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67.4% 32.6%

(ICOLD, 1975)




Number of Registered Dams

Industrialized Developing

countries countries

T N N
Total concrete and masonry dams 32% 8%
Total embankment dams 69% 92%

After: ICOLD (1999)
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ESTIMATED COST COMPARISION

Developing Countries Industrialized Countries
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72981919 Concrete Gravity Dam
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Concrete Arch Dam
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Comcrete Buttress Dam

|. Spilway 2. Bottom outiet 3. Intoke structure A
4. Gatehouse 5. Bottom outiet 6. Abutment !

7. Serpentine 8. Alluvial deposits 9, Serpentinite (

o ——

I73.00
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The Coolidge Dam The Daniel-Johnson Dam
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The Itaipu Dam
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Homogeneous Dams
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Zoned Earth and Rockfill Dams
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Concrete Face
Rockfilled Dams
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Earth and Rock-filled Dam
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CASE DESIGN CONDITION JAPAN ICOLD Corp.of Eng SCDWR CANADA
Register
Static - 1.3 1.3 1.3 1.3 1.3
| End of Construction
Earthquake 1.2{K=50%) 1 1
Static 1.2 1.5 1.4
| MAX. water level
Earthquake = 1
Static - - 1.5 1.5 1.5 1.5
]l Mormal water level
Earthquake 1.2 2 3 1.1 1 1.1
Static - 1.2 1.2 1.2 - 1.3
1 Rapid drawdown
Earthquake 1.2 2 = 3 3 1.3
Static - 1.5 1.5 1.5 1.5
v Intermediate water level
Earthquake 1.2 1 1 1.1 1
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CONDITION

Static

A )
woulnay

1.3

A <
IvouLan

1.5

(End of Construction) Earthquake 1.1 -

2 sEAUIgega Static 1.5 1.5
(Maximum water level) Earthquake 1.1 -

3 szaununninf Static 1.5 1.5
(Normal water level) Earthquake 1.2 -

4 sdihaneenIsInE) Static 1.3 1.3
(Rapid Drawdown) Earthquake 1.1 -
5 szauihunas Static 1.5 -
(Intermediate water level) Earthquake 1.2 -
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Wauntpauuudeauiuntisdruwnunuiuiian (Zoned Rock-filled
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FEM. MESH for KEW KOR MAH DAM

Material Properties

Material Zone Average k (m/s.)
200 1 Core Zone 4x10-8
390 | 2 Filter Zone 1x10-5
380 L 3 Fine Random Zone 8x10-8
I — 4 Coarse Random Zone 1x10-6
360 | A .
L 5 Upper Foundation 4x10-6
350 i T
%0 #‘p‘ i S aiiE e RREN ey 6 L ow er Foundation 1x10-6
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CONDITION Allowable
CASE Ks | Location FS.
Dam Water Level FS.
1 End of construction 0.00 /S 1.30 1.756
2 End of construction 0.10 /S 1.00 1.303
3 End of construction 0.00 D/S 1.30 1.947
4 End of construction 0.10 D/S 1.00 1.468
5 Maximum water level +352.9 0.00 D/S 1.50 1.715
6 Maximum water level +352.9 0.10 D/S 1.00 1.479
7 Normal high water level +350.6 0.00 D/S 1.40 1.948
8 Intermediate water level +335 0.00 U/S 1.50 1.873
9 Intermediate water level +335 0.10 WHS 1.00 1.322
10 | Intermediate water level +342 0.00 U/S 1.50 1.835
11 Intermediate water level +342 0.10 WHS 1.00 1.320
12 | Rapid drawdown 350 6- > 3250 | 0.00 /s 1.20 1.926
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M.W.L +65.40 Dam Crest

;EL Q N.W.L +63.10 |
P]!S
! " L.W.L +51.50 12 Py3 PR SF2
@ @ ( )

® Wlafivmas (Piezometer)

I vajaszdunldsiu (Observation Well)

A 1esiaiBananisivadu (Seepage Flow Meter)
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Full Water Level (08/46)

\/ +63.1 mMSL

U8 BERM
! r [ ] -
1w Berm ¢ 53.000 | .

