . Owverall Assessment _
X: llquefled (501} layers 1 + I1-2 2'5ﬁ)
0: not llqueflcd (soil layers I+ 1L + ITL <2, )m)

A1 subject to further asscqemant
using the dynamic shear stress method

2) Assessment by. Dynamlc Shear Stress Ratio _ _

The assessment by thlS method is based on’ the relatlonshnp bELWLGH the
number of. cycles (NP) and the' cycle streso rahlo whlch is obitained by the
cycle trlaxlal pompr9531on test . \refnr to Sectlon IT in lhlu.PGPOP )".In
._applying the test result, reference wag alsa made - to. the cycle Lriax1aJ-

oompr6331on tests. which were carrlea out at the unlver 1Ly of CatoLiLa under
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théuprden-of'DiPQCCion de Obras Portuarias, MOP,

The dynamic -shear stresaes - of the soils (1) obtained by our soil
posﬁonsé nnalysis.and_the cycle streas ratio(ﬁ).of the cyecle triaxial com-
ression tests are Lhe decisive faclors For determining soil liquefaction.
The poséibilityfof s01l iiQucFaction is amsessed by the salety factor (FR)
as Tollows, ' | |

s oo L
Bo = ﬁ.-é L0 ¢+ wnot liquefied
Fy = % <.1,0 i liquefied

The resulls of the assessment:by_the.dynahic shear stress method are
summarizéd in Table III~H—5‘ No possibility of soil_liquefaetibn results at
the port of Valpafaiso where'fhe'maximﬁm73round'aCcelerations by the last
.earthduake are¢ considered to be 2&0'—-330”gaIs._.At the port of San_Antonio,.
the uppgf'backfill goils at berths l.aﬁd S'Qe:e possibly liguefied during
thé.eafthdﬁaké vibrations of 430 gals on the ground surface. The study
rcsqlté_coihcide with the repoftsion the soil iiQuéFaction cccurence at both
ports.: . .. : _ N

: Bﬁt, no'evidehce of soil:liquéfaction Qas_;eported at boring nos. 1
{beftﬂ 1).?ﬁd'3;_'At the port of San Antonio, thereforé, further study was
Chfried out td coﬁﬁafe the poésibility_oflsoil liguefaction in different
acceleratibhs of 200 and 400 gals base rock motions. ‘The study results
indicate:that the subsurface backfill seils at berths 1 to 3 héving N-value

of around 10 may possibly be liquefied by base rock motions of not less than
350 gals.
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Table ILI-4-5 Assessuent of 5011 iiqueiactmn by. Dynamic- Shear - Stress .

Ratio
Acceleration| . . _ .
Base’ Egck : BL Na. Layer | Depth of l.aye'r ﬁ:i‘:::;e ___R_es_s_ifta_l_)c_e__ _E."c‘ulungjo’tm.ww f;iizf
(gal) : | Mo EL (m) e (4 Neg l R - L max Lo ke
1he Polt y V;?;;Eaiso . ST T e T T A T : ”""“f”““””*”“i"”"““
T s e &"710’5 _6_156“ 0.2 | {.. 77
a0 -8 0.158 | 0.105 | 6.94 |
2 5 | -1.8 v -2.8 6| 0.172 | 00102 | 7.19
R RE 1ooor | orta | 472
T Sse <76 0.194 | 0.126 | 3.87
164 1| +1.8 0.4 21 0.294 | 0191 | 1.48
IR 0.298 | 0.193 | 2.29
5 5 | -z~ -dt 0.363 ouo 2.5
6 | -3.1% -5.1 0.386 | 0.250 | 2.10
7 Tisiin-6.8 0.39 | o.2% | 207
| 8 |68~ -85 0.393 | v.255 | 2.06

The Port of San Antonio

sL.2 N 204 75.9 | 21.9 | 0.29 | 0.453 | 0.295 | «

3 0.99
1 o oo~ w20 1 7109 ['23.0 | 0.272{0.455 | 0.295 | 0.92 |
5 | -2.00-3.7 61.6 | 25,7 | 0.227] 0.428 | 0.279 | 0.81
R PR O PR 77.0 | 23.3 | 0.200{ 0.428°] 0.278 | 104
514 ) 5 | ~1.3~ -3.0 73.0° 23.4 | 0.275 _p.r.'m o306 | 0.0
: : 6 | -3.0n 4.7 69.5 23.8 | 0.261]0.490 | 0.318 | 0.82
R AW e U e ans | o e 8| 0486 | 0,316 | 0.79
3 34055 0.9 | 80.3 23,1 | 0.303} 0,589 0.38'?_5 o9
4 | 0.9~ -2.4 89.6 | 23.6 | 0.337]0.620 | 0.403 | 0.84

{5) Stability Investigation and Possible Causes of Damages

1) Assessmenf Methods used_in-Japan_ _ -
Static analysié by the.seiémic coefficient métﬂcd'is adoﬁted iﬁ_the
current design praéticc of port étructﬁres in Jgpan;-.This method QF'desigh
is based on the assumption thét the static fbrcé.of inertia of structures
corresponding to the seismié coefficient caused'by seismic.vihr&pions'is the
most essentlal factor for stablllty durlng ﬂarthquakcs. But, the stahi]ity'
of structures apre actuallJ more or less affected by the dynamic Pharacter
lSthS of earthquake vibration.
The effects of thcse dynamlc components of earbhquake vibratlons on
port structures have been 1nvest1gated in Japan. bven in Chile, Lhe inve

. tigation results carrled out in Japan can- servc as a babis Lo 1pvcstlgato
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the cuueea of damages as. well: as to deelgn aaeiamac QLPUCLUIGE As far as
the eva]uailon of  the Se1emic stabllity in view of the dynamlc effects of
bround vibrations is concerned, the studies in Japan are con51dered among,
Lhe mo&L reliable because of the many earthquakes whach oceur. in Japan.

In applying ‘the study results to Chile, it mu t be congidered Lhat the
inaLruman for Lhc utrong motion observatlon ]S an GMAC B2  type acceh,xow
Pﬂph in Japan while the SMA 1 type is used 1n Chllc, and the sensitivity of
these 1n%Lrum0an is very dlfferent in the hlgh frequonoy range. It is es-
leahod that the base rock acceleration measured by the SMA~1 accelerograph
used in Chile is about 30% larger than that measured by the measured by the.

SMAC-B2 used in Japan.

(i) Rigid Type Structures N |
The:-dyaamie_ responses  of esuch =rigid type structures as gravity
quaywalls and sheet 'pile walls are’ very different from those
aubumed in the static analy81a by the selsm1c coeff1c1ent ‘method of
.deulgn. Due .to the eifecta of the dynam:c components of earthquake
.VledtlonS thelvtatlc force of inertia eomputed by the seismic.

