3.4.4.

Method of the Analysis

The stability of the dam embankment was checked by the Slice
method using slip-circle analysis. No particular explanations
of the method are given, as it is an established, conventional

nethod,

3.5. Staﬁility Analysis of the Dam

3.5.1.,

Stability Analysis of the Upstream Face Slope

The stability analysis of the upstream face slope of the main

dam was made of the three modes of sliding. The first one is

the sliding lines passing through the rockfill zone only. The
second one is the sliding lines passing through the rockfill and
filter zones. And, the third one is the sliding lines passing

through the rockfill, filter and core zones.

The analysis was made of the following seven cases under various

loading conditions:

. Rarthquake
Case Dam Pace. Water Level at - _Effect (Kh = 0.15g)
i Upstream HWI, Without
2 Upstream wL With
3 Upstream . WL With
4 Upstream = Abrupt drawdown from Without
HWL, to LML
5 Upstream  Abrupt drawdown from With
HWL to LWL '
6 Downstream - HWL . Without
7 Downstream HWL With

-3 - 11



(1)

Stability Against S$liding Lines Passing Through Rockfill
Zone Only

The loading conditions in Cases 1 through 3 are enocugh to
be checked for the stability analysis against sliding lines
passing through the rockfill zone only. The analysis on
Cases 4 and 5 would result in the same end as on Cases 1

and 3.
The result of the analysis is as summarized below:

Safety Factor Against'Sliding Lines Passing
through Rockfill Zone Only

Calculated:
Safety Factor .. © Required
Rockfill Rockfill Safety
Case Material ‘Material Factor
. d=43" $=45°
1.31 - 1.40 1.2
"2 0.74- ' 0.80 : 1.0
(0.069) (0.087)
3 0.96 i.03 1.0
(0.13)

"Note: ' The parenthesized figure represeﬁts the seismic

coefficient shown in g with the safety factor
assumed to be 1.0. ' '

The safety factor against sliding under the loading
conditions in Cases 2 and 3 is smaller than the required
one. Tndicated in a solid line on Fig.3.5.1 is the sliding

line with the least safety factor.

Supposing there occurred an-earthquake to cause sliding of
front rock materials to the depth of the solid line as
shown, the safety factor of 'such‘;sﬁooped slopé against
further sliding under static condifidnfwoﬁld-be as given

below:
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Rockfill Materials

Case $=43° d=45°
1 -
2 1.00 1.00
3 1.3 -

As shown in the table, the dam with the upstream face slope
being scooped by the earthquake would still be stable under
static condition, and no ecatastrophic damage is likely to

occur on the dam.

(2) Stability Against Sliding Lines Passing Thrdugh
“Rockfill and Filter Zones '
Similarly te the fofegoing ‘subsection, the loading
conditions in Cases 1 through 3 are enough to be checked
for the stability analysis against. sliding lines passing
through the rockfill and filter zones. The result of the
analysis is as summarized below:
" Bafety Factor Against 5liding Lines.Passing
Through Rockfill and Filter Zones
. {Assuming that ¢ value of filter materials
would be 35°) ' '
Calculated Safety Factor
Against _ “Against
-Large Scale Small Scale
Sliding . Sliding Required
Case  Rockfill '~ Rockfill Rockfill  Reckfill Safety
$=43° $=45°  P=h3° _ §=45° Factor
1 2,163 2.266 1.364 1,455 1.2
2 1.156 1.313 0,860 - 0.919 1.0
(0.10) (0.12)
3 1.118 1,172 1,065 - 1.140 1.0
Note: The parenthesized figure represents the seismic

coefficient shown in g with the safety factor assumed
to be 1.0,



The large scale sliding as referred to herein represents
the one that may produce a serious effect on the embankment
{with a depth of some 10 m), and the small scale sliding is
the one that affects a layer close to the surface and may

have no serious effect on the dam stability.

As is seen in the table, there could occur no such large
scale sliding that may affect the dam stability under
static condition, but a local sliding may occur if an
earthquake with Kh of 0.15 g happens when the reservoir
water level is at HWL.

Supposing, unfortunately, there occurred an earthquake with
Kh of 0.15 g and it caused embankment to slide as shown in
Fig.3.5.2, the safety factor of such scooped slope against

further sliding under static condition would be as shown

below:
Safety Factor of-the Scooped
Slope Against Further Sliding
Against Against
Large Scale Small Scale
Sliding Sliding
Rockfill Rockfill Rockfill Rockfill
Material Material  Material Material
Case $=43"° . $=45" d43° d=45°
2 - - 1.00 1.00

As is seen, the dam with the upstream face slope being
scooped by a large Kh value earthquake would still be
stable under static condition, and no catastrophic damage

is likely to occur on the dam.
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(3) Stability Against Sliding Lines Passing Through Rockfill,

Filter and Core Zones

The stability analysis against sliding lines passing
through the core zone was made under the loading conditions
in all five cases; because such sliding may cause pore
pressutres in the =zone to act as an adverse effect on the
dam stability. The result of the analysis is as shown

below:

Cohesion of Core Materials Necessary to
Keep the Required Safety Factor

Rockfill Material #=43°  Rockfill Material ¢=45°
_ Core Material Core Material
Case $=20°  ¢=25°  ¢=30° $=20°  §=25°  ¢§=30°

(1.49)  (1.69) (1.90)  (1.54) (1.74) (1.95)

1 0 0 ] 0 Q 0

o {1.03)- (1.06)

2 6.19 2.51 0o 4,65 1.5 0

3 10.08 5.84 1.43 8.55 4.34 Q.44
(1.29) (1.45) (1.33) (1.49)

4 1.18 0 ¢ 0.34 Q 0.

5 13.67 8.66 3.2 11.68 6.77 1.59

{Filter material é = 35°)

The figures given in the table show the cohesion strength
of core materials necessary to keep the required safety
factor of the upstream face slope against sliding (1.2~
under ‘static condition Qnd 1.0 under the loading conditions
with the earihquake effect). ' The parenthesized figures
show fhe safety=factors,_iilustrating they are greater than
thé'required safety‘factor even in case where the cohesion

strength of core materials is zero.

Of the loading conditicns for the stability analysis, Cases
4 ‘and 5 (assuming an abrupt drawdown of the reservoir
waﬁer 1evél from HWL to LWL} are praﬁticaliy unlikely to
occur, because of the considerably 1érge surface area of
the _resérvoir. The loading conditions were, therefore,
clﬁssified'into three gfoups-as follows in summing up the

result of the stability amalysis:

3 - 17



Group T : Cases | through 3
Slope - Upstream face

Water Level = HWL or LWL

Group IT :. Cases 4 and 5
Slope - Upstream:face

Water Level - Abrupt drawdown

Group I11: Cases 6 and 7
Slope - Downstream face

Water lLevel - HWL

Plotted on Figs. 3.6.1 and 3.6.2 is the relation between
the assumed internal friétion angle (4) of the core
materials and the maximum value of cohesion (€) necessary
to keep the required safety factor under various loading
conditions of Groups I and II. Tn the Figures, ¢ values
() are shown on the abscissa and C yaluESi(tonlmE).on the

ordinate.

Fig. 3.6.1 shows the relation in Cases 1 through 3 of Group
1 and Pig.3.6.2 shows the relation in Cases 4 and 5 of

Group II.

Group IIT is to deal with the stability aﬁalysis of the
downstream face slope. GSince the core zone of the Angat
dam is inclined to the upstre@n face, any'siiding'lines on
the downstream face slope are unlikely to pass through the
core zone, and, accordingly, the physical properties of the
core zone have neot diréétly'tp do with the safety faétor

against sliding.

On the Figures, C values of the assumed core materials are

also plotted.
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1t is extremely difficult to.identify the properties of the
core materials in use for the Angat dam, A slight clue can
be found from the report presented in November 1963 by N.V.
Angeles, Material Engineer, NAPOCOR, to the World Power
Conference and Congress on Large Dams, titled "Some
Physical and Engineering Properties of Residual Soils in
the Angat Dam Site", as it deals with the characteristics

of overburdens of the dam foundation.

It is a matter of course that no such residual soils are
used as the core materials for the Angat dam. The core
materials must have been taken from the designated borrow
-site; and therefore, must in no case be worse in the
physical properties than the residual soils as referred to

in the report.

The physical properties of the residual soils are,
according to the records of mneasurement, 25.15° in the
internal friction angle {#), and 2.2 ton/mz or 450 psf in
the cohesion strength (C). For the stability analysis of
the Binga dam, ¢ value of 23° and C value of 6 tons/m2 are
used as. the physical properties of its core materials. For
the ‘stability analysis of the Ambuklao dam, ¢ value of 29°
and C wvalue of 3.77 tons[m2 are used as the physical
properties of its core materials under static condition,
and # value of 25° and C wvalue of 6.45 tons/m2 under

loading conditions with the earthquake effect.

