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CHAPTER 8
SEEPAGE CONTROL | N EMBANKMENTS
8-1. Ceneral. Al earth and rock-fill dans are subject to seepage through

the enbankment, foundation, and abutments. Seepage control is necessary to
prevent excessive uplift pressures, instability of the downstream slope, pip-
ing through the embankment and/or foundation, and erosion of material by
mgration into open joints in the foundation and abutnments. The purpose of
the project, i.e., long-term storage, flood control, etc., nay inpose limta-
tions on the allowable quantity of seepage.

8-2. Methods for Seepage Control. The three methods for seepage control in
enbankments are flat slopes without drains, enmbankment zonation, and vertical
(or inclined) and horizontal drains.

8-3. Flat Slopes Wthout Drains. For sone dans constructed with inpervious
soils having flat enbanknment slopes and infrequent, short duration, high
reservoir levels, the phreatic surface may be contained well wthin the down-
stream sl ope and escape gradients may be sufficiently low to prevent piping
failure. For these dams, when it can be assured that variability in the

characteristics of borrow materials will not result in adverse stratification
in the enbankment; no vertical or horizontal drains are required to control
seepage through the enbankment. A horizontal drain may still be required for

control of underseepage (see Chapter 9). Exanples of dans constructed with
flat slopes without vertical or horizontal drains are Aquilla Dam Aubrey Dam
and Lakeview Dam (U. S. Arny Engineer District, Fort Wrth 1976a, 1976b, 1980).
Figure 8-1 shows the analysis of through enbankment seepage for Aubrey Dam
Texas (now called Ray Roberts Dam). As shown in figure 8-1a, this is a zoned
enbankment with relatively flat slopes due to a weak stratum in the founda-
tion. The slopes could be steepened fromIV:10.6H to IV:8H if the weak foun-
dation gains shear strength due to consolidation during construction (the dam
is scheduled for conpletion in 1988). A 3-ft-thick horizontal drainage blanket
and collector system will be provided under the downstream enbanknent from
sta 136+00 to sta 142+60 to control any seepage through the foundation. For
the analysis of through enbanknent seepage, shown in figure 8-1b, the steady
state phreatic surface was devel oped graphically for the conservation pool by
considering a honbgeneous nonisotropic enmbankment and an inpervious foundation.
Since the escape seepage gradients were conmputed to be less than 0.3 to 0.4
(see paragraph 4.9b), it was concluded that no vertical or horizontal drains
were required.

8-4.  Zoning Enbanknents.

a. Ceneral. Enbankments are zoned to use as nuch material as possible
from required excavation and from borrow areas with the shortest haul dis-
tances and the |least wastage and at the same time nmintain stability and con-
trol seepage. The different zones of an embankment are shown in figure 8-2.
For nost effective control of through seepage and seepage during reservoir
drawdown, the perneability should progressively increase from the core out
toward each slope as shown in figure 8-2 (EM 1110-2-2300).

8-1



EM 1110-2-1901

30 Sep 86

Aﬁwsupoz ‘3104 €3I0TIISTQ 199urBug Lway g () wWoij)

sexa] ‘weq £aiqny 103 a8edsss juswuequs y3noiyj jo sIsATeuUy *[-g 2andIg

SISATYNY 3DVd433S INIJWINVEWI g

ALITIBYINHIS TYDILYIA - My L, S s ]
ALINEYINGAI TVLINOZIHOH - My Ld00t os ° o
anN3oal 3008

LINIWANNVYEWI NIVI4Q00T4d
7055 7. AHYVONNOE SNOINYIIW! TIWNSSY
\‘mmm 3 ’/

anNnoyo

ANSZ = Hy wos
VUNLYN

lllll 39VdIIS 40 INIT /.w.