’coefilc1eut is not llaearly related to the max1mum accelerat1on of
earthouake v1brat10ns. A review on the earthquake damages to
graVLLy quaywalls 1n Japan reveals the exper1ent1al relationship
between the seismic coefflcjent and the maximum. ground acceleratlon
of earthquake vibrations as shown in Fig. I1I-4-3.

The seismic . coeff1c1enta -correspondlng to the maximum ground
geceleration in Figﬁ':irlrg»j ;ﬁas_:obtained_ thraugh the detaiied
stability invesﬁigation _adopting: static: analysis by the seismic
eoefficieatjmethed for 129 gpaaity quaywalls in.u9 ports in Japan

“which - were . damaged by 12 earthquakes.' Thea maximum ground
_acceleratlons akt: the ports were’ estimated by the. dynamic soil
1esponse analvala for earthquake v1brat10ns based on the base rock

accelerations whlch' were determlned from  the strong . motlon.

'accelefdgrams'obtained bv smnc-az type |
flg TEI-H- 3(1) shows the seismic coef?1c1ent range corresponding
to -the maxamum ground accelerataon detcrmlned through the analys1s
of the damaged grav:ty typc Structures Fhe consfant ratlo of the
seis mic coefflcient o the max;mum ground acceleratlon ranges from.

0,35 to 0;85 and . the: average ratio thereof 'is given by the

903~



Seismic Coefficient’

Seismic Coefficient

o
ro

Q3

0.3

Q
i)

ht‘kmiiﬂ ixbc‘uﬂ L(cm} W (om)
o % 2004  100¢
PO 100-200  50- 100
a 4 <100 (50 :
’
/
7
/ .
// Bk
L howiERE
Valt:Ty 2 TH i _ _
] : Q i R o
R A L 0 00354

&
nE=
GY- L9

/ {1930)

L L 1 i

Sym | _ I /’
_ - o

100 200. . . 300 400
Maximum Ground Acceteration {gal)

{1} Range of relation between Seismic coefficient and maximum
ground acceleration of damaged structures.

b
wla

»

Aeimontr - hERY fsg AR

200

a] 7 1 ooy TRP RRWORE .
{,;,m‘g i L » e
v l;ﬁ*‘ . lliﬁ B
olf s _ ¥k (1930)
7
s
-
/ -
s .
- .
s _ : # KRR

1 . Cai A t o . 1 . - . 1 . -

0 100 200. 300 . 400 .

. Source:

. Maximusm Grouad Aece!erat:on (ga!)

{21 Upper lirnit of damaged struciures in the relation bmween the
seismic coefhclent and the maximum ground accelaranon

Fig. [11-4-3 Se!s’mlc Coefﬁc:ent VS, Maxxmum Gmund Accdud uon

3 Norfa T, Uwabe and T, Chlba Helauon Between Se:srmc Coeffrcienl and Ground

Ministry of Transport of Japan’ Voi 14, No 4 t!975)

-.»z'm--—_

500

Acceleration for Gravity Quaywalls, Report of the Port and Harbnur Flesearch Insnlute,



" Pollowing equation,:

.
Kp =0.6x -4

where K seismic coefficient corresponding
to the maximum ground acceleration
Gi maximum ground acceleration {(gal)

G:  pravity acceleration = 980 gal

This inditéteé 'Eﬁdt- gravity type quaywalls having the minimum
“geismic éoefficieht (K ) - for Lhelr stability will possibly be
damaged by Lhe Lorrespondang ma x i.mum grourd dcceleration as given -
by Lhe above equation.

Pig. -lTI—4—3(?) shows the envelope curve (the'Upper limit) of the
Pelntlon between the selsmlc coefficient ‘and the nmx1mum ground

'acoolcratlon hhlvh is glven by the fol]0w1ng equation.

-._'1_ o i/.’j-
Ky @O0

The Pei&tlon Jndlcates that the structures d681gned under seismic
_coefflclents larger than those glven by the: above equatlon will
| dec131valy not be damaged from the. correspondlng maxlmum ground

acceleratlons '

These alove “qUaLlOﬂS are derlved From many ehperlenCes of earth-

guake damage% to grav1ty type quaywal]s 1n Japan, and are currently
Cadopted in the assessment of the seismic stabllltv of such rigid
‘Lype-port_structupes-as grav1ty quavwalls sheet plle walls and

sﬁcet- bile 'célls It is underbtood thaL the indirect relation
3betauen Lhe gseismic COOIflCJCHt aﬂd the maximum ground accelexatlon
may stem from the overall dynamic effects of earthquake vibrations
shch ag fvequenvy,_ampl1tude. duration, velocity and the dynamic

Iesponao of qLPULLUPCS.

(ii} Opeﬁ Type Pier oLPUQLUPb _
Open Lypc pier Lvuchuvua apre flcxable and cannot be designed by
thv golsmic coef?101cnt mvthod in view of the dynamlc response
character stics,  The dynamic Deqponuc characteristics of vertlcal
piled plers both in _the  elastic -and plastic ranges have been

investigated experimentally in Japan. The investigation indicates
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G;'/O.a

that the dynamic'eafthquake response of a pieﬁ_structure ounded on

0.5

steel piles can be approiimately. .ev_a].u'uted by the ado;ﬁtion of the
chiart g_lven in Fig, III b7, o '

'I‘he chart is obtalned through the eéu‘tﬁhqu‘ake response of a.pior
using 'tlhe._ one degree. i‘reedom 'médel for three  strong motion
seismograms obtained by earthquakes in El Centro (1940), and in
Shimizu and Kuthro'ini;?apan 196R) :Fig ‘[.I'II—MJI Facilitates ea“y.
evaluation'of* the dyndmlc cdri,hquak(, Of‘[‘ects on’ piler structures on
the basis of the seismic coefficient. method,:-dnd ‘this figure is
currently .:adopted'i.n IJapan to assess the extent oi_‘ damages =to_‘p"J':e]«

structures by earthquake dynamic vibrations.

[N J

FT’I’“]"’I [T TT ﬁf”l [ T LTI
av- Fy/W | |

: Seismic coefficiant = ofg
F Yy : Honzontal working force and the cunespnndlng d:splacemem
) . of the plar when a pile first vieldﬁ
M : Static force of inertia
¥, : Displacermant of 3 pier corrasponding to the effects of earlhuuake
accelerations
W : Weight of the superstructure of a pier -+

Fig. MIL4-4 Relation of ay /a5, F, /Yy « M and Y,/Y, of Open Structure
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2) Causes of Damages to Berthing Structures

The intenéity ol garthQuakd_vibratiohs varies by location depending

upon the subsoil:condilbions. The maximum surface ground acceleration by

location within the port area was estimated by our dynamic soil response

analysis.

