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1. SUMMARY

{1} The magnitude of 16 th July 1920 ZHarthquake was 7.7 and the
recurrent - interval of this scale of earthguake is roughly estimated to be
once in every 100 years - in the study area. The ground acceleration was
estimated to be 160 gal in Dagupan and 220 gal in the middle reach of Agno

River.

{2) In Dbagupan City the damage was concentrated in the area where the
ground was once &an ancient river channel, the reclaimed ground along
the river and the area of past fish ponds, which are the same
conditions pointed out by the case histbry study of liquefaction induced

damage in Japan.

(3) In the middle to upstream reach of the Agno River, the damages were
concentrated on the earth dikes. It is assessed that the heavily damaged
dikes were caused mainly by the collapse of dike foundation, which in turn
was induced mainly by liquefaction of the ground. The damaged shapes of
earth dikes were characterized of sink, settlement of crest and slope, and
longitudinal cracks on the crest and slope, and sometimes of swell, which

are of similar nature as pointed out by the case history in Japan.

{(4#) The simplified prediction method which utilizes the SPT N value and
the gradation analysis is used to determine the liquefaction of each 3

drilling holes in Dagupan and the middle Agno river.

It is supposed that the sand deposits in Dagupan City and in the middle
Apno reach where liguefaction occurred_maihly were in the shallow depth of 5§
'm to 8 m from the ground surface, The composite features of these sand
deposits ‘are mainly of fine sands which contain fine content (less than 75
microns) of 4 Z to 33 Z, mean particle size of 0.10 mm to 0.3% mm; specific
'gravity of 2,55 to 2.79, and gradation curves which are very similar to the

‘sands liquefied by the Niigata Earthquake, 1964,

(5) The suitable countermeasures method against'liquefactién for the
earthdike‘are'the shailow.compaction methed with a wvibro tampef and the
countérweight earthfill which is 4 m high and 12 m long from the toe of the
dike slope in both land and river sides.

~LF. 1



For the concrete revetment, the pile foundation and .the soil

improvement methods are the most effective,

(6) Farther study for the earthguake and liquefaction in the studj area

should be carried out for the design of river structures.

-LF.2-



p OBJECTIVE

The earthquake was generated on 16th July 1990 during the feasibility
study on the Agno River Basin. River and other structures were destroyed by
this earthquake in the basin, Dagupan City area and other areas. The main

cause of this damage is supposedly liquefaction,
Therefore, this liquefaction study has the following objectives.

{1) To 'anhlyze the cause of the damaged river structures in the study

area.

(2) To analyze difference in liquefaction degree and to estimate the

potential of liquefaction.

(3) To research reference literatures concerning liquefaction and to

study the poééibility " of liquefaction resistant desipgn.

(4) To predict roughly the risk of future ligquefaction damage,'and to

" provide necessary data for earthquake resistant design.

-LF.3~



3. LIQUEFACTION PHENOMENA

3.1 General.

It is understood that heavy damages on structures were attributable to
liquefaction in the events of the-Niigata.aﬁd Alaska Earthquakes which were
generated in 1964. Research on liquefaction was intensified since these
earthquakes. Differential settlement of buildings, breakage of underground
pipes, damage to roads and railways, and fall of bridges and river revetment
occurred in the whole area of Niigata City during the earthquake. - Large-
scale landslides occurred in the Alaska Earthquake. Investigations conducted
after the earthquake reveal that these were caused by the muddy water
similar to fine sand emanating from the ground. Then, many studies with
respect to the mechanics of its occurrence, prediction of eatthqnakes and

" countermeasures progressed. Most information in this chapter is adopted

from YASUDA (1990), Ref. 1.
3.2 Earthquake Motion Causes Liquefaction

The released energy generated during an earthquake becomes the wave
mofion which propagate in the grouhd and reach to the ground surface. This
'wéve motion contains the body wave (Primary wave and Secondary wave) that
propagate in the elastic ground and the surface wave (Ra?leigh wave -and
Love wave) that propagate in the vicinity of the boundary of the semi
infinite elastic ground. The velocity of body wave 1s slower in the layer
close to the ground surface, therefore the wave motion which occurred in
this depth is refracted as shown in Fig. 3.1 and both the Primary wave
(hereinafter P wave) and the Secondary wave (hereinafter S wave) propagate
from just near the ground surface. The soil element of surface layer is
acted by cyclic compressive and tensile force in vertical direction by the
P wave as shown in Fig. 3.2 (a). The S wave adds to the cyclic shear force

in horizontal direction as shown in Fig. 4.2 (b).

However, the shear force in the soil element does not occur when the
lateral displacement of soil element is confined, because the lateral
pressure AG3  is mostly to be AG1 when the compressive force of AGI- is
added to the soil element by the P wave., It iﬁ supposed that tﬁe influence

by the P wave can be ignored, because the. soil structure can resist

~LF. 4~



sufficiently against the isotropic pressure. Consequently there may be the
problem that the soil behavior is affected by the § wave. The stress
condition of surface wave is not clear and this wave is not adopted to the

test and analysis of the liquefaction at present,
3.3 Liquefaction Mechanism Induced by Cyclic Shear

The soil element in some depth under the horizontal ground is taken
notice as shown in Fig. 3.3 (a), provided that thies soil is composed of
sandy soil deposited loosely and below the underground water level (i.e.

the void among the soil particles is saturated with water)}.

Before an earthquake, i.e. usually, the force acting among soil
particles support the pressure which act on the upper part of soil element
{overburden pressure: of soil above the soil element, effective overburden
pressure) and the pressure which act on horizontal direction G'ho as
shown in Fig. 3.3 (b). The pore water occur only at static water pressure
below the underground level. In this condition the shear strength of soil

tf 1s expressed as follows:

¢ +0¢'tan ¢ _ _ (3.1)

Tf=
where C = c¢ohesion )
= angle of internal friction
o' = effective stress among soil particles
This strength can support the equivalent load of the structures. This

soil element is acted by the cyclic shear during earthquake as shown in Fig.
3.3 (¢)y and (d), and destroyed of its particle structure (distribution).
‘It'is supposed that the soil is loose and the interlocking among the soil
particles = become loose gradually. This 1is caused by the negative
dilatancy of granular matefial. The interlocking of soil particles become
loose perfectly in the end as shown in Fig. 3.3 (e). This condition is same
as muddy water that the soil particles are floating in the water. a'becomeé
0 in the equation (311). therefore Tf = ¢ which means shear stress 0 of
sandy soil having no cohesion. This is the condition of perfect
liquefaction. ‘The pore water pressure should support the pressure of
.ﬁWo and Ohe - which act round as-Beforé, and the pore water pressure

overrise only the pressure of O'vo . ( C'ho rise the wvalue of
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‘G'vo  accompanied by the liquefaction, because it is understood ﬁhat the
soil element becomes the conditien’ of liquid.)

It is necessary that the floating condition of soil particles in the
water such as in Fig. 3.3 (e) is in the undrained condition which the pore
water does not drain or in the little drain condition. The main earthquake
motion continues to several scores seconds and it is usuallj supposed that
the condition is peffectly'undrained during this motion. However, the
permeable ground like sandy  gravel ground is considered of the drain

effect.

The: excess pore water pressure need to be dispersed after earthquake.
The excess pore water seep to the horizontal ground surface ., The seep&ge
water, the liquiefied sand and the scil in the ground spout at the same
time, therefore the spouting hole and sand boil hill atound “its hole are
formed. The 'appearance ‘of Sand boil ‘hole and hill will confirm the
occurrence and location of liquefaction. Accordihg“to-witnesses, sand boil
and - fountain at the ‘ground surface occurred 'a moment after the main

earthquake motion.

For: the seepage of excess pore water pressure observed in the model
test on. the shaking table, this excess-pbre water not only seep to the
ground, but that it also seep rapidly through the crack in the ground and
that'just like boiling, it ‘seep with stirring the soil particles.
Accordingly it is supposed in two cases that the soil element stabilizes to
be dense as shown . in Fig. 3.3 (g) and that stirring makes soil particles
deposit loose again ‘after: the dispersion of excess pore water préssufe.
So0il in: the shallow depth which is stirred by the seepage water have' the

possibility of liquefaction occurring pattern (£).

The “feliquefaction“ phenomenon is that the once liguefied- ground
liquefy again by the follqwing'éarthquake. The ground in the ‘case of (g)
after earthquake is difficult to~ reliquefy and that in the case ‘of - (f)
'after'eérthquake is easy to reliquefy. ' v

Fig. 3.4 shows the ususl damage pattern indiaced by Lliquefaction' on the

ground and earth structures.
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4.  FARTHQUAKE
4.1 16 July 1990 Earthquake

‘The data of 16 July 1990 Luzon FEarthquake are mainly compiled by the
Philippine Institute of Volcanology and Seismology (PHIVOLCS).
This earthquake was composed of two main shocks and many aftershocks. The
first main shock was analyzed. The epicenter of this main shock is shown in

Fig; 4.1. Isoseismal map of the first main shock is shown in Fig. 4.2

According to PHIVOLGS, the main records of the first main shock are as

follows:

Date: July 16, 1990
Time: 4:26 PM  36.07 sec. (Philippine Time)
Duration: 45 sec.
Magnitude: Ms= 7.7 (USCS)
Location of epicenter: 13 Rm NNE from Cabanatuan 7
15.646 { 0.025) N, 121.026 ( 0.052) E
Depth: 52.45 km ( 7.74 km)

Reported Intensity (on the Richter Scale}, refer to Fig. 4.3

Int. VIII - Cabanatuan, Baguio, Dagupan, Tarlac
Int. VII - Manila
Int. VI - .Quezon City

‘The second main shock occurred near Baguio City and caused the total
damage of mﬁny buildings in.Baguio. This second main shock has no detail
data except the location. ‘According to PHIVOLCS, this second one occurred
about two (2) minutes after the first main shock and its magnitude was

almost more than 7.0.
4.2 Recorded Earthquake in the Study Area
The epicenters of destructive.éarthquakes in the Philippines since 1589

to 1983 ‘are 40. _ Instrumentsl determination of epicentérs was applied

during'the period from 1911 to 1983. Epicentefs before 1907 and in 1907
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were located by using the respective Iszoseismal maps.

