5.6.2.-

Results of Field Investigation

(1) Reservoir Area

(2)

There are many slide portions alomg the reservoir bank,
especially in the section 2.5 km upstream from the dam
site and from the confluence of the main Agno and its

tributary Bokod River to. a some 3 km upstream peint.

These slides preduce a large amount of rock debris dis-
charging into the reservoir but most of them are done in

flood time. Among the tributaries flowing into the re-

“servoir such as, Balubac River, Bantey Creek and Labey

Creek are discharging much sediments, That means they

“have many slides in the water-shed,

Spillway Left Abutment

The mountaih mass of spillway left abutment is small and

- gkinny, having a steep slope of 35~40° on the southern

(downstream) slope. The upper and middle portions are
composed of much cracked metamorphic rocks and the lower

portion of hard and less-cracked diorite. The metamor-

‘phic- rocks are in general much‘weathered up to the depth

of 5.

" Since an open crack developed in the flood .time of 1976,

it is still observed in the test pit digged on the road
side of ‘spillway teft bank, the three drainage adits were

carefully observed, keeping in mind whether there are

“such . cracks in the adits or not.

The main fractured planes are, (1) N20 - 30°W/74°N - 90°,
() W25 - 35°E/82°N -~ 75°S, (3) N50°W/85°N - 60°S.



The combination of these fractured planes seems to be
concerned with the open c-rack developed in the flood time
of 1976. But it 1is wvery significant that all these
planes are high-angled and no low angled slip planes are

there.

Judging from these facts the surface rock mass of the
upper portion of spillway left abutment seems to be not
slided but slightly toppled ipn a range of at least 23 m

in horizontal as illustrated on Fig.-5.8 and 5.9.

Since the vocks of the spillway 1left abutment are much
weathered and closely fractured, and no particular slide
< plane is 'défined, it is better to appreclate  the average
physical properties of. rocks by conside.ring"the in-situ
rock test data conducted in the similar rock type, when

the slope stability is calculated.

"The “rocks from portal to' 5°'m are estimated as 'D-CL'
class (see Table-5.3) which have a shearing strength of
4-5 kgf/cm2 and an internal friction ‘angle of around 40°,
On ‘the other hand, thé’ “rocks of much deeper port'io'ﬁs are
estimated as 'CM' class which have a shearing strength of
more than 10 kgf.f(':m'2 "and ~ an i'nt.er‘n'al friction angle of

around 45°,

The values above-mentioned - are only assumed by experi-
“ence, .Con'sideri_ng ‘the important situation of the spill-
way structure and some particular geological differences
between this site and othérs, it is ‘recommendable -to_'_
caryy -out .in'—s'itu rock shearing ‘tests hére. to ~determine

the actual rock strength.



{3) Quarry site

(4)

There is a good rock exposure just at the opposite side
of river to the spillway flip-backet, The rocks are
composed of massive diorite and seems to be suitable for

lip-rap materials for rock-fill dam.

Taking into account the convenlient position and the ade-

‘quate size of mountain, this place might be deserved for

further geological investigation,
Remodel intake tower

The portion of remodel intake tower is composed of meta-
morphic & diorite. The former constitutes the upper por—
tion of the tower and the latter constitutes the lower

portion of the tower .

In thesé ‘rocks many high-dip fractures are developed.
Therefore, drilling investigations should be executed for

the seleéction of best portion for the intake tower.
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Table — 5.1 Details of Measurement Weirs

: TotalWidth] Depth [Nidthof .
Station Na Location ¢ B e}g We1rD Ty“;?e‘of
(m) (m) () eir
SW - 1 ACCESS TUNNEL 0.19 0.1 2 0.14 TYPE — 1
SW=-2A | ACCESS TUNNEL | 0175} 011 0.14 | TYPE-I
ACCESS TUNNEL
SW- 2B STA. 0F1870 0.2 2 0.12 TYPE —1i
ACCESS TUNNEL : 3 B
SW— 3 STA. o0+3240 | 028 0.09 TYPE ~1I
: ACCESS TUNNEL
SW—4 STA. o+3z2se | 023 0.07 TYPE -1l
ACCESS TUNNEL : 3
SW-5 STA. 0+4850 0.28 | 0.11 - TYPE -1l
ACCESS TUNNEL
SW-6 STA. 0+4850 0.265 | 017 TYPE-H
SW-—7 . SURGE CHAMBER | 048 0.205 | -~ TYPE ~IV
SW~7A | PENSTOCK ADIT | 043 | 0.10 - TYPE -1
: . . : . _ Mensurement of
SW-—8 CABLE TUNNEL 0.14 flow veloci ty
SW-9 'CABLE TUNNEL 6.3 1 - - ~ ditto —
SW-10 | PONERHOUSE 0.21 - - — ditto -
SW-—11 POWERHOUSE 0.19 . - - — ditto —
SW—- 12 POWERHOUSE 0.31 - - — ditto -
* TYPE— 1 -*eeio’ Rectangular weir
TYPE — .1 Right. aﬁg]ed triangilar weir
" TYPE —Hl ---oveotee 60° angled triangular weir

“TYPE —'[V -+:--so - Suppressed rectangular

3 -16







Table ~— 5.2 Schedule of Additional

Field Works for 1987

Work 1 Jonunry February Aprit - May dJuns July Auguset Septembar Qclober Novamber Dacembar
fem . 10 £0 10 20 ! 20 0 20 6 20 10 20 1 X P 20 1o 20 [ ) 0 2p 10 20
LY |#1
e Tantatve . ¥ i :
DWH - | Actual i
Tentalive e =
DWH ~ 2
Actugl v ) w20
DWH -3 Tentative S =
Actyat a ——
; A Tentallve £ !
-4
DwH Actugl’ o
) Tentative oL
OWH -5 ‘
. Actual - 3
- Tortcotive e ST
Drillilng OwH - & Actual e
DWH ~T Tentative IA’.H‘ =
. Aclual [*:"
Tertative t o )
-8
DwH - 8 Actual wlld
OWH -9 Tentative _ LT e VY SR M
Actual [ '
OWH = 10 Tentotive - 2
Actual i e
. . . H L
OWH =11 Tentative ]
: Actual -
DWR - 1 Tsrtative e —
(Reservolr) Actug! -
WR -2 Tentative LI it
(Reservolr} Actual
Leakage Measurlng Tuanel Tentatlve : .
Station Aciual
Dam Tentative
Actual
P
Water Level Gage .I P y
Kaboyan Tentatlve
Acteal
B Temiotive = ‘
Instoilation of  flied survey polnt AcTaat o i
. Tentallve =] .
Locatlon ond levelling of drll holes Acruoh - -
Teniative
Cross sactlonol survey Acioal p
s Tentatlve
Detailed . topographlc  survey Aetio]
Legend: @ --baginning of monltering
" A---constructing trall access way - _
8 --- mobitlzation - of drilllng, waler pumps, Laylng woter pipe line
€ ---drliling and woler pressure fest . :
O --- demobilization : :
"Table - 5.2







Table=%, 3 Examples of Quality Clnasifications of Rotk in Dam Foundations

Classification Chavacteristics

Rovk-forming mineralst? are fresh and not weathered or altered. Joints and
A cracks are very tlosely adhered with no weathering slong their planes. A
clezr sound is emitted when hammerad.

Rock-forming minerals are weathered slightly or pertially altered, the rock
B being hard. Joints and cracks are closely adhered. A clear sound is emitted
when hamnmered.

Rock-forming minerals are wenthered but the rock is fairly hord. The bond
between tock blocks is slightly reduced and each block is apt to be exinliated
Cn along joints and cracks by strong harmmering. Joints and cracks sometimes
contain clay and other material which may be coloured by limonite. A
slightly dull sound is emitted when hammered.

Rock-forming minerals are weathered and the rock is shichtly soft. Exfolia-
tinn of the rock occurs along joints and cracks by normal hammering.  Joints
. and cracks sometimes contain clay and other materinl. A somewhat dull
sound is emitted when hammered.

Cu

Rock-forming minerals ave weathered and the rock is soft.  Exloliation of
Cy the rock occurs along joints snd cracks by light hammering. Joints and
cracks contsin clay. A dulf sound is emitied when hemmered.

Rock-forming ‘minerals are weathered, and rock is very soft. There is virtually
ro bond between rock blocks, and collapse oceurs at the slightest hammer.
ing.- Joints and cracks contain clay. A very dull sound is emitted when
hammered.

(1) :. Except quartz

Rock class and its physical properties

Rock class Shear strength .Elastic constant]
Cy 1=18.0kg/cm?+0tan45°® | E=30,000kg/cm®
oL T= 7.5 " 4otan40® | E=13,000 "

D 1= 4,0 " +4otan35® | E= 6,500 "
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6. Measurement Manual

6'1!

6.1.1.

