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Santiago, Chile

April 2, 1985

‘Mr, Hugo de la Fuente R,
Ingeniero ~ Director
- Direccibn de Obras Portuarias
‘Ministerio de Obras Pﬁblicas

Dear Mi. De la Fuente,

Please flnd attached here wmth our report on the inves-
tlgdtion of damage to faCllltJeS in the port of Valparaiso cau -~
sed by the March 3, 1985 earthquake. X hOpe you to put full
effort for restoring and expandlng the port of Valparaiso along
=w1th the guldellnes shown 1n this report.

_Th;s_report was compiled based_on the result of inves-
tiQation'cafriéd out durihg oné week of stay. Wlthout a subsg -
tantlal and eff1c1ent support of Chllean engineers, it would
. not. be possible to compile thls report. On behalf_of the Mi-
ssion,.i_WOuld like to equoss my gratitiude to you and Chilean

engineers,

Sincerely yours,

égggﬁiii;se, Dr. Eng.,

Leader, Japanese Expert Mission

c.¢, to: Sr. Mlnlstro de Obras PGblicas
"¢ Sr. Ministro de Transportes y Telecomunlcac1ones

Sr. Director General de la Politlca Exterior

+ Embajada del Japdn
Agencia de Cooperacidn Internacional del Japbn
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Inttodudtidh

The six man expert mission of the Japanese Govermment'was-Sent

to Chlle at request of the Chilean Covermment for the. purpose

of 1nvest1gating ‘the damage to port and harbour facilities, main

quake.

'ly in the Port of Valparaiso, caused by the March 3, 1685 earth~

The mission's task includes an evaluation of the possibilities

of immediate use of the damaged_facilities and:making_reCOmmendg

tions for the future plan of restoration and development:of the

port and harbour facilities from engineeringpoint of view,

'Membér's_List.OE JapaneSe Ekpert'MiSSioﬁ

Leader: -

Prof. Akio NAKASE

Seismic AnainiS{

Dr. Hajime TSUCHIDA

Construction?

Mr,

Transportation and Port

Planning S

'7 Mr,

Masatoshi MIYAMOTO |

Takeshi KAWASHIMA
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| Tokyo Institute of Technology
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tlon DlViSlon,_Pofts and Har
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Transport
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Construction Division,
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Designi

-

©Mr. Hisao OUCHI ‘Deputy Director,
Engineering Divisioh,
Ports and Hérbodrs Bureau,
. Ministry of Transport
- Cargo Handling: | R
Mr.'niroshi NAMIKT 1 Head, Tecﬁhoi&gy Division;
| Japaﬁ Cargo'Handling Méchani

zation Association

lpinérary and Activities of the Mission

Mar. 23 (Sat.) - Arrival at Santiago, except for

the Leader.

Mar. 24 (Sun.) | Collection of information in San
tiago.
Mar. 25 {Mon.) "_Méeting with engineers of the

Ports Bureau, Ministry of Public
Works in Santiago.
ﬁ?r. 26 (Tue.) 1The.Leader arriVed-at‘Santiago,
| Official visit to Ministries of
'Public Works, Transpdrt anﬂcdmmg -
nication, Foreing Afﬁairs, Moved
to Valparaiso,
Mar.27 (ﬁéd.) _ Investigation of facilities in

the Port of Valparaiso.

Mar. 28 (Thu.) ~ pitto.

Mar. 29'(Fri;1x - pitto.- Moved to Santiago
Mar. 30 (Sat.) | Investigation of facilities in

" the Port of San Antonio (day re

turn).
Mar. 31 (Sun.) ' | Preparation of report.

Apr. 1 {Mon.) - 'pitto.
o | —168-



.Outline of_the Port of Valparaiso

-2,1.~ Role of the Pert_of Velparaiso in:Repnbiic ofiChile__

The pott of Valperaiso is the natienfs'largest.fereign
trade port for Santlago reqion, whete abent 40% of the nation's.
populatlon and manufacturing productlon are concentrated | |
The socio - economic activities of Santiago region require close
industrial and economic ties with foreiqn.cbuntfies threugh-im»
port'of industrial'products, chemical ptoducts andﬁcomeetible
products and the export of frults, copper and comestlble products.
The port .of Valparalao has supported the development of the San-
tiago reglon and is expected to perform the vital role for the
development of the region in-future;.ee a_gateway to the sea,
linking the‘region_with fereign'conntries.

_2,2.~ Port fecilitieS'
2.2.1.- The port of Valparalso is the natlon s largest
port with & deep see_breaxwater, 10 wharves, 3; cranes,
12 hectare of'Watehousee'and 5 ha of cdntainer storage
area. (Fig; 2*1) (Table 2~ l) |
2.2.2.- Wharves were constructed between 1915 and 1930'
(Nqs, 9, 10 : 1915 —:lgzg_Nos. 1_t0_8 211922 - 1930}, At
that time, the ships were small and carge volumes were
also small enQ the port_hed sufficient capacity.

_Today the ships have'grewn 1erger and?earge work at the
wharf has been mechanizee.:=The width of the aprons and
‘the areas of port site, etc.‘no longer meet tne modern
standard,_ For_intancé, apfen eidths are.iees than 20 m,,’
which is'modetn_standard,-end containers are stacked eve-

Ty Qben space infthe port due to shortaée of'container.

_etofage area: . | | |
.In addltlon, deterloratlon of relnforced concrete members

is obvious at wharves Nos. 9 and lOi
- - —169—



' Therefore;

redevelopment of port facilities should be ca-

| rried out to modernize and strengthen the port fa0111t1es.

_313;24"

The M13510n concluded by visual 1n5pectlon that
the Barron Pier (Nos.'9} 10) is in dangar of collapse due
to deterloratlon of relnforced concrete members.

The Mission recommends to stop u31ng the Baron P;er and
to carry: out detalled structulal 1nspect10n and examina-
tion of the necessity of the Baron Pier from the view
point.bf cargo handling, before feiﬁforcement énd restric

'tive-UEage'of the Pier,

2.2.4,- Layout of cranes

Layout and the main Spec1flcaflon of cranes are shown on
the quure 2 -2 and Table 2 -2.
No.26 crane not shown on the Berth No 7 have fallen down

by the earthouake.

Port Activities

R 2.3.1.~ ‘Table 2¥3ushoﬁs trend of cargo volumes handled_

at 11 ports managed by the EMPORCHI and that at the port

of Valparaiso. _
Chilean economy recorded about 8 % of high economic growth
rate during 1976 - 1981. Chile economic'activity,_hOWe~

ver, has been stagnated due to world racessions since

1981, At today'the‘QCOnomic activity is getting better

slowly

' Accordlu;to these changes of Chllean economy,_cargo vo-

lunes handled at 11 ports managed by the EMPORCHI rea-

ched about 8. 895 thounsand tons in 1980 then decxeased

to about 8. 364 thousand tons and restored 1980'3 level in
1984 B
On the other hand cargo volumes handled at the port of

Va]paraiso reached about 2. 316 Lhousand tons in 1981 dxo
— 170~



fpped drasticaily'to abont 1-529 thousend tone in 1982
and remains at 1, 664 thousand tons 1n 1984 |

=.‘{n future, carqo volumeg handled at the port of Valparaigo
is considered to be lncreased steadlly accordlng to the
growth of &tOSS Domestlc Products of Chlle, growth of
populatlons of santlago reglon and growth of the ploduc
tion of fruits and others.

2,3.2,~ The cargo volume handled at the port of Valpa~
patéiSo in 1984 amounted 1. 664 730 tons, foreign trade
belng 1, 402 728 tons and domestlc trade 173, 018 tOns.

In 1984, the leadlng export commodlty was frults {55% of
ekooft cargoes), followed by copper. As for 1mports,
indnstriel products-wes the 1eading import commodity,i'
followed by chemlcal products “and comestible products'
(Tahle 2=4) . _ _

2.3.3,~ 1In general a quay w1th water depth of 10 m 'is:
capable of handllng a total of 200 000 tons of general car
goes pex year. | | -

A comperison of;this_standard caoacity'withithe:ooeraw
tion_fesults_ffom each:qﬁay shAws that_the etan&ard is
exceededfat'wharves &b, i, No. 2, ﬁo;LB'and ﬂo. 8.
Conversely,.wharves No. 4 No,_S; No. 7,:No..9-end No.f10
thandle cargo ‘volumes smaller than their stanéatd capa; |
c;tles. This is due-presumably.to insufficient quay len-

"'gth (Nc 5,=ﬁo 7), deterloratlon of fa01lities (No 9, No'lo)

and constructlon works for a crane (No 4} . ' (Table 2 1)
2 3,4, —' The number of. contalners handled at the port of

_:Valparafso in 1984 was4? thousands {41% of the national
-_102 thousands), | and the contalner cargoes was about 310

thousands tons.'
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The volume of container'cérgoes répresents about 22% of
the"foreign trade cargoés.

Containerization on the west coast of South America has
paééed its introductory phase and entered into a period
of sustalned growbh Fullwcontainér ships are in SérViCE(
COntalnerlzatxnlof general uargoes is maklnq rapld pro-
gress and the ports of these pacific coast countries ha-
ve a large number of containers stacked and waiting for
mov1llzat10n.

