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1—-75% Dependable Flow

2 — Shortage Index

3 — Rule curve

4 — Crop Response Coeficient
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10 — Yield Formation
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DAM DESIGN
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Typical spillway emergency bulkhead configuration.
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Typical lock emergency gate operating procedure.
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Gate and seal designs evaluated by Coxon et al. (1973).
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(a) Simple zoned embankment

(b) Earth dam with core extending to impervious foundation

(c) Earth dam on pervious material




(a) Impermeable face
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(b) Impermeable earth-core




Check out the safety for




B) HYDROSTATIC FORCES:

Horizontal H, H, &

Vertical F,;, Fi;

1 7 1 2
Hu=§Yh1 Hd=zyh2

C) UPLIFT FORCE (F):

1-— sinﬂl
1+ siné

¥s h




Ice force per unit width of dam (kN/m) can be determined
from the following table:

Thickness of ice Change in temperature (°C/hr)

sheet (cm)

Acting horizontally and vertically at the center of gravity

earthquake coefficient




" =0.726C ky h?

7
¢ =0.7 (1 ——)
90

Dam must be safe against
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Gradation curves
of the base or core soil

Gradation curves
of suitable filter materials

Mass percent passing [Yaf

; <® R RN S Grain diameter [mm]
a5 a7 gs 45 ! g g mm &

Filter and drainage criteria from Terzaghi & Peck (1948).
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HAZARD ASSESSMENT CURVE FOR FLOOD DANGER TO ADULTS
FROM FLOOD VELOCITY AND FLOOD DEPTH



DETERMINE DOWNSTREAM INUNDATION
FROM CANDIDATE IDF
FOR THE CASE OF NO DAM FAILURE

CONDUCT DAM BREAK INUNDATION
ANALYSIS
FOR
DAM FAILURE CAUSED BY OVERTOPPING

ASSESS THE POTENTIAL HAZARDS
POSED BY THE INCREMENTAL INCREASE
IN FLOODING FROM THE DAM FAILURE

551

Significant Increase in Hazard

SELECT A LARGER CANDIDATE IDF
AND
CONTINUE THE ANALYSES

Minimal Increase
in Hazard

CONFIRM ACCEPTABILITY OF
CANDIDATE IDF

FLOWCHART FOR CONDUCTING INCREMENTAL DAMAGE ANALYSES

MINIMUM REQUIRED EXPLORATION PROGRAM

EXPLORATION METHODS EARTHEN
EMBANKMENTS BORROW
LOW MEDIUM HIGH SITES
Backhoe Test Pits v v v o
Borings ! v/ v S e
Geophysical Explorations v 2 Ve
Permeability Tests V2 v

! Borings appropriate where overburden has appreciable thickness

2 Desirable on a case by case basis
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COARSE GRAINED MATERIAL:

=

=

i

w

-y 104 L SILICA FINES

":' — LIMESTONE FINES

E l.L L _"L_\ e “~

ﬁ L —_

E 1 ﬂ_s \‘M.. X:F—

E = 1 %_

o r ‘\\ — e COARSE SILT

S T bz, S

E 10“|= \‘- \‘-

S N == ZILT

] et

i o,

(T

UDJ 107 =——=ciaY -—.-.]\‘ p——

o _E —
ﬁh"—':-—._“:___‘_‘—

10% :
0 5 10 15 20 25

PERCENT BY WEIGHT PASSING MO. 200 SIEVE

TABLE 3 - Dyy AND Dy LIMITS FOR PREVENTING SEGREGATION

Minimum D[(]

Maximum Dy

(mm) (mm)

<0.5 20
05-1.0 25
1.0-2.0 30
2.0-5.0 40
5.0-10 50
10 - 50 60

GUIDANCE IN SELECTION OF MEDIAN STONE SIZE (Ds)
FOR RIPRAP LININGS ON DAMS WITH 3:1 UPSTREAM FACE

WAVE HEIGHT (FEET)

0.50

1.00

2.00

3.00

4.00 5.00

MEDIAN STONE SIZE

D, (INCHES)

4.0

8.0

12.0

15.0 18.0




SCALING OF RIPRAP SIZE FOR SLOPE OF EMBANKMENT

SLOPE OF UPSTREAM FACE OF DAM (H:V)

2:1 3:

4:1 5:1 6:1

RIPRAP SCALING FACTOR

Ratio to Stone Sizes for 3:1 Slope

1.28 1.00

0.81 0.73 0.68

FILTER DIAPHRAGM SCHEME

~Z

12 inch min
width

~

e

<V

v

Principal spillway or
Low level outlet pipe

TRTTR

Typically ASTM C-33

|
| I

Filter diaphragm
> B

A

fine aggregate for
concrete

Encapsulating filter layer
(6 inch minimum)

Figure prepared with minor modifications from conceptual details in Talbot and Ralston

AN

Drain outlet (Start
— downstream side of

filter diaphragm)

Z Stop at rock surface if less
than 1.5D beneath structure

Section A-A

Section B-B

Drainage layer
(Typically, pea gravel or
other highly pervious
materials meeting filter
criteria for the
encapsulating zone.
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COMMON TYPES OF PRINCIPAL SPILLWAYS

GENERAL APPLICABILITY OF SPILLWAY TYPE

INTERMEDIATE OFF-CHANNEL REGIONAL
SPILLWAY TYPE SMALL DAM AND LARGE STORAGE STORMWATER
DAMS FACILITIES DETENTION PONDS
Chute v v v v
Chute with Bascule Gate v
Chute with OGEE Weir v 4
Chute with Stoplog Entrance v
Chute with Gated Entrance v
Culvert v v v
Drop Inlet v v v
Gated Tower v v v v
Labyrinth v v v
Morning Glory v
Open Channel v
Side Channel v

ENGINEERING CONCERNS:

Long Term Durability

Desired Mode of Reservoir Operation

Flexibility to Change Reservoir Operational Mode
Expected Frequency of Site Visits by Operator
Ease of Maintenance, Inspection and Future Repair
Positive Control of Discharge

Resistance to Debris Blockage

Need for Atmospheric Venting or Aeration
Potential for Ice Damage

Energy Dissipation at Spillway Outlet

Fish Passage Considerations




COMMON TYPES OF EMERGENCY SPILLWAYS

GENERAL APPLICABILITY OF SPILLWAY TYPE

SPILLWAY TYPE SMALL DAM INTERMEDIATE OFF-CHANNEL REGIONAL
AND LARGE STORAGE STORMWATER
DAMS FACILITIES DETENTION PONDS
Chute v v v v
Gated Chute v
Gabion Lined Chute v v v
Culvert v
Drop Inlet v 'l v
Labyrinth v s v
Open Channel v 4 v v
Side Channel v

ENGINEERING CONCERNS

Frequency of Operation
Operator Intervention
Resistance to Debris Blockage
Positive Control of Discharge
Limiting Erosional Damage
Duration of Operation

. e o o & & @

Channel Freeboard (ft) = 2.0 +.025 V [y]

where: V =

et
|

where: F = Froude number, and

where: V =

Need for Atmospheric Venting or Aeration of the Flow

333

Velocity of flow (ft/sec) at a given location
Depth of flow (ft) at a given location

Velocity (ft/sec) at the given location

¢ = Gravitational acceleration (32.2 ft/sec’)
y = Depth of flow (ft) at the given location




PERMISSIBLE VELOCITIES FOR GABIONS

GABION BASKET PERMISSIBLE
THICKNESS VELOCITY
6 Inches 11 fi/sec
9 Inches 13 fi/sec
12 Inches 15 fi/sec
18 Inches 17 fi/sec
36 Inches 21 fi/sec

ENGINEERING CONCERNS:

The erosion resistance of the foundation or streambed material

The velocity and magnitude of the discharge, particularly the unit discharge

The frequency of occurrence and duration of both normal discharges and flood flows
The type of spillway or outlet

Environmental concerns (e.g. the need for fish passage and preservation of fish habitat)

ENGINEERING DESIGN CONSIDERATIONS:

e Wind/wave action for the cases when the reservoir is at normal pool condition and when the
reservoir is at its maximum level during passage of the inflow design flood

e Embankment settlement
e Uncertainties in design or uncertainties associated with project operation

e Exposure to geologic hazards

W] = (Winst = 10)
where: Wi = One Minute Sustained Wind Speed (MPH)
Wis = Instantaneous Wind Speed (MPH), at 25 Feet above the Ground



SUGGESTED DESIGN WIND SPEEDS FOR AREAS OF LIMITED DATA

GENERALIZED DESIGN WIND SPEEDS
FREEBOARD WASHINGTON LOCATION
CONDITION

COASTALAREAS |  \xqringron | waSHNGTON
FIEE%IE\SQ?{D 70 MPH 60 MPH 50 MPH
Fgégé%ﬁ?{l[) 50 MPH 30 MPH 30 MPH

Wave Runup  the vertical height above stillwater level that waves reach upon impacting the dam face.

the unobstructed horizontal distance measured along the reservoir surface towards the

dam face over which winds can generate waves or wind setup. More detailed
1,236

information on computing effective fetch can be obtained in COE reports ;

Effective
Fetch

the average wind speed, sustained over some specified duration, which is used in

Design Wind
computing wind setup, significant wave height and wave runup.

Speed

Reservoir Freeboard

5 Runup = Rw \
S

Setup =

Sustained Wind Speed

Reserveir -
Still Water Surface

Sand & Gravel Filter Layer
Riprap

DEPICTION OF RESERVOIR FREEBOARD AND WIND/WAVE EFFECTS



the freeboard needed to contain wind/wave action is computed as:

Fvw = Su+Ry
where: Fw = Freeboard needed to contain wind/wave action (Feet)
Sw = Wind Setup (Feet)

Ry = Wave Runup (Feet)

Wind Setup - Computation of wind setup” is depicted in equation 3. In general, wind setup is small
relative to the magnitude of the significant wave height - except for large reservoirs.

8= i
1400D
where: Sy = Wind Setup (Feet)
F = Effective Fetch (Miles)
U = Design Wind Speed (MPH) at 25 Feet above the Reservoir Surface
D = Average Reservoir Depth (Feet)
ESTIMATION OF WIND GENERATED WAVES
SIGNIFICANT WAVE HEIGHT (FEET)
SUSTAINED
WIND SPEED EFFECTIVE FETCH (MILES)
.05 .10 25 .50 1 2 5
20 MPH 0.20 0.30 0.45 0.60 0.85 1.20 175
30 MPH 0.35 0.45 0.65 0.90 1.30 175 2.70
40 MPH 0.45 0.60 0.90 1.25 1.75 245 3.70
50 MPH 0.55 0.75 k15 1.60 2.20 3.00 4.70
60 MPH 0.65 0.90 1.40 1.90 2.70 3.60 5.70
70 MPH 0.75 1.15 1.60 2.25 3.20 4.30 6.70
80 MPH 0.90 1.20 1.85 2.60 3.70 5.00 7.80
950 MPH 1.00 1.35 2.10 3.00 4.20 4.70 8.90
100 MPH 1 3 1.50 2.40 3.40 4.70 6.40 10.00

Wave Runup - The amount of wave runup (Figure 3) is dependent on the wave height, the steepness of
the wave (significant wave height (Hs) relative to wave length (L), the ratio of (H¢/L)) and upon the slope
and roughness of the dam face. Wave runup (Rw) can be estimated by:

Rw = C«(Hy)

where: C:. = Coefficient of Wave Runup



VALUES OF THE COEFFICIENT OF WAVE RUNUP

COEFFICIENT OF WAVE RUNUP (C))
DAM FACE SLOPE OF UPSTREAM FACE OF DAM (H:V)
Vertical | 2z 3:1 4:1 6:1 10:1
Concrete Facing 1.7 25 23 1.8 1.3 0.8 0.5
Grass Lined - 23 2.0 1.6 12 0.8 0.5
Riprap - 1.4 1.3 1.2 1.0 0.7 0.4

Uncertainties in Project Design or Operation

Uncertainty Considerations at Normal Pool Condition - The following issues/items should be considered
in addition to wind/wave action in determining normal freeboard:

e Site specific operational constraints

Likelihood of elevated reservoir levels due to misoperation or failure of hydraulic features of
the project

e Erodibility of the embankment from wave action and/or wave overtopping of the dam

Uncertainty Considerations at Maximum Pool Condition - The following issues/items should be

considered in addition to wind/wave action in determining minimum freeboard during passage of the
inflow design flood:

Potential for partial debris blockage of the spillway(s)

Uncertainties in the computed magnitude of the inflow design flood

Spillways which have discharge characteristics (such as some drop inlet spillways) where
increases in reservoir levels do not produce significant increases in spillway discharge
Site specific operational constraints during extreme flood events

Likelihood of elevated reservoir levels due to misoperation or failure of hydraulic features

during an extreme flood event
« Erodibility of the embankment from wave action and/or wave overtopping of the dam
Geologic Hazards
e Waves produced by landslides into the reservoir
e Seiches produced by earthquake motions
e Mudflows and other hazards associated with volcanos

DESIGN MINIMUMS IN SELECTING RESERVOIR FREEBOARD

RESERVOIR FREEBOARD INTERMEDIATE
(FEET) SMALL DAM DAM LARGE DAM
NORMAL FREEBOARD 2.00 3.50 5.00
MINIMUM FREEBOARD 0.50 0.75 1.00




Proper concrete mix design.
Good construction practice.
Sufficient concrete cover on reinforcing steel.

Provision of control joints to limit cracking.

AIR-ENTRAINMENT"

Nominal Max. Air Content
Aggregate Size (%)
(inches)
Severe Exposure Moderate Exposure
3/8 TVa 6
1/2 7 5Ya
3/4 6 5
1 6 44
1 5 4%
2 5 4
3 4% 3l

MAXIMUM WATER-CEMENT RATIOS®

Exposure Condition

Max. W/C Ratio (by Weight)

Concrete usually inundated or Dry

Freeze and Thaw Zone
Concrete Frequently Moist

0.50
0.45

CEMENT CONTENT?

Exposure(l}ased on # of Freeze/Thaw Cycles)

Cement Content, lb. per cu. yd.”

Severe® Freeze-Thaw
Moderated* Exposure

Little or No Exposure

564
) 7
470




CONCRETE COVER FOR STEEL REINFORCEMENT'

Location Minimum Cover, Inches
Concrete cast against and permanently 3
exposed to earth (or backfill)
Concrete exposed to earth or weather 2
Concrete not exposed to weather or in contact v
with ground ;
Criteria for Project Ranking
Ranking
Rank of E‘;g;:lg; Flood control Irrigation Hydropower
projects i Town and Cultivated land s Installed capacity of
(100 MCM) industrial town to area lrr|gat10n4land area hydropower plant
be prevented (10*ha) (10"ha) (MW)
1 =10 Very important >33.3 =10 =750
2 10~1 Important 33.3~6.67 10~3.33 750~250
3 1-0.1 Intermediate 6.67~2.0 3.33~0.33 250~25
4 0.1~0.01 Ordinary 20~0.33 0.33~0.03 25~0.5
5 0.01~0.001 — <0.33 <0.03 <0.5

Note MCM : Million Cubic Meters
Source: Unified Design Standard for Reliability of Hydraulic Engineering Structures, GB-50199-94, P.R. China, Nov. 01, 1994.