"It can be assumed that.the core materials wused for the
-Angat dam would be of the physical properties of 25° - 30°
in 4 value and & - 6 tons/mz'in C value, judging from the
fact that the dam was built at a later date than the Binga
and Ambuklao dams.



Rased on the above discussion, the stability analysis was
made on the assumption of two combinations of ¢ and G
values, 25° and 6 tons/mZ on one combination, and 30° and 4

tons/m® on the other.

The results of the analysis made under the GCroup I
conditions (upstream face; water level at IML or LWL) with

and without the earthquake effect are as folldws:

The case in which C value of the core materials ﬁeéessary
to keep the required safety Tfactor becomes the largest
would be under the Case 3 loading conditions: (LWL with the
earthquake effect). - The required safety factor against

sliding in this case would be 1.0.

If ¢ wvalue of the rockfill materials is assumed at larger
than 43°, while that of the core materials at larger than
25°, then the dam would be safe against sliding even under
the Case 3 loading conditions (LWL with the earthquake
effect). ' .

Since it is a general practice to use the rockfill
materials with ¢ value of larger than 43° and the core
materials with ¢ value of nearly -30° for rockfill dams, it
can be considered that the Angat dam would be safe against

sliding for';ny loading_conditions of Group 1.

The results of the analysis mgde under the Group II
conditions (upstream face; an abrupt Treservoir drawdown
from WL to LML) with or without the earthquake effect are

as follows:

If ¢ value of the rockfill materials. is in the range of 43°
to 45°,Iand ¢ value of the core matérials in the range of
25° to 30°, then, the safety-factor agaihst sliding wounld
be greater than the required factor of 1.2 under static

loading conditions without the earthquake effect.



3.5.2.

If ¢ value of the rockfill materials is 43°, and ¢ value of
the core materials is smaller than 29°, then, the safety
factor against sliding would be less than the required
factor of 1.0 under the loading conditions with the

earthquake effect.

The loading condition of an abrupt reservoir drawdown from
_HWL to LWL is, however, pfactically unlikely for the Angat
dam, because it has a considerably large reservoir surface
area as mentioned above. It is not considered realistic
that pore pressures in the core zone would remain unchanged
; during the drawdown. It is also considered unrealistic
that the earthquake with such an extremely lérge seismic
coefficient of 0.15 g would occcur just at the time when the

reservoir water level is down to LWL.

Therefore, the results of the analysis made under the Group

11 conditions should be dealt with as reference only.

Stability'Analysis of the Downstream Face Slope

Grouﬁ IIT is to analyze the safety factor against sliding on the

downstream face of the dam.

The slope gradient of the downstream face of the dam from the

~crest to the bottom is wniformly 1:1.4. Hence, the stability of

‘the downstream slope of the dam can be dealt with as that of an

infinite slope.



"The result of the analysis is as sunwarized below:

Safety Factor of the Downstream Face Slope
Against Sliding )

Safety Factor
Rockfill Rockfill $é Value to

Earthquake Material Material Keep Safety
Effect $=43° d=45" Factor at 1.0
Without 1.306 1.401 -
With - 0.964 o 1.034 44°
(0.13)

Note: - The parenthesized figure represents the seismic
coefficient shown in g with the safety factor
assumed to be 1.0.

' Shown in Fig.3.7 is how safety factors of the downstream face
slope against sliding may change'by depth from the surface under
loading conditions with an earthquake effect of Kh value 0.15 g,

when assuming ¢ value of the rockfill materials is 43°.

As is seen in the Figure, the surface of the slope  is worst in
thé safety factor against siiding, and deeper into the dam body,
the higher the safety factor against sliding becomes. It should
be noted, however, that the increase in' the safety facters is
very slow in pace from the slope surface (0.964) to the depth.of
16.8 m (0.98).

Hence, it can be imagined that the surface layer of the slope
with the leaét safety factor of 0.964 would first begin sliding,
if there occurs an earthquake with Kh value of 0.15 g. 1If,
unfortunately, such earthquake occurred, and it caused the
embankment to slide to the depth of 16.8 m (SF=0.98), then the
profile of the slope after sliding would be as illustrated in
Fig.3.7. However, the stability analjsis'madeﬂon the scooped
slope indicates that it would have a safety factor of 1.0 under
static condition, implying that the dam is still stable against

further sliding.

3 - 24
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3.

5.

Stability of the Dam

As discussed above, 1f ¢ value of the rockfill materials is
assumed to be 43°, same as used for the stability énalysis of
the Ambuklao and the Binga dams, there should be a possibility
of sliding on the downstream face slope due to an earthquake
with Kh of 0.15 g, in so far as the analysis is made in strict
accordance with the principle of safety factors. In order to
protect the downstream face slope. from such sliding, it may be
necessary to make the existing‘slope gradient gentler, i.e.,

from 1:1.4 (35.5° as an angle to elevation) to 1:1.46 (34.4°).

However, such sliding, if occurred, being limited only to the
portion close to the surface of the downstream face slope,.it

does not mean that the dam is prone to any serious disruption.

The pertinent conclusion from the above analysis is that it is
not necessary to do aﬁjthing to the existing Angat.-dam

structures until there occurs any large Kh earthquake,-whidl.
unfortunately, causes any surface layer sliding .On the
downstream face. The dam stability may be maintained by
rebuilding the embankment to' change the slope gradient to
1:1.46, but this should be done only when such surface-sliding

should occur.

It is confirmed that any sliding §n the upstream face slope of
the dam due to an earthgquake may not cause any substanfial_
damages unless it is in such a large scale that the sliding
lines would pass through the core - zone. In fact, it is
ascertained by the stability analysis that even an earthquake
with Xh of 0.15 g, if happened, may not cause any sliding of

such scale that it passes through the core zone.

Therefore, even if there occurred -'an _earthquéke and,
unfortunately, it caused the embankment of the upstream face
slope to slide to some extent, the dam could still be stable

under static condition once the earthquake is over. Therefore,



3.6.

3.6.1,

any appropriate rehabilitation program should be worked out only

when such damages should take place.

Stability Analvsis of the Dyke

The stability analysis of the dyke was made of a cross section
with the maximum height. The section used for the analysis is
shown in Fig.3.3., As is seen in the Figure, the downstream face
slope profile has undergone little change from that shown in the
deéign drawing. This indicates that the downstream face slope has
not suffered frqﬁ any physical changes since it was built. The
analysis of the upsiream face slope was made of a section of the
design drawing, as no measurement was possible due to a high water
level of the reservoir at the time of the field survey for this
Study. ,
Stability Analysis of the Upstream Face Slope
% | ‘
The stability analysis of the upstream face slope of the dyke

was made of the three modes of sliding as was the case with the
main dam. The first ome is the sliding lines passing through
the rockfill zone only. The second one is the sliding lines
passing through the rockfill and filter zones. And, the last
one is the sliding limes passing through rockfill, filter and

core zZones.

(1) Stability Against Sliding Lines Passing Through
“Rockfill Zone Only

The analysis was made under the loading conditions in Cases

1 through 3 out of seven cases as given in Subsection

i
1
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3.5.1. The loading conditions in Cases 1 through 3 are
enough to be checked for the stability analysis of the
upstféam face slope against sliding lines passiﬁg through
the rockfill zone only. The result of the analysis is as

summarized below:

Safety factor Against Sliding Lines
Passing Through Rockfill Zone Only

Calculated
- Safety Factor
Rockfill Rockfill Required
Material Material Safety

Case g=43° - . $=45° Factor
1 1.31 1.40 1.2
2 C0.74 0.80 ~ 1.0
(0.669) (0.087) :
3 0.96 1.03 1.0
(0.13) =

Note: The parenthesized figure represents the seismic
coefficient shown in g with the safety factor
assumed to be 1.0.

Under the loading conditions in Cases 2 and 3 with the
earthquake effect, the 'safety factor would be smaller than
1.0. Indicated in a solid line on Fig. 3.8.1 is the
'sliding line with the least.saféty factor.

Supposing there occurred an earthquake to cause sliding of
rock materials to the depth of the. solid line as shown, the
safety factor of such scooped slope against further sliding

under static condition would be as given“belowzr

Safety Factor of the deoped
Slope Against Further Sliding

Rockf£ill Natérials

Case ¢=43° #=45°
1 - -
2 .00 1.00
3 1.31 -
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As is seen in the table, the dyke with the upstream face
slope being damaged by the earthquaké would still continue

to be stable under static condition.