The _éffécts ‘o' the -earthquake vibrationé can be investigated

baséd on the Japanese methods of evaluation for the seismic stability of

existing poft\StructUbes; It will be taken for granted that the seismic

vibrations ol the :last earthquake were too severe for existing structures to

maintain the structural stability if:

@

Gravity Quaywalls

Ks min<:KF

whére Ks min:

KF
Q
Open Pier
Qhere G
ou

Minimum seismic coefﬂicieht at Tailure of structure
seismic¢ coefficient corresponding to maximum ground
acceleration (@) of the earthquake = 0.6 x @/G

gravity acceleration

= ogu

maximum ground acceleration of the earthguake (gal)
maximum- ground acceleration to cause the overall

collapse of the pier

The Port of Valparaiso

Enumerated below are -the major categories of damages to the

berthing facilities of_the.port observed by our visual inspéction.

‘Horizontal sliding or tilting movements of quaywallé partly in

decimeter magnitudes.

_ Settlement Qf'berth aprons immediately behind quaywalls as well

as of _back—of—port yards with conéiderable- gaps on the paved

surface.

Settlement or;displacement of crane railings and railway tracks.

Gaps or openings of decimeter scale on such quaywall elements as

precast concrete blocks and coping concrete.
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Strong Motions _ .

The maximum gvound aocolnrailons of ~the last earthquakc were
estimated to have been: 238 33H gals by adoption of the dynamic
soil response analysis. The comparison between the seismic co-
efficients at failure obtained by tﬁe static method of analysis
and thoée correspohding Lo the hmximum_gvound acceleratibh is

shown in Table III-l~G.

Table TEI-#-6 Compavison.betwcen,Séﬁsmic Coefficients for Failure

and those Corresopnding to the Naxnmum Qround
Acceleration at Valparaiso

i . Seismic Coefficient ) " 1lotensity of ground mat ions
ertl Check for failure (Ks min) - by the eatthquake 3/3/85 1
Berth El. {m} S5liding | Overturniong Location Accelera\tion(ﬂ)__ . K. = 0.6 x u/g
1-3,1 6.6 0.069 0.14 L Al :
o Br. 2 238 BF : 0.15
5 -1t.1: 0,14 g.18 _ : [ SR -
6.6 0,69 0.11 : - o
a : _ _ o Br. -2 S 238 T 0.15
~il,1 0,14 0.18 ; N —
~7,1 0,12 over
_ . 0,20 o
6, 8 -9.1 0.17 over Br., 5 313 0.19
. 0,20 B i _
-6.6 - 8.15 over
7 0.20 +
9.1 0.18 | over Br. 5 - 33 0.19
0,20 - N e
Ultimate Lateral .
g, 10 Sea Resistance of Pile Br. 4 : 334 : 0.20
_bed 0.19 ' '
Koo seismic coefficient corresponding te the maximem ground acceleration

The minimum seismic coefficients of the quaywal]s bf'bérths i to
8. are less for sTldlng ffailure Dut ‘largeér fof overall ovepr-
turnlng than those correspondlng to the last earthquake s vibra-
tions. As a result ‘the quaywalls sllded part]y but did not
overturn. 'Table IIT-4-6 alsc indicates thuL the: maximum glound
acceleratlorv‘ at berths 1 to 5 are less than those'zit che:f
places. .This,WOuld explain why the damagés“to berths 1 to 3
particﬁlarly were comparatively less.than thdse'to berbhsJﬁ.to
The relation between the oelsmlc LOfolCiPnt and rhg Jaaxd mum

ground afcelerdtlon whlch can be adopted for rigid sbructures
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(ii)

was also used. tentatively for berths ¢ and 10 (Baron pier). The
pile sectioh E,0 m diamcter : would have been subjected to
over-siress 'ét or near the seabed 01cvatlon during the last

earthquake.

@ Long Term, water'nctiOn

Anoihex possible caugo of damages is the long-term disturbance
due Lo water movcmcnt in: iront ‘of the quaywalls. This may have
rcuultcd in a cons Jderablo loss of back- f1lied materldlu.

ihlb may. also havn caliged the &courlng of tho baue mound at the
toe of the quaywa]l QLLucLure aL berth 7 (concrete calsson)
The settlement 1mmcd1ately behind the quayualls of berthe 1 to 3
seems Lo bc the lecast owing to thpxr location at the lee &lde of
the breakwater, _wh;ch could have minimized the loss of the

back-fililed soils.

@ Aging of Structures _
Aging of thé structural elementé of . the quaywalls may have
‘caused a Qohsiderable‘deterioration'to the original struéture.
Thié would have reéulted in the loosening of the interlocking
_precast ‘concrete blocks which in addition to the water action

may have intensified the loss of the backfilled materials,

@  Long Term Subsoil Settlement
Subsoil bettlement on a long-term basis may have disturbed the
'suructvral elements of Lhe quaywalla of berths 6 to 8 which are

constructed on an artlflcally reclaimed area.

The Port of San Antonio

The probable cauées of the'damages to structures. at San Antonio
Should be lnvestlgated for each 1nd1v1dual casé, In general the
severe: damageb af -San Antonio were caused because the 3nten31ty of
the earthquake vlbratlons at the porh from the earthquake on 3/3/85

were more intense_than those at the port of Valparaiso. Table 11~

-7 shows the minimum seismic coefficient at failure and the seis-

mic coefficient corresponding to the maximum ground acceleration.
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Table I1I-4-7 Comparison between Seismic Coefficient for Failure
and those COPPeqpondJng to the Maximum hround
Accelerations at San Antonlo

Bortn g?eck Seismic Coefficient ° © Intensity of ground motions
’ () for Eqilu;e {Ks min) . by the earthquake on 3/3/85 - " Remarks
'Sliding | Over turning Location| Acceleration ((‘L) Kl‘ = 0 6
1,2 [-9.6 | 0.07 0.11 i Br,1 a35___’?*_‘_*f_‘__, Sl 0.26 |
0.25 ’ : Anchaor h’alls '
3 i — Br. 2 427 . ' 0.26 R
_over (.30 L __ e e -H-‘eet' P"lt"b
‘ 0.24 ' A ' e
4 - : Br, 2 over 427 over G.26 | Anchor Walls
0:17 at vield _ o o o] Sheet Piles
- over : : P
- S Ret i
0.17 0,25 " over aver lﬁ,‘:“i{;_:u"b
3 - 0.12 for slope under | ' 42?- 0.26" T
the deck o o
] S . S Seabed slape
over aver
6,7 . 0.10 h 427 ' g.26 . | under the
: : deck

@ Berths 1 to 2

(i

‘The gravity quaywalls had also been damaged by the earthqﬁake in
1971 and suffered heavy tilting seawards., The éarthquake vibra-
tions on 3/3/85 may have resulted in complete'desﬁfuction due to

the inadequate seismic resistance of the damaged structure.