Size Classification

Category Reservoir capacity (10°m’) Height of the dam (m)
Small From 0.062 to 1.23 From 7.6 to 12.2
Intermediate From 1.23 to 61.5 From 12.2 to 30.5
Large >=061.5 >=30.5
Hazard Potential Classification
Catsii Loss of life Economic loss
£ { Extent of development) (Extent of development)
Low None expected Minimal
(No permanent structures for human (Undeveloped to occasional structures or
habitation) agriculture)
Medium Few Appreciable
(No urban developments and no more than a | (Notable agriculture, industry or structures)
small number)
High More than few Excessive
(Extensive community, industry or
agriculture)




Criteria for Hazardous Level

e : ]
Potential incremental consequences of failure "

Consequence i i i
9 . 2 SOCI(IJ-CCOI.IOI’HIC Inflow design flood
category Life safety - Financial 5
Environmental *'*’
Very high Large number | Extreme damages Probable maximum flood

of fatalities

(PMF) ¥

High Some fatalities | Large damages Annual Exceedance probahlllry
between 1/1,000 and the PMF *’
Low No fatalities Moderate damages Annual Exceedance probablllt}
anticipated between 1/100 and 1/1,000 *°
Very Low No fatalities Minor damages beyond owner’s property

Recommended Safety Standards

Hazard Size Safety standard
Small 50-vear to 100-year flood
Low Intermediate 100-year to 50% of the PMF
Large 50% to 100% of the PMF
Small 100-year to 50% of the PMF
Medium Intermediate 50% to 100% of the PMF
Large PMF
Small 50% to 100% of the PMF
High Intermediate PMF
Large PMF

Loads imposed on dam body

Name of loads Load deviation coefficient
Self weight 1.05
Silt pressure 1.20
Hydrostatic pressure 1.00
Hydrodynamic pressure 1.20
Thermal load 1.10
Seismic load 1.10




_________ _ Loads imposed on dam bodies

Reservoir water

level

Type of dam

Concrete gravity dam Arch dam

Fill dam

Retention water level |e self~weight

» horizontal
acceleration
» mud pressure

» uplift

* self~weight

* hydrostatic pressure * hydrostatic pressure
® hydrodynamic pressure # hydrodynamic pressure
earthquake | ® horizontal earthquake
acceleration
* mud pressure
* uplift

® thermal load

» self~weight

* hydrostatic pressure

 horizontal earthquake
acceleration

® pore pressure

® self-weight
® hydrostatic

Design flood water FWL

level

* mud pressure
» uplift

s self~weight

pressure at|e hydrostatic pressure at
FWL

* mud pressure

* uplift

» thermal load

s self-weight

» hydrostatic pressure at
FWL

® pore pressure

v

Hydrodynamic
pressure

Silt pressure

Hydrostatic
pressure

P=W;h

“”]“““lllllln....

k™

% =

Hydrostatic
pressure

Typical loads acting on dam body



Basic definition of loads

Loads Formula

Selt-weight Based on unit weights of the dam body materials

Hydrostatic pressure | P=Wyh P : Hydrostatic pressure
Wy : Unit weight of water
h  : Depth of water including wave height

Uplift Based on the condition of foundation treatment and location of drains

Ux = WyHx Ux : Uplift pressure at location x

Hx : Depth of water at location x

Silt pressure P.=C.Wyd P. : Horizontal silt pressure
C. : Silt pressure coefficient
d : Thickness of silt

Seismic force =Wk I : Inertial force of the dam body during an earthquake
W @ Self weight of a dam body
k  : Design seismic coeflicient

Hydrodynamic P;= 0.875Wk(Hh)"0.5 Py : Hydrodynamic pressure

pressure Wy @ Unit weight of water
k  : Design seismic coefficient
h  : Depth of water from reservoir water surface to

foundation bed

H : Depth of water from reservoir water surface to the

point of action of hydrodynamic pressure

Desien seismic coefficient

Earthquake intensity
Zone Strong Middle Weak
Dam type
Concrete gravity 0.12 0.12 0.10
Arch 0.24 0.24 0.20
Py Homogeneous type 0.15 0.15 0.12
FlLgmm. | dier fype 0.15 0.12 0.10
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Diagram of back pressure of water on the interface between the dam and rock
Sfoundation in case of having the impervious curtain and drainage device

a- Gravity dam; b- Large-head buttress dam (counterfort dam); c- Arch dam.

1- Cement injecting (spraying) gallery; 2- Water drainage gallery; 3- Cement curtain; 4- Vertical
drainage well; 3- Internal empty-chamber; 6- bordering between concrete and rock.
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Force actions diagram of infiltration flow in a dam base

I- The total uplifi pressure diagram at the interface between concrete and rock base; 2- Cement
curtain; 3- Loads acting on the upstream base; 4- Loads acting on the downstream base; 5- Constant
pressure line; 6- flow path; 7- The unit seepage force.

h,/H, and h/H,
D types Basic combination Special combination
il h/H,, h/H, hu/H, h/H,
a) Blocking gravity dam (H. 1a),
gravity dam with waterproof laver located
at the pressure face (H.1d), gravity dam
anchored to the base (H.1d)
- Grade | 0.4 0.2 0.6 .35
- Grade Il 0.4 0.15 0.5 0.25
- Grades Il and IV 0.3 0 0.4 (.15
b) Slotted gravity dam (H.1b), gravity dam
with empty opening near the base (H. Ic), 0.4 0 0.5 0
and buttress dam from grades [ to IV
c) Arch and gravity arch dam from grades | 0.4 0.2 0.6 .35
to IV

WNote: h,/H, and h/H, in special combination case (loads and actions) are only applied when upstream
level is NWL (Normal water level) and waterproof and drainage devices are broken or work
labnormally.




Permeability of waterproof membrane body
Dam height H
Unit seepage discharge not Seepage factor not higher Jop
(% higher than (l/min) than (cm/s)

Greater than 100 0.01 1.10° 30
From 60 to 100 0.03 6.10° 20
Lesser than 60 0.05 1.10* 15

Requirements for concrete in different zones of the dam e :mf'e

Concrete Reinforced concrete
- Based on compressible strength -1 -
- Based on tensional strength I-1 I—1n
- Based on moisture proofness - -1
- Based on limit elongation - No requirement
- Based on water erosion strength - -1
- Based on abrasive strength toward flow with silt as well as
real gas strength when throughput at the concrete surface is 1 Il
equal to or greater than 15m/s
- Based on exothermal ratio of curing concrete - No requirement

Note: For dam grade 1V, it is allowed to bypass the requirement about limit elongation and exothermal

ratio of concrete.




Coefficient of working condition m of the dam

Calculation cases and causes for the use of working condition factor

Working condition factor
m

1. Stability of concrete and reinforced concrete dams on half-rock

base 1.0
2. Stahility of concrete and reinforced concrete dams on half-rock
hase:
a) For sliding face travelling through cracks of the base 1.0
b) For sliding face travelling through contact zones between concrete
and rock; sliding face in the base, of which a part travels through
cracks and the remaining travels through monolith (),935
3. Stability of arch dam 075
4. General durability and local durability of concrete and reinforced
concrete dams as well as of their items if the durability is critical 1o
below siructures:
a) In cancrete structure:
- For basic load combinations and actions 0.9
- For special load combinations and actions, without consideration
of earthquake 1.0
- As abave, but with consideration of earthquake i
b) In reinforced concrete structures (flank and plate tvpes), if
thickness of the plate (flank) is equal or greater than 60cm ; 1,15
c) In reinforced concrete structures (flank and plate tvpes), if
thickness of the plate (flank) is lesser than 60cm 1.0
5. Same as 4, but durability of the non-pre-stressed reinforcing bar is
critical to below structures:
a) ltems of reinforced concrete, of which horizontal cross section has
number of main bars:
- Lesser than 10; 1,1
- Greater or equal to 11); 1,15
b) Combination structure of steel — reinforced concrete (open or
buried underground) 0.8

Filldam  Calculation of dam design
a) Seepage;
b) Seepage stabilization

c) Inverse layer, drainage item and transition layers;

d) Stabilization of the dam and foundation as well as in items of the dam;

e) Stress and deformation, displacement of dam body and dam foundation;

1) Consolidation of dam slopes influenced by wave and temperature impacts;

g) For dams having core wall, clay sloping wall or clay base, pore pressure must be calculated for
the determination and inspection of stability, cracking resistance during the constructional period

including velocity on the dam and the operational period.




Allowable gradient [J,]., for filling-block in the dam body

o Work grade
Soil types 7 77 T W~V
Clay 7.00 7.10 1.20 1.30
Loam clay 0.70 0.75 0.85 0.90
Medium sand 0.50 0.55 0.60 0.65
Clay sand 0.40 0.45 0.50 0.55
Fine sand 0.35 0.40 0.45 0.50

If J, is greater than above value, inverse filter must be designed and constructed

Critical average gradient [J ], for waterproof items

Allowable average head gradient

Soil types Blanket Slope wall and core | Body and prisms of the
wall Dam
Clay, clay concrete 15 12 from 8 to 2
Loam clay soil 10 8 from 4 to 15
Clay sand soil 3 2 from 2 to 1

»  Constructional period (including as-built): Upstream and downstream roofs;

»  Stable infiltration period: Upstream and downstream roofs,

» Fast draining period (of the reservoir): Upstream roofs.

Minimum stability safety coefficient of dam roof [K ]

Working condition (action complex)

Dam grade

d 1l 1 IV~V
Normal (basic) 1,50 1.39 1,30 1,25
Particular 120 1. 1,10 1,05

Cases for calculation of earth dam stability




Period

Calculation cases

Complex

Roof  for
stable
calculation

Construction

Based on the fills in upstream and downstream
roofs during constructional sub-periods, including
a period when the construction is completed but
not in operation and the water level is unfavorable

Special

Upstream,
downsiream

Stable
infiltration

Upstream has NWL, downsiream has the highest
level that can eccur during the water supply period
and not greater than 0.2 Hy.,

Basic

Downstream

Upsiream has MDWL, downstream has a level
equivalent to design discharge Oy,

Basic

Downstream

Upstream has MDWL, downstream has a level
equivalent to check discharge O

Special

Dewnstream

Upstream has NWL, downstream has the average
level of the water supply period. Drainage item
works abmormalfy

Special

Downstream

Drain water
level

Upstream has MDWL  draining  into  stable
operational level that must be kept according 1o
the design. Downstream level is eguivalent to
desion discharge Qsucbaree

Basic

Upstream

Upstream has MDWL  draining into stable
operational fevel that must be kept according to
the design. Downstream level is equivalent to
check discharge Oaa

Special

Upstream

Upsiream has NWL draining into dam safety level
when occurring breakdown, Downstream level is
equivalent 16 Quwiarge s When releasing water
Jfrom the reservair

Special

Upstream

Earthgquake

Upstream level is NWL, downstream level is
average level of the water supply period, including
the consideration of earthguake

Special

Upsiream,
downsiream




Investigation of river environment

I

|

i

| - River flow regime
! . .

! +  River discharge

| +  Use of river water
I .

: +  Natural environment
| +  Social affairs

! +  Historical drought
I

]

Study on necesT\ry river flow rate

Estimation of necessary river flow rate
+  Habitat of flora and fauna
+  Fishery
*  Landscape
= River water quality
+  Navigation
*  Prevention of salt damage
= Prevention of river mouth clogging
*  Protection of river management facilities
*  Maintenance of groundwater level

Decision of river maintenance flow rate

!

Decision of river flow rate necessary for water use

Study on environmental flow rate

!

Selection of standard points to moenitor river flow rate and river environment

i
i
]
]
]
i
]
i
]
i
r
i
]
I
i
]
]
]
]
]
i
]
]
i
]
]
]
]

Decision of necessary flow rate for each season

k4

Decision of environmental flow rate

Process for decision of environmental flow rate



1)
2)
3)
4)

5)
6)

7

3

Chute shape [~ — | Estimate change in water depth due tocurve or

Dissipater shape |- — —| Necessary length and depth for hydraulic jump |

Flood discharge |- ————— I 1D ﬂ 1 ek Bood J|
Nappe shaps(Water depthand discharge) :
+f Discharge capacity ——* =+ Decide water depth, overflow width, dimensions I

of gate and gate type

“ater surface shape: Pure water depth
| Estumte water depth with entrained air

Ibmd

'L=~ Estimate necessary depth of chute channel

Hydraulic analyses of discharge facilities

Estimate necessary capacity;

Calculate necessary dimensions and shape;

Select the location;

Estimate flow condition by hydraulic caleulation and/or simulation considering the surrounding

topography;

Estimate flow conditions by hydraulic model test;

Reconsider the location, dimensions and/or shape in case the initial design gives negative effect to

the surrounding area; and

Construct facilities as designed.



Flow frequency as well as the highest designed and examined water levels of hydraulic works

Desien class
Special ! 11 i IV

Nao. Tvpe of construction

1 | Headwork units of various types (exclude headwork in the
tidal region); water conduction channel and relevant
works not belonging to the agricultural irrigation and
drainage system; conveyance structures cross rivers and
streams of the irrigation and drainage system for

agriculture

- Design frequency, % 1o 0.5 | 100 1.50 | 2.00
In accordance with return period, vear 1,000 200 | 100 | 67 50

- Check frequency, % 002 0,10 020 0,50 -
In accordance with return period, vear 5000 | 1,000 | 500 | 200 -

2 |Headwork in tidal region; constructions and relevant
water conduction system in the irrigation and drainage
svstem for agriculture {exclude construction transferring
water to cross rivers and streams of the irrigation and
drainage system for agriculture):

- Design frequency, % 020 050 | L.o0)| 150 | 2.00
In accordance with return period, year 500 200 | 100 67 0

- Check frequency, % 1o 020 | 0.50| 1.00 -
In accordance with return period, vear 1000 00 | 200 100 -

The lowest flow and water level using to calculate the structural stability of the construction and foundation

E— > ; ; ; ; )
s T oF eoRsTAIeon Construction !'requem? of the lowest flow anff uar:er level, %
class Design Examine
. Shaia. L . Thf? lowest aimmage level
1 Reservoir Death elevation using to repair and dredge,
and IV ot
Special 99
1 97 The lowest daily water level
2 On-river construction 11 95 occurring at the
i 95 constructional alignment
v 90
Drainage system and | Special, I, II, 11l | The lowest water .
; ; . | The drainage water level
other relevant works in and IV level stipulating in : .
3 : ey using to repair and dredge,
the hydraulic system the exploitation e :
period )
Allowable gradient [J}]., for filling-block in the dam body
Work grade
Gl b ik I i w-v
HPE (to be read (to be read as to be read as (to be read
as Special) I) 1T) as 11 - IV)
Clay 1.00 1.10 1.20 1.30
Loam clay 0.70 0.75 0.85 0.90
Medium sand 0.50 0.55 0.60 0.65
Clay sand 0.40 0.45 0.50 0.55
Fine sand 0.35 0.40 0.45 0.50




Critical average gradient [J ], for waterproof items

Allowable average head gradient
Soil types Blirikict Slope wall and Body and prisms of
core wall the Dam
Clay, clay concrete 15 i2 from 8 to 2
Loam clay soil 10 8 from4to 15
Clay sand soil 3 2 from 2o 1

[Foundation is improved until permeability
lequals Lugeon value corresponding to target
value of depth in case there is no pervious
lzone or rise in groundwater level

IFoundation is improved to lower
[value among 2 to 5 Lu until depth
lof H/4 in case drain holes are drilled

g L
i)
l

Area of curtain grouting

Improveto 2—5 Lu

510 Lu 1 I
H:Maximum dam [ITTTTTITIT
height

Impervious bedrock I.

