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PART 1 HYDRAULIC DESIGN CALCULATION

1. Spillway

1.1 Hydraulic Design Value

An energy coefficient "a” in the following equation is assumed to be 1.0 in this design calculation:

HY = aV228) v (Eq. 1)
where, hv @ velocity headinm

h : mean velocity in m/s

g : acceleration of gravity (= 9.8 m/s?)

Manning's coefficient of roughness is assumed as shown in the below:

1) Approach channel
2)  Side channel wough
3 Transition channel
4) | Chuteway

1.2 General Layout

0.014
0.018
0.008

friction loss in neglected

friction loss in neglected

for assessment of water level

for assessment of specific energy of flow to be

dissipated

General layout of the spillway s as shown in Fig. 1.1. Basic candition for design of the spillway

are deterrnined by the basic design as summarized below;

() - Discharge’

(a) Prabable max.imum flood 1,890 m?/s
(2) Reservoir water ie’vél
@ Nomnal ﬁigh water level .
(= crest elevation of uncontrolled overflow weirj_ EL. 1890 m
()] Design flood water ievel EL.193.5m



1.3 Hydraulic Design of Approach Channel

Approach channel has such a hydraulic function as to guide water from the reservoir to the
overflow crest under stable and low velocity flow condition without causing excessive urbulence
and abrupt changes in velocity of approach. For attaining this function there are the following

design criteria;

(lay PH=z 02" (To restrict decrease of discharge coefficient due to downstream apron
effect within 10 per cent)
(b PH=207 (To eliminate downstream apron effect on discharge coefficient of

overflow crest)
() Vs40m/s  (Forapproach channel protection)

3 Fr<04 (For stable subcriticat flow)
where, P : overflow crest height measured from approach channel floor, inm
H : overflow head above overflow crest apex, in m

V : Velocity of approach, in m/s
Fr : Froude number of approaching flow

g
= [H
V]
P
T

For above condition of (1a) is normally adopted to minimize downstream apron effect on disdhargc
coefficient. However, the severer condition of (1b) IS herein adopted so as to ensure design
discharge capacity independently from the downstream apron elevation in the side channel trough.
When bottom clevation of the approach channel is set at EL. 185.0 m being 4.0 m lower than the
overflow crest elevation, all the above conditions are satisfied ag éhown below:

For Spillway Design Discharge

(b)) P=40m
H=1935-189.0=45m
Then, P/H = (.889 > 0.7

2) Q= 1,890 m3/s
q=0Q/B

= 1,890/90 = 21.0 m3/s/m
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Y=g/(H+P)
=21.0/(4.5 +4.0)
=247 mfis<4.0m/s

a/lgH + P)3)1/2
21.0/9.8 (4.5 + 4.0)3)1/2
0271 < 0.4 .

€)] Fr

it

It is then concluded from a hydraulic point of view that the bottom elevation of approach channel is
to be set at or below EL. 185.0 m that is 4.0 m below the uncontrolled overflow crest. Actural
bottom elevation of the approach channel is determined at EL. 185.0 m through the layout design
taking into account the topographic and geologic conditions of the site as well as arrangement with

the other struCtures.

1.4 Hydraulic Design of Uncontrolled Overflow Crest

An ncontrolled overflow crest is provided s0 as to make spillway discharge only dependcnt on the

reservoir water level and not to be affected by the downstreamn flow condition.

1.4.1 Profile of uncontrolled overflow crest

The profile consists of the following 4 parts (refer 1o Fig. 1.2).

(1) Upstream vertical face 7
2 Compound circular curve upstreamn from the cest apex
()] Semi-nappe curve from the crest apex to the point P where the curve has a stope of 1=0.8

(4)  Straight line having a slope of 1=0.8

The downstream slope of 1=0.8 is determined from a viewpoint of the stability of the overflow

weir.

I-3



Semi-nappe curve of the overflow crest are designed by the following equation:
Y/Ho = -K (X/HO)P e RN (Eq. 2)

where, Ho : design head of overflow weir
=4,5m
K.n: constants depending on slope of npstream face of the weir and velocity
of approach, To be read from Fig. L.3.

Discharge per meter of overflow crest is obtained below for the spillway design discharge:

q = QB
1,890/90
21.0 m3/s/m

il

Velocity of approach Va and its velocity head ha are expressed by the equalions:

Va = G +H0) cooviornnnnrinresss s ®q.3)
“ha = VaZ/(2g) '

where, ho=Ho-ha=45-ha

Eq. (3) is solved to obtain Va = 2.57 m/s and ha = 0.34 m as shown below:

ho = 4.5 -0.34
= 4.16 m
Va = 21.0/(4.0 + 4.16)
= 2.57Tmfs
ha = 2.572/(2 x 9.8)
=034 m
A parareter ha/Ho will then be:
ha/Ho = 0.34/4.5
= 0.076m

1-4



‘With this parameter, the constants K and n are read from Fig. 1.3 as follows:

K =0511,n= 1.842

Then, the curve from apex of the crest (origin of coordinates X and Y) to a point P shown in Fig.

1.2 is given by the following equation:
Y/4.5 =-0.511 (X482 e Eq. 4)
Qr

Y = -0.144x1.842

Coordinates of the point P is given with a condition that the curve has a slope of 1=0.8 at this point

Pas follows:
Y= -0.144 x 1.842%0-842 = .10.8
Then, coordinates X and Y of the point P will be:

X = [1/0.8 x 0.144 x 1.842))1/0.842 = 6305 m -
Y =-0.144 x 6.3051.842 = 4 279 m

Parameters for a compound circular curve that is adapted as an upstream profile from the crest apex
are also read from Fig. 1.3. They are: '

XefHo = 0.248 : Ye/Ho = 0.099
R1/Ho = 0.492 R2/Ho = 0.205

Substituting ‘the design head Ho=4.5 m to the above equations, coordinates (Xc, Yc¢) of the
upstream end point of the compound circular curvature and their radii R1 and R2 are obtained as

follows:

Xc=-1.116m Yc=-0437m
R1=2214m R2=0923m"

" Profile of the uncontrolled overflow crest are thus determined ‘as shown in Fig. 1.2.
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1.4.2 Discharge coefficient

The discharge over an ogee crest is given by the formula:

Q=CBHIY (Eq. 5)
where, Q discharge in m3/s
C : avarable coefficient of discharge
B effective length of crest, inm
H total head on the crest, in m, including velocity of approach head, ha

The discharge coefficient C in the above formula usually varies from 2.0 to 2.2 for the design head
of the overflow crest depending on the bottom elevation of approach channel, shape of crest profile,

downstreamn apron effect and tailwater effect.