Though the history of containerization is merely 20 years,
old ports that lack facilities to receive container sh1ps
have bécome internationally'less competitive with dimini-
Sh¢d ér09PeCt§ for further development.,

At the port of Valparaiso a containér handling crane was
prov1d9d at No.4 wharf in 1984 to meet containerization
dnd container storage area of 12 hectars were prov1ded

behlnd the No 4 wharf.

At this stage container handllnq faClllthS ‘should be 1mp~

lOVPd not to get far pehind the increase of the contalners
But fhere is Stlll a llmlt to the berthing at large full-
contalner shlps at the No.4 berth and contalners are sta-

cked at every open’ space.

. pherefore development of container termlnal should be ca~-
rried out to facilitate:the berthlng of large container

ships and handling containers.
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3.- DaScript:ibﬁ'of Earthq'uake of March 3, 198%
i_l__.: Ea.r:thq'uake avent
Origin date and time - March 3, 1985, 19:46'54" (local time)
Epicénter Latiﬁude ’ 33°14'24".s
Longitude 72°02'24" W
o bepth 15 km
Magnitude (Richter)- 7.7
Thg isosé;smal map is presented in Fig. 3~1, fThe seismic in-
tensities &t-several cities are shown in Fig, 3-2, fThe inten-
siﬁy scalé used here is the Modified Mexcalli Scale. The loca
tion of eplcenter is shown in both figures, The seismic intég
" sitles in Valparaiso City.wefe 7 to 8, and those in San Antonio
City_wereas.'
'gég;;_ Gfound motions in the port of Valparaiso
The iocations of qccelefograpﬁs around Valparaisc and the peak
¢omponén£ accelerations are shown in Fig, 3-3, The locations
of two accelerogréphs near Valparai§o Port are shown in Fg. 3-4,
Hi & H2 denote two horizontal peak component accelerations, R
denotes one of the two horizontal peak composent accelerations,
the azimuth of eéch component was under confirmation, and the
_informatidn on it has not been available, V dénotes a vexrtical
peak component acceleration,
The accelerqmeters.at the two sites in Fig, 3-4 are the SMA-1
accelerographs,
:The distances between the accelerograph sites and the sites of
the port facilities are relatively small in_cémparison with the
-distance from Valparaiso port to the epicentef. Thereforé, the
acceleraéions observed at the two sites in Valpéraisp may be
considered as the accelerations in the port of Valbaraiso after

some modification on the following points, -’
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 As it is seen on the observcd peak accelerations, generally,
-the seismic motiens are amplifled in the process of propagﬁn
tion through the deposit or the £ill overlylng the-base rock.
The degxee of the amplification depends on the thlckness and the
velocity of shear wave propa;qation of the deposgit OT Lhe fill.
In many ‘cases of practice, however, the larger the thickness is,
the larger the ampllflcatlon is, Unfortunately, no informat;on
on the tthknESS of the £ill and the’ deposit in ‘the port is
avallable at present. According to the obsarvation of the Lo—
pography around theiport, it may be reasonable to oonsxder that
the thickness of depbsit ie'Larger:in the area of_the'berthe
Nos: 6 to.8 than ih the area of the berths Nos, 1 to 5.

The berths Nos, 6u_7'and 8 are creating a kind of.earfh strﬁc»I
ture. extendlng into the sea. tThis earth structure has largér”
freedom. This may help the amplification of the ground motions
in the area of the berthsNos. 6 to 8, )

.Taklng above mentloned points_ 1nto consxdefatlon, peak horizen
tal accelerations of qround motions of the earthquake.of March
3, 1985 in the port of Velparaiso‘are:eetimated ae'follows:

. on base rock oﬁ'gfound surface
Area__qf_w't'he" berthsNos, 1 to 5 0,20 g 0.25 g
area of the berth{Noe. 6 to9 0.20 g- : 0.30°g
g: aeeeleragioﬁ of gravity,”useaily 980 gals (#chSecz)

3.3, Liguefaction and land slide |
No evidence of liquefaction and 1and slede was reported in the

port area, It was not found thxough the site observatlon hy

the team,itoo.-'
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4.~ Farthquake Damage
4.1.~ Types of structures in the poft of Valparaiso
(1) Mooring facilities
fhe mooring facilities in the port of Valparaiso are
gravity type structures except. foxr the berth Nos. 9
and 10, Barén Pier.
The structures of Bar6n Pier is a kind of open type
wharf with reinforced concrete piles.
As for the grévity type structures, calssons are emnplo
yed for the berth No. 7, and concrete blocks are emplo
yed for.other'berths. (The sizes of concrete blocks
are relatively small)
The follow1nq is the types of structures and their
prlnClpal dlmen51ons of each berth.
g 4~
Berth N& | Type of struéture Design water:| Design rown Note
depth height - of _
L structure
1 ‘concrete block - 10.96 m + 0.54
2 ditto ditto ditto
3 ditto daitto - ditto
4 open type wharf | ditto ditto diameters of
with concrete ' concrete pler
i is 3 meters
plers concrete plers
support crane
rails -
5 concrete ditto ditto
‘block : o _
6 - ditto’ - 8.96 ditto mound is partly
- | ‘high -
\ caissons ditto ~ditto
concrete block ditto ditto :
open wharf of max. + 6,04 Berths Nos,9 and|
reinforced -~ 13.96 m : 10 are on both
side of the some
structure '
10 concrete ditto ditto o
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(2) - ﬁreakﬁater
The bréakwater consists of two parts of different Eypes.
The structures of the breakwater consist of concrete
blocks in the part of 163 meter length from the origin,
'fanﬁ the caissons and mound in the remaining part of 123
metaer iength.
The waterdepth near the sea  side end of the breakwater
1is 80 large as 40 metars.
The top level of the mound of stones and/or sand is -1d4 m
cand the caissons are being placed on it. The sl&pe of

-upper part of the wmound is rather steep, (5h:4}).

i3) _ Seawalls. There are seawalls in the part, between the
berth Nos. 5 and & and the part between berths &os. 8 and
~ :
Concrete bhlocks and caissons are used like the mooring
facilities,
In some part, the sloping seawalls with stones are also

employed.

.i:g;f Ground conditions

As the soil conditions, seoil profiles of only some points around
the berfhs Nos.b7 and 8 are availabla becéuse the facilities

in ﬁﬂé port were cénétructed in 1920 s'. According to those
éoil é:ofiles, the original sea bottom exists at about ~ 10
maters near the sea shore and it existé’at more deeper depth of
about - 35 meters with steep slope at the place of the berth Ho.
7. |

Soft clay or silt exists in the surface layer. The thickness

of-this layer is about 5 m in average, and nearly 10 m at the

berth No.7
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- Hlard clay with stone and sand lies unéer'thafsoft clay layer.
'Theh, it is.éupposed-thaﬁ=the settlemgnt-of-the strudtures and
_thé backfiii_ become greater with=the increase of tickness of
.thé éoft_laye;, . . |

The crownheight of structure ié'getting lower with increasé of
distance from the seashore. But it is considered that seﬁtle—

_ ment due:to consoliddtion of tﬁe'soft clay has been almost
dompletea. :

As for the bérths Nos._i, 2 ahde, thé'foundatidn layer ig consi
dered to lié at reiativély‘sh§llow leﬁel,_accofdind to ihg topo-

graphiéal'conditions behind the Port of Valparaiso.
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4.3,- _Deéeriptidns of damage ﬁo facilities
' 4.3.1,e"Main structures

Mainlfdéilities o£ the.porn of vValparaiso consist of a

breakwatér and ten:berths of guaywalls, berths Mos. 9 and 10 are
‘pler type in Bar6n area.

All these facil;tieé were more or less damaged except for the berths
Nos. 9 and 10, .In some'berths)fhe faée line of the quaywail vasg
observed to move or bulge towards the sea.

In addition to the - main facilities, cracks and settlements
were seen in the roads, railroads, marshalling yards and cargo ~han-
ling.faciiities. among ﬂhese, cargo- handling cranes and apron pave-
ments were badly damaged. Soms crants derailed and rails were either
deformed, moved or broken.

All these daﬁage appeared exclusively in the filled area

as shown in Fig. 4-2.

