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MATERIAL DESCRIFTION
ZOMNE MATERIAL

Section of Khwae Noi Dam
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Construction parameters of Khwae Noi Dam

Dam Height(m.) Length(m.) Face Area (10 %) (m?) Shape Factor Slope Rock Type

Khwae Noi Dam  75.00 681.00 35.843 6.37 1.4,1.4 Sandstone
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Figure 5-4 Elastic-perfectly plastic constitutive relationship
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NaN1INAa9U Field Density ,Gradation Test Rockfill 3A,3B,3C
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Field Density Test of Rockfill 3A
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Hydrostatic Settlement Cell
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Erc= Rockfill modulus during construction ,MPa
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r I H = Vertical depth of rockfill above the settlement gage,m
/

\

V y = Height of fill above that layer ,m.

E 7/1_1 d / 5 = Unit weight of rockfill, kKN/m*3
rc 1 S d1 = Column of rockfill below the settlement gage, m.

. = a thickness of layer of the dam, m.
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MODULUS DURMG CONSTRUCTION

Os = Settlement of layer ,m.
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Compaction & Compressibility

Comparing with Compressibility of Weak rock samples were tested by

Xing, Gong, Zhou and Fu (2006)

Table 2. Results of Compaction and Compressibility Tests

Optimum
water Maximum Modulus of
content  dry density compressibility
Dam name Material (%) (kg/m?) (MPa)
Da’ao Dam Weathered — — 21-62
sandstone

Yutiao Dam Mudstone 6 2,280 6.5-54.8
Panshitou Dam Shale 3 2,060 13.8-40.1
Shuibuya Dam Shale 8.4 2,000 —
Shisanling Dam = Weathered — — 18.6-52.1

basalt




Correlation Deformation Modulus vs Void Ratio
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aan1)asn1n Concrete Face Rockfill Dam (ICOLD,2004)



Vertical Stress (KPa)

Stress-Strain Curve of Rockfill
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Leakage Rate at Concrete Face Rockfill Dam
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Descriptio Literature Literature
Zone n Density(KN/m') @ (°) C E (MPa) Poisson's ratio
Pervious Rock Foudation 2’5 0 40 0.30
Semi-Pervious Rock Foudation 23.6 0 50 0.29
Semi-impervious
Rock Foudation 23.5 0 60 0.28
3A Rockfill 22.9 38 0 (HS 1-9) 0.20
- (HS 1-9)
3B Rockfill 225 38 0 0.20
2C Cushion 21.6 38 0 40 0.20
2D Cushion 23.1 38 0 40 0.20
AT alugaavesrnannasanilu 9 lau
E 3§ MPa. N 3B) 5o,
EGMNEIR7 MPa.
O L
EGBN) =9 MPa. EGMNE|14 MPA. H@3B) =10 MP4.
=Tm’“" (3A :11; MPa. E(.I)= 12.3MPa. ]
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Wilkins’s Formula (Turbulent Flow) (J.Barry Cook Volume,Concrete Face Rockfill Dam 2000)

0.54

V=CI

54

Q=AV : ACI"

%4

(19 A = WUNFVU (mA2)
0.5
C = Discharge Coefficient, C=1.79 d n(n/1- n)
V = Flow velocity (m/s)

I = Hydraulic Gradient
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wihdan | wunsuih Discharge coefficient | Flow Gradient Head Loss sEauh Naﬂ1§g!ﬂ§1uﬁﬂ1ﬁ ﬁam@qu1w]uﬁuﬂu
C I H .59,
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. J 1A
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AN 328 (Pathway Probability) g X 5
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Success State
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o Failure State
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Water Level Outcome
Static (Piping) i go-100MSL No Fail °
l i » .
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’ | — *
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| I
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| : ¢
| : Piping Failure
l i <>
: 120-130 MSL : ‘

A\



an1 el n@ (Static Loading)

a A 2
Nt Plplng LAl el

Water Settlement of Slab Outcome
Level rockfill cracking
Static
(Piping)  90-100 MSL 6>1% O not induce crack No Fail
Piping Failure
100-110 MSL ‘
® O induce crack No Fail
110-120 MSL <>
O Piping Failure
120-130 MSL ‘
= 5<1% _ Vo T i
O not induce crack ' No Fail .
i Piping Fail i‘
1| Piping Failure |
| g
I |

