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Course Contents

➢ Part I:

1. General

• Stages of Investigation

• Inputs

• Questions to answer during investigation

2. Investigation

• Importance

• Preliminary investigation

• Ideal Condition

• Basic Data
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Course Contents

➢ Part I (continued):

3. Geology

• Local

• Regional

• Karsts

• Faults

• Geotechnical & Geophysical Works

• R.I.E (Reservoir Induced Earthquake) 
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Course Contents

➢ Part I (continued):

4. Foundation

• Settlement

• Strength

• Permeability

• Jacking Test

• Lugeon Test

• Curtain Grouting

• Consolidation Grouting

• Cut-off walls

• Clay Blanket
4



Course Contents

➢ Part I (continued):

5. Embankment Design

• Earthfill

• Earth & Rockfill

• Vertical Core

• Sloping Core

• Asphaltic Core

• Concrete-Faced Rockfill  Dam(CFRD)

• Asphatic Faced Rockfill Dam (AFRD)

• Filter Criteria

• Transition Zones

• Freeboard

• Riprap
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Course Contents

➢ Part I (continued):

6. Construction

• Construction Method

• Test Embankment
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Course Contents

➢ Part II:

1. Embankment Simulation (in layers)

2. Steady State Seepage

3. Rapid Draw-Down Seepage Analysis

4. Upstream/Downstream Slope Stability Analysis

5. Stress-Strain Analysis During Various Phases

6. Behaviour of Dam Body During Earthquake:

• Newmark Method

• Dynamic Analysis Using Acceleration Time History

7



References

1. Earth & Earth Rockfill Dams (Sherard)

2. The Engineering of Large Dams (Thomas)

3. Earthquake Engineering For Large Dams (Pris et al)

4. Embankment Dam Engineering (Casagrande volume)

5. Earth & Rockfill Dams (Kutzner)

6. Geotechnical Engineering of Dams (Fell et al)

8



Course Evaluation

✓ Homeworks 20 %

✓ Presentation 15 %

✓ Project 20 %

✓ Final 45 %

Total 100 %
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تعدادی از بند های قدیمی ایران

(سال)عمر مکان بندنام

1700 شوشتر میزان

1700 شوشتر گرگر

1700 شوشتر شادروان

1000 فارس امیر

700 قم کبار

400 فریمان فریمان

400 طبس (قوسی)کریت

354 اصفهان خواجو

300 (خراسان)خواف سلاحی

300 (غربیآذربایجان)پلدشت پلدشت

200 بیرجند عمرشاه 10



تعدادی از سد های تازه تاسیس یا در حال احداث ایران

تاج سدعرض تاج سدطول
مخزنحجم

m3×106

ارتفاع
m

Qave))دبی

m3/s
نوع سد و جنس محل سدنام

10 150 59 60 - هسته رسیسنگریزه ای با ایلام گردکانچم

12 451 87 120 - نفوذناپذیرخاکی با هسته زنجان تهم

10 935 60 80 4.6 هسته رسیسنگریزه ای با مراغه علویان

7 233 242 65 7.2 CFRD کوار شیرازیمیرزای

12 3030 7600 127 - هسته رسیخاکی با اندیمشک کرخه
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Storage Dams

➢ "They retain a significant volume of water"

• Generally high dams as apposed to diversion dams which are 

of low heights and low volume
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Storage Dams

➢ Storage Dams maybe built for:

• Flood Control

• Power

• Irrigation

• Navigation

• Municipal & Industrial water supply

• Recreational Benefits

❖Generally a Storage Dam is a multi-purpose dam

13



Geotechnical Input During Stages of Development of Dam 

Project

Stage 1
• Pre-Feasibility

Stage 2
• Feasibility & Site Selection

Stage 3
• Design & Specifications

Stage 4
• Construction

Stage 5
• Operation
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Geotechnical Input During Stages of Development of Dam 

Project

✓Stage 1    Pre-Feasibility

➢Geotechnical Objectives & Activities:

• Selection of possible sites

• Understanding geological situation

• Possible and Suitable dam types

• Review of existing data

• Air and ground inspection

• Plan the feasibility and site selection studies
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Geotechnical Input During Stages of Development of Dam 

Project

✓Stage 2    Feasibility & Site Selection

➢Geotechnical Objectives & Activities:

• Assess feasibility from geotechnical view point considering both

local and regional situation

• Explore alternative sites for dam and other key structures adopt

the most promising one

• Explore these sites further to confirm feasibility & provide

sufficient data for preliminary design compare cost estimate

• Provide regular reports and final reports include "project

feasibility" and purposed site, dam axes and dam type.
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Geotechnical Input During Stages of Development of Dam 

Project

✓Stage 3    Design & Specifications

➢Geotechnical Objectives & Activities:

• Answer any questions arised from feasibility studies

• Further site investigation & testing usually necessary

• Provide regular reports

• Tender documents 
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Geotechnical Input During Stages of Development of Dam 

Project

✓Stage 4    Construction

➢Geotechnical Objectives & Activities:

• Ensure the geotechnical picture is as assumed in design; if not;

modify

• Advise continuously the resident engineer

• Records of movement , water flow , etc. in the progress report

• Detailed mapping , color photos , instrument , etc.

18



Geotechnical Input During Stages of Development of Dam 

Project

✓Stage 5    Operation

➢Geotechnical Objectives & Activities:

• Ensure structure is performing as designed

• Design of remedial measures

• Monitoring program

• Monitoring report
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Geotechnical Engineering Questions to Answer During 

Investigation

1. Source of Material

• Earthfill ; Impervious core

• Filters

• Rockfill

• Riprap

• Concrete aggregates

• Pavement 
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Geotechnical Engineering Questions to Answer During 

Investigation

2. Reservoir

• Water tightness

• Effect on groundwater ; levels , quality

• Stability of slopes ; inside & outside the rims

• Erodibility of soils

• Siltation rates
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Geotechnical Engineering Questions to Answer During 

Investigation

3. Embankment

• Location ; to suit topography & geology conditions

• Alternative sites for comparison

• Depth to suitable foundation

• Nature of material to be excavated , methods

• Stability of excavations

• Permeability , Erodibility , Compressibility of foundation

• Foundation treatment required:

̵ Grouting, Slurries , Blankets , …
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Geotechnical Engineering Questions to Answer During 

Investigation

3. Embankment (continued)

• Embankment zones

• Stability of embankment + foundation

• Monitoring systems ; types , siting
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Geotechnical Engineering Questions to Answer During 

Investigation

4. Spillway , River Diversion , Inlet and  outlet works

• Location and type

• Excavation method

• Stability of excavation

• Need for lining of tunnels
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Geotechnical Engineering Questions to Answer During 