Area of grouting
where, H: Maximum height of dam

Lu: Lugeon value, defined as the loss of water in liters per minute and per meter of
borehole length at a hydrostatic pressure of 10 kgf/cm®, approximately 0.98 MPa. Lugeon
value is calculated by the following formula.

L o
PxL

where, Q: Amount of infiltrated water (I/min)

i1}

L: Length of drill hole to conduct Lugeon test (m)

P: Injection pressure (kgf/cm?)




Injection pressure P (kgffcm2)

Converted Lugeon value Lugeon value
Amount of infiltrated water Q (I/min)

Estimation of Lugeon value

Permeability coefficient K is calculated by the following formula when a permeability test is conducted at
a drill hole with constant injection pressure.

___ 9

L
=—=  log — ...(2
2xgxLxH Ee r @)

where, L: Length of drill hole to conduct permeability test (cm)
H: Head (cm)
Q: Amount of infiltrated water (cc/s)
r : Radius of drill hole (cm)

Unifying formulae (1) and (2), permeability coefficient, K, is calculated by the following formula.

K =266x10"" ><Jp‘5ur><l{:pge£ e k3)
r

where, K: Permeability coefficient (cm/s)

Lu: Lugeon value

L: Length of drill hole to conduct permeability test (cm)

K=134x10"xLu ... (4) r : diameter of drill hole (cm)



Standard Specification for Concrete Structures in Japan shows the relation between compressive strength,
., and bending strength of concrete, f,, for reference as follows:

Soer = kop XKy % [y
1
0.85+4.5( h!, )
ch

ky, =1+

0.55
ilh

where fiei: Bending strength of concrete (N/mm’);

ky, =

(=0.4)

kgw: Coefficient showing the relation between tensile strength and bending strength due to tensile
softening characteristics of concrete;

ky,: Coefficient showing reduction of strength due to drying, hydration or any other causes;
h:  Height of component (m) (> 0.2) ;

l: Characteristic length (m) (=G, xE_/ f.,>) ;

Ec : Modulus of elasticity (kN/mm®) ;

Gr: Failure energy (N/m) (=10x(d )“3 - o A 2y

d,y : Maximum size of coarse aggregate (mm) ;

'« : Compressive strength (N/mm’) ; and

fy : Tensile strength (N/mm?) ( £, =0.23x f",.*")

Example of calculated minimum bending strength of concrete structure corresponding to
its compressive strength

Unit: MPa
Compressive strength 20 25 30 35 40 50
Bending h=1.00m 2.0 2.3 2.6 2.9 32 37
strength h=0.20m 3.0 35 4.0 4.4 4.8 5.6

Freeboard of dam crest is determined:
he=Ah + hg+a

In which

Ah Height of tail water due to wind, m;

hy Height of run-up wave on the slope, m;

a Safety height, determined based on 6.1.3, m;



Freeboard of the dam is stipulated differently for 3 cases:

»  Normal high water level;

» Design flood level;
»  Check flood level;

Safety height of the dam

. ¢ = W Safety height according to grade of the dam (m)
Working condition of the reservoir i 7 7 I T
Normal water level I35 1.2 0.7 0.5 0.5
Design flood level 1.0 1.0 0.5 0.5 f.3
Check flood level 05 0.3 0.2 0.2 0.0

Design wind frequency

T — et Design wind frequency according to grade of the dam (%)
Working condition of the reservoir T TTLIV %
Normal water level 2 4 10
Check flood level 25 50 50

Crest elevation of non-overflow section of dam
Gravity dam, hollow gravity dam, "
Category eyl Fill dam
At the normal water level, At the normal water level,
Hi;=h, +h.+h,, Hi=h,+h,+h,+1
where Hy = 2. where Hy = 3.
At the surcharge water level, At the surcharge water level,
h I
Freeboard H;=h,+ 2° +h, H;=h, +%+ha+]
where H; = 2. where Hy = 3.
At the design flood water level, At the design flood water level,
Hf=hw+ha Hj‘=h“+ha+1
where H;= 1. where Hy = 2.

H; is the freeboard (in units of m).

h,, is the height of waves caused by wind (in units of m).

h, is the height of waves caused by an earthquake (in units of m).

h, is 0.5 m for dams with a spillway gate and 0 m for dams without a spillway gate.

hw= 0.00086 V"'xF **

V: 10-minute-mean wind velocity (m/s)

1) Wave height caused by wind, hw

[In general, 30 m/s or 20 m/s is adopted.]

F: Maximum fetch (m) measured from the dam at the design flood level.

he=(1/2)x(Kt/m)*(gHo )"

11) Wave height caused by earthquake




M inimum Freeboard

FWL
NWL | <7
Normal Freeboard
Normal and minimum freeboard
v Dam crest

Crest of Pervious zone
v non-overflow section

:: Impervious

Crest of fill type dam



Normal freeboard and minimum
freeboard (the least amount recommended

Wave heights by fetch and wind velocity illicv s Ean st e

Feich Wind velocity | Wave  height Fetch Normal freeboard MG
(km) (m/s) (n) (km) (m) ]

1.6 22.5 0.8 Wind velocity: freeboard (m)
1.6 33.8 0.9 45m/s Wind velocity:
2.5 22.5 1.0

75 338 11 22.5m/s
75 45.0 12 Less than 12 0.9

5 22.5 1.1 1.6

5 33.8 1.3 1.6 1.5 1.2

5 45.0 1.5 4.0 1.8 1.5

10 22.5 1.4 8.0 2.4 1.8

10 33.8 L6 16.1 3.0 2.1

10 45.0 1.8

Allowable specific discharge of different soils corresponding to different flow depth

Ord Non-erosion velocity | Allowable specific discharge
nu:;r;;r Soil type when depth is Im (m’/s) when flow depth is
(m/s) h=35m h=10m h=20m
J Medium sand including coarse 0.6 7 16 37
sand
2 Sand including medium gravel 0.75 9 20 46
3 Nf)mm'f density clay, h'eavy loam 0.85 10 23 53
clay with normal density
Coarse gravel including light
% but high density loam clay 400 12 il -
Sand including no less than
10% of high density clay gravel
3 and heavy but high density loam L2 14 2 74
clay
Allowable average specific discharge [q],, corresponding to different diameters of rock and
different erosion depth
Rock diameter [q].s corresponding to erosion depth is
(m) Sm 10m I15m 20m
0.10 20 30 45 60
0.30 22 40 3 70
0.50 25 50 635 80
0.75 29 60 75 90
1.00 32 70 85 100
1.50 35 ] 90 110
2.00 38 80 95 120
2.50 42 85 105 130
3.00 45 90 115 140




Seepage flow through
fine grained materials

f_—PE:rvious zZone

Impervious zone

Seepage Flow in Zoned Type Fill Dams

Semi-pervious zoney

Cross section of common earth dams constructed on impervious (low permeability) foundation



Remark:
1) Imnervious eauinment; 2) rockfill; 3) masonry rock; 4) concrete or reinforced concrete

Cross section of some common rock dams constructed on rock bed
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Remark:
1) rockfill; 2) impervious core; 3) transitional block; 4) transitional filter; 5) rock base;6) impervious

diaphragm . . .
Cross section of rockfill dam construction on gravel sandy foundation

Classification of Earth Dam
a) Classification based on the cross-section of dam
1- Homogenous dam with single tvpe of soil
2- Non-homogenous dam with multi types of soil
3- Dam with clay sloping wall
4- Dam with sloping wall made by materials which are not soil
5- Dam with clay core-wall

6- Dam with impervious diaphragm

a) MNDBT 2

Types of earth fill dam



a) Homogenous dam, b) non-homogenous dam,; c) Dam with clay sloping wall

d) Dam with sloping wall made by materials which are not soil; d) Dam with clay core-wall;

e) Dam with impervious diaphragm; [ — upsiream slope; 2- slope reinforce; 3- dam crest;

4- downstream slope; 5- dam body; 6- water drainage trench; 7- dam base; 8- transitional zone;
9- Central core; 10- protective layer; 11- sloping wall; 12- upstream wedge; 13- core;

14- Downstream wedge; 15- impervious diaphragm,; b- width of dam crest;

B-Width of dam base; H- dam height; m;= ctga;; m;= ctga,

b) Classification based on impervious part of foundation

1- Earth dam with front vard
2- Earth dam with cutoff wall

3- Earth dam with diaphragm using materials such as: clay mortar, cement mortar,
molten glass, asphalt or impervious mixture.

4- Earth dam with hanging-type diaphragm when thickness of pervious base is quite big.
5- Earth dam with wall-type diaphragm using reinforced concrete or steel.

i )
aitater.

Impervious structure at dam foundation



[-Front yard; 2- cutoff wall; 3- diaphragm using impervious materials;
4- Hanging-type diaphragm, 5- impervious diaphragm located through pervious foundation

c) Classification of earth dam based on construction methods

1- Earth dam using filling and compacting method

2- Earth dam using method as of filling soil into water

3- Earth dam using hydraulic method

4- Earth dam using mixed method of both fill and hydraulic method

3- Earth dam using blast oriented method (referring to Chapter for earth-rock dam)

d) Classification of earth dam based on dam body height
I- Low dam, water head < 20m;

2- Medium height dam, water head within 20=50m;

3- Height dam, water head within 50-100m;

4- Extreme height (or super height), water head = 100m

. ca1 o 1 i ile z 1 o v sy ‘) . .
Classification Place Details of sediment control measures Examples in Japan
Reduction of sediment production by hillside and valley works
Tpstream Regulation of reservoirs and sedinsent by erozion coatrol dams and alin Tab arc, changung romm sedimenl Check dars 0 sedimenl
Teservoins dans - . contrel dams (slit dams)
- Reduction of discharged sediment and river course stabil, by
— lecm:s Feriomt - chansel works
flowing inte reservoirs
" Endor Sediment chack Regubarly excavating and recycling for Miwa Dam, Koshibu Dam, Nagashima Dam, Matsukawa
Teservoins it aggregate or sediment supply 1o Dany Yokoyama Diam
downsiream river
Enid af '—I | | Asahi Dam, Miwa Dam, Koshibu Dam, Matsukawa Dam, I
—I oo petmisid bypoey I Y okovama D
o Sediment slaicing Y Sabaishigawa Dam
Sedtiment: ronting Dashidaira Dam-Unazuli Dam (C 1 shuicing)
Sediment Mogegate bottom outlets
(natural flushing) Masudagawa Dam
Densit: L]
m:::,:cm“ Battom outlets for flood control I I Koshibu Dam, Futase Dam, Kigawa Dam I
Monegate conduits with cunain wall I—I Katagiri Dam I
Selective withdrawal works | ¥ahagi Dam 1

flushina

Sediment Mushing owler I IDus.hu!aila Dam-Unazuki Dam {Coordinated flushing)

Inside
reservoirs

—] Sediment flushing |—] withaut sed seoring gate —] Scnzu Dam, Yasuoka Dam

Sediment seoring pipe I tkawa Dam

Excavating and
dredzing

R . . | I—I Miwa Dam, Koshibu Dam, Sakurn Dam, Hiraoka Dam,
Recyeling for concrete aggregate Y aolka Dam

SO URprovIng material, e

land, filling, benking material I IM"‘“ Dam, Yanase Dam

Sediment replacing inside reservoir I I Sakuma Dam

Sediment supplying 1o downstream Hvers Aksba Dam, Futase Dam, Mihare Dany, Magayasuguchi Darn, I
Nagashima Dam

Classification of reservoir sediment management



2 Section 1 . oo R
= Velocity head nergy gradient line

s \‘ [Tt T = 12 — Friction loss in
"—_-":L_:'- ih‘ﬂi _waterway
h J
A r ) “\‘_‘\iy\ 2
L e thﬂz u_2:'v'elclcity head

PE Piezometric line __ | - 2g
- s nne2sing || K
head - h 4

_1_( 22_‘ 12)
EEU v

=
/

-§ =Difference in velocity head
=
|
'% P2 _Pressure E
o “head =
g pf = 2
N -]
& i g
= Potential E
head h 9 =Potential =
1 head
v ¥ SEnd:drEl level v

Hydraulics of pipe flow

g5 FSL

Alir-entrained
vortex

Submerge depth of pressure type intake



The acceptable size is determined by considering following condition.
(1) To prevent the surface of the waterways and penstocks from the wearing
(2) To prevent turbines from damaging and the runner from wearing.

After finding the soil or sand particle size for the design, the length of a settling basin is obtained as

follows:
Mo
L2yvg V=B-vg
Where,

: necessary length (m)

: water depth (m)

: width of the settling basin (m)

: mean flow velocity (m/s) = Q/B*H
Vg : settling velocity (m/s)

< W o =~

Q : water flow rate (m'/s)

Vg is 0.1 m/s in accordance with diameter of sand, 0.5 or | mm;
V shall be less than 0.3 m/s, and;

A settling basin shall be twice longer than the length obtained abovementioned formula.

l i o Surge tank
B 1 Zv._._ b
Reservoir + o F
Headrace Fp
pS—
f . Vv |
—_—
Q
= L
) Penstock

Visual description of symbols in equation for restricted orifice type surge tank



Fundamental equation for restricted orifice type surge tank

Motion equation % = ill%lﬁ
g

Continuity equation % = @

Resistance of orifice.........k = leV;QJCg;;_)?}

Where,

Q : Water discharge (m’/s)

V : Mean flow velocity (m/s

z : Water level of the surge tank (m)

t : Time (sec)

g : Acceleration of gravity (9.8m/s%)

L : Headrace length (m)

F : Cross-section area of surge tank (m°)

Fp : Cross section area of the orifice

C : Coefficient of head-loss

Cd: Discharge coefficient of orifice



Total of Internal water pressure

(3) Pressure rise by

Surge tank water hammering
g o o ﬁ: ....... A —--v-—-*:-—-—-l—- (2) Pressure rise
___________ ke by surging

{1)Hydrostatic
pressure

Penstock

Closing equipment
of water turbine
L~

Cross Section Image of Penstock and its Internal Water Pressure

Formula for the propagation velocity of pressure wave 1s described as follows.