3
04£5 13

3
048 13

=

8 =
5269 13 7004 NOTLVAYISNOD O

S099 73

' €. £
WY3¥ISNMOd 0599 73
P14
2z

ANIWANVENT D

5029 73

WY3HLSdN

NOILI3S LNFWINVEWI NIVIJA00T1d e

BLAITTYELY
P
1vLNOZ(HOH
oo s o
EERDZEN)
52+evi NOILYLS OL 00+00i NOILVLS
NOILIIS INININVENT NIV 140014

HONIHL 440 11D |
09+ivi VIS 0L 00+IE1 VLS 1INNVTE FOUYNIVEG TVANOZIHOH £ l/ YO HONIYL NOILOIISNI

: 01 YO IVHLY) i
“\§m.~m>m 01037702 ¥04 Tl :_I P anno YNLYN OIddIYLS

709573

P 1714 A319vaw02 -1w3Ss —

024813

433738 ® 1/05404 .81

W34 1SNMOT 099 13 ONITG3F .9 NO dYHdIY .81 WY3¥15dN

7714
‘ SNOING Iatv!

_ 123738
LINIWNNVENI D

8-2



EM 1110-2-1901
30 Sep 86

ZONE DESCRIPTION
1 CORE
2 FILTER OR DRAIN
3 TRANSITION
4 RANDOM
5 SHELL
6 US DRAWDOWN BLANKET
1 US SLOPE PROTECTION
8 DS SLOPE PROTECTION

Figure 8-2. Different zones of an enbankment (prepared by VES)

b. Inpervious Zone or Core. The purpose of the core is to mnimze
seepage |osses through the enbankment. As a general rule, sufficient inper-
vious material is available to result in snall seepage |osses through the
enbankment. Therefore, the quantity of seepage passing through the foundation
and abutments may be nore significant than the quantity passing through the
core. Inportant material properties of the core are perneability, erosion
resistance, and cracking resistance. A core material of very low perneability
may be required when the reservoir is used for long-term storage. A core
material of nedium perneability nmay be utilized when the reservoir is used for
flood control. The erosion resistance of core naterial is inportant in eval u-
ating piping potential (Arulanandan and Perry 1983). The tensile strength of
the core material is inportant in evaluating the cracking resistance
(Al - Hussai ni and Townsend 1974). In general, the base of the core or the cut-
of f trench should be equal to or greater than a quarter of the maxinum differ-
ence between reservoir and tailwater elevations (U S. Arnmy Engineer District,
Mobile 1976, EM 1110-2-2300). A core top width of 10 ft is considered to be
the mninum width on which earth-noving and conpaction equi pment can operate.
The maxi mum core width is controlled by stability and by availability of mate-
rial. The top of the core should be above the maxi num reservoir elevation
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but bel ow the bottom of the frost zone, A vertical core |located near the
center of the damis performed over an inclined upstream core because the
fornmer provides higher contact pressure between the core and foundation to
prevent |eakage, greater stability under earthquake |oading (Sherad 1966

1967), and better access for remedial seepage control. An inclined upstream
core allows the downstream portion of the embankment to be placed first and the
core later and reduces the possibility of hydraulic fracturing (Nobari, Lee

and Duncan 1973).

c. Filter Zones. Filters may be required in various locations in earth
dans such as vertical (or inclined) and horizontal drains within the down-
stream section of the enbankment as shown in figure 8-2, around outlet con-
duits passing under the downstream portion of the embanknment, under concrete
structures such as stilling basins, around relief wells, beneath riprap where
drawdown may occur, and between the enmbankment and abutment. |nportant prop-
erties of the filter material are gradation, conpacted density, and perneabil -
ity. Filters are designed to pernit free passage of water and prevent migra-
tion of fines through the filter as discussed in Appendix D. The average
in-place relative density of the filter should be at |east 85 percent and no
portion of the filter should have a relative density | ess than 80 percent
(EM 1110-2-2300). This requirenment applies to vertical (or inclined) and
hori zontal drains and filters under concrete structures but not to bedding
| ayers under riprap. Special care nust be taken to assure that conpaction does
not degrade the filter material (by grain breakage and/or segregation) and
reduce its perneability. \Wen the filter material is sand or contains signifi-
cant portions of sand sizes, the material should be nmaintained in as saturated
a condition as possible during conpaction to prevent bulking. The discharge
capacity of the filter zones should be determined in dinensioning the filters
(Cedergren 1977). The filter material should pass the 3-in. screen for nmini-
mzing particle segregation and bridging during placement. As discussed pre-
viously in Chapter 2 (see figure 2-12), the perneability of sands and gravels
varies significantly with the anount and type of fines (material smaller than
the No. 200 sieve) present. Aso, the amount and type of fines present
i nfluence the capacity of a filter to self-heal by collapsing any cracks wthin
the filter (see figure 8-3). Therefore, the maxi num percent fines and type
(silt, clay, etc.) to be allowed in the filter of an earth dam nust be shown

