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Dams

e Spillways

e Outlet Works

e Ancillary Works
» River Diversisn
= Cut—offs
= Internal Drainage
» Internal Galleries and Shafts

ICOLD Statistics

(International Commission an Large Dams)
e Large Dam

(1) H>15m
(2) 10<H<15m

AND Storage Volume > 1 mcm.
OR Flood Discharge Capacity > 2,000 ¢ris.

e World Register
Large Dams in 1950 = 5,196
NOW = 36,235
China = 19,000
USA = 5,455



Loads on Dams

(Forces Acting on Dams)

1. Primary Loads

Loads Afianuaduduiiaunndszsan
1.1 Hydrostatic Load (Water Load)
1.2 Self-weight Load (Weight of Dam)
1.3 Uplift Force (Seepage Load)

2. Secondary Loads

Load ﬁﬁmmﬁwﬁmsaaaammnPrimary Load
2.1 Sediment Load

2.2 Hydrodynamic Wave Load

2.3 Ice Load

2.4 Thermal Load

2.5 Interactive Effect

2.6 Abutment Hydrostatic Load

3. Exceptional Loads
3.1 Seismic Load
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Exceptional Loads (Seismic load)

Dynamic Load AtAatilagannurudulu
(Earthquake)

Infludasiianeriusaiiasannuruduing
Taaanizasas1adiauluaaiiainudeag
aanistiaunudulng (High - Risk) wauat]
Tuwsnandisamdau (Fault)

Seismic Activity asvinTrinmudiulne
AR ILaILULY Oscillating Patern (ﬁ”@
LUIAILRELUITIUL) LARLRIKNATILAMLTY
(Transient Load ) 2 ussnsevinsas
viau Aa

(7) wsotdanvasdindau (Inertia of Dam)
(8) Hydrodynamic Force (Water Reaction®

nsdidInanfignfa nsdifiuduiday
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1 | P e
AMULIVLUAIRALNUAULID
Intensity of shock |
= Earthquake Intensity = ay ay T (,}-J—\
A
aH = AN TULUITIL a)
dy = ANUITULUIAY
dy -~ dy
1% ay = ay/g = seismic acceleration coef.
ay = 1.5ay -2.0ay (for initial analysis)
oy General Damage Level
0.0 Nil |
0.05 Minor |} g~ 0
0.10 Moderate T
0.15  Major
0.20 Great

TUUFHAUATLHUAUTUITULSINA oy > 0.20
121U Japan 14 ay = 0.4
wainsaltdauwetila oy = 0.5-0.8
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159 Fewn N524iN#1 2h/5 anniu

Seismic Pressure Factor(Ce) (Dimension/ess)

Ce
y/h ¢u=0" ¢y=15°

JUANT NN
0.2 0.353 0.294 0.29
0.4 0.529 0.441 0.45
0.6 0.646 0.538 0.55
0.8 0.713 0.594 0.61
1.0 0.735 0.613 0.685

Ce = % [i(z-%)+‘/%@—%)]

Cn = Maximum Ce
= 0.735 ( 1- ¢y/90°)

19
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Stability Analysis of Dam

(Msdengidiasnnuazaulaaasduuagidan)

AT1Kina Probable Load Conditions
FIUVNINSTel Reservoir Empty Condition

3 Criteria
(1) Sliding (mstaaular)
(2) Overturning (ANTNRNATT)

(3) Overstress and material failure
(v awsstudgaunnulduayigadivnaie)

(4) Piping (nsdaniaduldsiuidian)

——
e ninn 1 uway 2
THTUNITATIARAULRALUTANWLLRZAINY
Uaannatiaunniszian

ol
tnenNin 3
THAINTUATIRFDULAAUAAUNIHN LRTFIU
sanntilufiu (Rock Foundation)

o A = o e o =
tnauii 1 ilunatindraaunga



1.Sliding Stability

23

FSs = Factor of Safety for Sliding

Resistance(Friction+Cohesion)

Load 2F5s

Non— Cohesive

cohesive materiai

material (Sheai
( c= 0) streiigii ,

Horizontal 1
Plane
Inclined

Plane

3
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A1 [ S uduidnsiusin

AT I1UIAN

n=tan ¢

Aunde AisranauarilIuTusLINA
(Sound rock, clean and irregular surface)

0.80

AUl fdsasuanuasiiE e
' (Rock, some jointing and laminations)

0.70

NTIALRENTILRENU
(Gravel and Coarse Sand)

0.40

Ns1E AUAU BUNZNAY LWRZAULATED

(Sand, shale, silt and clay )

0.30

25"



Table 3.4

26

Range of shearing resistance parameters

'Location of plane | Cohesion |Friction
of shearing—sliding|c((MNm'?)| tan ¢
Mass concrete: Intact | 1.5-3.5 1.0-1.5
Mass concrete: 0.8-2.5 1.0-1.5
Horizontal

construction joint
Concrete—rock 1.0-3.0 | 0.8-1.8
interface

Rock mass: Sound 1.0-3.0 | 1.6-1.8
Rock mass: Inferior < 1.0 < 1.0
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Table 3.5

Foundation rock shear strength characteristics
'Foundation Cohesion Friction
description c¢(MNm™) tan ¢

Sound conditions

Generally competent
parent rock; few
significant

i
i
'