These datﬁ show that the destructive earthquake occurred in 1786 (Int.
X ) and 1892 {Int. IX ) around Dagupan City. ‘ In other words, the
destructive inland earthquake has occurred once in almost every 100 years
in the Study area.  Other earthquakes in North Luzon Island that are
considered not to cause total damages, has occurred every 10-15 years at the

shortest.

- According to the data of earthquake station in Dagupan City (from 1927
toc 1987), earthquakes which have magnitudes of more than 6.0, occurred in
1927, *28, ’32, ’59, ’61, '66 and *70. Earthquakes which have magnitudes
of more than 7.0 occurred in 1966, 24 years ago. These data suggest that
an earthquake which has a magnitude of more than 6.0 will occur at 1-2
years shortest interval and at 20 years longest interval, and an earthquake
with a magnitude of more than 7.0 will occur &t 25 -50 years interval.
Farthguakes with magnitudes of more than 5.0 occurred almost several times

in every year.
4.3 Fault

The: fault which genérated the 16 July 1990 earthquake is not the
Philippine Fault Zone which runs through the Philippines for 1,000 km. * The
activity- of Digdig Fault in north - west extended from the Philippiné Fault
Zone generated the 16 July 1990 earthquake (refer to Fig. 4.1).  This
Digdig Fault is supposed to be active im its 1éngth of mbout 150 km'in:the
underground, and the left transverse displacement of about 100 km on the
ground surface from Bongabon (NE of Cabanatuan ), Puncan, Dipdig to Mt.

Pulog (40 km NE of Baguic) clearly occiirred,
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5. STUDY ON CASE HISTORY
5.1 FEarthquake Damage of River Dikes ( Ref. 4)
5.1.1 Damaged River Dikes by Past Earthquakes

The collected material of earthquake damage case history on river dike

in Japan is showm in Fig. 5.1.

Thesgse earthquakes are as follows:

Earthquake Name "~ Year Generated
.Nobi 1891
Kanto ' : 1923
- Fukui ‘ : 1948
‘Pokachioki 1952
Niigata 1564
1968 Tokachioki 1968

The silty or clayey foundation also caused damage of river dyke due to
settlement as shown in Fig. 5.1. The settlement by liquefaction of ground

shows tendency to be larger than that of silty or clayey foundation.
5.1.2 Damaged Shapes of River Dikes

‘The damaged shapes of :iVer dikes by earthquaké'are‘generally
classified into &4 types as shown in Fig. 5.2.

Type I.shows the slope‘sﬂfface failure on the embankment.
Type 1I shows the slope failure in the embankment.

Type III shows bothifhe'foundatipn and embankment failure.
Type IV shows the sink of embankment.

The Table 5.1 'is to adopt the above shape classification for the case
history as “shown in Fig. 5.1, which shows the dsmage of Type II 'to be 1/3

and that of Type III and ije'IV to be about 1/4

The damage of Types II, III and IV of river dike spoil the protecting
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function for flood.

Fig. 5.3 shows how settlement occurred by damage shapes such as'Types
II, III and IV versus embankment height. The settlement shows the tendency
to be large in proportion to the embankment height under the ombankment
height of 3-4m, however the settlement shows no increase beyond that
height. In the range of the embankment heilght of 3-4m, the settlement of
Type LLI shows about 3.7m and that of Type IV shows about 2.7m, while that
of Type II shows about 2m. It is supposed that Type IZII failure along the

sliding surface through the ground occur in case of liquefaction in the

ground.
5.1.3 Ground under Heavily Damaged Dikes

It is pointed out frequently that the ground under the river dyke
affects the earthguake ‘damage occurring in the dyke. Especially, it is
pointed out that closing dyke on the old river and dyke on the old river

channel are heéavily damaged.

5.2 Damage of River Structures by 1978 Miyagikencki Earthquake {Ref.5)

5.2.1 Earthquake .

The strong earthquake was  generated in the Pacific Ocean in the
viciﬁity of Miyagi-ken (Tohoku district) at 5:14 PM 12th Jume, 1978. The
epiceﬁter as shown in Fig. 5.4 was about 100 km  from Mivagi-ken and its
depth was about 30 km. The magnitude of -this earthquake ﬁas:supposed to be
7.4,

5.2.2 Outline of River, Topography and Geology

There are 7 first class rivers (deéided”by MOC iﬂ Japan) in Miyagiken
and its total length is 284 km as shown in Fig.5.5. .In general, the rivers
flow.from Ou Sanchi {(mountainous disﬁrict) in wést to the Pacific Ocean in
east. Upstream rivers are eroding the hilly area consisted of sedimentary
soft rocks in Neogene period. Downitream rivers £orm thefallu%iai'plain

consisted of sand and sandy gravel, .
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The plain along the sea coast consist of unconsolidated sand and
sandy gravel deposit, and under these deposits, are unconsolidated diluvial
deposit and further Tertiary deposit in 30m to 60 m- depth. There are
backswamp of silt and clay deposit which form the soft ground behind natural

levee at both river sides and shore levee along the shore-line.
5.2.3 Damage of River Structures

The damaged places and total length of river ‘dyke, revetment, sluice
pipe and weir are tabulated in Table 5.2. The location of damaged places of
rivers are shown in Fig. 5.6. The number of location of :damaged river
dykes are 65 with a total length of about 19.5 lkm. The location of damaged
revetment are 17 and its total length is about 1.4 km. The damage
in each river is found much in the vicinity of the river mouth. For Yoshida
River,. the damage is also concentrated in the midstream about 14 Ikm to 24

km from the mouth of the river.
(1) Damage of River Dike
The damage of river dike is summarized as below:

1) Dike Crest Crack, Sink, Settlement

2) Berm : i Crack, Sink.
3) Slope Crack, Swell, Failure
4) Special Dike . Displacement and Open of Joint

Tilt of'Parapet

The cracks are seen so many in the damage shapes. and located 'at crest
in mainly longitudinal direction as shown in Fig. 5.7. The cracks are found
on the crest, berm and glope at the heavily damaged place, where sink

occurred at the same time.
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{2) Damage of Revetment
The characteristics of damapge of rvevetment are as follows:

1) Masonry Revetment ' - {6 places)
.51iding failure of embankment slope
.Failure or collapse of revetment itself
2} Concrete Grillage Beam Revetment (11 places)
- .crack and breakdage of lattice and slab
.Opening of joint between crest and slope

.Breakage by embankment sink and swell
(2) -Sand Boil

"The points where ~sand boil occurred are 'shown on Fig. 5.8. The

characteristics of sand boil points are as follows:
1) 01ld River Channel {refer to Fig. 5.9)
Magaki (Kitakami R.), Wabuchi (Eai R.)

Fukuro (Yoshida R.), ‘Arahama  (Abukuma R.)

2) Crevasse

Yuriagekami dyke, Tanetsugi dyke (Natori R.)

3) Reclaimed Ground by Dredging

Kawamae (Kitakami R.)

4) There are many damaged dikes at the saﬁd”boil'points or

" in the vicinity of thebe points.
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5.2.4 Feature of Damaged Place

Generally spéaking out from the past experiences of earthquakes, places
which are easily and heavily damaged are as follows:
a. 0ld River Channel
b. Closing Dike of 0ld River
c. Crevasse
d. Soft Ground
e. Newly Embanked Dyke

£. Irregular Section connected by Access Road

Table 5.3 shows the damaged dikes to be classified as pointed out
above .. The above items from a to e are also unsafe points for flood and it
is supposed that the weak points for flood will be also weak for the

earthquake.

5.3 Settlement of Earth Structures Caused by the Nihonkai-~Chubu Earthquake
{Ref. &)

5.3.1 -Earthguake -

The strong earthquake was generated in the Japan. Sea in the ‘vicinity
of Akité-ken.and Aomori-Ken (Tohoku district) ~on 26th May, 1983. The
epicenter as shown in Fig. 5.10 was .zbout 100 km from the boundary between

Aomori-Ken and Akita—Ken{._The magnitudé of this earthquake was 7.7.
5.3.2 - " Outline of Damage

The damaged rivers total seven -(7) as shown in Fig. 5.10. These
rivers® are the Iwaki R., Yoneshiro R., Cmono R., Mogami R., Ake R., and
Mabuchi R. ' It was especially Iwaki and Yoneshiro Rivers where damage was
concentrated . The damage quantity of river dikes (including revetment is

tabulated in Table 5.4.

5.3.3 aFaatqre”bf Damaged Location
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It is pointed out that the occurrance of earthquake damage on dyke is
strongly affected by the epicenter distance and the quality of foundation
ground. Fig. 5.11 shows the relation between the damage ratio of river
dikes and the epicenter distance. Thils damage rate 1s obtained for each
section of 10 km of its epicenter distance. . It is clear from Fig. 5.11
that the damage of this earthquake occurred in the range of less than 160 km
of the epicenter distance and the damage rate decrease with the epicenter

distance becoming farther.