Bottom elevation of the approach channel and shape of the uncontrolied overflow crest profiles
have been determined. The side channel trough will be designed so that the downstream water level

wilt not affect coefficient of discharge of the overflow crest as a free overflow,

The discharge coefficient for the design bead of Ho=4.5m is checked in accordance with the

Iwasaki’s formula as follows:

Cd =2.200 - 0.0416(H/P)0-990 | ... (Eq. 6)
C = 1.60 [1 + 2a(HMHDY(1 + a(H/Hd)]

where, Cd : coefficient of discharge at H=Hd

C : coefficient of discharge at an operating head of H

Hd : designhead (=4.5 m)

H :  total head on the crest, in m, including velocity of approach head ha
P . crestheight measured from approach channel floor (=4.0 m)

constant, io be solved from equation
C=Cdattl=Hd

Substituting H=4.5 m and P=4.0 m to Eq. 6 discharge cocfficient is estimates to be 2.153 as

follows:

1.60 [1 + 2a(H/HA)V/L1 + a(H/Hd)]
1.60 (1 + 2a)/(1 + a) = 2,153

2
B

il
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Solving the above equation for "a"
a= 05281

Then, discharge coefficient for operating heads other than the discharge head are given by the

equation:

1.60 [1 + 1.0562 (H/H)/[1 + 0.5281 (H/Hd))
160 (1 + 0.2347HY/(0.1173H) e {(Eq. D

(!
H

Estimated Discharge Coefficient and Discharge Capacity
of Uncontrotled Overflow Crest

RWL. o PP

(EL. m) H{m)

189.0 0 ; 0
189.5 0.5 1.680 54
190.0 1.0 1.768 159
190.5 1.5 1.839 304
191.0 20 1.904 485
191.5 25 1.963 698
192.0 3.0 2.017 943
192.5 3.5 2.066 1,218
11930 40 2.111 1520

. 1935 4.5 2.153 1,890

Note: Q =90CH!5
The estimated discharge rating curve of the controlled overflow crest is shown in Fig. 1.4. These

discharge coefficients and discharge capacities are, however, subject to modification based on the

results of hydraulic model test.
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1.5

Hydraulic Design of Side Channel Trough and Trans.itional Channel

Water spilt from the uncontrolled overflow crest is collected in the side channel trough and is

guided to the chuteway through by the transitional channel.

1.5.1

1)

2)

1.5.2

Section and profile of side channel frough

Cross section

Cross section of the side channel trough consists of 2 side walls and 1 floor slab. The
uncontrolled overflow weir forms a wall in the reservoir side having a slope of I=0.8. The
mountain side wall is designed to be 1=0.15. Bottom width bf the side channel trough is
determined through trial designs to be 25.0 m at its downstream end and 12.5 m at its

upstream end respectively.

Profile

The side channel trough has a length of 90 m being equal to the crest length of the overflow
weir. Bottom slope of the side channel trough is 1=45. Bottom elevation at the
downstream end of the side channel trough is EL. 176.0 m and one at the upsiream end is

EL. 178.0 m respectively.

Flow condition in side channel

There are the following criteria for hydraulic design of side channel trough:

i)

Flow in a channel trough is to be subcritical to attain large water depth and low flow

velocity in the trough for good diffusion of incoming water from overflow crest with water

bulk in the trough.

Water level in side channel trough at its upstream end is to be set below such level as not 1o

cause downstream submergence of overfiow or:

DL H oo, e, R Eq. 8)

where, D ¢ waterdepth it the side channel trough at its upstream end measured from
the overflow crest, inm
H : operaiing head of flow over the overflow crest, in m
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The second condition will be checked in paragrarh 1.5 based on the water surface profile
catculation.

For attaining subcritical flow in the side channel trough and transitional channel as well as to keep
certain water depth in the trough for discharge less than the spillway design discharge, a control silt
is provided at the downstream end of the transitional channel. However, for securing subcritical
flow in the rough under the spillway desigﬁ' discharge. bottom slope of the side channel trough is
designed at a gentler slope than the critical slope ic for the spillway design discharge.

The critical slope ic is checked below for the downstream 9.0 m reaches of the side channel trough.
This section interval is taken as 10 per cent of the trough length 50 m.

1) Design conditions and criiical flow
Section 1 at Section 2 at
9.0 m upstream downstream end
~a) Design discharge Q  @m3m) 1,701 1,890
b) Bottomn width B (m) - 2375 ' 25.0
c) Critical depth D (m) 7.55 715
d) Critical flow arca A (m?) 206.39 22228
€) Critical flow velocity Vo (m/s) 8.24 8.50.
D Hydraulic radius at R 5.03 5.10

cnitical flow

The above values are obtained by the following equation where subscript 1 denotfes values
of the upstream section "1" of the reaches and subscript 2 denotes ones of the downstream

end section "2";

(a) Q2= 1,890 m3/s (spillway design dischérge)
Qt = (1,890/90) x 81
= 1,701 m3/s

(). Bz2=250m
B1= 12.5 + (12.5/90) x 81
= 23.75 m

© Critical depth, arca, velocity and hydraulic radius of cach seclion are obtained by
'solving the following equation for critical flow in an open channel by trial and

method:

1-9



2

dA'
@ 7B
where, a : energy cocfficient (=1.0)
g : acceleration of gravity (9.8 m/s2)

Q : discharge inm3/s
A T (2B+095DYDy2

B : bottom width of channel, inm

Bs : channel width of water surface, inm
=B +0.95D

D :  waterdepthinm

R :  AAB+2.29D)

Critical slope ic

A channel having the same section and discharge with the designed side channel trough but
having the critical channel slope ic for the spiliway design discharge is first assumed. In

. this case, flow will be critical throughout the channel reaches of 9 m.

Water level rise "dy” in this assumed channel reaches from the downstream end section "2"

to the upstream section 1" is estimated by the Hinds formula as shown below:

(QU/8) [CV1 + VI/QI + Q2] [(V2 - V1) + V2 (Q2 - QU/Q] ... (Eq. 10)

]

dy

(1,890/9.8) x {(8.30 + 8.24)/(1,890 + 1,701}]
x {(8.50 - 8.24) + 8.50 x (1,890 - 1,701)/1,701]
1.083

1l

Accordingly, profile of this channel reaches will be as shown below:



Sectlion i Section 2

{
e dy=1,083m

g
0 Critical fiow &
! t
n [
d’ . . : . 1

- Crnlco}slope o iy
w
0 -

From the above figure, the critical slope ic is obtained as follows:

[(D24+dy)-D1I/L o (tq. 1)
[(7.75 + 1.083) - 7.551 /9.0
1/7.0

=
i

I}

The design channel slope of 1/45 is gentler than the critical slope of 1/7.0 resuliing
Subcritic_al flow in the side channel trough under the spillway design discharge even

without the control sill at the end of the transitional channel.

