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Figure 3-5. Example correlations for properties of coarse-grained soils
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TABLE 8.16 RECOMMENDED REQUIREMENTS FOR COMPACTION AND SLOPES OF HIGHWAY

EMBANKMENTS. .
Condition of Exposure
Condition 1 Condition 2
{Not Subject to Inundation ) {Subject to Inundestion)
Desired Desired
Revised Compaction, Compaction,
Public Approximate % AASHO % AASHO
Roads Equivalent, Height of Side Maximum Height of Side Maximum
System Unified System Fill, feet Slope Density Fill, feet Density
A-1 GW, GP, SW, some  Not critical 13t01 96+ Not critical 2101 25
GM or SM
A-3 sP Not critical 1ito1 100+ Not critical 2101 1:4-
A-2-4 Less than 10
A-2-5 Most GM and SM Less than 50 2101 95+ 10 10 50 3101 95100
A-2-60r7 GCorSC Less then 50 2t01 95 4+ Lessthan 50 3101 95-100
A-4, A-5 ML, MH Less than 60 2t01 85+ Lessthan 60 3101 965-100
A6, A-7 CL, CH Less than 50 2t01 95-100 Less than 50 3101 95-100
Notes:’

{1) Under Condition 2, nwﬂhonmmumnwnmuhmu1mmammwﬁmmumbn

Maijor fills isls which have low shesring resistance should be

"

d by soil
(2}FounlhalmnAuaA-?mmMmMWMMMhmmh(10w|5ﬂorln-)no|wbhm
mmmmwmwmamm

(3) Highly orgenic soils are not g

Fig. 6-49 Slope flattening in earth fills




Table 6-5

Slopes recommended for cuts

TYPE OF MATERIAL

RECOMENDED SLOPE (HORIZONTAL DISTANCE: YERTICAL DISTANCE)

Up o 5m (14ft)

T
From §to i0m{16t0 BJll)lme 10 1e LSmn (33 1o SUN) Greatey than 3 5m (501t)

QHUSERVATIONS

B

Sourd massive granile

Remave the weathered part at
the crext a1 L2 (if there i
any).

-

Blocky sound (issured granite

Remove koose bocks aceord-
Ing 10 the layoan of the fissures

Exfloliated granite; farge
blocks pecked in sand

Uonstruction of berm at ihe
change of the slape nol consi-
dered achwsable of the weath-
ered pant at the cresl is re.
maved a1 17221,

Exfolizted granite; large
blocks in 2 matrix of sandy clay

Construciion of toe berm Te-
commended to cacch the small
surficial stides that  wsually
QCCUr.

Fully weathered granile

If the product of the seathered
granite is fine sily vr clayey
sand, a im (330t} foud berm s
recommended for cus wp to
15en {S00t) and a 3 {1Ufr) foo
berm [ Jarger culs.

Diiorities

The same observaions v Jor praniles. depending on the
degree of weathering of the rock

Unweathered fissured andesite

Loosc block removal lollowing
the fissure planes is rccom-
mended

Fractured. slightly weathered

andesite

A 4t {14t berm can be buill
at | slope, change if Lhe low-
cr part of the cul does not con-
tain clay in the fractures and
1he fractures arc closed.

Fractured, weathered andesite

"

L]
L)

1t is advisable 10 remove the
erest at a shope of L (the
memt highly weathered part), 11
there ts socpape. adequate sub-
drainage must be plaqned.




Table 6-5
(continued)

RECOMENDEL SLOPY {HHORIZONTAL DISTANCE: YERTICAL DISTANCE]

TYPE OF MATERIAL ORBSERVATIONS
T T T
UptaSm {160} From 510 ¥m (16 t0 33it) From 10to 13m (3310 S0ty Greater than 15m {30ty
Y
: 3
Sound or fractured rhyolites in Lowse block remaval [ollowing
large blocks with fraciure sys. 1 the fractuee plames is recom- ,
lems al W, horicentally and l - mended; also removal of the
vertically, - ‘ weathered part at the cresl at
7 LH] ..
s —
3

Sound, slightly (ractured &-
abage

I
J' - 4‘1—3:
I’ ’ —L-

Loose black remaval is recom-
menaded

Sound fractured husalt

Remuve the crest of the cul at
152 of Aracturing is very in-
tensc. If there is 2 weathered
layer. remove al 1k,

Fractured basalt in blocks of all
sizes

If the Tragmens are loose zad
without snil. ot packed in clay
or soft silt with waler How.