(2) Stability Against Sliding Lines Passing
. Through Rockfill and Filter Zones
Similarly to the foregoing subsection, the . loading
conditions in Cases 1 through 3 are enough to be checked
for the stability analysis against sliding lines passing
through the rockfill and filter zones. The result of the
analysis is as summarized below:
Safety Factor Against Sliding Lines
Passing Through Rockfill and Filter Zones
- Calculated-Safety Factor
Against ~ Against
Targe Scale "‘Small Scale
8liding Sliding Required
Rockfill Rockfill  Rockfill Rockfill Safety
Case Material Material Material ‘HMaterial = Factor
#=43° $=45° g=43° d=45°
i 1.78 1.86 1.53 1.61 1.2
2 1.01 1.06 = 0.97 1.02 1.0
(0.14)
3 1.12 1.23 ~1.21 ~1.29 . 1.0
Note: The parenthesized. figure represents the seismic

coefficient shown in g with the safety factor
assuped to be 1.0.

As shown in the table, there coﬁld eccur no such large
scale sliding that may affect the stability of.the.dyke
under static condition, but tﬁere may occur a local
sliding, if an earthquake.with ¥h of 0.15 g happens when
the reservoir water level is at HWL, in so far as the
internal friction angle (#) of Tockfill materials is

assumed to be 43°. Even -in such case, the least safety



(3)

factor would be very close to 1.0, indicating that the
upstream face slope of the dyke is stabler against sliding

than that of the main dam.

Supposing, unfortunately, there occurred an earthquake with
Kh of 0.15 g, and it caused a local sliding on the upstream

face slope as shown in Fig. 3.8.2, the safety factor of

‘such scooped slope against sliding under static condition

would be as shown below:

Safety Factof of the Scooped Slope
Against Further Sliding

Against - Against
Large Scale Small Scale
Sliding S1liding
Reockfill  Rockfill Rockfill Rockfill
Case  Material Material Material = Material
d=43° g=45¢ $=43° g=45°
2 >1.0 >1.0 1.00 >1.0

Note: ¢ value of filter materials assumed to be 35°.

Stability Against Sliding Lines Passing Through
Rockfill, Filter and Core Zones

The stability analysis against sliding 1lines passing
through the core zone was made under the loading conditions
in all five cases. The result of the analysis is as shown

below:
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Safety Factor Against Sliding lines Passing
Through Rockfill, Filter and Core Zones
(A Value of Rockfill Materials Assumed to be 43°)

Against Large Against Small
Scale Sliding Scale Sliding

Core Material, Core Material, Core Material, Core Material

2 1

Case $=20°,C=8 t/m” 4=30°,C=4 t/m” &=20°,0=8 t/m” $=30,C=4 t/m
1 1.81 1.81 1.67 1.07
2 1.02 1.02 1.06 1.06
3 1.23 1.21 1.29 1.29
4 1.79 1.63 1.62 1.63
) 1.20 . 1.18 1.29 1.29
As shown above, there could occur no such sliding that may
pass through the core =zone even under the loading
conditions with the earthgquake effect. This implies that
the upstream face slope of the dyke is safe enough against
sliding.
3.6.2. Stability Analysis of the Downstream Face Slope

__Thé_stability analysis of the downstream face slope of the dyke
was made under the loading conditions in Cases 6 and 7. The

result of the analysis is as summarized below:

Safety Factor of the Downstream
Face Slope Apainst Sliding

Rockfill Rockfill Seismic

Material Material Coefficient
Case d=43° $=45° {Kh)
) 1.31 1.40 0
7 1.00 1.07 0.15

" The gradient of the'downstream face slope of the dyke is 1:1.45,

which is_gentlér than the corresponding gradient of 1:1.4 of the
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3.6.3.

main dam. This implies that the downstream face slope of the
dyke is stabler apainst sliding than that of the main dam even

under the loading conditions with the earthquake effect.

Stability of the Dyke

There is a possibility of sliding on the upstream face slope of
the dyke sinece there are cases in which the safety factor
against sliding may come down below 1.0 under the loading
conditions accompanied with an -earthquake with Kh of 0.15 g.
However, such sliding, if occurred, should bé'limited only to
the portion close to the surface or to the localized portion,
and there could be no such sliding that may pass through the
core zone. If, unfortunatély, there occurred a sliding on the
portion with the safety factor of smaller than 1.0, the dyke
with the écooped slope could still have a safety factor of 1.0
under static condition, and no catastrophic damage is likely to

accur.

The pertinent conclusion from the above analysis is that it is
not necessary to do anything to the upstream face slopé of the
dyke until it is damaged by a large Kh earthquake. Any
appropriate repair program should be worked out only when such

damages should occur in actuality.

It was confirmed by the stability analysis that the downstream
face slope of the dyke is stable under any loading conditions

even with the earthquake effect.



4. LANDSLIDING AT THE EX-BATCHER PLANT SITE







4.

Landsliding at the Ex-Batcher Plant Site

There was a heavy rainfall in this area in August 1986. This caused

a large landslide at the ex-batcher plant site which was prepared

‘for the Angat dam construction, and volumes of slidden earth and

sand running into the Angat river blocked a smooth stream flow.

The Angat Power Station consists of a main plant and' an auxiliary
plant as shown in Fig.4.1. The tailrace outlet for the main plant
being located downstream of the Ipo dam exclusively provided for
water supply to Metro Manila, the discharged water from the outlet
can not be available for the water supply. On the other hand, the
tailrace outlet for the auxiliary plant being located immédiétely
downstream of the plant, or upstream of the Ipo dam, the discharged
water from the outlet runs wholly into the Ipo dam.and is used:for

the water supply.

- The blockage of a smooth stream flow of the Angat river tqhk place

downstream of the tailrace outlet for the auxiliary plant and

upstream of the Ipo dam, and this caused problems for proper:plant
operation and the resultant difficulties for adequate water supply
service to Metro Manila. Such situation remained unchange& until

‘the deposited earth and sand were removed.

' This is the general background for the 'impending need to take

' measures to protect the ex-batcher plant site against recurrence of

4.1,

landsliding.

Geolopical Survey in the Past

The geological survey hitherto conducted by NAPOCOR at the
ex-batcher plant site was by means of boring investigation mainly

on the foundation soils closer to the ground surface.

Shown in Fig;ﬁ.Z'ére the locations of the boring investigation

‘conducted by'NAPOCOR. The results of the boring investigation are
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as shown in Table A4.1 and Fig.A4.1 as attached to the Appendix.
The  results indicate that penetration tests would have been
suspended wherever they were confronted with any obstacles such as

cobblestones.

4.2. CGeological Survey for this Study

As the geological data available from tﬁe past geological survey
were not good enough to seize the development of landsliding, it
was decided to provide additional bore holes 'and install
inclinometers to check whether landsliding is still in progress,

and if so, ‘to confirm the depth of the siiding plain.

Fig.4.2 shows the locations of bore holes for inclinometer
_measurement. The data have,'however, not been available in  time
for the preparation of this Report, mainly because of some defects

“in the instruments.

Table 4.1, Additional Field Investigation
at the Ex-Batcher Plant Site

Ttem Unit : Quantity
Plane'survey _ m2 | 151,000
Drilling | :
| Geological hole 6 (180 m)
investigation -
Soil test
Pit Sampling pit ‘3
Test set : _ 3

4.3, Studies on Landsliding by Back Analyses

The characteristics of the'siid'matérials ¢an be estimated by back

analyses based on the actual landsliding.



Fig. 4.3 is a topographic map (1/500 scale) prepared by the survey
made this time on the ex-batcher plant site.. From this map, it is
easy to identify the exaet locétien where the landslip did happen,
but it is difficult to estimate the volume of slid materials
because of lack of proper topographic maps of the site before

landsliding.

As the alternative to such a map, an old topographic map was
available from the as<built drawings prepared upon the completion
of the Angat dam, and this was superposed on the map prepared this

time to estimate the pre-slide topography, as shown in Fig.4.4.

As described in the Progress Repoft on the Study for the Angat Dam
Rehabilitation Project, jan.-1988, page 23, it is assumed from the
result of field surveys in September 1987 that a landslide would
have begun along the line "A" shown in Fig.4.5, and this would
have caused a subsequent landslide to occur along the line "B"

shown in the same Figure.