Seepapge Measurement

Seepage through the Dam and its Foundations

The location of seepage measurement stations for the dam and

the appurtenant structures are indicated in Figs.-5.4 and 5.6,
respectively. The measurement of seepage 1s carried out by
measuring the depth of overflow through a triangular weir with
a right (90 degree} angle installed at the downstream end of
the water flow meaéuring pit, . as indicated in Fig.-5.6.. An

_Automatic Water Level Recorder which is to be provided by JICA

will be used for this measurement.

The operation method of the automatic water level recorder is

‘described - in - detail in the operation and instruction manual

provided with the instrument.

The seepage: can be calculated by the use of formula (6-1)

“below. Hoﬁeﬁer, it will be easier to make use of the H—Q

curve indicated in Fig.-6.1.

The formula for determiniﬁg the flow over a triangular welr

with a 90° angle is as follows:

5/2

Q=Ch YN R R R R R N N A A A A SN N B L (6_1)
C=81.2 + 0.24/h + (8.4 + 12//D) x (h/B - 0.09)
- B
where, Q¢ = Discharge (m3/min) t

Overflow Depth (m)

Coefficient of overflowing
Width (m)

2w O
i

= Hedight from bottom of weir to Point A (m)



6.1.2.

Records measured by the instrument are automatically printed

hourly. These data are compiled on the data sheet.

The amount of seepage is read on the instrument once a day at

the predetermined time (for example, 9 AM),

The reservoir water level and precipitation records measured
separately should be filled on the same data sheéts,'and such
data should be graphically presented by the method indicated
in Fig.~-6.2, |

The automatic recording paper should be replaced bi-monthly at

which time a test printout of the program should be made,

‘Seepage around the Powerhouse

Seepage 1in the tunnels ‘situated around the underground power-
house are measured at the site (see Fig.-5.5). 1In this casé,
the depth of the flow over the weir is measured from SW-1 to
SW~7A and the seepage'diséharge is- calculated by the use of
the Formula given below. Water flow is calculated by measur-
.ing the velocity at five ‘locations, SW-8 to SW-12, and multi-
plying the Veloéity with the cross—sectipnai area of flow

obtained from the depth and width of the waterway.

{1) 8W-1 and SW-2ZA (in case of rectangular weir)

/2.

Q = R AU S S (6-2)
¢ = 107.10 + 0.177/h + 14,22 h/D - 25,68/(B=5YR/B*D
+ 2,04 7§7ﬁ~ . ' |

where, Q = Seepage Discharge (m3/min)-

b = Width of sink ()

-G =:Coefficient of discharge
B = Total Width (m)
D = Height to the weir (m)



(2) SW-2B, SW=5 and SW-6 (triangular weir with a right angle)
Formula (6-1) 1is used.

(3) SW-3 and SW-4
q = cn/?
C = 1.363 (34.38 + 0.1098/h)

RN NI I A SR SRR Y A BLRE R B B N (6“3)

The symbols are the same as those of formula (6-2).

(4) SW-7 (in case of suppressed rectangular weir)

Q = CBH3/2 P N N RN NN NN R (6“4)

G = 107.10 + (0,177/h + 14.22 h/m)

For symbdls see formula (6-2).

The discharge of seépage calculated by the above formulas
should be gfaphicaliy presented so that the time passage
could be ﬁnderstodd cleéfly. The Teservoir water levels
and precipitation records should also be presented on the

same graph,

6.2.° Dam Deformation Measurement

6.2.1. Horizontal Deformation

Horizontal deformations are calculated by line—of—sigﬁt the
shrvey élong Alignment 1 and Alignment 2 (See Fig.-5.1 and
5.2) uéing a theodolite provided by JICA. For Alignment 1,
the fixed control point is SP-3J and the reference point is
Sp-1J. For'Alignmenf 2, the fixed control point is SP-25J and
the reference point is SP-14J. For both Alignments, the
'mbﬁable target point (DA-3, etc.), to measure deformation, is
péintéd at by the theodolite installed at the fixed control
"ﬁéiﬁt; . The Siope'distance,'the vartical angie and the hori-

zontal angle, are measured. Furthermore, the horizontal



6.2.2,

6.3.°

deformation 1s calculated by formula (6-5), using the above

measured values, as follows:
(SX = L'Sin eV '“’S:[.ne-h C s e OB RO A GURERETE RS A (6"'5)

where,8x = Horizontal Deformation {(mm) _
I, = Distance between the fixed control point and
the target point (mm)
Bv = Zenith Angle, degrees

Oh = Horizontal Angle, degrees

Vertical Deformation

Vertical deformafions of the movable points are calculated
on the bases of the datum point ?—8 (coordinates, lat.

i6°27’40.46"N and long. 120°44'35.11"E, EL 742,464 m) by
leveling survey from the level  of each movable poiht. ‘The

location of the datum point P-8 1is indicated in Fig.~-5.1.

Groundwater Level Measurement

The water levels of 1 boreholes, four inclihometer holes and

two piezometer holes, located on the dam crest and as indicated

‘in  Fig.-5.3, are measured respectively. HMeasurement of the

6.4,

groundwater level is carried out by measuring the depth from the
top of the casing pi@e to the water surface using ground water
level gauge provided by JICA. The measured data should be re-
corded as shown in Tablé—é.l'and périodiéaily presented graphi-

cally as shown in Fig.-6.4,

Measurement Intervals

~ation the fact that 30 years have péSéed'since the construction

The measurement intervals should be set up téking into consider-

of the Ambuklao Dam.



On the other hand, considering that the groundwater level
gauging holes have been newly installed at the left abutment
of  the spillway and, furthef, the gtoundwater level is very
important for the stability of the abutments, slopes, rela-
tively frequent measurement intervals should be set up until
the movements of groundwater levels in a yearly cycle are

properly understood,

Table 6~2 shows the summary of the interval of measurements.



Table — 6.1

(Spitlway left sbutment)

Data Sheet

of Ground Water Level

(Dam crest and Inclinometer hole)

DATE DATE
HOLE Mo _ "HOLE M N
_ Reading(m} _ Rexd ing(md
LR I Lot P22t 1 (Depth)
Casing(Tep) Casing{Top) 5
Waler Level Water Level
EL (L) EL- {EL )
_ Readingtm) Readingim?
DWH-2 " (Deptn) PZ-2 | (beptn)
Casing(Tep) Casing{Top)
: Water Level Water Level
EL “(EL. ) EL. - (EL )
: Reading{m} Reading(m}
- : DDH -
DwH-3 | FERinE POH=A " 1" (Depth)
Caginn{Top), . Casinr(Tep)
Yater Lével Water Level
Et- (EL) EL- 1 (EL.)
1 Rexding(m) Read ingimd
AE - _ T
DAH -4 (Depth) DDH -R {Depth)
Casing(Top) - Casirg(Top) "
ater Level : ater Level
EL.
El (EL. ) L {EL. )} .
~ Reading(m? _ Readingim?
DWH-5 {(Depth) PoH-C (Depin)
Casing{Top} - s Casing(Top)
ater Level Water Level
EL- (L) EL. (LY
Readingtm) _ Reading(m)
DMI6 - 1 (Depin) DPH™D 17 (hepth)
Casing(Top) Casing(Top) L.
Water Lewel Water Level
. E .
EL- (&) - (EL.)
Readingim)
pWR-7. {Depth)
Casinp(Top)
Water Level
EL. TCEL)
_ Reading (oD
DWH -8 (Pepth)
JCasing(Top)
Water Leve}
EL. CEL.)
X Reading({m}
DWit <9 (Depth)
Casing{Top)
Water Level
EL. (L)
ingm?
DAt -10 Rfande’:fh)
Casing({Top)} 0
Water Level
EL. (EL.) .
DWH= 1§ RE;‘;‘;:’;’;’)
Casing(Top) {.—= :
Water Level
EL (EL )




Table — 6.2

Interval of Measurements

Measuring Item

Interval of
Measurements

Discriptions

Precipftation

Onece a Day

Reservoir

Water Level

Once a Day

"Piezometer

Leakage
Dam Onece a Weeld

Leakage to be reduced
Power Station Once a Day in future

.Wa'ter Level to be reduced
Openpipe Once a2 Month vu;ater level rising

up -in future

Water Lev_el

0.P. Dam Crest

Onece a Week

Water lievel

Inclinometer Hole

Once a Week

Water Level
; Spillway

Left Abutment

Once a Week

to be reduced

in future

Dam Displacement
Alignment 1

~Alignment—2

Onee a Month

Once 2 Month

to bhe reduced

in future

Inclinometer

Once a Week
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7.

