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SUMMARY

The Study Team eéstimated the return period of the July 16, 1990 Luzon
Earthquake (hereaftér referred to as Luzon Earthquake) having a
magnitude of 7.7 to be about 80 years in the Study Area by the use of
the historical eérthquake data which have been recorded in the

Philippine Institute of Volcanology and Seismology (PHIVOLCS),

The expected value of maximum acceleration which has the same magnitude
as Luzon Earthquake is estimated to be 187gal in the Study Area.
Taking into account  the regional condition and practice in Japan, the
basic seismic coefficient for design in this study is determined to be
0.15, The basic seismic coefficient have to be converted into the
design seismic coefficient on.ground surface by being multiplied with
the coéfficient for ground type and the coefficlent for regional

gsignificance.

The simplified evaluation method, which was developed by the Public
Works Research Institute Ministry of Construction of Japan, is applied
to estimate 1iquefaction potential in the Upper Apno River and Dagupan
City areas. It is found that liquefiable areas are distributed in the
whole Study Area, and liquefiable sand layers exist within the depth of

10m from the ground surface with a thickness of 5m or less.

Counferweight fills are adopted as the most suitable countermeasures
against liguefaction for earthdikes. A series of stability analysis,
in which 'the excess pore ﬁater pressure induced by liquefaction is
considered, -was carried out to obtain necessary length of the
counterweight £ills. As a result, it is estimated that a 5m high dike
needs a length of 7.0 - 9.0m and & 3m high dike needs a length of 3.6 -
4,8m, depending on its side slope. For concrete revetments and other

river structures a pile foundation is suitable.
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1. OBJECTIVE

In the Agno River Basin and Dagupan City Area, many of river structures
and buildings were heavily damaged by Luzon Earthquake. The main cause of
the damages is supposed to be liquefaction. After the earthquake, the

geismic resistance survey was conducted to achieve the following objectives.

(1) To analyze statistically the historical earthquake data in the

Philippines and to determine basic and design seismic coefficients

(2) . To determine the areas which reguire countermeasures against

liquefaction

(3) To determine the optimum scale of countermeasures against liquefaction

-8R,1~



2. SEISMIC ANALYSIS
2.1 Seismic Data in the Philippines

The - Philippine dislands are suffering . from freqﬁent occurrehce of
earthquakes because the Philippine Archipelago lies between two moving
tectonic plates,. The Philippine Fault extends through the entire
archipelago., In historic time, large earthquakes occured along this fault.
Historical earthquake data in ‘the Philippines have  been collected 'by
Philippine Institute of Volcanology and - Seismology (PHIVOLCS). The Study
Area 'is' illustrated in Figure 2.1. Figure 2.2 shows the distribution of

epicentres of earthquake in the Philippines.

2.2 Statistic Analysis

A statistic analysis was carried out for the purpose of determining the
design seismic coefficient for this study, on the ‘basis 'of' historical
earthquake data of which magnitude are greater than 5.5 and epicenters are
within-rédius of 300 kilometers from Dagupan City and Upper Agno'River,
prepared with PHIVOLCS for the period from 1907 to 190 (see¢ Table 2.1, 2.2).

(1) Probable earthquake in the Study Area

The relationship between magnitude and frequency in the stddy area is
shown in Figure 2.3. Abscissa of this figure corrésponds to frequency and
ordinate cofresponds to magnitude. Inverse numbers of frequency denote
return period of earthquakes. From this figure, the return period of Luzon

Eérthquake, which has a magnitude of 7.7, is obtained to be 83 years around

the Study Area.
(2) Expectancy of maximum acceleration

The relationship between the maximum acceleration and frequency is
obtained as shown in Figure 2.4, byiusing the attenuation equation for the
ground of type III (see Figure 2.5) as shown below, which has been developéd
by the Public Works Research Institute of Ministry of Construction of Japan.

1.-
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’ -1.218
o max = 403.8 x 10225y (A + 30)

where,
o max : Maximum ground acceleration (gal)
M - ¢ Magnitude of garthquake
A : Distance from epicenter (km)

From Figure 2.4 the expectancy of maximum acceleration in the Study Area is

obtained to be 187gal at the same return period as Luzon Earthquake.
2.3 Seismic Coefficient for Design

In general, aseismatic design is applied to river structures such as
dikes, gates, weirs on the basis of seismic intensity method, in which the

design earthquake load is calculated by the following equation:

Ws =Knh -« W
where, Ws : design earthquake load
ky; : seismic intensity

W : dead load

The value kh in the above equation is taken to be less than maxfg
(g:gravity acceleration) because ® max is the peak value of acceleration
time history while the leoad Ws is applied to structures statically. It is
appropriate that the value of 0.15, which is used in aseismatic design for
earth structures in Japan, be employed as the basic seismic coefficient in
this study taking into account the similarity of expectancy of maximum

acceleration in the Philippines and Japan.

Design seismic coefficient has to be determined in consideration of a
ground type where structures are founded as well as significance of the

region which any damage to the structures may affect,

kp = €y Cy” kho
where, Ki : Horizontal seismic cdéfficient for design
cg ¢ Coefficient for ground type
cl : Coefficient for regional significance
- Kho : Basic seismic coefficient for design
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Coefficient for ground type is shown in Table 2.3. To classify the
ground type, Figure 2.5 is available. This figure is the result of a series
of response analysis that was carried out for various ground conditions. As
a result, ground types can be classified as shown in Flgure 2.35. For

example, if the thickness of alluvial strata is greater than 24m, it would

be classified as type-III.