@ Berth 3 _ o
The quaywall at berth 3 was recently cohstfﬂcted'in'1980 ~ 1983,
adopting steel. sheet plllngb anchored horlaontaliy to the rear
concrete wall by steel tie rods. Although - was :arlglnallj'
desigﬁed.to have a water deépth of ~10 ‘m, the actual water depth
in front of the quaywall is waintained at approx1mately -6, 0 m
at present. Due to ‘the earthquake v1brat10n9 the’ ghect pJIﬁngs
tilted 70 - 100 cm seaward. The eLablllty chcck shows that Lhe
anchorlng could have been capable of prGVGnLlng the LllLJng of
the sheet pll;ngs ‘towards the harbqur, s0 possible causes of the
damages will haVe_totbe carefully investigated.
Our technidal-étﬁdy:on s0il 1iquefactibn suggéstﬁ a high bdssj—
blTlty of 5011 llquefactlonA of the backflll materlals bch1nd
perth 3 durlng the last earthquake

The con31derab1e tilting of the sheet pile Seaward may have been
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caused by the 11qucfaeti0n:of sand deposits at”or around the an-
dhofing wall. The effects of the liqueféctidn may have resulted

in'a gelf-standing sheet pile wall with no horizontal restraint.

Berth 1

"The steel. sheet p1le walls of - beth I were SLPUCk by severe

lnLen51ty earthquakc v1brat10no during the ]ast earthquake, but

the damages appear\:nlnlmal. Although. about 15 .cm: horizontal

-diSplacement‘of the sheet pile walls is observed, it 1s not

clear if this:damage'was'caused by the last carthquake or by

disturbance during the construction of crane rail foundations.

Berth 5

It appears that the 1nadcquate stabl] ty of the L- shaped re-

taining wall in addition- to thL sea-bed slope under the deck

caused Lhe damages. : The 1085 ol the &lope btdblllty under the

‘deck seems to hqve resu]ted in heavy settlement of the L- shaped

retaining wall. _
The'pien'deck-structuré suffered no damage. The chart given in
Fig. I[I1I- H } " is used ‘to evaiuate the possible hcrizontal dis-

placcment of the pler deck {Yr) during the last earthguake's

.v1brat10ns. The result is plotted in the destruction process of

the'pier by the earthquake Qibrations_as shown in Fig, III-4-5.

It seems that the lasﬁ earthquake's vibrations caused a maximum
horlzontal deck dlsplacement of Yr = 14 em, The pier foundation
Dl]C& would have yltlded partly But the pier did not complete—
ly collapse Qw1ng to the structural flexibility.- The complete
destruction of .the pier would be caused by a horizontal deck
displacenent (ch) of 26 cm_under more severe ground accelera-

tions of approximately 690 gals.

Rerth 6 and 7 |

The causaq of the heavy sottlemcnt of the land side support of
the dcck structuies oP berths 6 and ] and the tlltlng of the .

decks Loward the hqrbouv were, most Likely:

- Excessive weight on the top of the rock [ill embankment under
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wedmm;mm
~ Tnadequate lateral resistance of the supporting pile Founda-

tion,

The concrete pile foundatiens are severely aged ap.the'pilo.top
and the embedment  into seabed i1s too shalloﬁ. Moreovev,'thé
'Hﬂshaped steel piles of whieh .welded_ portions 'abe severely
epoded are inadequale to. withstaﬁd ='tl‘ie vertical fofces and
horizqntal seismic forces caused ‘- by the‘eapthquake vibratibhs.H
The inadequacy of the slope stability under the deck could have
resulted in the heavy sebtlement at the arca behind the rock

fil1l embankment.'

3) Wharf Cranes R

The exiStihg wharf cranes are basically not designéd' to wifhstand
seismic stress., However, taking the F.S,A. type crane for inSﬁaﬁce; it
seems that the wharl crane is safe against a horizontal seismic coefficient
of about 0.20 according to the étﬁbiliﬁy calculation, It can therefpfé be
concluded that although the cranes were not designed against éarthqhakés,
they may be stable enough, as stress conditions ih handling dpébatidns'may.
be more severe than during eafthquakes.' o

1t can be presumed that the collapse of some oF_the wharf cranes was
not due to the failure of the cfahes thémselvesi but due to the deterio-

~ration or the failure of thé wharf foundation.
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- Fig, H1-4-5 Destruction Process of Berth No. 8 at San Antonio
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IT11-5 Assessment of the Present Conditions of Port Structures

(1} General

The Ports of Valpara:so and San Antonio were heaV11y damabod by ‘the
earthgquake on March, 3, 1985. Measures for restoraLlon of Lho damaged
facilities are urgently needed to vecover the former Largo handllng capaCILy
of the ports. It is, however deemed appropvlato to’ plopo requPatlon
.méasures from a.technical and economic view polnt ag part of the overall

future development of the ports.

{2) Approvriate Measures

An overall view of the damages to the port facilities gives the 1mpwzu-w
sion that the seismic resistance of the structures is 1nadequate conaldcrlng
the location in such an 1ntenQLL1ve zone of earthguake act1v1t10 .  o '

However, the rehabilitation measures necessary, to. relnforce the selsmzc
resistance of the damaged structures wou]d be . costly and involve -a long
construction porlod whlch would 1nterfere with normal port operatlonh The
1mmedlate festoratlon plan should aim at the urgent restoration of the
damaged portion ol structures. " The measures proposed in ou:'immediate res-
toration plan, therefore, are not aimed at.improving the seisﬁic resistance
of the existing structures. _ : '

It will be prudent to review such re stofatidn heésure as part of
future development plannlng giving due con31deratlon to the CLOHOMlC situa-
tion. The restoration measures are baSLCaljy aimed at - restovlng the hcrthq
80 that they can function as they did before the earthquake occured. %0 far
as further essential rebabllltatlon measures are not pOblLlVCly Laken to
improve scructural sbablllty agalnst earthquakes utilization bhould be
restricted as approprlate. These views lead up to believe that the
immediate restoration n@asures as outlined below are appropriate for the

urgent restoration plan.
@ As the damages were rélatively;minor,'immediate.réstofation works atl
berths 1 to’'3 at Valparaiso and the open pier deck at berth 5 al San
Antonio are not absolutely necessary to continue cargd handling opepra-

tions as before the earthquake,

@ Berthing facilities subjected to heavier damages (berths % to 8 at
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Valparéiso and.berth'S at San Antonio) may be used for the time being

if the ufgcht restoration measures are implemented,

@):No Lrafflc reqtrict1on at berth % at San Antonio is neceded except for
the avca_behlnd the deck aLrugture. Iowever urgent measures for res-

toration of the rear retaining wall must be carried out.

| @) Immediate suspension of use. df Baron pier:(Berths 9 and 10 at the Port
of ValpalaLso) Jq mandaLory because of fundamental deterioration to the
‘supersbructure causcd by the severe marlne envivonment. The usage of
bérths'6 andt?'ai:the Porf of San Antonio should also be suspended,
Since heavy damages to the structure and deteriofation of foundation

piles have made these berths dangerous.