Fig. 4.6 shows the estimated sliding directions of the Aug. 1986
landslide, and. Fig.4.7 shows longitudinal profiles along these
sliding directions. It was assumed from these profiles that a
topography as indicated in .the dotted lines would have slidden to
producé a topography as indicated in the soiid lines. Assuming
that the safety factor against sliding of this land would be equal
to 1.0, it is _poséible to estimate the physical properties,
cohesion(C) and internal friction angle (#), of the mountain mass

where the landslide actually occurred. -

As is seen in these longitudinal profiles, the gradient of the
mountain slope in and around the ex-batcher plant site changes
rather.suddenly at the elevations in the neighborhood of EL.180 m.
It caﬂ-thereforé be assumed that there should be a distinction in
the. geotechnicéi' condition  between the elevations "higher than
FL.180 m and.tﬁose lower than FL.180 m. Hence, the corresponding
distindtion was made in analyzing - the possibility of landsliding

in the following subsections.
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Fig. 4.5 Movement of Earth at the 1986 Landslide
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Fig., 4.7.1 LONGITUDINAL PROFILES ALONG THE ESTIMATED SLIDING LINES

SECTION-A
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4.3.1.

4.3.2.

Characteristics of the Mountain Mass along Sliding Lines

Shown in Fig.4.8 is the relation between the cohesion (c)} and
the internal friction angle (4} of the mountain mass to cause
the landslide from the dotted-lined topography to the
solid-lined topography om all_'lOngitudina]. profiles shown in
Rig.4.7, when the safety factor is assumed to be 1.0. The
relation. in the Figure is shown for two different cases, one is
on the assumption that the landslide would have occurred in
condition with no ground water, and  the other is on the
assumption tﬁat it would have occurred in condition with ground

water up to the ground surface.

Tabulated in Table 4.2 is the value of C and ¢ of the mountain

mass on each longitudinal profile obtained from the back

analyses as mentioned above. Table 4.3 is a summary of these

data.

Characteristics of the Mountain Mass Deeper than

the Sliding Lines .

In the foregoing subsection, the physical properties of the

mountain mass were estimated from the back analyses on the basis

of the actual sliding lines.

However, if the mbuntain mass is composed of the homogeneous and
uniform soil material, these actual sliding lines may not
necessafily mean the ones with the least safety factor against

sliding.

As illustrated below, for instance, a line with the least safgty
factor against sliding may-possibly-be'such the one shown as the
dotted ‘line, rather than the actual sliding”line shown as the
solid line, when assuming that the mountain mass would be

composed of the homogeneous and uniform seil material.
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Table 4,2 C andg@ Value of the Mountain:Mass Obtained
from the Back Analyses

Without Ground Water

With Ground Water

R
=0 c=10 =10 . Cc=0
m| ton/af| tang| ° ' 'l ton/ef| . tand 2ot
‘Sec-h | 73.3 | 2849 | 0.378 204206 3.165 | 0.863 |40 47 15
Sec-B | 102.20 | 5.348 | 0.370- 2017 44| 5.952 | 0.897 | 4153 16
v
P Sec-C —
P | |
E | goop | 3280 | 4785 | 0.7 |s70521) 4310 | 0.3% |183420
R 210.0 | 6.061 | 0.733 - [351335| 5345 | 0.327 |18 06 28
SBC_—E -
Sec-F | 304.00 | 3.750 | 0.308 |214157| 4184 | 0.943 [4318 17
Sec-A | 238.53 | 7.752 | 0.555 |290130| 8621 | 1.618 |5817 02
Sec-5 | 223.63 | 8.606 | 0.572 |204532{ 9.709 | 1.701 |59 32 40
L | | | _'
O | sec-¢ | 113.66 | 8264 | 0.355 [193130| 9.174 | 0.845 |40 11 03
W | . N
B | Sec- | 279.79 | 9.259 | 0.542 |282729]10.309 | 1.546 |57 05 50
Sec-E | 247.78 | 9.709 | 0:385 |395109]10.753 | 1.422 |54 53 34
Sec-F | $8.26 | 9.615 | 0.9 [262137(10.758 | 1.5 |97 03 24|




Table 4.3 Relation Between C and @ Values of the

Mountain Mass Obtained from the Back

Analyses ( § as Parameters)

_ Upper Lower
Assumption -
¢ C ke ol ¢ C kg o
Landslide would 10 ° 0. 15~0.30 19 ° 0. 54~0. 65
occur under n e
condition with 20 0.02~90,05 20 0. 08~0, 34
no groundwater,

: ' — h— 30 0 ~0.05
'Landslide would 10 ° | 0.25~0.50 10 0. 77~0. 96
‘oceur under .g' : .
‘condition with 20 . 19~0.36 20 0.67~0.84

groundwater
up to the surface. 30 ° 0. 10~0. 20 30 0. 55~0, 67
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Original ground surface

~Actual slidinpg line

hhhhhh

A line with the least safety
factor against sliding, when
assuming that the mountain mass
would be composed of the homo-
genaous and uniform soil
material.

If the actual sliding line is such the one shown as the solid
line, it may be attributable to either of 'the'folldwing two

assumptions:

i) Precipitation infiltration into the mountain mass still
remains to the depth close to the ground surface, and does
not reach to the depth deeper than the solid line as

shown.

ii)  The physical properties (C and 4} of the mountain mass are
dissimilar by depth from the ‘ground surface, and become

greater as a depth becomes deeper into the mountain.

Assuming that the C and ¢ values of the mountain mass would
beéome'greater as a depth from the surface becomes deeper, and
accordingly, the actual sliding line would be such the one shown
as the solid ACB line, while a line with the least safety factor
would be such the one shown as the dotted AC'B line,.as 11lust-
rated below, the least safety factor of the AC'B line must be
greater than 1.0, since there occured no.landsliding along the

AC'B line in actuality.



4.4,

Shown in Table 4.4 are the minimum required C and ¢ values at
Point €' obtained by back calculations made from the

above-mentioned viewpoints.

Geological Survey at the Ex-Batcher Plant Site

4.45.1. N Values by Standard Penetration Tests

Boring investigation has been conducted from September 1987 at
12 points within the ex-batcher plant site. The locations of
these points are shown in Fig.4.2, and the geology identified by
the investigation is as shown in Table A4.1 attached to the

Appendix.

‘Table 4.5 shows the results of the standard penetration tests
conducted as part of the geological survey. The N values in the
Table are the number of times of hammering to drive a test.cone
into the depth of 30 cm. As is seen in the Table, there were
cases where the N values became irregularly high. These may be
attributable to the encounter with obstacles such as cobble-

steones during the penetration tests.



Table 4.4

Physical Propertles at Deeper Mountaln Mass

- 2

Longitudinal hm C Values (ton/m?)
profile ¢ = 10° | ¢ = 15° ¢ = 20°
A 13 m 11.7 9.4 7.3
B 15 11.8 9.2 7.2
D 7 9.8 7.0 5.3
E 5 12.6 9.8 7.7
F i 12.4 9.8 7.3
Average 10 12.0 -9.0 1.0

‘hm : The depth from the ground surface of a sliding

line with the least safety factor, assuming that

the mountain mass would be composed of the same

and uniform soil material.

: Cohesion of the mountain mass.

Internal friction angle of the mountain mass.

4 - 18
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Shown in Table 4.6 are the average data of the N values by
depth, after excluding such irregularly high values. Data on
the deeper elevations with the N values greater than 50 are not
shown in the Table, for reason that the mountain mass at those
elevations is believed to be hard enough and not to be prone to
landsliding. The numbers in brackets are'irrégulérly high'hs
compared with those in their vicinity, and these were not taken

inte account for studies in the following subsections.

Table 4.7 shows the data on the standard penetration tests done
by NAPOGOR in September 1987, specifically for those portions at
the elevations with the N values greater than 50. The depth

from the ground surface and the respective elevation are shown

therein.