Investigation

5. Seismicity of region

• Design earthquake (DBE)

• Maximum Credible Earthquake (MCE)
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Considerations in Choice of Site

➢ Water supply

• Stream flow from hydrometric records and hydrological analysis

➢ Topography of the site

✓ Controls:

• Available head

• Available storage

• Volume of dam body

• layout of :

─ Power house

─ Spillway

─ Outlet works
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Considerations in Choice of Site
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Considerations in Choice of Site

➢ Foundation

• Adequate bearing capacity

• Low permeability

• No geological faults (Preferred)

• No risk of seismic activity

• Low compressibility

➢ Availability of material

➢ Land cost

➢ Environmental impact
28



Investigations

➢ Importance:

• Lack of understanding how a damsite will react would endanger 

the project and may cause failure:

• Reservoir

• Dam

❖ "The most important task"

─ Extensive field investigation

─ Liaison with the designers

Otherwise it may misdirect and fail to reveal basic weaknesses
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Preliminary Investigations

➢ Topography

✓ Ideal Conditions Includes:

• Narrow gorge

• Valley opening upstream to provide for the required storage

• High abutments , well above normal pool level

• High flanks around the reservoir with long seepage path to neighboring 

valleys.

• No depressions requiring lateral dams
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➢ Using:

• Topographical maps

• Geological maps

• Air photos

• Satellite photographs (fault , geological features)

• Helicopter flight

• Active faults map

Preliminary Investigations
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Preliminary Investigations

➢ Features to be sought:

• Potential landslide

• Old land slide

• Faults ( active ,inactive ,R.I.E )

• Major joints

• Stress relief

• Weathering

• Karsts

• Strike & dip of formations & Joints (Stability purpose)

• Springs (could provide paths for leakage)

• Alluvium depth
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Preliminary Investigations

➢ Models :

• Topographical 

• Geological (to help understand in 3-D)

• Computer 3-D

✓ Must be updated as more information becomes available

✓ Money required 6% of the cost of the dam

✓ Time 3 years is not unusual
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Preliminary Investigations

➢ Basic Concept :

• Stability (Dam ,Foundation ,Abutment)

• Watertight reservoir

• Strength

• Hydraulic gradient
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Preliminary Investigations

✓Hydraulic gradient

• Sound foundation is required & grout curtain to reduce the 

gradient

• Excessive care needed on poor foundation against piping & 

seepage

• Allowable gradient can only be decided with regard to 

geological formations and material properties

• Hydraulic gradient in the abutment is of concern inducing high 

pressures ,piping ,dislodgment of abutment rock
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Preliminary Investigations

✓Hydraulic gradient
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Preliminary Investigations

✓Watertightness of reservoir :

• Enough research should be made and if in limestone formation, 

detailed studies are required
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Basic Data

➢ Topography

➢ Meteorology & Hydrology

➢ Geology & Seismicity

➢ Finance

➢ Environmental Assessment
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Basic Data

➢ Topography :

• To determine the reservoir volume at the various levels

• Existance of low saddles around perimeter

• Damsite :

Quantities of excavation and dam material, layout of access road,

setting out the dam
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Basic Data

➢ Meteorology & Hydrology :

• Qmin , Qave , Qmax for:

─ Dam dimension

─ Diversion tunnel

─ Cofferdams

• Wind velocity -Freeboard

• PMF (Probable Maximum Flood) - Spillway

❖ Best accuracy is essential
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Basic Data

➢ Geology & Seismicity:

• Landslides

• Limestone

• Joint patterns

• Faults (Active?, activity during the past 10,000 years?)

(Information are further supplied during construction when

excavations are started)

• Color photography of cores in their boxes are recommended

• Photographs before & after any foundation treatment

• Install seismographs near the proposed damsite

• Reservoir induced seismicity ; MCE, DBE, MDE 41



Basic Data

➢ Economics :

• Comparative estimates

• Purposes :

─ Agriculture

─ Electricity

─ Water supply
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Basic Data

• Definitions:

✓Normal water level (Full supply level):

Max. storage retention level corresponding to the crest of spillway

✓ Flood level:

✓ Height of Dam :

H (ICOLD):

Lowest point of foundation to the top of dam , excludes parpet

wall , camber , guard rails …
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Basic Data

➢ Height of Dam :

• Freeboard:

-Above N.W.L :

─ Pounding during flood

─ Wind setup in reservoir

─ Waves induced by wind

─ Waves induced by earthquakes or their effects such as landslide
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Basic Data

➢ Height of Dam :

• International Commission On Large Dams (ICOLD):

For large dams: or
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Selection of Type of Dam

a)

1. Environment

2. Weather

3. Money & time

4. Availability of material

5. Unavailability of skill

6. Seismicity : Rockfill

7. Geology

─ Strong abutment for arch dam is necessary

─ Differential deformation of foundation

8. Hydrology (Possibility of inundation during construction)

9. Cost

46



Selection of Type of Dam

b) Embankment Dam

• Types:

✓Earthfill , Rockfill , Hydraulic fill

• Definition:

✓A dam constructed of natural excavated material placed without

addition of binding material other than those inherent in the

material itself
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Selection of Type of Dam

b) Embankment Dam (continued)

• Earthfill Dam:

✓Constructed primarily of compacted earth in either

homogeneous or zoned areas ,containing more than 50% of

earth

• Hydraulic Fill Dam:

✓Constructed of earth ,sand ,gravel or rock generally from

dredge material conveyed to the site by suspension
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Selection of Type of Dam

b) Embankment Dam (continued)

• Concrete Dam:

✓Arch ,Gravity , buttress, …

• Rockfill Dam:

✓An embankment type of dam which depend for its stability,

primarily on rocks

Contain more than 50% of compacted or damped rockfill

✓Also CFRD ; Bituminous concrete faced R.D
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Selection of Type of Dam

c) Valley Shape

• Gorge

• Narrow valley

• Wide valley

W: crest width

H: height below crest
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Selection of Type of Dam

✓Valley Shape Factor:

• Wide valley

• Composite; U-V Shape

• U Shape

• V Shape

❖ Used mainly for concrete dams
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Selection of Type of Dam

d) Rock Quality

• Foundation material should be strong enough

• For concrete dams & arch dam foundation strength should be over

70-100 kg/cm2

• Existence of joints, faults, bedding, control, the load bearing

capacity and deformation also on the infilling materials

e) Rock Joint Pattern

• Foundation sliding (concrete dams)

f) Other Features (length of diversion tunnel ,…)
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Some Comments on Freeboard 

➢ Objectives (USBR 1981)

• Wind setup

• Wave setup

• Landslide & Seismic effect

• Settlement

• Malfunction of structures

• Other uncertainties
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Some Comments on Freeboard 