1 .

nnanneediunadd ‘

v pEAUPOUND +4638s

mmmum‘lumwauauamaommuﬂuummmoamof’ms] s

——

PSP

-6
[

i
| e i z -
Chi %
s oy
15 - \ " :
(3 -
~ \ \ T
\ & 1
-13 !3'
> onr o o= -
N L
\ ® s

_/Qir ni‘u-mu.rru ‘33000

LLavsvmuuﬂm‘Iuﬂsaa LLUIINU ESI\‘] mws”mumm EI‘LI'] 1 Lll Gli

Present Water Level (08/48)

hutqedenadeunw o,
Eam
INAWNETIAWN 0.30 W i i =
= V| _+53.2 n‘FMSme o .

nnanessriunadeu

...y PORUPOUND 6388

- -—
. L
-

ZONE I

e PN

nifus 63.500 _ gmg ¢
ga——— }

= 7€umqu'm;‘n r BuTop o m

iy i




Nan1sILAs 1z A1Ss liadu

v +063.1 MMSL manesedbunmte

- L..iummﬂ‘m‘ r fuTop Sol m

i
o U+ 63.500 pitu CAmB

n\l
g L.,,,llﬂ“,,.] -M'M,’__

IMMM'!:anm 0.

U/8 BERM
: - [ ] -
1w#U Berm + 53.000
!

M.,-—‘

- -

NG 1132160 F1EELTT]

83100 g5y

100

sa

TURAULAUAIAINNATIAIA LA

v +63 1m MSanumu‘\um‘m 0.30 wm

WiavannanuAutnditiauaun1saanuuunINdas vinldidusgduun T

|
12U+ 83.500 gaitu cAMB

5 0

Fwudjefren mlownw 0.30 wing

U/8 BERM
: r= [ ] -
w#u Berm + 53.000
1

g

| Awm™
|

ZONE 1

m\'l
1:-.;_'.,'.':’ *MWM o
e L_ i u“WJ "“\-..M%—

_.."_=%{vWP_%;%§

83100 g5y

e - e - - -

100

0 22
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ANNAINTU
e Funanis adin (u.3/3u/4.) AIAENROT

ngeil LA . , U/S Core

dgnwn  (u.ann.)  Wauly  dudau  §rusIn 593 Blanket  Trench
Steady 2.03 7.28 7.30

1 63.1 State x10-3 x10-1 x10-1 0.15 0.32
Steady 2.33 7.37 7.39

2 64.1 State x10-3 x10-1 x10-1 0.15 0.36
Steady 2.44 7.54 7.56

3 64.6 State x10-3 x10-1 x10-1 0.16 0.37
Steady 2.60 7.71 7.73

4 65.1 State x10-3 x10-1 x10-1 0.16 0.37
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EL.+70.280
MAX. FW.L.

EL.+68.000
R.W.L.

EL.+52.000
MIN. W.L.

E EL.+46.000 ﬂ
END OF RIPRAP
N.G.L:

o

EL.+56.000
U/S BERMCREST |

G OF U/S BERM

( MAIN COFFER DAM)

70.00

§ OF MAIN DAM CREST

22.80

]

6.00

L

R

1,00 DUMP RI
0.50 ZONE
0.50 ZONE

Khlong Sadao Dam
- Songkhla

bo EL.+ 72,500

l“ DAM CREST W/0O CAMBER
6.p0

EL.+ 68.000
: ‘3 TOP OF CHIMNEY DRAIN

SODDING ON 0.15 TOP SOIL

DRAIN DITCH
RANDOM BACKFILL
______________ N.G.L

t3+0.|75l- 3+O.25H| 2.00
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Material Zoning

BORROW AREA
n C 1

BORROW AREA
HAH

BORROW AREA

BORROW AREA

AT

¢ OF MAIN DAM CREST

COMMERGCIAL b 9 | SAND DEPOSITS
QUARRY BN ﬁi‘
ROCK RIPRAP -KHLONG SADAO
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DAM CREST W/0 CAMBER
EL.+868.000
TOP OF CHIMNEY DRAIN
1
2.5 e
NGL~N e I S AVNED) T A - T LUNE 2 . S N.G.L.
¥ —~o~ZONE @ Z‘W . i
I. e—— | = ™ e I S SRS TSI
T TOE DRAIN

KHLONG SADAO DAM PROJECT
MATERIAL ZONING
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Filter Design for Khlong Sadao

Songkhla Province
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Elevation m. MSL,)

Dam axis

A SUd. +225.00 .., Dam crest
e E 5% 1227.00
50?1.00

2 | — jﬁuﬂ. +213.