As is seen in the Table, the elevations with the N values
greater than 50 can be classified into the following two groups,

‘except No.1(G hole:

‘Group l: Elevations of the boundary line beyond which N is
greater than 50 are in the vicinity of EL.215 m. {Nos.
i, 2, 4, 6 and 7 holes)

Group 2: Elevations of the boundary line beyond which N is

greater than 50 are in the vicinity of EL.200 m.
{Nos. 3, 5 and 8 holes)

From the above classification, the average elevatioms by group

can be assumed to bs as follows:

Average Elevation Group 1 Group 2
Ground surface .EL.ZZA‘m_ BL.216 m
Boundary line beyond EL.210 m EL.203 m

which N is greater than 50



Table 4.6

N Values by Depth of the Penetration Tests

at the Ex-Batcher Plant Site

]

Depth 1 1.0 2.5 4.0 5.5 7.0 8.5 0.0 11.5
1.05-  2.55- 4.05  5.50- 7.05- 8,55~ 10.05- 11.75~
Hole NoN | 1.50  3.00  4.50  6.00 7.50  9.00  10.50 11.90
1 9 (43) - - - - - -
2 2 5 6.7 16.7  19.3  12.7 - -
3 6 8.7  11.3 - - - - -
4 14 - - - - - - -
5 4.7 13.3 113 - 8.0 14.0  12.0  14.0  38.6
6 47 6 10.0 13.3 207  20.0 - -
7 15 (27.3). 5.3 6.7  10.0 8.0 87 2.7
8 4 8 17.3  (45.3) - - - -
9 4 5 - - - - - -
10 3.3 - - - - - - -
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Table 4.7

Elevations with N Values Greater Than 50

()
. Klevation with
Depth from Elevation at |y yvalues:
‘Hole Ground Ground G N Th
) Surface . Surface 5583 er ihan

1 2.5 217.0 214.5
? 9.7 227.1 217.4
3 5.0 208. 1 203. 1
4 2.0 218.5 216. 5
5 11.5 212.3. 200. 8
6 9.0 223.5 214.5
7 13.5 233.0 219.5
8 6.5 212.0 905, 5
9 172.6
10 2.5 182.5 180.0
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4.4.2,

The corresponding elevations for hole No.10 are as follows:

Elevation of the ground surface: EL.182.5 m

Elevation of the boundary line
beyond which N is greater than
50 : EL.18C m

It is therefore considered reasonable from the above studies to
agsume that the elevations lower than EL.180 m of the mountain
mass at and around the ex-batcher plant site would be of the N

value greater than 50.

Shown in Table 4.8 are the average N values and the standard

deviations by depth, using the data given in Table 4.6.

‘Examination of Physical Properties

(1) Examination Based on N Values

The relation between the N values of the standard
penetration tests for the sandy ground and the internal
friction angles of sandy soils in a drain condition can be
determined wusing the equations prepared by Dunhum,
Meverhof, and Peck, etc. For this report, however, it was
obtained byrusing the equatién currently employed by the

Ministry of Construction of Japan, as given below:

6= JT5H + 15
Shown in TaBle 4.9 are the ¢ values by depth thus obtained.

‘The relation between the N values of the penetration tests
for the cohesive soils and the cohesion strength (C) can be
‘expressed, according to the practice of the Japan Highway

Association, as:

C = (0.06 - 0.1)N '(kgl;mz)



Table 4.8 Average N Value and the Standard Deviation by Depth

Depth Average . :
{m) N Value | o) N+ o N-a-
1.0 6.67 4.29 10.96 2.38
2.5 7.83 2.75 10.58 5,08
4.0 10.32 3.85 | 14.17 6.47
5.5 11.15 4.00 15.15 | 7.15
7.0 | 16.00 4.27 20.27 ‘| 11.73
8.5 13.18 4.33 17.51 8.85
10.0 11.35 | - 2.65 14.00 8.70
11.5 51.65 6.95 38.60 24.70
o ety | 13-94 441 | 18.35 | 9.53

% N Values between the depths of 7.0m and 10.0m
being resemble one another, the averages taken

from the data giﬁeu in Table 4.6 are shown herelin.
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Table 4.9 Internal Friction Angle Estimated from N Values
' (In Case of Sandy Ground)

Depth Average ‘Upper Lower
(m) Limit Limit
1.0 25° 27.8° - 21.0°
2.5 25.8° 27.6° 23.7°
4.0 27.4° 29.6° 24.9°
5.5 27.9° | 30.1° 25.3°
7.0 - 10° 29.5° 31.6° | 27.0°
11.5 | fA36.8? 39.1° 34,2°
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(2)

Given that the above is 0.08 N (kg/cmz), taking an average,
the cohesion strength (C) of such soils by depth can be as

shown in Table 4.10.
C and ¢ Values for Analyses on Possibility of Landsliding

The relation between the C and ¢ values given in Tables 4.9
and 4.10 is plotted on Fig. 4.9, with the ¢ values (Table
4,9) estimated from the average ¥ values shown on the
abscissa, while the € values (Tabie 4.10) estimated in

similar manner on the ordinate.

The round marks in the Figure are the C values {Table 4.3)
with the ¢ values assumed at 10° and 20°, obtained'by'back
analyses on the basis of the actual landslide lines. The C
values thus derived are all those on the assumption that
the ground would have been impregnate with water to the
surface, since the landsliding should have occurred in the
midst of a heavy rainfall. A portion shadowed with obligue
lines shows a range of the physical properties obtained by

back calculations.

It is not considered probable that the actual landsliding
would have occurred deep into the ground. It is very
likely that the ¢ values in the ground where the landslide
did occur would not be so large, but be at most betﬁeen 10°

and 20°, judging from the relation given in the Figure.

The field survey indicates the landslide to have occurred
at the elevations higher than EL.180 m. The mountain mass
at the elevations lower than EL.180 m has a steep gradient

on the. slope, but as mentioned in Section 4.4.1, it is

" considered unlikely that landsliding took place at these

elevations where higher values of C and ¢ are presumed.

Analyses on the possibility of landsliding in the future
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Table 4.10 Cohesion Strength Estimated from N Values

(In Case of Cohesive Soil)

(ton/mz)‘

Depth Average Upper Lower |

) Limit Limit

1.0 5.3 8.8 1.9

2.5 6.3 8.5 4.1

4,0° 8.3 11.3 5.2 -

5:5 " B.S 12.1 5.7
7.0 - 10 11.2 14.7 7.6
 11.5 _ 25.3 | 30.9 19.8
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Fig. 4.9 Relation Between C and ¢ Values for. Analyses on
) the Possibility of Landsliding
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veres,

therefore, made of two separate secticns, one at the

elevations higher than EL.180 m, and the other at the

elevations lower than EL.180 m.

i)

Minimum Limit of ¢ and ¢ Values in the Ground at

FElevations Lower Than EL.180 m

Since no iandslide oceurred at elevations lower than
EL.180 m, any conceivable sliding lines of the
existing topography at these elevations must all be of
the safety factor of greater than 1.0 at least., If it
were less than 1.0, the landslide should have occurred

at these elevations, too.

The actual safety factor against sliding at these

elevations is not known, though it should be greater

- than 1.0, ‘But, should it be assumed to be 1.0 or the

marginal limit to cause a landslide, the corresponding
physical properties of the mountain mass can be
estimated therefrom. If these values are called the
hypothetical minimem limits, the actual mountain mass
at these elevations should be of the physical
properties equal to or thigher than these minimum
limits, since no landslide did ocecur at these

elevations.

Shoun in Table 4.11 are the results of calculation of
the hypothetical minimum limits of C and ¢ values in

the ground at the elevations lower than EL.130 m.

Suppose the ground at the elevations lower than EL,180
m be composed of the homogeneous and uniform soil
haterial, then the D profile would be most eritical to
landsliding. Heﬁce, the physical properties of the

mountain mass at the elevations lower than EL.180 m

‘have to meet the following requirements:

31
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Table 4.11  Hypothetical Minimum Limit of € & ¢ in the

Ground at EL 180m or Lower Elevations

(In case where the ground is impregnate

with water to the surface)

c ValueS'(ton/mz)

Longitudinal
Profiles b = 10° ¢ = 20° | ¢ = 30° 4 = 40°
A 24.4 14.6 9.9 6.2
B 22.8 14.3 10.5 6.7
D 30.0 20.5 12.3 6.6
E 29.2 19.8 11.8 5.4
F 27.1 17.9 9.5 5.5
£ _ 18.6 12;2 7.8 4.5
g 17.6 11.9 7.0 1.6
Average 24.2 15.9 9.8 5.5
o] 4.5 3.3 1;8 1.1
Avérage~ 4] 19.7 12.6 8.0 4.4
Averaget O 28.7 9.2 11.6 6.7
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ii)

When ¢ = 10°, then C > 30 ton/n’
When ¢ = 20°, then C > 20.5 ton/m2
When ¢ = 30°, then C > 12.5 ton/m?
When & = 40°, then C > 6.7 ton/m2

According to the results of the boring investigation,
the N values in the ground at elevations lower than
EL.180 m ére believed to be greater than 50. Suppose
these values be equal to 50, then ¢ must be greater
than 42° if C is zero, and C must be greater than 40
ton/m2 if 4 is zero. These C and ¢ values are
consistent with the physical properties of the ground
on the D profile with the safety factor of 1.0 agaiﬁst
sliding.