4.3.2.~ Cranes
Typical damaged condition of the c:anes are shown on the
" Table 4-2. _
Since the.inspectioﬂ time was 1imitéd and the inspecﬁion was ca-
rried out mainly visually from the ground level, ﬁhe detailed
inspection should be carried out according to the each crane's

operation manual and maintenance manual.
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Table 4—j—a

Berths Nosg, 1 ~3

(Blocks)

Main ﬁart

1. No marked damage was observed except for settlement
of wall of about 5 aom
2. Investigation was not made for bottom part.
Aprﬁh: 1. Cracks of 2 3 cm wide, parallel to the wall
pavements face line, were observed at the breakwater side.
Foundation | 1. Crane rails slightly deformed
for cranes '
Top part 1. Meandering, with amplitude of 30 cm at maximum,
of wall .. was seen as a whole, but absolute displacement was
; . o
: not know due to absence of information of original
! position.
!
1. Cracks, parallel to'the wall face line, were seen
Others . :
: in warehouses and storage yards.
Relative
evaluation Small

lof damage
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Table 4—1-b

Berths Nos. 4 {(Cpen type wharf with vertical concrete

for cranes

2, Rail gange increased towards the N#® 5 berth side,]A 05
n at obe N& 3 bertn side and 17 17 m at the other end.

piles)
Main part 1. Theré‘was no observable'déMage:except for slight
of wall settlement.
2. Indentations of blocks, 65 cm dt maximum - were chserved,
-and most of the concrete piles filted to some extent
. towards the sea. In the N® 5 Berth phenomenon of sand
£low was seen, S -
These observations indicated that blocks of the N& 4
berth tended to more towards the sea as in the N8 5
berth, however, its movement was restrlcted atthe top
_and bottom ends by the concrete plles. :
Apron'_ . Local sattlements were seen at the NR 3 berth side.
pavements - . Vertlcal gap of about 20 cm _appeared at center of pave
ment, parallel to-the.wall face line (Fig.4-3-a )
fFoundation | 1. There was no appreciable change in elevatlon._=

of damage

Top part 1. Settlement, reldtive to the elevation at the N23 berth
Jof wall side, was 4~5 cm. '
Others 1. A warehouse collapsed partly _
2 Pavementq at storage yvard moved and settled by about
3 om. )
Relative
“levaluation Not clear
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Table 4—1—c

Berth N85 (Open type wharf with vertical concrete piles)

Main part

of wall

Indentations between blocks were
face seemed flat. The wall féce
sea, being maximum at the centre

indicated'that the structure was

small and the wall
tilted towards the
of the berth,_which

in a dangerous state.
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Table 4—1—d

Berth N9 6 (Blocks)

The wall llkely moved as a whole towardb the - sea,

of damage

Main part 1.
of wall 2. Vertlcal openings between blocks were bmall however,
" the wall face seemed to. Lllt towards the sea o some
extent._ Apart from the earthquake damage, w1dth of
'mound top at the N%7 berth side was found to decxease
largely, whlch might lead to ‘serious problem in Stablll
ty of the structure.
Apron 1. All'throuqh £he bérth apprec;able cracks parallel to
pavements the wall face line were seen at warehouse columns, cen
' tre of apron and behlnd the will top. '
2. Settlemnnts were: seen’ in the v1c1n1ty of the nN&7 berth
(Fig. 4 -3~ C)
Foundation 'l{-Elevatlon of the foundatlon descended towards the N87
.ifor cranes - barth by 23 cm. .
-2.'There were deralllng due’ to meanderlng of the rail.
Topipart- 1. The wall top bulged by about 17 cm as a whole towards_
of wall the. sea. _ )
2. Elevation of the N“? berth side wa lowex than the other
end by about 50 cm.
Others 1. Warehouse floor seemed to remain flaf.
Relative
evaluation Medium
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Tabie 4~1fe

Bexrth N&7

(Caissons)

Main part

L.

Settlement increased towards the N2 berth

of damagé

of wall 2. Difference between elevations of the berth ends was
48 cm.
i (hpron 1. Vertical gap of 30 40 cm appeared at behind the
pavements caissons throughout the berth.
2. Pavement slabs were totally broken (Fig.4-3-d)
Foundation| 1. Settlement was of similar pattern to and less than
fro c¢ranes | “that in the main part of wall.
2. Elevation difference of the wall was about 8 cm.
Top part l:'Throughout the berth, settlement was likely about
lofwall 40 cm.
2. Deep cracks developed, and at some parts the wall
top extended towards the sea.
Others 1. Cracks developed in the warehouse columns.
Relative
evaluation | Great
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Table 4—1—1

Berth N%8 (Blocks)

Main part

1. Settlement appeared at the N7 berth side.

for cranes

=2. Flevatlon differerice of the ralls was 30-40 cm.

of wall 2. Wall face line bulged towards the sea by about 30~-30
cm. | : |
3. Indentations of ﬁhe wall concfeee bibéks were seen,
which was prehounced at the land side end.
The wall itself was found to tilt towards the sea.
Apron 1, Pavements slabs in:fﬁe vicinity of the Nﬁ?.befthsettled
pavements and broken, ( H9.4;3;E.) |
2. Fill materlal underneath the pavement slab spilled out.
j.-Appre01able cracka developed at boundarles of the wall
top, crane’ foundation and foundatlon ‘for waxehouse
‘celumn, throughout the berth.
Foundation | 1. Foundations heaved or settled partly.

Top part

1. Wall face line bulgéd towaide-the'sea.

of damage

[of wall 2. Settlements and efaCks were seen.
3. Vertical gap between the wall top and pavement slab
was. 20~30 cm.
Others 1. Cracks developed in warehouse columnhs,
. . N . i
Relative '
evaluation Great f
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Table 4-1—g

Berth Nos, 9 [and 10 (Concrete trestle pies) .

Main part No damage seemed to be cauvsed by the éarthquake; however,
of wall degreé deterioration of concrete and stell members was

serious,
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REMARKS

1. Dpistances shown in the tables and figures were those actually
measured by the use of vynil tape, no correction being made

for temperature and tension.
2. Dbistances in the'figures are in meter (m).
3. nLevelling was made with respect to temporary bench marks (B.M.)

(1) Berth Mos. 6 - 8  B.M. was set at land side end of

shed, elevation of which was assuned to be +4,00 m.

{2) Berth N%4: B.M. was set on the wall top at the Nﬂ3 berth

side end, elevation of which was assumed to be + 4,00 m

4. Closing error in the levelling, for a distance of 6l4:m, was

1 mm.
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4,4,~ Cause of -damage

&#g~}." Quaywalls

The matn cause of. the damage to the quaywalls in the
port of Valparaiso is conSLdered that the ground motlons during
.the earthquake of March 3,_1985 exceeded the ground motions
agalnst whlch ‘the quaywalls can malntaln etabillty, according
to the following oon51deratlon. a o

Altheueh'the'quaywall of cohcrete bléck-t?pe have some
displacement caused by the earthquakes in- the past the gelsmic
stablllty of the orlglnal quaywalls in the berths an l,.2,.3
and 5 was analyzed _ _

In the ehalysie,_ehe'angle. of internal frictlon of the
backfill Was:aesumed to be 40‘degress._ The procedure of the
analys1s was that belng used 1n Japan. Accordlng to the analyﬁ
515, the stablllty of the quaywall 1s almost crltical against
the desxgn selsmlc coeff;cxent of b.1. _

On the other hand, as 1t lS described Ln the related
section of thls report, the peak acceleratlon on the grcund was
_:0 25 ¢ - 0,3 g. The 1elation~ship between the peak acceleration\'
of earthquake ground motlone and the des;qn seismic coeffleient
.1s not Slmple However,:lt is easxly understood that the earthw
gquake ground motxons of 0. 25 g ~0, 3 q was quxte severe to tha -
'quaywall wnlch can resxst agalnst the earthquake ground motions

'equivalent w1th the design seiemic coeffxcient of 0.1. . Some
lnformation on the relation ship between the de51qn seismic
coefflclent and the peak acceleration is 1nc1uded in the appenu
dix of this report, _

_There remains somethings Stlll unexplained. .That ig the
f@asonthe quaywalls of the berths Nos v 2, 3, and 7 did not.

suffer evident damage.
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_It haS. :n:O:t:been nade clear, but it miéht be pcésible that the
.chicknesses of 'soil layer and £ill material are thinner in the
area cf the berths Nes.l, 2, and 3,_and.the acceleratioc there
wcscnot so large as that in cther area. This may be one of
the posSible exXxplanations on thc performance of the quayWalls.
of the berths Nos.l, 2, and.3 |

The quaywall of the berth Wo.7 con51sts of concrete
caissons and has:larger stability in comparlson_with_the quay-
walls of chc”bcrths Nos.}, 2 and 3. This ﬁay explained Ithe
performancé'of the quaywall of the berth No.7. |

It should be noted that for the quaywalls of the berths
Nos. 6 and 8, the concrete blocks of a 11tt1e larger widths were
used in comparlson with the blocks for the berths Nos. 1, 2 and

'3. Therefore, the quaywalls of the berths Nos 6 and 8 have
larger stablllty against the earthquake ground motlons, However,
they are not as stable as the quaywall of the berth No.7.

It might be wondered why the quaywalls of the north -
souch directions suffered'aamage“and thc quaywalls'of the cast—
west'difection did not. it ié not clear whether the quaywalls
'Of the cast~west direction*ﬁﬁn not damaged because of their
direction ox not. If the'damage depends on the direction, the
:possible explanation is that the earthquake ground motions in

' both direccions differed markedly or that the quaywalls of the
sast-west direction had sufficient stability agaiﬁst the earth-
quaké ground motions.

Anyway, 1t may be concluded that the damage was caused

by the severe earthquake ground motions.

—210~—



4.4.2.~ Settlement of apron

No evidence of llquefaction was observed in the port
: area. Therefore, it is not certain, but te posaible ‘explana-
tion is that some amount of the reclalmed soils had been sues

ked out gradually during the lonq time after the construction

completion.

4.4.3,- Cranes _ _

The damage to the cranee is con51dered mainly due to
abnormal deformatlon of foundatlons and runways at the time of
'earthquake.