210

SODDING ON TOP SOIL

5.00

200

Foundation Soil Foundation Soilm 1
|2 LIII IHJ
w L Foundation Rock 6’°°+°'5| 0 15 25 0
|

=80 =70 =60 =50 =40 =30 =20 =10 0 10 20 30 40 50 60 70 80

Distance from dam axis m,

@ Impervious Core @ Filter Zone @ Random Zone
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PLASTICITY INDEX, PI. (%)
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Plasticity Chart
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S Permeability
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A Material Properties

Soil Foundation = 5x10™ cm/s

GWL -

RocK Foundation= I.15x10 *“cm/s
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Foundation Permeability
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14.25

2.00E-04

2.36E-04

5.61E-04

5.20E-03

1.42E-03

1.88E-03

7.45E-04

152.05

15.75

1.25E-04

2.32E-04

5.89E-04

6.29E-04

6.12E-04

1.51E-03

1.64E-03

150.55

17.25

1.55E-04

3.25E-04

3.52E-04

4.19E-04

1.87E-03

1.34E-03

1.02E-03

149.05

18.75

0

5.73E-04

2.13E-06

5.25E-06

7.71E-04

147.55

20.25

3.56E-06

4.03E-04

2.62E-05

2.74E-04

8.29E-04

8.20E-04

146.05

21.75

2.64E-06

1.81E-04

1.01E-06

5.97E-04

2.32E-03

144.55

23.25

6.50E-04

1.44E-04

3.68E-04

8.87E-04

1.39E-03

143.05

24.75

1.90E-03

1.01E-06

141.55

26.25

2.02E-03

2.35E-04

3.21E-05

4.39E-05

140.05

27.75

1.35E-03

9.44E-05

138.55

29.25

1.71E-06

137.05

30.75

1.18E-04

1.89E-06

135.55

32.25

0.00E+00

134.05

3375

2.65E-04

132.55

35125

6.81E-05

131.05

36.75

1.44E-04

129.55

38.25

5.02E-05

128.05

39.75

126.55

41.25

125.05

42.75

123.55

44.25

122.05

45.75

120.55

47.25

average

6.44E-04

1.92E-04

8.93E-03

5.39E-03

7.32E-04

1.43E-03

1.25E-03




Permeability (cm./sec.)
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Seepage Analysis

AU vouilou mAMNEMN Ky,  SasIdIMANNTII
(cm/s) ( kx:Kky)

Rock Foundation 2x10™ 10
Soil Foundation 5x 10 10
Core Zone (Zonel) 7x 10 75
Random Zone (Zone2) 7x10™ 75
Filter 1x 107 1

Rock Toe Drain 1x10™ 1

Plastic Concrete (Slurry Wall) 1x10° 1
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Elevation, m.

NANN3ILATIEY nsallliauilaqiiu
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kx = 75ky
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1918 nsal Internal Drain

PIIAUNENNS

D/S Chimney Filter
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Elevation, m.
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11a nsal Concrete Cut-off Wall
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Slurry Wall
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Elevation, m.
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Seepage Analysis

WNaN193LAICU

N % szaurhlud | anansimslva
: Pananih Tnaduavn.a/m) 4 v | .y s
o AUAIHMEH] | FUMUMEH]
dd' ;’/ Y Y
N3N FINNIHU | 1AM | 19RIEgI A
y A (N. 2INFIUIIN) (3. /31N)
1] RTLY eili
1 anmanveuilagiiy 428E-05 | 2.72E-05 | 1.56E-05 22 8.67E-07
nfSeumeunvilagiiv 100.0% 100.0% 100.0%
Usulgesdremsneding
2 4.75E-05 | 3.22E-05 | 1.53E-05 6 8.71E-07
Internal Drain( D/S Filter)
nfSeumeunuilegiiv 111.0% 118.4% 98.1%
Usulgsdremsanedsing
3 1.37E-05 |  5.35E-07 |  1.32E-05 1 6.36E-07
Cut-off Wall (Slurry Wall)
nfSeumeunuilegiiv 32.0% 1.7% 86.0%
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Bnindatdiauaaayrincu