to be sufficiently pervious by laboratory filter tests (Y and self heal i ng by
col | apse tests (Vaughn 1978). If vibration is present, such as in the vicinity
of a stilling basin or powerhouse, the. laboratory filter tests should be con-
ducted with vibration effects. If the base material to be protected is

di spersive, large-scale box filter tests will be required (MDaniel and Decker
1979, Bordeaux and |maizumi 1977, and Logani and Lhez 1979). The procedure to
use in identifying dispersive clays is given in EM 1110-2-1906. Cenerally, two
or nore filter zones, each with a uniform or narrow gradation (sand, pea
gravel, etc.) are preferable to a single well-graded filter zone which often
becomes segregated during processing, stockpiling, and placenment. Care nust

(1)Laboratory filter tests are not a routine |aboratory test. Standard test-
ing procedures have not been devel oped. The conduct of |aboratory filter
tests should be under the direction of a specialist and should be carried
out in a research |aboratory.
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CRACK

CORE

a. Self-healing (by collapse) of filter

W S S S
COMPACT MOIST SAND IN REMOVE SAMPLES FROM
STANDARD COMPACTION MOLD MOLD AND PLACE IN TRAY

FILL TRAY WITH WATER SAMPLE WILL COLLAPSE TO
ANGLE OF REPOSE AS WATER
RISES AND DETROYS
CAPILLARY SUCTION
{F SAND IS NONCOHESIVE

Laboratory test for ability of filter material
to self-heal (by collapse)

Figure 8-3. Self-healing (by collapse) of crack
within a filter downstream of a core (courtesy

of American Society of Gvil Engineer3282)
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be taken during construction to prevent reduction in perneability of the filter

by intrusion of fines carried by surface runoff,

ment, or degradation during conpaction. Also, care nust be taken

coarse nmteria

whi ch core (or

spillage by conpaction equip-

to prevent

fromrolling down the surface of the filter and collecting
between the core and filter (or between filter zones if two or nore filters are
used) forming a "tube" (in cross section) of nore permeable mater

filter) material could be |ost by piping
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d. Transition Zones. The purpose of transition zones is to separate
zones of different perneability and conpressibility within the enbankment, to
prevent core nmaterial from being drawn into the upstream shell during rapid
drawdown of the reservoir, to provide a source to feed material into a crack
in the core and preventing piping (see figure 8-4). Inportant materia
properties of the transition naterial are angularity of particles (upstream of
core, rounded particles and better for feeding material into cracks and pre-
venting piping), gradation, permeability, and conpressibility. Transition
zones may be |ocated both upstream and downstream of the core and generally
have a width >10 ft. Wde transition zones between the filter and the down-
stream shell will control the rate of flow through a crack in the core and
extending through the filter in the event that self-healing (by collapse) of
the filter does not occur. Transition zones (and filter zones) should be
wi dened near abutnments where tension zones may induce cracking.