The relation as shown in Table 5.5 between damage and. foundation
ground is classified by micro-topography because there is almost no boring
data regarding foundation ground of dikes. It is found in this table that
reclaimed ground, old river channel and micro-high land of old river have
relatively high damage rate. - Soft silty, clayey or sandy soil are deposited
in these ground in general, Consequently, it is supposed that the
earthquake motion of foundation ground is amplified and further the low

strength of ground during earthquake increase the damage rate of dike,
5.3.4 Liquefaction of Ground and Damage of Dike

One remarkable characteristic of this earthquake disaster is the
liquefaction of ground. Table 5.6 shows the occurrence rate of sand boil,
which is obtained from the ratio between the accumulated location number of
sand boil occurring on the protected land of dykeaand-rivgr side land in the
range of scores m from dyke with the damaged 1bcations number of dike by
each river and micrb;topographf classifiéation} It is distinguished that
gsand boils occurred in  majority of all _démaged~locations.' The.
occurrence rate of sand boil was very high on the old river chanmel and
micro-highland of old river by the micro_topographié glaséification. - The
dyke damage on these grounds has a closé relation with the liquefaction of

ground.

The occurrence rate of sand boil in Iwaki River was3verj high because .
'Iwaki-River Bagin is on the very gentlerslope alluvial plain and the dikes
are located mainly on the soft foundation ground as-deséribed'in 5.3.3,
Therefore, it is considered that the high damage rate of 5.1% as shdwn in
Table 5.4 is caused by the above reason in spite 'of . Twaki River -dyke being

located relatively far, (about 140 km)} from the epicéntér.

~LF.14-



5.4 Countermeasures against Liquefaction of Ground under River Dikes

The countermeasures adopted against the liquefaction of ground under

the river structure in Japsn in very few cases are stated below.

(1) A compaction method was adopted for the closing dike of Shinano
River by the sand compaction pile method.

{(2) A compaction method was adopted for the Ara River dike in Tokyo
by the sand compaction pile method.

(3) A partial replacement method was adopted for the ground near
slope toe with unliquefiable soil after the Miyagikenoki

Earthquake.

Natori River Yuriagekami dyke ‘Tanetsugi dyke

Hirose River
(4) A counterweight f£ill or a dynamic consolidation method were
studied for the storm surge dike of 4 m high in Takase River,
which flows from Ogawabara lake to the Pacific Ocean.
The details are described in the following sub section.
5.4.1 Gountermeasufes for Liqﬁefaction Prevention of Reclaimed Ground (Ref 7)
(1) General
The Shinano River Closing Dyke (Niigata Pref.} is located on the loose
‘sand ground which was reclaimed by dredging of river bed of Shinano River.

(Fig. 5. 12). Therefore, an this ground is supposed that liquefaétion will

ocCur 'during an earthquake same as the Niigata Earthguake.
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(2) Outline of Geology and Soil

The reclaimed soils under the closing dike are mainly loose fine sand

to medium fine sand with a layer thickness of 10-12 m and its average N

value is 3-5 in the whole area as shown in Fig. 5.13 .

~ The physical properties of this soil is as follows:

2)
3

4)

5)

Fine particle content (under 0.074 mm) 1-70% ' average 152

Goefficient of uniformity ' Uc = 3=4

‘Mean particle size D50 = 0.2-0.5 mm
‘Specific gravity Gs = 2.65

Relative density Dr = 30-60X

(3) Study on Liquefaction

The: laboratory cyclic triaxial test on the sample taken by the large

size séhpiihg was carried out éndfihe result is shown in Fig. 5.14 and Fig.

5.15.f;Liqﬁéfaction is studied by the iethod “of the simple judgiment and the

conclusion is summarized as follows:

1

‘2

3

“4)

The - reélaiﬁed'sands'uﬁdér'thé ¢losing "dyke are the materials which
are liquefiable. '

This “ldcation is liquefiablé ~for 'its topography and geology
based on the past instances. _

The records of generated earthquake in the past”that'wefe
liguefiable in the vicinity of Niigata City,;shows this ground

has the potentiality of ‘ligquefaction.

This area has the potentiality of liquefaction up to about TP <10

'm‘Baée&‘on“tﬁe ifistances during the Niigata Earthquake - (équivalent

to 0.162 g) and the calculation result.

(4) Countermeasures against Liguefaction

The countermeasures are selected from the following 4 methods of

compaction as shown in Table 5.7

1

Sand Compaction Pile
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2) Vibro Rod
1) Vibro Tamper
4) Vibro Flotation

The sand compaction pile method is selected because the ground contains
finer particles more than 10Z. The objective value of improvement judged by
N value is & minimum of 10 and 13 on the average. The distribution of sand
compaction pile of cdmpleted diameter 70 cm is the square and its pile
interval is 1.7 m, :The improvement range by the sand compaction pile is 70

m in width and 12 m in depth as shown in Fig. 5.16 .
(5) Field Trial Test

The ‘8PT, vibration test in situ, undisturbed sampling and measurement

of lateral X value are carried out prior to the construction of improvement.
The result is summarized as follows:

1) The N value after trial improvement is improved 13 number or more
in the condition of finer particle content not exceeding 20Z as

‘gshown in Fig. 5.17. .

»2)  The ‘N value which is 4 before improvement of ‘finer particle

content more than 207 is improved to-about 8.

3) .ThiS'imprOVementris shows ‘that liquefaction will not occur compared
with the Niigata-Earthéuake (abdut 160 gal)by the other information
stich as vibro test and lateral K value. It is Jjudged that
this condition‘of constriction (pilé diameter, piie interval and

pile length ) is suitable.
(6) Construction of Sand Compaction Pile

‘The construction of improvement is carried out on 6,400 mzi about  half
‘of :'planned -improvement area, and the quantity of< piles is 2,193 . (1=
12mlpile);"Td determine 'improvement effect after construction, the SBT test
is carried out: Thié'ffequency-is one-point per about 500 m? and 12 points

are done.
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The N values in B-2 and B-3 areas before and after the improvement are

shown in shown in Fig. 5.18,

The improvement can-attain its objective value (min. 10 and average 13)
except for finer particles content M>602Z. It is  judged that the
construction attained the objective that the improvement will be
unliquefiable for the same magnitude as the Niigata Earthquake.

5.4.2 GCountermeasures for Earth Dike of Natori River (Ref. 8)

The rehabilitation of the earth dike of Natori River which was
fractured by the Miyagiken-Oki Earthquake was considered on the ligquefaction
countermeasures, The replacement method with c¢rusherrun under 30 mm was
‘adopted for the ground below the toe of the slope at the protected land side
as shown in Fig. 5.19. The steel sheet piles were also installed into the

ground below the toe of slope at the river side for the prevéntion of

seepage,
5.4.3 -A Study.of Storm Surge Dike in Takase River (Ref. 9)

For the Takase River which flows from tﬁe Ogawabara lake to the Pacific
Ocean in Aomori Pref., the storm surge dike 4 m high was planned to be
made. . -The objective of this dike is also to prevent tsunami after
earthquake, A sand boil was seen in the vicinity of this river during 1978
earthquake (M=5.8) which occurred just below this locatiom. The detail
liquefaction study was carried out and the totél.length:of:about 5 km was
classified into 6 ground. types. The. soll investigation was made on the
typical location, which were PS logging in the bore holes in situ, dynhamic’

strength and dynamic deformatjon test in the laboratory.

The suitable established seismicity which was based on the
investigation of seismic activity in. the vicinity of this location was
decided. The one dimensional seismic response analysis was carried out for
the above 6 sections. The results of tﬁis,analysis.Weré?comparéd with the
liguefaction strength and the occurrence depth of liquefaction was prédicted
for each section as showﬁ .in  Fig. :5.20. - Further, the- two diﬁensional.
seismic response analysis was carried out on the typical section: and the

distribution of FL (Liquefaction resistant factor, refer to Chapter ‘8) and
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liguefiable range was obtained as shown in Fig. 5.21. The distribution of

excessive pore water pressure was consldered in carrying out the stability

analysis.

The thick liquefiable layer in the sections was judged to be unstable.
Therefore, several countermeasures against liquefaction were studied to
compare with economical or other aspects and the compaction method by
dynamic consolidation (refer to Section 9.1) or the counterweight embankment
method were deemed adaptable. The éffectiveness of these countermeasures
were studied as shown in Fig. 5.22, The studied countermeasure range is
shown in Fig. 5.22. and Fig. 5.23. The counterweight fill was seen to be
installed farther than 5 m.from the slope toe and the dynamic consolidation
was needed to compact the soil depth up to 1.8 m from ground surface to

obtain an N value about more than 15.
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6 SITE RECONNAISSANCE
6.1 Dagupan City Area

The site reconnaissance was carried out in Dagupan City Area on 22nd to
24th January, 1991. Additional geological investigation was carried out 'as

shown in Fig. 6.1 in Dagupan City.

- The 'damages of these points and along the roads are described as

follows:
(1Y DG - 1

This boring point is in the site of Beer Ware House and. this land was
made 6f the reclaimed ground on the ancient river channel of the Pantal
River as shown in Fig. 6.2. This figure was compiled by PHIVOLCS using
the aerial photographs of the Dagupan City which were taken just after the

Earthquake. The buildings in the site were damaged in the manner of
settlement and tilt. The concrete slab of a parking area was heavily
damaged as shown in Photo 6.1. The horizontal displacement might have

occurred to the riverside at the same time the settlement occurred.
(2) DG - 2

Thisi boring point was carried out neser the damaged school as shown in
Photo 6.2. This ares was also made of the reclaimed ground as shown in
Fig. 6.2, The concrete'revétment_of the Pantal River was destroyed by the
earthquake as shown in Photo 6.3. The ground collapsed to the
riverside. At the opposite side of the school, there is a church which was
also damaged as shown in Photos 6.4 to 6.6. Bluish grey fine sand are seen
in the éracks of the concrete slab of approach., The side walls of this
church sank, hence the concrete slab of this church was bent except the

center part.
{(3) DG - 3

This point is in the vicinity of the fallen Magsaysay Bridge. The

buildings around this point were heavily destroyed of their ground floor as
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shown in Photo 6.7.
(4) DG - 4

This point has no damage.
(5) DG -~ 5

This point is behind the cinema and was made of the reclaimed ground
on the former fish ponds. Settlement of about 40 - 50 cm occurred and this
building was totally damaged as shown in Photo 6.8 and 6.9. The sand bags

are piled to prevent the flood as shown in Photo 6.10.
(6) DG - 6

This ‘point is the opposite site of the DG - 5. On the ground in the
vicinity of this point occurred horizontal displacement and settlement.
The ‘concrete -revetment of the Pantal River was deformed horizontally and

veftically'as”shownzin Photo 6.11.
(7) Angel B. Fernandez Avenue

iThe-buildingS'along”this-avenue sank of about 40 to 50 cm in the edst
and about 20 to 30 cm in the west,. Therefore, there are many totally
damaged buildings as shown in Fig. 6.2 and as shown in Photos 6.12, 6.13 and
6.14;. These photos show_the.level difference - of -the shop floor with the

road. The damage is limited up to the intersection with Burgos Street, -
(8) Dagupan - Lingayen Road (Perez Blvd.)