The posolble utlllzatlon of these befthélwith approﬁriate rehabilita-
tion meac ures may - be 1mplemented by the Chllean Government. However,
this would necessltate costly investment planning within the framework

of comprehensive pori development.

(33 Réstriction for.Utilization of Berths

‘The immediate restoration program: may necessitate various  restrictions
for. safe'cargo handling. These should be determined giving sound considera-
tion to Lhe englneeplng aspect Lak1ng into account the damaged profile of
the erucLu:es, The stability: check of the damaged structures is therefore
considered to_bé the basis to determine the necessary restraints on usage
within the'SQOpe'of the immediate restoration plan.

Fig, I11X-5-1 shows the factor of safety for berthing facilities'under
dlffercnt seismic coefTicients (kh = 0.0 - 0.20) and loading conditions at
the berth apron (w = 0.0 - 3. 0 t/m }. Considering the results.of check
calcu]atlon thefrestrictions for usage'of berths should be determined by

'thc GovcrnmenL of Chlle based on the following commentary.

(D Due- to insuffiéient structural stabiiity, even the structures slightly'
damaged (berths 1 to 3 at Valparaiso, berth 4 al San Antonio) are to be
carefully.uéed'to prevent bver—loading due to traffic congestion at the

port,
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It should bé'noted, however,gthat.the earthquake-pesiﬁtance of'bcrbhs 1
to 8 at Valparaiso:'and berth 4 at: San Antohio are inadequate even if
restrictions for berth utilization are proﬁgriy sét'Fbrth. So far as
essential rehabilitation measures are not positively taken to improve
the structural stability, utilization of these berths should preferably

be more or less restricted.

The lateral resistance of the concrete pile foundation at berth I of
Valparaiso is‘shown in Fig. II1I-5-1(4) disﬁegardihg'the effect of wharf
crane loading. 1t is'appareﬁt that the lateral resistance of the piles -

against earthquake vibrations is insufficient'although the piles will

‘be capable of sustaining the vertical loads of wharf cranes.

fig. I1I1-5-1(7) shows the 1lateral resistance of - the concrete. pilé
foundations of Baron pier. As far as'the nbrmally required factof of

safety for safe cargo handling operations is  maintained for the

possible intensity of ‘an earthquake in the near Fﬁtuvé; the lateral

resistance of the piles appeafs_to_be minimal. Moréover}-dﬁristructual_
analysis of longitudinal .beams Peveais that {the beams will hardly
sustain the vertical loads of the superstrugﬁure‘_becausé. of. heavy
deterioration, This leads us to cohcludé'that the berth utilization
mist be suspended immediately and the rehabilitation measures to Baron
pier should be formulated within the framework of the future develop-.

ment programme of. the port.

Tmmediate suspension of the user of berths 6 and 7 is also preferable.
The deterioration and minimal seismic resistence of the Foﬁndation

piles appears dangerous..

Berth 3 at San_Antonid may be stable as ibng as the Water d¢pth'in
front of the berth copeline is  maintained 'at';;6.0 m, . But - the
utilization of berﬁh'3,'or the.reétvictiﬁns for usage, avé.éubject to
thé field invéstigatibn which is being carried out by the Covernment of

Chile at present.

No Pestrictioh is needed at berth 5'at-San'ﬂhtonio'after the bctaining

wall is properly restored based on the immediate restoraltion measures.
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] Remalnlng qufu] Life of FX1%t1ng Qtructuvou

The remalnlng uscful 11fe of the exlsting utruciures ig clnsely Pclated
to the seismic risk in view of the selbmic resistance of the strucLures.
The remedial measures or-;@pa;p to the damaged utPULtUPeb may  extend the .
useful life of the structures; but it is difficult to evaluate the extension
of the useful life in view of the éging'or déteriération Qf.the'structuves;
As-a basis of judgement, it will be aﬁbropﬁiate'to éxpéct that the remaining
usefﬁl life will be_eﬁténded 5 - 10 years by the immediate restoration

measures,

1} Seismic Risk
The seismic risk is deLalled in section VIII of ths rcporLL and the
follow1ng maximamn ground acceleratlon expectancy (¢) for the return per?od

is used to evaluate the remaining useful llfe of the ex1st1ng struc!ures

I

-2,217 + 1.605 log a
-2.270 + 1.715 log a

Valparaiso ! log Té

San Antonio @ log TR

H

The last earthquake. was the largest since 1906, and it caused the high
earthquake vibrations throﬁghdut céntfal Chile; S The maximum grdund
accelerations estimated by our study‘aré 240 - 330 gals at_Valparaisq and
430 - 630 gals of San Antonio on - a SMAC -B2 seimdgraph'basié .

The return period- (T } is statistically deflned as a certaln magnltudo
of earthquake v1brat10n hhlch will probably recur once w:thzn a CeFLdlﬂ time
span, i,e., the return perlod. The above seismic risk at Va}oardlso and- San
Antonioc is calculated on the basis of a ;ndeflnlte time span. uonaldering
the possible intensity of the last earthquake, it is_téchnicélly consideréd
that the maximum ground acceleration for the_return.period (T ) will occur

R

again in T

R years couhted'from the last earthquake in 1985.

2} Stability by the Static Method of Analysis

The stability check of the damaged structures is  carried out based oh:'
the scishig coefficient‘ method,- and the :minimﬁm- éeism;c_ coefficient at
failure (Ks min)_of'the structures under a uniformly distributed load of 1.0 -

t/m2 is summarized in Table TII-5-1,
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Table [LI~5-1

Min,

Seismic Coefficient at Failure

: “Sclangiwggefﬁ}clcnt at Ealluro
Port Beth Sliding Dverturnlng Ks mln Remarks
1.2 0.075 0,10 0. 075
3.5 0. 07 0.10 0 07
O 14 0.09. 0. 09-
valparaiso 4 0.17 0.17 lateral resistance
| : . - o of piles
6,8 0.12 over 0,20 0.12
7 O 14 cover (.20 .14
9, LO 0.1 0.16 ‘Lateral resistance
) B ) ) e - of piles
I, 2 - -
g | 0.25 for anchior walls and over 0.25 with corrssion
(—C.Om) 0. 30 for sheet piles protection
San Au;onio 4' 0.2h for anchor walls and 0. 17 | no corrosion is
for sheet piles 0.17 considered
690 ¢ gals’ : pier deck
e 0.12% - _
_ 0.15 ] ~over 0.25 retaining walls
6,7 Nil Nil lateral resistance
' of piles

1) equal.to the geismic édefficient at which the slope under the deck fails

3)

Probability of

Pestruction of Structures

The probability of destruction of structure is equal to:the probability

of the occurrence of an earthquake:-with an intensity sufficient to cause the

dCbLPuCLlOﬂ of

the structuro

is prrcsqad based on the Pandom access theory as follows.