➢ Other factors that may influence selection of freeboard include

• Reliability of design flood estimates

• Assumption in flood routing

• Type of dam & susceptibility of erosion

• Potential changes in design flood
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Some Comments on Freeboard 

─ Normal

➢ Freeboard

─ Minimum

✓Normal:

1. Wind setup & wave run up for max. wind + possible settlement not

included in the camber

or

2. Landslide generated water waves + possible settlement not

included in camber
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Some Comments on Freeboard 

─ Normal

➢ Freeboard

─ Minimum

✓Normal:

1. Wind setup & wave run up for max. wind + possible settlement not

included in the camber

or

2. Landslide generated water waves + possible settlement not

included in camber
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Some Comments on Freeboard 

➢ Definition

• Vertical distance between a specified water surface & top of the

dam , without allowance for camber

• Vertical distance between reservoir water level and the crest of

the dam without camber

• Preliminary design values (USBR 1977)

Largest Fetch (km) Normal FB (m) Minimum FB (m)

< 1.6 1.2 0.9

1.6 1.5 1.2

4 1.8 1.5

8 2.4 1.8

16 3.0 2.1
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Some Comments on Freeboard 

➢ Notes

a) It is based on a wind velocity = 160 km/hr for normal FB

b) It is based on a wind velocity = 80 km/hr for minimum FB

c) For dams with smooth upstream surface a freeboard of up to 1.5

times the above values
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Freeboard Calculation

➢ Figure
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Freeboard Calculation

➢
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Freeboard Calculation

➢ Significant wave height:

• Definition:

Average height of the highest + 1/3 of waves

L0=wave length (m)

Fe=effective fetch (km)

• Also :

To limit the fetch effect on wave height 61



Freeboard Calculation

➢ Example:

V =90 km/hr L =10 km D =100 W/L =0.5

✓ Fe =0.67(10)=6.7 km

✓ hw =0.00513(90)1.06 (6.7)0.47 =1.5 m

✓

W/L 0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 1 1.2 1.5 2

K 0 0.26 0.4 0.51 0.6 0.67 0.73 0.83 0.9 0.94 0.98 1
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Freeboard Calculation

➢ Reference Level

a) Normal water level:

• Max. probable wind condition (Vmax=160 km/hr)

b) Max. flood level (PMF):

• Lesser wind condition ( <80 km/hr)

➢ Design wave height:

Rockfill dams hd = hw For rockfill slopes

Earth dams

hd = 1.1hw Cemented

hd = 1.2hw Moderately cemented

hd = 1.3hw Not cemented

hd = 1.25hw average
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Freeboard Calculation

✓ Now knowing hd , wave run-up hL is now determined

➢ Safety Margin: 2
ʹ
- 10

ʹ

• Depending on:

─ Reservoir size

─ Dam height

─ Dependability of data

─ Risk of settlement due to earthquake
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Freeboard Calculation

✓ Japanese Standard (allowance above flood level) :

❖ Above N.W.L > 5m - 6m normally

❖ The extra allowance for freeboard when reference is the flood level is

less than when it is based on N.W.L

❖ Short term overtopping of the core maybe allowed in many cases but a

min safety surplus to the dam crest must be respected

Height of dam(m) Concrete dam(m) Embankment(m)

< 50 1 2

50-100 2 3

>100 2.5 3.5
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Geology

➢ Safety of dam

─ Foundation:

• Stability

• Faults

• Joints

• Seepage

─ Abutments

─ Reservoir watertightness (large dams)

─ Borrow pits
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Geology

✓ Engineering geologist→ Design engineers

─ Rock strength

─ Rock mass strength & Stability

─ Infillings

─ Discontinuities (dip & dip direction)

─ Seams, Faults, etc.

─ Depth of weathering

─ Distinguishing different regions of differential mechanical properties for

using appropriate lab. parameters

─ Landslides (Vaiont dam Italy ; 40×106 m3 of reservoir water, overtopped

the earth dam filled 1900 people d/s)

─ Karst & Caverns (Lar dam) ; remedial action very costly & time

consuming (abandon the site? )
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KARSTS

➢ Carbonate Rocks

✓ Having significant amount of soluble minerals

• Calcite CaCo3

• Dolomite CaMg(Co3)2

in their fabrics

✓ There are other soluble material that maybe present in other types

of rocks, they include

• Gypsym

• Anhydrites

✓ Karsts occur in limestone beds, marble, metamorphose carbonate

rocks; rich in calcite or dolomite
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KARSTS 

➢ Engineering properties of sedimentary carbonates rocks(Dearman 1981)
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KARSTS 

Dolomite Calcitic Dolomite Dolomitic Limestone Limestone

0 10 50 90 100

100 90 50 10 0

% Calcite

% Dolomite

✓ If the rock mass contains over 90% carbonates:

• When fresh they have very low K and porosity, therefore, flow is

concentrated at joints, defects, … and the weathering and

solutioning and cavities follow these patterns

• Large cavities will form & the 10% non-soluble material fill some

cavities or form residual soil at surface
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KARSTS

• On the other hand if it contains less than 10% carbonates, the rock

is weathered, next to cavities and they have lower density because

of removal of soluble material

✓ In general:

• The lower % of carbonates:

─ The less cavities

─ The higher proportion of weathered rock compared to cavities

─ The higher rate of infilled to open cavities
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KARSTS

➢ Significance of solution effects

✓ Need for treatment of dam foundation & reservoir

• To fill cavities:

1. Cement grouting

2. Concrete curtain (diaphragm wall)

3. Mining & Backfilling

4. Backfill grouting

5. Cut-off walls

• Presence of clay infilling in cavities presents a problem, they obstruct

grouting and they may be removed later by underseepage
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KARSTS

➢ Significance of solution effects

• High pressure grouting designed to cause hydraulic fracture is shown to 

give significant improvements
{ Zhang & Huo (1982), Eadie (1986), McMalon(1986) }

• Where cavities are numerous & largely or wholly filled with soils, 

cement grouting alone is not relied upon

• Mining and backfilling with concrete,… must be adopted

✓ In Khao Laem Dam in Thailand: These methods with (3.5km and up to 

200m deep) grout-curtain was practiced
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KARSTS

➢ Significance of solution effects

✓ El Cajón Dam in Honduras:

• The gorge from dam up to 200m into the valley sides and for at least 

180m beneath the flow was caverneous limestone

• The curtain adopted was in the form of the trough extending from 

dam to basaltic rock  (Both sides and beneath the floor)

• Construction involved:

─ 14km of galleries 

─ 514,000 meters of holes drilled and grouted

─ 83,700 tonnes of cement

─ 14,930m3 of backfilled concrete 74



KARSTS

➢ Significance of solution effects

✓ Dams which failed to store water

* Leakage from deep inside the hight abutment emerging in two Springs d/s. 

