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Fig. 2-6

Backswamp and sand
dunes

(southern Chimbote)
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Fig. 2-8
Sheetflood deposits
and reworked eolian
sands of the alluvial
fan (B 3), south of
Chimbote Hill.
(Steel plant of
Chimbote)
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Fig. 2-9

Alluvial fan, north-
of the Chimbote
harbour, consisting
of reworked eolian
sands and debris
derived from steep
mountain-slopes
behind.
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Fig. 2-10

Soil profile along a
trench in Jiron
Ayacucho, Florida
Alto. Darker layers
are brown clay, light
coloured layers are
sand.



Fig. 2-11

Soil profile at
Servopesca on the
Rio de Lacramarca
alluvial plain.

Fig. 2-12

Southern slope of
Co Tambo Real,
covered largely

by old eolian sand.
Houses on the slope
are Barrio San Pedro.
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Table No. 5-2 Predominant Period of Aftershocks in Chimbote Area

Boring Predominant Periods Predominant Periods

point in seconds Nase Rock - Koisko

and After- Place P-waves SV-waves P-waves SV-waves

;1:’“1‘ | Tt | T2 | 71 | T2 |71 {72 | T1 | T2
1 near Sogesa 0.22 [ 0.28 {0.28 - - - - -
2 Garcia dela | 0.072] 0,088 0.084]0.111| - - - -

Vega
3-A Alto Peru 0,.11110,1333 0,111 0,133} 0.105| 0,125} 0.125) 0,125
4 Panamericana | 0. 144 - 0.118) 0.168| 0.132| 0.168)| 0.154 | 0.200
5 Buenos Aires | 0,111 0,125} 0.105| - - - - -
5-A " " 0.100) 0,118 0. 111} - 0.134| - 0.168| -
7 Miramar 0,100/ 0,125) 0.132] - 0,142 - 0.162] -
Table No. 5-3 Ratio of Amplitudes of 8V waves

Boring' - Mobile Station | Mobile Station| Base Station | Ratio | Mangification

point ' place maximum Koisko Ao

No. ' amplitude amplitude | A A | Ao

inuv: A inuV: Ao

3-A Alto Peru 1042 1875 1.80 2.51 2.5

4 Panamericana 2185 4650 2.12 1.0 1.0

5-A ' Buenos Aires 2105 5680 2.860 { 0.5 1.0

L_7 Miramar 1724 4645 2.170 0.5 1.0
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Table 6-1 Adopted Parameters for Computation

—
Boring number | Density of Thickness of Averaged
soil layer N-value
ton/m3 m

L 2.0 3.5 6

1 {2.0 21.5 50

2.2 Base Rock 70

2,0 3.5 - 30

2 : 22,0 21.5 50

2.2 Base Rock 70

2,0 6.0 24

2.2 6.5 50

3 2.0 2.5 13

2.2 10.0 50

2.2 Base Rock 70

s : {2.2 25,0 . 50

' 2.2 Base Rock 70

2.2 5.0 50

5 2.2 20.0 50

. 2.2 Base Rock 70

(2.0 9.5 37

2.0 4.0 38

7 12,0 5.0 38

2.2 6.5 50

2.2 Base Rock .70

(2.0 6.0 32

2.0 4,23 37

8 2.2 6,22 55

' 2.2 8. 55 70

12,2 Base Rock 70

2.0 5.5 36

2.2 4.5 47

11 2.0 2.3 31

2.2 12,7 46

2.2 Base Rock 70

2.0 2.0 5

7 2.2 3.0 44

2,2 20.0 T0

2.2 Base Rock 70




Table 6-2 Ratio of Max. Acceleration of Ground Surface to Max.

Acceleration of Incidental Wave

B Max Acc, Ratio of Max. Acc., of
Ground Surface to Max,
Acc, of Incidental Wave
El Centro Incident Wave -55. 71
Boring No, 1 ~187.15 3.35
2 ~128,58 2. 31
3 ~138. 73 2.49
4 ~118, 91 2.13
5 -119, 14 2.14
7 ~135, 76 2.43
8 -142.76 2.56
11 120,13 2.15
17 -156. 91 2.80
Taft Incident Wave ~33.46
Boring No, 1 -85, 81 2,57
2 -70. 88 2,12
3 -69, 17 2.07
4 -68. 89 2.06
5 -68. 86 2,08
T -T73.69 2,21
8 ~ =79, 54 2,38
11 -70.51 2.11
17 -71.95 2.15
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Table 7-1 Damage to Constructions