(Y

where © (Y >

P (Y

2y,

Y =1 -{1-pP( >y, t

T
=1) }.

The probability: of the earthquake occurrence

TD)-: probability -of carthquake occurrence within

the time span (1 ) with an intensity (Y) not less

than y

ditto,

-2t

but within a unit time span




Because of the definition of the ret,urn period (T ') y Po(Y >y, Lo
is -equal to the reelpx‘ocal of the return period (1/'1‘ ) and the above
equation is modified as follows

. - e ; _ L D
P(Y > ¥y, 1D) ] {1. q }
. . IR
Fig. 11I- 5 ~2 shows above probablhty glven by the return pomod of the
earthquake (1 ) and tlme span (TD)

The structure is deczlolvely destroyed by the earthquake under. the

following éondftidns, and thé'probability ol destruction is.considevéd-to be
1.0, '

- for graviiy quaywdlls

Ks min < KF

Ks min: mlnlmum selsmlc coefflclent
at 1a11ure of the structur

KF ! seismic coeffluent correspondmg
to the mammum ground acce1er-ai,10n
(d) of earthquake é 0.6 x g?

G o gravity acceleration = §80 gal

~ - for open piers
o > o3 ¥:
where « ‘the maximum ground acceleration ®f the carthquake
. Qu the . ground acceleration sufficient. to cause the maximum

(ultimate) displacement of the pier deck (Ycu)

fAwvirn Pariod of Esrthauako Ta lyeer)

PIY>y, Tot a1 I1 -y 70

n

5 i b ) ] f S 1 S | __J
L 30 . -ed 100 - 00 3@ 2]

Berview Perlod Fiy frear)

Fig. .111—5—2 Exceedance Probablhty of Earthquake
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.H). LvaluaL1on of Rcmalning Useful Lile prectdncy
Yhe maxnmum ground uvceleraLlon (G) of the earnhquake which will .
decisively cause Lhe dcstructlon of the structure is converted into the
retqvh periéd"bf the earthquake (Té);"Thc Pemaining uséful life expectancy.
(Tnl) can  he _determfhéd' for different levels .of_ the probability of
athquako occurence P (Y >y, TD). ' _

Thc romaining us eful life expectancy is evaluated as shown in Table

Il L2 for the probab]l1ty P (Y:>y,.Tb) of 0.5, .i.e., 50% probability of
dcblPUCLth of the QLrucLure' The useful life expectancy (T ) in view of
1bing or deterioration of Lhc structure is also summarlzpd in Table 111-5-2
so thal the minimum uselul life expectancy (FD mln) can be detormlned

The destriction risk of 0.5 is adqphed herein to evaluate remaining
auseful life expeétancy. However'ithe aCCeptable-destruCtiOH risk should be
determined by’ the ‘Government of Chile. Moreover the 660351ve factor of the
ixemaznlng useful life may actua]ly he the aglng or deter1orat10n of  the
structurc as shown in- the tablo ThlS 1nd1cateb that - full-ucaLe remedial
measures are. needed at least once wlthln the remaining life of the
structures., _ | .

. In evaluatlng the remainlng useful 1ife of beth no. M at San Antonlo
probable corrosion to ‘Lhe steel sheet plles is cons1dered becausc of the

.enadequauv of corr031on protectlon Such unknown factors as effectiveness
of the sheet pile anchor to the berth no. 4 .at San Antonio must be clarified
through comprehen31vc investlgatlons-ouch as those carried out at berth no.
3 at San Antonio by the Government _

The remalnlng, useful life evaluated 1n Table III 5 -2 is based on the
se1sm10 PlSk expectancy of the ports Therefore, 1t should be construed as
A prclxmlnary plobabllltv and only be used as a referenca to help determine
'the need for rehabilitation measures. for the berthb in the framework of the

'future development plan of the ports,
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Table I11-%-2 Remaining Useful Life Bxpectancy

{l) " The Port of Valpafaiso_

Berth No. 1,2 1 3,3 4 6,8 7ol e, 10
B 1 I P . . e
K5 min ’ 0.075 0.07(.0.09 | 0,12} 0.4 | 0.16
' (gal) 122 | 14 | 167 | 196 1 229 261
T, (yrs) _ w6 12| <18 | 29 | 37 | 46
CUseful | T, (yes){ 13 84 16 | 20 25 &3
Life : Ee . e :
. wore ov less! 5 - 10 yrs with provision of|ji1 for super-
(yrs) 10: = 20 yrs | restoration. measures structure’
Tp min 10 8 | s5-10] 5-10 | s-10 |3l for super-

Jstructure and

(yrs)
43 tor piles

(2) The Port of San Antonio

o S R

. ) ‘ : ] Retalnlng PERE
Berth Ho. L 2 {-6.0m) 4 pier | walls B, 7
Ks nmin - 0.25 jo.11 | - | 0.2 BE!
N . . 441 - L - L . : : .
o (gai) _ {350) 184 690 196 1 -
o ' 134 ;
Tp (¥rs) . - (126). i1 B 397 ___46 - ]
: ’ 93 ) . .
I'e - It . -
| TDl (Yrs) (86 28. | 27? .3% _ :. il
useful {——— — I e .
Life | : . § ‘more or less commonly 30 - 50
(Yrs) - -} 30 yrs . Jyrs with corrosionl -
: Wwith corrosion | protection
protection’ S ) X ;J
(min): - ' 30 .1 28 fin-s0 30 apporx Nil
(yrs) ' ‘

- flgures in parenthescs at berth 3 are those for o1l liquefactlon

ot the maximum ground acceleration correspondxng to Ks min = 0.6 x &/g

T, : return perJod of earthquakes which cause the maxxmun ground acceieratlon {a)

R G
T .
T ¢ ‘useful life in view of seismic resistance P = 0,50 = I - (1 - %d 3 Dt
i’ . : : R
TDz 1 useful tife in view of aging or déeterioration

994



CHAF’TEF’% IV OVERALL CONCEPT FOR THE -
che MASTER F’L.ANS






IV OVERALL CONCEPT POR THE MASTER PLANS

V-1 Gencral
(1).'Backgtouhd and Problems

1) The port.of-ValpafaiSOLhaé'a long history since a riew shipping route,
the StvaitS'of:MageilanJ_was discovered in 1520 by a Portuguese-expldrcr,
Cépt. Hernando de‘Magallanes;f Valparaiso later became the [irst principal
port of éall for vessels after passing through the.straits As the poft is
fo'tunately locaLed near the largest c1ty in- Ch1lc, it has continued to grow
and now playh a central rele in reglonal and national developmeﬂt as one of
_the_mdjor'ports of the country. The port of Valparaiso can be classified as
a tyéiéél ﬁommercial port which handles mainly génefal cargoes, as shown in
TIT-2(1), _ L '

_ Ihc porL of San Antonlo, ‘on the other hand, was intentiohally plénhed
and constructed as a bhasic port for the Santlzgo metvopolitan area. Over a
period of about 70 years,_the port of San AnLonlo has also become one of the
mdjbr'pdrts in Chile.  As shown in'IiI—E(E), the cargoes.handled at the port
are mostly copper and wheat, that is to say bulk cargoes, tﬁough a small
volume of,contéiner cargoes is being imported. '

T It is dmportant that the functiohs_ of the two pofts be properly
‘differentiated . in the plannihg process. Othérwise, the two ports will
compete. with each cther and scare investment funds will be wasted.