The damages of the buildings along this road were remarkably heavy as
shown in Fig. 6.2 and in Photos 6.15, 6.16, 6.17 and 6.18. Settlement
‘of”aDUUt'l m. OCCurfed.  Especia11y-tha north ‘side buildings along this

road'ﬁerefheavily damaged because ‘this area is along the "ancient irivef
-channel of the’Pantal-River. The features of damaged buildings are sinking
and tilting ‘as ‘shown in ‘Photo 6.15 and 6.16. The ‘concrete -pavement of ‘a
gasoline station was destroyed as shown in Photo’' 6.17. The hospital at the
riverside in Photo 6.18 was constructed on a reclaimed land and its damage

is a ground fracture.
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(9) Magsaysay Bridge

Photos 6.18 and 6.19 show the fallen Mapgsaysay Bridge under
rehabilitation. The &4 spans of this bridge fell due to the collapse of 2

piers and tilting of 1 pier as shown in Fig. 6.3.
(10) Site Inspection in September 1990

Site inépection by geolegical and physiographical view.pdint was held

from Sept. 12. to 18, 19920.

The following comments were obtained from the inhabitants along Angel

Fernandez Avenue.

. The buildings sank down gradually at the beginning and then sudden
settlement occurred by the biggest shock within 45 seconds of first nﬁin

.shock.

. At the same time, many cracks occurred along the rdad and sand boils
were distinguished in the cracks. = Most of the éracks ranged  from 10 to 20

centimeters in width.

.. The sand boils were composed of water and black sand which-spbuted
about 20 centimeters high and this. phenomenon lasted for about two or three

minutes.

The following comments were obtained from inhabitants ‘along - Perez

Boulevard. Avenue.

. Big crack of about one meter occurred along the road at the
beginning, and then closed at the last . stage during = the first main
shock. Sand boils of 20-30 centimeters in height occurred along the’cracks
and this phenomenon . lasted for about - 1 minute.,: A - ﬁother and - her
child fell down in the crack.'however, they were.rescued;aften.the'nmiq

shock.
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Building settlement graduoally occurred at the beginning and the
building suddenly sank down with the biggest shock during the first
main shock, Sand boils were recognized along the cracks on the ground.

. The heavily damsged aress along the southern main road were former
fish pond many years ago and filled up as development of Dagupan City takes

shape. Non-damaged area was the same circumstance as before.

The information from the Geological Survey Division of BMG® are as

follows:

1) The area along the existing river and old channel were filled up with
sandy materials, clay and gravel including much sawdust. Infill

material with sawdust are not enough foundation for buildings.

2) Many buildings have no piling for their foundation except one six

storey hotel which was not damaged.

' 3) Non-damagéd buildings were mbstly Spanish type ones built long
before. Therefore, these areas are considered to be neither river

bed nor an old river channel.

4) The heavily damaged buildings exist almost along the existing river
and old channels, and those areas were filled up with infill

materials described -above.

% Bureau of Mines and Geo - Sciences, Department of Environment and

Natural Resources.

6.2 Middle Agno River
-.In the Agno Rive: Basin the.heavily damaged structures, mainly - earth
dikes are concentrated in the midstream basin. Figs. 6.4-and 6.5 show the
 location of damaged sites, the additional - and original boring points.
The site reconnaissance was carried out on 23rd and 24th of January, 1991

‘in the middlg Agno River.

. The damage of these sites from upstream side are described as follows:
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(1) MA 1 ( Santa Maria - Tayug Farthdike )

“The creést of earth dike sunk and many cracks occurred as shown in Photo
6.20 . This portion of dike was fractuted ~when the flood after the
earthquake washed away the dike as shown in Photo 6.21.

(2) MA 2 ( Santa Maria - Tayug Earthdike )

The crest of earth dike sunk about 1.5 m - 2.0 m and many longitudinal
cracks hlong:the dike occurred on the crest and slope as shoun in Photos
6.22 and 6.23. Fig. 6.6 shows the profile along the center and the cross
section ofr”damaged earthdike. The vertical displacement occurred at the
boﬁndary between firm and soft ground as shown in Phdto 6.24. In Photo 6. 23
the sand boil from the well (steel pipe of about 10 cm diameter) is  seen

at the profected land side.
(3) Villasis - Asingan Earthdike (AG 364 - AG 365 to AG 368 - AG 369 )

This earth dike with a total length of 2 km is already reconstructed as
shown in.Photo 6.25. There are many ponds or marshes in the vicinity of the
dike dt the protected land side. ' '

(4) Asingan Revetment of Concrete Dike (AG.368:4'AG”369 to AG 369 - AG 402)

" This ‘concrete revetment has damaged feature of bréakage by vertical
displacement as shown in Photo 6.26, There is likewise the ‘settlement of
crest where mﬂﬁy cracks occurred as shown in Photo 6.27.
(5) MA 3 ( Bayambang - Villasis Earthdike )

This site has damageéd crest where cracks occurred. This dike was also

breached by ‘the flood after the earthquake ‘which washed’ away ‘almost half ‘of
its cross section as shown in Photo 6.28 and 6. 29, S

(6) MA 4 (Alcala - Santo Tomas Earthdike)

‘The dike crest sunk down of about 1.5 - 2.0 - m and longitudinal' cracks
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occurred at the shoulder of slope as shown inw Photo 6.30.
(7) MA 5 (Alcala - Santo Tomas Earthdike)

This dike site heavy Qamage is mostly collapsed embankment that might:

have occurred with  the ground failure as shown in Photo 6.31 and 6.32.
(8) MA 6 (Bayambang - Villasis Earthdike)

This dike with a length about 9 km is already reconstructed in most
sections as shown in Photo 6. 33. Fig. 6.7 shows the profile along the
center and the cross section of damaged earthdike. MA 6 point is located
near marsh as shown in' Photo 6.34. Photo 6.35 shows rehabilitated section

washed away due to dike fracture by flood.
(9) MA 7 (Bayambang Stretch of Concrete Dike)

The parapet of this dike was destroyed at two locations and. total
damaged length is about 100 m as shown in Photo 6.36. Many cracks occurted
in the whole length of 1.9 km.

(10) MA 8 (Popbhto Floodway, Right Earthdike)

Longitudinal cracks occurred on -the slope and there is settlement of
crest about 1.0 m as shown in Photo 6.37. Photo 6.38 shows the boring
location of 'MA 8.

(11) MA 9 (Bautista - Anulid Earthdike)

“This dike sunk and WHsfdestroyed'heavily. “Cracks occurred on the crest
and - slope. The settlement is ‘about 1.7 ~ 1.8 m. to & maximum of 3.0 m
Photos 6,39 and 6,40 show the damage of this dike and photo 6.41 shows

“the location of boring point.

(12) MA 10 - (Riverside 'in Nanambong)

This vertical displacement of about 2 m - 2.5 m maximum occurred as

shown in Photo 6.42, However, this ﬁiSplacement was reduced further to
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about 1 m due to the flood after the earthquake. Severe settlement occurred
for about 500 m of the 2 km. total length that was transformed in straight
direction. Many cracks and small displacements were observed. These
findings were obtained during the site inspection conducted in September
1990, sand boils of -1 m in height were obviouély recognized by the
inhabitants and this phenomenon lasted continuously for about 30 minutes.
The spouted fine sand in the field are seen around the well (steel pipe

of about 10 c¢m diameter) in the vicinity of MA 10,

{13) Sison Bridge (Carmen)

.The 6 spans of the simple steel truss superstructure where consisting
of 13 spans (total length 655 m) feil at the left side over the Agno River
because the 5 piers tilted to the river direction 'as shown in Fig. 6.8.
Photos 6.43, 6.44 and 6.45 show the 'damaged Carmen Bridge. Sand boils

were identified near the bridge after the earthquake.
(14) Calvo Bridge (Bayambang)

This bridgé consisted of 4 spans simple steel truss each 50 m long.
The P1 pier at the left side tilted to the river direction and 2 spans of

steel truss fell as shown in Photo 6,é6.and.in-Fig.'6.9.
(15) Upper Agno River near Santa Maria

The site inspection conducted in September 1990 had resulted in clear
evidence of sand Boil near - Santa Maria, The spouted gray medium sand,
remained still on the ground of river side of'Upper Agne River,  Sand boils
lasted for about 40 to 50 minutes. The cracks observed in the site showed
that its length was about 300 m, its width was 60 to 80 ¢m and its depth
- was 60 to 80 cm. The depth of cracks might have reached 2 to 2.5 m just

after the earthquake.
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7. FIELD INVESTIGATION AND LABORATORY TEST
7.1 Method

The objective of this investigation is to obtain the necessary data
utilizing the bore:hole of the additional foundation investigation.
Consequently, the 6 borings, 3 holes in Dagupan City Area (refer to Fig.
7.1) and 3 holes in the middle Agno River (refer to Figs. 7.2 and 7.3), were
replaced with the core borings of 100 mm diameter, carried out by the
standard penetration test (hereinafter called SPT) with 1.0 m interval and
by the core tube sampling. The core tube and SPT samples obtained from each
boring were sent to the laboratory and test were carried out. The gquantity
of these borings and laboratory tests are tabulated in Table 7.1. Field
density tests to measure the SfT sample were done. However, reasonable

results could not be'obtainediso these were omitted.
7.2 Site Geology
7.2.1 Dagupan City

‘The thickness of surface soil which is composed of the fill materih; ise
about 1.5 m to 5 m in the Dagupan City Area. -Fine sand or fine to medium
sand deposits are existing under the surface soil. The silt of clay layer
is seen at 18.45 m depth imn DG-1, at 15.0 m depth in DG-3 and at 12.0 m
depth in DG-5.