O induce crack

[

Tynannmaiana 7

Monte-Ca@ f:r}ter _____
\_ /) ])




an1 el n@ (Static Loading)
N3t Stability Lo WEWALLALWLAZIYTA WU ABDILBIAN

Static Water Level Outcome

(Stability) I~ oligomer ! o Bredch o Sope Faive | o
: : | Breach from Slope Failure |
| | ] ] ‘
: 100-110 MSL : : No Breach from Slope Failure : ‘
| 1 ! '
i i E Breach from Slope Failure E ‘
| | |
' | 110-120 MSL | I No Breach from Slope Failure ! ‘
| | | |

B h f Si Fail

| : | reach from Slope Failure | ‘
: 120-130 MSL : : No Breach from Slope Failure : ‘
. : ; ;

: Breach from Slope Failure :
|

————————————————————

Aa @Y v
ﬂ153!ﬂ51$ﬁ1“ﬁ?‘iaﬂﬂ1§

Aa J
NMINAUCIATIA AT

wwmammauuiamauaamnm ﬂﬁﬂ 'Ii
mmum"luamﬁ!umawu /

}?)‘H
{WUD N m’sN’sT nas




dn11zannag (Flood Loading)

Inflow Water Level Gate blockage  Outcome
T - - -=-== T e P e S T R —_———
Flood | Q10-20%PMF ;|  go-t0omsL | GaeOpened 6) IT noor ! No Fail
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= Y -
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I I ’
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: ¢ ® M — = Breach ‘
N | : Gate Opened (2) : ®
HaNMIana : Gate Opened (1) | o
I
A Y | Gate Opened (0)
ANUAAU I HUDINIBIBIY ! : o
Expertise by Bowles “Reliability of gates” Flood routing by Excel
No of closed gates: 0,1, 2,3, 6 (Deterministic analysis)
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Annual Probability of Failure, Pf (per year)

Stability Flooding Earthquake
<=51 | >5% | wss D/S

AN 0 0 0 0

gquazney | 1.82x10* | 1.80x10° 0 6.94x10* | 3.74x10° 2.19x10°°

Uavouvr | 5.52x10™ | 4.60x107 0 0 1.07x10°° 4.13x107
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1. Rainy day & 1#3U&N12HIRaN

TeaudIuminan (%PMF) Overtopping case 1, 2, 3,4, 5, 6, 7
SEAUMLALNN ) Overtopping case 10, 11,12, 13

ﬂ’ﬁﬂ@"na\‘iﬂizgizm 2R Overtopping case 15, 16

Overtopping case 18

2. Sunny day &%IuUaN1zUNARAZIE A 1A

TRHAVDILUDU
5 Piping KN case 3, 4 EQ KN case 1
SEAURLALND

Piping STK case 2, 3, 4, 5 I=eRj ) (€ -0 My i iy

ﬂ’JW&lE%LLSOLLN%a%‘l%’JﬂGﬁ
(0.25g - 0.35g) Piping PCKT case 2, 3, 4 [§=eR{od.q T -0 My B
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Break %PMF I3NAH 11l >
Piping KN case3 LAYae Piping +125
Overtopping case1 )
Piping KN case4 LLAYWDE Piping +115
Overtopping case2 o ~
Piping STK case2 dASLALW Piping +125
Overtopping case3 . o ~ .
Piping STK case3 dATLALW Piping +115
Overtopping case4 o =
Piping STK case4 ABALLALW Piping +105
Overtopping case5 . o a ..
Piping STK case5 qdNATLAW Piping +95
Overtopping case6 . a0 5 .
Piping PCKT case2 tazrastzian Piping +129
Overtopping case7 ~ 3
Piping PCKT case3 tarostznan Piping +127
Overtopping case10 ~ 3
Piping PCKT case4 anasiaan Piping +125

Overtopping case11
Earthquake KN case1 Earthquake

Overtopping case12 o -
Earthquake STK case1 Earthquake

Overtopping case13 o ~
Earthquake STK case2 Earthquake

Overtopping case15 » -
Earthquake STK case3 qANACLAW Earthquake

Overtopping case16 " -
Earthquake STK case4 qdNACLAW Earthquake

Overtopping case18

Earthquake PCKT case1 azaszna Earthquake

Earthquake PCKT case2 Hazasiaian Earthquake

Earthquake PCKT case3 Hazaspian Earthquake
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Crest Overtopping

a) Overtopping leading to washout:
less cohesive silts, sands etc. at
greatest short-term risk.

b) Internal erosion and piping with
migration of fines from core etc.
(note regression of “pipe” and
formation of internal cavities:

may initiate by formation of internal
crack or by seepage along culvert
perimeter etc.)