INY
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CORE

C O op gooo0o
C0 000000

Figure 8-4. Crack stopping transition upstream of a core
(prepared by VES)

e. Random Zones. The purpose of random zones is to utilize required
excavation. Random zones are assuned to have the properties of the |east
desirable material in the excavation. Random zones may be |ocated either
upstream or downstream of the core. For nost effective control of through
seepage and seepage during reservoir drawdown, the nore pervious material
should be routed to the outer portions of the embanknent.

f. CQuter Zones or Shells. The purpose of the outer zones or shells is
to permt steeper enbanknent slopes. Inportant material properties of the
shell material are durability (soundness) of rock, gradation (well-graded)
and perneability (free-draining). The upstream shell affords stability
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against end of construction, rapid drawdown, and earthquake |oading. The
downstream shell acts as a drain and controls the line of seepage and provides
stability under high reservoir heads. \Wen suitable materials are not avail -
able for pervious downstream shells, control of seepage through the enbanknent
is provided by vertical (or inclined) and horizontal drains.

g. Upstream Drawdown Bl anket. The purpose of the upstream drawdown
bl anket is to provide stability of the upstream slope during rapid drawdown of
the reservoir. Inportant material properties of the upstream drawdown bl anket
are durability (soundness) of rock and permeability (free-draining). Fig-
ure 8-5 shows the inmprovenent in the factor of safety resulting fromthe

S.F. = SAFETY FACTOR !
A O

29
>

el ®
©)

{a) S.F. = 1.08

(b) S.F. = 1.48

RELATIVELY IMPERVIOUS
MODERATELY PERVIOUS, NOT FREE DRAININC
HIGHLY PERVIOUS, FREE DRAINING

OOO

Figure 8-5. Inproverment in factor of safety
resulting from the upstream drawdown bl anket

(courtesy of John Wley and Sons'®)
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upstream drawdown bl anket (Cedergren 1977). The required mni mum perneability
of the upstream drawdown bl anket can be calculated from (Cedergren 1977):

v Ln
K dd e

min T sin a

wher e

Kmin = mnimmperneability of the upstream drawdown bl anket
Vgyq = Velocity of drawdown of the water surface in the reservoir
L = defined in figure 8-6
n, = effective porosity of the upstream drawdown bl anket
h = defined in figure 8-6

a = angle between the median flow line in the upstream drawdown
bl anket and the horizonta

The ratio h/L should not exceed 10.

Figure 8-6. Conputation of required mninum perneability of the

upst ream drawdown bl anket (courtesy of John Wley and Son5155)

8-5. Vertical (or Inclined) and Horizontal Drains.

a. Need. As stated previously, vertical (or inclined) and horizonta
drains may be required to control seepage through the enbanknment by preventing
material eroded through a crack in the core fromwashing into the downstream
shel | by seepage water under reservoir head. Also, because of the often
variable characteristics of borrow materials, it is frequently advisable to
provide vertical (or inclined) and horizontal drains within the downstream
section of the enbanknment, as shown in figure 8-7, to ensure satisfactory
seepage control. For a stratified soil, the vertical perneability is
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a. HORIZONTAL DRAIN ONLY

__——INADVERTENT
PERVIOUS LAYER

b. INCLINED AND HORIZONTAL DRAINS

Figure 8-7. Use of inclined and horizontal drains to ensure seepage
control against variable characteristics of borrow materials

(courtesy of John Wley and Sons 155)

controlled by the least perneable layer. Therefore, the horizontal perneabil-
ity is always greater than the vertical perneability. Conpacted soils in earth
dams are stratified due to variability in the characteristics of borrow nate-
rials and the tendency for soil particles to align horizontally during conpac-
tion. The ratio of vertical to horizontal permeability may range from 2 to 10
or greater. For stratified soils, as shown in figure 8-8, a horizontal drain-
age blanket is not sufficient to prevent the downstream slope from beconing
saturated and susceptible to piping and/or slope failure. However, when a
properly designed and constructed inclined drain and horizontal drain is used,
as shown in figure 8-8, conplete control is provided over seepage through the
embanknent .

h. Filter Requirenents. Vertical (or inclined) and horizontal drains
shoul d be designed as filters (see Appendix D). If crushed rock is used for
the drain nmaterial (see paragraph 2-2.g), material to be protected is disper-
sive, or material to be protected contains cracks, filter tests will be
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NN NN
Ky = 9Ky
Figure 8-8. Effect of anisotropy of perneability on seepage through

earth damw th and without an inclined drain (courtesy of John WIey

and Sons™)
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required. Well-graded materials are internally unstable and shoul d not be used
as filters when G, > 20.")