7.1,

7.2,

Monitoring

The monitoring work carried out at the Ambuklac Dam during the

course of these studies was as follows:

Discharge and Quality of Seepage

The discharge of secpage was measured by a water seepapge mea-

surement device installed "at the edge of the downstream face of

" the dam and water flow measurement devices installed at the

auxiliary structures around the underground powerhouse. Figs.-
5.4 and 5.5 show the distribution and the location of these

devices, The measurements petformed'dnring the period of this

‘study, were as described below:

Seepage measurement for the dam

Continuoué monitoring from March 1, 1987, and recording of

measurement results until November 12, 1987.

Seepage measurement around the powerhouse

Continuous monitoring from March 1, 1987, and recording of

measurement results until November 12, 1987,

‘The Investigation of the water quality was not carried out as

it was not considered to be necessary.

Deformation

-(i)._Deformation.of'the Dam

The deformation measurenents for the dam were carvied out
‘along two alignments, Alignment I and Alignment 2 located

along the dam crest.



7.3.

Fig.-5.1 shows the location of these alignments.

The deformation measurements for the dam were carried out con-
tinuously since March 17, 1987, and the results obtained until

Novenber 6, 1987, were recorded.
(2) Inclinometer

The measurement by inclinometer was carried out using the
existing borehole at both the dam and the spillway left
abutments drilled in- 1979, Its location is indicated in

Fig.~5.3.
The measurement was carried out continuously since March
13, 1987. The results of the measurement until August 10,

1987, were recorded.

Borehole on the Left Abutment of the Spillwayfand

Water Levels in the Dam Embankment

The measurements of the borehole on the left abutment of the
spillway and the water lévels in the dam'embankment_were carried

out as indicated in Fig.5-3.

Water levels in the.dam embankment

Continuous monitoring and retdrding of measurement resilts
from February 5, 1987 until August 25, 1987, were carried

out.

Borehole on the left abutment of the spillway

Continuous recording was conducted ‘since completion of the

hole.



7.4,

7’5-

7.6,

7.7

Recording of measurements for DWH-1, 2, 4, 5 and DDH-A, B,
"¢ was conducted till November 9, 1987. Recording of the
measurements for the hole in the dam was performed till

August 25, 1987,

Reservolr Water Level

The reservoir water levels were measured at the Ambuklao Power-—

station hourly and recorded at the time of reading.

Inflow and Outflow

The inflows and outflows were recorded at the Ambuklaoc Power-

station and these data can be obtained as necessary.
Rainfall

Rainfall -was measured daily at the Ambuklao Powerstation and

recorded at the time of monitoring.

Record of Earthquakes

No useful records on earthquakes could be obtained from sources
around the area of the Ambuklao Dam. ” However, the data of
Bongel and Ranoong Stations located downstream of the Agno River

were available and they were obtained.
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8. Stébility Analysis of Structures

8.1. Dam Stability

8.1.1.

General

The principal design and construction drawings of the dam were
not availlable and assumed to have been lost as 30 years have

passed since its construction. There were no detail data on

~the design assumptions, loading conditions and the design

patameters used for the design of the dam.

The paper "Ambuklao Rockfill Dam, Design and Construction" by
E. Montford Fucik and Robert F. Edbrooke, ASCE Paper No. 3057,

1967, is the only article on this project known to have been

published.

Generally, for wstability of .dams, it is quite adequate to
study the (1) structural and (2) hydraulic stability of the

dam.

With'regard'to stfuctﬁral stability, two stability condi tions
have to beé investigated, They are "(a) stability against
sliding of the uPstreém and downstream slopes of the dam, and
(b).sliding of the dam body in the downstream direction due to

reservoir water pressure.

In addition to the above, studies are required to determine
the subsidence of the embankment'materiais due to consolida-

tion, deformation of - the embankment due to water pressure,

“and the effects on the overall stability of the dam of the

irregular subsidence at. the boundaries between the zones of

the dam, These are problems which relate to the deformations

' ___bf the'dam; Hdwever, as 30 years have passed since the con-

© gtruction of the dam, these deformation studies are not con-



8.1.2,

sidered to be vrelevant, and, thus, not' necessary for ‘the

present stage,

The following paragraphs describe the structural and hydraulic
stability studies conducted for the Ambuklao Dam as part of

the Rehabilitation Preoject.

Stability Analysis

The method for stability analysis of the dam was selected not
only on the basis of the above ASCE Report, but also taking
jnto consideration the state of the art of the design and con-
struction bf rockfill dams' in the USA in the 1950's at the

time when the ‘Ambuklao Dam was designed.

According to fhe-above'ASCE Report, the stability ‘analysis of
the Ambuklao Dam was conducted by the sc-called "Wedge

Theory'. This method.examines the stability against sliding
of ‘the downstream part of.the dam including core zone against

water pressure.

In the "Wedge Theory", ‘a simple formula is used and, as a
result, the safety factor is calculated using formulae (8-1)

and (8-2).

S.F, = ( L ) . re - tan & cecesessns (8=1) 1
i Yw + Koyl (L/H) :

]

() tan 4 (8-2)"1

%] - "Study on Stability Analysis, Design and Conmstruction
“of Rockfill Dams" by Dr. Tsuguo HARADA, March, 1977
~"inférim'Rep6rt on’the'Study for Ambuklao Dam Rehébiiita—
tion ‘Project, . Japan Iﬁtérnational: Cooperation Agehcj,

June 1987, Page 2-2



where,

S.F. = Safety factor against sliding

H = Static water head (m)
Yt = Average unit weight by volume of embankment
‘materials (t/m3)
Yw = Unit weight by volume of water (t/m3)
K = Design coefficient of earthquake '

< Horizontal distance from the upstream end of
core to the toe of the downstream face {m)
é = Internal friction angle of embankment

materials (°)

As condition of L/H 2 is satisfied by both formuilae (8-1)and
(8~2), the safety factor against sliding in the downstream
direction due to water pressure when the downstream portion of
the dam is constructed of rockfill, is normally very high as
compared with the safety factor obtained for the case of

sliding of the slopes.

Therefore, it is judgéd that the stability study of a rockfill
dam, if only "Wedge Theory" is applied, to be insufficient.
In view of " the ébove, the stability analysis against sliding
of the. upétteam‘ and downstream - slopes of a rockfill dam

becomes a very ‘essential and significant requirement.

For the Ambuklao Dam, there ‘are no references on the perform-
ance of the StaBiiify-analySis of the upstream and downstream
slopes of dam. If stability analysis against sliding of the
- slopes were éarried'out,lthe extremely steep sldpes of 1:1.,75
'of'fﬁe'upstréam and downstream faces of the dam would not have

been adopted.
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The design methods for rockfill dams practiced in the USA in
the 1950's were somewhat different from those used presently.,
Twenty to thirty years ago, as shown in the cxamples of Fig.-
8.1(a) Miboro Dam (completed in 1960) and Fig.~8,1(b)

Kisenyama Dam (completed in 1970}, trial and error method was
used in order to determine the minimum safety factor against
sliding so as to be fixed the beginning point of sliding at
the dam crest shoulder. The above method, as required to
check the stability of the upsgreamnand downstream slopes of

the Ambuklao dam, was also applied during the present studies.

The safety factor against sliding_bésed on this method was

computed using the following formula:

):{C'Ra (N —U "'Ne) tan é P sbsanenserEEaNE (8_3)
-2 (T + Te)

where,

SF = Safety factor

N = Normal component of load acting on slip éircle
of each slice (t/m) |

T = Tangential component of load acting on slip
circle of eécﬁ sli¢e (i/m)

U = Pore wafer preésure of acting on siip:ciréle
_of each slice (t/m) '._

Ne = ormal component of-eafthquake load acting on

élip éirclé'of'eéch.sliCe (t/m)
Te = Tangenfiél3component.bf earthquake load acting
| on slip éircle of éach slice (t/m)

¢ = _1ntefﬁal friction :éngle ,of'lmateiial- _(°C)

C = Cohensioﬁibf.maférial (t/ﬁ?) _ _

:2  =_ Are léugtfl of 'slip ‘circle of each slice (m)



" Typical Section of Dam
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(a} Miboro Dam ( Height 131m, Cmpleted in 1960)

Beginning Boint of Sliding Surface

Safety Factors

C i'rcle Nl At H. W' L ! At D‘iz‘;fdi)\klevel
L K=0 |[K=012] K= 0[K=012
@ 1373 213 | 270 1.80

@ 469 | 258 335 | 224

@ . 2.73 1.61 | 249 | .1.54

@ 26971 147 243 1.46

(% Kisenyama Dam (Height 95m, Completed in 1970)
. 'F_ig’_'"- 8.1 Example of Dam Slope Analysis
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Design Conditions and Matérial's Properties

Table-8.1 shows the shearing strength of the embankment
materials quoted from the above  ASCE Report. Fig,~8.2 shows

zoning of the dam,

Tablees.l

Characteristics of Embankment Materials

Material Chéracteristics-

Zone N | 7 can 3 Unit Weight
Zone A (core material) 15° 0,268
Zone B (filter material) 35° 0,700
Zone C 350 0.700 Not indicated
Zone D (rock material) 40° 0,839
River gravels 30° . 0,577

The test condition conducted the values given in Table-8.,1 are

not clarified., It is reascnable to agsume, then, that these

values are the test values in the practical conditions  of con-

solidation and drainage. Furthérmore, the soil tests were
carried out only for the material of Zone A (core zone) during

the rehabilitation work after the earthquake of 1985,

The results of the $o0il tests mentioned above are shown in

‘Table-8.2.