1.5.3 Section and profile of transition channel

The transitional channel conveys water collected in the side channel trough to the chuteway under

‘suberitical flow. The transitional channel is designed as shown below:

(1) Cross section
@ Type Rectangular
®)  Width | 25.0m
(2  Profile
(a) Channel length 500 m
(b).  Channel slope o 1= 1,000
© Bottom elevation at the upstream end EL. 1760 m

(d) Bottom elevation at the downstreamend EL. 175.950 m

3)  Plan | : Straight axis

1-1



4 Control sitl at the downstream end

(@) Height above channel floor _ 1.042 m
(3] Slope of upstream face vertical

Width of the transitional channel is determined to be the same with that of the side chann_el trough at
its downstream end in view of stable flow. A control sill is provided at the downstream end of the
transitional channel to realize subcritical flow in the upstream transitional channel and the side
channel trough even for discharge less than the spillway design discharge as well as smooth flow
uansition from subceritical in the upstream channels to supc:rcriiical in the downstream chuteway.
Height of the control sill is assumed to be 1.0 m refering to other spillways, and is subject to

“modification by a hydraulic model test,

1.5.4 Flow condition in transitional channel

For secuﬁ'ng subcritical flow in the transitional channel the channel slope needs to be gentler than
the critical slope ic for the spillway design discharge. The critical slope ic is obtained below:

(1) Critical depth

Critical depth D¢ in a rectangular section is given by:

De=[@Qd/@BYB . (Eq. 12)
where, Ix ;  critical depthin m

a energy cocfficient (=1.0)

g acceleration of gravity (=9.8 m/s2)

0 discharge (=1,890 m3/s)

B channel width (=25 m)

Substituting respective values (0 Eq. 11, the critical depth is obtained as follows:

1,8902 /(9.8 x 252)11/3
835 m

Iz
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V5] Critical slope

Critical slope ic is €qual to a friction loss slope of the criticat flow, or:

ic = (n2Q2) / (REBACD) Lovviee e, (Eq. 13)

where, ic

& &0 F

criticat slope for Q

Manning's coefficient of roughness (=0.014)
discharge (=1,890 m3/s)

critical hydraulic radius inm

critical flow area in m2

Based on the critical depth of D¢ = §.35 m, the critical slope ic is obtained by Eq. 12

below:

it

1

B¢
25 x 8.35
208.75 m2

Ac/(B +2D¢)
208.75/(25 + 2 x 8.35)
501 m

Hence, the critical slope is:

It}

(0.0142 x 1,890%) 7 (5.01%3 x 208.75%)
0.00187
1/535

The design channel slope of i = 1/1,000 is gentler than the above critical slope of ic = 1/535.

Therefore, flow in the transitional channel at the spiliway design discharge will be subcritical even

without the control sill at its downstream end.

1.5.5  Water surface profile in side channel trough and fransitional channel

Water surface profile in'the transitional channel is first checked in accordance with the following

equation for non-uniform flow-in an open channel:
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2 2
dh i"fi%?@" (% t 85%5 %%
ax = anB .............................. (Eq. 14)
- oA
where, b water depth inm
X coordinate along channel, in m
i channel slope (= 1/1000)
n Manning's coefficient of roughness (=0.014)
Q discharge in m3/s
R hydraulic radius inm
A flow arca in m?2
a energy coefficient (= 1.0)
g acceleration of gravity (= 9.8 m/s2)
B channel width (= 25 m)

Boundary condition of Eq. 13 is given as a critical depth on the control sill provided at the
downstream end of the transitional channel. The critical depth is given by Eq. 11. The non-
uniform flow calculation is made from this downstream end toward upstream end of the transitional

channel for the design discharge.

Calculation results for the transitional channel are summarized below:

Discharge Water level at (in m) - C
(n3fs) Control weir Upstream end (1)  Upstream ¢nd (2)
1,890 184.3 185.15 187.6/1

A with loss of iead due to the gradual contraction from the trapezoidal section to the
rectangular section

In between the transitional channel and the side channel is a loss of head due to the gradual
contraction from the trapezoidal section to the rectangular section. This gradual contraction is not
yet taken into account in the water level that are obtained by the non-uniform flow analyses. The
ioss of head hi and the depth D1 at the entrance to the gradual contraction are given by:

N =02 (V22 - VIZ)f (28) cvvivrnnninecsnensiiens (Eq. 15)

Di=D24+hi+(Vo2-ViH/@8) ., (Eq. 16)
where, V1 :  velocity before the contraction, in m/s

V2 :  velocity after the contraction, in m/s



Dl :  depth before the contraction, in m

2 . depih after the contraclor, inm

hl :  lossof head due o the gradual contraction inm
g : acceleration of gravity (= 9.8 m/s2)

‘The loss is obtained as follows:

V2 = 1,890/(25.0 X 9.15) = 8.26 m/s
Al = (25x2+0.95x 11.6) x 11.6/2 = 353.9 m?2
Vi = 1,890/353.9 = 5.34 m/s
hl = 0.2(8262-5342)/(2x9.8)

= 0.405
Dl = 9.15 +0.405 + (8.262 - 5.342) / (2 x 9.8)

With this depth al the downstream end for the discharge, water surface profile in the side channel
trough are obtained by the Hinds equation (E1. 10).

Water level and depth at the upstream end, and velocity and Froude number at the downstrearn end
of the side channel trough are summarized below:

o at upstream end at downstream end
Discharge Waterlevel  Deptihyi Velocity ~ Depth.  Area Fr,
{m3/5) (EL. m) (m) (rnfs) {m) (m2) No.f2

1,890 190.93 +1.93 5.00 12.0 368.4 0.5

J1: Measured from the oveEHO\v crest EL. 189.0m
£2: Fr=V/(g)1/2, D= AfT

where, Fr :  Froude number
: velocity inm/fs
flow area in m2
-channel width at water surface, inm
=B +0.95D
depth, in m, measured from the channel floor
bottom width (+ 25 m at the downstreain end)

W Hr <

Water le\"el_-at _thc upstream end will be EL. 190.93 m exceeding the overflow crest elevation by
1.93 m. As shown below, this depth in the side channel trough measured from the overflow crest

satisfies the criterion sct forth by Eq. 8:

1.93/4.5
0429 < 2/3

If

D/Hmax

1]
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1.5.6 Freecboard of trausitional channel

Walil around the side channel trough are raised up to EL. 196.0 m being equal to the dam crest
glevation. This wall height around the side channel trough high enough in view of the specific
energy of the incoming water that will be EL. 193.5 m at the maximurn flood.

Due to such layout of the transitional channel as across the dam axis and spillway bridge, the side
walls along the transitional channel are also raised up to the dam crest elevation at EL. 196.0 m

except downstream 15 m reaches where the wall height is gradually reduced.

Freeboard for each point are as shown below:

] “Water level Wall elevation Freeboard
Point (EL.m) (EL. m) (m)
Upstream end 187.6 - 196.0 - . 8.4
Control weir 184.3 186.0 1.7

As shown in the above figure, the design wall is higher enough for the design flood discharge.

1.6 Hydraulic Design ¢f Chuteway

| Chuteway has such a hydraulic funiction as safely to convey high velocity flow from the control silt
provided at the upstream end of the chuteway to the energy dissipator at the downstream end.