1

¥ W, 1D
e
Where,
o Propagation velocity of pressure wave of number penstock pipe i (m/s)
W Unit weight of water (1tf/m’)
g Acceleration of gravity (m/s’)
K Elastic coefficient of water (=2.1x10°tffm")
E Elastic coefficient of steel (52.1x10'tf/m?)
D Diameter of steel penstock pipe (m)

—

Thickness of steel penstock pipe (m)

Therefore, the average propagation velocity of pressure wave is described as follows.



P=3. g-Hy ... Allievi’s pipeline constant
o e I i i .
6= 2Ty ...Closing time constant of a closing equipment
w2
Where
hy :  pressure rise due to water hammering at a closing equipment (m)
Hy :  Hydrostatic pressure after entirely shutting off a closing equipment at the turbine end (m)
Ly :  Length of pipe line (m)

EV]' ;. li i
Vg = L_u : Average velocity

l; :  Pipe length of section 1 (m)

Vi : Velocity of section i (m/s)

T : Closing time of a closing equipment (s)

g . Acceleration of gravity (m/s”)

O . Average propagation velocity of pressure wave (m/s)
1) In case of p‘:al

hy n
When 7 q,Z > 5[]%, Hu =5 {nﬁ,’nz+4)

ho 2'n
WhenHU{SDxEn,Hﬂ—z i
hyg
‘WhenH 31}%, = 1.10n
0
24 In case of p<1:
hy _ 2'n
Hy, 1+n-(6-1)

a) Stable operation
b) Infiltration and water leakage

¢) Penstock route

d) Expose d type penstock



Total of Internal water pressure

Surge tank \ 4+

Pressure rise by water

Closing equipment of
water turbine

E L i hammering
| : R, :
il B SRR N ol _._._._:._._.l_. Pressure rise by
I 1 1 .
Y +—mm et S B S o
| 1 :
: : B
i . |H : .
| : ' Hydrostatic pressure
: :
Penstock ' :

Relationship of h and h,

- —_— Sine selection |
Rkl seslgalion,
1 < . .
Planning _ g — Investigation
o Stremgth and
r —— imitial rock pressure) z b A ~ .
\ - Layom M;ﬁfmle ] l"fmtogscal m'-w_.‘s_ugamn
oSl e *Exploratory drilling
l. *Exploratory adits
- Excavaisos anslyus, ssbaliy *In-situ tosis
DESigﬁ 4 calculation and support design +Laboratory tests, elc.
1 T
. LB '::::_b:lﬂwrn stable 7 ==
R
l Yo
f [ [Excavation, r\;n.'l: s and
concrete =

Micasur exnent (Infos enation-oricated cosmruction) | L_ i“"ﬂ"_"ll“if""_l
3 ! I AT PG SRR 5 . it ' 1
Construction< {"’:L'l‘-i‘”\% R » Operation

2 o A
s m covern stable ¥

e J Stability of cavern
]1.-“ shall be confirmed

| - - penoadically by

. [ Com Sl kv meastrement records



N Water level

Hydrostatic pressure

Development process of underground cavern

Hydrostatic pressure

E‘Water level

Hydrostatic pressure

Friction force at seal part and bearing part
when gate is moving upward

Forces at lifting gear

in case of stuck gate

Seized by the gate guide
when gate leaf is hanged unequally

Forces at lifting gear in case of stuck gate



Tension force

Tension force

Friction force at trunnion part
Operating force when gate is moving upward

E'Water level L

AT vacuum force

\ in case of closing gate

Water flow

Air vacuum force in case of closing gate



Inertia force of equipment
VY Water level

Hydrodynamic force of reservoir

Earthquake force

JJ 8
Water flow ; \
—> D : : d

Inertia force of water

\—
Longitudinal force causing by changes of pipeline diameters




Water flow Inertia force of water

Longitudinal force causing by changes of pipeline direction at bend section

Intermediate abutments

Own weight of pipe shell and water
Rock pressure

Rock pressure on intermediate abutments Own weight of pipe shell and water

Bending moment due to unsettlement of intermediate abutments

Uneven settlement of ntermediate abutments

i

Forces causing by uneven settlement of intermediate abutments




- [Waler rising due to surging

Water haminering

Water pressure acting on pipe shell

Hydrostatic pressiur



Classification of forces on gates

Vietnamese standard

Japanese standard

Class : (Technical standards
EREYN AR for gates and penstocks)
Main loads - Hydrostatic pressure - Hydrostatic pressure

(which act permanently
on valve and gate)

- Hydrodynamic pressure

- Own weight, inertial force
- Seepage pressure of water
- Buoyancy

- Wave pressure

- Frictional force

- Sludge pressure

- Wind pressure, air pressure
- Force of lifting mechanism
- Water hammer pressure

- Own weight, inertial force
- Buoyancy

- Wave pressure

- Frictional force

- Sludge pressure

- Wind pressure, air pressure
- Force of lifting mechanism

Special loads

(which act temporally or
locally on valve and
gate)

- Impact pressure of floating object
or ship

- Earthquake force

- Construction load, thermal
dilatation force

- Trial load

- Force of lifting mechanism in gate
stuck situation

- Vacuum force when closing gate

- Earthquake force

- Construction load

- Trial load

- Force of lifting mechanism in gate
stuck situation

- Vacuum force when closing gate




Classification of forces on penstocks

Class

Vietnamese standard

Japanese standard
{Technical standards

ICVN 36 for gates and penstocks)

Major loads - Water pressure acting on the pipe | - Water pressure acting on the pipe
{which act permanently wall, including water hammer, wall, including water hammer,
on penstock) - Water pressure acting on the guard | - Own weight of the pipe shell and

valve in the pipe, water which is fully stored in the

- Longitudinal foree causing by the pipe,

changes of pipeline diameters at - Friction force between pipe shell

bend elbow and at the butt end of and intermediate abutments,

expansion joints, between water and pipe shell,

- (rarn weight of the pipe shell and
water which is fully stored in the
pipe,

- Friction force between pipe shell
and intermediate abutments,
between water and pipe shell,
friction force inside expansion
joints,

- Centrifugal force cansing by the
movement of water through bend
elhow,

- Dieformation force causing by the
influences of environmental
temperature and internal water
pressure to the un-sectional pipe.

- Rock pressure on anchors and
intermediate abutments,

- Forces causing by the uneven
settlement of anchors and
intermediate abutments, and

- Rock pressure acting on embedded
pipe sections.

friction force inside expansion
joints,

- Decree of vacuum being generated
in the pipeline in case of empty
pipe.

- Snow force,

- Wind force,

- Forces causing by carthquake and
other geologic factors.

Supplementary loads
{which act temporally or

- Decree of vacuum being generated
in the pipeline in case of empty

- Local stress at pressure lining part
seized by ring girder, stiffeners and

locally on penstock) pipe, anchor blocks.
- Wind force, - Local stress cansed by thickness
- Force generating from hydraulic change, and
test, and - Bend stress at bending part.
- Forces being generated during the
COnStructing concrete parts.
Special loads - Forces cansing by earthquake and | - Excessive local stress concentration

{which act temporally or
locally on penstock)

other geologic factors.

at holes of a pressure lining part.




Loads imposed on dam bodies

Type of dam
Basic load condition Cnnrr;t: 'Erm-ity Avch diara Fill dam
o self-weight o self-weight s self-weight
N 1 » hydrostatic pressure | » hydrostatic pressure | » hydrostatic pressure
Usual s at NHWL = mud pressure * POTE Pressure
PRIIg = mud pressure o uplift
+ uplit » thermal load
o self weight » self weight
Construction | » empty reservoir * pore pressure, and
* cmply reservolr
o self-weight o self-weight » self-weight
» hydrostatic pressure | » hydrostatic pressure | » hydrostatic pressure
’ at DFWL at DFWL at DFWL
Hedpn oo | mud pressure » mud pressure * OIS Pressure
« uplift o uplift
+ thermal load
_ » self-weight o self-weight » self-weight
RERSNIEN. » hydrostatic » hydrostatic » hydrostatic
pressure® pressurc® pressure®
* hydrodynamic » hydrodynamic * horizontal
il pn:!lssun:* pressurc® carthquake
operating with # horzontal = mud pressure aceeleration
OBE earthquake » uplifi* ® POTE pressure
acceleration in + thermal load
downstream # dynamic OBE load
direction
= mud pressure
» uplifi*
Type of dam
Basic load condition Concrete gravity i it Fill dam

dam

Construction
with OBE

o self weight

® empty reservoir

e thermal load

e dynamic OBE load




Loads imposed on dam bodies (end)

o self weight .
= horizontal

Construction earthquake

with OBE acceleration in
upstream direction

® empty reservoir
» self-weight » self-weight .
» hydrostatic pressure* | e hydrostatic pressure®
* hydrodynamic ¢ hydrodynamic
pressure® pressure®
Normal » horizontal s mud pressure
Extreme operating with earthquake o uplift*

MCE acceleration in e thermal load
downstream e dynamic MCE load
direction

» mud pressure

o uplift*

» self-weight o self-weight .
¢ hydrostatic pressure | » hydrostatic pressure

Check flood at check f_]t:-od at check ﬂund

» mud pressure e mud pressure
o uplift o uplift and
e thermal load

Where:

H,

position obtaining the distance

: Upstream water depth;
: Downstream water depth;

: Uplift at drains;

. Height of gallery from dam base;

: Distance of drains from upstream end of dam base;

: Base length of dam body:

: Drain effectiveness expressed as a decimal;

. Zero compression length.

: Seepage uplift acting on the dam foundation at the
measured from the

downstream end of dam body.

[T 1

d
Ha=H;, + K (Hi—H,)*

Ha

H;

H,

Without foundation drains




Uplift under various conditions (end)

Drainage Galle : \
2 [ Preten L A Drainage Gallery
B F 9 i
Hy | Exane H, i Drains
/l! Fs -
Sl 3 < L H
H1 -— H 4 yr 2
/ 3
When Hy=H,
LX When X<0.05H
H; = (1-E) x (Hi—Hg4) * —5—+ Hy4 ' =
L If Hy=H, Hi;=(1-E) x (H,—H,) + Hy
When H,<H, If Hy<H> H; = (1-E) ¥ (Hi—Hz) + H»
L-X
Hy = (1-E) x (H,-H,) * =T~ + H,
With drains near upstream end
With drains
T=X T=X
N\ \
N Drainage Gallery - DL Drainage Gallery
Hy éDrains H, - Dcaiess
' x A
HS ‘PHz i H2
T L o H, >
H, "
When H=H, NOTE:
L-X Drai T : ;
— i + Ho— i rain effectiveness depends on depth, size, and spacing of the
Hy |:(H| H,) x L-T H HJ gl drains; the character of the foundation; and the facility with
which the drains can be maintained.
When Hy<H-

) LX
Hy =| (H—Hy) 7= | X (I-E) + H»

Cracked base with drains, zero
compression zone not extending beyond drains

Cracked base with drains, zero
compression zone extending beyond drains

Stability condition of arch dam

Load condition

Minimum safety coefficient of sliding

. Usnal

2.0

1.3

1
2. Unusual
3. Extreme

1.1




Where:

n=(fxv+txI1)yH

Shear friction safety coefficient;

Internal friction coefficient;

Shear strength, Pa;

Total vertical force acting on the shear plane per unit width, N;

Total horizontal force acting on the shear plane per unit width, N;

Area resisting with respect to the shear force per unit width, m’;

Minimum safety coefficients of fill dams

Required minimum safety

Slope

Analysis condition coefficient
Usual Normal npt:ratingt 1,5 Upstream and Downstream
Just after completion and before filling 1,3 Upstream and Downstream
Unusual Design flood 1.4 Downstream
Rapid drawdown I,1to 1,3 Upstream




Loads imposed on dam bodies

Basic load condition

Type of dam

Concrete gravity dam

Arch dam

Fill dam

» self-weight
» hydrostatic pressure at

o self-weight
» hydrostatic pressure

e self-weight
e hydrostatic pressure at

Usual |Normal operating | NHWL » mud pressure NHWL
» mud pressure » uplift » pOre Pressure
= uplift » thermal load
. e self weight
Endof s pore pressure
construction ;
» emptly reservoir
» self-weight o self-weight o self-weight
Unusual » hydrostatic pressure at | hydrostatic pressure at | » hydrostatic pressure at
; DFWL DFWL DFWL
Design Flood » mud pressure » mud pressure » pore pressure
o uplift e uplifi
= thermal load
o self-weight o self-weight
» hydrostatic pressure at | e hydrostatic pressure at
NHWL NHWL
) ) s hydrodynamic pressure |e pore pressure
Normal operating » mud pressure e horizontal earthquake
with MCE = uplift acceleration
¢ thermal load
Extreme

» horizontal earthquake
acceleration

Normal operating
after MCE

s self-weight

» hydrostatic pressure at
NHWL

» mud pressure

» uplifi*

Minimum safety coefficient for stress in arch dam

Loading combination

Compressive stress

Tensile stress

Internal shear stress

1. Usual (normal operating) 2,0 1,0 2,0
2. Unusual (design flood condition) 1.5 1,0 1.5
3. Extreme (MCE) I | 1,0 1,1

Recommended minimum safety coefficient for stress and shear friction

Hazard potential

Load condition

High and significant Low
1. Usual 3,00 2,00
2. Unusual 2,00 1,25
3. Post earthquake 1,30 > 1,00




Recommended minimum safety coefficient of arch dams

Loading combination Sliding stability*
1. Usual (normal operating) 1,5
2. Unusual (design flood condition) 1,5
3. Extreme (MCE) 1,1

Minimum safety coefficients of fill dams

Analysis condition

Required minimum
safety coefficient

Slope to be analyzed

Usual Normal operating at NHWL 15 Upstream and downstream
Just after completion and before filling 1,3 Upstream and downstream
Design flood 1.4 Downstream

Unusual
Rapid drawdown from NHWL >1,1 Upstream
Normal operating with MCE* >1,0 Upstream and downstream




Grading requirements for coarse aggregate

Percent by weight passing designated test sieve
Test sieve Cobbles Coarse Medium Fine
size,square| 6to3in. | 3to 1-1/2in. |1-1/2t0 3/4 in. |3/4 in. to No. 4
mesh, in. (150 to (75 to (37510 (19 to
{mm) 75 mm) 37.5 mm) 19 mm) 4.75 mm)
T(175) 100
6 (150) 90 to 100
4 (100) 20 to 45 100
3(73) Otol5 90 to 100
2 (50) Oto5 20 to 55 100
1-1/2 (37.5) 0to 10 90 to 100
1 (25) | Oto5 20to 45 100
3/4(19) | 1to 10 90 to 100
3/8(9.5) | 0to5 30 to 55
No. 4 (4.75)| 0to5

Ranges in each size fraction of coarse,
aggregate that have produced workable concrete

Percentage of cleanly separated coarse aggregate fractions

Coarse Medium Fine
Maximum | Cobbles 3to 1-1/2 to 3/8 in. to
sizein |6to3in.| 1-1/2in. 3/4in.  (3/4to0 3/8 in. No. 4
concrete, | (150 to (75 to (37.5t0 | (19t09.5 |(9.5t04.75
in. (mm) | 75 mm) | 37.5 mm) 19 mm) mim) mm)
6 (150) 20t0 30| 2010 32 20 to 30 12 to 20 Bio 15
3(75) 20 to 40 20 to 40 1510 25 101015
1-1/2 (37.5) 40 to 55 30to 35 15 to 25
3/4(19) 30to 70 20 to 45

*U.S. Bureau of Reclamation (198 1).