¢c. Discharge Requirenments. Vertical (or inclined) and horizonta
drains nmust have sufficient discharge capacities to renobve seepage quickly
wi t hout inducing high seepage forces or hydrostatic pressures (Cedergren
1977). When drains are designed and constructed with anpl e di scharge capac-
ity, the line of seepage will not rise above the drain zone. Since drains are
smal | conmpared to the overall dinensions of the earth dam it is difficult to
construct accurate flow nets within the drains thenselves. The total quantity
of seepage from all sources that nust discharge through the drain should be
evaluated froma flow net analysis in which it is assumed that the drains have
an infinite perneability. Figure 8-9 shows an exanple of the design procedure
for inclined and horizontal drains to assure adequate drain capacity (Cedergren
1977). The probable rate of discharge through the dam and foundation is esti-
mated from conposite flow nets (see figures 4-13 and 4-14). For the exanple
shown in figure 8-9, the seepage through the dam Q = 2 cu ft/day and the

seepage through the foundation Q, = 10 cu ft/day. Therefore, the inclined
drain nmust be capable of discharging Q = 2 cu ft/day and the horizontal drain
must be capable to discharging Q + Q = 12 cu ft/day. These are discharge

rates per running foot of dam and drain. Assuming the inclined drain was
designed with a width of 12 ft to permt its placement with normal earth-noving
equi prent, the cross-sectional area nornal to the direction of flow within the
inclined drain A, = 11 sq ft (see figure 8-9b) and its required m ni num

perneability nmay be found from Darcy's |aw

k= x (8-2)

(1)
Pso
F
Cu =5
IOF
wher e C, = coefficient of uniformty
D60 = size of filter material at 60 percent passing
F
D10 = size of filter material at 10 percent passing
F
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wher e
k = coefficient of permeability
Q = quantity of discharge
i = hydraulic gradient

A = cross-sectional area of flow

Rolled impervious

Water surface k=001 ft/day

Blanket
drain

a. Cross section and flow net

e

hc-300ﬁ AC-TC““
Qc=0, | 2 9— Ace 1211 S 71°

Ac= 11 #

b. Dinmensions of inclined drain

hy= Ay Ql;=Ql+QI
4
A )
Ly=5501 o

c. Dinmensions of horizontal drain

Figure 8-9. Exanple of design procedure for inclined and horizontal

. . . 1
to assure adequate drain capacity (courtesy of John Wley and Sons

8-12
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Substituting for Q, 1, and A
L
c hc
(o]
_ 2 cu ft/day
ke = <3oo EE) 11 o £0 (8-3)
310 ft 4
kC = 0.2 ft/day

Every filter nust be perneable enough to have a reasonable reserve for higher
than expected flows. The filter should have a mninum perneability after

pl acenent and conpaction of at least 20 tines that calculated theoretically.
Therefore, the required perneability for the inclined drain is

kc = 20k
design ¢
kc = 20(0.2 ft/day) = 4 ft/day (8-4)
design
-3
kc = 1.4 x 10 © cm/sec
design

C ean, washed concrete sand is usually about this perneable. As previously
stated, the horizontal drain nust be capable of discharging Q + Q = 12 cu
ft/day. Since the drain is to be designed so that the line of seepage does

not rise above the drain zone, the allowable maximum head in the horizontal

drain can be no greater than its height. The required minimm perneability
from Darcy's law is

Q. +Q
k, = _iE;_JL. (8-5)
()

b

Substituting A, = h, (width is one running foot of dam and drain)
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Q, +Q,

R

b

(Q + QL
kb "™ ———

7
by

(8-6)

. (12 cu ft/day) (550 ft)