The detail of each bore hole is shown in Figs. 7.4 to 7.6 and described
as follows: (The legend of bore hole should be referred to Fig. 7.10)

(1) ‘D6 - 1 (refer to Fig. 7.4)

Thié“location consisted of reclaimed land ‘along ' the  Pantal River. The
surface layer of 2 m deep consists of "silty and sandy-ciay. The deposit
frdm 2.0m to.18.45 m deep i3 composed of mainly'loose fine sand, N value: 2
to 10, except the depth of 5m - 7 mand 13 m - 16 m (N value: 17 to 23).
The deposit under 18.45 m deep is ;omposed of stiff to soft dark grey silty
clay.
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(2) DG - 3 (refer to Fig. 7.5)

The surface layer 5 m thick consists of very loose silty sand and fine
sand. The deposit up-to 8 m deep consists of loose fine sand (N value: 5 to
7). The deposit from 8 m to 16.45 m deep consists of medium dense f£ine sand
with N value of 23 to 33 except the thin clayey silt layer. The underlying
deposit ‘of grey silty and sandy clay is stiff.- '

(3} DG -~ 5 (refer to Fig. 7.6)

This location was filled on a former fish pond. The 5 'm thick f£ill
consists of very loose ‘gravelly sand and very fine sand. The under lying
deposit up to 12 m deep consists of dark grey fine sand.with N value showihg
23 to 34, medium dense, except: N.= 6 (depth:5.15 - 5.45 m) and N. =-70
(dépth.lﬂ;ls - 10.45 m ). The deposit which is under 12 m deep consists of
hard dark grey  clayey silt and sandy silt up to 16 m deep. ~The dark grey
sandy silt under 16 m deep is stiff.

7.2.2 Middle Agno River

‘Three (3). boring points were decided to be undertaken to investigate the
cause of dike fracture in the middle Agno River. The detdil of each bore

hole 'is shown in Figs. 7.7 to 7.9 and described as follows:
{1) MA - 2 (refer to Fig. 7.7)

The embankment materisl of earth - dike is same as- the ground-fouﬁdation
of dike. The dike and ground up to 5.45 m deep consist of hard to stiff
brown sandy silt. The underiying dark brown clayey sand and grey fine ‘to
medium sand are medium demnse, which N value is 17 and 18. The deposit
under 10 m deep consists of ‘grayish gravel and sand mixture up 'to-15 m deep,
and -grayish brown and. light.grey gravel sand-mikture’ﬁith-coﬁbles_up-to-ZOfm

_deep. 1t is supposed that'thesefgravelwsan&'mikturesfare dense.
(2) MA -5 - (refer to Fig. 7:8)

The embankment material of earth dike is same as the foundstion ground
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of dike. The brown fine sand with silt consists of Joose ground which N
value is 6 to 9 in the depth of 5 m . The deposit in 5 m to 8 m deep
‘consists of-greyrtO'dark'grey, fine to coarse sand which are loose (N value
: 13) to medium dense (N value: 35). The underlying deposit under 8 m deep
consists of grey to brownish grey, fine to medium sand which is medium dense
to dense of N value from 22 to ' 39 except 14 (depth 18.15 - 18.45 m).

{3) MA - 6 {refer to Fig. 7.9)

The surface layer is only 32 cm thick and soft brown clayey silt. The
deposit up to 2.45 # deep is loose brown to brownish grey silt sand (N
value : 10). The deposit from 2.45 m to 6.0 m deep consists of loose grey
fine to medium “sand which N value is 6 and 15. The underlying grey silty
clay forms soft to hard layer from 6.0 m - to 9.45 m in depth. The deposit
under 9.45 m deep consists of medium dense (N value: 19 to 32} to-dense (N

value: 41 to 61), brownish gfey to grey and fine to medium sand.
7.3 Laboratory Test

The summary of laboratory test results are tabulated in Tables 7.2 and
7:3. The features of soils are described. For liquefaction analysis, the

-gradation of soils is very important,
7.3.1 Dagupan City

The fines content (under 0.074 mm, silt and clay) of fine to medium
sands is minimum 4% to maximum 33% and 177 on the average. The mean
particle size D range ﬁithin 0.10 mm to 0.34 mm. The natural moisture
content of sands range frém 112 to 37%. These atterberg limits of sands
except DG - 5 (depth 2.15 m - 2.45 m) are non plastic. The specific gravity
of these sands have a little wide range of 2.59 to 2.79.

The plasticity index of silty clay under 18.45 m in depth of DG -1 is 8.
- The plasticity index of silty clay and sandy clﬁy under 16.45 m of DG - 3 is
17 and 10 respectively. The physical property'of clayey silt under 12.0 m
in depth of DG - 5 is 44I of natural moisture content, 15 of plasticity
‘index and 2.56 of specific gravity. ‘The uﬁdérlying sandy s8ilt layer has the
‘variant plastiéity index of 6, 18 and 11,
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7.3.2 Middle Agno River

The fines content of fine to medium and coarse sands is minimum 62 to
maximum 31Z and 17Z on the average. The mean particle size D range within
0.1%1 mm to 0.31 mm. The natural moisture content of sands ranges from
117 to 34%Z. These atterberg limits of sands except MA - 2 (depth 6.0 m -
7.0 m) and MA - & (depth 5.0 m - 6.0 m ) are mostly non plastic. The
specific gravity of these sands have a little range of 2.55 to 2.77.

The physical properties of gravel sand mixture under 10 m up to 15 m of
MA - 2 are 6.3 mm of p?0, 192 of natural moisture content and 2.66 of

specific gravity. The plasticity index of upper sandy silt of MA - 2 is 5
and 10. The plasticity index of middle silty clay-iayer (6.0 m to 9.45 m)
of MA - 6 is 29 and: 26. '

7.3.3 FPeature of Sand Deposit

The feature of sand deposit is summarized in Table 7.4

The gradation curves in each bore hole are shown in Fig. 7.11 to Fig.

7.16 respectively.

The average fines content of each bore hole is as follows:

Boring No. Average Fines Content
(z)

b6 - 1 18

DG - 3 17

DG - 5 16

MA - 2 20

MA - 5 18

MA - 6 14
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Fig. 7.17 shows the range of pgradation curves of sand deposits in
Dagupan and middle Apno reach, and this figure also shows the range of
gradation curves of sand boil which spouted during and after the HNiigata
Earthquake. The whole range of gradation curves of deposit sands in Dagupan
and ‘middle Agno reach contain a little finer particles than spouted sands by
the Niigata Earthquake. However, this range is very similar to the range of
gradation curves of sand boil in Niigata Farthquake. This figure suggests

that the sands mainly consist of fine sands finer than 0.425 mm.

‘The gradation curve of river sand taken 'in middle Agno reach, near
Asingan is shown in Fig. 7.18 for reference.The coefficient of uniformity
and curvature of sand deposits only obtained in D10 are Uc = 2.0 - 3.8 and
Uc? = 0.8 - 1.5 respectively shown in Table 7.5 except for MA-2 (12.0 m =~
13.0 m).
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8. ANALYSTS OF LIQUEFACTION

8.1 Methodology

-The analysis of liquefaction is carried out using the simple prediction
method which utilizes the SPT N wvalue and the gradation of -soil, - This
method . is commonly used  in Japan to determine the liguefaction. in soil
deposits. An up-to-date Specifications for Highway Bridges (PART V,
Earthquake Resistant Design) edited in 1990, Japan Road Association, is the
most advanced and widely used method in Japan, .. This flow of liquefaction

analysis is shown in Fig. 8.1.
8.1.1 Ligquefaction Resistant Factor

Liquefaction resistant factor FL is defined in the following equation

(8.1) and this wvalue if not exceeding 1.0 is jddged to be 1iqﬁefiable.
R
FL = w _ _ (8.1)

L

where, R : Strength ratio causing liquefaction or

Dynamic Shear Strength Ratio
L :Cyclic shear stress ratio induced by earthquake
L is expressed in the following equation (8.2).

v
(8.2)

L = rd.ks.
v’

where, rd : Reduction factor for depth
ks : Seismic coefficient at ground surface

G v : Overburden preéSure '(kgflémz)
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G v?*: Effective overburden pressure (kgf[cmz)
rd : 1.0 - 0.015%2 (8.3)

z : Depth from ground surface (m)
kszamﬁdg (8@)
O, max : Maximum ground acceleration (cmfsec2)
g : Gravity acceleration (cm/sec2)
Ov 1 {Pth + psat (z-h)} f10  (kgffcm2) - . (8.5)
O'V’V: {bth +.(psat - 1.0)(z~ﬁ)}[10' (kgf/cm2) (8.6)
Pt : Wet density of soil (tfim3)}
. . Psat.: Saturated density of soil (tf/m3)
h :fDepthrof ground wager.levei (m)

R is expressed in the foilowing equation (8.7).