Discharge:             ─ 0.5 m3/s        before construction of dam

─ 5-10 m3/s     after construction of dam

Dam Country

Civitella Liciana Italy Cretaceous limestone

Cuber Spain -

Kopili India Eocene limestone

May Turkey Mesozoic limestone

Motejagne Spain Jurassic limestone

Perdikas Greece Miocene limestone

Villetle Berra Italy -

Lar* Iran Miocene limestone
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KARSTS

➢ Other problems that may result

─ Possible collapse of cavities

─ Sinkholes

─ Dewatering of excavations

(more continuous piping at higher rate is required)
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KARSTS

➢ Dissolution Mechanism

✓ Depends upon:

─ Solubility of the mineral

─ Rate of solution of the mineral

(Speed at which it reaches equilibrium)

─ The solution rate K is, in turn, a fraction of:

• Flow velocity

• Temperature

• Concentration of other dissolved salts
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KARSTS


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KARSTS


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KARSTS

➢ Dissolution Mechanism (continued)

✓ Important factors:

─ Chemical composition of inflowing water (increase or decrease in

solubility)

─ Size & Distribution of open joints

─ Flow velocity

─ Gypsum surcharge? ; for countermeasures?
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KARSTS

➢ Dissolution Mechanism (continued)

✓ Carbonates are good for:

─ Concrete aggregates (If meeting the requirements ; specially Alkali

reaction)

Generally they perform very well

─ Good rockfills

─ Random fills if not shaley or argillaceous

─ Riprap

✓ Carbonates are not suitable for filter zones because of their

susceptibility to dissolution and cementation
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FILTERS

✓ Experience:

• Particles size of base material, d85 , is a characteristic grain size

✓ Terzaghi & Peck (1948)

• Both for fine & coarse filters (Initially for cohesionless soils as base

material)

(Permeability)

• Coarse particles of based are prevented from moving into filter,

these coarse particles will then block movement of fine particles

(self filtering in the base material)
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FILTERS

✓ USBR (1973)

(D15)filter = (5 - 40) (d15)soil

Fines content of filter < 5%
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FILTERS


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FILTERS

✓ Note :

• If the base material ranges from gravel (over 10% > 8.75mm) to silt

(over 10% P200), the base material should be analyzed based on

fraction smaller than 4.75mm (No.4 sieve)

➢ Critical Filter

• Where erosion might start (contact with base material ; d/s of core)

is called critical filter

✓ Sherard (1984):

─ Investigated 36 types of silt & clay

─ 20% clay content (<0.002mm)

─ 7 soils were dispersive
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FILTERS

✓ Sherard & Dunnigan (1989) investigated further, the results of

their studies were:

• Initial study

➢ Figure

• Further study ; four soil groups (no erosion filter test; NEF test)

Soil group Fines content Max. D15 of filter (mm)

1 Fine silts & clays 85 - 100 7d85 to  12d85 (mean 9d85)

2 Silty & clayey sands 40 - 85 0.7-1.5

3
Silty & clayey sands

and gravelly sands
0 - 15

7d85 to 8d85 (round grains)

9d85 to 10d85 (crushed grains)

4 Between 2 and 3 15 - 40 Intermediate between 2 and 3
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FILTERS


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FILTERS

• Internal stability of base material if broadly graded is required (to

make for ?, filter criteria to be applicable at the interface with filter)

if not, only small particles moves toward filter & passing through

filter, leaving the coarse part behind: also self-filteration.

✓ To check it out:

• Divide the grain size into two parts at any size exceeding

0.2mm.Then the filter criteria must apply between the coarse and fine

fractions

• If not possible to meet the above criteria, a two zone filter may be

required. The zone next to core a fine to medium sand designed for

soil matrix of the core.

✓ Perfect filter concept:

• A filter to retain smallest particle even if they arrive at filter, after

complete segregation of coarse material
88



FILTERS



Max. Wave Height (m) D50 (cm) Max. Rock (kg) Layer Thickness(cm)

0 - 0.3 20 45 31

0.3 - 0.6 25 91 38

0.6 - 1.2 31 227 46

1.2 - 1.8 38 680 61

1.8 - 2.4 46 1134 76

2.4 - 3 61 1814 91
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FILTERS

➢ Significant wave height

➢ Filter under riprap
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FILTERS

✓ Thickness 9ʹʹ - 30ʹʹ

➢ US. Corps of Engineering (Min. Thickness)

✓ Downstream face protection:

• RipRap with no under filter layers of coarse & sand & gravel with

max. size of 3in. or more is satisfactory in most cases

Max. wave height (m) Filter thickness (cm)

0 - 1.2 15

1.2 - 2.4 22.5

2.4 - 3 30
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Geology

✓ Availability of natural materials for construction will affect:

• Its cost

• Type of dam

✓ Geology

─ Safety

─ Availability

─ Cost & type of dam
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Geology

➢ Rock classification

1. Uniaxial compression strength

─ Weak <35 MPa

─ Strong 35-115 Mpa

─ Very strong >115 Mpa

2. Prefailure deformation Elastic, Viscous

3. Failure characteristic Brittle, Plastic

4. Gross homogeneity Massive, layered

5. Continuity in formation Solid, Blocky, Broken 93



Geology

➢ Rock classification (continued)

6. Weathering:

─ Fresh no visible sign

─ Slightly in open discontinuity surface

─ Moderately extends throughout the rock mass friable (and easily

crumbled)

─ Highly extents throughout & partly friable

─ Completely wholly decomposed

─ soil
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Geology

➢ Foliation

• Rocks subjected to heat and deforming pressure during

metamorphism process, parallel layers will develop (along which

are new minerals such as mica, talc,…) and tend to expand due to

coming out
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Geology

➢ Fualts

✓ Recognized by:

• Offset of beds

• Gouge

• Brecciation or crushing

• Topographic features

─ Escarpment

─ Offset alignment of vegetation
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Geology

Global Seismic

➢ Geology Regional Geophysical

Local ( surface) Drilling Electrical

Adits

➢ Global

• Crust movement, seismic history,…

➢ Regional

• Age, location of faults, landslides, karsts, weaknesses, aerial

photos, satellite,…

• General geological formation of the region

• Exposed rocks, ridges, possible reservoir leakage
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Geology

• The regional report covers the whole reservoir area. It must

consider reservoir tightness & slope stability before and after ? .

may require special investigations such as tracer,… in this respect

regional and local geology may overlap

• At most sites geological interpretation is by inference and its

accuracy will be proportional to the amount of work done
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Geology


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Geology

➢ Local Geology (continued)

✓ Must include

• Description of rock types & soils

• Geotechnical surface mapping

• Mapping joints & faults

• Graphical presentation of strikes & dips of discontinuities

• Evaluation of risk of landslides

• Borehole & test pit profiles

• A mapping that shows location of BH, TP,…
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Geology

➢ Surface Geology

• Discontinuities:

─ Wedges?