The Study Area is classified ‘into three areas depending on the regional
significance. = The coefficient of each region is determined as shown in

Table 2.4.
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3. LIQUEFACTION ANALYSIS
3.1 Analysis Method

The liquefaction énalysis was carried out using the simple prediction
method which utilises SPT N value and gradation of soil. This method is
commonly used in Japan to judge the possibility of liquefaction in soil
deposits. - Especially, the up-to-date specifications for Highway Bridges
" edited by Japan Road Association in 1990 will be the most advanced and
widely used method in Japan. The flow of liquefaction analysis is shown in

Figure 3.1.

In this method, the liquefaction resistant factor FL is defined by the
'following eQﬁation and value not exceeding 1.0 is judged to be liquefiable.

FL = R/L

where, R : Dynamic shear strength ratio

L : Cyclic shear stress ratio induced by earthquake

L is expressed by the following equation

agv

L = yd-ky .

where, Y d : Reduction factor for depth
' ©{=1.,0-0.015%)

‘z Depth from ground surface (m)

kh : Seismic coefficient at ground surface
{(=c1-kno) '

€1 : Coefficient of regional significance
' kpe ¢ Basic seismic coefficient (=0.15)

Gv : Overburden pressure (kgf/cm’)
(=(pgh +p .. (2-n)1/10)
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o 'v : Effective overburden pressure {(kgf/cnf)
{(={pth +{Psat ~1.0) (z~h)}/10)

Pt : Wet density of soil (tf/m*)
Psat .: saturated density of soil (tf/uf )

h : Depth of ground water level (m)

R is eapressed by the following equation

R = R1 + R2 + R3

where, - Rl = 0.0882\/N/{0 'V + 0.7)

N : SPT N value

R2 : 0.19 (0. 02mme<D S0<0 . 0 5mm)

0.225 logl0 (0.35/D50) (0. 05mm<D5 00 . 6mm)
-0.05 {0 i6mm <D50<2 . Omm)
R3 : 0.0 { O%<FC< 40%)

0.04FC~0.18 - (40%=FC<100%)

FC : Fine Fracture content (%)

in these equations, Rl is expressed by ‘the function' of N value and
effective overburden pressure o'v, R2 is expressed by the function of mean

particle size D50, and R3 is expressed by the function of fine content FC,
In this analysis, thé basic conditions of calculation are as follows:

{1} The grouhd ‘water level is assqmed, tb _be :the same level of ground

surface.

(2) D50 and FL obtained from labofétory test are used.. If nd-labo"test

data exist, values in Table 3.1, which are taken as the averages of

labo tests, are used.

. =8R.6-



(3) The density of each layer hasn’t been measured. Therefore, the values
in Tabhle 3.1, which are rveferred to the Specification for Highway
Bridges edited by Japan Road Association in 1990, are used.

3.2 Evaluation on Liquefaction Potential

A series of liquefaction analysis was carried out to evaluate
liquefactioﬁ potenﬁial in the study area., The existing geotechnical data of
the Agno River and the Pantal-Sinocalan River were used in this analysis.
Surcharge AP was variable to know the effect of counterweight. An example

of this method is shown in Figura 3.2.

Figure 3.3 ~ 3.5 show the distribution -of liquefaction resistance

factor FL. The following characteristics are seen in these figures.

(1) The depth of liquefiable sand layer, of which FL values are less than
1.0, is within 10m and the thickness of which layer is 5m or less

except for a few calculated points.

{2) Surcharge is effective in improving liquefaction resistance in shallow
area from ground surface but it is not effective in the area deeper

than 35m.

(3) Even though surcharge is applied, there still remain a few points at

which liquefaction potential is high.

Figure 3.6 shows the comparison between seismic coefficient kh = 0.18 and
0.1, It is seen that most calculated points are not ligquefiable in the case
of kh = 0.1,

_ Figure 3.7 shows the map of liquefaction possibility in the area of the
' Upper Agno River under the condition of surcharge A P=0. Observed damaged
. stretches induced by the Luzon Earthquake are also shown in this figure.

There are some damaged dikes not due to liquefaction but due to earthquake
motion (acceleration). Figure 3.8 shows the result under the condition of
AP=4.0 tf/m2 . which .éorrespo‘nds to 2m high counterweight. Some of the
calculated points which are judged to be liquefiable in Figure 3.7 are
adjusted to be not liquefiable taking into account the site conditions.
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Figure 3.9, 3.10 show the distribution of liquefaction possibility of
the Pantal-Sinocalan River area under the conditions of kh = 0.18 and kh = -
0.10 respectively. It is seen that there are many points which are Judged
to be liquefiable in Figure 3.9. On the other hand, Figure 3,10 shows most
calculated points are not liquefiable except for DG-7, AL-14, AL-15.

3.3 | Area Requirement of Countermeasures

Taking into account the geological survey, liguefaction -analysis and
observation of damaged dikes, area requirement of countermeasures “against
liquefaction in the Study Area is determined -as shown Iin Figure 3.1l.
Hatched areas indicate the areas which require liguefaction measures with
the seismic coefficient of either 0.18 or 0.1, while areas delineated with a
broken line indicate the areas which.require no measures even with the

geismic coefficient of 0.1.
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4, COUNTERMEASURES
4.1 Stability Analysis for Dikes

in the liquefaction study. (Supporting Report LF), comparison of
effectiveness and cost on countermeasures against liquefaction for river
structures was made. As a result, counterweight f£ill is proposed as the
most sultable countermeasures method against liquefaction for the earthdike.
Generally, counterweipht fill work is considered to be effective to increase
the overburden ?ressure.of-ground and protect dike slope during earthquake.

