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3 Tha Dan Dam, one of the Kiqp'e i:r:

pisicoe RACT: Khlong SR € King’'s initiag iects. i ;

. Oningy,, E\B.g:aaed el (R%C) ok g meli‘ﬂs'?ﬂ?ﬁ“z%o“ considered o be the largest Roller
' o ¢ rete and reservoir volume of 224 haily zh, ;
ﬂuswn“ﬂﬁu 4 MCM of con¢ MCM. It is situateq at aboy

' Nayok. one of the famous tourism area. s the styiof (g (liam tlometers upstream from the city
is

1 o A 1 2 5
|5ﬂ1iﬂ§g.¥ﬁm carefully monitored by the extensive dam instruments, The dam insty

ke - ometers. 139 thermocoup!es._lQO jointmeters, 100 positi
Mgy iy ’ez‘oment Pre-construction predictions such as stability,
Ny equ! ian stage. Since this dam is the first RCC Dap ; i

the dam construction in future.
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1. General

Tha Dan Dam is a storage dam on the upper Nakomn 2. Dam features

Nayo,k River at thsle foot of Khao Yai mountain range one of Th.e project consists of three dams as shown on Figure 1,
niversity Preg; Thai s famous natlona:l Park. A.bout 93 percent of ti.w average the main RCC dam (RCC-B), the small RCC dam( RCC-S) and

: annual flow of 337 million cubic meters occurs during only 5 the earth saddle dam, The topographical, geological conditions
months from June to October causing flood on the downstream and the available construction materials r'cveal that the dam will
area almost every year. Since the catchment area is on the steep be mainly RCC gravity dam of the following features.

1 Admixture gy,

Chemistry and slope connected to the rather flat flood plain on the downstream Maximum dam height 93 meters
, : thus the flash flood usually cause damage to the agriculture and Crest length 2,600 meters
ereal Chemiss, residential area. King Bhumipol realized this potential Maximum width of foundation 78 meters
hazardous situation well. On 1993, he initiated this project to RCC dam volume S.47million cubic meters
~ Royal Irrigation Department(RID) for  investigation the Typical longitudinal RCC block 40 meters
Wiy, MIaam; - possibility to construction the dam. The purposes of the dam are Reservoir volume 224 million cubic meters.

for lmga flood ction, domestic and industrial water i
: 1 soil. After the extensive study, RID  The dam section at spillway is shown on Figure 2.
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3. Geology of dam s! i
J the Korat Basin.

The project is located near the rim of i undifferential

{assil i is the mat
pemo:Tﬂ“;': ore?-lctzglint::k;rojsct area r'nf:luding the ﬁ]:
"Plcﬂng rmt:rvoir This unit is consisted mainly of rhyolt d.
s";e:;:e, r:;yolitit; and andesitic twffs, ngglomf:ra‘;as]c;riac
::lcam'c breccia. They are known as Khao Yai Vol

Fongra.l::: ldam foundation, the pedrock is located at the shalllolw
depth, only 2-10 m. from the gmuud.surf'ﬂce. Bedrucfl; r’:;mml ‘y
comprises of strong andesite, rhyolite, rhyohhc tu ,kasa ?
dacite and agglomerates. In general the quality of the m;i mass
is in good condition according to the Japanese Classification

fication (RMR). However, a

System or Geomechanics Classi
higher degree of jointing is observed on the area of the left

abutment than on the right one. No major fault zone was
presented along  the dam axis. The dam . foundation
improvement was carried on by trimming blasting, cement
grouting and finishing by the leveling concrete.

The RCC dam shall be designed for stability, stress-
deformation, thermal stress during construction and expected

serice period of the dam.

4. Stability Analyses

i The purposes of stability analysis is to evaluate the
resistance of the dam against sliding and overturning. The
stresses in dam-body and its foundation rock are also can be
checked under several loading conditions.