─ Gouges, fillings

• Weathering

• Overburden (alluvium)

Not require to be removed if it is well consolidated
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Geology

➢ Surface Geology

• It may be required to sluice the site to have features exposed

• Gneiss, Mica Schist are good for strength and watertightness; but,

excess mica in the foliation drop the friction angle from 40° to 30°

• Such weaknesses are sometimes intense folding

✓ Trenching

─ Faces, mapped, sampled & photographed

✓ Possibility of leakage

─ Along smooth contacts

• Rock

• Conduits in the embankment

─ Hydraulic gradient
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Geology

➢ Geophysical

• To supplement surface and subsurface investigations

• Rapid & Cheap

✓ Must be well planned to get the most amount of information

─ Seismic

─ Electrical

─ Base of weathered layer for stripping

─ Base of cutoff

─ Correlate seismic readings with BH profiles

─ Geophone spacing depends on No. of layers, homogeneity,

20m - 50m?
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Geology

➢ Drilling

• Up to 1.5m diameter, is possible diamond drilling

• Core recovery

─ Nature of strata

─ Equipment

─ Method of drilling

─ Experience & Skill

• Usually 100mm core, less often 50mm double tube core barrel

drilling + split core tube

• Life of diameter bits: 2m (Quartzite) 44m (Mudstone)

• Monthly drilling rate in the order of 300m to 500m

• In developing countries the same equipment 30m - 50m
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Geology

➢ Drilling (continued)

• Taken color photos of cores in the core boxes

• Extension of borrow areas

• Location of BH

─ Axes

─ Spillway

─ Abutment (grout curtain)

─ Reservoir rims

─ shell (if needed)

─ Borrow areas

─ …
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Geology

➢ Test Pits

• Bulldozer trenches

✓ Gives

a)

─ Geotechnical soil description and sampling

─ Mapping of the wall

─ Suitability of material in dam body

▪ Core

▪ Filter

▪ …

─ Disturbed and undisturbed samples for lab tests
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Geology

➢ Test Pits

b) Field tests

─ Cohesive soils

▪ ωn (moisture meters)

▪ Shear strength

─ Coarse grained soils

▪ Gradation test

c) Lab tests
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Geology

➢ Permeability

─ Piping

─ Erosion & Collapse

─ Stability (foundation & abutment)

─ Soluble rocks (Gypsum, Anhydrite)
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Geology

➢ Recording & Presentations

─ Logging

• Standard geological terms understandable to the engineers

─ Drilled cores

• Must be retained

• Must be photographed (color)

─ Geological map
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Geology

➢ Seismic Activity

• Earthquake (history), Regional

• R.I.E

➢ Natural Events

• History of region

• Recording of all faults

• Installation of strong motion seismograph

─ On rock at dam base

─ Crest

─ On rock at the short distance (papers be added here)
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Geology

➢ Reservoir filling

✓ Hoover Dam, reservoir capacity 42 × 109 Tons

• No earth tremor recorded prior to construction

• Filling began "1935"

• 1st shock "1936" ; water level 100m

• "1937" over 100 tremor

• Largest shock magnitude "5"

• Assumed earthquakes induced by load on crest probably on faults or

regions of weakness
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Geology

➢ Reservoir filling (continued)

✓ Kariba Dam, Rhodesia; began to fill in "1958“ ; total reservoir

capacity 170 × 109 Tons

• No information available of past activity

• Shocks observed 6 months filling began

• Greatest magnitude "5.8" ; 4 years later

✓ Koyna Dam, India; 103m high dam; reservoir capacity 2.8 × 109

Tons

• Strongest record "6.4" magnitude

• "0.5g" acceleration
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Geology

➢ Reservoir filling (continued)

✓ Eucumbene Dam, Australia; reservoir capacity 4.8 × 109 Tons

• In region of known seismicity

• During 1st filling two shocks "4" & "5" magnitude

• Many shocks up to "4" magnitude

✓ Talbingo Dam, Australia; reservoir capacity 0.9 × 109 Tons

• No record in past 13 years before filling; 1st filling; May 1973

• June recorded seismic activity

As water level increase Increase in activity 114



Geology

➢ Reservoir filling (continued)

• August Rate of fill dropped sharply Decrease in activity

All magnitude < "2.4"

• Up to 1972 2000 weak events; strongest "3.5"

• Most events within 7km radius U/S on west bank

✓ A US seismologist studied 3 dams:

• At Hoover frequency of seismic events related to level of water in

the lake, while at two other dams filling apparently lessened seismic

activity
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Geology

➢ Reservoir filling (continued)

✓ Conclusion

❖ It is a possibility monitor before & after filling.

✓ Prediction of Magnitude

• Baoqi (1992):

M=1.317+0.995E±1.201

Where: E: “Comprehensive effective parameter” =SHmax/V

S: Reservoir surface

V: Reservoir Volume

Hmax: Reservoir Maximum depth
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β: Spread of function

λ: Connection weights

Cij: Centers of RBFs
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Geology

➢ Stability of valley wall

• Influence of P.W.P on stability

• Different modes of failure

• DRM
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Geology

➢ Material Investigation (continued)

• Availability of suitable material (as soon as possible)

• For embankment Impervious, semi pervious, free draining

• For concrete aggregate Sound, inert rock or gravel or sand
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Geology

➢ Material Investigation (continued)

a) Reconnaissance

✓ Evaluation:

• Type, approximate quantities within reasonable distance aerial photos,

regional geology, local information, aerial inspection

• No subsurface work, samples taken for preliminary property testing as

well as photographic and mineralogical examination

• A suitable plan indicating sources should be prepared
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Geology

➢ Material Investigation (continued)

b) Feasibility

• Selected area are explored with sampling on a grid, say, 100 m2 ;

γd , ωopt , c , φ

• Alluvium, sand and gravel studied (depth and likely quantities of

usable materials)
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Geology

➢ Material Investigation (continued)

b) Detailed investigation

─ Trenches (more accurate picture)

─ Auger (fine grained material)

─ In coarse material dozers are often used

─ Back hoe below water table

─ Seismic methods to supplement
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Geology

➢ Material Investigation (continued)

• Material 50% more than what is needed further allowance for material

grading and reblending such as filters

• Mech. properties Geotechnical Engineers

• Mineral & ? properties Geologist (explain anomalous behavior)

─ Warn against possible alkali reaction in concrete

─ Warn against dispersive characteristics

─ Warn against soundness
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Foundations