-‘U—;ication Asent. Tipo de Construccion .
{Location} (Settl) (Construction type) Comentarios
Adobe | Lcc | LSC (Comments)
B 1 No 100% - -
2 No - 30% -
3 No - 20% 70% | L.S.C,-Pano confinado en
un solo lado (Ver feto)
4  Si(Yes) 80% 20% - {span confined only at
one side)
5 Si({Yes) = 20% -
6 Si(Yes) 80% 20% -
7 .Si(Yes) 90% 15% -
8 Si(Yes) - 10% - Casas de 1 piso construidas
masivamente {one story
9 Si(Yes) | 100% 109% - - houses of the same type)
10 Si(Yes) - 10% - Casas del mismo tipo que
' el area 2
11  Si(Yes) 90% 20% - Casco Urbano (Down town)
12 Si(yes) | - 15% -~
13 Si{Yes) | 90% 20% 70%
14 Si(Yes) 90% 10% . | 70%
15 Si(Yes) | 0% | 10% | 70%
16 Si(Yes) | 90% 10% | 70%
17 | Si(Yes) | 95%. 109, 60%
18 | Si(Yes) | 100% | . 10% 809
19 Si(Yes) - | 10% | 0%
20 Si(Yes)_ | - 10% 60%
21 | Si(Yes) . 15% -
22 - Si(Yes) - 30%-90% ] - 30%en el extremo sur y
. : . 90% en el extremo norte
s | ome |- | wen o | o atme souh endond
24 . No | - 30% 85%
[ L.C.C. = Ladrillo con columna (Brick with frame)

% _ 1..S.C. = Ladrillo sin columna (Brick without frame)
| _
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Fig. 82

Sand volcanoes with
open fissures on the
Rio de Lacramarca
alluvial plain (East
of Hda. San Jose)}



Fig. 8-3

Sand volcanoes on the
Rio de Lacramarca
ailuvial plain (Near
Camino Peru) '

Fig. 8-4

Open cracks associ-
ated with Sand
volcanoes (Loc.
same as Fig. 2 )



(b)

(c)

Fig. 8-5

Ground cracks on the
Rio de Lacramarca
alluvial plain.

(Hda. San Jose)



Fig. 8-6

Damage due to sub-

surface liquefaction on

the Rio de Lacramarca
alluvial plain.

a) damage to
Chimbote—Huallanca
railway near Hda.San Hose

(a) b)andc)

' damage to wells
{subsidence and
tilting)

(b: near Hda.
San Jose
¢. arestaurant
along Camino Peru)

(b}




(a)

{c)

Fig. 8-7

Cracks in sand dunes
a:  Cucardas
b.c: north of Estadio

Pensacola



e Fig. 8-8

SR
fat L

Cracks near -the
boundary between
sand dune and
backswamp

{Tres Cabezas)

(a)

Fig. 8-9

Cracks in the crust
of semi-consolidated
sand layers on the
hill slope of San
Pedro




Fig. 8-10

Damage due to

differential subsidence
and to

opening of foun-

dation at the

edge of sand dune

{Tres Cabezas)

{c)




()

(b)

(c)

Fig. 8-11
Differential sub-
sidence of ground
on beach ridge.
{Coast near

Hotel Chimu)



(b)

(<)

Fig. 8-12
Differential sub-
sidence of ground
due to compaction.
{Urbanizacion la
Caleta)



Fig. 8-13
Damage to houses
-due to differential -
subsidence of the
ground at the edge
of beach ridge.
(a, b: Urbanizacion
(a) la Caleta,
' ¢: Urb el Trapecio)

(b)

(c).
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Fig. 8-15

Flooded area

due to ground

settlement and

uprise of water

table.

(Backswarmp in
southern Chimbote)

(b)




: Fig. 8-16 _
Flooded area due to
ground settlement
. . and rise of water
. - table. )
' ' ' (East of :
Miraflores Alto)




ig. 8-17
Damage due to
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fferential sub-
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(a)

Fig. 8-18

Damage to house
due to differential
subsidence.
(Casco Uabano)



Fig. 8-19
Damage to building
due to earthquake
shocks.
(a: Miraflores,
b: School
building of G.U.E.
) Inmacu lada de l1a
Merced,
(a) ¢:  San Pedro)

(b}

(0




Fig. 8-20

Damage to Chimbote
harbour

a: slumping of paved
road.

b: ground settelement
with cracks and sand
volcanoes, due to
liquefaction on the
filled earth.

(a)
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Appendix

Appendix 1. Comparison of the two penetration tests.

The two types of the penetration tests were performed in the two boreholes two meters far from

each other, respectively. The test site is located at Inage City, Chiba Prefecture of Japan, where a thick
cand deposit exists.

One of the penetration tests (type A) was as the same as adopted in the investigation in the Chimbaote
area. Drilling was advanced by jetting fresh water from a bit attached to the lowerend of the drilling
rod of 2 in. in diameter, lowering casing of 3'in. in an inner diameter to support the walls of the hole. The

penetration test was performed at the bottom of the cased hole. An outer diameter of a spoon sampler

of 2.5 in., a weight of 220 1b and a height of fall of 20 in. were used.

The another borehole was made by rotary drilling without casing, using the circulating mud water.
The penetrafion test consisted of a 2 in. spoon sampler, a weight of 140 Ib, and a falling height of 30in.

asused commonly as a standard (type B). | The drilling rod was 1.6 in. in diameter,

The results of the two tests are shown in Figs. A-1 and A-2. It is found that the fairly good linear n-
relationship exist as follow,
- N= 088N

where N and N’ represent iumber of blows per foot for the test B and A, respectively,
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Field Record of Borings and Penetration Tests
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