The sliding-stability criteria is de icti

sta pended on shear friction
factor (SFF) which is defined on equation (1)

SFF = A.c+(V—U).tan¢
oo it e
H = X horizontal forces
v = X vertical forces
I}J\ = uplift pressure,
= area of dam sliding surface

candd = cohesi i
¢ = cohesion and frictign of the sliding surface

The compressive stresses i
equation (2) 6 I he dan-body were checked by

B o= Vi e

where
:d = width of the ¢
= Moment ab

with NWL+ Twp,

. + Effacs:
No cohesion on hori e ‘;tx g
and foundation contact a cun*‘mct'g“
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5. Thermal Analysis

Since RCC dam is a massive coneret,
stresses created by temperature gradient € struc e, the
within the allowable limits. The heat fi shoulq be con he
red.uced by partial replacement of Ceom cement alia“u.d
during construf:tion. the dam should pe z;lent 2 flyash, n,n“
for the excessive temperature gradient toeCkF'd and conrrol!:d
crack ‘du.e to expansion and contraction DfPfevml the tenigy
analyms. is the computation of temperature Wt Thery
:ianr:; er\;':ll:c the c.:orresponding _‘hﬂrmal strg:s::m; 1nside ¢y,

) gradients. The finite clement !
applied for both temperature pattern g :jnethocl (FEM) i
calculations. Two dimensional finite ele o i St
Boundary condition are shown on Fj gure 3 T g
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1:5? gress and LEfPIREon At yNe)
oy 6. cological conditions of foundation rocks Namely.,
-,-hrecf? rhyolite and andesite are considered in stress:
chm_l-c_tun 'anah’“s- The stressf-strain FEM Stress-straip
ey deformas as employed. Results will be used for checking of
analyse -v:set“ ement between each 40 meters dam section ang
fferentia £ the dam crest. While the stresses distribution ¢an
inage lso tilin Y otential of stress concentration and cracking,
adicate the p cover all the possible natural conditions, the
Nage, order nl,;owere carried out according to the following cases.
‘°fljuim calculatio Homogeneous fpundatmn of E_= 10,000
Case MPa (Highly jointed fractured zone)
2. Heterogeneous foundation of E = 20,000
Case MPa (Massive Rhyolite/Andesite zone) for
the first 25 meters and E = 10,000 MPa for
the lower foundation.
€, they Ihe Heterogeneous foundation of E_= 20 0gg
Contrg)) Case 3 ssi i i '
Ydralion?d MPa (Massive Rhyolite/Andesite zone) for
§

ash, 7, the first 75 meters and E = 10,000 MPa for
COnltrg” the lower foundation. :

i leg Case 4. Homogeneous foundation of E =20,000
m:;:z MPa (Massive Rhyolite/Andesite zonc)

inside the

Case 5. Heterogeneous foundation of E, = 10,000
ey MPa (Highly jointed fractured zone)
(FEM) - for the first 25 meters and E, = 20,000 Mpa
al Sffm: for the lower foundation.
and g Case 6. Heterogeneous foundation of E, = 10,000

MPa (Highly jointed fractured zone)
for the first 75 meters and E, = 20,000 MPa
for the lower foundation
Young,s Modulus of the RCC dam-body is assigned as
20,000 MPa.

The primary consideration of dam monitoring is to obtain
necessarily data for dam safety evaluation. And the secondary
importance is  obtaining information to check initial
assumptions in order to modify the design and construction for
the future dams,

The predicted behaviors of RCC dam during construction
ind beginning of the service periods are important guide lines
' hi ions will help the design
be monitored, what kind of
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4) Shear Friction Factors (SFF) vs, Elevation for Case |

Resultant of Forcas.

Tension Zone

b) Locations of the resultant forces and cracking area Case 6
Fig. 4 Results of stability analyses of RCC dam

The stresses and deformations of the dam-body and it’s
foundation are summarized on Table 2 shown below. The
typical stresses and deformations for Case 1 are as shown on
Figure 5.

GEOMETRICAL SCALE 0 12 Tm
PRINCIPAL STRESSES

3‘l(uuluzu;’wm and deformations for Case 1
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Fig. 5 Results of stresses and deformations for o
| able 4 L
Table 2 Stresses and deformations of dam and foundation \
F Quantities wiit | Case Case Casre Case Case Case s
i 2 3 4 5 6 ‘
1. PiezC
Principal stress at foundation MPa 150 | 190 | 1.70 | 1.80 | 1.60 | 1.60 i
Crest vertical deformation om | 125 | 1.05 ] 1.00 [ 090 | 1.10 | 1.20 i
2. Ther
Crest horizontal displacement | cm. | 1.00 095 | 0.80 | 0.60 | 0.70 | 0.90
t
Fodstion vertical deformation | em. | 095 | 080 | 0.60 [ 0.50 | 0.60 | 0.80 |
The temperature contours from thermal analyses are as T

shown on Figure 6. While the corresponding thermal stresses
during completion of the dam and long term steady state
condition are indicated on Figure 7.