Considériﬁg that the hinterlands of the two ports are essentially the
same  and that _the distance between the two ports is only 80 km, the
wideﬂfange‘ﬁort concept 1s applicable to these ports. ~Under this concept,
the port of -Valparéiso and- the port of San Antonic are together to be
regarded as one lérgc port, Certainly the tw0'ports.shduld be conéidered as
one unit:for thé_planhingxpﬁOCGss,'and the functions of each port should be
detevminéd aCcordingly. | o

-Idéally, the bwo poris 'shbﬁldf also he managed as one unit, perhaps
namod Valparalbo Sqn Antonio PoP However, such a_mdnagement system may be
1mposslble due Lo the structure of EMPORCHI. Nonetheless, this wide-range
port conceptl.. is used for the planning process to prevent redundant

investment.
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2} The shortage of yards for 'cabgé'zhhndling' and open spacc fon port
expansion is a serious problem at both:pérts, thoughfthé_por; of San_ﬁntonio
has open sand beaches to the south which seem to be caused by littqrél
drift, | | IR |
The port of Valparaiso is limited;by'thé natiohﬁl_railway.tc the south
and by roads and military facilities to the west. Mofeévérw the urban arca
of the city is rapidly ﬂbproachlng the watnvfront because of the HLoop hills
whlch surround the town.  Thus, 4t is wvery dlfflcnlt for hMPQRCHL the port
administrative body, to expand the land territory of the pgyh.fPOm now omn.
The only remaining possibility for port ekpansion is by veclamation 6? 3@&
areas, which are Péther too deep for ﬁhg purpbse.'

The port.of San Antouio has, as meﬁtionéd befor N somexébace available
for future development. -Howévér the location is not 1de1l for the purpose,
aund the soil conditions mist be teSbed carefully from the v1ewp01nt af
aseismic d331gn  __ _ R '

Fishery activities are 1mportant at San AhtOnlO and these'ﬁili have to.
be considered ln the plannlng process _

In the dtstaﬁt future,_constructlon of an out51de port may be ngccssary'

to accommodite increassd demand.

3} Various - land transportatlon plans Care  now being  ¢0nsichéd‘
particulafly.for roads “hlch connect each porL to Sdnflago Needlesb fb
say, the allocation of port functlons must ba donn takjng 3nLo account the
future land transportaticn network. Conversely, the_poada should be planned
1n accordance with the act1v1tles of the Dorts . '

The current road plan of’ Lhe port of Valpdralso shawa Lhdt Lwo newn_
accesses are being considered, one approachlng to the east of the pQPL and
another conlng around behind the hllls to the west (refer to Fig. VI¥2¥11).
The former wasg propesed to. decrease the Lfafflc congv Llon from leisure cars:

- in summer, not for trucks travelllng to and from‘the por ' |

As for the port of San Antonlo, a - new by pass route is planned and the
Construction WOPKS have already begun 'Qn- scme secLJons This - Poad
approaches thé pbrt from the south where the sand beaches are. 10caLcd
Fig. VI 2-14 shows the approx1mate route of the new “oad
_ ‘Besides these’ plans the wldenlng of current rouLes to. both ports by
.addlng addltlonal lanes or w1den1ng exlsilng 1anes ig also planned

In relation to railways, bomg ideas are now being: LOHSldQPOd, such s
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shortening the route from the port of Valparaiso Lo Santiago by conslructing
a tunnel, bul these include more complex problems than voads. It can be

gaid that the improvement -of the maintenance systems 1s necessary Lo ensure

pegular Lransportation by railway.

4). Navigation conirol systems are impbrtahi to help ships maneuver easily
and safely, thus maximlzing port capacfty.' It seems necessary to pfovide
bqth ports wiﬁh-more aids.tq-ﬁavigatioﬁ'such as light buoys for entrance

" charinels and waiting areas, berth markings, escort'bdafs and tugs, radars
for emcrgency us, hnd.éo on.  In reéponse to éhanges in ship types and
qi? 3, navigation conLrol has come to play a maJor role at modernized ports
LhroughouL the world. Selremaneuverlng of large vessels without tugs is

usually aLLlctly llmlted in: parrow bturning basins, and for carriers of
dangPlouo cargoes, it 1s ubually prohibited.

At ‘the study ports water- areas for “waiting, medical inspection,
shelterlng dnd 1urn1ng ‘are - presentLy 1nuufflclent,.and this is one of the
main reauons why a comprehen51ve nav1gat10n control system is necessary.

Hence, as part of the development of the overall system, appropriate

basins must be prepared as soon as p0031ble

5) There are some épecial'ppoblems'at each of the ports.

At the port of Valparaiso, siltation and water pollution frém sewage
are'beginning Lo occﬁr. It is ﬁecessary to take measures.to prevént_these
“problems, taking into'acéouﬁt the growth of the urban area in the immediate
hinterland. '

1he Chlledn Navy'a]so affects port activities to some degree, and it
mdy he necassary Lo perForm SLUdl@S concerning the use of port facilities
from the vzgwpolnh of porL admlrlstvatlon

AnoLher uanue aupect of the port of Valparaiso is the question of
Chousing. Strlctly peak1ng5 the provlslon of housing is not usually part of
port developmenL projects.. At Valparaiso, however, it may be appropriate to
construct some sort of residéﬁtialj units as part of the overall port

'deﬁelopment.
Az Lhe availﬁble']and area for port eXpaHSibn.is severely 1imited the

porL oxparﬁ1on may take place through reclamation of sea. areas. For economic

and_othcr peasbns, it would be preferable to use soil from steep land areas
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as landfill for the'veclamatfon rather than to use”drodged"matevi&ls;?rom
deep offshore areas for this purpose. ' ._

Remov1ng s0ll from the steep arveas JUoL behind .the port wou]d level out
these areas which cannoi be used at pposent and would, _ef{ectlvely, croate.
a new land area which cou]d be used for the COHbLPULthH of housing, ‘