Internal cavity forms

Foundation Erosion <t— Piping Regression

Crest Settlement

¢) Embankment and foundation
settlement (defromation and internal
cracking) : note also cross-valley
deformation modes:
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D/S Sliding

d) Instability (1): downstream slope
too high and/or too steep in relation
to shear strength of the shoulder
material.

U/S Sliding

e) Instability (2): upstream slope
slips following rapid drawdown
of water level.

f) Instability (3): failure of
downstream foundation due to
overstress of soft horizons.
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FAILURE CAUSES FOR ALL TYPES OF DAMS

MORE THAN 15 METERS HIGH
(ICOLD 1973)

OVERTOPPING

FOUNDATION DEFECTS 927
PIPING AND SEEPAGE
OTHERS
0 10 20 30 40
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B Ma)umum flood dlscharge emanating from
gap in dam’s right abutment, just after noon
amm on June 51, 1976




= Teton Dam was designed as an earthfill embankment
using wind blown loess as the principal fill material
(seen here as light colored material) with river sand

and gravel (shown as grey color), as the free draining
(I7;3 maternial.




nalnn15iNA Piping

1. Concentrated leaks -transverse cracks, seepage

along structures

2. Suffusion —internal erosion, dispersive

materials, crack propagation

3. Piping —no good filtering, backward erosion

a a a 4 a o J
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mM35ideanuN5INA Piping

1. Concentrated leaks —extend flow paths, minimize
chance of transverse cracks, check seepage velocity

and exit hydraulic gradient, provide enough drianage

2. Suffusion —avoid dispersive material, use self

healing material

. Piping —check filter criteria
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Operation

How the Taum Sauk plant works
The Taum Sauk s “pumped-storage” hydroelectric plant. At high [ buringtheday, [ The water rushes [ Power is general
dermand, durlrig the day, it createes electricity by letting water flow water s released downhill through a 7,000- S @sthe water rusl
from the upper to lower reservoir, it pumps the water back up the from the upper foat tunnel carved inside through the two re
hill at night during low demand., reservoir atap Proffit the mountain, The water turbines, providing
Motntain., will fall 800 feat during the miegawatts at peak
tip to the lower reservor, capacity. Each of th
revirsible turbines
E over | millon gallo
PO water per minite,
(TRl
o drsveril
Height: 100 feet T .
surface area: 55 acres
Storage: 15 billion gallans, Shaft Linllned tunnel Horizonial tunnel Power Lower reservolr
enough water to supply the city Dlmmeen; 25 feet Horseshoe shaped Materlal: Steel lined statior Formed by a dam across tf
of S2. Lot with all its water Liength: 450 feet Dinmater: 15 feet Lengths 1,800 feat fork of the Black Hiver
needs for four days. Length: 4750 feet Surface area: 380 acres
Slope: 5.7 percent Storage: 2.1 billion gallons

WU Revewenill, B (rgaidch ot S e i v | Pl Digaiiih
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Reservoir fallure

Preliminary Geologic Map
Explanation

Taum Sauk Rihyolde

B R pcite-Grande contact zone
kbunger Ciromnte
BOproare
Cambhan congemarato
CaTbnar dokomEn

Lavision of Geclogy and Land Survey
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Instrumentation Error
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Condition Index System

Simple Model @

Dam

Embaukment Reservoir

Spillway

W2=0.30 W4=0.10

W1=0.45

C1=85 C2=55 C3=60 C4=75

#1081 Cl-Dam = ), WiCi=WiCi+...+W4C4
= 0.45x85+030x55+0.15x60+0.10 x 75
—71.25
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905 UANNLFYN (Risk Index, RI)
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aa\lag‘ﬁgﬂ%w 293ZAL AITNITLLIN (Hazard Criteria)

1=Total Destruction

2=Partial Damage

3=Inundotion Damage

AMNANWD, LNAT

r,
o il
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8198991n : Binnie & Partners (1991) Estimation of flood damage following potential dam

failur : Guidelines, Department of the Environment, UK
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3K = Probability x Consequences
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Dam Safety Risk Management

Decision-Making

N\

Risk

Control

- Structural

Eailure - Recurrent

Modes Risk activities

|dentification Estlmator

- Periodic
Reassessment

(After David S. Bowles and Loren R. Anderson)
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EGISTER | | - Sunday, Junez 1996

A sign
expressing
feelings con-
cerning the

| Teton Dam
= was posted
next to
wrecked
homes in
Rexburg dur-
ing cleanup
efforts.

DAMN ENGINEER
DEADaﬂAUUE
7T

Post Register
file photo

Who wants to be next? "
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