Cement Content, Ib per cubic yard (kg/m?)

Maximum Size Aggregate, mm

9519 38 75 150
700 e T — .

415)

850 -
{386

&0
{358}

550
{326}

500
{207}

450 |
{267)

400
{237}

350
{208)

300
(178}

250
{148}

Maximum Size Aggregate, in.
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Schematic of Raising Theodore Roosevelt Dam, AZ
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Typical calculation section of overflow dam body



Different Load combinations

Load
Load Major Static o ’ Dynamic .
Combraatiag T e Du.-_.ad e Uplifting Silt Wave S Soil Other
weight ) pressure | pressure | pressure pressure | loads
pressure pressure
Basic Normal storage | | I | |
g N N v N v
combination level
Design flood | | I | |
N Al W Yl v 4/
water level
Special Check flood | | f | |
i | | v R v W
combination water level
Parameters for the calculation of stability
Base rock — base rock | Cushion concrete - | Masonry body-cushion
base rock concrete
Shearing friction | 0.5 0.8 0.6
coefficient
Shearing cohesive force | 150.00 600.00 350.00
(KN/m")

Results of overall dam anti-slide stability and dam foundation face stress calculations

Design combination Lasting state Occasional state
Activity combination | Type of activity Basic combination Special
combination
Consideration Normal storage | Design flood level Anti-slide stability
level coefficient
Base rock — base 3.03 3.55 3.87
rock
Anti-slide  stability | Cushion concrete — 9.48 11.33 12.38
coefticient base rock
Masonry body - 5.82 6.93 7.56
cushion concrete
Standard 3.00 3.00 2.50
Dam heel vertical Calculated value 0.09 0.09 0.07
positive stress (MPa)
Permissible value =()
(MPa)
Dam toe vertical Calculated value 0.25 0.24 0.23
positive stress (MPa)
Permissible value Min (1.60/3.50, 1.00) Min
‘MPa) (1.8/3.00,1.00)
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The table of deep sliding stability calculated results.
a 7.5 15 25
B 15 30 45 15 30 45 15 30 45
Q(KN) | 278.50 | 252.5. 248.50 | 524.00 | 450.5. 444 .50 | 954.00 | 828.00 | 817.50
K 3.30 3.20 3.20 313 3.05 3.05 3.10 3.00 3.00
Initial reservoir level for both failure and
non-failure analysis. Elevation where failure
occurs varies with dam type and condition.
Maximum flood elevation
with dam failure

Incremental increase
due to dam failure

L Maximum flood elevation
without dam failure

Channel bottom J

Incremental flood depth.
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RCC
contraction
joints

-
o

Cracks, joints, and potential erosion where water pressure can be transmitted to the area beneath the RCC. arosloin Arsa

— RCC

& i e — ’ Riprap
Drain pipe 3 T and bedding
- / Filter/drain
Existing embankment material

Drain pipe

Typical RCC overtopping section with underdrain (not to scale).
Equipotential lines

embankment

AV :

— Phreatic surface

Flow lines Vd /
‘ ’ / | Drain
/ system
‘ / / ] | Vs
; / | L. i ! / | Eav o oo s '_-_\':!"';-Q;.:.’;'c'-:.‘isi%”ﬁ':“
r . P -}
Earth — / ! | E | | | )\(\/
Enmus

7 iz 7
Impervious stratum

Example of a flow net solution for an embankment with a toe drain.



Approach apron

/RCC
= Y
N e e

Spillway chute

Downstream

I

a Upstream cut-off wall

\ Embankment i Drain pipe

Filter/drain material rin pipe

Typical section: RCC overtopping protection. DN Al

RCC placed
parallel to
slope

Downstream
apron

Riprap
with bedding

/—Appmach apron
/lmstream cut-off wall

Intermediate cut-off wall
with drain (optional detail
to reduce underseepage)

Filter drain

Downstream cut-off wall

Overtopping protection with RCC placed parallel to chute (plating).

Flow .
— Discharge
coefficient Flow
BiC C =260 - .
N ; Discharge
Lo il coefficient
¢ \r. Y ,-, C =390
..Convenuoq.al_-ﬂ'._
A. Broad Crested Weir .concrefe* 2 -4
\]\ RCC N
Pl C. Ogee Crest Weir

Discharge

: coefficient pFiow
Conventional C=360 —=
/ concrete Discharge
coefficient
? B S TN iy - T I C=_varies
RCC j-IRGCC X RCC . \ Qﬂp;‘f:".'?g}

B. Sharp Crested Weir D. Flat Curved Crest

Alternative weir crest shapes.



Approach apron

Locate cut-off in impervious core zone
/ Spillway chute RCC

Flow
RN

v
Upstream
cut-off wall

Riprap

with bedding J Central core J" Filter/drain material

A. Zoned Embankment Dam

Locate apron and cut-off at
upstream end of crest as required
Approach for underseepage control

Xapmn

Flow
v A—

v/— Spillway chute RCC

Upstr_eam
cut-off wall

\ Homogeneous embankment dam —

DALY

Riprap l Filter/drain material
with bedding
B. Homogeneous Embankment Dam
Riprap and
Flow_ bepddiﬁg. as ‘
- required Riprap and
& | (typical) Flow bedding, as
RCC apron ® . . required (typical)
RCC apron
Conventional :

concrete placed

in trench /3'3-"',1-”‘.‘-".-_.'-},'---%1,.! :

A. Conventional Concrete Cut-off Wall \ RCC cut-off trench
; Trench X
R nd i
Flow_ bedding as  Sidewall - y 4 ;;
required 11or Minimum
(typical) flatter placement
“C_RCC apron 5 Width

Fo o
TR | B C. RCC Cut-off Wall

Sheet pile wall —|
B. Sheet Pile Cut-off Wall . Cut-off wall details.




End sill
(conventional
concrete)

Riprap and
bedding, as
~| required
J (typical)

—
Conventional
concrete placed
in trench

A. Conventional Concrete End Sill

End sill
(conventional
concrete)

Reinforcement
anchors

Flow Riprap and

required

(typical)

RCC apron
Sheet pile wal—

B. Sheet Pile and Conventional Concrete End Sill

bedding, as

EF?g é,ill Bedding mix
I(:iow )-\ Riprap gnd bedding,
/ 7P, @ required (typical)
A [N
[ RCC apron
Aé':“r'
Trench \\ RCC cut-off trench
sidewall — < /ﬁ
11or Minimum
flatter ‘ placement \
Width

C.RCC End Sill

Alternative end sill details.

Metal plates, plastic
or other bond breaker

r

o~

/

—= RCC >

r/

== RCC lift

¥
RERE

Filter material,

7

S

geotextile or geomembrane

Bond B

reaker in Each RCC Lift

Typical section at contraction joint.

Downstream
Dam crest groin of dam
RCC lift under construction
Upstream
dam face RCC abutment
protection lifts
previous placed
Y
Constructed
- (transverse)
contraction
joint
Flow
| L~~~ Downstream
groin of dam

Plan of RCC overtopping and abutment
protection partially constructed.



Reinforced
concrete Embankment fill Reinforced concrete
Embankment fill L spillway wall | oy wall
Downstream
Downstream Key wall embankment
embankment into RCC / surface
/ surface 1 (sawcut RCC)
/ L
<
- \-RCC - Reinforcement
X dowel grouted
¥ | into RCC,
Z?tgft;!uég?s Reinf.urced c?ncrete training wall
completed (section looking downstream).
Dam crest _\r Dam crest
RCC Contracting flow
RCC Training wall apron training wall
apron
Downstream
apron
o |~ Downstream Flow _ o
Flow 1~ apron
L RCC spillway
e chute
RCC spillway
chute
B. Plan of Contracting Spillway Walls
A. Spillway Walls Parallel to Flow Spillway flow training walls.
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Ga = Apparent Specific Gravity

7
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£ 140 Dry Density Curve. El._. \QK
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5 10
Water Content, %

providea are:
N T pe— Determine the properties for the RCC including:

* Aggregate content (SSD) (coarse and fine)
» Water content (above SSD)

¢ Total water content

* Specific gravity (SSD)

» Absorption

* Air content

» Water:Cement + Fly ash Ratio

Nominal maximum size of aggregate that can be used
Expected exposure conditions

Specified strength and test ages

Workability (Vebe time)

Aggregate quality requirements

Cement type and pozzolan (if used) and properties
Aggregate gradation



U.S. Standard Sieve Size
4 3 210 134 1238 14 4 810 16 20 30 40 5060 100 140 200

100 i
\ + Quarry Material (57:43, Coarse:Fine Proportion)
90 +—
\ Suggested Gradation
a0 Sieve Size __ Band 1" MSA
Qo 1" 100
Y7o 3/4" 75-85
= 38"
& 60 #4 40-55
0] #8
= = #18 20-33
g %0 N #30
#60 10-20
) = b #100
= [ #200 4-10
Z
&30 S 4
2 P N
4 20 N
10 M I
0 H
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
RCC aggregate design gradation bands.
RCC Gradations
Lake
Sieve Fawell Dam, Mona Dam, Smith Lake Leyden Dam, Tholocco Dam, Saddle Dam,
Size lllinois Utah Dam, Virginia Colorado Alabama Indiana
1% 100 100 100 100 99 80-100
1" 96 96 92
3" 84 70 75 84 70-90
%" 69 74
%" 59 53 58 69
#4 46 41 42 43 52 350-60
#8 35 28 38 25-50
#16 23 21 29 22 28
#30 20 18 12-30
#50 13 13 18
#100 9 9
#200 i 4 7 6 10 5-10
Typical Effective Depths of Compaction.
Effective Depth
Equipment Type Typical Equipment Of Compaction
Small vibratory plates Wacker VPG — 165A 2 to 3 inches
Wacker BPS — 2550
Rammer “jumping jack” type compactor Wacker BS — 92Y 6 to 12 inches
Bowmag BPR 55/52D
Large reversible vibrating plates (sleds) Woacker BPU-4045 H Up to 12 inches
Hand guided vibratory drum compactors Wacker W-74 6 to 8 inches
Small dual drum vibratory compactors Caterpillar CS-323C 6 to 12 inches
Ingersol-Rand DD-24
Large single drum and double Caterpillar CS-563 Up to 14 inches
drum vibratory rollers Caterpillar CB-634 C

Bomag BW-213B
Ingersol Rand DD-90HF




Weight of Weight of Absolute
Material material Specific Volume
Constituent (Ibs/ft3) (Ibs/yd3) Gravity (ft3/yd3)
Cement 14.8 400 3.15 203
Coarse Aggregate (SSD) 731 1974 2.63 12.03
Fine Aggregate (SSD) 55.4 1496 2.85 8.41
Total Water 10.6 286 1.0 N/A
Absorbed Water 22 59 1.0 N/A
Free Water (total water — absorbed water) 84 227 1.0 3.63
Total Volume of Constituents N/A N/A N/A 26.11
RCC Design Mix Proportions
SbD Percent of Percent of Dry
Dry Weight Weight Dry Weight of Soil-Cement
Constituent (Ibs/yd3) (Ibslyd3) Aggregate Material
Cement 412 412 12.1% 10.8%
Coarse Aggregate 1936 1965 57% 51%
Fine Aggregate 1460 1489 43% 38%
Total Water Content 286 (7.5%) N/A 8.4% 7.5%
Air Content (3.3%) N/A N/A N/A N/A
Free Water N/A 229 N/A N/A




RCC Design Mix Proportions
Dry SSD Percent of Percent of Dry
Weight Weight Dry Weight of Soil-Cement
Constituent (Ibsfyd3) (Ibs/yd3) Aggregate Material
Cement 440 440 13% 11.5%
Coarse Aggregate 1872 1900 55.1% 48.8%
Fine Aggregate 1523 1553 44.9% 39.7%
Free Water Content (above SSD) N/A 246 N/A N/A
Water Content 304 N/A 8.9% 7.7%
Air Content (1.9%) N/A N/A N/A N/A
Typical Values for Use in Estimating RCC Trial Mixture Proportions
Nominal Maximum Size of Aggregate?
3/4" (19 mm) 2" (50 mm)
Contents Average Range Average Range
Water contentb, Ibs/yd3 (kg/m3)
a) Vebe <30 sec 253 224 - 305 206 180 - 236
(150) (133 - 181) (122) (107 - 140)
b) Vebe >30 sec 226 185 - 260 201 175- 210
(134) (110 - 154) (119) (104 - 125)
Sand content, % of total aggregate volume
a) crushed aggregate 55 49 -59 43 32-49
b) rounded aggregate 43 38-45 41 35-45
Mortar content, % by volume
a) crushed aggregate 70 63-73 55 43 - 67
b) rounded aggregate 55 53-57 51 47-59
Paste: mortar ratio, Vp!Vm, by volume 0.41 0.27 - 0.55 0.41 0.31-0.56
Entrapped air content on —
1% in. (37.5-mm) fraction, % 15 0.1-42 1:1 02-41

Fine Aggregate Grading Limits

Sieve Size

Cumulative Percent Passing

3/8 in. (9.5 mm)
No. 4 (4.75 mm)
No. 8 (2.36 mm)
No. 16 (1.18 mm)
No. 30 (600 pum)
No. 50 (300 um)
No. 100 (150 pm)
No. 200 (75 um)
Fineness modulus