Rip-Rap

Zone
Rockfill
Zone D

Pervious Fill

Zone C

129 m

River Gravels

Grout Curtain Rock Line

' Fig—8.2 Zonin_g'of' the Dam

86




Table-8,2
Shear Strength of Zone A Material Tested in August 1985

(1) CU Test
Ccu - ¢ 86 =Kpa, 33Kpa, 71Kpa
gou : 26° , 26° , 23°
(2) CD Test
 Ged 66Kpa , 12Kpa, 33Kpa

ged : 28°  , 31° , 28°

- (3) Average values converted to kg/Cm2

Ceu = 0.645 kg/cm2
“Ced = 0,377 kg/cm2
ded = 29°

Table-8.3 shows the unit weight by volume of the embankment
materials of which each value was selected based on the
results of the above soil tests and the other results of the
field investigations, -The fact that Zones B and D consisted
of diorite was also taken into consideration. From experience
it is'kﬁoWn'that, for qalcdlation of the safety factor against
'sliding, the effect of the unit weight of the materials is
very smdll. Thus, alfhough the analysis was based on the unit
weights:of’fhe materials shown in Table-8.3, ‘the results of

‘the calculations are considered to be quite reliable.-



Table-8,.3

Unit Weight of Embankment Materials

yd *1 Yt ®2 ysat *3

Zone
(e/cn’) (g/er) (g/en’)
Zone A (core material) 1.83 2.20 2.28
Zone B (filter material) 1.90 1.95 2,18
Zone D (rock material) 1.80 1.85 2.11

Notes: *1 dry condition
*2 wet condition

*3 saturated condition

Cohesion is normally not taken into account in making stabili—_
ty analysis, This is particularly true for rockfill materials
used in rockfill zones. On the other hand, cohesion of core

materials (clays) is often considered.

As is well known, design of dams 1s greatly affected by earth-
‘quake condition. The earthquake proof design should be pro-
perly considered as the Ambuklao Dam is located in an active

3

-earthquake area. 1In .the ASCE Repért, the -satety factor (8.F.,)
against sliding of 1.21,  in case of'earthQuake,IWas reported

as the minimum allowable,

However, there. is no deécription in the above Reﬁort of the
‘magnitude of  the earthquake.cdefficient'used‘in-the'calcula~
| tions and the basis for its determination. By making back
calculations using formula (8-4) aSLapplied-fo the..dam geo-

metry shown in'Fig.—S.B, an earthquake coefficiént of K-z 0.15

was determined. = As the uplift préséurejwés’not‘coﬂsideIEd:in
- stability -calculations of -fhe dam for the case of maximum
‘water level in the'resetvbir'wiih.earthquake,.thg éérthquake”

coefficient of 0.15 1s considered to be ‘quite appropriate.




o Axis of Dam
EL. 759.00m

Fig— 83 Sliding Wedge Analysis

(a) Current Design Method : (b) Old Design Methed"

Dam Crést Dam Crest

Roadway Steep Slope Outside

of the Design Slope

Design Slope _. Roadway Design Slope

' "'F-i_g —~8.4 Design Concept of Rozidway on the Dam Slope



8.1.4.

. mlfU)Mndl+N2tm1% (8-)
L) . P+ (N +N)K LRL R O BN NN NI B L BN B B
1 Mo
where,
8.F. = Safety factor against sliding
(Minimum allowable in case of earthquake is
equal to 1,21)
K - = Design coefficient of earthquake

The steep slope caused ‘by the construction of the access road
on the downstream face of the dam is considered not to have
any relation with the design slope of the dam. (See Fig.-8.3
and Fig.-8.4(b))

The design and construction concept for the access road on the

downstream face of the dam, used in the original design, is

- not applicable any more, This concept results in wunder—

cutting the design slope and reduction of the safety factor as
originally computed. The proper method which is currently in
practice, is to place the road on the outside the theoretical
linae of the dam - required by'dESign. For illustfation; see

Fiz,~8.4 (a).

Stability Aﬁalysis-of the Upstream Face of the Dam

(1) Basilec Considerations

Stability of the upstream face of rockfill dams is
analyzed for various operéting_conditions corresponding
to'the'various'stages of construction and operation,'such :
as gnd'of constructibn-stage or_some'intermediafe stage,
full reservoir level or_steady'seépagé, and a drawdown

stage from full of’pértial"pool. ‘Earthquake effects may

8-10



be included for the case of a partial or full pool or the

end of construction condition.

In case of the Ambuklao Dam, however, it is quite ade-
quate to study the stability of the slope for the case
when the reservoir is at maximum water level with the
.earthquake effects included. This is the case of a
maximum loading which will produce minimum safety factor,
The other loading cases mentioned above are not relevant,
as this 1s an old dam which has been in service for over
30 years and has been subjected to the above loadings for
long time without any adverse effects. For referencs
purposes only, the loading condition consisting of a low
reservoir water and earthquake has been also studied and

" the results are presented herein,

In the present analysié, the ﬁpper end of the sliding
surface was assumed to be located on the shoulder of the
downstream face. In case -of an optional sliding, the
surface sliding for which the safety factor was expected
to be minimum was selected, and, then, the analysis for

each case was carried out.

The physical properties of the embankment materials shown
in Table-8.1 were used, The physical properties of the
materials for Zome A determined on the basis of soil
tests as described in Paragraph 8.1.3, were also used as

"applicable to these materials,

Séctioﬁ 86 with the steeper average upstreanm slope was
selected for analyzing the cross section of the dam for
stability., For analyzing surface sliding, however, sec-
tion S16 was selected as a section with steepest partial
'slope-(1'vértiCal'td'1;32 horizontal), The flow net of

‘the core zone, shown in Fig.-8.5, drawn on the basis of a

8- 11
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trial and error principles, was used as required for the

analyses.

Total of ten cases were analyzed including the surface
sliding. They are all presented in Table-8.4. They were
calculated for Section S16. For the first six cases, the
reservoir water was assumed at maximum level, Elevation
752.0 'ﬁeters,"and “the earthquake effect with a coeffi-
cient of K = 0.15.

'T_he cases analyzed differ from each other mainly in
physical properties of the materials as assumed for the
purposes of the analysis. Case 7 was analyzed for the
minimum  reservoir levél, Elevation 694.0 meters. Cases
' 8,.9 and lﬁ comprise surface slidings assuming a semi-

infinite slope.

8 - 13



Table-8.4
Ambuklao Dam

Upstream $lope

Data on Analyzed Cases

Case

Shear Strength of Materials Coefficient of Remarks
Number | Core Filter Rockfill Seilsmicity
cd =0 Cd = 0 ! cd = 0
1 gd = 15° ldd = 35°  dd = 40° 0 Original Design
: Condition in 1987
2 fCeu = 0 - ditto - | - ditto ~ 0.15 Core zone § cu
gecu = 15° |
3 ! Ced=0,377 -%— ditto - - ditto - ) Soil 'test results
" ided = 29° ' ' (Ch) for core zone
4 . Ccu=0,645 .- ditto — | - ditto - 0.15 Soil test results
Zécu = 23° (CU) for core zone
{5 l-ditto -~ ~-ditto- [[Tobe | 0.15 - ditto -
i ; calculated
| by back
analysis
; for
‘? . -S'OF-=1.0
6 ~ ditto - !- ditto - | - ditto - 0.15 - ditto -
' % ' for : '
| S.F.=1.2
: { : ' . .
Fi -~ ditto - - ditto - { Cd = 0 0.15 Original design
: ‘Jfcondition at
§ L.W.L.
8 - - ~ ditto - 0.15 Surface
sliding
condigion
9 Lo - - ditto - 0.15 - ditto -.
Siope gradient
1to be calculated
for S.F.=1.0
10 - - Cd =0 0.15 - ditto -
gd = 43° S '
Note : CD ...; Consolidated - drained ébndition.

CU .... Gonsolidated - undrained condition,

8 - 14




(2) Results of Analysis

The results of the analyses performed for the cases

listed in Tablé~8.4 are summarized in Table-~8.5.

As can be seen from Table-8.5, Cases 1 and 3, both
without seismic effects, give safety factors of 1,478
and 1.484, respectively, which are regarded quite satis-

factory.