This method will be the most economical one.

A series of stability analysis with due consideration of liguefaction

was carried out to determine the scale of the counterweight fill.

Conventional slip circle method was employed to carry out stability
-enalysis of dikes during earthquake. Safety factor was calculated in the

following steps (see Table &4.1).

(1) Before earthguake (Case-1)
Neither seismic coefficient nor excess pore water pressure was

considered in this stage.

{2} Before peak acceleration during earthquake (Case-2)

Horizontal shaking was considered in this stage. [Excess pore water

pressure was not considered,

(3) After peak acceleration {Case-3)

According to the past liquefaction study, excess pore water pressure
rises after the main shock. Therefore excess pore water pressure was

considered, but no seismlc coefficient was considered in this stage.
Ssafety factor was calculated by the equation shown in Figure 4.1. Excess

pore water pressure U in the equation was estimated by the following

equation.

.~8R.9-



U=71u "¢ 'v

where, Lu : excess pore water pressure ratio
(=U/C 'V}

o'v : effective stress on slip circle

Figure 4.3 shows the condition of stability analysis: Loose sand layer was
assumed to have a thickness of 10m and to be ‘divided into some portions
which have different Lu value. According to past study, the Lu value was
. supposed to change with liguefaction resistance factor FL. Figure 4.2 shows
a FL-Lu relﬁtionship commotily used in Japan. Excess pore water ratio is
determined as shown in Figure 4.3 by adopting this relationship to FL values
in Table 4.2, values of which are average FL within 10m from the ground

surface.
4.2  Result of Stability Analysis

Calculated cases and results are shown in Table 4.2.. Figure 4.4 and
4.5 show examples of stability analysis without  counterweight and with
counterweight respectively. Figure 4.6 show safety factors against slip

circle sliding of dikes of différent cross sections.
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Table 2.1 EARTHQUAKE DATA
(A= 300 km from Middle Agno River, M = 5.5)

. Distance {km}
. D A T B Eplcanter Depth Magunitude from Site

No Yaar Month  Day Latitude Longitude “{ km ) to Epicenter
1 1927 4 i3 16, 50N 120,508 140.00 6,70 49
2 1927 4 13 16.10N 120.508 140.00 6.30 i2
3 1927 4 i9 16.00N 120.00E 100.00 6.70 42
4 1028 8 S5 16,.10N 119.50E 6.30 a5
5 1931 3 19 18.30N 120, 20K 6.90 249
6 193t 10 28 17.50N 121,508 6.30 198
7 1932 5 13 18.10N 119.30E 6.30 254
8 © 1932 6 14 18.30N 120,208 80.00 6.50 249
g 1932 T i8 14.00N 120.00E 100.00 - B.00 234
10 1932 8 24 16.50N 120,50E . 6.30 49
11 1933 3 3 15.50N 120.10FE 120.00 6.30 71
12 1933 6 . 8 14.00N 120.00E 6.30 234
13 1934 2 14 17.50N 119.10E 7.60 210
14 1934 T 31 15.10R 119.70E 5.60 131
15 1934 11 26 14.20N 120.20E ) 6.30 209
16 1937 3 i6 18.00N 121.00E 1L00.00 §.50 224
i7 1937 8 20 14.50N 121.50E 7.50 211
18 1938 S 23 18.20N 119.70E 80,00 7.00 248
19 1940 3 28 14.50N 120.10E 200,00 6.70 177
20 1942 4 8 13.50N 121.10E o 7.70 296
21 1949 12 29 17.50N 121.50E 7.20 198
22 1950 1 3 18.10N 121.508 6.50 255
23 1953 12 22 16.00N 119,008 5.70 149
24 1956 T 19 15.10N 120.50E ) ’ 5.70 109
23 1856 i0 23 13.50N 120.50E 100.00 6.70 286
26 1957 6 11 18.10N i21.50CE . 44.00 6.70. 255
27 1960 <] 19 16.00N 120.00E 25.00 3.50 42
28 1961 2 26 15.30N 121.10E 32.00 6.10 99
29 1962 6 3o 16.40N 122.30E . . 3.70 207
a0 1863 2 25 15,588 121.40E 61.00 5.50 130
31 1963 S 17 15.69% 120.13E 99.00 5.60 S1
32 1966 1 7 16.60N 119.30E 47.00 770 .11z
33 1968 8 1 16.45N . 122.95E 33.00 5.90 235
a4 - 1988 B 3 16.45N 122.31E 52.00 6.10 209
35 ‘1969 g 4 16.37N 119.56E 60.00 5.80 a5
36 - 1969 10 6 14.99N 1Z20.11E. . 66.00 5.60 124
37 1970 4 7 15.7BN 121.71E 40.00 6.50 145
a8 1970 4 7 15.68N 121.85E 22.00 5.50 162
39 1970 4 7 ‘15,53 121.86E 33.00 5.50 168
40 1970 4 B8 15, 40N "121.75E 7.00 5.70 - 164
41 1970 4 12 15.08N 122.01E8 25.00 5.80 206
42 1970 11 21 15.01N 120, 13E ' 53.00 - 5.30 121
43 1971 T 4 15.60N ‘121.87E 30.00 5.30 167
44 1971 7 o4 15.60N 121.85E 50.00 5.50. 165
45 1972 5 T 22 16.59N 122,298 34.00 5.70 213
46 1974 2 9 16.,20N 120.10E o 5.50 34
47 1975 4 3 16.90N 120.50E 5.50 93
48 1975 B 18 15.00N 121.00E - R . 5,90 136
49 1977 3 18 16.70N 122.31E 118.20 5.90 217
50 1987 4 25 15.87N 120,228 106.00 5.50 29
51 1987 ] 35 "15.60N 121.00E 45.00 5.60 84
32 1990 7 16 16,508 120,948 33.00 5.70 76
53 1990 T 16 15.58N 121. 268 36.00 . 7.70 103
54 1990 7 16 16.46N 120.40E 33.00 5.70 43
55 1990 7. 16 15.88N 121,13E 33,00 - 5.50 82
56 1980 7 16 16}41N 120.34E 33.00 5.50 38
57 1990 7 17 16 48K 120,838 33.00 5.90 66
58 "1590 7 17 16,39N 121.08% 33.00 6.50 82
59 ' 1890 i 22 :15.43N 121.16E - 32.00 6.00 109
60 1990 T 16 16.07N 121.018 .33.00 5,590 66
81 1990 -8 - 12 16,.36N 120,16E -19.00 5.50 41
62 1980 8 .19 16.17H 120,218 1.00 3.50 22
83 9. - 1D " 14.00 5.860 40