100
95-100
75-95
55 -80
35-60
24-40
12-28

6-18
210-275




Ideal Coarse Aggregate Grading

Cumulative Percent Passing
3in.to No. 4 2in.to No. 4 % in. to No. 4
Sieve Size (4.75 to 75 mm) (4.75 to 50 mm) (4.75 to 19.0 mm)
3in. (75 mm) 100
2%4in. (63 mm) 88
2in. (50 mm) 76 100
1%in. (37.5 mm) 61 81
1in. (25.0 mm) 44 58
%in. (19.0 mm) 33 44 100
%in. (12.5 mm) 21 28 63
%in. (9.5mm) 14 18 41
No.4 (4.75 mm) - - -
— & pam
EL 615
{CREST OF DAM]-\
620 620
EL. 614 MAXIMUM WATER LEVEL (FREEBOARD LIMIT) \
810 T VDRALLIC FERD, b /mﬂf/ 610
EL. 600 EXISTING
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1 600 600 1
£ ' e g
=50 N DAM =4 FT. -
= =
% EMBANKMENT %\ HLDQGMHII'IC %
* 580 1 T e
b STREAM
510 DRAINTILE—" CHANNEL 57
1
AR ——
560 560
a 10 20 a0
Typical Dam — Existing cross section
SCALE IN FEET
€ am
SPILLIWAY STA_ 1401 5
EL 615
{CREST 0F DAM) \‘ r
mm‘l_\ |7‘-ﬂ' T ‘I,-ELEW('I'DPUFWALL}
SWALL PAYELS OF FOUAL LENGTH WITH he
25H1Y ; 2w CGONTROL JOHNTS AND WATERSTOP - END OF WALL
i STA.0:80 —] | L 650 STA.1:38 AL G
APPRIOACH CHANNEL EL. 6050 - i i i
o SEtage sy CaEST ) T SPILLWAY WAL i
E MRy L LA | BN S o (85 T 7 £
gsm i || o | “araon Vi o
= R— I J’ STILLING BASI g
§ EMBANKMENT ALTER MATERIAL M\LL[HE!DND]_\ é
50 i 580
) WACCLIATS —w7
| FILTERDRAI MATERIAL 1 e .
o L 567 | o
T T
| g/
W RPRAP,
= 30 DRAIN D 8
PPE  BEDDMG
— gt 2027 STA2470
(R I R

RCC spillway overtopping section — Typical Dam

SCALE IN FEET



Water surface at
design discharge

P>_0.5ho

Upstream

cutoff wall
/ Drain
Embankment

Headwater

Filter

material

t
ny

L\..

ic design p

Hs

Drainage

. Gallery

%,
",

Filter/drain

Depth of water inside of chute
and stilling basin

Tailwater level

i outside of basin

Downstream cutoff
wall

Net uplift water pressure on slab (uplift
pressure under slab from tailwater minus
pressure of water inside of chute and
stilling basin)

When H, > H,:

L=X N
- KEH,—Hz) —le_ + H,= H,| + H,
When H, < Hy:
L-X
H, = K|(H,— H + H
3 ( 1 2) L—T_ 2

- Tailwater
AN

VA
[HzT Where:

| r Drai .
. = Drain effectiveness
r&ﬂ{% expressed as a decimal
K = 1-E

7*”2

Zero compression length



Headwater
Vv

N Where:
la , \
< N . T = Zero compression length
_ Drainage T> X
/\Gallery
14 “ 4...\"-_
a N\ Tailwater
— | T o a O N\ A4
| "L{ . -~ Drains 1 8= Note:
—'—"‘",r_n | - - FHZ Refer to paragroph 3-3d(1)(e) in
Ty N -
.{W]'.% X ffﬂjk’?q EM1110-2-2200 for investigating
existing dam

o L -]
o L V" T,
| P [P At
T.H, o
J"/J"/
L
]

Uplift pressure distribution with drains and cracked base extending beyond drair

o
] -
-
v
1
! x|
= [ 48
1
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i
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(d)

Uplift pressure distribution on the dam bottom face

Calculation method

Compressive strength

Tensile strength

Sliding stability

Dynamic method

1.3

0.7

0.65

Pseudo-static method

2.8

2.1

2.7




g
289
387,25
3850  Flaod ~2 = .
[ I
Upstreom : s
\ '
.‘\ {
A
£ 9
o I‘.“
wy I : ‘\ =
I h
4 \ o410
ke 1 - I Dovnstrea
332,0 $ 4
‘ b ﬂ:-‘----l-----¥ll 327.0
. 43
b [m] h[m] A [m?] ex[m) eylm] | A*ex[m®] | A*ey[m?]
| 10,0 62,5 625,0 5,00 3L25| 312500] 19.53L%
Il 35,0 50 L 175,0 27,50 250 4.812,5 437,50
1] 315 40,0 630,0 24,00 1833 | 1512000] 11547,9
v 35 40,0 140,0 1175 2500 164500 3.500,00
v 3,5 17,5 30,6 11,17 50,83 342,08 1.556,67
Sum 1.600,6 25.044,58 | 36.573,32
Selected ground motions
Earthquake Station Year Ms Distance (km) Scaled PGA (m/s?)
Loma Prieta (California, USA) Gilroy — Gavilan College 1983 6.9 29 4.4
Cape Mendocino (California, USA ) | Cape Mendocino 1992 71 8.5 6.4
Northridge (California, USA) Canoga Park, Santa Susana 1994 6.7 147 41




Acceleration [m/s?)
Noh WM e D e NWs U

Acceleration (m/s)
L ST TR I |

Acceleration [m/s?)
(7, I T S R o BT S R VO

& g Time (s) 10

12 14

—Loma Prieta

16 18 20

—Cape Mendocino

6 g Time [s) 10
|
1
4,1 m/s?
A 8 Time (s) 10

12 14

12 14

16 18 20
—Northridge
16 18 20

Load condition

Minimum Factors of Safety for:

Compressive Stress Tensile Stress Sliding Stability

Static

Usual 4.0 1.7 2.0
Unusual 25 1.7 1.3
Extreme 1.5 1.7 1.1
Dynamic

Unusual 25 1.7 1.3
Extreme 1.5 1.7 1.1
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Road

19605 19605  Bridge
Gravity  Northern
Original Dam Raising  portals

Crest Level

Piers 19605 Gates
Ogee

Raising

Hoist 1960
Bridge s _
Southern ; 1960s Gravity
Portals  Raised (current) Raising

Dam Crest Level

!

Zone 2 "M18
M17
M16 nﬁsf

M14 \’V‘\‘ \\

L] 1 ]

==t

M13 M12 M11M10 M@ M8 M7

Zone3
Adopted material properties for parent concrete
Property Mass concrete in Mass concrete in raised Reinforced concrete in
original dam portion raised portion
Density (kg/m®) 2,400 2,400 2,400
Static Compressive strength (MPa) 38.3 26.5 48.2
Dynamic Compressive strength (MPa) 49.8 345 62.7
Static Tensile Strength - Direct (MPa) 1.8 1.2 -
Static Tensile Strength - Splitting (MPa) 4.6 24 -
Dynamic Tensile Strength — Direct (MPa) 2.7 1.8 -
Dynamic Tensile Strength — Splitting (MPa) 6.9 3.6 -
Static and Dynamic Modulus of Elasticity (MPa) 25,600 17,700 21,800
Static and Dynamic Poisson’s Ratio 0.2 0.2 0.14

Adopted global tensile strength at lift joints

Property Mass concrete in original dam Mass concrete in raised gravity potion
Static — Direct (MPa) 0.9 0.45
Static - Splitting (MPa) 1.8 0.9
Dynamic — Direct (MPa) 1.35 0.7
Dynamic — Splitting (MPa) 27 1.4




—. Ogee = G

Northern PIers . section o i
| - Portals . ] ] ‘Southern
Gravity - - Portals
Raising S

Finite element model mesh

Portals/ mass Varsical
Gravity D e contraction
raising joints (18) Portals/ mass
interface concrete
interface
interface

Nonlinear interfaces (rendered view of the FE model)



LEFT ABUTMENT

RIGHT ABUTMENT

Monolith labelling for sliding assessment

Load magnification factors and strength reduction factors

Case Load Factor (LF) Strength Reduction Factor (1)
Static cases (hydrostatic) 1.2 -
Seismic actions 1.0 -

Flexural moment - 0.8
Shear - 0.7
Axial compression - 0.6
Axial tension - 0.8

Hilti Bolt

UPSTREAM
FACE

Steel Bracket
Hilti Bolt

Southern (Left) Portal

Northern (Right) Portal

Detail of shear keys at the base of portals




MPa

Linear Arch Stress

Nonlinear Vertical Stress

Nonlinear Arch Stress

- I.Ilw.il'rlI location
< af full length
crack

.~ Uncracked
7 core

Menelith M10 Moenolith M15
Vertical stress — Northridge MDE
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SPECTRAL
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GROUND ACCELERATON

Free body diagram of a cantilever with associated forces.

Acceleration (m/s’)
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Early onset of full horizontal crack — Northridge MDE




Water level

Reservoir |

Absorbed

+

Hydration
heat

Solar
radiation

Reflected

Convective heat
gained or lost by air

Heat lost by radiation

Foundation

Isolation —

il

Heat transfer mechanism for an arch dam.

Common boarder
Water temperature Constant temperature »  of foundation and
Pulvino
A A
Apply heat transfer
- - -
Convection flow ) boundary condition £ Heat fiux
h i ———— 5 i
Air temperature - Thmstial et snalysis - Solar radiation

of concrete dam

A

*

i
1
i
I
|
I
I
|
I
|
|
I
'
|
I
I
|
I
i
|
|
|

H

Implementation of the heat transfer boundary conditions for dam.



| Brick element |

| Prism element |

Roadway Vertical contraction joints

354

K

K, L

= ==

l A 320

280

Abutment
rock 240

/- Irrigation
i sluiceway platform 200

Thermal solid elm.
DOF(X)=T

0  [DoF(x), x=1,...P]
M a t

zZ

Structural solid elm.
DOF(X)=Ux,Uy,Ug

[ porx)x =17 ] Gfp/"

3D contact elm.

Acoustic fluid elm.
DOF(X)=P

DOF(X)=Ux,Uy, Uz

Fluid-solid interaction

DOF(X)=P,Ux, Uy, Uz




Uncoupled thermo-
structural analysis

—

Dam body and Pulvine

-

Foundation medium

HReservoir water

Contraction, lift and

Clonstruction stages |« Dam self-weight -
v
Developing the
numerical maodel for:
Water temperature |4 Sediment load R
r
Air temperature 4 Thermal load < Liding thie oriyplsi
ayatem
Cloncrete hydration r
- Water pressure load |«
temperature i Defining boundary
conditions and
interactions
Solar radiation Earthguake load -

Calibrated thermal
propertics

r

A Clalibration the model

Calibrated structural
properiies

Dynamic characteristics

e

Ed peripheral joints

|  Spillway, galleries,...

B Fluid-structure-soil
interaction

- Displacements

-  Free surface sloshing

Reservoir bottom
absorption

Damping models and
coefficient

Far-end boundary
conditions of the maodel




Froces Acting On Concrete Gravity Dam

Weight of the dam

Thrust of the tail water

The forces that try to destabilize the dam include:
Reservoir water pressure

Uplift pressure

Forces due to waves in the reservoir
Ice pressure

Temperature stresses

Silt pressure

Seismic forces

Wind pressure

ELO

@

4 I ]

Trangular Option

Tor Asdial) I

‘ i)
@
X {or Radial)

Plane 183 solid

z
n
6
5
Y
2 X
8
3
13
4 4

(a) 8-Node Solid Element (b) 16-Node 3D Shell Element




(c) Thick Shell Element

(d) General 3D Element with
Variable No. of Nodes

Typical finite elements used in solid modeling.

Upward sliding of Plum Arch Dam along its artificial flat abutment.

Contraction Joints

o

EL. 2015

El 1967

Arch

Thurst Block

Lift
Joint

<

£

Rock Mass “B"




__Bore hole

Tilt sensing
/ probe

Zone of
movement

Notmal to Failure Plane

Friction Cone

Sliding Plane

\ Distance Measured

Extensometer
- head

k Potential failure plane
/ on which movement
g . could occur

b

N

N



Sliding (2-plane)

N

-—‘i . \>
A
Pure Translations
Rotation (edge) Rotation (corner) Slumping Torsional Sliding

Pure Rotations Rotation + Translation

Kinematic block failure modes (Goodman, 1995).

A failure mode sequence involving thermal loading might look like the event tree described

low.
below 1) Thin arch dam relies on massive thrust block for stability.

2) Summer thermal loading causes the arch to expand at a greater rate than the thrust
block.

3) The differential expansion results in the arch applying an upward force to the
thrust block.

4) The upward force initiates base cracking in the thrust block.

5) Base cracking subjects the thrust block to greater uplift force.

6) Increased uplift plus increased horizontal force due to arch expansion destabilizes
thrust block.

7) Thrust block moves enough to deny the arch support.

8) Dam fails.

suppose the failure mode described below is being investigated:

1) Cross valley seismic loading causes bending moments in excess of the flexural capacity
of a gate pier.

2) Pier reinforcing steel yields.

3) Pier begins to rock back and forth in the cross valley direction.

4) Reinforcing steel ruptures.

5) Without reinforcing, pier cannot resist static gate load. Pier slides downstream, releasing
a portion of the reservoir.



Vertical contraction joint
in compression will

. Horizontal crack w/ normal
tension will open.

Diagonal crack in
compression region -
will remain closed. ~

Tension
Compression

Cantilever Missalignment due -
to Seismic Load

Fallure of Damaged Dam Under
Post Earthquake Static Load

y — E(1—u) '
- \/P[I"',If}fl—zru} E =57000 */f'c



B L

N Ln

14000

12000

10000

8000

6000

4000

2000

5000 7000 9000 11000 13000 15000
Sonic Pulse Velocity (ft/sec)

—E (ksi) —f'c (psi)

Assessing the Erodibility of Rock

Intact rock strength (unconfined compressive strength).
Fracture frequency (size of individual rock blocks).
Orientation of fracture sets.

Shear strength and condition of fractures (continuity, roughness, aperture opening,
in-filling material and alteration or weathering condition of wall rock).

Weak planes in the intact rock (bedding, foliation, schistocity, fissility, etc.)
Faults and shear zones.



Jet impact on J,

Jet impact region
on block free face

Jet impact on J

Schematic of overtopping jet onto removable abutment block.