1.6.1 Section and profiles of chuteway

‘The chuteway is designed as straight reaches in plan and profile joined by vertical curves. Iis

dimensions are determined as described below:

¢)] Cross section

(a) Type Rectangular
®) ‘Channel width ' ' 30m

I-16



) Profile

(a) Channel slope 1:2.0

(b) Horizontal length of channel 131.0m

© Bottom elevation at BP of the chuteway  EL. 177.0m
(@ Bottom elevation at EP of the chuteway  EL.112.0m

1.6.2 Water surface profile in chuteway

Water surface proﬁles'in the chuteway are obtained by Eq. 14 for non-uniforin flow. Since the
flow is supercritical the calculation is made from the upstreamn end, for which a boundary condition
is given as a critical depth on the control sill, toward the downstream end.

As the required adjustment factor of depth due to the channel slope of 1=1.6875 is in the order of
~ ¢osB = 0.86, the steep slope effect on the channel flow is neglected in the non-uniform analysis.

Manning's coefficient of roughness is assumed at n=0.018 to be conservative in checking water
surface profile in and freeboards of the chuteway in accordance with the criteria set forth in the

design criteria report.
Result is presented in Table-1.1.

Another non-uniform flow calculation is made for the spillway design discharge with Manning's
n=0.008 1o be conservative in estimating energy of the incoming flow to the stilling basin. Result

is presented in Table 1.2,

1.6.3 Freeboard of chuteway

There is an empirical formula which gives a resalable indicition of desirable freeboard values. The

formula is expressed in the form of:
Freeboard (m) = 0.6+ 0.037VD3 ... ... (Eq.17)

where, V :  velocity, inm/s

D : depthofflow,inm



Substituting velocity and depth of flow that are presented in 1.6.2 to the above formula, the
minimum freeboard required against the spillway design discharge (Q=1,890 m3/s) at representative

sections arc obtained as follows:

Required Minimum Wall Height of Chuteway

STA Depth Velocily Freeboard D+Fb
. {m) {m/s) (m) ()
0 7.399 515 121 8.61
0+50 2.631 23.95 1.82 4.45
04100 2071 30.42 2.03 4.10
0+145,34 1835 3433 2.16 4.00

As shown in the above table, the design wall is higher than the required minimum against the

spillway design discharge.

1.7 Hydraulic Design of Stilling Basin

Energy of the flow in the chuteway will be dissipated in the stilling basin before returning to the

downstream river channel,

1.7.1  Section and profiles of stilling basin-

The energy dissipator is determined io be a stilling basin type having a horizontal aprori with end
silt. The basin has a rectangular cross section. Design condition of the stilling basin are as follows:

(N
@
3
@

Design discharge

Tailwater level at the design discharge (assumgﬁd)
Depth of incoming flow from the chuteway
Froude number of incoming flow the chuteway

1,040 m3/s
EL. 126.0
0.968 m
11.63

The above depth and Froude number of the incoming flow are obtained by the non-uniform flow

analysis for the chuteway, of which results are presented in 1.6.2.

Based on the above design conditions, the stitling basin is designed as summarized below:

(D
@

Floor elevation of the stilling basin

Top elevation of the end sill

[-18

EL. 112.0
EL. 121.0



%)) Water level after hydraulic jump without backwater -

effect of tailwater level EL. 125.97
) Tailwater level (assumed) EL. 126.0
(5) ‘Top elevation of the protection wall EL. 130.0
©) Length of the stilling basin 80.0 m
N Width of the stilling basin _ ‘ 30.0m
&) Height of the end sill measured from apron surface 1.0m

)] Height of the protection wall measured from
apron surface 18.0m

1.7.2  Hydraulic jump

Based on the design conditions, hydraulic jump in the stilling basin is checked as follows;

(1

Hydraulic jump

Since the Froude nﬁmber of the incoming flow of 11.63 is higher than 4.5, a true hydraulic
jump will form in the stilling basin. A conjugate depth and length of the hydraulic jump in -

a horizontal channel is given by the equations:

% (1+2F2) V1 + 8F2 - 1 - 5Fr2 N

= - Freh (Eq. 18)
{ + 4Fr2 - V1 + 8Fr? 2
| I {1 v O U U (Eq. 19)
where, W : height of end sill
Fr : Froude number before jump = v ed
d : depthbefore jump
V @ velocity before jump
2 1260

NCe

1-19



Substituting the respective values to the above equations, Lthe conjugate depth and length of
the hydraulic jump are:

d =0.968m v =3581 mfs Fr=11.63

% = §.521 W = §.248 he = 4.968

d2=W+hc=1322m dp=1322-60=722m
L=6x1322=793m
Bottom EL. 120.0- 722 = 112.78'm

Based on the above length (79.3 m) of hydraulic jump in a horizontal channel, lengih of the
stilling basin L is detemmined to be 80 m in the conservative side. The floor elevation of the
stilling basin will then to be EL. 112.0 m. o
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PART I STABILITY ANALYSIS

2.1 Main Dam and Cofferdam
2.1.1  Method of Dam Stability Analysis

The dam stability is analyzed by the slip circular method which examines trially the safety against

slip along various assumed failure circles.

The factor of safery is given by the following equation:

S{Cx L+ (N-U-Ne)x tan ®}

Fs
Z(T + Te)
where,
Fs :  Factor of safety
N : normal force acting on slip circle of each slice
T : tangental force acting on slip circle of each slice
U pofe pressure acting on sli;i circle of cach slice

Ne : . normal force of earthquake load acting on slip circle of each slice :
Te : tangential force of earthquake load acting on slip circie of each slice
angle of intemat friction of materials on slip circle of each slice

arc tength of slip circle of cach slice

@
C : cohesion of materials on slip circle of each slice
L
b2 Summation for all slices

The factor of safety without earthquake force is obtained by substitution Ne =0 and Te =0 into
the above equation. The normal force (N} and tangential force (T) are defined as:

N=WcosO+Pn=Wcos0+Psin 0
T=Wsin 8 +Pt=Wsin 6+ Pcos 6

where, _
6 : angle between horizontal and the tangent of the arc at shice -

W :  total weight of slice (embankment and water)

W = (D1 wet -h1 + DI sat h2 + D2 sat .h3)* AX
or W =(D2wet.h4+ D2 sat .h5)* AX

in which
AX 1 width of a slice

-1



Diwet : - wel density of material (i)

Disat :  saturated density of material (i)

hi . height of a slice of material (i)

P . differential water pressure acting on both sides of a slice
P = Dw(h2+h3-AX/2xtanf)xAX xtanb

(h2 + h3)x AX/2 x tan © (Dw = 1.0t/m3)

i

The normal and tanpential forces due to earthquake are defined as follows:

Ne=Wxkxsin0
Te=Wxkxcos0

where,
k : Thorizontal seismic coeflicient

Besides the above, the safety should be checked for plane surface sliding of cohesionless materials,

The factor of safety against plane surface sliding of cohesionless materials is given by the following
equations. These equations are derived from the slip circular equation assuming a radius of circle to

be infinite; that is, infinite slope.