1990

Table 2.2 EARTHQUAKE DATA
(A = 300 km from Dugpan City, M = 5.5)
. Distance (km)
D . A T E Eplicenter Depth Magunitude from Site
No. Yoar Month Day Latitude Longitude { km } -to Epicenter
1 1927 4 13 16.50N 120.50E 140.00 6.70 60
2 1927 4 13 . 16.10N 120,50 140.00 6.30 25
3 1927 4 19 16.00N 120.00R 100,00 6.70 76
4 1928 8 ) 16.10N 119,508 6.30 130
5 1951 3 19 18.30N 120.20E 6.80 262
6 1931 10 28 17.50N 121.50E 6.30 187
7 1932 3] 13 18.10N 119.30E 6,30 278
8 1932 B 14 18.30N 120,208 80.00 5.50 262
9 1932 T 18 14,00N 120.00E 100.00 65.00 235
10 1932 8 24 16.50N 120,.50E 6.30 60
11 1933 3 3 15.50N 120.10E 120.00 6.50 as
iz 1933 6 [ 14.00N 120,00E 5.30 235
13 1934 2 14 17.50N 119,108 7.60 239
14 1934 7 31 15.10N 119.70E 5.60 148
) 1934 11 26 14.20N 120.20E .- 6.30 208
16 1937 3 is 18.00N 121,00E 100.00 6.30 225
37 1937 a8 20 14.50N. 121.50E . 7.50 187
ig 1938 5 23 18.20N 119.70E 80.00 7.00 . 267
19 .. 1939 5 5] 13.50N 121,308 110,00 6,50 - 285
20 1940 3 28 14.50N 120.10E 200.00 6,70 179
21 1942 4 8 13.50N 1iZ21.10E T.70 281
22 1949 12 29 17.50N 121.50E 7.20 187
23 1950 1 3 18.10N 121 .50E - 6.50 248
24 © 1953 12 22 16.00N 119.00E 5.70 © 183
25 1936 7 19 15.V10N - 120.50E L 5.70° 103
26 1956 10 ‘28 13.50N 120.50E 106,00 §.70 279
. a7 1957 [5) i1 18.10N 121.50R 44.00 6.70 248
28 1980 9 19 16, 00N 120.00E 25.00 5.50 76
29 1961 2 26 15.50N 1231 ,10E 32.00 6.10 T0
30 1962 8 T30 16.40N 122.530E 5.70 176
31 1963 2 . 25 15.5BN 121 ,49E . 61.00 5.50 96
32 1863 53 - 17 15.68N 120.13E 99.00 5.80 71
33 1986 1 7 16.60N 119.50E 47.00 T.70 145
34 1968 8 1 16.45N 122.585E 33.00 5.90 203
a5 1968 8 3 16.45N 122.31E 52.00 6,10 178
as 1969 9 4 16.37TN 119.56E 60.00 5.80 130
37 19869 10 -8 14.99N - 120.11E 66.00 5.680 130
38 1970 4 7 15.78N 121.71E “406.00 6.50 110 -
39 1970 4 T 15.68N 121.85E 22.00 5.50 127
40 1970 4 7 15.53N 121.86E 33.00 5.50 134
41 1970 4 B 15.40N 121.75E T.00 5.70 :130
42 1970 4 12 15.08N 122.01E 25.00 5.80 173
43 1970 4 12 15.21N 122.04E 18.00 '5.50 1687 .
44 1970 11 21- 15.01N 120.13E ‘53,00 - 5.50 127
45 1971 7 4 15.60N 121,878 30.00 5.50 132
46 1971 7 4 15.60N 121.85E 350,00 5.50 130
47 1972 4 25 13.37TN - 120,31E 50.00 7.20 206
48 1972 5 22 16.58N 122,298 4,00 5.70 181
49 1974 2 9 ‘16.20N 120,10 5.50 . B9
50 1975 4 3 16.90N 120.50E 5.50 103
51 1975 8 18 15.00N 121,00 5.80 116
52 1977 3 18 16,.70R 122,818 118.20 5,90 i88
53 1987 4 " 25 15.87N 120.22E 106.00 5.50 54
54 1987 6 5 15.60N 121,00 45.00 5.60 o4
55 1980 7 16 16.50N 120.94E 33.00 5.70 81
36 1980 7 16 15.68N 121.26E ; 86.00 T.70 69 -
57 1990 7 16 16.46N 120.40E '33.00 5.70 61
a8 1980 7 16 15.88N 121.13E - 33.00 5.30 47
59 1990 7 18 16.41N 120, 34E .33.00 5.50 &0
60 1890 7 17 16.48N 120.83E 33.00 5.90 55
61 1980 7T 17 16.38N 121,08E - 83.00 6.50 59
62 1990 7 22 15.43M 121.16E ' 32.00 . 6.00 80
63 1990 4 16 16.07N 121.01E - 33,00 . 5.50 a3 -
64 1990 8 12 16.36N 120.16E 19.00 5.50 71
K 1990 8 19 16.17N 120.21E 1.00 3.50 57
668 9 10 16.41N - 120.28BE 14,00 5.60 65
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Table 2.3