FILTER ZONES AS NEEDED BETWEEN
CORE AND ROCK FILL AND BETWEEN
EARTH FOUNDATION AND ROCK FILL

\\ TOP OF SOUND ROCK

a. DAMWITH INCLINED IMPERVIOUS ZONE

LEGEND

M = IMPERVIOUS
RKF = ROCK FILL

FILTER ZONES AS NEEDED BETWEEN
<7/ CORE AND ROCK FILL AND BETWEEN
EARTH FOUNDATION AND ROCK FILL

b. DAM WITH CENTRAL CORE
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7 to 12" typical
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a. Homogeneous dam with internal drainage on impervious foundation

T T

b. Central core dam on impervious foundation

b g
¢. Inclined core dam on 1mpervious foundation
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Fusegate Geomeltry
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L e Slide Gates
Wheel Gates
STRUTS - Radial Gates

PRI Drum Gates
Crest Gate
— Rubber Dams

Fusegates
Flashboards
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Overtopping Technologies

o Earthen embankments

o Grass covered earthen
embankments

o Geotextiles &
Membranes

o Gabion/Reno
mattresses

o Riprap

o Concrete blocks

Cable-tied,
interlocking,
overlapping

Soil cement
Reinforced concrete
slab
RCC

Smooth

Rough lifts

Formed steps
Stepped spillways
over embankment or
concrete dams

Formed RCC or
reinforced concrete



Hydraulics of Overtopping

Subcritical Flow Supercritical Flow Supercrilical Flow Subcritical Flow

- ———

Incraasing Valocly & Incraasing Velocy & Conslarmt Velogily & Daplh Turbulart Flow
=) Y

Decreasing Dopth Decreasing Depth

[ Fotential Subatmosphenic
| Zona

Theoreiical Nappe
Prefile
SR

o

Hydraulic Jump

/ on Slope

Hydraulic Jump
2 Normal Depth J At Tosof Slope -

/

kfe:.wateu

Embankment

/ Roller compacted
concrete

_Riprap face
/~ choked with
concrete

Drainage
pipe 7
//

Y T 7 A 7
Rockfill timber - Crib timbers -~
crib removed

New Roller
(. Compacted Concrete

Existing Embunkme:i)

e T —

Ground Line




Exlsting Concrete Face

L—Edﬂrng Timber Crib and Dumped Rockfill

GOOSE LAKE DAM - SOIL CEMENT PLACEMENT
MAXIMUM SECTION

Beale & 8 Fasi
—!

Rock or Reno Mattresses

FEOPAGATION OF POCE MAVEMEAST
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Effect of Bond Breaker at Interface
400

=]
o

Tension
N oW
(=]

o

Stress, psi

Bonded Interface
- Bond Breaker
0 05 1 15 2 25 3 35 4 45 5
Replacement concrete age, days

Performance Criteria
Cement-Based Materials

12 Repair Materials

Field Performance Laboratory
Tests Tests

Correlation

Dimensional Compatibility




Development of Head-cut

Q Drying Shrinkage
~Unrestrained
—Restrained

Modulus of
elasticity

Creep
Thermal expansion
Strength

Head-cut Advance

Load: Hydrograph Q

Governing Equations:

dx/dt = Rate of headcut advance Hydraulic attack
C = Empirical parameter o Threshold level




Performing Geophysical Investigations

Investigation Data Data
Design ~ Collection ~—  Reduction

Analysis Interpretation

Spontaneous Potential

\

"/;:\\
k@ /. )1\____ Flectrical /
pipe itentials
e Potentials Non-Polarizable
Electrode

Rl.'}fll'['l]l'lg
Fixed Electrode
Electrode . E

Causes of SP Anomal

« Mineralization » Geochemical variations
» Geothermal gradients  Corrosion

- Bioelectric activity » Changes in topography




Ground Penetrating Radar (GPR)

Monitoring
« Monitoring is needed
— to estimate performance
— to set a maintenanee/renabilitation plan

« Measurements of

— movement, cracking, @eterioration, aging
issues 1

« Documentation of
— surveys, photos, checklists and notes




Data Usage

» Review of monitoring data
— by personnel experienced and qualified

» When first gathered to understand current
condition

— as comparison to historic records.for
evaluating changes

Phase of Erosions
Rock

e Top Soil

h-.
* -~
"‘\-
-
-..‘_‘
— “'llu-_.“_“|I|I
-
il S

Original Surface Vegetal Detachment

-~ ™

~
-
-~
__n-!‘_‘. ..._-_-
e -
-~

Head-cut Development Head-cut Advancement

Dam
Spillway Breach
Breach

Event Tree

Head-cut

Advanced ;
Head-cut Partial

Erosion Developed Damages

Local

Damages
Local

Spillway

Intact Big Damages
Pot Hole

il Dam
Spillway Breach
Breach




Erosion Model - Threshold Line

Eroded

Maximum
gH

Not Eroded

Erodibility Index Kh

Erodibility Index (K;)

K. =M, * K. Sl

M. = Material Strength Number

K, = Block Size Number

Ky = Joint Shear Strength Number
Js = Joint Orientation Number

=




Maximum Hydraulic Attack

E=®*q*H

E = Maximum Hydraulic Attack
@ = Unit weight of water
a = Unit discharge
H = Energy line dro
Logistic Regression

Odds ratio

Logit transformation

p = probability of occurrence
by, b, = regression parameters

x = independent variable

Multiple Logistic Regression

p = probability of occurrence
by, b,, b,, .., b, = regression parameters

X;, X3, -., X, = iIndependent variables




Multiple Logistic Regression for Spillway Erosion

K, = Erosion Index, Material Resistance
qH = Maximum gH. Hydraulic Attack

Result of Multiple Logistic Regression

p. = probability of erosion
K, — Erosion Index, Malerial Resistance
qH = Maximum gqH, Hydraulic Attack

|  GrRAVITYDAMS | ARCH DAMS BUTTRESS DAMS
1. Introduction 1. Introduction 1. Introduction
2. Design Coneepts and Criteria 2. Design concepts and criteria 2. Concrete Slab Deck
3. Uplift 3. Abutments - Stability 3. Massive Head Buttress
4. Stresses 4. Shell geometry 4. Multiple Arch Dam
5. ContractionJoints 5. Contraction joints 5. Buttresses
6. Galleries 6. Prestressing 6. Uplifting and Sliding
7. Appurtenant Structures 7. Spill-over Buttress Dams
8. Prestressed Gravity Dams 8. Prestressing




Prestressed Gravity Dams

N\ Unsafe position
\\Ior resultant




Constant-Radius Arch Dam

Seenign on

Constant-Angle Arch Dam

Variable-Radius Arch Dam

Strtion gn §,



Double curvature - Cupola Dam
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Contraction Joints

Potential application of prestressing to arch dams
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Dry Dry

Homogeneous Hydraulic Fill
L]
10“1' i :“"-E‘
— S
Thin Central Core
- a P
= T o é 7
Inclined Core Rolled Rockfill
— i ~ ,
vh ) 1 Zn
& a m
Concrete Deck Asphaltic Conerete Deck

Types of Earthfill Dam

Free draining zone

Homogeneous Earthfill Dams

Earth Core Rockfill Dams

The rockfill dam consists of a number of components:

1. The main rockfill
2. The impervious zone
3. Auxiliary supporting members



The minimum thickness of core is dependent on a number of factors:
1. tolerable seepage loss;

2. minimum width which will allow proper construction;

3. the type of material chosen for the core and shoulders of the dam;
4. design of proposed filter layers;

5. past experience on similar projects.

Shell-fine sand
Shell-coarsé sand

Concrete . b
wave wall__ I \\

~ ca
S e

Full supply level

Rockfill

Crest Width
W=3.6H!3-3(m)

|H eight of dam (m) Crest Width

| 30 8
| 50 10
| 70 11
| 100 13
|

200 18




Composite Earth and Rockfill

Central earth core

¢ /
Sloping earth core \@zi/ e

Upstream core

. % !on 3
Central thin membrane vob

Rock with a thin membrane or

diaphragm to hold water
Impermeable upstream blank/ NN

Upstream thin membrane or deck "= TETTRTTITCY S

Rockfill Materals

Likely to be satisfactory Likely to be unsatisfactory

Giranite, diorite Shale

Gmeiss Slate

Basalt Schist

Sandstone Siltstone

Dense limestone PParous limestone
Dolomite Chalky limestone
Quartzite

Maszive Schist



The principal factors considered in determining core dimensions and embankment zoning are

The type and volume of core materials available;

The relative economics of earthfill and rockfill;

The plasticity of the available core material and its effect on the risk of core cracking;
The extent and rate of reservoir draw-down;

The nature of the foundation rock under the core.

Influence of Post Construction Settlement at Crest on Cracking

Crest Settlement
(mm)

Kind of cracking

Less than 50

| No cracking of dams

Equal or greater
than 50

Transverse cracking of dams compacted dry may appear

Greater than 100

| Reinforced concrete facing without perimetral joint may crack

Equal or greater
than 130

Longitudinal cracking between core and shell may appear

Greater than 160

| Longitudinal cracking of core compacted dry may appear

Greater than 180

| Hydraulic fracturing may appear

Equal or greater
than 220

Equal or greater
than 350

Greater than 400

Greater than 1000
Greater than 1200

Equal or greater
than 1400

Equal or greater
tahn 3800

Transverse cracking of core compacted wet may appear. Longitudinal cracking
between core compacted wet and shell may appear.

Asphaltic concrete facing may crack (self healed for settlement of 350mm)

Longintudinal cracking of core compacted wet may appear. Reinforced concrete
facing with perimetral joint will crack

| No uncracked dam in those studied

| All dams exhibit transverse cracking

Serious cracking of asphaltic concrete facing

Cracking needing substitution of reinforced concrete facing




B Horlzemes] [oint with suppesting nib

Copped walar fop

Timber Face Steel Face Cement Concrete Face

Decked Rockfill Dams
Filter and Transition Zones

To prevent migration of fines from the core:

[5/gs < d4-3
(filter)izone being filtered)

DDy < 25
(filter)izone being filiered)
For sufficicnt permeability;

DysiDys = 4-5
(filter){zone being filtered)

To prevent segregation of the lier:

DD = 20
(filter)/( filter)

100
a0
80
70
so |

50
'§ 40
& 30

age passing




Sentlement
_.._._ﬁ._.m e

a. Settlement in section

b. Settlement - elevation
c. Irregular abutment

Settlement i

d. Overhanging abutment

Settlement

Stilling Basins
R A Spillways - Energy Dissipation
HERAERN
:I:n':n:'a_:_n:.- ::;‘I |
?31?131-31?:3:—!1?@ A. Roller Basin
3 E l.'
o

Py

o
campa
" oo p o

B. Deflector Bucket

C. Flip Bucket

L [\vﬂ"" = D. Non-radial spillway and sluice buckets
! fr E. Schoklitsch dissipator
5 K ,:
il L ! o\ el Free Overfall

% T Flip Bucket Spillways-

Auxiliary Spillway Fuse-Plug Spillway

The discharge over a spillway crest is given by the formula: Q=C.L.H3/?
Spillway Location Options

Passage over or through the dam



Factor of Safety - Gravity Dams

o

(ZH/ZV) -tan o
1+ (ZH/ZV )tan o

88—

S
Fsf=— S = L +3V tan( $+ o)
zH cosa(1-tangtanc )
Range of shearing resistance parameters

Location of plane of shearing/sliding Cohesion (c)|Friction tan e
mass oconcrete intact 1.5-3.5 1.0-15
mass concrete horizontal construction joint  0.8-2.5 1.0-15
conrete/rock interface 1.0-3.0 0.8-1.8
rock mass sound 1.0-3.0 1.0-18
rock mass inferior <1.0 <1.0

Recommended shear friction factors, Fsf (USBR 1987)

Load Combination

Location of sliding plane Normal Unusual Extreme

dam concrete, base interface 3.0 2.0 <1.0

foundation rock 4.0 2.7 1.3




Loading and Factor of Safety - Static Loading

A dam is a three dimensional structure and despite assumptions, it is not homogeneous and its integrity is
in the hands of the constructors.

® The foundations are neither isotropic or truly elastic.

® Concrete and rock are brittle, although elastic theories are applied in stress calculations.

The dam and foundation will become saturated with varying effects on the materials.

The dam will be subjected to water load, daily and seasonal temperature cycles.

It will be subjected to random events such as : Floods, Waves, Seiche Effects, Farthquakes, Ice
Formation and other natural phenomena.

|Civi1 Engineering |Sanitary Engineering |Hydraulic Engineering
|Structural Engineering |Electrica1 Engineering |Illumi nation Engineering
|Air Pollution Engineering |Acoustic Engineering |Dem0graphy

|Hist0ry |Landscape Planning |Trafﬁc

|Landsc ape Architecture |Transportation |Ecology

|Geo graphy |Envi ronmental Engineering |Geom0rph010gy
|Geology |Hydr010gy |Hydrography
|Meteorology |Soil |Agricultura1 Economics
|Biology |Forestry |Range Management
|Fish |Wildlife |Legal

|Photogrammetry |Can0graphy |Systems Programming

|M athematical Programming |C0nstruct ion Methods Anal ysiisemote Sensor Interpreting

Multidisciplinary Approach
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Central block

Passive wedge
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7 — Significant wave height

8 — Wave length

9 — Run-up by Design Wave
10 — Run-up by Maximum Wave
11 — Freeboard

1 — Embankment slope

2 — Still water level (full supply level)
3 — Flood surcharge

4 — Wind set-up plus seiche effect

5 — Maximum wave height

6 — Design wave height - )
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EXCAVATED TO WATER TABLE

GROUT SLAB— BLANKET GROUT HOLES 9. 3m DEEP AT 2m CENTRES
——CURTAIN GROUT HOLES 32m DEEP AT 0.5m CENTRES

Zone Description Zone Description
1A |[Clay Core 3A |Rolled Rockfill
2A |Fine Filter 4A |Upstream Rip Rap
2B |Coarse Filter 4B |Downstream Rip Rap
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Zone' 1
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Zone 3 Riverbed

Alluvium Zone Description
Processed dirty gravels
Unprocessed dirty gravels
Protessed clean gravels
Oversize from zone 2

Silty clays
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Optional wire screen 1,18

Pea gravel size 8.7 10 9.5
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Curve | (Standard
Hydrometer Test)

Curve 2 (No chemical dispersant
or strong agitation) -
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Tasks for the safety management of aged Dams

~
: I
Development of a method s A th:d of Prevention of the
: measurement meth .
for dam safety evaluation disappearance of records
the dam
| . | ",
. v v
*Risk analysis «Application of the new *Collection of entire past
(dam failure mode measurement technologies information
analysis)
l « Standardization of the *Building the data base
measurement method and managing
*Dam-carte
(comprehensive safety
evaluation)
*Risk communication
(check & review)
"
| Proposed dam safety management |
Dam component Failure mode Cause level 1 Cause level 2 Cause level 3 Cause level 4
Dambody |- Shear sliding Seismic load |
Overstressing |—<{ High uplift |
T U Excess
i
L  Stmctural
detenoration —1 Overflow I— Defective [T, Faulty IFaulty gates
outlets instruments .
Dam foundation I——[ Sliding j— Faulty hoists
—  Subsidence — - Power fmlure
- Piping — .. Control svstem
= failure
Reservoir Landslide | --- Structural
failure T
Upstream Nood
—
Downstream Expeditious mﬁn
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Paradise Dam
Upstream Fish Lift Operations




Reservoir
Length 610m

| aurge shafts !