As for the port of San AnLonlo, contamznatlon of gargoeu_by copper
powder, espeéiallj when copper mixes ‘with wheat _has..bécame‘ of serious
problem, Solving this problem may. prove difficult becéuse_ m both:hopper
and wheat arc handled ‘iu-llafge volumes ‘at the port and & since. the
earthquake, these cargoes are handléd usihg”éome of thé same [acilities and
equipment., o ‘. '

o Another problem is the maneuverability of yessels in the summer season.
When é ship enters the port,fétroug winds lrom the;southwe$t1 normal in that
séasdn, attack. her . fight‘_éide, .making steéring -ettremely dliilcult

Generally speaking, large. vessels apre more afiectod bv wind than by waves or -
current in bad weather COHdlthHS because thelr helghi above  sea lcvo] is |
31gn1ficant, and thus they have a relatlvely 1arge surface area exposcd to

the wind.
(2) General Principles for_the.ﬁéster Plané'

Considering the various'factoPs discussed above, the general pP}ﬂC]p]O

for formulating the master plans of the Lmo ports are as foilovs,

1) The plans shall include ‘modernization of'the'port'facilities; operation
systems and adminiStration systems. ' Relevant land .- transboptation
infrastructures and the  land areas adjacent to the ports shall also be

developed as part of the overall development scheme.
2} 'The marine transportatlon needs of the area shall be fulfilled by the-
two ports and the two ports shall not compebe w1Lh GdCh other. Rather, the
facilities at the two ports-shalL be complementary. Ovcrall, thé two ports
shall be pldnned as if they were one wide-range port. .

3} At least one aseismic terminal shall be prepared at cach of' the ports.

) The hiétpfical assets and the'historical devélopmént of thg ports:shall
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be congidered in the planning process.

5)  The two " ports ghall respond to the urban development of their

respeckive port'cities.
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V-2 Basic Concept for the Master Plans

In accordance with the analyses: pre%entcd in formcr chapters and the

general principles presented above, we can propose the basic Loncepts for

each of the master plans nore concretely as fOllOWh.

_(1)

1)

The Port of Valparaiso

-Establishment of the Base Port

(i)

'(111)

The Base Port for Container Cargo

Ceneral cargoes are imported‘and exported fhrough the port, and

more facilities for handling confalners shall " be prdvided in

" pesponse to increase contalnerlzataon throughouL the world The

container terminal must prov1de a level of serv1ce equ1valent to
that prov1ded at mojor container ports in other countrles and ior
the purpose, the berth length and depth, the area of handllng_
yards and frelght statlons, the hﬁndllng system and Lhe capacity

of container cranes shall all meet 1nternat10nal ‘standards.
The Base Port for Foreign General Cargo

The length and depth of the berths for oceangoing vessels have to

be improved in response to the ipcrease- in the average size of

such vessels, and the aprons of these berths must also be improved’

as much as pOSSlble. Furthermore, the sheds located “just behind

these berths must be relocated and reconatructed in order to

mechanize the carge handling system.

The Base Port for Dcméstic General Cargo

The berths for coastal ships must be develnped to match changes 1in
the size and- types of such vessels. -This port should be designed

to provide inhabitants of remote regions with a level of ‘service

-equlvalent to that avallablp in the meLropolltan region.
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{(iv): Aseismic Terminal

Aséismic facilities which are designed to withstand earthquékes
with -é_.mégnitude of up to 8 shall be .prepared. to serve as. a
iifeline for .thc éomm&nity in  case of  earthquake. These
'féciiitiés will also be used  to support.the essential economic
actiyitiés Thl'tﬁe hﬁnterlahd following a major earthquake. = In

ordinary bimes, these berths shall be used for general purposes.
2) Separation of Functions

The container terminal - shall be - located .separate from the other
terminals to ehsure.éuffiéient:space for cargo handling and future expansion
taking'ihto consideratibn natural and transportation conditions. Moreover,

the foreigh and doméstic'tefminals shall alsc be separated.
3) Expansion:by'RéCIamation

The. reguisite lahd area for port'expansion shall be obtained through
reclamation ‘of sca afegs. . This' work should be acceptable to the local

government as it will promote urban renewal.
4} Realization of a Safe Port

éoncerning navigation, the port has to be improved and proper
~facilities and systems have o be developed for vessels to enter, wait,
berth, and go out safely even in bad weéther;'strong winds and high waves.
For_this‘purpbsé, breakﬁaters shall‘be considered as the one of the possible

measures in so far as they are technically and financially feasible.
5) Preparation of Recreation Areas
“In Taddition to preventing water polution, attractive  recreational

zones, such as marinas and parks,  should be provided for the regional

inhabitants.
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(2)

1)

2)

The Port of San ﬁntOniQ

Establishment of- the Base. Port

(i)

(ii)

(iii)

The Base Port for Bulky Cargo

Bulk ;cafgoes- are imported and exported through the port, aﬁd"
efficient facilities for handling such ‘cargoes shall be provi?ed

in response  to the éﬁanges ‘in  the tybés 'and::sizeS' of 'bulk:
carriers. Warehouses and tanks as well as yards for stocking bulk
cafgoes shall also be prepared to improve efficiency and eisure

national ecoromic security.
The Terminal for'Multihpurpése”USe B

One berth is required:to handle containers, heavy cargoes and ilk
cérgoes | ' |

This mulbti-purpose term1na] ‘will be used for #arious.purpbses aé'
needed. The berth is very important because it w111 dlso Punction

as a supplementary contalner berth for the port of Valparalso.
Aseismic Terminal

At San Antonio aseismic facilities which. are designed to
withstand earthquakes with a magnltude of up-bo 8- shall als o be
prepared to serve as a llfellne in case of emergency and SupporL
the essential economic activities of the hlnterland therea?ter
This. is a dual backup system with' the aseismic facilities at the
port-of Valparaiéo,' In case of a severe: earthquake, évcr if'one'
of thesé'aSeismic termlnals were destroyed, there is a reasonable'
likelihood that the other one coﬁld étill'bg_u&ed._

The aseismic facilifies. at San ‘Antonio will also be used for

general purposes in ordinary times. -

Separation of Functions

The berths for fishery activities and those for commefcial functions
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mast - be  located as’ far [rom cach other as possible, ‘taking  into
cbnsideraﬁion ‘Lhe location of the fish factory. Moreover, émong the.
commerciallfacilibies, the facilities for'handling‘dirty cargoes should be

sepatated from those for clean cargoes Lo prevent contamination.
3) Port Expansion

As the sea areas of the port arc'strictly limited, any excpansion of
the port shall take place on existing land areas. The inside waters of the
port should'be'protected from high waves, and sufficient space should be

‘secuved for the mancuvering of turning vessels.
%) ‘Realization of a Safe Port

The port has to'bé_improved=and proper.faéilities and'systems have to
be developed”for Veséel$.td enﬁer; wait, berth and go out safely.éven in bad
'Qéaﬁhéﬁ;'stfongfwiﬁ&é'énd hfgh wéves.--FoF this purpose, the seashore inside
“ihe port shéll 5e used to break waves.as ene of the sclulions of this

problem,
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