COEFFICIENT FOR GROUND TYPE CG

GROUND TYPE

0.8 1.0 1.2

-8R.13-



‘Table 2.4 COEFFICIENT FOR. REGIONAL SIGNIFICANCE CI

REAGION

1.0 Main stream of Agno river
City and Urban Areas of the Pantal-Sinocalen River
and its tributaries

t.8 Major tributaries of Aguno River

0.6

Minor tributaries of Agno River
Rural areas along the main stream of Pantal-Sinccalen

River and its tributaries

-8R.14-



Table 3.1 ASSUMED VALUES OF DENSITY, MEAN PARTICLE SIZE
AND FRACTURE CONTENT BY SOIL CLASSIFICATION

Soil Saturated Wet Mean Particle Fracture
Classification Density Density Size Content
p sat tf/m3 pt tf/m3 | D50 mm FC %

Silty clay

Sandy clay 1,70 1.50 0.00026 88
Clayey silt N
silt 1.75 1.55 0.013 72
Sandy silt

Silﬁy sand
Fine sand 1.95 1.75 0.165 22
Fine tc medium sand
Medium sand
Medium to coase sand 2.0 1.80

0.376 13

coase sand
gravelley sand 2.1 1.90

-SR.13-



Table 3.2 AVERAGE FL VALUES WITHIN 10m FROM FROUND SURFACE
OF THE DRILLING HALLS WHICH ARE JUDGED TO BE
LIQUEFIABLE BY SIMPLE PREDICTION METHOD

MIDDLE AGNO AREA

Ap =0 ° Ap=4tf/m’ Ap = 10tf/m°
AG11-AG29 1.050 . 1,245 1.300
MALl -MA1l 0.964 1,234 1.264
DUGPAN CITY AREA- :
_ _ Ap =20 zf!.p=3_tf/m2 Ap=6tf/m2
ALL ~AL26 1.088 1,403 1.411

A p:Surcharge

=8R.16~



Table 4.1 STABILITY ANALYSIS CONDITICNS

Seismic Coefficient Excess Pore
Case No. ' Ks ' Water Pressure
Case-1 (Normal) 0 No
Case~2 (Barthquake) 0.18 No
Case-3 (Liquefied) 0 Yes

-8R.17-



Table 4.2 MINIMUM SAFETY FACTOR OF STABILITY ANALYSIS
Height of dike | Slope ks L=0m 3m 6m 9Im 12m
H (m)
0 | 1.483 1.610 1.856 2.172 2.382
1:2 0.18| 0.865 0.926 0.981 1.020 1.063
0 0.650 :0.765 0.878 1.005 1,137
5
0 1.650 1,917 2.121 2.361 2.639
1:3 0.18| 0.944 0.977 1.024 1.060 1,088
0 0.754 0,838 -0.971 1.082 1.206
0 1.596 1.909 2.323 - -
1:2 0,18 0.930 1.008 1.074 - -
0 0.709 0.884 1.077 - -
3
' 0 1.732 2.148 2.588 - -
1:3 0.18| 0.988 1.054 1.099 - -
0 | 0.767 0.950 1.142 - -

-5R.18-



Table 4.3 LENGTH OF COUNTERWEIGHT

Height of dike slope Length at Fs=1.0
H (m) L (m)
"5 1:2 9.0
5 1:3 7.0
3 1:2 4.8
3 1:3 3.6

-5R.19-
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THICKNESS OF DILUVIAL STRATA HD(m)

TYPE~1
O FAAALA— 4 10 20 30 4TO 59 60
| ‘,/’ !f
5 -
] . o .
E 4 9
Id: 10| - °
< 1 i
:E ® 5 4
o [ 4 * L 2 ..
w 15 ¢
2 g TYPE-T
- &
> 208 s
= LI
Ls ot ... L ]
9 e U —
Ll 25% ) a
= H
4 A A
=
T TYPE-TI
1§ N )
’ ATWE-1 (Ts  <0.25)
35 ®TYPE-H (0.25 <£Ts<0.75)
3 - |ATYPE-IF {0.75 <Ts)
a Ts : Predominant period of
response analysis

40 -

(Specifications for Highway Bridges
edited in 1990, Japan Road Association)

Fig. 2.5 CLASSIFICATION'OF GROUND TYPE BY USING l-h AND Hy
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Field Investigation
SPT N value
Ground Water Table
Classification of =o0il

b )

Laboratory Test Assumed Soil Properties
Mean Particle Size D50 D53, FC
Fracture Content FC