() Submerged slopes (upstream slopes)

m-kxR
1+%kXxRxm

Fs= X tan ¢

()] Dry slopes (downstream slopes)

Fs= I_Tmﬁlgixﬁmrﬁ Xtan®
where,
Fs : factorof safety
slope gradient (1 : m)
k horizontal seismic coefficient
¢ internal friction angle
R : Dsai/Dsub
Doy @ saturated density of material

Dgyb :  submerged density of material (Dsat - 1.0)



2.1.2  Design Value

The design values for dam stabiliiy analysis are determined on the basis of the field investigation

results on construction materials.

Although Section 3.5 in Design Report for Lot-I "Dam Materials" of this report presents

explanations on determination of design values, those are reproduced below:

Desien Values of Dam Materals

Filier .
Iem Earth Fine . Coarse Rock

Specific gravity | 2.88
(Cven dry condition) 2.87 2.87 2.87
Natural moisture content (%) 40.00
Water absotption 1.50 1.50 1.50
Dry density - ) 1.23 1.90 200 2.10
Wet density . (tf/m3) 172 1.93 2.03 2.13
Saturated density | (fm3 1.80 2.23 2.30 2.37
Submerged density @m® 030 123 130 137
Coefficient of permeability (cm/sec) 1105 1x103  1x102 1x10!
Strength parameter (effective stress |
analysis) _

Cohesion ¢’ (1) 000  0.00 0.00 0.00

Internal friction angle (%) (degree) 3000 3600 3800  40.00

The dam design considers that some talus deposits be left uncxcavated in the rock zone of dam on
-the basis of dam stability analysis results. Design values for the talus deposits are conservatively
assumed to be sarne as those of the fine filter material. Further, design values for coarse filter are

" also assumed to be same as those of fine filter for a conservative sake.
As for the seismic coefficient, the seismic coefficient of k = 0,05 is taken into consideration in the
~ analysis in accordance with the standard which states that k = 0.05 should be taken into

consideration even in areas having no earthquakes,

The safety factor which the dam has to secure is more than 1.2 in accordance with the standard.



2.1.3

D

@

€)]

fixamined Cases
Present Scheme and Future Expansion Scheme

The present project design considers to make it possible to expand the dam height if required

i_h future.

Thus, the dam stability and dam slope should be examined in due consideration of both the
present and expanded schemes. Further, the safety of the main cofferdam should be

confirmed.

Hence, the dam stability is examined for the following three (3) cases:

{a) Present scheme (Dam crest  EL. 196.0 m)
(b:  Expanded scheme (Damcrest EL. 215.0m)
{c): Main cofferdam {Dam crest EL. 1555 m)
Loading Conditions

The dam will be subject to various loading conditions for which the safety of dam should be

ensured.

In accordance with the standard, the dam stability is examined for the following loading

conditions:

(@ Reservoir nonmal high water level with the full seismic load.

() 'R'apid drawdown of water level with the full seismic load.

{© Immediately after completion with a half of seismic load.
(@ Design flood water level without seismic load. '
Dam Sections

Talus deposits will remain in the u'pstream rock zone foundation of left bank and in the
downstream rock zone foundation of right bank where the critical stiding Failure circles

appear.

Therefore, the following two dam sections are taken into consideration in the analysis:

(@) Left bank darm section which include talus deposits for determination of upstream

dam stope.



(b) Right bank dam section which include talus deposits for determination of

downstream dam slope.

2.1.4 Results of Stability Analysis

The computer program calculated the factor of safety for various assumed failure circles in fes;x:ctjve
cases and indicated the minimum value of the factor of safety in respective cases, which are
summarized in Table 2.1.1 to Table 2.1.4. The failure circle along which the miniraum value of

safety factor appeared is shown in Fig. 2.1.1 to Fig. 2.1.5.

As seen, the factor of safety more than 1.2 is surely secured in the upstream dam slope of 1 t0 2.3

and downsiream darn slope of 1 to 1.8.

Under the above stope of dam, the safety for plahe surface sliding is also secured as follows:

Submerged slope (upstream slope)

m-k«R
Fs = {3k R.-m @0

2.37
23-005x 137

- 2.37
1+0.05x 137 X 2.3

X tan 40°

2213 .

= Tio5x0.839=1548>12 '

Dry slope (downstream slope}

m - k X tan ¢

Fs = T5%.m

2.3 - 0.05 .
T+ 0,05 x 2.3 % an40

1.693 > 1.2



2.2 Examination on Soft Layers in Dam Foundation

2.2.1 Generg!

The geology of both abutments of the dam site consists of alternate layers of hard basélt layer and

weathered soft layer.

Fig. 2.2.1 shows situations of hard basalt 1_:-1yers,weathered soft layers, and talus deposits to be
removed. The impervious core to be embanked on such alternate layers may cause differential

settlements, resulting in occurrence of cracks in the impervious core.

Such being the case, analyses of deformation and stress by the Finite Element Method(F.E.M.) are

made to provide countermeasures if necessary.

The analyses are made with a model as shown in Fig. 2.2.2. Elastic moduli used in the analyses are

assumed on the basis of the in-situ rock tests carried out in the test adits as follows:

Elastic Modulus (kg/cm?)

Hard basalt : 55,000
Soft layer _ 2,000
Core material 500

The unit weight of 1.8 t/m3 which is the saturated density of core material is assumed for the
impervious core material and core material depth of about 80 m is considered as loading on the
foundation, taking the future expansion of dam into consideration, The unit weight of the hard
basalt and soft layer is disregarded with consideration that it provides negligibly small effect on the

result of snalysis,

2.2.2  Analyses of Deformation and Stress

In order to clarify the effect due to the soft layer, the analyses of deformation and stress are made for

the following iwo cases:

CASE (i): Case that the foundation consists only of the hard 'basalt; that is, the foundation is
wholly provided with elastic modulus of E = 55,000 kg/em?,

CASE (iiy;  Case that the foundation is intereatased with the soft layer as shown in Fig. 2.2.2.



The analysis by F.E.M. are made with the following model.
1) Number of nodat point -~ : = 84,
2) Number of element Y )

Fig. 2.2.3 and Fig. 2.2.4 show stress distributions for CASE (i) and CASE (ii), respectively.

Deformations are caléulated as tabulated in Table 2.2,1 and Table 2.2.2 and as shown below:

Point  Deformation (m) .

No. CASE () CASE (il)
34 2188 % 104 200 % 104
40 4873 x 104 550x 103
46 -7.466 x 1074 -1.03x 102
52 9746 x 104 106 x 1072
58 21166 x 1073 705 x 1073

64 -1.321'x 1073 ~421x 1073

As seen in'the above, a remarkable ¢ffect on deformations due to the intercalated soft layer is

recognized.

2.2.3 Results of Analyses

As seen in Fig. 2.2.3 which shows the case that the foundation is assumed (o consist wholly of the
hard basalt, no tensions arise in the impervious core and foundation. However, in the case that the
foundation is intercalated with th.e.soft l.ayer as shown in Fig. 2.2.4, tensions occur iit the core and
upper hard basalt layer dueé to deformations of the solt layer, suggesting that there is possibility of
damage_ on the hard basalt layer and serious occurrence of cracks in the impervious core and that

some countemmeasure is required.