Dam Crest +112.00 mMSL

« Dam body
— Upstream Membrane
— Drain Holes

NWL +110.00 mMSL
Reservoir

* Foundation
— Grouting Curtain
— Consolidation Grouting
— Drainage System

+55.00 MMSL | g
0.4

Grouting Curtain Drainage Curtains
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(“....1 Drain Holes Variable Total Head
e 40.00 m ‘

Downstream Face

!
= Drainage Holes @ 5.00 m
=
o)
<
25|llll|llll|llll|
0 5 10 15
S| | 25.50 mMSL A Distance (m)
Q_ ~_ — J
8 N B'B
E T 35+
: 2
o A-A E
4 <
e ] W 30 Weighted Total Head
= 2 Variable Total I-iead
o 5
A\ 4 -
T UPStream Face 25 ] ] I ] | I I I I I I I I
+110.00 mMSL 0 15

Distance (m)

HULANQADIUNUITZUL 157



BN J NO OF NODE =~ 14000
— NO OF ELEMENT = 14000
UJ
DRAINAGE FIXED HEAD
- BOUNDARY
U/S FIXED HEAD D/S FIXED HEAD
< BOUNDARY NO FLOW ¢_/ BOUNDARY —>
‘ T BOUNDARY ‘
w ﬁ

* /i o :
W we
EzZ Ez:
S E= ==
TZ z 4
. w W
< NO FLOW BOUNDARY >

SCALE ey ey
0O 10 20 30 40 50m
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]

Equipotential Line uaz Flow Path

] a
Tunsaidnb
Source Quantity
(liter/min/m)

0 1st Drainage 1.55

2" Drainage 0.51

Downstream 0.12
R ~N

2 <2 \_ Total 2.19

Lo o
o o
— —
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+110.00

Explanations

---------- Assumed Pressure Head

Analyzed Pressure Head

+29.00 i
+23.00 y i PO

-15.00

-50.00

150 140 130 120 110 100 90
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— usyGuaaadn

+110.00
DEPTH FROM DAM
FOUNDATION (m)
0 (Level A-A)
= == 5 (Level B-B)
=eeem=en 15 (Level C-C)
=== = 35 (Level D-D)
"""" 60 (Level E-E)
+29.00
+23.00
+5.00
-2.00 —
-15.00
-27.00 —
-40.00

-50.00 461
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QA

Total Head (mMSL)

120

- Perfect Control
110 4.

- = Only Drainage
Only Grouting

S —

20 1 1 1 1 1 1 1 1
20 10 0 10 20 30 40 50 60 70

Offset Distance (m)

V,, (m/sec)
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; — Perfect Control
|
\ h — = Only Drainage
7 |
Mo : Only Grouting
|
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Offset Distance (m)
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2 2/ 2 tﬂ'
zmﬂuaaﬂmﬂﬂgmwau

TUN 29 WYAIMEY 2548
eAv1lue + 108.7 mMSL

IHSIAHADYN

flﬂﬂﬂ”l'i@]ﬁf]i]'?ﬂ INNI1IDONLULDUY
1,068 ton/m 1,922 ton/m

FS against Sliding
Design Uplift Pressure
Uplift Pressure
FS against Overturning

INNITATINIA 2.3 NNITRNLLUY 1.9
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agﬂusmuaaam‘lmgmwau

WNaBYA?
(PU/LHRT)

AUNAIUA
3NN, NaNI5 19
35220 | aanuu ) 2aNUUU
28 6.0, 48 +105.9 1,082 1,866 . -
29 N.4. 48 +108.7 1,068 1,922 . -
"'-‘ﬂﬁu im

HNELTi0) . FSS !‘iJ‘Mﬂﬂ51%T'Juﬂ31uﬂﬁ®ﬂﬂﬂﬁ®ﬂ1§!a’0uﬂﬂﬁ (Factor of Safety a ; : i

—

FSO !‘ﬂ‘ln!ﬂﬂ‘51ﬂ’?ﬂﬂ31uﬂﬁ’€]ﬂﬂﬂﬂﬂﬂ1§waﬂﬂ31 (Factor of Safety against OV_Qi'l‘G_ '_ =
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