Table 8~5
Ambuklao Dam
Upstream Slope

Safety Factors against Sliding

Case

Nomber 1z .3 4 5 5 7 8 9 10

Safety 1.478 0.855 1.484 0.857 - - 1.083 0.631 - -
Factor ’ :

¢ value o k] %2

of - -~ - - 44°32' 49°58' -~ - - -
Rockfill C :

':Slopg : %3 *h
Gradient - - - - - - - - 1:2,901:2.50

B Note: %I K=0.15, S.F.=1.0
' %2 K=0.,15, S.F.=1.2
“*3 " K=0.15, S:F.=1.2, $=40°
*4 K=0.15, S.F.=1,2, ¢=43°

" However, Cases 2 and 4 for which seismic effects were
‘¢onsidered, as'shownlin Fig.;8.6,'9ield safety factors of

0,855 and 6,857, respectively, was below 1.0, For Case

8 =15
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5, the value of ¢ for Zone D rock material was obtained
by reverse calculation assuming a safety factor of 1.0,
The value of ¢d was found to be 44°32', For Case 6, dd
was found to be 49°58' assuming a safety factor of 1.2,
The value of ‘dd was expected to be in the range of 43° to
45° assuming that fine and well compacted materials of a
low stress level were actually used, however, dd of 49°

obtained for Case 6, was not expected,

Case 7 computed for the low reservoir level gives a
safety factor of slightly over l.C. Although the reser-
voir water level during the earthquake of April 1985 was
at EL, 703.00 meters, this loading condition 1s con-

sidered to be almost the same as that of Case 7.

It is well known thét the safety factor of a sliding
would be minimum when the slope is analyzed as a sliding
of the surface portion assuming a semi-infinite slope
and that the embankment consists of materials without
cohesion, such as pebbles, rock materials, etc. Case 8,
for example, yields a safety factor of 0.631 which is.
well below 1.0, Inspection of the existing conditions of
the upstream face of the dam indicates a considerable
failure of the riprap at various places along the slope
of the dam. The above conditions confirm the results of
‘Case 8 for which the safety against surface sliding was

found to be low.

Cases 9 and 10 were studied to determine the requirements
' suppdsihg'the new construction-plan. The design gradient
‘of 'the face will be different as affected by the character-
istics of the rock materials to be obtained for the re-
" habilitation ﬁbrk. Based on the results of the field
.investigations; ‘the dlorite located on the mountain

opposite the spillway 1s probably the most appropriate

8 - 17



for use as a quarry site for production of rock materials
for the dam. Since these materials are assumed to have
the same properties. with the rock materials used in the

embankment of the dam,

Therefore, before the rehabilitation work is implemented,
sampling of the materials from the prdposéd quarry site
and triaxial compaction tests (over 430 cm x h 60cm)
should be performed as required to determine the slope
gradient most appropriate for use - in the rehabilitation

work,

As mentioned above, the '‘slope gradient of the Ambuklao
Dam, if it be roconstructed, will need 1:2.50 even if. the
¢ value of rock materials to be used. represents 43°,
However, what should be considered further are the fact
“that -the exiSting dam’ has been ‘in service for over 30
vears and also influences given by the earthq'uakc. It is
very important who- to take these factors into accouﬁt in

the dam rehabilitation plan. .

As indicated on Fig.~8.5, the original design slope was
1:1.75, ~As of 1987, however, it has not been exactly
kept in all the sect.ions_,of the dam proba'bly due’ to set-
tlment of the dam having occcurred for a 1ong period of

time after the construction.

Even if the existing slope be rehabilitated to the design
slope of 1:1.75, it is.judged practically convenient to
cadopt 1:1.80 in the execution of the slope restoration

works.
In the. above case, a séf_ety facjto_r_"of. 1.0 'againét"the

surface’ Slldlng is- obtained when the seismic coefficient

(K) is O, 14 The - design seéismic coef_flcient of the

8 - 18



Ambuklac Dam, as aforementioned, represents K=0.l5 pro-
ducing a difference of 0.0l compared with the above value.
It is generally recognized that there is no direct vela-
thionship between the design coefficient of seismicity
and the acceleration, but through the various processes
.of study and considerations, the maximum accelerations
" can be obtained from the gseismic coefficient as shown

below:

]

In case of K=0.15 Max. acceleration o = 245 to 367 gal

n k=0, 14 " o 229 to 343 gal

It

In comparison of the maximum accelerations, both cases
show more'than 200 gal fespéctively, and it can be said
that as far as response spectra of the Ambuklao Dam to
’earthquake, there is found only little differences bet—

ween both cases, K=0.15 and K=0,l4.

Furthermore, in case the original design slope gradient
of 1:1.75 be:applied, a safety factor against the slope
.sliding‘indicates-l.ﬂ when the seismic coefficient (K) is
0. l36 and thé maximum accelerations (o) stands in the
range of 222 to 332 gal. This case makes little differ-
ences in the response spectra with the aforesaid two (2)

cases.

Since -actual.-sﬁrvey map which shows the upstream face
conditions of the dam below EL,715.00 m is not available,
estlmate “of . rehabilitation costs is based on the assumed
face slope from the survey map for the dam face above EL.
713.00 m as 1ndicated in Flgs.—12 20 and 12,21, Con-
struct1on quantlties for- both slope cases of 1:1. 80 and
=:l 1.75 were calculated on the same cond1t10n as mentioned
.above.' Estlmated construction costs and quantltles are

compared as follows.

8 - 19



Case I Case §£

Face élcpe i:1.80 _ 1:1.75
Embankment incl. 230,000 m3 188,000 m3
incl, riprap

Total cost (US$) 7;333,060 6,028,000
Return period of 46 years 38 years

allowable earthquake

pifference in the cost is about 1,300,000 Dollars. On
the other hand, probable return period of allowable
earthquake is calculated by obtaining value k correspond-
ing to the slope gradient which yield a safety factor
f=1.0 at shear strength of riprap material'($=43.0b). As
a result, it is disclosed ‘that the slope’ 0f71:1.80 will
be able to withstand for earthquakes of 46 probable
years, which is different by 8 years as compared to the

slope of 1:1.75.

As a conclusion, however, it 'is advised to restore the

_existing' slope conceptuslly according to the original

design, but adopt 1:1.80 as a'practical élope gradient

in view of the conveniences for field embankment work,

8,1.5. Stability Analysis of the Downstream Face of the Dam

(1)

Basic Considerations

The various cases Studiéd wére seiecfedfbu the basis of-
the earthquakes which occurred during the high:reser§dir
water level, i.e., the cases for whiéh the safetj'fattor
against sliding of tﬁe'downstréém-faée ﬁoulh.be minimum,_
For comparison, cases Wifhddt éattﬁquéke wéte‘alsd added
to the analysis. The thSiCéi'ptoﬁertiesréf the materi-

als were used in accordance with the data given in Tables

-8.1 and 8,2,

8~ 20



(2)

The analysls was made considering the streongth of the
core material determined on the basis of two different
condltions of mode of load application. There were (a)
consolidated drained and <(b), consolidated-undrained.
These conditions were considered fov analysis of cases

with earthquake,

The cases analyzed aré shown in Tablé—8.6. The locations
of the sections for which the analysis was made are DALOQ,
and $ta,00 + 180 based on the survey conducted in 1985.
The sectlons are shown in Fig.~8.7. The flow-net adopted
for the analysis of the upstream face and shown in Fig.-

8.3., was also used for the downstream face.

Results of Analysis

The'analyzéd cases are listed in Table-8.6. The results

of the analysis are shown in Table~8.7,

~The results of the analysis for Cases 1 and 3, both with-~

-out selsmic effects, show safety factors of 1.347 and

1.396, respectively. These values are regarded to be

8 -2l
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Ambuklao Dam

Table 8.6

Downstream Slope

Data on the Analyzed Cases

Location of

Shear Strength of Materials

Case Coefficiont Remark
Number  §liding Plane Core Filter Rockfill Seilsmicity 8
Cd = 0 Cd = 0 ¢d = 0
1 Point ‘gd = 15° - gd = 35° ¢d = 40° 0 Original
Design
Condition
2 - ditto - Ccu = 0. - ditto - - ditto - 0.15 Core zone
pou = 15° gcu
3 - ditto - Ccd=0.377 - ditto - - ditto - 0 Soil test
gcd = 29° results (CD)
for core
zone:
4 - ditto - Cou=0.645 =~ ditto - =~ ditto - 0.15 Soil test
: : deu = 23°- results (CU)
for core zone
5 Random - w ditto - - ditto - To be 0.15 ~ ditto -
calculated
50 as to
obtain
S.F.=1.0
6 ‘Predetermined Cd = 0 - qitto - Cd =0 - 0.15 Original
Point cgd =715° ¢d = 40° Design
condition
cote zone
(CD)
7 - ditto - Ced=0.377 - ditte ~ . - ditto - 0.15 Soil test
' “ded = 29° result (CD)
for core
zone
8 " Random ‘Ccu=0.645 ~ ditto - - ditto ~ . To be - ditto -
. geu =23 : '~ calculated
so as to
obtain
S.F.=1l0

- Note: €D ...- Consﬁlidated and

€U .... Congolidated and

8- 23
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satisfactory., The results for Cases 2 and 6, both of
which were analyzed with the seismic conditions d1n-
cluded, show safety factors of.0.989 and 0.984 (see Fig.~
8.8.), respectively. Although they are below'l;O, con-
sidering fhe low value of the angle of friction used,

they are also considered to be satisfactory.