'2.2.4 Examination on Dam Foundation Treatment

Therefore, examinations are made to find a suitable and effective countermeasure; that is, the
following three (3) cases of replacement with concretc are cxamined with stress analyses by the
Finite Element Method,



Replacement

with concrete
Soft
layer
3 m’
CASE(A)

1

Soft

1 layer

o]
4m

CASE (B)

| Soft
| layer
Vo
.
CASE (O

Results of stress analyses for the above three (3) cases are given in Fig. 2.2.5, Fig.2.2.6 and Fig.

2.2.7, respectively.

As seen in the above figures, tensions still occur in the upper hard layer in CASE (A) and CASE
(B). The tension disappears in CASE (C).

The above analyses reveal that the replacement with concrete up to a depth of about 1.7 times

thickness of the soft layer will be the efficient countermeasure to ensure the safety. Based on the

above, the design of dam foundation treatment considers to replace with concrete up o the depth of

2.0 times soft layer thickness for the sofi layers of core zone. The replacement will be made with

lean concrete.



Table 2.1.1 RESULTS OF DAM STABILITY ANALYSIS :
(Dam Scheme: Present Scheme (Dam Crest EL. 196.0 m),
Dam_Section;  Left Bank Dam_ Section)

MF-01l:  Case Name .
. SFN : Safety Factor in Normal Condition
. SFE : Safety Factor in Seismic Condition
Chse Water Seismic Upstream Downstream

Level Coefficient 1:2.3 1:1.8

MO-01 MO-01
Reservoir Full 189.00 0.05 SFN = 1926 | SFN = 1.533
SFE = 1.568 | SFE = 1.367

"MO02 MO-02
Rapid Drawdown (1} 155.50 0.05 SFN =1979 |SFN=1.533
| | SFE = 1722 | SFE = 1.367

MO-03 - MO-03

Rapid Drau;'down (2) 164.00 0.05 SFN = 1.883 | SFN = 1.533
| SFE = 1.594 | SFE = 1.367

MOO4 | MO-M
After Completion — 0.025 | SFN = 1979 |SFN =1.533
| SFE = 1.849 | SFE = 1446
MO-05 MO-05
Design Flood 193.50 — SFN = 1.979 | SFN = 1.533

| SFE=—  |SFE=—




Table 2.1.2  RESULTS OF DAM STABILITY ANALYSIS
{(Dam Scheme: Expanded Scheme (Dam Crest ElL. 215.0 m),
Dam_Section;  Left Bank Dam_Section)
MF-01:  Case Name :
SFN : Safety Factor in Nommal Condition
SFE ;  Safety Factorin Seismjc Ccmdiu‘onﬁ
Water Seismjc Upstream Downsircam
Case Level Coefficient 123 12,5 118
MF-01 ME-02 ME-01
Reservoir Full 209.00 005 |SEN=1711 |SFN=1881 |SFN= 1533
SFE = 1,387 | SFE=1.509 | SFE=1.366
MF-03 MF-04 | MF03
Rapid Drawdown (1) 155.50 0.05 SFN = 1.506 | SFN = 1.620 | SFN = 1.533
SFE =1.294 |SFE=1.386 |SFE=1.366
ME-05 MF-06 ME-05
Rapid Drawdown (2) [ 174.00 0.05 |SFN=1523 |SFN=1.620 | SFN = 1.533
| SFE=1289 |SFE=1378 |SFE=1.366
ME-07 MF-08 MF-07
After Completion — 0025 |SEN'=1543 |SFN=1597 |SFN = 1.533
SFE = 1.435 | SFE= 1469 | SFE =1.446
MF-09 MF-10 - MEF-(9
Design Flood 1212.50 — SFN = 1.831 | SEN = 1,982 | SFN = 1.533
SFE = — SFE = — SFE = —




'RESULTS OF DAM STABILITY ANALYSIS

Table 2.1.3
(Darn Scheme: Expanded Scheme (Dam Crest EL. 215.0 m),
Dam_Section; Right Bank Dam Section)
MF-01: Case Name _
SFN : Safety Facior in Normal Condition
SFE :  Safety Facior in Seismic Condition
Case Water Scismic Upstream Downstream
Level Coefficient 123 1318
o _ - MFR-01
Reservoir Full 209.00 0.05 — SFN = 1,464 -

SFE = 1.276




Table 2.1.4 RESULTS OF DAM STABILITY ANALYSIS
{Main Coffer Dam (Dam Crest BL, 1355 mY)
MFE-01:  Case Name o
SFN : Safety Factor in Normal Condition
SFE :  Safety Factor in Seismic Condition
Case Water Seismic Upstream Downstream
Level | Coefficient 123 1:1.8
C-01 c-o1 -
Rapid Drawdown 138.00 0.05 SFN = 1.843 | SFN = 1.604
SFE=1.546 | SFE=1426
c-02 C-02
After Completion — 0.025 SEN = 1998 | SFN = 1.604
| SFE=1.866 | SFE=1511
C-03 C-03
Design Flood 154.50 — SFN = 1.997 | SEN = 1,604
SFE = SFE == —




Table 2.2.1 DEFORMAT IOIN OF EACH POINT - CASE() (1/2)

t$$*#$¢t*$$$$$$$#$+¢$$$$$¢33$$*$¢$$§t#********$$¢¢¥**#*{*#*###*****###tﬁ**#*#tt&u
rreEn RODAL DISPLACEMENT AND TOTAL STEP NO.= 1 2asdE

P T LA L L LA L R

Exr g e s b b hkfh bbb r bRk F Rk PR Rk LT

n.P. NUMBER

UX (my

uy am)

AR (o

0.0000000E+00

=1 02710795~ 01

0.0000000E+00

1
2. 0.0000000E+00 -B8,.7651848E-02 .0.0000000%<00
3 5 OD0DDDORY 0D ~T.18008B9E-02 - 0,0000000E+00
4 0.0000000E+00 ~5.4330267E-02  0.0000000E+QQ
g 5.0000000E+00 ~3.656681729E-02  0.0000000E+00
5 0.0000000E+00 ~-1.8510176E~02 0.0000000E+00
7 0.00000005+00  0.0000000E+00  0.0000000E+00
8 -5.3622863E-03 -1.0142778BE-01 0.0000000E+00
3] T3 054307 6E-04 .. —6.6315033E-02" 0.0000000L+00