Power house (Will generate
6500 GWh per year)
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Dams (>60 m) Under Construction

in IRAN

Height (m) Hydro | Expect
Dam above capaci ed date
Row Name River/ Basin District/City State Type lowast Purposes of project g of
g comple
Foundation (Mw) S
West Irrigation & Hydro
1 Agh Chay Agh Chay Khoy Azerbaijan TE 108 Electricity 9 2006
Alborz Irrigation & Hydro
2 (PashaCola) Babolrood Babol Mazandaran ER 78 Electricity 10 2006
- . East .
Arasbaran Cilin chay Kalibar Azarbaijan ER 63 Irrigation _ 2004
4 Ardabil (Yamchi) | Balekhli Chay Ardabil Ardabil TE 67 Irrigation 2003
East Irrigation & Hydro
5 Aydoghmoaosh Aydoghmoash Meyaneh Azarbaiian ER 87 Electricity 1 2006
. o Irrigation , Potable &
6 Bidvaz Bidvaz Esfarayen Khorasan TE 80 Endusty _ 2004
7 Dahane Razeh Fakhr Rood Birjand Khorasan PG 47 2003
8 Doiraj Doiraj Musian Eilam ER 66 Irrigation , Hydro Electricity 2008
. : TE/ Irrigation , Potable ,
Doosti Harirood Sarakhs Khorasan ER 78 Industry & Hydro Electricity 14 2008
10 Garan Garan Marivan Kordestan ER 64.1 Inigation , Potable, S 2008
industry
Irrigation , Potable ,
11 Gavoshan Gave Rood Kamyaran | Kordestan ER 136 Industry & Hydro Electricity 11 2005
12 Gelvard-E-Neka MNeka Neka | Mazandaran ER 113 Irrigation , Hydro Electricity 3 2007
5 : 2 TE/ Irrigation , Potable &
13 Golabar Sojas Zanjan Zanjan ER 85 Indlistry 1 2007
o o Irrigation , Potable &
14 Jegin Jegin Jask Hormozgan | RCC 78 Industry _ 2004
Height (m]) Hydro .E:fl:::
A = x Dam above capaci
Row Name River/ Basin District/City State T Purposes of project of
ype lowest iy 5
Foundation (Mw) ﬂml
Irrigation & Hydro
15 Karoon 3 Karoon Izeh Khoozestan MV 205 Electricity 2000 2004
Chahar
16 Karoon 4 Karoon Izeh Mahal & MV 230 Hydro Electricity 1000 2007
Bakhteyari
. Khoda East Irrigation , Potable ,
17 | Mhoda Afacin Aras Afarin | Azarbaijan | T 64 Industry & Hydo Electricity | 200 | 2007
Kosar . Kohkiloia & Irrigation , potable ,
18 {Tangedook) Kheirabad Gachsaran B hinad | P8 144 Industry & Hydro Electricity 70 2002
Maijarane Irrigation , potable &
19 Ramsar Nesa Rood Ramsar Mazandaran ER 60 Industry _ 2003
. i Irragation , Pobable ,
20 Mamloo Jajrood Varamin Tehran | TE 89 Indrstry &Hydro Electricity 85 2007
Mirzaye Shirazi - Irrigation , Potable ,
21 (kavar) Qareh Aghaj Kavar Fars ER 67.5 Industry & Hydro Electricity 5 2006
. g TE/ R
22 Marvak Tireh Boroojerd Lorestan ER 72 Irrigation _ 2007
Mola Sadra % TE/ Irrigation , Hydro Electricity
a (Tangeh Boragh ox Eqlid Pars ER 73 & Fllod control i 2008
24 Nahrin tabas Nahrin Tabas Yazd TE 60 Irrigation i 2003
Narmashir Irragation & Hydro
25 {Nesa) Nesa Bam Kerman ER 111 Electricity 5 2005
= East - e
26 Ostoor Qezel ozan Mianeh Azarbaijan VA 160 Irragation & hydroelectricity 164 2006




Dam | _Height (m) m d date of
Row MName River/ Basin District/City State above lowest Purposes of project
TyPe | “Eoundation At | ecenpied
{naw) on
= - East Irragation , Flood Control &
27 Qaleh Chay Qalehchay Ajabshir Azerbaijan TE 79 Environment i 2006
28 Joockan barak Abad ha Kh igati ble Ind 200
(Tabarak Abad) Tabara Qoochan jorasan ER 74 Irrigation , Potable Industry _ 4
" . . VA/ Irragation , Hydro Electricity
29 Raees Ali Delvari Shapoor Borazjan Booshehr PG 117 & Flood Control 19.4 2005
Ramhormoz Ramhormo Irragation & Hydro
30 (Jareh) roode Zard % Khoozestan TE 113 Electricity 9 2007
Sabalan Meshkin = Irrigation , Flood Control &
31 | (Gibegloo) Qareh Soo Shahr | Ardabil ER 8s Environment = 2006
East H-
32 Sahand Qarangoo | Hashtrood Azerbaiian TE 60 Irrigation _ 2006
& = = PG/ Irrigation , Potable ,
33 Salmane Farsi Qareh Aghaj Ghir Fars VA 125 Industry & Hydro Electricity 13 2005
2 £ VA/ Irrigation & Hydro
34 Sazbon Seymareh Eilam Eilam PG 180 Electricity 500 2006
Seymareh o - Irrigation & Hydro
35 (Hini Mini) Seymareh Eilam Eilam MV 180 Electricity 480 2007
" Divan Irrigation , Potable &
36 Siyazakh Qezel ozan Dareh Kordesan ER 78 industry _ 2007
. Irrigation , Potable ,
37 Shafarood Shafarood | Rexvanshahr Gilan PG 159 industry & Hydro Electricity 11 2006
Shahid Madani 2 2 East Irrigation & Hydro
38 (Vanyar) Aji Chay Tabriz Azerbaijan ER 86 Electricity 19 2008
Irrigation , Potable ,
L West Ineustry ,Hydro Electricity &
39 | Shahr Chay Shahr Chay | Oroomiyeh Azerbaijan ER 118 Hoad Cobtrol 6 2005
Height (m) Hydro :xp.:ta
Dam above capaci date of
Row Name River/ Basin District/City State Type | t Purposes of project 1y S
Foundation (W) on
40 Shirin Dareh Shirin Dareh | Bojnoord Khorasan TE 98 Irrigation = 2004
Shooshtar S
41 (G nde Olya) Karoon Gotvand Khoozestan ER 180 Hydro Electricity 2000 2007
Saremsaghloo = 7 Irrigation , Potable &
42 Taham (Taham Chay) Zanjan Zanjan TE 123.7 Indust Hydro Electricity 1.2 2003
43 Talvar Talvar Bijar Kordestan TE 85 Irrigation - 2007
: o Sistan & Irrigation , Potable &
44 | Zirdan Zirdan (Kajo) Chabahar Bloochestan RCC 64.5 industry s 2009
a5 | zola Zola chay salmas | , West TE 83 Errigution & Hydro 3.6 | 2005
Azarbaijan Electricity -
Typical Dam Section With Filter, Berm, and Butress
Top of Dam
Water Surface Elevation 54440
Eleva Filter &
" Drain
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— Reliability - Deterioration -

i

Safety - Accidents -

'_.7 Performance - Mmcidents

Adequacy of design,
construction and

operation Durability
- —— ]
Congenital and Acguired
first age deteriaration
malfunctions (ageing)
\\.\ Mormal conditions /
Exceptional and unforeseen
gvents
First 5
years
first Abandonment
Construction filling Operation Demolition
— —— B — -—

- Lifetime




PROJECT STUDIES
COMMENCE

Y

INITIAL DESK
AND LITERATURE REVIEW

sTUDY

ASSESSMENT OF e
GEOTECHNICAL CONDITIONS

IN A SEISMIC TRRAT SITE
AS ASEISMIC
DATA _COLLECTION
e - RECONNAISSANCE
VISIT -
GEOLOGICAL / GEOTECHNICAL DATA TELESEISMIC/HISTORICAL
1. IN-HOUSE SOURCES SEISMICITY DATA
2. LITERATURE SEARCH IN UK. 1. LISTINGS FROM ISC OR IGS LOCAL SEISMIC MONITORING
3. DISCUSSIONS AND LITERATURE 2. DATA FROM LOCAL OBSERVATORIES { IF APPROPRIATE )
SEARCH IN PROJECT COUNTRY 3. LITERATURE SEARCH IN SCIENTIFIC
Y AND HISTORICAL PUBLICATIONS
| GEOLDGICAL MAPPING I - J —
IGEOTEL‘HNICAL SITE INVESTIGATION "
i Y
___________ S g 5 S S
—————— e —— = — — ——— e ————— e
DATA RESULTS
ASSESSMENT -

|
|
|

/LDCATION OF ACTIVE muus]
“ - T DEFINE SEISMIC |

[ v ZONES AND
ACTIVE FAULTS SEISMIC ZONES
ESTABLISH RISK OF SECONDARY HAZARDS I
1. FAULT DISPLACEMENTS ESTABLISH |
2. LANDSLIDES AND ROCKFALLS SITE RESPONSE \
3. LIGQUEFACTION CHARACTERISTICS I MAGNITUDE RECURRENCE
4 VOLCANIC ACTIVITY | RELATIONSHIPS
5. OTHERS
Yy CARRY OUT
STATISTICAL |
' STUDY ON
[ B EE— ST Daa —,—1—-{Mnxmun CREDIBLE Eanrumxgl
I
ESTABLISH TERTIARY HAZARD ATTENUATION _ |
RESULTING FROM SEISMIC RELATIONSHIPS [~ o \ | GROUND NOTION
INDUGED FAILURE RECURRENCE RELATIONSHIPS
1. LOSS OF LIFE
2. LDSS OF PROPERTY - |
3. L0SS OF FACILITY QUANTITATIVE
(POWER,.WATER,ETC.) SEISMIC RISK ‘_'—h-L_.___ SIGHIFICANCE OF EVENTS
STUDY | IN NEAR-FIELD
DEFINE ]
ACCEPTABLE -
RISK \ SEMIQUANTITATIVE ASSESSMENT
| OF RESERVOIR INDUCED
________________________ I P | SEISMICITY

MICROZONING OF SITE AND QUALITATIVE PARAMETERS
- LOCATION OF STRUCTURES TO MINIMISE RISK
~ DEFINE GROUND TREATMENT
( COMPACTION, SLOPE STABILISATION.ETC.)
- SELECT STRUCTURES AND DESIGNS BEST
SUITED TO SITE CONDITIONS AND SEISMIC
DESIGN PARAMETERS

e o

QUANTITATIVE SEISMIC DESIGN PARAMETERS

PEAK GROUND ACCELERATION, VELOCITY AND DISPLACEMENT
APPROPRIATE .ﬂCCELERM‘ION,“TIME TRACES

DURATION OF SHAKING

RESPONSE SPECTRA

GROUND RESONANCE

CREEP ON FAULTS




Tyres fixed to batter
slope at full supply
level

Tyres on upstream batter slope

Bank crest

&7 | Separation depends on
A .
water level fluctuations | =

Floating tyres
with tubes
fixed to anchor
on batter slope

Floating tyre systems

MNatural surface

_ Freeboard minimum Top of bank
"‘k// depth of 1 metre
sk [ 2, ¥, Batter siopes 21

of flood discharge "7=---.____(horizontal:vertical)

in spillway (m) l«— B = Spillway width (m) —>| T

Spillway cross-section.



Batter slope 2:1
(horizontal:vertical)

Spillway

Qutlet width

Return slope grade (%!

\

Embankment

Inlet at
full supply
level

‘l ™
2
Vertical side wall/ \.
==
cks i

Stilling blo ‘ S
before exit from L7
) spillway chute ‘ "
Chute spillway. 1 AN i N
-'\-.;.:.__:?__5?‘--
Cut-off wal Rock beaching

at outlet



Upstream IJalher—l

Crest
Trash rack P M-'-,n,.',i-rfF','.;.‘ : Downstream batter
P ._‘-Iﬂ.. e "';:j"l?-ﬂ;:?r:tgﬁf L .ﬂ" I.h.i ' "n
2 ] it - AR i
" A TR i '%‘% i | iy, “ﬂ, 1]|hl j"I‘ L ill1,_ “I
- W hf v, ‘n.nh' e
.H\J. " i ." "‘H"‘ t"m!,‘ T
o 0
“tly,! 1.,.‘.'-» o,
a3 _"..l"l,ﬂ,fu. g
hes ‘um;l; W “‘1' i'*.i‘-""“.'
g e ;L'ﬂ""‘.'j "
s 'ﬂ:;‘.:‘k‘;“?fﬁ.
Outlet pipe
T L ey
Breathing pipe Seepage
toe drain
Cut-off collars Rock beaching at
stilling pool on
Drop inlet structures return to waterway

Crest Low-level outlet pipe

— Foundation level

o \ ' g Inlet

Natural surface

Outlet valve

Compacted soil
around pipe or
Cut-off collars  goncrete encased

Qutlet rock beaching

Ae—oI Cutoff trench

150 mm 150 mm

_1 "_—_I r_ Natural surface

200 mm

Compacted soil around pipe

or concrete encased Pipe size (mm)

NN

150 mm

300 mFHE __________________ k-i\_‘
s fot0mm ]

300 mm 300 mm
ENLARGEMENT DETAIL OF A-A

Cut-off collar 1 m sq

Pipeline through embankment with cut-off collars.



Top water level

Crest

Compensation pipe —

1
/2

Desirable to spread
T top soil over bank
Batter slope

Compacted earthfill Gate valve

Creek bed

] £\

.
S |
)

Strip top soil from entire foundation area

Natural surface

Cut batter may
be steeper
than 1:2 if

in sound rock

Spillway dimensions
determined by design

Core trench constructed under
Cut-off cellars 1 metre entire bank length into solid foundation

square every 6 metres

TYPICAL EMBANKMENT CROSS-SECTION

Desirable to allow minimum addtional 5-10%
of bank height to allow for settlement

Compensation pipe in trench

EMBANKMENT ELEVATION



Trench drain
"H" less than 7.5 m

LY
/
Drainage material

with drain pipe

Toe drain
"H" less than 7.5 m

Drainage material

Blanket drain
"H" less than 15 m

Drainage material

Chimney drain

"H" less than 15 m

\ Drainage material

LEGEND

A — impervious
B — semi-impervious to pervious
Drainage material = rock or gravel
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