Elastic

• Acceptable deformation Consolidation after reservoir filling

Change of strength due to saturation

• Stability

• Any change in modulus of deformation of foundation along dam

axis

• Adequate strength

─ Weathering

─ Clay seams
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Foundations

• Large excavation may result in:

─ Upward heave

─ Crack in the abutment wall (due to distress increase in water

seeping through abutment)

• 10m – 20m of rock immediately under the dam is of greatest

importance
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Foundations

➢ Properties to be tested

• Crushing strength

• Shearing strength

• Elasticity of rock mass

• Tectonic stresses

• Permeability

• Crushing strength

Depends on:

─ Quality

─ Degree of weathering

─ Micro cracks 129



Foundations

➢ Intact rock

Rock type Strength (MPa)

Silt stone 24 - 120

Shale 35 - 110

Sandstone 40 - 200

Limestone 50 - 240

Dolomite 50 - 150

Granite 90 - 230

Basalt 200 - 350

Gneiss 80 - 330
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Foundations

➢ Rock mass

Depends on number of joints, infillings, roughness

─ Shear strength

• Basic friction angle

Rock type Friction angle (°)

Basalt 31 - 38

Conglomerate 35

Dolomite 27 – 31

Gneiss 23 – 29

Limestone 33 – 40

Sandstone 25 – 35

Shale 27

Silt stone 27 – 31

Slate 25 - 30
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Foundations
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Moduli 

─ Tangent modulus

─ Secant modulus

❖Secant modulus often used

✓ Modulus of deformation

• Since it is not isotropic or homogeneous

• In situ tests measures modulus of deformation
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Moduli 

✓ Order of magnitude (Intact Rock)

Rock type (×103 MPa)

Limestone 3 – 27

Dolomite 7 – 15

Very hard limestone 70

Sandstone 10 – 20

Siltstone 3 – 14

Gneiss           Fine

Coarse

9 – 13

13 – 24

Schist           Micaceous

Biotite

Granite

Quartze

21

40

10

14

Granite         Very altered

Slightly altered

Good altered

2

10 – 20

20 – 50

Basalt 50

Andesite 20 - 50
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Moduli 

✓ Effect of loading direction

EP : Parallel to stratification

EN : Perpendicular to stratification

Rock Type Ep/EN

Sandstone 2.3

Granite 1.3

Schist 1.9

Sandstone 1 – 1.6

Sandstone 1 – 1.7
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Moduli 

✓ Mudstone

Stress range
(MPa)

E (×103 MPa)

Perpendicular to bedding Parallel to bedding

0 – 1.4 24 24

0 – 2.8 25 42

0 – 5.6 31 46

0 – 8.4 28 46

Dynamic 41 34

In situ 17 27
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Moduli 

➢ Modulus of deformation

• The in situ modulus of deformation is needed due to presence of

joints & fillings it may be as low as half the lab values or even

1/10 as was the case with Nagawado Dam in Japan (155m high

Arch Dam)

✓ Geological hammer

A ring like steel 70×103 (MPa)

Solid ring 7×103 (MPa)

A low pitched note 700  (MPa)

A dull clunk
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Moduli 

✓ Foundation deformation Additional settlement of the

embankment

• Reasonable "E" value for analysis is required

✓ Consolidation Grouting

EM : In situ modulus of deformation

EML : Lab. Modulus in the first loading cycle

ED : dynamic modulus (Lab.)

─ Modulus at Mossy rock Dam

(MPa) (MPa) (MPa)

In situ jacking 16500 9000 5500

Lab. Core test 30300 20700 24000

Geophysical 25000 30300 33000
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Moduli 
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Moduli 

➢ In situ tests (continued)

✓ Residual Rock Stresses

• A rosette strain gauge fixed on galleries’ wall and "overcored" the

final reading of gauges deformation due to the de-stressing

original stress pattern in the rock

• Flat jack may be used to determine the stress in one direction

• A slot is pressurized till the pins on the two slides of the slot are at

their original position

(A narrow slot is made by using a saw)
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Moduli 

➢ In situ tests (continued)

✓ Deformation Modulus

Jacking

• In galleries wall to wall or floor to floor

• In boreholes using anchore cable

• Assessing effectiveness of treatment by F.E studies
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Permeability  

─ Piping

─ Stability ( material moved –soft )

─ Water loss

• Construction close the joints K

• Filling the reservoir tend to open cracks K

✓ Possible modes of leakage

─ Piezometers Hydraulic gradient (direction acceptable?)

─ Radioactive Isotropes ( tracing)

─ Dyes Fluorescein 142
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Permeability  



145



Permeability  

➢ Permeability tests

─ Pump in or Pump out (sand & gravel)

─ Leugeon Test

1 Leugeon is the acceptable value unless the river flow is high enough

and generally depends on the value of water in that project. The grout

mix should be designed for the appropriate soil under study
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Grouting   

▪ Dokan Arch Dam in Iraq

Extends into abutments, total length 24km , area 450,000 m2, as deep as

200m holes (Exceptional case)

▪ CFRD

• Require special attention due to the very steep gradient

• 107m Cethana Dam on quartzite & conglomerate 10m -12m spacing

along the plinth (Depth?)

• Resistivity may be used to check effectiveness
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Grouting   
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Grouting   

➢ Karstic Foundation

Filling should be at stages with remedial works if require

─ It may require extensive grouting

─ Effectiveness

Grouting against head?

─ May-Dam in Turkey

Never filled; 10m – 15m alluvium over limestone & marl

Over 36 sinkholes near the dam

─ Tarbela in Pakistan

─ Lar in Iran

➢ Soluble Material

─ Gypsum, Anhydrite
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Foundation Improvement  

In order to:

─ Decrease deformation

─ Decrease permeability

─ Increase strength

─ Protect against erosion

─ Increase stability of abutments
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Consolidation Grouting 

─ To consolidate, increase resistance to erosion of infilling material

in the zone of max. hydraulic gradient

─ Low pressure to prevent heave

─ Oriented to intersect as many seams as possible

─ Increase "E"
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Embankment

─ Nurek Dam; 312m high in Tajikestan

─ Masjed Soleyman: 177m heigh, Crest 488m , Reservoir: 228×106

m3

─ Karkheh Dam: 127m high, Crest 3030m , Reservoir: 7.3×109 m3

─ Marun: 165m high, Crest 345m , Reservoir: 1.2×109 m3

─ Gotvand: 180m high, Crest:760m , Reservoir: 5×109 m3

─ CFRD high dams have been built

• Anchicaya; up to 152m

• Area; 160m Brazil

• La Miel; 180m Colombia

• Siah Bisheh: 82.5 m
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Embankment

─ Reinforced Earth

• To provide support for the spillway reduce the cost
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Embankment
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Embankment
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Embankment
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Embankment

➢ Factors Affecting Selection of Dam Type

─ Amount of seepage permitted through dam and through

foundation; value of water, stability

─ Settlement of dam and foundation (integrity and hence

watertightness)

─ Freeboard allowance

─ Effect of ambient weather
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Embankment

➢ Dam Design

✓ Zoning

To insure safety in terms of

─ Strength

─ Seepage control

─ Cracking control

❖ The final selection is the most economical utilization of the

materials available
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Embankment

➢ Stability

✓ Circular Failure

─ Simplified Bishop

─ Spencer

─ Morgenstern & Price

─ Janbu

✓ Wedge Failure

─ Strength parameters

─ Reservoir Elevation?