After a rough inspectlon of all cranes, it seems that in a si-
milar earthquake in future all berths woula not have sufﬁered
crane damage,'lf all foundatlons and runways ar constructed
firm-ly. In connectlon wlth thls problem, concerned engineers
_should clarlfy the desiqn condltlons of each crane whether it
='haa been de51gned by enough Selsmlc condltlon [¢3 of not S It is
noted that cranes EXlStlng—ln Japen have been de51gned to

take account the horlzontal load of 20% of the self weight.
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Restriction to the immediate use of facilities

4-5-7 = Quaywalls
Berth No. Restriction to immediate use of facilities
1 The whgrves may be used as before the earthquake
2 No restriction on loading is needed
,
4

Before starting utilization of a large scale crane, detailed

inspections of each pier and concrete block wall (especially'

- piers No, 10-No. 18) should be made,

Tt is desirable not to stack containers-and cargoes ang not

to park trucks within 20 m from the face iine of the whart,

The wall of the wharfwas measured to have inclined to sea side

and the wharf is considered to have very little margia in its

it is possible that-the wharf would be damaged more severaly

if an earthguake which is equivalent to or stronger than the

Detailed inspetions should be carried out and restrictions
should be decided, as soon as possible.

1t iz desirable not to stack contarners and cargoes and not

to park'trucks within 20 m from the face line of the wharf,

The wharves may be used as before the earthquake, after re-

pair of the damaged pavement of the apron.

5
stability.
last one, takes place.
kr;
)
7

Restoration of rubble mound is urgently needed at parts where

necessary mound widihis not secured. (Necessary mound width be

caloulated from the view point of stability of the wharves,)

" rhe wall of the whaxf was measured to have inclined to sea

sida and the wharf is considered to have little margin in its

stability.
It is pﬁssj‘ble that'tﬁe wharf would be damaged more severely

if an earthquake which is equivaleﬁt to or stronger than the

last one,takes place.
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“aAnd it is also bosaibie that the whéff wéuld be damaged if :

cranes with heavy waight are placed on the wharf,

Before starting utilization -of cranes, detailed inspections

_should be carried out and restrictions of loading should be

decided.

10

Deterioration of concrete and steal is obvious,
It is desirable to stop using the wharves,
Detailed inspections and large scale restoration are hecegsa-

ry if the wharf has to be used,
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4,5,2,-

——b g

Lranes
(aj.~ Without the realignment of the ¢rane travelling
rails, all cranes should nat be used basically, The di-

mensional tolerances of the travelling rail's installa-

-tion for each crane must have been given in each crane's

manual.

" In case of Hitachi crane on the No,4 berth, followings

are given in the operating manual,

S_pan ..... e ras e « Less than 17m:|;10mm

'Height difference hetween

left and right side rails.... Less than 20 mm

Gradient difference between

left an right side rail...... Less than 1/1000
Bails Longitudinai gfadient-, Less than 171000
Meandering.,..........‘...... Less than _ + 2.5 mr
'(b). After reallgnment of the crane travelling ralls,

the detalled inspection according to the operatlng and/
or malntenance manual should be carried out completely,
Some damaged parts.may be found in the:périod of above

inspection. | . _

These part$ sﬁbuld.be replaced or répaired before ordi-

nary operation.

(¢} .- The cranes damaged especially by the earthguake

and before the earthgquake are shown on the Tﬁb]exi—z.
These parts should be reinforced and repaired before or-

dinary operation.
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5.. Basic Concepts for Restoration

5,1.- Restoration and Development” Plan
51,1, - Tﬁé.followiné measures should be ex-ecited for
the porﬁ'of‘Valparaiso to’ perform thé vital role for
the éévéibpment of the Séntiagé.région as a gate waQIto
the sea, linking the area wiﬁh.fbreign qountriés.
(ay.- .Restoration of pbrt"faciiities damaged by an earth
quake on Mar.3rd. 1985, |

{2y, - Stpengthning af port facilities against earth-

quake._ _

(3).- ﬁedevelopment of port facilities,

(4).4 Deﬁélopment of cbhtaiﬁer:téfminal,-

5,1.2.- Resﬁoration of‘éaﬁaééd'port'facilities'should

be executed urgently to recover port cargo handling effi~

ciency,



§;1.3.~ Redevelopment of port facilities and davelop-
ment of conﬁainer terminal should be executed baséd on

a plan formulated through feasibility study,

EMPORCHI is carring out the study oﬁ forecast of future
volume of cérgoes to be handled ét the port of Valparaiso,
In succesion of the study, study on bakic plan to im-
prove the §ort'of Valparaiso for the target year of 2,000
and decide a short term improvement plan with 1990 as

the target year for facilities reguiring immediate impro-
vement and make a feasibility study concerning this plan
should be carried out,

Strengthening of.port.facilities against earthquake re-
sisﬁance should be carried out together with redevelop-
ment.of port facilities and development of container ter
‘wminal because the improvement will need fundamental chan
ges of structures and large investmeﬁt. "In this con-
text.

{a) .~ Réstoration of port facilities damaged by the
earthéuake, and | N

(b} .~ Feasibility study on improvement of port facili
ties against earthqﬁake’redevelopment of port_fgcilities
and'developmenf of container terminal should he Cafried
‘out urggntly.

Subsequeﬁtly redevelopment of port facilities and deve-

. lopment of container terminal should be executed. Dou-
ble investment could be avoidable because the yestoration
works needed are.repaVGment of apron,'feconstruction of

crane rails, and replacement of rubble mound.
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.§Ll¢i;‘ _$chedule of restoration wdrks should be decided
‘ based on the foilowing.princibles.

{1) .~ Not té diétufb port activities during reconstruc
tion works. -

e v to restore each one berth of three gréupsI(No. 1
to 3} No: 4 ~5, No, 6 to 8) by turns, '

ivv.. to complete restoration befére next January (be-.,
causé;.cargo'voluMQs'hahdled at the port of Valparafso
in Fébrﬁéty, March and April are larger than otﬁéf'monthé).
:{2),- To give priority to important berth and berth
wiﬁhouf.alternativé berth,

e to give priofity to No. 4, which is only container
" handling berth. | |

(3} .~ To consider natural cdﬁditions

'}.,ﬂ to restOré No, 7_in‘autumh and winter, which ié
affected by high waves in_shmmér.

Tentative restoration schedule is shown in Fig.5-1.
.This'schedu;e was planned'base& on short term survey by
the Mission; .

Before execution of restoration, the schedule should be

~examined and decide by the Chile side,
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j&j:-Eartthake feéistant degign. of facilities 
. The de31gn.procedure for port and hatbnur facllittos consldered in
this report is that being uspd currently in Japan, whlch ia descri--
bed in the references I, 2)._ Thls_prbbedure is u'result of conplﬁ
nuo 8 imﬁrdvéments based on the seismic experiences and the resear-
ches. The concept of the procedure is applicable to tha facilities.

in the port of Valparaiso.

In the déaign procedure, the‘design'seismid cbefficient.is a
;ery important factor and it has to be determingd-for éach sbééific
site. In the féllowing paragraphs}.consideratiqns on Ehe design:;
seismic coefficient for the facilities in the port of Valparaiso
will be descriﬁéd.

5.2.1; Deéiéﬁs seismic cogfficignf'of_;esto;atibn

As it has been'statéd.iu_thé related paragraph, Ehé.quaywalls
of origin&l design sdtisfy the stébilitx_requirément against.the
earthquake ground motions equ1valent te che design sgiémic coeffi~
cient of about 0.10. The relatlonshp between the ground:ﬁotiong
and the design seismic coeff1c1ent wlll bé'dgscribed in Appendix A,
According to the analysis By Prof. Lastrigo ané Prof. Monge; the
quayyails may maintain stability against a little larger design
séismic coefficient. 1t is.gonsideréd thar the différence between
the presen:'éﬁalysis ént thé Prof. Lastrico's énalysis is caused

by the differences in the assumed design conditions.

As u:hasbeamﬁentnnmd in the’ related p#ragraph also the demaged
quaywalls should be restored to recover thelr functiona a8 soon asg
poss1b1e.ilﬂowever, the‘restotation_does not inerease the seismic
s;ability'of_the qﬁaywalls. Moreover,'the'quaywalia have.the
agcﬂmulated:digplacéments;paused by the'last‘and previous earthqua-
kes, and thé séismic'sfability éfsthe quaywallé hag deereased in
commriénn with the seismic stability of the quaywalls of the original
déée;gﬁ.- Tpia means that Qhen the qﬁqywalls are subjected to the

earthquake ground motions similar to those of the earthguake of
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' 1985 . . S ‘
ﬂgrch 371985, the restored quaywalls will probably suffer similar

or more severe dimage,
5.2.2#-Design seismic o ici |
mic coefficient for the port of Valparaiso

| As hasbeﬁlstated. the existing quaywalls have stability against
.Fhé’seismic coefficient, about 0.10, although the accumulated
displacements due to the last and previods eartﬁQuakes are ignored:
‘When the ekbgcfcd earthqdaké ground mqtioné in the Port of Valpa-
raiso andlthéir return'period'are taken into éonsideration, it is
considered that the seismic stability of the existing ﬁﬁaywalls is
‘insu?ficient and it should be increased in their earliest opportu-
nifies,'such as reéonstruction,
The mooring facilities to be constructed in ﬁhe futuré port develop

ment should have higher seismic stability.