R = Rl + R2 + R3 _ (8.7)

where, Rl = (B.8)
N : SPT N value
) L0.18 - (0.02mm<D50<C.05mn) :
.. R2 = { 0.225 logi0 (0.35/D50) (0.05mm <D50< 0.6mm).{ (8.9)
' -0.05 . © . . (0.6mm<D50<2.0mm) -
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D50. = Mean particle size (mm)
0.0 (0% <Fc < 401)

R3 = ‘ (8.10)
0.004FC -~ 0.16 (407 <Fc < 1007)

Fc : Fines content (%)
In these equations Rl is expressed with the function of N value and

effective overburden pressureOv’, R2 is’'expressed with the function of mean

particle size D50, and R3 is exprossed with the function of fines content

FC.
8.1.2., Established Seismic Coefficient

The next equation for calculating ground acceleration is obtained based
on the SMAC type (strong motion accelerometer) records of horizomtal 394

components by 88 earthquakes in Japan, which is proposed by the Public Works

Research Institute of MOC in Japan.
0.313M ~1.218

g max = 232.5 x 10 x {(A+ 30)

where, o max : Maximum ground accéleraﬁiun
M r Magnitude ofAearthquake
A Distaﬁcé from epicenter {Ian)

The magnitude of North Luzon Earthquake wias 7.7,

The distances from epicenter'of Dagupan City.and the middlc Agnﬁ'reach

are about 100km and 70km respectively as shown in Fig.'8.2. Therefore, the

maximum ground acceleration and ks (eqdation 8.4) are calculated as follows:
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o Dagupan City

0.313 x 7.7 ~1,218
232.5 % 10 * (100 + 30)

i

oL max

2.4101 ©.1,218
232.5 x 10 x 130

i

232.5 x 257.1 x 0.00266

159 gal’
ks =0l max/g = 159 cm/sec? [ 980 cm/sec2 = 0.16
o Middle Agno Reach

0.313 x 7.7 _ -1.218
232.5 x 10 U x (70 + 30)

Cmax

2.4101 -1.218
'232.5 % 10 x 100

i

232.5 x 257.1 x 0.0037

i

221 gal
ks =Qmax /g = 221 cm/sec2 | 980 cm/secZ = 0.226
.8.2 Qaldulation of Liduefactibn
‘The liquefaction resistant factor is affected by the following factors.
1) Gr#und water level
2) Dénsity of each layer

3) Established seismic coefficient

In July 1990,'the_ground water level of each bore hole is assumed to be

the same level of ground surface or less because it was rainy season in
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Dagupan City and the middle Agno reach and it is supposed that the ground

water level was close to the ground surface at each location.

The density of each layer could not be measured, consequently the wet
and saturated density were referred t¢ Table 8.1 in the specifications for

Highway Bridges, PART V, Earthquake Resistant Design, 1990.
The seismic coefficient is established in the subsection 8.1.2.

This liquefaction resistant factor FL can be adopted only for the
horizontal ground, therefore, this is calculated on the horizontal ground in
the vicinity of river dike for bore holes MA-2 and MA-S. The calculation of
FL for each bore hole is carried out according to equation 8.1 and the

results are shown in Figs. 8.3 to B.8.
8.3 Evaluation on Liquefaction

According to the calculation .results of liquefaction_(Bng.-the
liquefied layer of 16th July 1990 Earthquake in each bore hole is determined
and shoWn'in Figs. 8.9 to 8.14, 1It 'is supposed that the liquefied layer in
the Dagupan City occurred in shallow depth'Sm to 8m from ground surface
except 7.3 m to 12.1 m in DG-1 and that in the middle Agno reach, it also
occurredaméinly in shallow depth 5 m to 8 m from grOund,surface as shown in
Table 8.2, The liquefied layers of MA-5 and MA-6 deeper than 10 m from the
ground surface are thin except from 15.0 m to 18.4 m in MA-6. The shallow
depth of liquefied layer in Dagupan Ciﬁy and the middle Agno:reach resulted
to heavyfdémage to the buildings, - structures and river ea:th.dikes induced

by the ground fracture.

-LF .36~



9, COUNTERMEASURES AGAINST LIQUEFACTION FOR RIVER STRUCTURES

9.1 Basic Concept

The basic countermeasure to prevent damage is shown in Fig. 3.4 (b) or
described in GChapter 6. The river structures are classified into two
structure'ﬁypes. One is earth dike and another is concrete revetment. The
countermeasure methods against liquefaction for the existing earth dike are

described as follows;

1) Increase the density of ground with compaction

2) Replace the loose Vsand with.good materials such AS .crusherrun or
gravel

3) Mix and stir the loose sand with cement milk by machine

4) Place the. counterweight fill to increase the effective overburden
pressure .

5) Install the gravel drain pile in the ground

6) Confine the deformation of ground with steel sheet pile and steel rod

or cable. .

These methods are tabulated in Table 9.1 and compared with their merits

and demerits.
The outline of these methods are shown in the following figure.

‘Sand. compaction Pile : ‘Fig. 9.1

: Rod;Coﬁpaction S o - Fig, 9.2
Dynamic Consolidation Fig. 9.3
Deep:Mixing Fig. 9.4
Gravel Pile . Fig. 9.5

In_ﬁhese”méthods, rod—cbmpaétion should be eliminated because ground
under earth dike contain fines content (finer than 0.074 mm, silt and.clay)
more ‘than 20%. The replacement method alsc should be eliminated because the
supposed liquefied deposits exist deeper.than 5'm and the stability of dike
"during excavation is supposed to be unsafe. Furthermore, the ground water
level is shallow and. temporary sheet piles. should be ‘used to excavate the

ground for safety and cut-off.
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The gravel drain pile should be wused together with another

countermeasure method and should not be adopted singly.
“Therefore, other 5 methods are further comparéd in Section 9.2.

The suitable countermeasure method against liguefaction for the concrete
revetment is the file foundation (PC pile, 'steel pipe- pile, etc.) which
should be considered on liquefiable layer to reduce the-resistance of this

layer. Other method is soil improvement as shown in Table 9.1.

9.2 Selection of Countermeasures

The typical section chosen to be studied on quuéfaétion-is MA-5 in the
middle Agno reach because its log consists of mostly sandy soils and FL

values are smaller than other 2 holes.

The ‘countermeasures against liquefaction for the grouhd are adopted to
the shallow portion up to 8 m from the surface. It is very effective teo
avoid liquefaction on the shallow ground, where ground failure will not

occur.
9.2.1 8Sand Compaction Pile

The sand compaction pile (hefeinafter 5CP) is driven on both grounds of
the protected land and riversides as shown in Fig. 9.7. Chart (a) of Fig.
9.6 shows the relationship between improvement ratio (Fv) and increase in N-

value as Ffollows:

No N1
6 15

9’ - ' 19"
13 : 23

where, No : N value before improvement

NL : N value after improvement
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‘Improvement ratio of as = 0,10 means the interval of sand piles of about
2.0 m as shown in Fig. 9.7. According to the N value after improvement, the

FL values are 1.0, 1.11 and 1.18 respectively.

The seismic coefficient -is supposed to be 0.20 as noted from similar
experience in Japan. However, this coefficient should be studied further in
detall design stage. This SCP method affects much vibration to the ground

and existing structures.
9.2.2 Dynaﬁic‘Consolidation

This dynamic consolidation is applied on the ground of both sides of
existing earth dike. Fig. 9.8 shows the increasing N value by taﬁping
energy. According to this figure, Ev is equivalent from a range of 38 to 94
m and the increased N value. is estimated from a range of 10 to 20 for D =
5.3 m.- The N values in the shallow ground, 6, 9, 13 are supposed 'to
increase to 16, ‘19 and 23 respectively. The improved FL values ‘are 1.03,
1.11 and. 1.18 provided thaf seismic coefficient is- supposedly 0.20. This
dynamic consolidation method affect much vibration to “the :ground and
existing earth dike. The tamping area of the ground is shown in Fig. 9.9.
The effectiveness in shallow portion of ground (Om - 2m) is -less than in
middle or deep portion. Therefore, recompaction on ground is required after

tamping with other machines..
9.2.3 "Deep Mixing

The slurry type which uses the stabilizer of cement milk or mortar is
-suitable deep-mixing method for protecting liquefaction of sandy ground. The
improvement ratio of about 100Z should be applied in the improved: ground.

This deep mixing method is shown in Fig. 9.10,
9.2.4 Counterweight Fill

The counterweight:fill on fhe‘iiquefiable ground at both sides of earth
dike is effective to increase the overburden pressure of ground and protect
‘from sliding of dike slope. Fig. 9.1i1 shows the effect of this
counterweight fill of 4 m high and 12 m long that increases mostly the FL

value more than 1.0, provided that seismic coefficient 1is supposed to be
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0.20. The applied secﬁion to earth dike is shown 3in Fig. 9.12. . However,
liquefaction under the toe of the counterweight fill can not be avoided with
this method.

9.2.5 Steel Sheet Pile

This steel sheet pile method aims to confine the déformation of earth
dike; however, it is very difficalt to estimate the effectiveness
quantitatively. The end of sheet pile should be driven into the medium
dense sand layer or stiff clay layer. The top of sheet piles should be
joined with steel C channels and a tie rod or cable is used to unite both

sides of sheet pile. Fig. 9.13 shows this method.
9.2.6 :Comparison of Cost

The direct cost per. 1 m of earth dike on countermeasure. methods are
compared in Table.Q.Zg‘ These .unit costs which are commonly used in Japan
are applied.‘rHowever,-the:unit cost -of thése soil i improvement methods  in
the Philippines; SGP, Dynamic Consolidation and Deep Mixing, is suppoéed to

be_ twice:.compared with the unit cost_in.Japan.;
9.3 Recommended Countermeasure L L . R

The counterweight f£ill is the most economical,method as .shown -in.Table
9.2. This method does not affect the earth dike and easy to construct in
~ the Philippinés. Land acquisition at both sides of dike should be required

~at more than 12 m. If the earth dike-ﬁill collapse due to earthquake, the
rehabilitation will be carfiedfoutgscon using.thé counterweight fill. In the
shailow ground ~up to 3 m deep, . -unsuitable layer -exists and this layer
should,b&.impnoved'with other suitable ‘methods. - One of these methods,the
vibro tamper -method, can improve the .shallow ground up..to -3 m with
compaction by the tamper (2 m x 2 m) which is connected to a vibrohammer
_hung by crawler crane as shown in Fig. 9.14.  The direct cost.ofithis method

in Japan is 700 yen per 1 m2.
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10. CONCLUSION AND RECOMMENDATION
10.1. Conclusion

(1) The magnitude of 16th July 1990 Earthquake was 7.7 (PHIVOLCS) and the
epicenter of this earthquake was 16 km NNE from Cabanatuan and near the town
of Bongabon as . shown in Fig. 8.2. The seismic. intensity in the Study Area
(Dagupan—Rosaies aréa) is reported to be VIII on the Richter Scale. The
recurrent interval of this scale of earthquake is rouphly estimated to be

dnce in every 100 years in.the study area.