It is considered reasonable from the above discugsions
to assume that the 4 value of the mountain mass at the
elevations lower than EL.180 m would be 30°, while the
C value would be at least 15 tons/mz, somewhat greater

than the hypothetic ninimum limits.

G and 4 Values in the Ground at Elevations Higher than
EL.18C m

Table 4,12 shows the € values in the ground-by depth
at the elevations higher than EL.180 m on two
different cases, one with the ¢ Value assumed at 10°
and the other with the ¢ value at 20°, which are as

plotted on Fig.4.9.

In order to simplify the process of calculations, it

was assumed that, for the case with the ¢ value set at

. 10°, the € values would be 3 tons/m> at the .ground

surface, 8 tcms/m2 at a depth of 6 m, and 12 tons/m2
at a depth of 10 m, and at any other depths, they can

be obtained from any points on a line connecting the

above three base points one after another.



Table 4.12 Physical Properties of the Mountain Mass by Depth

(at Elevations Higher Than EL 180m)

2
Depth from the _C Values (ton/m i
Ground Surface In case of In case of
¢ = 10° ¢ = 20°
1.0 3.2 1.0
2.5 ' 3.8 1.4
4.0 5.2 2.2
5.5 - 5.6 2.5
5.5 - 10.0 7.3 _ 3.5
11.5 18.0 11.2

4 - 34



4.5.

Similarly, for the case with the $ value set at 20°,
it was assumed that the C values would be 1 ton/m2 at
the ground surface, 4.0 tons]m2 at a depth of 6 m and
7 tonsfmz at a depth of 10 m, and at any other depths,
they can be obtained from any points on a line

connecting the three base points one after another.

Table 4.12 indicates that the C values at depths of 10
" to 11.5 m are considerably large, while those at
depths of 5.5 to 10 m are relatively small, particu-

larly for the case with the ¢ value assumed at 20°.

Possibility of Recurrence of Landsliding

Fig. 4.10 shows the probable sliding lines of possible landslides
on - the topogréphy identified by the field survey made for this
Study.

The probable -sliding line Nos. 1 through 9 are all at the
elevations higher than EL.180 m. The groﬁnd at these elevations
is more or less poor, and is believed to be the fill-up for
preparation of the batcher plant site. The probabie sliding 1line
Nos. 10 through 14 are all at the'elevationé lower than EL.180 m.
The ground at these elevations is believed to be the original

mountain mass.

The topography at the elevationé lower than EL.180 m is rather
steep in the élope, but there are no traces of 1andslides{ and
outcrops of bed rocks are seen in ‘some places. It is. therefore
believed that a shallow landslide of any webthered-surface layers,

if happehed, may not cause any serious subsequent landslide.

The purpose of the examination of the line Nos. 10 through 14 was,
therefore, not to investigate the possibility of landslide
recurrences, but  to determine the physical properties of the

mountain mass that are required for assurance of the safety for

“iong.
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4.5.2.

Supposed Physical Properties of the Mountain Mass

As discussed in the foregoing subsection, the mountain mass for
analyses on the landsliding possibility can be grouped into two.
One is the group (A) consisting of poor subsoil which is con-
sidered to be within the bounds of the landsiiding possibility.
The other is the group (B) made up of the original mountain mass
with the N values of greater than 50 (by the penetration tests)
which is considered to be out of the bounds of the landsliding
possibility. The elevation EL.180 m was made a boundary line

dividing the mountain mass into two groups.

Analyses on the possibility of landsliding in group A were made

of the following two cases of physical properties:

. 2
_ ¢ {ton/m“)
Case s Ground At a Depth At a Depth
Surface . of 6 m of 10 m
“Case 1 10° 3 8 12
Case 2 20° 1 4 : 7

Calculations for Analyses

Calculations for the éﬁalyses on the pbssibility.of landsliding

_wére made of the following three cases.

Ground Water Table Seismic Force
Case A Up to the ground surface  None
- Case B ‘None V 0.15 ¢
Case C - Up to the ground surface 0.15 g



4.5.3.

4.5.4.

The probable sliding line Nos. 1 through 9 at the elevatioms
higher than EL.180 m can be represented by the typical five
lines, Nos. 2, 3, 5, 7 and 9, .wﬁen compared ‘in detail.
Similarly, the probable sliding line Nos. 10 through 14 at the
elevations lower than EL.180 m can be represented by the typical

two lines Nos. 12 and 14.

The analyses on the possibility of landsliding were, therefore,
nade only on Nos. 2, 3, 5, 7 and 9 for the elevations higher
than EL.180 m, and Nos. 12 and 14 for the elevations lower than
BL. 180 m.

Fig.4.11 shows the longitudinal “profiles of these probable

sliding lines.

Method of Calculations

Since the éstablished conventional method was used for the
calculations, no particular explanations for the methadology are

given in this Report.

Results of Calculations

(For Elevations Higher Than EL.180 m)

Fabulated in Tables 4.13.1 through 4.13.3 are the results of
calculations for the analyses on the possibility of landsliding.
Data given in the Tables are on the'slidiﬂg'liné with the least

safety factor by probable sliding. line. The line with the least

._ safety factor was selected among a ﬁarge' nhmber of possible

sliding 1lines passing through each of given node points on the
respective probable sliding line. The node points are shown in
Fig.4.11. These points were set up at an equal interval of one

to two meters between turning points of the . gradient of the

.slope.
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Longitudinal Profiles of the Probable
Sliding Lines (Fig. 4.1l continuved)
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Column (1) in the Table shows the ledst safety factor against
sliding. Column (2) shows the starting and ending pbints of the
sliding line with the least safety factor. The numbers in the
column are the respéctive node point Nos. as given in Fig.4.11.

Column (3) shows the radius of such sliding line.

Column {4) in the Table shows the sliding resistance force along
the sliding line with the least safety factor. Column (5) shows
a sum of the sliding force of such sliding line. - Column (6)
shows the short shearing resistance of such sliding line. The
negative shows the surplus of shearing resistance against the
safety factor of 1.0, while the positive shows the shortage of

shearing resistance against the safety factor of 1.0.

Shown in the upper right of Fig.4.12 is the distribution curve
of the least safety facters. Each point in the curve indicatés
the least safety factor ambng numhers 6f‘possibie sliding.lines,
each starting from the corresponding nodal point. Shown in the
upper left of the Figure is also the distribution curve of the
least safety factors. 1In this curve, each point indicates.the
least safety factor among numbers of possible sliding.lines,
each ending at the corresponding nodal point. The sliding line

connecting the lowest points of bhoth curves shows the most
probable sliding line with the least. safety factor of " all

probable sliding lines.

Table 4.14 shows a comparison of the"shbrt shearing resistance
of the sliding line with the least safety factor with the ¢
value assumed at 20° among three différént cases (Case A: ground
water up to the ground surface but no seismic force taken into
accouht, Case B: no underground watef in eXistence but a seismic
force of 0.15 g ‘to be taken into account, and Case C:
underground  water up to the ground surface and a seismic force

of 0.15 g to be taken into account).

Y
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Table 4.14 Comparison Among Cases (A, B and C) of

Shearing Resistance Against Sliding
Under Condition of ¢ = 20°

~ (ton)
Hyggiziizc' CASE A CASE B CASE C
Line SP=1.0 | SF.1.2 SF=1.0 SP=1.2 SF=1.0 | SF=1.2
No.2 -0.77 50.4 =640 13.0 83.05 146.4
No.3 Q.84 49.3 ~46.4 11.4 82.7. 146.9
No.5 83.69 141.6 25.0 87.9 '157.5 227.28
' No.7 -18.95 31.8 ~79.2 “2.4 75.7 142.6
0.9 17.53 20.3 -1 <41 | 2009 49.0 76.8
No.12 -403.24 707.9 ~2493.6 [-1332.0 | 1431.3 2866.0 |
No.l4 | -665.84 | -363.3 | -1062.8 | -777.2 | -180.2 185.5

Note: The negative shows the surplus of shearing resistance,

4 =66




From the data shown in Table 4,14, the following conclusions can

be made:

i)

ii)}

3ii)

iv)

The safety factor against sliding for the case with the ¢
value assumed at 20° is gsmaller than that for the case with
the ¢ wvalue set at 10°, irrespective of the Calculation

Cases (A, B and G).

The safety factor against sliding for the case with the ¢
value assumgd at 10° is greater than 1.2 in all Cases of A,
B and C, except the one (1.1) of the hypothetic sliding

line No.5 in Case C.