Void Ratio?

Stress Ratio?
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Embankment

• Possible forms of sealing under considerations

─ A central core of hot asphaltic concrete

─ A core of cold placed bituminous emulsion

─ A central core of lean concrete, by grout intrusion

─ A central core of foamed concrete

─ A plastic, rubber sheet, corrugated metal membrane in a thin clay core

─ Concrete face

─ Asphaltic face

• Req. :

a) Flexibility

b) Watertightness

c) Performance

d) Construction convenience
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Embankment

• Decrease in slope angle of few degrees may increase the cost by as

much as hundreds of million Rials (1370!)

• Plane strain analysis may not provide suitable representation, for

steeped wall valleys because of ?

• Dynamic analysis will be discussed later. Factors increasing

resistance to earthquake:

─ Compaction for max. density

─ Ample freeboard

8m for 160m high Dartmouth in Australia

─ Provision that a wave could pass safety over (Mica Dam Canada)

─ Generous transition zones in zoned dam, flared toward abutment
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Embankment Dams

─ Non-cohesive filter to encourage self-healing of cracks

─ Protection of D/S face, particularly at its toe, against overtopping

165



Embankment



H (m) W (m)

30 8

50 10

70 11

100 13

200 18
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Embankment

➢ Slope Protection

D/S : Erosion by rain water

U/S : Wave, Ice, Impacting of floating debris

➢ Riprap Size

Max. wave height 

(m)

D50

(m)

Max. rock 

(kg)

Layer thickness

(m)

0 – 0.3 0.2 45 0.3

0.3 – 0.6 0.25 90 0.38

0.6 – 1.2 0.31 227 0.46

1.2 – 1.8 0.38 680 0.61

1.8 – 2.4 0.46 1134 0.76

2.4 – 3 0.61 1814 0.91
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Embankment

❖ Alternative:

─ Mass concrete

─ Reinforced tetrahedral

─ Soil cement compacted in layers

Dangerous with drawdown due to P.W.P behind which

may destroy it and endanger the dam.

A drainage layer
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Homogeneous Embankments

➢ Req. for the material in a homogeneous dam or core of a

rockfill dam:

─ Sufficiently impervious

• to restrict water loss

• Safety

─ Capable of being placed and com pacted free from potential

paths of percolation through the fill or along the contact

─ Should develop max. practical shear strength and maintain it

after reservoir filling

─ It must not settle, soften or liquefy upon saturation

(Earthquake?)
169



Homogeneous Embankments
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Homogeneous Embankments

➢ Types of controlling underseepage:

➢ -Open trench

➢ Slurry trench/Cut-off wall

➢ Grout Curtain

➢ U/S Blanket
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Earth-Rockfill Dams

"Most used"

✓ Core

─ To form impermeable barrier the rest of dam to insure stability

─ From natural material: clay, gravel, etc

─ From prepared material: cement, asphaltic

─ Metal, Plastic, Rubber, etc
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Earth-Rockfill Dams
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Embankment

➢ Dispersiveness (Continued)

─ Normally high plastic clay is used as a cover on foundation &

abutment

─ Max. core size material:

<50mm Lower cabin creek

<120mm Mattmark

<115mm Talbingo

>5% Finer than 4.7mm

>15% Finer than 0.074mm
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Embankment

➢ Other types of cores

• Early dams were built using a external core of cement concrete. It

fractured in many instances and repair was costly

• Most suitable is a “flexible“ core

• Concrete core: Grouting the rockfill of no fines.

• Grouting at different elevation during construction

• A P.E. sheet 0.6mm thick as a central impervious membrane for a

75m high dam on the Atboohy river in Russia

176



Embankment



177



Embankment

➢ Seismic Resistance

✓ Sherard:

Inclined core has better resistance

✓ Thomas:

A near vertical core provides the greatest stability under earthquake.

Def. would be less and less serious

• The core may be widened toward the abutments to mitigate the

tensile strains

• Remis modification of inclined core
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Embankment

➢ Cracking of core

❖ From J.Justo ; Based on a study of 180 dams

"Post Construction" 

Crest Settlement (mm)
Kind of cracking

No cracking

Transverse cracking of dams compacted dry of opt. may appear

Longitudinal cracking between core & shell may appear

R.C. slab without perimetral joints may crack

Longitudinal cracking of core compacted dry of opt. hydraulic fracture occur

Transverse cracking of core compacted wet may appear, longitudinal crack between 

shell and core compacted wet of opt.

Asphaltic concrete facing may crack longitudinal cracking of core wet of opt.

R.C. facing with perimetral joints may crack

No uncracked dam, all dams exhibit transverse cracking

Serious cracking of asphaltic concrete facing

Cracking needing substitution of R.C. facing179



Embankment

➢ Cracking of core (Continued)

─ Cracks perpendicular to the axis appears at crest due to non

uniform settlement

Crack may penetrate deep & it should not be neglected

─ Cracks parallel to axis, due to different settlement between core &

the rockfill shell

Generally they are not dangerous, so long as they are discovered and

backfilled with a fine grained non-cohesive material. It may be

recommended not “covering“ the crest of the dam until most of

settlement has occurred
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Embankment

➢ Cracking of core (Continued)

─ Horizontal crack in the core may develop due to saturation

(Saturation Collapse) when it is compacted dry of opt. It does not

appear at the surface and hence it is serious. It may happen

between core & shell due to unequal settlement. It may appear in a

narrow gorge (arching)

1. Remedy : Backfill after trenching

2. If transition zone of non-cohesive material and adequate

thickness is provided it may be self-healed.
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Filter and Transition Zone

• It is good practice to widen the transition zone towards each

abutment where tension and shear cracking may develop

• The thickness may be designed based on the filter requirement, but

usually the thickness is controlled by placing equipment.