% 2

hy

To design the horizontal drain, select a drain height and calculate the
required minimum perneability. Apply a factor of safety of 20 to the cal cu-
lated permeability and select a drain material from avail abl e aggregates.
Select a drain height of 4 ft.

k = 412.5 ft/day

The required perneability for design is

by, T 20K

design

= 20 (412.5 ft/day) = 8,250 ft/day
design

kb = 2.9 cm/sec
design

This perneability could be obtained by screened fine gravel (3/8-in. to 1/2-in.

size) which has a perneability of about 30,000 ft/day or 10.6 cm sec
8- 14
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(Cedergren 1977). Seepage in coarse aggregate is likely to be turbulent and a
reduction factor should be applied to the perneability. The hydraulic gradient
in the horizontal drain is

h
1 === == = 0.007 (8-7)

From figure 8-10, for screened fine gravel (3/8-in. to 1/2-in. size) wth
1 = 0.007 the reduction factor for perneability is 0.9.

k = 0.9 (30,000 ft/day)
k = 27,000 ft/day (8-8)
k = 9.5 cm/sec

The permeability of the screened fine gravel (3/8-in. to 1/2-in. size) reduced
for turbulence is greater than the required permeability for design:

27,000 ft/day > 8,250 ft/day

Therefore, it should be adequate when properly placed and conpacted to conduct
seepage water through the horizontal drain. The screened fine gravel (3/8-in.
to 1/2-in. size) will be protected top and bottom with a 1-ft-thick clean
washed concrete sand filter. Since the seepage from the foundation nust flow
across the fine filter to enter the coarse drainage |layer, the fine filter nust
be perneable enough to allow the water to enter the coarse drainage |ayer
freely under only a small hydraulic gradient (0.5 or less). Assume an average
hydraulic gradient of 0.5 across the fine filter layer and @ = 10 cu ft/day

for the anobunt of water that will enter the first (left) 200 ft of the drain.
From Darcy's law the required nmininum perneability of the fine filter is (see
equation 8-2)

Q

k = ——

iA

- 10 cu ft/day
0.5(200 ft) (1 ft)

=~
1

0.1 ft/day

8-15



EM 1110-2-1901
30 Sep 86

1.0 ———
[—— | 1. T
— E ffect: 3
O.QEN\ - \_\ 00\25‘“ ive size, in
0.8 \\ \:\ i~ 0.05
~ ,
N S e By
" .
—~—~—d_ 02 —1T———1_
s 05 \\ \\ — —22] - ——] =
1NN i e A N
> 04 ] —~] —2.44
= \ ~—l_05| —T—
- \\\Q\‘\T — 1
- .75
. \\ \\m\\
- Limiting ———_ 5.0 ]
envelopz //\ I
01— complete
turbulence

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1.0
Hydraulic gradient ¢

Figure 8-10. Approximation for estimating reduction
in permeability of narrow size-range aggregate
caused by turbulent flow (courtesy of John Wley

and Sons'®)

O ean washed concrete sand with a perneability of 10 ft/day should all ow
seepage fromthe foundation to enter the coarse drai nage | ayer without
restriction. As stated previously, the inclined and horizontal drains used in
this exanmple would have to neet the filter requirenents (see Appendix D) in
addition to the discharge requirenents

d. Location and Geonetry. Vertical (or inclined) drains are |ocated
adj acent to and downstream of the core as shown in figure 8-2. The top of the
vertical (or inclined) drain should be above the phreatic surface for maximm
reservoir elevation to prevent seepage flow above the drain. In drawing the
flow net for the damto use in selecting the height and | ocation for the ver-
tical or inclined drain, a conservative (high) value of anisotropy of perne-
ability of the soil should be used in order to prevent the seepage fromflow
ing over the top of the drain (see figure 8-11). If the damis located where
earthquake effects are likely (see paragraph 8-6) , the vertical (or inclined)
drain should extend the full height of the dam The width of the vertical (or
inclined) drain is controlled by the availability of materials and the dis-
charge requirements of the drain. A vertical (or inclined) drain width of
6 ft is the practical mninum for earth-noving and conpaction equipnment (U S
Arny Engineer District, Kansas City 1974 and U S. Arny Engineer District,