In principle the followingé'caﬁ be Said. From view point of
minimizing the possibility for the facilities to be digmaged by the
earthquake, higher design seismic coefficient is preferable. On
the other hand, however, the construction cost of the facility
increades as the design seismic coefficient becomes higher. There-
fore, the design seismic coefficient for the public facilities
should be determined after the inténse consideration on baiance
among therfollowing factors;

Possibility of damage to the port facilities. (This is evaluated
from such factors as the expectancy of the earthquake ground
motioﬁs and the édopted design seismic coefficient)

Disturbance to the sopial activity, peop}e's 1ife, and the port
operation, caused by the damage to the port facilities.
increase of consthction cost.

Therefore, the design seismic coefficient can not be determined
only from physical_poiﬁt‘of view. 1In reality, however, Lhe metho-
. termine the optimum design seismic coefficient has not

dology to de

been established, and not all the necessary data for the consgide-

ration are avaible. At present, determination of the design -seismic

coefficient largely depends on the judgements by-the engineérs and
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the qdministrativé pe;plcs in goﬁéefn.

As far as the data and :he'ihférmafion obtained during the
activity, of the team within'ﬁhe iimited timeé length are concern,
it is judged that the deslgn seismic coefictent for the fapiiities
in the port of Valparalso qhould be at least in the ranée éf 0,15
to 0. 20. The reason is deqcrlbed in Appendix A,

The earthquaku ground ‘motions depends larg ly on the ground
Condltlons at the 51te, such as stratlf1catlon and stiffness of
soils. It may be 1deal to spec1fy dlfferent desxgn selqmlc coeffl
cient to each faclllty, dependlng on the grouud condxtlon jhovever,

the limited amount of data and the time which the team has , do not allow

such ‘detailed determination.

5.2.3~ Righ aseismicity Hertﬁ'

As it;has.been Jésefibed, the:facility'dééigned—with ;he‘larée
design Qeismic coefficient.is expensiye{ Therefores, the f§1loﬁiﬁg.
may be one of the.appfopriate consideratiﬁns} If all the mddring
fac111t1es in a port atre deSLgned cmunderlng the: very large earthquake
ground motions whieh'seapcely=pppear there,-the facilities will
be very safe. But the investment:is inefficient, as many of tha
facilities Iaét'fheir structural lives without meeting such .
eatrthguake gfound motidns considered. in their deéign} The port,
howeverneeds some’ mgnlmun quantltv of the mooring, facility even
after the very large earthquake ground motions whlch gscarcely
appear. Therefore, SOﬁe facilities have to be designed taking
such very 1arge ground motlons 1nto conslderatlon and the rest are
d381gned against the earthquake ground motions which are not extre

-mely large, to save the constructlon cost.

From.aboﬁe mentioned point of view, in Japan in recent years,
the high aseismicity ‘berths were constructed in. some ports.
A structure of the high aaelsmlclty berth is Lntended to sgurvive
the extreamly large earthquake ground motlona vhich may dnmage
seriously the structures of the other berths of ordinary ‘ageiami-

city. After Such a destructive earthquake, materlals for reascué
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and reconstruction will be transported throngh the high aseismicity
berths. If the high aseilsmicity berths has some extra capacity,

then, a part ot the ordinary port operation can be maintained with

the high aseismicity berths

‘Decision should be made by the Chilean authority in concern
whether theiconcept of the ﬁigh aseismicity berth will be adopted
for the port of Valparaiso_or.not. The team, however, feels that
it is ﬁdequate that one or two heigh aseismicity berth{s) will
be cdnétfubted in thePort of Valparaiso. In this case, it is conside
red appropriate that the design seismis coefficient for the high

aseismicity berth is 0.25.
éi?.b“ Further study on the design seismic coefficient

It is hoped that the adequateness of the seismic coefficient
and the number of the high aseiswnicity berth will be confirmed ox

 if necessary, will be médified by the more precise study in future.
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5.3.~ Methods for restoration

Berth No. Type of structure Methods for restoration

1 éoncfété block 1. Uneven-su:face of apron pavement

' should be repaired by overlay on
; ; present pavement, . . .

2 ' 2, Rails for cranes and foundation for
rails should be repalled

3 o -3, EXlStlﬁg mooring posts and bollafds

may be used,

4 Open-type wharf 1. Restoration wo;ks should bé“deqided
with concrete through detailéd inspections on con~
piers ' crete blocks and concrete piers.

 When it is confirmed that the concrete
block wall has not. 1nc11ned to seaside
and concrete piers are not damaged
through detalled 1nspections, thisg
wharf can be used as before,

; 2. Seaside rail should be located within

- .the mlddle third of plers and it is
neeessary to decide res;oratlon.meﬂr@

considering thak. the foundation of.
land 51de rail bhears whole horlzontal
force of the crane.

1. Uneveness of face line and crOQnrmighb
of the guaywall should be repaired by

replacement of the crown concrete.

4. Uneven surface of apron pavement should !
be repaired by overlay on préaent pave
ment. '

5. Steengthen beama of the open wharf,'if
necessary. ' :
.Raila for cranes and foundation for
‘rails should be repaired. ' (
Existing’ mooring posts and bollards !
may be used. .- o E
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Berth No,
|

5

Concrete block

e i

Type of structuref

L UL

Methods for restoration

Findi conclusion should be reachad
through detailed inspections.

It is probable that sesimic resistance
would be insufficient.

When the resistance is insufficient,
reconstruction of the wharf as a
.CaiSSSOH type grdvity wall, or xe
clamation of water area between wharf
Ho.5 and No.6 should be chosen based
on the future'plan of the port.

Concrete bLlock

Calsson

i

Uneveness of face line and crown height

of the guaywall should be repaired by .
replacement of the crown concrete.

Existing pavement slab and poor quality
materials for base and subbase course
should be removed thoroughly.
Materials of good quality should be
filled, and compacted fully.

Base and subbase course of necessary
thickness should be placed and pavemen
siub should bé placed.

Rails for cranes and foundation of
rails should be repaired.

Existing mooring posts and bollards

may be used.

Widths of rubble mound in front of
the concrete block wall in the original
design should be maintained.

Underwater concrete should be @ filled
into large gaps between concrete block
to prevent the sucking out of backfills.
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Berﬂ\No;' Type of structure Methods for restoration

8 Concrete block 1. Final conclusion should be reached
through detailed.inspections.

When it is confirmed that the concre
te block wall has not inclined to
sea side of.stablity of the wall again-
at sliding'ahd=falling downiis Saﬁmed,

this wharf can be used as bhefore.

2, Items 1 to 6 of Berths Nos, 6 and 7

should be applied to this bexrth.
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E;éﬂ? ‘Remarks on Restoration ﬁorks
S5.4.1 -Top Part of Walls

1} Based oun the previous record of weather conditions, the
best time period for comstruction Qhouid be chesen.
¥ull caution should be taken for backfill materials nok to be
washediout by waves. If-necessary! special.counter—measure for
_prevgnting the.washing out may be used at time of removing and

reconstructing.

2) It is considered effective to insert the counecting barvs

between existing blocks and newly constructed top part.

3} 'During the construction, forms for concreting extrude
towards the sea out of the wall face line, so the forms should be

protected against wave action.
5.4.2 -~ Apron Pavements and Crane Foundations.

1) Existing pavement slabs and rubbles, or soft soils at
the ¢rane foundation should be removed throughly.

2) Material underneath the pavement should bé of satisfac
tory guality.

3) In the course of compaction of subgrade material, full
caution should pe taken for the wall itself not to Se badly in-

-fluenced.
3-5.4.3-—Main Structures and Rubble Mounds

I) 1t should he fully considered that the seismic resistan
ce of each facility has heen weakened due to unevenness of blocks,

: i
tilting towarde the sea, increase in earth pressuye etc.,even after

restored partially.

2) Detailed imspection of.the shape of mound should Be made

for sechring necessary mound width by placing necessary amount of

rubbles.



3) - Openings between blocks or caissons should he carefully
$illed for reclaimed soils not to be sucked out.
5.4,4~ Others

‘1) For the works of repairing the crown height or overlaying
of damagéd‘pavements, catefull stabili;y analysis is neceésary,
‘because these works will'give risg to decreage in stabilicy of the
whole structures.

Stability ‘analysis sh0u1d'bé'carried'out with condition of
@ = 35°, because strength parameter of bacKfill soil might bhe
decreaééd'by possible sliding in it.

2) It should be tried to reduce the cost by the reuse of
bollards, bitbs,_etc.'

3).Fu11'consideration shouid be taken for items SUGh-§8
QUality'contrOl, management of construction séhedule, gafaty con-
ttroel and so on.

4) Some kind§ of sheitei may be necessary for protecting

working crafts against rough.weather.
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b= suggestiohs

6.1.~ Study on Development Project of the Port of Valparaiso,
ﬁ;l;l;f Objectivé of the study
The objectiye of the stuﬁy'is to decide a basic blan to
imprpvg'the port_of Valparaiso for the target year of
2.000 and decide a short - term developmant plan with
1990 as the tavgel year for facilities reguiring imme-
diate improvement and make feasibility stuvdy concerning
this plan.