The safety factor against sliding at the elevations higher
than EL 180 m for the case with the ¢ value assﬁmed at 20°
is in the range of 0.7 to 1.1 in Case &, 0.9 to 1.2 in
Case B, and 0.5 tec 0.8 in Case C.

Hence, the measure to be taken against possible land-
sliding should be focussed to a conservative assumption,

i.e, the case with the ¢ value set at 20°.

The safety factor after implementation of the measure in
Cases A and B should be aimed at 1.2 or greater. Case C is

on - the ‘assumption that a heavy rainfall would occur

‘simultaneously with an earthguake. Accordingly, it is

considered more appropriate that the safety factor in this
extremely rare case be set at 1.0 or greater. Under such
condifion, the probable sliding line No.5 is most ecritical
against sliding. The short shearing resistance of this
sliding line is as large as 157.5 tons/m2 as shown in Table
4.13.

Solutions to be taken as protective measures against possible

- landsliding are considered as follows:



i)

ii)

$ii)

To excavate earth on the shoulder portion of the slope that
is prone to landsliding (the portion in which landsliding
would start), thereby decreasing a sliding force, and to
pile the excavated earth on the portion in which
landsliding would end, ‘thereby increasing a shearing

resistance against sliding.

Excavation

- Possible Sliding
Line

ot L

To provide a retaining ‘structure by driving piles into
ground, or the 1ike,' thereby ‘to increase a shearing

resistance against sliding.

To combine the above two measures to make doubly sure of

the stabilization effect.

Ttemized below are the summary of the results of calculations of

the safety factor of the reformed slope for the case with the ¢

value assumed at 20°:

i)

In Case B where the seismic force -only is taken into
account as the design condition, the least safety factor of
all probable sliding lines, except No.5; is, in general,
higher ‘than 1.2. This implies that the mountain mass would
be safe against an earthquake unless it is accompanied- with

a heavy rainfall.



ii)

iii)

iv)

. With regard to the sliding line No.5, too, the slope would

be on the safest side in Case B, when comparing on the
basis of the target least safety factor of greatef than 1.2

for Cases A and B, and greater than 1.0 for Case C.

As the design condition, therefore, Case A or Case ¢ should

be considered.

Occurrence of a deep seated landslide with such a magnitude
as the maximum depth is greater than 10 m seems unlikely in
any Casés of A, B or C. In other words, there would be no
such a case that the sliding line passes through the ground
with the N value greater .than 50. Or, it is very likely

that a landslide, if any, would take place at the ground

of poorer subsoil closer to the ground surface,

In Case A where the ground is impregnate with water to the
ground~surface due to rainfall, Nos. 5 and 9 sliding lines
should'become'unsafe with the least safety factor against
sliding down to 1less than 1.0. HMost critical against
sliding is No.5 line, and it is followed by No.9 line.
MNos. 2, 3 and 7 lines should still be safe with the least
safety factor against siiding still kept at 1.0 or very
close to 1.0.  This indicates that no large magnitude
landslide would occur even in case where the ground water

rises to the surface due to rainfall.

In Case C where an earthquake with Kh of 0.15 g occurs at
times when the ground is impregnate with water due to
rainfall, all probable sliding lines become unsafe with the
least safety factor against sliding coming down to smaller

than 1.0. This implies that the slope would become

‘wunstable when an earthquake and rainfall occurs

simultaneously.



4.5.5.

The elevations thaf are prone to landsliding may not
substantially differ from those in Case A, but the least
-safety factor against sliding is smaller than that in Case
A by some 0.3 for Nos, 2, 3 and 7 sliding lines, and by

some 0.2 for Nos. 5 and 9 sliding lines.

v) The calculations were made under an extremely unfavorable
condition (¢$=20°) against landsliding, and on the very
severe assumptions such as simultancous occurrence of an
earthquake and a rainfall, and the resultant data are, as
shown, very harsh. But, these data themselves indicate
that it is essential to increase the safety factor of the

slope against sliding to maintain stability.

Results of Calculations

(For Elevations Lower Than EL. 180 m)

The probable sliding line Nos? 12 and 14 are for analyses on the

possibility of landsliding at the elevations lower than EL.180m.

No.14 sliding line is rather deep in circlé,-or lafge in- scale,
but the least safety factor against sliding would still keep 1.4
in Case A where the ground is impregnate. with ‘water to the
ground surface due to heavy rainfall, and 1.07 even in Case C

where an earthquake occurs simultaneously with a heavy rainfall.

As to No.12 sliding line, the ‘least safety factor against
sliding would atill keep 1.1 in Case A; but would decrease to
0.2 in Case C. The sliding line with such least safgty'factor;
however, would pass through a ground deep into the mountain
mass, where the physical properties wodld- be substantially
larger than lS'ton/m2 (C) and 30° (4), as originally assumed .
{Ses Section 4.4.2). The relation of ¢ and C of the mountain
mass when the least safety factor of Noilz sliding'liﬁe should

be 1.0 in Case C might be:



14 ton/m2, or
21 ton/m2

When ¢ = 45°, C
When ¢ = 35%, C

e

it

aI

Such physical properties at the elevations lower than EL.180 m
are the levels that can he reasonably expected from the result

of the field survey.
It may therefore be given as a conclusion that there would be no
possibility of Jlandsliding in the mountain mass at the

elevations lower than EL.130 m.

4.6. Protective Measures Against Possible Landgliding

4,.6.1. Slope Reformation

As discussed in the foregoing subsection, the topography of the
ex-batcher plant site is not stable against sliding at
elevations higher than FL.180 m, if it rvemains unchanged. The
stability analysis was made of the slope reformation measure to
excavate earth on tﬁe slope at higher elevations, and fill up-
the slope at lower elevations with the excavated earth, as
illustrated in Fig.4.13. In the-.analysis, the physical
ﬁroperties of the filled-up slope were assumed to be same as
those of the surface layer (C€=3.0 at ¢=10°, C=1.0 at #=20°).
The analysis was made under the conditions of Case A and Case C
only, because the safety factor against sliding in Case B
(earthquake ldading only taken into account) is higher than that
in Case A (groﬁnd water only taken into account). The 4 value

was assumed on conservative side of 20°.

Shown below is the summary of the calculation results:

The Least Safety Factor

Prdbable Sliding - Against Sliding
_Line _ Case A Case C
No.2 2.1 1.2
No.3 2.1 ' 1.2
" No.5 1.5 1.0
No.7 1.6 1.2
No.9 2.5 1.8

ho- 71



EL2-4[S Fig. 4.13 Changes in longltudinal Profiles by the
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Changes in Longitudinal Profiles by the Slope

Stabilization Measure (Fig. 4.13 continued)
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4.6.2.

This table indicates that the reformation of the topography as
mentioned above will ensure the safety of the slope without
causing any large-scale sliding, even in an extreme case where
an earthqﬁake with Kh of 0.15 g would occur at times when the

ground is impregnate with water up to the surface.

“A plan of the'protective measure worked out based on the above

analysis is as given in Fig. 4.14., In this measure, the slope
surface at elevations higher than EL.215 m is to be excavated
and the slope surface at elevations lower than EL.21% m is to be
filled up with the excavated earth, ‘as illustrated in Figs.
4,15.1. and 4.15.2.

Provision of Drain Holes and Ditches

(1) Ground Water Level after Slope Reformation and Safety

Factor against Sliding

Fig. 4.16 shows the relation between the safety factor
against sliding and the ground water level for different

level cases.

As is seen in the Figure, there may be cases where the
safety factor against sliding comes down to a ‘slightly
lower than 1.0, when the ground water level is higher than.
~BL.23% m, and under the condition of Case C (tha'earthquake
loading with Kh of 0.15 g at times when the ground is

impregnate with water up to the surface).

However, such spot as unstable against sliding is very
local and limited only to a portion of the surface layer
which may be left unremoved from the excavation work, As

discussed in Subsection 4.6.1, the reformed slope is safe
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Fig. 4.16

Relation Between Ground Water Level

and Safety Factor Against Sliding
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and stable against any large-scale sliding under any

loading conditions.