Phi | adel phia 1974). When filter or drain material is not available locally and
must be hauled to the site at a substantial cost, a narrow (3 ft or greater)
vertical drain may be constructed by excavating into the core material, back-
filling, and conpacting with vibratory equipnent (U S. Arny Engineer District,
Mobile 1965, U S. Arny Engineer District, Tulsa 1974). The width of the ver-
tical drain nust be sufficient to satisfy the discharge requirenents. Hori-
zontal drains are located under the downstream section of the dam and convey
seepage fromthe vertical (or inclined) drain and underseepage fromthe
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STRINGER OR FINGER DRAIN

CORRECT WAY INCORRECT WAY

Figure 8-11. Use of stringers or finger drains as an alternative
to a continuous horizontal drain (prepared by WES)

foundation to the toe of the dam  The thickness of the horizontal drain nust
be sufficient to satisfy the discharge requirenments. \Wen filter or drain
material is not available locally and nust be hauled to the site at substantial
cost, a thin (2 ft or greater) horizontal drain has been used (U S. Arny Engi-
neer District, Tulsa 1975 and U S. Arny Engineer District, Louisville 1974).
Stringers or finger drains may be used as an alternative to a continuous hori-
zontal drain, as shown in figure 8-11, when the drain material is costly. The
cross-sectional area of the stringer drains nust be sufficient to satisfy the
di scharge requirenents. The stringer drain may be constructed either by
trenching into the enbankment or foundation for narrow (6 ft) widths or by
placing the adjacent inpervious fill and then the drain material for wi der

(50 ft) widths (U S. Arny Engineer District, Kansas Gty 1974, 1978). In
either case, the side slopes of the stringer drains should be sloped instead of

8- 17
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vertical (see figure 8-11) to avoid stress concentrations which could cause
vertical transverse cracks. The stringer drain material nust be thoroughly
conpacted (see paragraph 8-4c) to ensure that consolidation does not occur upon
saturation |eaving an open seepage conduit in the top of the trench, bridged by
the overlying enbanknment, and susceptible to progressive erosion (Jansen 1980).
The downstream end of horizontal drains and stringer drains nust be able to

di scharge freely and nust be protected against siltation and erosion. This may
be acconplished by providing a weighted filter (riprap overlying bedding mate-
rial) or a toe drain as shown in figure 8-12 (U S. Arny Engineer District,
Mobile 1965 and U S. Arny Engineer District, Tulsa 1975). The toe drain has
the advantage of |ower maintenance requirenents and preventing the devel oprment
of localized wet areas at the surface along the downstream toe of the
embanknent .

8-6. Seepage Control Against Earthquake Effects. For dans |ocated where
earthquake effects are likely, there are several considerations which can |ead
to increased seepage control and safety.- The core material should have a high
resistance to erosion (Arulanandan and Perry 1983). Relatively wide transition
and filter zones adjacent to the core and extending for the full height of the
dam can be used. Additional screening and conpaction of outer zones or shells
will increase perneability and shear strength, respectively. Geonetric con-
siderations include using a vertical instead of inclined core, w der dam crest,
increased freeboard, and flatter enbanknent slopes, and flaring the enbankment
at the abutments (Sherard 1966, 1967).
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a. Weighted filter (courtesy of U S. Arny
Engi neer District, Mobile®’)

Existing Ground or
i Tap of semi-compocted fiit

A

=

108 droin in a stroight line end m.

See Deroll A between monhoies.
> At

JOE DRAIN DETAIL
Scele: lin.e 3,
@\-——rz? 8ir. coated perforated CM.P.
. P loe droin wropped fitaw clorh.
m’ s

b. Toe drain (courtesy of U S Arny Engineer District, Tul salls)

Figure 8-12. Protection of downstream end of horizontal and
stringer drains
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