(2) A case history of the liquefaction induced damage in.Japan has been

studied ‘and the following facts have been identified:.

a) The dike damage is classified to be crack, sink; settlement and
swell, _ _
. b) The damaged shape of-rivér dikes by liquefaction is classified to be
the.type,III as shown in Fig. 5.2 with both foundation and embankment
- failures,. _ .
_.¢) - The features of heavily damaged places and facilities were ancient
river channels, closing dikes or weirs for the ancient rivers,
crevasses of dikes, soft silty or clayey ground, newly embanked dikes
and dikes haﬁing irregular sections.
d) Sand boils occurred in such places as ancient river channels,

_crevasses -of ‘dikes and reclaimed lands by.dredgiﬁga
(3) The following observation was obtained from site reconnaissance.

a) In Dagupan City, the damage was concentrated in the area where ground
was oOnce an anCient'river'channelg the reclaimed:ground along the
"river and the area of past fish ponds as shown in Fig. 6.2. The

" primal . cause of these damage was assessed:to be liquefaction of

ground as evidenced by sand boils.

b) In the middle to upstream reach of the Agno River the damages were
\concentfaped on,the_earth dikes. - The sink .and settlement - of the
major. dikes were in the range of 0.2 m to 2.0 m. Longitudinal cracks

were mainly observed on the crest and slope of earthdikes as shown in
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Figs. 6.6 and 6.7,

Tt is assessed that the heavy damage on dikes were caused mainly by
the collapse of dike foundation., Foundation collapse is supposed to

be induced mainly by liquefaction of the ground.

(4) The field investigation result of each 3 drill holes in Dagupan and
middle Agno reach and the succeeding laboratory tests reveal the'property of

ground and sands as follows:

a) The thickness of surface soil which is composed of the fill material
is about 1.5 m to 5 m in Dagupan City. Fine sand or fine to medium
sand deposits are existing under the surface soil. The silt or 'clay
layer is seen at 18.45 m depth in DG-1, at 15.0 m depth in DG-3 and
‘at 12.0 m depth in DG~5 . These are shown in Figs. 7.4 to 7.6. The
ground water level in each hole was shallow. o

b) In the middle Agno reach the MA-2 shows sandy silt of 3 m thick and
medium dense silty sand up to 10 m as shown in Fig. 7.7. There are

" dense sandy gravel under these layers. < MAL5 is composed of loose
silty sand up to 6 m and dense or medium dense silty sand continued
up to 20 m as shown in Fig. 7.8. MA=6 is composed of loose silty
sand up to 6 m and stiff or hard silty clay layers of about 4 m and
densé or medium dense silty sand continted as shown in Fig. 7.9. - The

ground water level in each hole was ‘shallow.

c)} The physical property of the sand deposits is shown in Tables 7.2,

7.3 and 7}4 and is summarized as follows;

The fines content range from 4Z to 337 (average 17%).
The mean particle size is 0,10 mm to 0,34 mm. '

The spECific gravity is 2.55 to 2.79.

" The gradation curves are very similar to the sands ligquefied during
and after Niigata Earthquake as shown in'Fig; 7.17. These sands are

mainly composed of fine sand.
(5) Liquefaction analysis for each drili'holehis:tarfied*dut based on the

specifications for Highway Bridges, PART V, Earthquake Resistant Design

method ‘edited in 1990 in Japan. The result is ‘described as’ follows:
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a)

b}

The induced ground acceleration by 16th July 1990 Earthquake in
Dagupan is assegsed to be about 160 gal and that in the middle Agno

reach 1s assessed to be about 220 gal.

The simple prediction method which utilizes the N value (SPT) and the
gradation analysis is used to judge the liquefaction. According to
the calculation result for liquefaction, the liquefied layer in
Dagupan City occurred mainly in the shallow depth of 5 m to 8 m from
the ground surface and that in the middle Agno reach, it also
occurred mainly in ‘the shallow depth of 5 m to 8 m from the ground

surface. These liquefied layers are shown in Fig. 8.8 to Fig. 8.13.

(6) 1t is assessed'that the damaged river structures were affected by the

their ground fracture which were induced by liquefaction (refer to Figs.
10.1 to 10.3).

(7) The countermeasure practices against liquefaction for river structures

in Japan were few. These dre sand compaction piles, a partial replacement

method

and a counterweight fill or a dynamic consolidation method.

The study on the countermeasures against liguefaction is carried out

-and the conclusion is as follows;

&

by

The suitable method for the earth dike is the shallow compaction with
the vibro tamper and the counterweight f£ill which is composed of an
earthfill 4 m high and 12 m long in the toe of the dike slope in
both land and river sides.

The suitable method for the concrete revetment is the pile foundation

which should be considered on liquefied layer to bear the difference

- of reduced resistance of this layer. Another method is soil

€)

imprﬁvement method as shown in Table 9.1.

The unit cost of these soil improvement methods in the Philippines is

supposed to be twice compared with the unit cost in Japan.
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10.2 Recommendation.

(1) The historical earthquakes i1in the Philippines and the study area shall

be further studied to provide information required for design.

(2} It is recommended to . provide countermeasures against liquefaction in

case of earth dike construction.
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Table 3.1 DAMAGED SHAPE OF RIVER DIKE

Type 1 Type IT Type IIT Type IV  No Damage Total

Number of Section 30 177 135 148 34 524

Percentage 5.7% 33.82 25.82 28.2% 6.5% 1002

Table 5.2  DAMAGED PLACES_AND LENGTH IN EAGH RIVER

River Name River Dike . Revetment Siuice Weir Total
Pipe (Plac
Place Length Place Length
{m) (m_)

Kitakami 13 7,902 4 - 4&h 1 18
| 01d Xitakami .2 C 224 4 74 ' 6
Fai - 4 - 610 o
Naruse . 9 996 1 10
Yoshida = 17 6,682 : 1 ' 18
Natori 17 2,618 4 220 _ ' | 21
Abukuma 3 479 "5 672 8
‘Total - 65 19,511 17 1,410 .'2 1 85
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Table 5.3 FEATURE OF DAMAGED DIKE

Feature
River Name

0ld River Closing Point Crevasse
Channel of 0ld River

Soft

Irregula
Ground Section

Kitakami 5 1 3 2
- 01d Kitakemi 1
A _Eai 1

Naruse 2 1 1 2

Yoshida 3 1 5 5 1

Natori 3 2 4 5

Abukuma 1 1

Total BT P 14 11

Table 5.4  DAMAGE QUANTITY OF RIVER DIKE

River HRame Number of Damaged Length  Dike Length Damaged Rate
Damage Place (km) {(km} {2y
Mabuchi. 1 0.025 11 0.2
Twaki 29 5.838 115 5.1
Yoneshiro 23 3.673 62 5.9
Omono 5 0.593 17 * 3.5
Mogami. 4 0.296 56 * 0.5
Aka 1 0.016 59 0.03
Total 63 10.441 320 3.3

* length of downstream only
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Table 5.5 DAMAGED DIKE BY CLASSIFICATION OF MICRO-TOPOGRAPHY

Micro-Topography Damaged Length - Total Length Damage Rate
Classifacation {lm) (km) (%)
‘Flood Plain 3.257 161 2.0
Miero-highland of
_01d River 2.376 56 4.2
01d River
Channel 2.425 39 6.2
Natural Levee 0.197 30 0.7
Reclaimed -
Ground 1.321 10 13.2
Dune 0.016 8 0.2
- Others - 0.849 ' 16 5.3
Total o 10,441 320 3.3



Table 5.6 OCGURRENCE RATE OF SAND BOIL AT DAMAGED LOCATION OF RIVER DIRE

Micro-topographic Natural Micro-highland Dune 0ld River Flood Raclaimed Others Total OQecourenca Rate

Classification Leves  of Old River Channel  Plain Ground of Sand Boil

River Nane

Twakd 172 57 - 10f11 5/9 1/2 - 22131 71

Yoneshiro 0/3 3/3 - 2/2 5413 - 0/Z  10/23 43

Downstreatn bf

Omono - - - 11 0/3 - - 114 25

Upstream of

Onono - - - 0/} - - - 0/t 4}

Dowvnstrean of

Ouono - - - 0f1 CofLe - - 0f2 -0

Aka - - /1 - - - - ‘of1 0
Total 1/5 8/10 o/l 13/16 10426 112 0f2 33/62 53

Oecuranca Rate

of Sand Boll (%) 20 80 L] 81 38 50 [+ 53

Hote:

Upper value shows occurenca location number of sand boil.