> 1.0 >1.0

alteration or weathering

Discontinuities in mass; no significant degree of

gneiss 1.3 1./

ﬁgranite 1.5 1.9

micaschist 3.0 1.3

sandstonee - 1.0 1.7
Inferior conditions T
gneiss, unaltered 0.6 1.0 1
granite, weathered 0.3 1.3
greywacke M <0.1 @@ o
limestone, open jointed 0.3 @fE
micaschist 0.4 7 0? a
sandstone 0.1 @
Critical foundation a

features R
fault or crush zone material <0.2 <{} 3 |
T:rllzf:]m seam or clayey joint <01 = <£52; |
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Table 3.6

Examples of shear strength degradation
'Rock Type and Cohesion Friction
Condition c(MNm?%) tan¢
‘Gneiss ‘A’

:sound 1.0 1.7
:jointed-decomposed 0.4 0.5
Granite ‘B’

:sound 1.0 1.8 |
:weathered-

disintegrated 0.1 e
Shale'C’

:dry 0.2 0.4
:saturated 0 - <0.2
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32
(b) Downstream supporting shoulder

A supporting shoulder can be constructed, as shown in Figure 3.11, employ-
ing compacted earthfill or rockfill. Support is provided from the positive con-
tribution to stability made by the weight of fill above the downstream face,
W.. A further contribution is made by the horizontal *at rest’ pressure, P
generated on plane AB.

W.=y(area A) (kN m™') (3.42)

and may be considered to act through the centroid of the fill profile of area
A above the toe, and

P, =K,yz,,Z (kNm™") (3.43)

downstream

shoulder of — .
compacted fill;

rockfill preferred

note drainage layers if shoulder is earthfili

Figure 3.11 Stabilizing, by construction of downstream supporting shoulder.
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2.Stress Analysis
(Gravity Method Analysis)

g11sunseilaidl Shear Key w5a Transverse
Contraction Joints 511319 Monolith

7

Waterstop

—/_I_\<Shear Keys
L

Bitumen-filled Hole

Monolith A

Drain

/’ Monolith B

Transverse contraction joint and shear keys

Primary Stresses
Oz = vertical normal stresses on horizontal planes
Gy = horizontal normal stresses on vertical planes
Ty = horizontal shear stresses

= vertical shear stresses

G1 = major stresses on neutral axis

Aq
~
N

O3 = major stresses on neutral axis
(o1, o3 = principal stresses)
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linear variation parabolic variation

Tyzu
{a) Normal stress on (b) Shear stress on {c) Shear stress on
horizontal planes, o, horizontal planes, 7, vertical planes, 7

; 2

AN
NN

/ . s \\
o
(d) Normal stress on {e) Principal stresses (f) Normal stress on
vertical planes, o, o, and o; horizontal planes, o,

' (finite element analysis:
compare with (a): note that
discrepancy increases near
base of larger dams)

figure 3.7 Internal stress distribution: gravity method analysis (after USBR,
U76),
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Permissible Stresses and Cracking

Unéiuad Compressive Stress 1u Gravity
Dam 'ﬁommm Primary Loads a1 < 2-3
MNmM™ Gdia’intiasmnn anviuludiauiige

11N
a1 ozy(w/o Uplift ) < ozy (min.)

anawin Horizontal Cracking ‘mmumau
funiiati e

KaywZ-0o'y
F';

czu(Min) =

K'a = drainage factor
| 0.4 for effective drains
0 for no drains

tensile strength of concrate

factor of safety
(a Fc uaz F, ananns19)

4

Ot
F',



Table 3.9
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Permissible compressive stresses
(USBR. 1976)

‘ Min. Factor of Safety on

Load .

S —— Compressive Strength
Fc(concrete) F.(rock)

Normal 3.0(0max<10) 4.0

Usual 2.0(omax<15) 2.7

Extreme 1.0 1.3

*omax = Max. allowable compressive stress

Cracking agiiaannauntitliauauiieas i
c, = Pw (Uplift)




Table
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Notional Foundation Stresses
(Dams = 100 m. in height)

Notional Max. Stress

Dam Type

Emban-I;h-ient 1.8-2.1
Gravity 3.2-4.0
Buttress 5.5-7.5
Arch 7.5-10.0
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4.Seepage and Piping

ATYARAUSLEZMIINUNTUAaaaléa 1 aul T
AaNueUNANanLLUAa Tl LAa AT A e e
JaeursTa'ly

A ldwa Magluauazdatengiaduld
Wauaanld vihlviiAaTnswasdTa'ls

A5A

(1) a39firuweiuingu (Slurry Cutoff)

(2) v Ui (Imperious
Blanket)



Lane Weighted Creep Ratio(WCR) =

Weighted Creep Distance(WCD)

47

H

WCD = >L; x CWCDI (ll )

H= was9szdmindruniinuagvined au(u. )

Li= svagnna(u.)

CWCDi

L aglunuifionaa 6, > 45°

1

L agluwuifensa 6, > 45

1/3

S
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®1519# 9.2 Weighted Creep Ratio

AUARU Weighted Creep
| Ratio (WCR)

NIURLLAUANN 8.5
isatudunse
NIERLLALIR 7.0
nIavea Ul 6.0
N1y
NI 5.0 |
NaALLAL 4.0
NFIAMENULU 3.5
AR
NINWENY 3.0 )
Aulvaifinga 2.5
Unsnag
Autniienaay 3.0
Aulniienudy 2.0
1unang
GULATEILLE 1.8
Aulntieud 1.6
INNYWITARUATU
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