The provision of drain holes in the mountain masses is to
reduce the ground wadter level to iower than EL.235 m,
thereby to increase the stability of the reformed slope.
The effect of the provision of drain holes was ascertained

by the following analysis.
(2) Arrangement of Drain Holes
i. Elevation of Drain Holes

In the Figure shown below, water flow per unit width

in the same single direction can be expressed as:

/
\

FFTTITTT T TTIF 77 A 77 7777 ///‘///_J '/

o——-—%ix

Where,

Water flow per unit width in the same single

q =
direction. _

y = Height of ground wéfef table from the,
impermeable léyer underneath a drain 'hole.'

k = Permeability coefficient " of  mountain masSes;



When Bq.(1) is solved under the condition of y=h at
¥=0, then y at an arbitrary point x can be expresses

as;

L)

Where,

A range of the effect of a drain.

i
it

Height of free ground water surface from the

impermeable layer at ==R,

Te eliminate q from Eq.(2) and Eq.{3) can create the

following equation:

Ly = jhz + %(112 Yy L (%)

When the ground water level at a
point in between two drain holes, - By
beyond -whiéh level no rise of R
water is required, is indicated

in E, as shown in the Figure,

M
then the elevation of ‘the

center of drain holes should be i

established at the value as

obtained by the following equation:



E [J'h2+L (B - 1% - h) e (8)

; L
By & By 7R
Where,
ED =.E1evation of the center of drain holes.
I, = Distance between drain holes.

Studies_ were made on the assumption that the
impermeable layer would _bé at EL.180 m which is
supposéd to have the N value at greater than 50, and
. the ground water level at x=R would be at EL.230 m
which is equivalent to the elevation of the upper

plain portion of the existing topography.

The value R was assumed to be 250 m, taking an
approximate average of 25-500" m, obtained through test
results in the past of boring holes and wells using

fine grain sands.

Since H and h are both heights -of ground water table

from the impermeable layer,

230 - 180 = 50 m

ED - 180

ju
1]

1l

Hence, the value ED can be expressed as:




ii.

Where,

Cm o= EM - 18D

The value ED with L assumed to be at 5, 10, 20 and 30

m can be given as follous:

In case L = 5 m,

By & 180 + 1.005 J, - 180)% - 25

In Case L = 10 m,

B < 180 + 1.01 J(x, - 180)° - 50

In case L = 20 m,

£, < 180 + 1.02 Jiz, - 180)? - 100

In case L = 30 m,

Ej < 180 + 1.03 J(EM - 180)% - 150

Arrangement

1t is recommended to provide drain holes at intervals
of 5 m at the elevations of EL.215 m and 2325 m, as

shown in Figs. 4.14 and 4.15.

The provision of these drain holes is, as mentioned,

to lower the ground water level of the mountain

-ﬁasses, because there is a slight possibility of local



ilandsliding of a portion of the surface layer left
unremoved from the excavation work under the extreme
condition (the earthquake loading with Kh of 0.15 g at
times when the ground is impfegnate with water up to

the surfacel.

The arrangement of drain holes was determined in due
consideration of the fact that the ground wa.ter level
in the ridge by the side of the spillway is higher
than that in other mountain masses, as evidenced by

"tlie field investigation made for this Study.



. ’5. . SEEPAGE THROUGH THE DYKE







Seepqge through the Dyke

Seepage has been observed at the dyke adjacent to the left bank of -
the main dam since completion of the Angat Project. To control this
. seepage, drain tunnels were provided at EL.175 m on both banks
dovmstream of the dyke. .The drain tumnel, 1.0 m wide and 1.8 m
high, extends for 610 m on the left bank and 290 m on the right
bank. These drain tunnels were first used for executing the
Gatéftight grouting, and then have been serving as the drainage

facilities of seepage water.

The plan and typical cross section of the dyke are shown in Figs.5.1
and 5.2. It has a total crest length of 475 m and the maximum
height of 52 m. .

According to the record, seepage was first observed at both
abutments and the center of the dyke with the maximum height, but
soon, no seepage came out from the right bank abutment. At present,
seepage is being observed at the left bank abutment and the center

of the dyke as shown in Fig.5.3.

There is a record that in 1974 cement grouting from tﬁe ground
'surféce was carried out at the left bank of the dyke to stop the
seepage. The groﬁt takes were heavier in volume at higher
elevations. It is reported, however, that no substantial change in

" the amount of seepage was noticed after the grouting work.

In September,.1987, JICA study team inspected the drain tunnels to
look into the state of seepage. The water level of the reservair on
that occasion was EL.187 m, higher ﬁhan the elevation of the tunnel
of EL.175 m. There was, nonetﬁeless, no substantia}-seepage in the
drain tunnels. From this fact, it can be assumed that, even if
seepage were passing’ through the mountain masses, the ground water

level around the tunnel would be lower than EL.187 m.



o011
—T e,

RRPWOG - Q305

MAQ 84s jo Uoig |'g Bid

J\.\\Lf\

", :
(&=
\. 1]

(="

osi
aew
0oL
5
% osl
w.o_m“
= 002
wo_m . *p|g g/nt ue e T
mommm* s _F uproapuwny 2RO0E
ez TR e g oy il O 9PID .
o e | Ao | , . % Qv §+3 oo
oz & T ma w;m 2 o i m o S50~ S0 Ty
= A N §p TR D 4
L N mw 2 il N T o @
5 ¥ e 5% Be N :
d B4 2 K 5] oz b= m
2 © 5 ]
g 8
WU




T

Loca3

AN

ﬁLL padwng \\
QO'GE3

Q00

>

3002 pALBYLDIM
Apybys 4o dol

{DLIIDU Ul

%001 paidylibam
fsalodapows jo doL \

{19A040 WOG o1 dh

ubs auj) Woly papold :ogu\/
%cow JoBUS Ui A3l URMQSO 7

.IILI]II

-ooLr ._u\

Oom_l_m

’ 0802713 W/
ado|s {DINLDN

O'ZEETIZ +5047 [DUION

05'¢g mm
ayfp jo sixy

(59AQ 8y j0 uoydeg ss0.y podAl 2 Bl

\\

adols _o,_:.toz

Mmold

1012
1612
o<




Fig. 53 Location of Megsurement Weir
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5.1,

From the result of analysis on the amount of seepage through the
dyke that was measured throughout 1987, it is believed that water
impregnation from the reservoir into the mountain masses would be
predominantly when the reservoir water level is at elevations higher
than BEL.190 - 195 m as described in the subsequent subsections. No
substantial seepage in the drain tunnel observed during the field
inspection by JICA study team was, therefore, attributable to the

fact that the reservoir water level then stood at EL.187 m.

On the other hand, the Ffact that cement grouting from the ground

surface was not remarkably effective in reducing the amount of

seepage may indicate that it would originate not only from the

reservoir, but also from other sources such as rainfall. If so,
grouting into the mountain masses to whatever extent may not produce

any substantial gffect on the reduction of seepage.
From the above standpoints, the result of seepage weasurement
conducted so far at three measurement weirs installed downstream of

the dyke was analyzed to study the seepage problem.

Result of Seepage Heasuremeﬁt

Since January, 1987, the seepage measurement has heen continued at
the three measurement weirs (SW-1, SW-2 and SW-3) installed
downstream of the dyke. ‘The location of each weir is shown in
Fig.5.3. 8W-1, installed at EL.138 m, 1is %to medsure seepage
through the left bank-sidefof the dyke. SW-2, installed at EL.114
m, is to measure seepage through the center of the dyke with the
maximum height. SW—j is installed approximately 80 m downstream
of 8W-2 at EL. 110 m.

Tables AS5.1.1 through AS5.1.22 as attached to the Appendix comprise -
the data on seepage measurements conducted during the period of
January, 1987 through October, 1988, Also shown in these tables
are the data on daily rainfalls at ﬁhe Angat dam site during the

same period.



The measurement data collected from the ‘three weirs were processed
-~ to obtain the net amount of seépage through the dyke in the

following manner:

1) "To apply the Numachi-Kurokawa-Fuchizawa formula- to the 5W-1

data,
2)  To apply the Govinda Rao formula to the SW-2 data.:

3)  To apply the Numachi-Kurokawa-Fuchizawa formula to the SW-3
data with h > 7 om, and to apply a coefficient of'discharge
(C) based on the actual measurement data to the SW-3 data

with h<? em.

The Numachi-Kurckawa-¥Fuchizawa formula is for a ‘right-angled
triangular weir and the discharge passing through the triangular

weir (Q) is expressed as follows:

Q = C‘nSI2 (m3lsec.)

0.004
h

= 1.354 +

lorl
Y

+ (014 + L0 g agy?
= '3 |

where,

h is an overflow depth at the weir (m)
B is a width of the weir {m)
D is a depth from the lowest poinit of V-notch

gpening to the bottom of the weir (m)

The Govinda Rao formula is for a rectangular weir, ‘and the

diécharge through the weir is expressed as -follows:

Q. = C]BhBIL (m3/sec‘)

1.552 + 0.083 (h/L), 0.1 ¢ h/L < 4
= 1602 (W)Y 0% 0 </ ¢ o

(e}
]

]
H
<
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