Lowsr value shows damagad location wnumber of dike.
The location which is classified into more than 2
picro-topographic classification is counted for overlap.
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"Table 5.7  COMPARISON OF COMPACTION METHODS

Required Possible Depth

Improvemsnt Hethod Suitable Ground Material of Improvement  Judgement
Sand Compaction Pile Loose sand Sand O

Silty particles’ Gravel 20 m- 30m

are allowed a little Crusher-run
Vibro Rod . " Loosa sand

Sand contianed In place

silty particles " Sand 20m A

mora than 10 %

ie not effactive
Vibro Tamper Loose sand Ho 3m X
Vibro Floaration Loose gand

Sand contained Gravel

much silt is Crusher-Tun 8m X

not effective



Table 7.1 QUARTITY OF ADDITIONAL CORE BORING AND LABORATORY TEST

Boring  Depth Laboratory Test
Area Ro, (m) SPT  Sampling
_ GA AL MG 86
Dagupan bG L 20.45 15 12 [ 5 5
Cicy DG 3 20.45 15 5 13 8
DG 5 20.45 17 11 3 3
Middle Ma 2 © 20.00 ? 10 5 3
Agno YA S 20.45 15 i0 4 4
Rivar MA 6 20.45 16 4 10 4
Total 122,25 85 24 66 38 24 24

Note: SPT = Standard Penetration Test
GA = Gradation Analysis
AL = Atverberg Limits
NME = Matural Moisture Content
5@ = Specific Cravity
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Table 7.2 PHYSICAL PRCPERTIES OF GROUND IN DAGUPAN CITY AREA

Fines Natural Unified
Boring Dapth Content D 50 Molsture Plasticity Specifie Soil
HNo. (m) (%) Content  Index Gravity Classification
(mom} (%)

1.15 ~ 1.45 88 - 32 CH

2.0 - 3.0 15 0,17 28.0 NP 2.65 sM

3.15 = 3.45 26 0,14 sM

T 4.0 - 5.0 21 0.17 37.2 NP 2.64 SM

5.15 ~ 5.45 21 0.16 SH

DE1 7.0 - 8.0 22 0.20 24.4 NP 2.68 M

8.15 - B.45 12 0,21 sM

©10.15 -~ 10.45 T4 0,24 . sH
12.0 - 13.0 11 0.10 20.2 i 2.69 sMisP

14,15 - 14,45 33 0.10 8

16,0 - 17.0 24 0.12 19.6 2.77 sH

19,15 - 19,45 84 - 8 CL

1.15 - 1.45 19 0.26 NP SM

2.0 - 3.0 16 0.22 26.6 NP 2.76 sM

3.15 - 3.45 17 0.11 SM

4:0 - 5.0 25 © 0,20 21.6 RP 2.59 - BM

75,15 - 5.45 21 7 0.6 : su

6.0 - 7.0 23 0.16 23,7 NP 2,79 sH

D6 3 7.15 - 7.45 . 24 0.20 sM

8.15 - 8.45 15 0.14 : sM

11.0 - 12.0 4 ©0.23 °  26.0 we 2.60 sp
‘13.15 - 13.45 6 0.20 SM/SP

16,0 - 17.0° 21 ¢.20 25.3 NP 2.78 sH

i7.15 - 17.45 94 - 17 cL

19.15 - 19.45 86 - 10 cL

1.15 - 1.45 15 1.5 13 8N

2.15 = 2.45 23 0.20 7 sC

4.0 - 5.0 15 0.20 18.3 Np 2.64 SM

5.15 ~ ‘5.45 15 0.21 up oM
7.15 - T.45 g 0.34 : L gM/sW

D5 9.0 - -10.0 - 18 6,18 11.2 WP 275 St

11.15 - 11.45 18 0.15 SH

12.0 - 13.0 80 - h4.2 15 2.50 cH

14.15 - 14,45 85 - ' 6 CL

16:15 ~ 16.45 70 - 18 cL

19.15 - '19.45  B7 - 11 cL

Nota: Fines Content: Silt and Clay -content
D : Mean Particle Size (Particle size of percentage passing of 50%)
NPt Non Plastie

“LF.53-



Table 7.3 PHYSICAL PROPERTIES OF GROURD IN MIDDLE AGHO RIVER BASIN

_______ N i am e b i okt e e 0 i e ko BT P e b U A W e 2 o md K =8k 8 0 S e i Sy b S S o S e g A S ot 2 T

Pines Natueal Unified
Boring Depth Content D toisture Plasticity Specific Soll
No. {m} {2 {om) Content Index Gravity Classification
(§3)
1.15 - 1.45 68 - L
2.15 - 2.45 64 - 5 oL
3.15 - 3.45 70 - CL
. 4.15 « 4.45 72 - cL
MA 2 5.15 - 5.45 &7 - 10 . CL
6.0 - 7.0 28 .12 29.4 - 10 2,69 sc
7.15 - 7,45 26 0,13 sC
8.0 - 9,0 12 0.12  15.8 NP 2.59 sM
9.i5 - 9.45 13 0.19 sM
12.0 - 13.0 2 6.3 18.6 NP 2,66 oW
2.0 - 3.0 18 0,21 8.7 NP 2.77 si
3,15 - 3.45 21 0.23 sM
4.15 - 4.45 19 - SH
5.15 - 5.45 i3 0.20 SH
MA- 5 6.0 - 7.0 16 0.26  20.9 . WP 2,70 sM
10.15 - 10.45 31 0.16 : sM
11.0 - 12,0 17 0.22 1.4 NP 2,68 sM
13.15 - 13.45 22 - 0.21 : SM
15.15 - 15.45 9 0.18 _ " SMfSW
16.0 - 17.0 12 0.11  21.5 NP 2.71 s
1.15 - 1.45 15 0.19 _ SM
2.0 - 3.0 24 0.11 33.6 NP 2.63 sM
3.15 - 3.45 11 0.25 ' - BM/SW
4,15 - 4.45 8 0.21 _ SC/sH
MA 6 5.0 - 6.0 6 0.19 26.0 St 2.55 SCIsW
6.15 - 6.45 91 - 29 CH
7.15 - 7.45 97 - " 26 cH
10.15 ~ 10.45 18 0.18 : s
11.0 - 12:0 - 17 0.21 17.0 ne 2.67 SM
. 16,0 - 17.0 11 0.31 4.2 NP 2:63 - SM/SH
Nota: Fines Content: 511t -and Clay content

D : Mean Particle Size (Particle size of percentage pasaing of 50 %)
NP Non Plastic :
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Table 7.4 FEATURE OF SAND DEPOSTT

Area Fines Content D MMC
(Z) (mrm) (z) Ip Gs
4 - 33 . non
Dagupan- City (17) 0.10 - 0.34 11-37 plastic 2.59 - 2,79
6 - 31 ' non
Middle Agno River (17) 0.11 - 0.31 11-34  plastic 2.55 - 2. ¥7

Note: Fines content: passing percentage under 0.074 mm, silt and clay
( ) shows average value

D . : Mean particle size

NMC: Natural Moisture Content

Ip : Plasticity Index

Gs : Specific Gravity
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Table 7.5 COEFFICIENT OF UNIFORMITY AND GUPVATURE

D60 (D30)% Fines

Boring Depth D, D10 UG~ D30  UC’'=-——

No. {m) mm mm ‘D10 mm D10xD60 Content
s dvezo o2 baz 22 oas o .
b 13154345 023 08 26 oas - os s
b5 7as7as o3 o0 s oz s o
ar azoase o oaz o7 17 o .
s s.as.1.45 0.20 0,085 24 o5 Ls .
s s aas 020 s o oas s s
s 50 -s0 020 010 2o o7 vy .

Remarks : * Sand and gravel
Uc : Coefficient of uniformity

Uc': Coefficient of curvature
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‘Table 8.1 ASSUMED VALUE OF DENSITY AND MEAN PARTICLE SIZE
) BY SOIL CLASSIFICATION

A B e G £ T T e e D1 ks 5 M b A A AR 33 B NA NS MR A BA G BE R B A de ma dm ear b b e A R LR e W AR EL WM b be i ke dd e e e o hm iy e e = ey -

Soil Classification  Saturated Density Wet Density Mean Particle Size

Pgat(t/m3) PL(t/m3) D {mm}

Surface Soil 1.7 1.5 G.02

Silt 1.75 1.55 0.025

Sandy 5ilt 1.8 1.6 0.04

5ilty Sand 1.8 1.6 0.07

Very Fire Sand 1.85 1.65 0.1

Fine Sand 1.95 1.75 0.15

Medium Sand 2.0 1.8 0.35

Coarse Sand 2.0 i.8 0.6

Sand and Gravel 2.1 1.9 2.0

Table 8.2 LIQUEFIED‘DEPTH FROM GROUND'SURFACE“
Bore Hole No. Depth from Ground Surface
(m)

DG - 1 2.0 -:4.,3 (2.3m), 7.3:- 12.1 (4.8m)
DG - 3 0 - 7.5 (7.5m)
DG - 5 0 - 5,6 (5.6m)
MA -~ 2 3.15-~- 7.7 (4.55m)
MA - 5 0 - 5.4 (5.4m), 10.9 - 12.4 (1.5m), 17.2 -~ 17.5 (0.3m)
MA - 6 0.3 - 6.0 (5./m), 10.0 - 10.7 (0.7m), 15.0 - 18.# {3.4m)
Note 1 { ) shows the thickness of liquefied layer
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Table 9.2 COMPARISON OF COST OF COUNTERMEASURE METHOD

Countermeasure Direct Cost Unit Cost Order
Method per 1m of Earth Dike
(Yen)

Sand Compaction Pile 128,900 3,410 /m 2

Dynamic Consolidation 196,800 7,570 [m2 3

Deep Mixing 864,000 10,000 /m3 5

Counterweight Fill 96,000 1,000 jm3 1

Steel Sheet Pile 580,000 SPVL &

27,000 fm2

Note : 1) Cost of excavation and fill are not included.

2y Cost of sand mat is not included.

3) Gost of land acquisition is not included.
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