Case 7 which was based on the newly cdnducted.sdil'tésts
has yielded a safety factor of 1,021. Comparison of the
investigated cases indicate that the differences between
Cases 2 and 6, and Cases 4 and 7 are minimal (seefTableu
8.7). This can be explained‘bY'fhe'fact that “the length

of the sliding plane across the 'éqté is wvery small,

- Table-8.7 Sliding Safety Factors on the Dam Downstream Slope

%2 ¢ Value of Rock=40°,

The angle of friction for the rockfill material for Case
5 was obtained by reverse calculation assuming that the

safety factor should be 1.0 at K=0.15. The angle of

friction obtained in this manner was found to be 40°32'..

Although, no.recent test values for'the_r0ckfill‘material
jn-situ were available, it 1is  assumed -frmn'ékperiénée
that the rock materxial used for the Ambuklao Dam could

have an angle of more than 43°.

8 ~24

Soil test results for core zohe,_S;F.=I;0

Case No, Case-l Case-2 Case-3 Case-4 Case-5 Case-6 Caée;Y .CaSe;S
Safety Factor 1.347 0,989 1.396 1.0i8 - 0.984  1.021 -
é Value of - - - - 4p032fl - -
Rockfill : o
K Value - - - - - - - 0.14
Note: %1 k = 0.15, S.F.=1.0
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Case 8 was investigated to determine the earthquake coef-
ficient corresponding to the angle of friction for the
rockfill material ¢ of 40°, and the safety factor of 1.0,

The corresponding earthquake coefficient "K" was 0.14,

Based on the results of the analysis for Cases 1 through
8, the stability-of'fhe downstream face of the dam is
considered to be generally satisfactory, although -there
were cases for which the safety factor was found to be
about slightly below 1.0. - These were earthquake cases
for which the seismic coefficient K waé assumed equal to
-0.15.

As discussed in Section'B;i.é, it isjwell known that the
safety factor is minimum-wﬁen the stébility of the dam 1is
analyzed as a sliding of a pbrtioﬁ of - the dam near’ the
surface.-:This deéign aﬁproath was not yet developed in

the 1950's,

. The progressive failure of downstream slopes of dams is
assumed to begin initially at the outer portion and then
to progressively.develop into sli&ing-of the inner por-
tion. The progress of such failure ‘is closely related
‘to the duration time of an Eafthquake as of the destruc-

tive external force.

Hydraulical Stability of the Dam

To determine .the' lhydraulic stability of an' embankment dam,
the flow and velodity of the ‘water seeping through the dam

and its foundations must be studied.

The hydraulic stability of an embénkment dam‘isiimpaired when

there is an overtopping of the dam, which may occur during the

initial stage of dimpoundment, or in case of_aﬁ.excessively

8 -~ 26



heavy flood. No observations of any damage or partial fatilure
of the dam or its foundations were observed during and after

the occurrénce of the big Flood of 1976 at the Ambuklao.

Since over 30 years have passed since the completion of the
construction of the dam, the current conditions of seepage
flows through the embankment and dam foundations are con-

gidered to be normal and stable,

Judging from the data on the borehole water level movements in
"PZ-1 and P2Z-2, itfis clear that the water seeping through the
core, exhibits normal behaviour.. For the seepage through the
foundations, it was found that there was an excellent correla-
tion between the water levels in the reservoir and the amount
of seepage through.the foundations, It is assumed that the
above 'lectuations in the amount of seepage thrdugh the
foundations of the. dam have been repeated every year since
the commissioning of the projecf. Therefore, the hydraulic
stability of the foundations of the Ambuklao Dam is also con—

sidered satisfactory,

8.2. Stability Analysis of the Left Abutwent of the Spillway

8.2.1,

- General

The left abutmenﬁ-df'the spillway has a very steep natural
slope. However, the abutment has an adequate thickness in the
‘direction of  the rééervdir'water-pfessure,-and is considered
'to  be a stable structure for the condition of a reservoir
water pressure, Therefore, the'siébility of the abutment is

controlled by the movement of the.grbund water ‘through the

: bedrock;

'After=the occurrence of the unusual flood in 1976, a‘drainage

system'consisting'of drilled holes and adits was installed in

8 -~ 27



the abutment area.: Therefore,. it is assumed that the ground
water in the bedrock of the abutment is kept at a fai¥ly low
level as compared to that before the installation of the

drainage system,

Based on the above considerations, for the stability analysis
of the abutment, it was judged to be adequate to study only
the stability against sliding of the sfeep slope of the abut-
ment taking into the account the effects of the ground water.
Besides, for safety reasons, it is recommended that periodic

observations - of the ground water level fluctuations in the

‘bedrock and movement of the bedrock by rock deformeters, be

carried out continuously.

Details of the stability analysis of the abutment are given in

‘the following paragraphs.

Stability Analysis

The cross sections to be analyzed were selected on the- basis
of a ground surﬁey carried out in 1987. Two basic sections
were selected, They_were”(l)'a_eross section of a very steep’
slope representative of a.relativeiy shallow steep slope in a
limited area, and (2) a cross section of a steep slope. repre-
sentative of a larger area of the abutment, The former is
designated Section J3A and is shown in.Figs.8.9 and 8.10, and

the latter is Section J3B and is also shown in Figs.-8.9 and .

"8.10, The above two cases are representative of a: shallow and

a deep seated slides, respectlvely.

For the analysis, as deecribed above, eonsideration7oﬁ“ground
water ‘conditions was required. For the ‘analysis of the
shallow eliding,' Section (1) above, the underground Water
conditions were not considered-due to the existence of a very-

steep :slope and the: drainage mechanism on’ the surface. Con-

8 - 28
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sidering, however, the existence of a erack in the bedrock,

the seismic effect was added.

For the analysis of the deep~seated sliding, Section (2)
‘above, 50 percent of the ground water was considered to be

effective in case of earthquake, and 80 percent, in case

‘without earthquake. It should be added to the above that

earthquake and heavy rainfall normally do not occur at the

same time.

Tested data on the rock characteristics were not available.
Therefore, the values required for the analysils were assumed

from experience. It was decided to compute the shear strength

‘of the bedrock consisting of cohesion C and internal friction

angle 4, for a Séfety factor against sliding of 1.0.

For the purpose of the analyses, the unit weight of the bed-
rock by volume was divided into two sections. One was for the
part of the slope to about 5 m from the surface, and the other

for part of the slope beyond the first 5 meters.

The following unit weights were assumed:

The first 5 meters:

ywet (wetted) = 2,35 g/qm3

R o 3
Ysat (saturated) = 2,42 g/cnm

" .. Beyond the first 5 meters

8.2.3.

Ywet (wef) = 2.40 g/Cm3
_ysat (saturated) = 2.45 g/cm3

Results of Analysis

(1) Shallow Sliding Surface — Section J3A

The shear strength of the bedrock for Section J3A, corre-

g - 31



sponding to a safety factor against sliding of 1.0, is
shown in Table-8.8. '

It was found that for a safety factor of 1.0 and internal
angle'bf friction of ¢ = 35°,  the required cohesion of
the underlying bedrock was C = 4.3 kg/émz(see.Fig.—B.Il).
The above Included the earthquake effects,

Seismicity is normally not taken into consideration where
stability analysis of foundation rocks is dealt ﬁithc In
this case, the result shows a yield of c¢=3,1 ké/cmz-at
$35°.

The - left abutment of .the spiliway geologically consists
of metamorphic rocks in the upper layers underlain by

diorites. The metamorphic rocks are weathered and

- eracked. Some cracks are well developed and easily

cbserved from the surface.

After considering the above and studyiung the conditions
in the field, it was decided to base the calculations for
the metamorphie rocks on € = 5 kg/émz'and ¢ = 38°., This

produced "a safety factor against sliding above 1.0.