6.1.2.~ Scope of the study

{1}.~- Present conditicns of the port of Vval=-
paraisoc,

a).- Port Facilities
b);— Port Activities
¢} .- Port Opeiation
(2).~ Natural Conditions

a).~ Climate_

b).~ Sea conditions

¢).~ 8oil conditions

@3;5 Earthquakes

(3} .~ Basic Priorities for Development of the

Port 6f Valparaiso,
ay.- Soéio—economic Activities in ﬁhe Area Cen
tered Around Santiago Region.
b}.- Port Funétions Required in 8Santiago Region
c). - Basié Priorities for Develdping the Port
of Vglparaiso '
(4) .~ Foregast of future_ﬁolume of cargoes to
be handled at the éort ofF Vélparaiso.
é).~ Pfesent situation and trend of cargoes

handled at the Port of valparaiso,
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b),- Socio-Economic Framé Prerequisite to Cargo
~Volume Fbrécasﬁing,

¢).- Future Forecast on Volume of Cargoes at
thé Port of Valpéraisd;

(5).- Master Plan for The port of Valparaiso De
velopment Projegt.__

a).- Strategy or the Master Plan

b).- Estimate of the Scale of the Plan
c).- Master Plan and Evaluation

d).- Construction Plan of the Master Plan
(6).- Short-Term Development Plan for the Port

of Valparaiso

a}.- Target for Short-Term Plan
'b).~. Site Selection
:é),v Réquired Berths

d).- Alternative Options for the Short-Term De

velopment. Plan.

e).- Container Terminal_Plan
(7).—.'Design,_Construction and.Cost Estimation
a).- Design of Port Facilities
b)) .- Heﬁhod of Conséruction
c) .- ..Estimaﬁion of Construction Plan
(8).—. Econoﬁic Analysis
a}.~ = Benefit
‘b).- Cost
<)o~  Shadow Pricing _
A .- .Econpmié_Profit;bility
(9);* Financiéi'ﬁnalysis
a).- Analysis of Pinancial Statement
b) .~ Discount CashFlow Analysis
¢) .- Sensitivity Anaiysis
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1}

z)

ConcludinﬁfRemarks

_This.report has been compiled based on the results of investiga-
- tion .at site and colléiion of information. It should be notéd
that a limitation of time aﬁd an absence of some important data
.have ﬁade some parts to be described aualitatively rather than
gquahtitatively, It is hoped that the Chileén side pays an effort
for restoring and developing facilities of the Port of Valparaiso
along with the guidelines shown iﬁ this report.

Assistance and cooperation given to the mission, throughout the cour
se of investigation, by the Ministry of Public Works and the Em-

presa Portuaria de Chile are gratefully acknowledged,
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Al.

A2.

APPENDIX A Deaipgn Seismic Coefficient

Introducti?ut -
The design seismic coefficienf iﬁ this repért corresﬁonds that in
the design_procgduré for mnx‘;ﬁQEMrbourfacilities currentty being
used in Japan. l.i) The design seismic coefficient should: be de-
termined for each porg.of gite,'baséd on the faétors described in.
the text.. Anélysis on the efficien@y of-fhe.invgsﬁ-ménc was not
possible; because.of the limited time and data a3 well as the insu
fficient es£abiishment-p£ the methoﬁélogyg Therefore, heveafter
in this appendix,.the consideration of physical aspect tn-de;iﬁé
the design seismic coefficient for the port of Valparaiso will be

deseribed.

‘Seismie activity around the port of Valparaiso.

Geophysical ppndition

Theseiﬂﬂnit§0f subdueti&n zohe:is very active. The CHiléan'cost'is
located alony fhesubdﬁééion zdhe_of the Nazca ﬁlate. therefore it
is clear that the port of Valparaiso ié located in the zone of high
seismic activity,

Large €arthquakes

The followings are the large earﬁhquakes which teok place around the

‘port of Valparaiso and were presented in the refeténce.?)

Year Epincentral area .Magnityde Damage to Valparaiso
1875 . l L 7 - 7.5 -

1641 . _ 8.5 -

1730 8 3/4 -

1822 ' 81/ -

=1906- _ | 8.4 ~

1928 Talca S - -

1965 La Ligua o

1971 Papuda o | Yes
 1985 Algarrobo : . 7;7'- Yesn
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The dampge to the facilities in the ﬁort of Valparaiso by the 1971
earthquake ds presentd in the reference 4). The 1965 earthquake
did net cauge any rgported demage in the port of Valparaiso, however,
its location of epicenter and magnitude éfe.not much different from
those of the 197l:earthquéke- Therefore, the 1965 éarthquake is
coﬁsidgrad as one of the esarthquake which sheuld nof'ﬁe ignored in
the seismic¢ counsiderations on the port facilities ‘in the port of
Valparaigo. The 1906 earthQuake had potenéiality to déﬁége the fa-
'diiities in'the_port of Valpéraiso, although the poxy facilities

did not exist ac the time of the earthquake.

Within. 85 years after 1900, at least 4 earthguakeSinfluenced asigni-
ficantly the area of the port of Valparaiso.
From this fact, it is understood that the. port of Valparaiso is

located in the zone of high seismic activity,

Expectancy of peak acceleration at Valparaiso

According to the statistical studies, the peak accelerations at

"Valparalso was estimated for the differeat returh periods as below

5,6):
. *
Return period - Peak acceleration on
ground
50 years : 250 gals

100 years 400 pals

For reference, the similar expectancy and the design seismic

“coefficient ‘at- 5 Japanese port are given in table A-1.

Degipgn earthquake acceleration

Prom the information gad dara described in the text dand the pre-
ceding.patagraphs in this Appendix, the following peak accelers-
tions are considered appropridte values for the earthquake resis~

tand design of the ordinmary port facilities in the porxt of Valpa~-

raiso.
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At base rock surface o - 200 gals

" At ground surface _ . 250~300 gals

Design seismic éoéffiﬁient

‘The relationsh? . between the peak accelaration and the design
seisnic cééfficient igs not simple. According to the reseaxch ba-
sed on the analysis of seismic damage to the gravity type qu&Ywﬁlls,

the following empirical formula.has beén'defivgd 7):

d H
ey = __gﬂii_ for max. < 200 gals
ey = % ( :ax Yy 3 for ({max., =2 200 gals

where, ek‘

design seismic coefficient
Kmag: maximun acéelefatién of grouhd'motiéns in gals:
g @ accelaration of gféviﬁy in'géls

This_forﬁulé reﬁresenf‘thé upper bound of the relggidné between
the maiiﬁun accaierations'and-the design seisnmic coéfficient; in
.éther'words;_the formula giveé-conseryative_relatioﬁship between
them. - It should be noféd:that_éhe acceleration in this fofmula
‘corresponds to that fecérded bf.thé.SMAC—BQI aécelerograph. The
SMAC-B2 accelerograpﬁ hgs'a ﬁarrbﬁér Eieﬁuenaﬁ range thag that
of the SMA;i accelerogréph;3and'the SMAC-B2 accelerograph has ten-
dency to give a smalleér peak accelaration tham Ehat the SMA-1
accelorograph does.: According. to the experiences, it is agsumed
here'that.thejdiffgrences'are_apprdximétgiy 15% fbf thé record on
the rock site ahd‘ 7 % for thé réecord on the fill or the deposit.
"So, the peék accelerations in Eﬁé'preceding pnragrabh.hre modified

aé followa:

Accelerations by SMA-1 Accelerations by SMAC~B2

On £ill or deposit 250-300 SRR 230-280

On rock E - 200 170
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By the forwula, above accelerations can be converted into the de-

sign seismic coefficient; namely 0.17 on rock and 0.21~ 0,22. on ground

Taking the fact that the formula gives conservative values and the
experiences in-Japan into consideration, it is concluded that the design

seismic coefficlent for the facilities in the port of Valparaisn ig din

therange of 0.15 to 0.20..

In_the similar way, the design seismic coefficient for 400 gals is
calculated as D.24. Taking this and the practice in Japan into conside
ration, the design seismic coefficient for the high seismicity berth is

detetmined as 0.25

Spme experiences in Japan .

During the 1978 Miyagiken Oki.ea;thquake, the
facilities in the port of Shiogama and the Senda! were subiected to
the gimilar ea;thquake 3round motioﬁf 8). The recorded peak accelera-
tiona in that avea were about 200 gals on the baserock and ZBOIgals
on the ground. - Most 6£ fhe.mooring facilities in both ports were
designed with the design seismic coefficient 0.15. The performancas
of those structures were satisfactory. This fact is supportiﬁg the

determination of the design seismic coefficients in this report.
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Append;x B.. EHLliELEEESEE_ESWEPG Port of San Antonio

The expert miasion visited the port of San Antonio as day return.
Major purpose of the visit is to learn about the damage took place in
the port of San Antonioc and to reflect what the mission learned there
ko the consideration on the aqelsm1c1ty of the facilities in the port

of Valparaiso The followings are brief records of the mlsbions im-

preasion,
Liquefaction

It was evident that the liquefaction occured in thé saﬁd fill
behined the moorihg facilities. The gracks in the ground and the ex-
treamly‘seve;e damage to the structure are e¥plaining occurences of
the:liqﬁefactioh. .