i0 -1,.3293913E~-03 ~7.0080042E-02  0,0000000E+00
i 5. 54425006-05 -5.31500168-02  0.0000000E+00
12 9.1078696E-04:  -3,5760388E~02  0.D000000E+00D B
T3 1.562 [662E-03 ~1.8015834E-02  0.0000000E+00
14 1.7500523E-03  ©.0000000E+00 - 0.0000000E+00
15" ~1.04923056-02 © ~9.7506337E~02  0,0000000E+C0"
1G ~5.6102988E-03  -8.2228738E-02  0.000000QE+00
17 S2.6213950E-U3 -6.5959502E-02  0.0000000E+00
. 18 ~3.3467391E-04. ~4,9360781E-02 0.0000000E+00
EE) 1.314657aE-03 —3.2774859E-02  0.0000000E+00
20 -2, 2997966E-~03 —1.6286262E-02° . 0.0000000E+00
ol T2 GEYGGLBE-03  0.U0D000COE+00  0.0000000E+0Q0
22 Z1.5061507¥E-02 ~9.0863207E-02  0.0000000E+80
73 8. 0udo2YdE-U3  —7.5220989E-02 0.Q00C0COE+Q0
24 ~3.724332¢E~03 ~&,8821759E-02  0.000000DE+QD
oE CB.0pLas6TLE-0s  —d.2384292E-02  0.0000000E+00
a6  9.341B249E-04 -2,6508352E-02  0.0000Q00E+030
a7 7 OCUDUBEE~US  ~1.2137157E~02 - 0.Q00Q000E+00
28 4.0648964E~04 0. 0000000E+00 ~ 0.0000000E+0Q
g 1. 6602 beE-02  ~B.1503671E-02  0,0000000E+00
30 -9.8445458E~03 -6.5240606E-02  0.0000000E+00
3 T4 P8LGLADKE-v3 | ~4.8388512E-62  0.0000000E+00.
52 -1.1335557E-03 -3, 1653550E-02 _ 0.0000000E+00
a3 TG OSBATUAE-Qd  —1.8561/5B2E-02  0.0000000E+0D
24 6,8566253E-04 -2, 1876344E-04 0.0000000E+00
35 U Uaobub tis-Ud U, 0yuQuuoyE+00 0,0000000E+00
36 © 5. DSTBO2AR-02  -6.9609894E-02  8.0000000E+0Q
37 1. 0116833E-02 ~5,2456499E-02 . #.0000000E+00
33 -3.936B980E-03 -3.4848B00E-02  0.Q000000E+00
30 —6.9084646E-04 —1.7531444E-02  0.000000CE+00
4q 5.9079164E-04 - —-4,8734549E-04  0.0000000E+00
a1 C.5U765658—vd - —2, 4256928E-04 0.0000000E+00
42 §.91571183E-04 0.00D0D0DQOE+CO __ 0.0000000E+00 ___
43 ~3.04000475-02 -5.5616281E-02  0.0000000E+00
44 -5.72656976E~03 -3.7255475E-92  0.0000000E+0D0 _
45 I3 R1B3GB3E~03 -1.B883672E-02  0.0000D0OE+0O
46 4.6382951E~04~ ~7.4663613E-04 __ 0.0000000E+QQ
A7 T 10 B01Eo0s  ~8,ud1301 fE-04  0.0000000E+0Q
1z §,0040321E-04 -2.4553880E-04  0.0000000E+00
g T 0U012225~04  0.0000000E+0G  0.0000000E+Q0

-1.7665288E-02

~-3.9753541E-02

0.0000000E+00




Table 2.2.1  DEFORMATION OF EACH POINT - CASE(H) (2/2)
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HODAL DISPLACEMERT AND TQTAL PhEDE

AP ER AT T Ak kR F b SRR R F R FE I I RS SRR

N.r. HNUMBER

Ux ¢m

Uy 4mj

UR {0

81

on
£

-5.20421058k-00
3.03502080-04

-2 . 0298235E-02

-9, 7T4613268E-04

0.0000000E+00
0.0000000E+00

il

53

54

3.68792225-04
3. 984434 7E-04

=7 . 2027881E-04
-4, 7720048 -03

T 0.0000000E+00

0.0000000E+0D

333
&G

4.00U57991E-un
4,.1228687E-04

~2  3r80BBEE-04

0.0000600E+00

"0.000C0000E+Q0

0.0000000E+00

Gr -

5a

-1.0900982k-v2
i, 1982905E-04

-2, 2932983E-00

-1.1688737E-03

0.06000000E+00
0,000D000E+0D

&0
GO

2.2589947k-uu
2.78B64119E-04

-4, 139d2/¢0E-04
-5.7925334E~d4

"0.0000000E+Q9
0.0000000E+0Q

61
Gz

- 3.0439300E~uq
3.1484330E-04

-4,50/7321E-04
~2.2502874E~04

" 0,0000000E+00
0,0000000E+DD

63
G4

3, 17635716 0a
-5.1290546E-08

0.00QUUC0E+QQ
~1,3213185E~03

0.0000000E+00
0.0000000E+00

4.0726078E-05

1. A95087BE~0a

V. U7536/GE-03

-8.5172885E-04

0.0G000000E+QD
G.0000000E+0D

4881 1405E-ua
2.06665891E-0¢

-5.3517489E-04

-4 .2371489E-04

0.0000000E+QQ
0.0000000E+08

2.1d455985E-04
2.16B5527E~04

2. 1191330E-04
0.0000000E+00

0.0000000E+00 .

0.9000000E+00

-1.585945068k vy
3.6074870E-05%

-1.231B442E-03
~1.0124245E-03

0.0000000E+00
0,0000000E+00

7.5718589E-05
9.4907087E-05

-8.0629122E-04

—~6.0453648E-04

0.0000000E+00
0.0000090E+00"

1.04G9278E-00
1.088607YE~04

~4,0385358E-04

~2.0233751E-04

0.0000000E+00
0.0000000E+CQ

1.095828¢uE-04
G.00000DGE+0D

0.0000000E+00
~1.2154080E-03

0.0000000E+00

-~ 0.0000000E+DO

0.0000000LB UL
0, 0000000E+0Q0

~9,9395378E-04
~7.8980514E-04

0.0000000E+00
0.0000060E+Q0

0.0000000E+00
0.0000000E+00

~5.9306605E-04
~3,96559965E-04

“0.0000000E+0Q0

0.0000000E+00

0.,0000000E+00
0.0000000E+0Q0

-1.9884452E~-04"

0.G000600E+0Q0Q

0.0000000E+Q0Q
0.0000000E+00




 Table 2.2.2  DEFORMATION OF EACH POINT - CASE() (1/2)

*K*Xizi*xki*X*X#Kii&xl**ixtxixkI*XkXt#X#XkX#IKﬁxXXXKKXXXRKXXEXXKX*XXXX%K*XXXXXXX

FERXE NODAL DISPLACEMENT AND TOTAL STEP MO.= | kAR

xxxxxxxxxxxtxxxxtxxxxhxtxxtxthtxxx&xﬁxmxxxxxxxxtxxzxmxax&xx*xxxxxxxtxxixmxxxxxx

N.P. NUNBER N m) Uy (m) - UR )