- Seismic coefficient

Density to be supposed k =c+ k

Dynamic Shear Strength ratio Cyclic shear stress ratio
R =Rl + R2 +R3 L

Licquefaction
Resistance Factor
R/L> 1.0

Liquefiable

k2

Not Liquefiable

Fig. 3.1 FLOW OF LIQUEFACTION ANALYSIS
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Fig. 3.7

e : ; :—ljli'rrl.-.-“

g@\-
r ajﬂu R
B

: Damaged Stretch
ALY Observed by DPWH
Damaged Stretch Observed
m by Study Team
<—1 Flow oul due to Dike Fracture
O Clay deposits

& Sand, Not tiquefiable
& Sand, Liquetiable

SCALE
0 1 2 3 Lkm

LIQUEFACTION POSSIBILITY IN THE MIDDLE AGNO RIVER
(k.= 0.18, AP =0)

~-58R.31-




4] 1

; Damaged Stretch
A Observed by DPWH

. m .Damaged Stretch Observed
by Study Team

<= Flow out due te Dike Fracture

O Clay deposiis
6 Sand, Not liquefiable
® Sand, Liquefiable

SCALE
2 3 Lhm

(k,= 0.18, AP = 4 tf/m2)

- Fig. 3.8 LIQUEFACTION POSSIBILITY IN THE MIDDLE AGNO RIVER

-SR.32-




TN TS

T L VI T U

T

~5R.33-

sigeienbi] “pueg ow.m_

31geijenbl} joN ‘pueg @ i-F
siisodsp Ae1gy O

¥ e buinoeibew

R N
o T B
e ey

=\ -

HHWJNLM_A.‘.{» :

iz ':nmv_n.m_.:wﬁ_\ fie

et Tl

e

PN

R

N

*]




i
\

T eigeiyenbr ‘pues @

-+ 81GBlenbi} JON ‘pues @

susodsp Ae13 O

PP S

V5

¥
a4

ey i -

\.Fl\./. ._..r .,,.....l. E
oer cm.m/.vn%.. e i
e

o

3 bumbusrey
o T

in

e p v

—

Pa— —, 33 N
F " . H

TVLINYd 3HL NI

NOIL1aV43

nbIl org

-SR. 34~




Y
A oe
e an
nNowvd,, o7 a0y e T Y
7 4
NOLLOVL3NDIT LSNIVOV SIHNSYINYILNNOD ﬂ e \ s
4C 1INIWZENOIY Sy3uY Lebid o - Y
- _ ey
. h % P il <
o' io ) ._,\ %\
149154 J800 T1WISIAS Uy - v
——— 3
$o.nSDOY uoyloDjenbi] | ! Y x\ wavoNow
QU s8.nboy PRIM Doy b S “ / , e e
' pue 810 4o y . dwomg
1819153800 SpusiBS UM \\_\ 3 oiuodod w38
SeUNSDeW UsiiSDenhi 77 /
sannbey yom oagy § . y4 L
ooy WSy GupJOioy ‘v, : . ‘A.,
Auodizieny 10 &40 O i
wpwancidw] 3dlq 4o s.mmqam:

e AN pesadosy
g bupsia

18 ..mm_l b BEEDY

pooy oW
aN3Z93T1

0P Dd
YINYRTYLS o

JJH,...NI....I. x_
k) G b Y
(: 1//4;. : .-‘
T v ey, Y.L di\\.

. N
6egl el h__G- .\

oco-or \\-I....ll_. -

/\.\

-~
/1

-
i.A_
"

,..
OISV Y -

7™ _..
T NN _ /9.

o

AL fMvlinBya &:\.
~ r,@

WG aupiu . 114
siaw Y

pretiny o,

-BR.35-




{a) Slip Circle

kh-we

(b) Appling Forces on a Slice

ZR{c+1+((W-(U1+U2)-b)cos a -k h-w-sina Jtang)

Fs E(R-WsTna+ K -W-y)

Where Fs : Safty Factor
R : Radius of Slip Circle
W : Weight of Each $lice
Ul : Hydrostatistic¢ pressure
U2 : Excess Pore Water Pressure
on $lip Surface
: Design Seismic Coefficient

: Width of Each Slice

: Vertical Distance from the Center of S8lip Circle
to the Centroid of Each Slice

1 ": Length of Slip Circle

: Cohesion of =oil

¢ : Internal Friction of soil

"CU‘DPT

Q

Fig. 4.1 STABILITY ANALYSIS METHOD
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RESISTANCE FACTOR AGAINST LIQUEFACTION FL

EXCESS PORE WATER PRESSURE RATIO Lu = —=

(Specifications for Highway Bridges
edited in 1990, Japan Road Asscociation)

Fig. 4.2 FL - Lu RELATION
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Material | Density C ¢ Excess Pore Water Pressure