Table-~8,8 Results of AnalySis'- ShalloWZSliding Surface

Conditions of Analysis L -ShearingﬂStrength
Case  Geff. of . N o g ore
Seismicity Seepage = 35° .¢.= 43 __¢u= 29
_ g2 2 : 2
1 0 Hone - C=3.lkg/cm” C=2.3kg/cm” C=1.7kg/cm
2 0.15 _ None C=4.3kg/Cm2 C=3.8kg/cm? C=3.4kg/cm.
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(2)

Deep Sliding Surface -- Section J3B

The shear strength of the bedrock waterial for Section
JF3B as calculated to be required for a safety -factor

against‘sliding of 1.0, 1is shown in Table-8.9,

For this section, the sliding surface 1s assumed to be
deep-seated and slicing through the underlying diorite
of the abutment. The shearing strength of diorite, being

a better rock, is assumed to be considerably higher than

"that of ‘the metamorphic rock. As shown in Table~8.9, for

Case 2, which considers stability of the abutment with 80

percent of pore pressufe in the bedrock, it is found that

‘the cohesion can be only C = 5.5 kg/m2 if the safety

factor of 1,0 1s to be maintained. The assumed sliding

surface for this case is shown in Fig.-8.12,

"As mentiomed previously, it is a normal practice that a

seismic condition 1s not applied for stability analysis
of rock foundation. It is, however, useful that physical
properties of foundation rocks are confirmed through
tests, Generally, it is difficult tasks to obtain thelr
values of high accuracy owing to variations.in the scale
and accurdcy of tests performed and in quality of rocks

as well. However, for Ambuklac Dam where drain adits

"have been provided fortunatély, it will be possible to

conduct in-situ tests at a. proper scale,

8 - 33
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Table-8.9  Results of Analysis ~ Peep Sliding Surface

Conditions of Analysis Shearing Strength
Case “GSeff. of . . .
. : = = 4 =
Seismicity Seepage & 35 ¢ 45 ¢ = 50
. 2
1 0 None C=3.1kg/em” at C = Q%1 at ¢ = 0%
' %3 2 2 2
2 0 80% C=15kg/cm” C€=5.5kg/em” C=1.5kg/em
3 0,15 50% C=20kg/cm2 =10 kg/cm2 C=5.0kg/cm2

Note: =1 S5,F, = 1,071
*#2 S.F. = 1.303
%3 Case 2 shall be critical condition and referring to

- Fig,-8.12'
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3.3, Stability Analysis of the Spillway Training Wall

8.3.1. Basic Considerations

The spillway training wall is located on the right hand side
of the spillway entrance between the spillway control struc-
ture and dam embankmeﬁt. It is a reinforced concrete struc-—
ture of an reverse T shape, The spillway consists of five

bays with dimensions as shown in the following tabulation:

Bay Height (m) Length (m)
1 21.00 : 11.59

2 21.00 14,47

3 21.00 - 16.05 10.47

4 16.05 - 11.10 10.47
5 11.10 - 6.00 . 115.00

The bays are separated by vertical contraction joints.

" Since the watertightness of these joints was damaged by the
earthquake of April 1985, a rehabilitation work on the joints
~-had been carried out. Because of the above damage, it was
decided to analyze the stability and the adequacy of the

cross-section of the traiming wall structure.

The analyses carried out in this connection are described

below.

B.3.2. ‘Stability Analy$is

(1) Conditions of Analysis

The stébility'analysis was carried out for Bay 1 shown in

8 - 38



¥ig.~8.13, which is the largest of the five bays of the

spillway control structure.

The stability of the training wall was investigated for
overturning, sliding and bearing pressure on the founda-
tion. Normal and seismic loading conditions were con-
sidered. 1In addition to the stability, adequacy of the
reinforced concrete design of the structure at the criti-
cal points was also investigated. For this purpose, the
amount of reinforcement and the size of cross sections of

the structure at different locations were checked.

Three cases of load application were studied. They are
craphically presented in Fig-8.14. The results of the
analysis indicated that there are no big differences
between the three cases. The.type of analysis performed
is indicated inuTable—B.IO. The peometry of the wall is

shown in Fig.-8.13.

Cases of Analysis

Earth Pressure

Case No. acting on Type of Analysis
1 " Vertical Plane R
2 ‘Inclined Plane Stability fer overturning,
L sliding and bearing
3 Vertical Plane, pressure,  Normal and
o Front Footing earthquake conditions.

omitted

=8 - 39
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(2} Formulae

(a) Earth pressure

Earth pressure, normal condition

2

1
PE = 5 Ky*Y* b cavavniiiiiiiiia, (8-5)

Earth pressure, seismic condition

Py, =_~;~.KEA.,Y.h2 enanan, (86)
where,
PE = Active earth pressure.(normal condition, t/m)
EA Active earth pressure (seismic condition,t/m)
KA = Coefficient of active earth pressure in
Coulomb's formula (normal condition)
KEA = Coefficieﬁt of active earth pressure in
Coulonb's formula (seismic condition)
= Unit weight by volume of soil (t/m3)
“h = Height of wall of backfill m

(b) Coulomb's coefficient of active earth pressure

Nofmal and Seismic Conditions

o cos?(¢-B
K- cos”($-8) r— — (8-7)
' 20, _ ﬁngwshﬂWﬁw
cos?8rcos(8+6) [}?/;os(¢+§)cos(¢—a)
K. = — 0032(95'80"‘9) .
BA [ B
. 2. Pkl Sl A
cosBp cos 0 cos(8+ﬁq+5) L1t//cos(6+90+6)_‘
2
-sin{¢-0~0yg) _
where, o Eggfﬁfajhﬂg— ] seeenneees (8-8)
$ = Angle of internal friction of soil,
' degree _
§ = Angle of the back of the wall with the

“vertical plane (°)
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~1

8, = Seismic composite angle = tan K
Kh = (Coefficient of horizontal selsmicity
§ = Friction angle of the wall surface (°)
o = Angle of the backfill surface with the

horizontal plane (°)

(c) Eccentricity of Loading

e =5~ d et (899

where,

e = FEccentricity of loading, or the distance
from the center of gravity of the base
of the point of intersection of the re-
sultant With the base.

B = Width of footing (m)
= Horizontal distance from the point of
origin (rotation) to the point of inter-
section of the resultant with the base
This;f;s equal to ( XMy - IM) /P,
¥ M = Summation of moments of -all -vertical
forces about ﬁhe'ﬁoiﬁt of origin (t-m/m)
'X?H{ = ‘Sunmation of moments of all horizontal
forces about the point of origin.(t-m/m)
X PV = Summétion-of all vertical forces'(Total

vertical- force. (t/m)

For stability, the following requirement should be

satisfied:

e X B/A



{d)

(&)

q

Safety Factor
The safety factor against sliding was calculated
using the following formula:

-=EP t IR R E RN A N -
y tan é_B/ ZPH (8-10)
re,
S.F,= Safety factor against sliding
éB = {(oefficient of friction between concrete

and foundation rock

Foundation Bearing Pressure

For e = 0
qmax = LPV{B Cerresarsrnessastisoas veees (8-11)
For e < B/6

- 3p /B(L + 58y : (8-12)
max = 2Py R R RAERRECERR T

For

e > B/6

2 ZPhy o
v e R R R R RRRLRE (8-13)

: . . . . 2

where, DUoax = Maximum bearing pressure (t/m )

-~ Allowable Bearing Ldadig&

o Qu
5

:',.A‘ {-G.K'.CiNc + Koq-Nq +‘_;T -Y]'--.B. B"NY}

crissraaes (8-14)
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(3)

where,

A?

Y1

Y2

B'

Ne, Nq, Nr

: Makimum'bearing load of foundation (t).

Safety factor, assumed 3 for normal
lbading condition, 2 including seismic
effects.

Cohesion betweén concrete and foundation
rock (t/mz) .
Surcharge (t/mz) = Df
Effehtivezfoundation area (mz)

"Unit  weight by volume of foundation

maferials’(t/m3)

Unit weight' by wvolume of penetration

' part of foundation

Effective loading area including eccen-

tricity = B - 2e _

Width of foundation (m)

Eccentricity of loading (m)

Effective depth of foundation penetra-

tion {m)

“Coefficient of foundation shape (in case

of a long and narrow shape = 1.0, 8 =

1.0)

Coefficient of penetration effect equal

. P f
tor 1 + 0.3 EET_

‘Bearing -force .coefficient considering

the resultant lOéding

Results of Analysis

The results of the analysis described ‘above - are éum—-

marized in Table-8.11. 'All loading conditions with and
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without eatrthquake effects have yiclded very satisfactory
results. ~This includes the safety against overturning,

sliding and allowable foundation bearing pressure,

For the foundation bearing pressure, adequate safety
factors both, for normal operating and seismic condi-
tions, were obtained assuming C = 0,51 kg/cm2 and #=40°,
The above values for C and # are considered to be on the
safety side consideriﬁg the shearing strength of the
foundation. Since these safety factors are for the
normal allowable bearing pressures on the foundation, the
safety factors for limit bearing pressures will be 3 for

normal loading condition, and 2 for seismic condition,
The allowable safety factors were assumed to be 1.50 for

normal loading condition, and 1.30 for cases with earth-

quake.
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8.3.3. Structaral Analysis

(1)

Vertical Stem

Structural analysis of the training wall was carried out

- to determine the adequacy of contérete and reinforcement

design. For this purpose, a horizontal section through
the astem of the wall at its connection with the footing
was structurally analyzed. This is section A-A in Fig.-
8.15, The eartiiquake effects were included. The wall
was analyzéd'for backfill pressures as shown in Fig,-
8.15.