The sand found there was very fine and uniform. If the sand
'there is relatlvely loose, it liquefysvery eas;ly under not very large
ground motions. The maximum acceleratlon recorded at Lio - Lleg, about 6
km distgnt from Sén Antonio was 0.25 g. The'acceleration in San An~-
tonio may not be same to that at Llo-Lleo, but it mﬁét be large enough
to.liquefy the sand in the port. The design criterion for assessinq
liquefaétion potential can alsc explain the liquefacticon there. The

criterion is explained in the reference (1},

Cause of Damage

The liquefaction causes increase of pressure to the structure and
decrease of bearing capacity. The lateral resistance of pile is also
decreased by the liquefaction of sand layer in which the pile is driven.

It is clear that those phenomenon as well as large acceleration caused

.the damage.
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Inspaction

Tﬁé expert'missioﬁ felt that the_structﬁres ofithe beﬁths:ﬁos.
3 through 7 should be inspected very carefglly,._The.déformatioh"
_should be measured and ﬁheIStresées'in'the deformed'ﬁeﬁber'shou1d be
anauméﬁ' to exéminathé .reliability of the structureé.' If necéssary,
the restriction of loading éhéuid_be_made._.Tﬁe cbﬁéfete'pileg-_of
Ehe structure of the berth No.5 should bg inspécfed.whether Qracks
exist in the pilesior:hét. If there are cracks of width exceéding*

certain limit, the durability of the piles might.decrease'considerhbly.

improvemeht of Ground

The sand £i11 behined the structures needs to be densified . to
increase fésistan¢e to the liguefaction. If necessary, the 1iquefac-
tidn'pdténtiél should be assessed by means of thé'desigh criterion.
Attension éhouidlxaQima:‘to the effect to the:structure caused b} the
densificétion_wdrks. . .
‘Reference
1} Bureau of Ports and Hérbouré,'MiniStry_of'TréhSpoftl{Supérvision):

Techhicél Standards for Port ‘and Harbour Facilities in Japan, ‘1980,

‘Published by thé Japan Association for Ports and Harbours,
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Abril 11 de 1985
Estimado sefior Valenzuela,

Me es grato dirigivme a Ud. en relacidn a la visita del seifior
John Sullivan, experto de la Organizacidn Maritima Internacional (OMI)
a fin de colaborar con les autoridades nacionales competentes sobre la
manera mis efectiva ‘de utilizacién de los puertos de San Antonio y Val

- parafso.después de los considerables dafios sufridos por ambes, a raiz

del sismo que asolﬁ el pais el dia 3 de Marzo,

‘ Sobre aste partlcular, y como resultado de dicha migidn, me es
gra*o ‘hacerle llegar una copia del informe preliminar en idioma Inglds

preparado por el consultor luego de sus visitas a los puertos de San

Antonio ¥ Valparaiso. La traduccifn en Espaficl v el informe detallado
seran proporcicnades a la mayor brevedad.

Hago propicia la ocasidn para saludarle muy atentamente.

AR

/’ _

D*ertg‘ggd/éaas
Rep/entante Resid

qenor o _ : df
don Miguel Valenzuela
Jefe, Depzartauento de

Tetudics. Direceidn de Dbras Portuarias
Hlnlstbrlo de Obras Publlcas
Fresente
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?RELIMINARY REPORT

CONCLUSIONS/RLLOMHFNDATIONS FOR THE PORTS OF VALPARAISO AND SAN AthNIO CHILE
MADE BY IMO CONSULTANT JOHN SULLIVAN AT THE COMPLETION oF HIS MIbSION '
MONDAY MARCH 25 THROUGH MONDAY APRIL L, 1985

l. GENE‘.RAL COMMENTS

. 1 The prellmxnary conclus1ons/recommendatlons made in, thls repoxt are reached
within the framework of terms of reference for the consultant'
"L Operatlonal methods to lmprove good productxvxty and berth
eccupancy-consmderlng drastic reduction of berthucapac1ty
due to'damage caused by earthquake, '
2. Replacement of cargo handling equipment, particularly port
cranagé-aﬁd container feéder services),
3. Daywto day operations including allocation of space/area for

container stacklng, warehouses and lnformatlon systems

1.2 A more detalled mission report will ‘be . prepared and dellvered by the consult

‘ant to IMO, London upon the te"mlnatlon of the mlsslon.'

1.3 Con31der1ng the fact that some emergency measures have already been ;mplemen—-
ed since March 3, the recommendatlans or adv1ca in thls paper deals only.wlth

the actual bltuatIOﬂ prevalllna at both ports at the tlme of mission.

1.4 The obJect ives and the aims for the recommendat10ns/adv1ce are governed

by the consultant's eFforts to devise methods for optimizing the operations

with ef%ectlve, comprehen31ve and cohesive utilisation Qf existing rescurces,
manpower and facilities, in order to achieve the greatest'possible'contribﬁtion,
- at- least cost in real terﬁs, ﬁo the gfowthlof the national e"cnom‘IAnd to'avoid
Further economic strain on some 883L8003u1110n burden created by the earth— '

uuake.

1.5 The"consu tant be11eves since that the contents of this prelininary
report will be 1ncarprered in the Lloﬂt of the above exprebsad v*ews'aﬂd not
to be regarded upon as controversial. Expevleqce shows that the purSult of.

1ncreased performance in ports, partlcularly when this 1nvolves changes in

e
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2.~

cperational methods and customs, may easily becoue subject to resistance.

The benefits reﬂultlnn from well Eounded changes, however, may accrue in

the form of a faster ship turn—xound improved cargo flow with streamlined
argo-operations. The incentive to achieve this in the two ports in caption
should be the optimal urilisation of their combined capacities and facilities,
for the_bgneflL of EMPORCHI and for the port users.

| 1.6 Finally it must be bormein mind that the contents of this paper is formu-
.1atéd by the'consultanc_who,-aided by his findings, favors and advises that
Valparaiso and San Antonio, with ohly‘ﬁo sailing miles apart, should be treated
as "twin ports”, in ;erms'pf capacity utilisation and as such planning and

execution of their joint operations be coordinated as one port.

2. VALPARATSO - OPERATIONS

211:Berth'oc£upanqy

The average berth occupancy in 1984'was 39% with over 55% slack on the port's

intrinsic capacity,

The pLesent berth occupancy can be optimized by combin 1ng the capacity avail-
able here and in San Antonio in a more coordinated manner than implemented
_piior to March 3. There is.a situation, perhaps permanent, whereby the re-
paratidn)réconditioﬁinc of some of the berths and their back-ups may not be

warranted from an econcmic point ol view.

2.1.1 A contiﬁgenc; “lan for se* o chupaﬂcvfutlllsat,o1 should be preparad
ror the twin po*ts. Mo such plan has been drawa in the past, howewvar, ths
aarthquake warrants this plan which has to be up-dated and revisad ac moath-
ly-intefvals.

2. 1 2 Durlnﬂ the intermadiate perlod while seismographic and streagth tascs
are carrled out to estimate the extent of the rEpnlrS requlred £or berhhs N=

4y S, 6, 7 and 8, ships to load perishables be given priority at berths N2

b, 2, 3 and 4.

foon
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2{2'Berth'through?ﬁt (perishables)

The berth throughput for 1983 and 1984 was 40% - 42%, on 8.3 berths
basis. The Eollowing observations are made at berths N2 1, 2 and- 3 durlng
5 consecutlve days whlle 5 reefer ships were loaded and 2 multl«purpose vessels

loaded perishables and discharged break. bulk cargo.

a) There is an extended degree of gnneqessary and overlaping transfer and
" loading operations particularly on the épron. Over utilisation of FLTs is
excessive. This results in bottlenécks and nini congestions on the quay sicc

where too many FLTs are lined up idle.

b} Four dlfferent llftlng gears are used to load the pallets.

1) Pallet cages : o

2) pallet wires slings with top éﬁreader"andEStéel side bars

3) dylon stfaps- . o

4) Pallechorks'(singles and " twins)
c) Nd: all catrgo is palletiéed (ﬁﬂioné)”and_palléciéétioﬁ:is doﬁe5behind-the
shed resulting in 1ongef queuéing time'and space OCCUbéhcy. |

‘Berth “hrOughput haok cycle, berth occupancv can be 1mproved with qpprox.
207 over the present utll*satlon/product1v1tv when “and if: '
aa) allrcargo is pa alletized or pallet1satlon ‘is done at the sned baclk~-up

area yard, :

bb) only one tvpe of lifting gear is used twln pal lét:fsfks.
cc) pallets are lifted for oading - 1Pt07°hlp s hold alrect‘v from the truck's

deck and not off*loaded on the quay f1r§t and thenﬁhookad after..

The atove reco:mendations are easy to 1:pLement and they g0 also for
similar gperations of same nature at all other bertchs wnere perﬁsnables are
exported. The exception is at the berths N 3, 6,-7 and 8 durlng‘the transi~

tion period.