! 0.0000000E+08 -1.0480671E-01  0.0000QDOE+DD
2 0.0000000E+0D  -§.9241375E-02  0.0000000E<00
3 0.0000000E+00  -7.2603493E-07  0.0002000E-00
4 0.0000000E+08  -5.5210906E-02  0.€000000E+00
5 0.0000000E+00 -3.7243378E-02  0.0000000E+00)
8§ 0.0000000E+00 - .8803785E-02  0.0000000E+HO
7 -0.0000000E+00  0.00000008+00  0.00H0000E0H
B -4 2976799603 -1.037T136E-01.  0.0000000E+C0

g -2 311G684E-03 -5.8108352E-02  0.0QC0000E+00
10 ST BI8TG42E-04 -7.1470372E-02  0.0000009E+00
(' 3.5652080E-04 -5.4167887E-02  0.0000000E+00
12 b 2218088E-03 -3 .6431438E-02  0.0006000E+00
13 I.8311404E-03 -1.8357814E-02  0.000000DE0D
14 2 0353427603 0.0000000E+0¢  0.000000CE+00
15 -8 4205483E°03 -1 .0039562E-01  0.0008000E+00
16 -4.45487336-03  -8.4658798E-02  0.0000000E:00
17 -1.4748124E-03  -B.7957495E-02  0,0000000E=00
18. 5.75178926-04 -5.0793630E-02  0.0000000E+00
19 2 DIBIOOBE-03  -3.3700585E-02  0.0000000E+00
20 3.0785973E-03° -1 G76TI0TE-02  0.0000000E+00
21 3.3083988E-03  0,0000000E+00  0.0000000E+00
2 -1.2192573E-02 * -9.4795340E-02  0.0000000E+00
23 -B.2107953E-03 -7.87936SGE-02  0.0000000E+00
24 -1.8805519E-03 -B,1850442E-02 0 .0000DODEX0D
% 3 _SOGGI02E-04 - -4 . 4805271E-02 0 .0000000E+00
26 2. 19555706-03 -2.776B157E-02  0.0000000E00
27 2.9334111E-03 -1.2753707E-02  0.0000000E+00
28 . 2.0752432E-03 . 0.0000000E+00  0.0000000E+00
29 -1.534996NE-02 -8.5840045E-02  0.0000000E+00
30 -7.3148335E-03 -7.D435460E-02  D.000DODOEDD
31 -1.6677975E-03 ~5.3078883E-02  0.0000000£+00
2 { .GISTUIRE-03  -3.5357657E-02  6.000G00OE+00
33" 2.9145927E-03 - 1.7698516E-02  0.0000000E+00
k78 1.9804282E-03 _ -2.0925002E-04  0.0000000E+00
35 ) .0535608E-03 0 .0000000E:00 D .HODIBOOE+DD
96 -1 .TBG046E-0?  -7.G424982E-02  0.0060000E00
37 -7 .5199608E-03 -5 .949170LE-02  0.0080000E+D0
38 <B.2158205E-04 -4 [7689G3E-02  0.0000000E+00
39 3.3300113E-03  -2.3624160E-02  @.0000000E+00
40 4. 5C2044TE-03  +5.4982654E-03  0.0000000E+00
41 . 1.8G33053E-03  -1.9G3T216E-D4  D.0OODDROE00
42 1.8256990E-03  0.0000000E<00  0.0000000E+00
43 -1 .8622508E-02 -G.3334191E-02  €.0000900E+00
44 -G.5380987E-03 -4.5579214E-02  €.0000000E+00
45 1.0240967E-03 -2.7768074E-02  0.9000000E+C0
;. 5.6950535E-03 -1,0303684E-02  0.C000000E+00
47 ¢.4708896E-03  -5.0051368E-03  0.0000000E+0D
43 1.6948313E-03 . -1.6623805E-04  0.0000000E+QQ
49 1 .6544053E-03  0,0000000E+00 0 .00000D0E+00
50 ©-LLIGSITIE-02 -4, T024637E-02  0.0600000E+0)



Table 2.2.2  DEFORMATION OF EACH POINT - CASE(i) (2/2)
e L e

REZ 2L NORAL DISPLACEMENT AdD TOTAL STEP #10.= 1 T RERRR

X*#X*i*.‘t**&*X*XIXT&X&:*:&*IX:K:K:!.‘k:k:K:kxxx**t&:s***-‘t**xiX:k*XX."(XEC:KXK*X*X**X*X**XX*X*X*X*'X*

N.P. NUMBER Ux ¥ TR ()
51 A4 BGT0235E-03  -2.3830144E-02  ©.0000000E+00
52 3 21GAGSAE-03  -1,0632131E~02  0.0000000E+00
53 5 A31740E-03  -7,.1823705E-03  -0.0000000E+00
- 54 4 3H18545E-03 -3.8497999E-03  0.0000000E+00
56 | 4GGLTISE-03 -t L195683E-04  0.0000000E+00
56 1 {20{0676-A3  0.0000000E+00  0.00000Q0E+00
57 -1.9370GGOE-02 -2 .8295682E-02  0.0000000E+00
58 -8.4380373E-05 - -7.0454189E-03 _ 0.0000000E+00
59 3.0505G49E-03  ~7.0275681E-03  0.0000000E+00
80 4.2085297E-03  -4.8415364E-03  0.0000000E+0D
6l 3 G204424E-03  -2.BI01140E-03 - 0.0D000GOE+0D
62 I 1739864E-03  -5.4170564E-05  .D00D00DDEGD
63 boI4IG7E2E-05  0.000000DEX0D  0.D000DOOE+0D
[ ~2 S1T10M0E-03  -4.2128708E-00  0.0000000E+00
6 7.346T234E-05  -4.0339283E-03  0.0000000E+00
68 2.4677993E-03  -3.0663334E-03  0.0000000E+00
61 3 44252516-03 -2 .852876SE-03  0.0000000E+Q0
68 3 GT26862E-03 -1.6627851E-03  0.0000000E+00
&9 8.2140828E-04 -3.8948G08E-06  0.0000000E+0D
70 7 9801726E-04  Q.0000000E+00 0 .0000G00E+00
71 -1.4726554E-03 -1.8353686E-03  0.0000000E+0D
72 7.1800944E-05 -1.£¢9669SE-03 0 ,0000000E+00
73 1.5374427E-03 -1.5733803E-03  0.0000000E+00
4 | .G752339E-03 . -1.3229938E-03  0.0000000E+00.
75 1 .508G420E-63 -9.3399966E-04  0.0000000E+00
% 4.3043335E-04  3.550BB32E-05 0 .00DODDOE+OD
71 4 .026G3535-04  0_DODDOODE+DD  0.000000DE+0D
78 0 .0000000E306  0.0000000E+00  0.0000000E200
79 0.00000006+00  0.0000000E+00  0.0000000E+00
80 1 .0000000E+00 0.00000005400  0.0000000E+00
84 0.0000000E+00  0.0000000E<00 0 .0000000E+00
82 0.0000000E+60  ©.0000000E£00  ©.0000060E+00
83 0.0000000E460 0. 0800000E+00  0.0000000E+00

84

0 .0000000E+00

0.0000000E+00

0 .0000000E+00
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