• Generally it is much cheaper to use ordinary equipment and it is

good practice to be liberal with their thickness
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Rockfill

• Strong sound rock is recommended Decked dams perform very

satisfactorily if they are build of and rest on sound strong rock

• Petrographic studies should be made of material proposed for use

in embankment dams to understand their physical & chemical

properties

❖Strength loss due to saturation

• Under high confining pressures the angle of friction is lower than

under low confining pressures

• Each rockfill layer is heterogeneous due to variation of gradings

between trucks and due to the process of damping and spreading
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Decked Rockfill Dams

➢ Decked Rockfill Dams

• Timber face

• Steel face

• CFRD

• AFRD

✓ CFRD

─ Shuibuya; China; 233m height

─ Bakun; Malaysia; 205m height

─ Siahbishe Dam; 82.5m height
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CFRD

✓ Face Slab (continued)

• Near the abutments, joints interval is decreased and where tension

expected reinforcement may increase

• Use of P.V.C. under the facing for controlling leakage in Pozo de los

Ramos Dam in Spain
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Asphaltic Face

➢ Asphaltic concrete face

Greater Flexibility

Requirements:

─ Stability on the selected slope

─ Durability

─ Impermeability

─ Resistance to water pressure, wave action and impact by

flowing debris

─ Safety against hydrostatic uplift

─ Adequate drainage from beneath the facing and from the fill

─ Strength & elasticity to withstand local deformation without

fracture
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Foundation treatment

4. Seepage through foundation must be controlled and discharged so that

excessive pressure do not develop within D/S shell or foundation

beneath the D/S shell

Special attention if the rock dips D/S :

1. Remove all weak unconsolidated materials that

2. may cause excessive settlement or instability

• If permeable, a cutoff is necessary

• Its dimension controlled by the mech. excavators

• Depth controlled by the required hydraulic gradient

• If blanket is to be placed again, items 1 & 2 above applied for the

whole area under blanket
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Foundation treatment

✓ If it is founded on rock

─ Under core

─ Under transition zone

─ Under plinth

All materials other than "satisfactory rock" must be removed

• For CFRD’s plinth foundation a higher quality rock is required unless

additional provisions are considered.

• Use of explosive if necessary must be "rigidly" controlled
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Foundation treatment

• After final clean up a plastic clay layer is placed under and around

the core

Thickness depends on the dam height (between 1m – 2m thick)

• Consolidation grouting

• Piping cut-off slab

for contact of core & foundation; may be used as grout cap
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Foundation treatment

✓ Foundation beneath the rockfill shell:

• All unsuitable materials should be removed

• Normally desirable to remove all earth and clay

• Pervious consolidated gravel is left in place, provided stability is

checked for a lower friction angle

✓ Nothing should be left which endangers

Stability or excessive settlement or induce water seepage
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Foundation treatment

✓ At Bellfield Dam, Australia

• U/S rockfill foundation contained relief joints up to 25mm width

filled with unconsolidated clay to depths 4m – 5m

• It was costly to remove and replace all

• It was converted to rockfill by blasting in situ to a depth of 6m
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 Settlement

 SI = S/[1000 *H *log(t2 / t1)]

 where s is the crest settlement measured in mm between 

times t1 and t2 since the completion of the embankment 

at a section of the dam H meters high (Charles, 1986).

 Values of SI > 0.02  indicate that mechanisms other than 

creep or secondary consolidation contribute to the dam 

settlements (Tedd et al., 1997).
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Settlement
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Settlement

Based on field measurements of 82 rockfill dams with 

1.Vertical core 2. sloping core 3. compacted membrane 

faced 4.Dumped membrane faced
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Dynamic Analysis of Earth Dams

A. Pseudo-Dynamic Analysis

B. New-Mark Method

C. Seed, Sarma, Ambraseys Method

D. Finite Element Simulation
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Dynamic Analysis of Earth Dams

➢ Dynamic analysis (Seismic design)

Possible ways in which an earthquake may cause failure of an

earth dam:

1. Disruption of dam by major fault movement

2. Loss of freeboard

3. Slope failure

4. Sliding of dam on weak foundation material

5. Piping failure through cracks induced by ground motion

6. Overtopping due to seiches in reservoir

7. Overtopping due to slides or rock falls into reservoir

8. Failure of spillways or outlet works
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➢ Defensive measures

1. Ample freeboard to allow for settlement, fault movement, …

2. Wide transition zones of materials not vulnerable to cracking

3. Use chimney drain near central portion of the embankment

4. Ample drainage zone to allow for possible flows through cracks

5. Use wide core zones of plastic materials not vulnerable to cracking

6. Use a well graded filter U/S as a crack stopper

7. Crest details to prevent erosion in the event of overtopping
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➢ Defensive measures (continued)

8. Flare embankment core at abutment contacts

9. Locate the core to minimize the degree of saturation of materials

10. Stabilize slopes around the reservoir rim to prevent slides

11. Relocate the dam if danger of fault movement or provide special

details

12. Double dam system in special situations (Los Angeles Dam) to

protect people D/S
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➢ Pseudo static analysis:

✓ Actual peak acceleration on the sliding mass may be much more than the

above values but due to transitional nature (short duration of max.

acceleration) and allowable deformation, it is considered adequate

Equivalent acceleration coefficient ng

Severe earthquake 0.1

Violent, Destructive 0.25

catastrophic 0.5

In US

In Japan 
216



Dynamic Analysis of Earth Dams



Dam ng Fs description

Sheffield 0.1 1.2 Complete failure

Lower San Fernando 0.15 1.3 Upstream slope failure

Upper San Fernando 0.15 2 – 2.5

Tailing (Japan) 0.2 Failure with release of tailing
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B. Newmark Method

• Newmark (1965) in Rankine lecture proposed the method

• The soil slides along a failure surface and is assumed "rigid"

• Displacement are determined for assumed

failure  surfaces  by  double  integration of 

acceleration which exceed the yield acceleration
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✓ Makdisi & Seed (1978) (ASCE, Vol. 104, PP 849-867)

1. Earthquake Induced Acceleration:

• Time history of earthquake induced acceleration on the slipping mass

considered

• Proposed using Quad-4 ; F.E. Program, using equivalent linear, strain

dependent properties (Modulus & Damping)

230



Dynamic Analysis of Earth Dams



231



Dynamic Analysis of Earth Dams



232



Dynamic Analysis of Earth Dams



233



Dynamic Analysis of Earth Dams



234



Dynamic Analysis of Earth Dams



235



Dynamic Analysis of Earth Dams



236



Dynamic Analysis of Earth Dams

• For dams constructed of saturated cohesionless soils, and subjected to

strong shaking, a primary cause of damage is the build up of P.W.P in

the embankment and possible loss of strength as the result

• This type of failure can not be predicted by a pseudo-static type

analysis

• All cases of slope failure reported involved sandy soils
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