No. (t/m ) {tf/m ) (degree) | Ratio After Liquefaction

[0] 2.00 0 35 0

[1] 1,95 0 25 0.5

[2] 1.95 0 25 0.3

1.95 0 25 0.5

[4] 1.95 0 25 0.8

2.00 1 30 0

L
4

e

~ ol
S [1] [2)
~| LOOSE SAND LAYER

—TS PR

DENSE SAND LAYER 7 0 10 20m

Fig. 4.3 CONDITION OF STABILITY ANALYSIS
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Stale: LA 1]
Case: HMA-H3-CO-NON
Frmx = 1.72
Ha = 126.92 1T+H)
Ho = FZ.78 (TsH)
layer Tann 7. [Seismle [ ¢
X Qi |t finencliyf G4t | oopee)
1 p1.95] 1.95(6.000|_ .0 25.0
2 2. 08} 2. 00]o.008| 3.0 30,0
5,12 2.03 114 3.14 3,02
CRTIERTY CNERTA (R
CRTALATAINIY (T NT]
odnlz rifrzafan (e
(ETRERTY (N1 T RN
(] T
| Bl ® \\‘_/ 1 3
m
'
Saale : L 7 400
Case:  MA-H3I-CO-NON
Fanm = 0.08
Hn = 378,60 1TvH)
Ho = I63.03 (Te)
layer Tan 7o |[Seismic C ¢
Ko SUACY | OrY) Siatencity] (Ut | eogreed
{ ¥ _ [ 1.851 t.a5(0.180| 0.0] 25.0
2 2.00] 2.60 0. 180 1.0 30,0
Lbr L34 bork 1.43 1omy
L Fh [0 2R [E A0 1 gudtdd
pathir |aze b
¥
.
Seale : i 7 400
Caso; MA-H3I-CO-L1G
Fsnen = 0.76
Hr % 120,53 (T
Ha o 157,12 [TsH)
Layei Thas To [Selsic C )
Yo | G/} ) QA {intectlty | 104 | teeoe
i 1.85| t.85 [.000[ 0.0 13.1
2 1.95] 1.85]0.000] 9.0 18.1
3 1.85} 1.95|0.000 $.0[ 13,1
L3 1.85} 1.95|0.000 9.0 3.3
S 2,00} 2.00 0. 000 1.0 30,0
40 L2 LM LEE 1.3
p.befiounfiaaafe.ondeay
tACAER I LN N
porle vl lyashon
1]
l//l_ m |\: \ 9 3
iv] ®m @ J m
i b [} 11 .

Fig. 4.4 AN EXAMPLE OF STABILITY ANALYSIS
(WITHOUT COUNTERWEIGHT)
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Gase:  MA-H3-C3-NON Sale: b4 40

Fram o= 105
[ 551,25 11+H1
Ho = 522.77 (T#H)
Faper Yo T Srimlc T -1
w | ) [t [imeny | wses | e

| 1, 95] 1, 95(0.180F 0.0 25.0]

2 _f200f200J0.180) 1.0]3a0.0f

A1t o ae res

Saie: ~ 1/ 400
Case: MA-H3I-C3I-NON

Faxm = 2,04
Hn = I79.44 [T}
Ha = 176.21 [13H:
larer Fau 1. [Seimic [} &
K | Oy | i fietenctiy| (111 | fdrgrach
1 .95 1.05e.000] 0.0 25.0
2 z.00) 2.00]9.000 1.0] 30.0
.01 .01 2.5 2. 00 .9
o frafrathar e
F. 49130 [T aar. k7 {28y
e v frasieaifoas
3.3
L]
1 ]
L] 4
: Suale [ an il
Caxe: MAvHS—CS—LlD
Fasmm = .84
He * 158. 35 (T*H1
Ho = 156. 74 (TxH}
bayer Toer N Scisic [4 &
Yo | {lia") | Ge/ats Jinterciip| CEF/af) | édegrsc)
] 1.95| 1.95]0.000 0.0f§ 13.1
2 1,55 | ¥.9940.000 Q.01 8.1
3 1.95} 1.95[0.000 0.0§ 13,1
4 t.95| 1.9%10.090 6.0 5.3
k] 2.60) 2.00([0.000 1.0 30,0

8,91 200 8,44 13 LIS

2, 8Tk )02 1,

(Y (AT (TR 1 R

(A1 (ST LA LY 1]

(LA EACAN TS A L3 LR L]

Fig. 4.5 ANEXAMPLE OF STABILITY ANALYSIS
(WITH COUNTERWEIGHT) |
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1. INTRODUCTION

Additional topographic mapping was carried out by the aerial

photogrammetric method using the aerial photographs taken in 1989,

The materials of aerial photography for the mapping are under the
control of Armed Forces of Philippines, after the second mapping work which

was executed in Japan in 1990 (fiscal year).

Any application of aerial photography is impossible without security

clearance by 6.H.Q. and without the presence of security officer(s).

Thus this mapping work was executed in Philippine by the local
surveyor, F.F. CRUZ & Co. Inc. entrusted by JICA in accordance with the
contract dated on May 16, 1991.

2. SCOPE OF WORKS
The quantity of topographic mapping is as follows:
(1) HMapping area
. Upper Agno River ares 10.5 Em?
- right bank area of Asingan-San Manuel stretch
~ left bank area of San Vicente strétch

. Pantal-Sinocalan River area : 1.5 ¥m2

- Dagupan by-pass area

Total 12.0 Km2

{2) Original drawing sheets : 14 sheets

-5V.1-



3. SURVEY PROCESSES
The topographic mapping consists of following processes:

(1) Plotting
(2) Editing
{3) Drawing

Necessary data and source materials for the mapping were prepared by

the Study Team as follows:

(1) Results of thé aerial triangulation 1 set
(2) Contact photographs on which control

points, pass points, tieing points or

the others are indicated 1 set

(3) Positive films for plotting 1 set
{(4) ‘Results of control survey 1 set
{5) Plotting sheets 1 set
:(6) Editing sheets 1 set
1 set

(7) Original drawing sheets

The materials mentioned above, contact photographs, positive films and
results of  control survey are under the control of the Government of
"Philippines. The necessary procedures for. the permission of usage in
mapping, were cleared by the Study Team with the cooperation ‘of Department

of Public Works and Highways.