The shearing force and the bending moment ‘acting on

Section A-A, the horizontal plane between the vertical

"stem of the wall and its.footing, were computed to be

as shown below:

~ Shearing force on Section A-A

This load conmsists of a load due to own weight plus

earth pressure, and is equal to:

21.66 + 155,56
177.22 t/m

A_Beﬂdingrmoment on Section A-A

The bending moment on Section A-A is also caused by own
weight plus earth preséure from backfill, and is equal

to!

= 165.38 + 1,088.92
= 1,254.30 t-m/m
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The stresses due to the above were calculated using for-

mulaeée (8415),:(8—16)'and {8-17), as shown below:
{a) Compressive stress:

2e ’
O = = e, (8515)

7
" Krjebed

{b)  Shearing stress:

S

Te = *ETETE— cercrrcraaresaresessranseses (8-16)

{c) Tensile stress In the reinforcement:

M

U = et IIODIIﬁ......"!.'.I...'..I -
s Aeejed (8-17)
where,
M = Bending moment = 1254,30 t-m/m
3 = 1-%-0.903
K = Neutral axis ratio = J; pn + (pn)2 - pn
= (,2903
n = Young's modulus ratio = 15
. _ : - . . As
p = Reinforcement ratio = —p—— = 0.003959
As = BSection area of reinforcement
= #10 BAR @125 wm x 3 lines
= 190.02 cm®
b = Width of investigated concrete cross section =
100 cm

'd = Effective height of above section =
500 -°20 = 480 ¢
S = Shearing force = 177.22 t/n
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The stresses in Section A~A of the wall were calculated
using the above formulae and loading conditions, The

results were:
' 2 2 - : 2
g = 41.5 kgfem', v = 4,1 kg/em™, and a = 1.523 kg/m

- a, and 7, are compressive and shear stress in the con—
crete, respectively, and

'“ag = tensile stress in the reinforcement.

The level of the above stresses are all judged  to be
acceptable, and, thus, no problem is expected because the
tensile stress in the reinforcement ‘is lower than the

‘allowable ( Osa = 1,600 kg/cﬁz)of ‘the training wall,

(2 Footihg

For the structural analysis of the footing,-it.is'ade—
quate to verify the compressive and tensile stresses of
the concrete, and the tensile stresses of the reinforce-
ment 1in ‘the vertical - section of the joint between the
vertical wall stem and the fodting. Tﬁis'is Section B~B

shown in Fig.-§.16.

~ Shearing force on Section B-B

This force consists of a load due to own weight plus

foundation reaction, and is equal to:
= =38.68 + 281,35 = 242.67 t/m

- Bending moment.on Section B-B

The bénding'ﬁoment acting on this section consists of
a bending uwmgnt due to own welght plus the bendiug

moment due to foundation reaction.
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The total moment is equal to:
= 142,72 + 1195.74 = 1053,02 t/m

The corresponding siresses were computed using formulae
(8-15), (8-16) and (8-17) shown above.

The section area of the reinforcement actually used is As
= 158;34-cm2; The reinforcement is 3 lines composed of
#10 bars spaced at 150 mm. The effective height of the
cross section was calculated using the cross section.of

the foundation as actually excavated.
The analysis produced the following results:

; 2 . - 2 2
oc = 62.4 kglem™, Te = 7.7 kgfem and Os = 2,116.5 kg/em
The above conérete compressive stress is well within the
“allowable limits. The tensile stress in the reinforce~
ment is adequately below the yield point (2,400 kg/cmz).
Thefefore, a safety factor against the yield point was
obtained as 25400[2;116.5, that iz 1,13 showing more than
1.0,

As ‘the tréining wall is an existing structure which has
" been in service for over 30 years, the above values are

considered acceptable,

8.4. Comments on the Finite Element Studies for the Ambuklao Dam,

' Final Report, Salvador F. Reyes, Consultant, Sep. 24, 1985
' After the earthquake of April, 1985, a dynamic analysis for the

Ambtklao Dam had been performed by F.EM., Finite Element

Method;'ByEDr. Salvador F. ‘Reyes, a private consultant from the
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Philippines. The Report on the above dam analysis, entitled as

shown above, was prepared and presented to NAPOCOR.

Comments on this Report are presented below:

(1)

(2)

(3)

- (4)

It 1s difficult to set up a model where distribution of the

material characteristics will be the same or similar to the
those of the real structure as the element distribution of
the model is rough (total of 35 elements). Finer element

distribution is required at the'upper'sections of the dam,

The characteristics of the dam embankment materials were
divided into two parts, one was for the core and the other
for the rockfill. . The model can be improved if the charac-
teristics of the filter zone and the differences of the
characteristics within the dam embankment as affected by

depth, were also introduced.

Characteristics of core zone materials.-.Although eongoli~.
dation,: triaxiai, compaction and direct shear tests were
carried out using undisturbed samples, the results of these
tests should be consiously evaluéted, as they were not
dynawic, but static tests. There is no'descripfion in the
Report on how the. test results were applied. Tt is as-
sumed, however, that the test results were uSedjcarefﬁlly,

properly and effectivély.

- Characteristics of -rockfill materials, Poisson's ratio was

fixed at 0.3, Fig.-8.17 shows the distribution of Pois-
son's ratio of two rockfill dams in Japan, -as a réefer-

" e . : _ T Sl
ence, 1 Besgides, YOung’s.modulus E for rockfill zone was

computed by the fbllowing'formula:

*1 "Sfudy on'Stability'Analysis,:Designjand Coqstfﬁction'
‘of Rockfill Dams” by.Tsuguo HARADA,le?Z.
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(5)

(6)

E = KeP N R R R R R N T T T (8“18)

where,

~
It

Constant value = 85 (assumed)

Average normal stress

The wvalue of K in formula (8-18), above, has heen deter-
mined ‘using the horizontal displacement of the dam crest
caused by rising of the water level to EL 740.00 m during
the period from 1955 to the beginning of 1966. Therefore,
it can be assumed that this value was determined on the
basis 'of the displacémént obtained'during the initial im-
pounding. The displacement characteristics of ‘rockfill
dams between initial impounding and after repeated impodnd—
ing (See Figg-S.iS), are very much different. Therefore,
it is not advisable to use these data as shown above. The
displacement data of ' the later periods should have been
included. In addition, it is not clear how the average

normal stress P was calculated.

Although the occurrence of the crack on the dam crest is
indicated by the mode of vibration, it is doubtful whether
the prediction of a crack occurrence should be based on its

mode above,

Predéminant period of a rockfill dam. If the cross section

‘of the dam 1s assumed to have a triangular shape and is

assuned to'possess'avideél elastic bhody with isotropic and

“homogeneous, the period of first mode of shearing may be

“indicated by the following formula :

L e H . . -
? - 2061,vg- Illl........!i.'v.rqu‘vi'cil‘l (8 19)
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where,

=3
]

Period of first mode (sec)

H = Height of dam = 129 m
Vs = Velocity of shearing wave = 500 m/sec (assumed)
V = Poisson's ratlo = 0,35 (assumpted)

The period calculated by formula (8-19) is T = 0.67 sec.
In adddition, the periéd'calculatéd'by the use of the ex-~
perimental formula of Messrs, Okamoto and Tamura, shown
below, is T = 0,65 sec,
T = 05 X o ereseiiinnanrrinieaenaenss (8-20) |
The period as calculated and shown in the above Report is
T = 3.23 sec, five times Biggér than the. predohinant

periods calculated by formulae (8-19) and -{8<20), above,

The shearing velocity of the dam materials calculated by
formula (8-19), ébove,:and using T = 3.23 sec., is Vs =
100 m/fsec. It is difficult to accept such a small value
for shearing wave velocity, not only for the Ambuklao Dam
which was built 30 years ago, but also for any rockfill
dam at the time of impounding, =~ Therefore, it is assumed
that it wust have been an error in‘this_parf of the analy-

sis.

Doubts also exist with regard to the calculation of the

second mode and the following mode.

The periods of first shearing mode in  the upstream-down-
stream direction for émbankment' dams due microttémo;,
vibration test_by-blasﬁiﬂg, eafthquake-obserﬁations, etc.,
are shown in Fig.-8.19. The value of T = 0, 65 or 0.68
Sec., for the Ambuklao Dam, based: or the above data (see
Fig.-8. 19*% appears to be appropriate. This further rein-
forces - the view that value of T = 3.23 sec. is something
out of the ordinary, and, therefore; it thus should be

reevaluated,
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