The instrumentation Program was preliminary set up b
the dam design engineer of Coyne et I]’3 i . ne)p :
slightly modifications were done duri
construction. The actual installation
f\pril, 2001 untjl October, 2004,
Instrument activities are g
shows the lists of j
functions,
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Fig. 7 Results of thermal stresses (cont’)

Table 4 Lists of instruments
e

Instrumentsq— | oy Ean Locations Sechaviod
measured ) evaluated
| Piezometers | 100 | uplift Dam effectiveness

pressure foundation

(V.ihrating of grouting
Wire) and drainage.

2. Thermocouples| 139 | Temperature | Dam body temperature
pattern
during
construction
and

impounding.

relative

3. Joint meters | 100
& movements

dam body, relative
between RCC | triaxial
blocks movements
between the
construction

joints.

horizontal
movement
during
|impounding
and
drawdown

vertical
movement
during
‘impounding
|and
_|drawdown
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Fig. 8 Typical dam instrument section

7. Piezometers

The electric piezometer of vibrating wire type will be
installed in the dam foundation. The filter element is high air
entry suitable to measure pressure from 0 to 2_00 m, of water
pressure. All of cables will be led to the switching terfmnnl
hosxes in the dam gallery where the portable data logger unit can

be connected.

8. Thermocouples

Copper-Constantan metals with -
UL e * ¢ will be adopted. Installation

asuring range of =10 10 103
n},:l‘f‘l:::“:iine guring the compaction of RC? dam at pred‘eﬁned
facations The readings will be taken at the junction box in the

gallery.
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9, Joint mefers
meters are proposed to monitor the relative
the adjacent 40 meter long RCC; blf)cfks.
ck across the construction joint.
11 be fitted to the hemispherical
cach direction. The

Triaxial joint
movements between
Two arms are fixed to each blo
The digital dial gage plunger wi .
measure the movement 1N

anvil to .
on of joint meter is shown on Figure 9.

configurati

10. Pendulums
Total 12 direct and inverted pendulums will be installed

1o measure the horizontal displacements of dam and foundation.
Figure 10. below. The change of

The fittings are as shown on
x-y coordinates of hanging rod indicate the tilting and sliding of
the dam body. The movem
measurement by optical microscope O

by infra-red beam.

ents can be detected by direct
r automnatically detector
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Conclusions

1. The King’s ini
. initiated
largest RCC dam in Thailand Unz‘:ong Tha
?:;ers!\:ég]& 2600 meter long aﬂdcl. ,
: . At the present, this g “quireq R dapy
world largest RCC dam bl Congjq b "'uh;m‘q]
: 2. It is situated just upstream of ered 1 h:fvr
tourist and famous fruit piantationo Ly b
dam :lmd people in the vicinity is area, Thy
dam instrumentation program wVery
behaviors of the dam durin g
impounding. v
: 3. The geology of the dam site ;
volcanic r_ocks, mainly rhydolite il 15 on the g
and br_eccm. Generally, the fﬂcl; i esite, tuff, ,
according to RMR classification s 388 S in gogq ey,
4. Prediction of the dam bEhZS{em, Ml
th . . viors
e design stage. First, the stability 5 WeTe carrie g,
ensure the safety against slidin Nalysis wag perf; iy
stress at dam foundati i 1 TR
ation . Second > and cony
temperature pattern and tensile » the  thermy| a P
yoos: sl abEcRbet Fingll) strt;ss due to temperam"ﬂlysis
analyse AP e
i yses was done to predict the stre: ss-deformatjg, .
am and its  foundation. S5€s and deforyy; 2
5. Six types of i Ly
. s monitorti?g s dam instruments are planned to ;
e 10 Iring construction and reseryoj 10 instal] fy
S piezometers, 139 thermoc, YOI impoungipy
pendull; i Tgosmon. targets, 100 ]evelinuuples, 100 jojy
B v B he readings will be done ma?nltargels and )
el v:a dalxta logger and processing by tzeby iR
- esu &
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