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Q2: Embankment Dams

s design principles and
construction methods - seepage,
stability and settlement



Principles
off embankment dam design

In principle, embankment dams
required two component elements:

= an Impervious water-retaining
element or core of very low
permeability soil (sandy clay)

s Supporting shoulders of coarser
earthfill (or of rockfill) to provide
structural stability



Principles ofiembankment dam
design
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According to the principal risks we
have to highlight the 5 principal
design considerations:

T0 prevent Overtopping. capacity must be
sufficient to prevent overtopping, - to prevent
overtopping by wave action. Settlement.

Stability. In construction and operation.

Control of seepage. Seepage within and under the embankment
must be controlled to prevent internal erosion and migration of fine
materials (from the core), or external erosion

Upstream face protection. The upstream face must be protected
against local erosion as a result of wave action, ice movement, etc.

Outlet and ancillary works. Care must be taken to ensure that
outlet or other facilities constructed through the dam do not permit
seepage water along their perimeter
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OVERTOPPING: 1. Spillway and outlet
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Spillway lecation
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Spiliway capacity.

an example
For a large dam of 1-st class (category), Bulgarian code

e Spillway capacity = max outflow from the reservoir

Design flood Q 0,01% [m®s™]

e 1in 10 000 year flood (frequency)
e or p=0.01% (annual probability of exceedance)

e max head on the spillway H=MWL - NWL




an example

For a large dam of 1-st class (category), Bulgarian code

· Spillway capacity = max outflow from the reservoir 

               Design flood Q 0,01%  [m3s-1]


· 1 in 10 000 year flood (frequency) 

· or p=0.01% (annual probability of exceedance)

· max head on the spillway H=MWL – NWL


Classification according to

Bulgarian design standard

DAM TYPE SOIL TYPE of I II::AM CATEGOF\;; v
THE FOUNDATION SURFACE -
Dam height [m]
between between
Rock above 100 50 and 100 | 15 and 50 up to 15
Sandy, gravel, clay in solid or semi- between between
Embankment dams colid state above 70 35 and 70 | 15 and 35 up to 15
Clay, water saturated in plastic state, between between
find sand above 40 20and40 | 10and 20 up to 10
between between
Rock above 100 50 and 100 | 20 and 50 up to 20
Concrete and , , ,
reinforced concrete Sandy, gravel, clay in solid or semi- above 40 between between 1o t0 10
dams solid state 20and40 | 10and 20 P
Clay, water saturated in plastic state, above 20 between between 10t 10
find sand 15and20 | 10and 15 P




Classification according
to ICOLD and DIN

_ Height [im Volume [
2. ddms

> 1000000
< 1000000




Bulgarian Rules for design of
spillways

s Design flood ->outflow from reservoir

. DAMCATEGORY | | | Il | 1l | v |

Discharge probability of 001 0.1 0.5 1.0
exceedance [%]




OVERTOPPING: 2. Freeboard

[0 prevent eventepping by Wave action.
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To construct the
crest of the dam to
a longitudinal
camber

to accommodate
the predicted
consolidation
settlement

settlement
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settlement
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settlement
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One Dimensional Hooke's Law
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от закона на Хук 
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OVERTOPPING: 2. Freeboard

[0 prevent eventepping by Wave action.
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sheuld be at least 1.5 'm



i, b E » Wind fetch D is a straight distance
L S ‘ - from the bank to structure;
geffectivefetoh: (2) Pe® ST cosa e Wind speed W in the direction of

= fetch is determined by wind rose
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Wave crest ~ Design level (still-water level)

Ridge of wave Height of wave, h Middle wave line
L . / hWind set-up / e i
e G vaivay NG
N Wave ditch
Wave trough
Wave length A

Water areas

Za;e ! l Zone Il 1 Zonelll 7 ZonelV
. - | |
4# s — S— e I'-l--.I‘'.‘L\'-u-._.--"’,-_%h l%-\""-—“ f?'—"' 47, v 7
H = %ﬁ I H=H€‘r | NNZ % i

Fig. 2.8. Division of water area into zones by depth

I—deef)-water zone; II—shallow-water zone; III—zone of surfs; IV—zone located near the
shore line: 1—section line of first fall of waves; 2—{final fall
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Fig. 2.9. Graphs for the determination of average parameters of wind-induced
waves in deep-water (I) and shallow-water (I7) zones (for a slope of bed i <

< 0.001)




DAM CREST EL.=WL+FREEBOARD

The freeboard has several components:

1. rise in reservoir level due to flood routing;
WL= NWL or MWL

2. seiche effects;
3. wind set-up of the water surface - h, ;
4, wave action and run-up of waves on the dam-

h creeping or T]max



Interference —
overlay reflected with an incoming wave

creeping wave standing wave
e T T /

h creep|ng| ----_z“____

Embankment dams Concrete dams



DAM CREST EL.=WL+FREEBOARD

Concrete dams

d =ho + NMmax + a
T max -

Embankment dams

FREEBOARD d=ho + her + a

h creeping - near the shore line, gentle upstream slope;



Trees and brush o e
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—r

O W SV obstructing inlet

Settlerﬁent in crest_of dam

Tt
i

qualid
-

Wave erosion
= Mmu\“

e

//Concrete
//deterioratio

Internal

erosion
Leakage out

of conduit



According to the principal risks we
have to highlight the principal
design considerations:

T0 prevent Overtopping. capacity must be
sufficient to prevent overtopping, - to prevent
overtopping by wave action.

Stability. In construction and operation.

Control of seepage. Seepage within and under the embankment
must be controlled to prevent internal erosion and migration of fine
materials (from the core), or external erosion

Upstream face protection. The upstream face must be protected
against local erosion as a result of wave action, ice movement, etc.

Outlet and ancillary works. Care must be taken to ensure that
outlet or other facilities constructed through the dam do not permit
seepage water along their perimeter
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