3.1 Plotting

Mapping scale 1/5,000
Control interval 1.0 meter _
Equipment ZEISS PLANICOMP-100

~Plotting accuracy
- planimetry 0.4 mm in maximum on sheet

- spot height 0.5 m in maximum

-SV.2-



3.2 Editing
The editing was executed without field checking.
3.3 Drawing

Drawing was executed according to the legend and the symbols as same as

the mapping works by JICA in 1989 and 1990.
4, SURVEY MATERIALS TO BE SUBMITTED

The following survey materials are to be submitted:

(1) Original Drawing Map (polyester base) 1 set
(2 Duplicated Drawing Map (polyester base) 1 set
(3) Blue print 3 sets
(4) Plotting sheet 1 set
" (5) Editing sheet 1 set
(6) Orientation record 1 set
(7) The materials to be returned to the
Government of Republic Philippines
~ Contact photographs 1 set
- Positive films for plotting 1 set

-58V.3-






Ll 7. FD
FLOOD DAMAGE



SUMMARY

The flood damage analysis in this stage was conducted focussing on
the maximum inundation areas of priority projects for the Feasibility
Study which were identified in the Master Plan Study, namely, the Upper

Agno-Prdject and the- Pantal-Sinocalan Project.

The objectives of the flood damage analysis were the additional study
on the actual flooding condition in the Pantal-Sinocalan River Basin as
well as the estimation of the annual average flood damage under the
condition without project as the basis for the  planning and the
evaluation of flood control measures for two (2) projects mentioned

above.

The applied pfocedures were the same as those used in the previoéus
study stage which was conducted with the same purposes covering all the
study area, namely all the Agno River Basin and the Allied River Basin
which  consists . of the Pantal—Sinocalan River Basin and the Cayanga-

Patalan River Basin.

The following summarizes the procedure for estimating flood damage as

well as the results of this study.

(1) The flooding condition of the 1989 September flooding  which
occurred in the Pantal-Sinocalan River Basin due to heavy
rainfall of some S5-year return period was studied as the basis
to formulate the flood control measures for the Pantal-Sinocalan

River.

(2) " The maximum inﬁndation area related to Ehe_Upper Agno Project
has 1,264 'Km2 and . extends in thirty (39) municipalities and
.two (2) cities, while that of the Pantal-Sinocalan Project has
879 Im® and_includes . fifteen (15) municipalities and two (2)

cities.

-FD.S1-



(3)

(4).

(5)

(6)

(73

(8)

Flood damage is classified into two: direct damage and
indirect damage. Direct damage is the damage directly inflicted on
vulnerable assets, while indirect damage is the loss due to
the suspeasion of economic activities, additional
trangportation cost in taking alternative traffic routes, and

costs for rescue and relief activities due to the flood.

Mesh method with a size of 1 km square was applied to estimate
the flood damage in the maximum’ inundation areas for the two . (2)
priority projects. The -distribution of assets was estimated

by counting the number and acreage of various assets using

‘the new maps which were prepared for the Feasibility'Study.

The number and acreage were adjusted based on the statistical

data published by the related agencies.

‘the unit value of each asset used in this study is the same as

that applied in the previous study except for those of
houses/buildings in Dagupan City and Calasiao in which their
unit value is judged higher than the average in the Study ‘Area

due to wider floor space.

The damage rate which shows the Trelationship among the
degree of asset damage, depth and duration of flooding is the
same as that used in the previous study, which is meinly

based ‘'on similar past studies in the country.

Probable damage of assets for floods with seven (7) different
return periods was estimated 'as the product’ of . the areélnumber
of &sséts, the damageable values and the damage ‘rate.  The
affected people by a 10-year retﬁrn period. flood are estimated

at 793 thousand and 745 thousand in the maximum inundation

‘areas for the Upper Agno Project and for ‘the Pantal-Sinocalan

‘Project, respectively snd ~the damage amounts are 1,196 million

Pesos and 985 million Pesos at - the price level of 1989.

The annual average flood damage including the indirect démage_in
the maximum inundation area for both the priority projécts was .
calculated based on  the _probable flood damage mentioned

above. The  annual flood damage was estimated at about

~-FD.52-



457.7 million pesos for the area of the Upper Agno Project and
504.4 million Pesos for the area of the Pantal-Sinocalan Project

at the price level of 1989,

~-FD.83-
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PHILIPPINE GOVERNMENT AGENCIES

ATFGCS Agno River Flood Control
ARIS Agno River Irrigation System
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BSWM ' Bureau of Soils and Water Management
DA Department of Agriculturse
DENR Department of Envirohment and Natural Resources
"DND Department of National Defense
DOTC Department of Transportation and Communications
DPWH Departmént.of Public Works and Highways
DPWH-PMO DPWH Project Management office
GOP Government of the Philippines
 LATRIS Lower Agno and Totonogen River irrigation System
LWUA Local Water Utilities Administration
NAPOCOR National Power Corporation
NAMRIA National Mapping and Resource Information Authority
NEDA National Economic Development Authority
NIA National Irrigation Administration
0oCD Qffice of Civil Defense
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Services Administration
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PNRC Philippine National Red Cross
PNR Philippine National Railways
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JAPANESE GOVERNMENT AGENCIES AND OTHER ORGANIZATIONS

GOJ Government of Japan.

JICA Japan International Cooperation Agency
MOG Ministry of Construction, Japan
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UN Unitéd Nations
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