2.3 Berth throughput ~ other palletized cargo

The samg'overutilisation of FLT's also exists heve. Direct delivery |
cargo should be lifted for loading into ship’s hold directly on truck's/rail

cars' -decks and vice versa, without beimg put on the quay first.

2.4 Container ogerétioﬁs

_ Due to time factor yhé cousultant did not have time tevanalyse coatainer
' operat;io_nsf Having in mind that the port users are presently exerciszng their
right to take over container-delivefy/receipt, this become responsible for all
containgf operations in thié port, the consultant recommends that to streamline
further the EMPORCHI's portion of quay side container paper work is computer -
ized by intagféting‘thié.to the existing faéilities of the port users, When
befths ﬁa;a and 5 are made fully operational, a detailed study of the container

dperétiqns should be considered,

3. VALPARATSO - CARGO HANDLING EQUIPMENTS

3.1 Forklife trucks

The exténded unnecessary use of transfer and quay side equipments
should he reduced. This calls for a closer cooperation between EMPORCHI and
the port users. The berth system and the custom of this port. Wlth S0% direct
delivery wnich is close ta 90% during the shlpmeqt perioed of the per1shables
wary ‘nts that a senéiblé reduction in overutilisation of FLTs must be ellmlnated.

The prescqc FLT park can handle gwice as much, perhaps more traffic/cargo flew

than 1,1 mlll&on tons of 108&

3.2 Céntbiﬁe”-hanélinv e"uiument

The existing container transfer equlpmert is slow. 1f EMPORCHI is to

*nvest in new equipment the consultant racommeﬂds that 2 side loaders 1nstead

of 2 sophxstlcated Shlfters (comblned straddle carvier and transtainer) should

4

be purchased With S}tuﬂt;Oﬂ as described under 1:em 7.4 whether the port users

should undertake the investment in new EQUmeent should also be comsidered.

fo..
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3.3 Quay side cranes

The nature of berth _system with close to 100% direct délivery'for
pefiShébles ana 50% to 60% for general cargo'entéilq that transfer and _
dlschargelloadlng operatlons warrants that there should be as few obstrue-
tions as posqlble, preferably none, on the apron and at shed seaward fronts.
Fixed quay cranes are’ prlme sources for’ quay s;de congestions and help create
bottle necks with ensuing impact on hook cycle, berth Ehroughput and berth

'bccupancy.

The consultant racommends that increased use of Shlp 5 gear be implement
ed and encoulaged The quay cranes be dismantled and reduced to nails, To
absorb the peaks and to compensate ‘slow Shlp hook cyele, money ‘from the nails

be invested 1n-moblle cranes of 3 tons capacity each.

4. VALPARAISO - SPACE/AREA FOR CONTAINERS AND WAREHOUSES

The consultant recommends that once the fixed cranes are phased out
(tteemblem of EMPORCHI can remain unﬁhaﬁged}, ail';he verandahs at:théTSheds
‘be tora dowm iﬁcluding the bridges'conﬁECting bef;hs N& 1, 2 and 3 to each other.
‘By doing so the apron and marshalling areas between and behind the sheds will
be considerablyjincreased. | |
4.1 As soon as the selsﬂatlc aqd strength tests are obtal ved and the futura
of berths N2 6, 7 and 8 degldea upon *115 pier 13 racomreﬂaeﬁ for conversion
to wultlrpurpose pler by uearlng dowa three sheds 1eav1no only the south~east

shed behlnd

4.2 There seens to be no need £0 con5¢de' iimprovenents nor eveantual extension

" of the Baron pier (berths M2 0 and 10).

4.3 Yards (open storace area)

The existing yard facilities are under utilized and there seems to be

no need to consider additional space alleocation bevond the existing limits.,

4.4 Container marshalling, stacking and back-up areas
If Beismatic ahd'strength'testé'ﬁarrant that containers can be stacked

ln thrae hlgh w1th1n ‘the ewlstlng areas there appears to be no need for addltlov
/...
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6, -

al space allocation in this respect as the existing facilities are ample

for a traffic volume upto 65.000 TEUs.

Any deL151on regarding container traffic in this port is recommended
“for careful consideration to avoid patch-work solutlons There will also be

container area on the pler if the proposed conversion described 4.1 above is

1mplemented.

4.5 The existing infrastructure and the geography of Chile.sgems not to warrant

the need for an inland corntainer depot in Santiago.

5. SaN ANTONIO - OPERATIONS

5.1 Berth oécupancv

o In 1984 this was approx. 49% and the berth throughput zﬂxntSSZ.'Tﬁe
question is whether this port can achieve the same results with berth capacity
reduced to 5..

“5.1.1 Tﬁe consultant sees no immediate problems to this effeét'as:

a) The container traffic is expected to décrease for about 50% from
1984 level of 20.966 TEUs to about 8 - 9.000 TEUs in 1985, .This drop
Qill take place from arouhd July/August 1985 in connection with a

major Lines plans to divert the calls Lo Valparaisoe.

b) The traffic peaks can be eased by cocbining and coordlpat4ng the

capacity use of the twin ports.

5.2 3ulk cargoes

~he volume of bulk cargo traffic for 198S is estimated to stand at:

- grain  800.000 t
- c. concen.llS.OOO t
- others 405,000 t = 1.320.000 t or approx. the same volume as for

1984. The cargo flow volume, all told, is eStimated to remain ab 2 million level

for some veafs.
Bcrths N2 5 and 6 should be given priority Eor bulk shipments whlle

'V~ 3. should be a‘located £o copper concentrafe shlpments._
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5. 2 1 The draft at berths 5 and 6 is 30 ft at low and 34 fr at hxgh tide.
There 1s no safety margln Lo allow dredglng for the pler and consequently
no way of charterlng larger vessels to obtaln economy of scales for graln
imports. However, the consultant recommends that the cases of dead trelghtl
payments to grain tonnages should be surveyed to- determlne ‘the causes and

eventually reduce ox ellmlnate thebe.

5.2.2 The consultant strongly recommends that the pxoposals to convert the
oil. jetty facing north of the pier to a full scale graln termlnal ‘whére
larger shlpments can be handled (the depth is about 40 m.), égb;ld Be deflnxte
1y abandoned Not only the lnvestments in new facilities wxll be exorbltant
but same will require the increase of storage capacity (120) to room 1arge

lots one at! a tlme.

5.3 The consultant did not have the opportunlty to observe cargo/berth oper—
ations in thls port. Arrangements to shuffle hlq time to be in San Antonio
dld not help as the flrst shlp since March 25 arrived on March 31 to load
copper concentrate and the next three ships were expected to call on Monday

April 1.

5.3.1 The consultant is therefore, not in a position to corment. on this issue
but’ belleves is safe to assume thac the situation in Valparaiso related to
bertn/cargo operatlons goes, te ‘certain excent also to this: port and same

recommquatlons can be considered for remedv.

6. SAN ANTQNIO ~ CARGO HANDLING EQUIPMENT

6.1 Mobile esguipment”

There is aqecuaLe tumbar of equln ent, owue b¥ EMPORCYHI and by priva
K port users to hanc g ncnev 1 car go and containers. The' planqed use of one of

“the q0 t mob le cranes ton grain discharge is correc~ znd shou?d ba 1~n’eme"teﬂ.

6.2 Quav side cranes

_ The censultant recommends that the use of quay cranes should bc pnased
out Eor good and ‘the plans to 1nstall three new ones on shed ﬂg 3 be abandoned.
-_Use.of Shlp s gear alone should be zmpleﬂented “To speed shlp 8 hook cecle,

/o X
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8.

whenever this occurs, use of approx. 3 t cap. mobile cranes should be
-adopted.

6.3 Replacement of éged and slow locos

The consultant supports the plans to replace the two aged locos
with tWo ney ones which will help increase the ef£iciencylof operations and
he]p 1mprove better utlllsatlon of resources. His views on this issue have

already been relayed to the representative of The Worid Bank.

7. SAN ANTONIO ~ SPACE/AREA FOR CONTAINERS AND WAREHOUSES

7.1 Containers yard

_ Hith the reference to item 5.1.1 the consultant sees no need to extend
the éxisting cqntainer yard and back-up facilities beyond the present limits.
The space onﬁie pier alone is sufficient for a traffic of up to approx. 25.000

TEUS..
7.2 Warehouses

Considering the berth sys;em and the 1uFrastructure the conoultant SGEJ
no need in 1ncrea31ng_shed capacity beyond the one on the pier which can cover

transit storage demand of about 1 to 1.2 million tons.

7.3 Yurds (open ctoraqe)

There exists ample quav/apxoq space to handle cralw traffic for up to
2 million tous a year and storaze for 1 million toms of general cargo 4 year.
The consultant se2s no need to exte the existing faciiities beyond their
present limits.
| 7.4 Any investment for repairs/reconditioning 0o herths 1 and 2 would te waste
of money. These two berths and the facilities aze recomﬁendgd'for censideration
as lost. |

N | Berth'N$'3 deserves to be reconditioned as it appears that this.can be

achieved with a reasonable investment.

Joor
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9.~

7,4.2 The consultant recommends that all investments should be concentrated

to the pier and to berth N2 3,-~

Santiago, April 2, 1985
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