Fractured basalt in hkwcks of afl
sizes

I the fragments are packed in
firm clay with ao seepage

Very fracwured. highly weath-
ered basalt

In very rainy areas, coostrue-
lion of a Im {3.30) fool berm
for cuts up 1o 15m (500} and
3.0m (106t foet berm for cuts
larger than 15m (500 is re-
commended al the toe of the
slupe

Basaltic Rows interbeded with
pyroclastic rocks

Definition of the conlact beiween the basalt and the pyroclastic rocks is needed, so the
caresponding slope can be given [or cach. Pyroclastic rocks require a 11 slope when loese or
¥4:1 when compact or lor very coarse maicrials,

Massive  basah
Rocks

Pyroclastic

If the hasalt pyrociasiic rock is
line-grained and loose, the
same recammendations apply
as for ihe other pyraclastics,

Seund or slightly fissured yuils
and  hrccciated,  andesitic,
rhyolitic or basaltic tuffy,

1M they arc weathered in the
upper portion of the oul, it is
advisable 10 Temove the crest
ap L72:1.

Sound or skightly fissured tutfs
and  breeciated,  andesitic,
rhyolitic or basaltic uffs,

Il there is a large water flow,
construclion of a dm (L3
waterproaicd berm hall way
up is tecommended.




Table 6-5

(continued)

TYPE OF MATERIAL

RECOMENDED SLOPE (HORIZONTAL DISTANCE: VERTICAL DISTANCE}

Up o Smg16f)

Fram 5to 10m (16 ta 33fu){From 1010 15m (33 10 5061) Greater than 13m {5011)

OBSERVATIGONS

Slightly weathered wils and
brcecialed, rhyolilic. andesitic
or basaltic Lulls.

<

Removal of the upper parl of
the crest at ¥4:i is rccom-
mended il there is intense [rac-
wring or weathceing,

Highly weathered wills and
brecciated. rhyoltic. basaltic
or andesitic wlls,

|
T
~ 'I_k.

|2

Change in slope hall way wp
cuts deeper than |5m (500)

1ard, firm, slighity fractured
clay-shale with almest horizon-
tal i,

D ey excavate crest ditches if
not thoroughly impermeable
Remove the topmosi weath:
cred portioa of the erest at ¥
4:1.

Solt, medium-strength, highly
fraciured clay-shale

Do nov excavate crest dicches if
not thoroughly impermezble.
Remove the most weathered
part of the crest at 101,

Sirengly cemented sound sand-
stones, poorly defined strati-
figatian, horizontal or dipping
10 the cut.

i

Remuve the weathered portion
of the crest a1 Wié:i,

Poorly  cemenicd.  Tighly
weathered  sandstunc. with
weeprage.-

4

Remove the weathered portiaa
of the crest a1 1:1

Well-comeated brecoiated con-
plomerace with siliceous or cal-
carequs matrix,

Y [

Removal of all love lragments
is recommended

Poorly cemented conglomerate
with clayey malrix

If the clayey malrix is saturated
or  subjected 1o marked
changes in maisture. constrac-
tion of 2 Tm (3.30) foot berm is
recommended o1 culs deeper
than 10m {33y, with 4ma (L3N]
berms half way up,

Fraciueed limestone with thick
ar poorly defined stratificatian
dipping loward the cut.

Removal of the weathered or
very [raclured upper portion of
the crest st i i secom-
mended.

Sound limestones with  thin
hotizunial  steaification  dip-
ping toward Lhe cul.

Remove 1 1:1 1he upper pot-
ton -

N




Table 6-5
(continued)

Weathered limestone with see-

- -
RECOMENDFD SLOPE (HOR7ONTAL DISTAINCE: VERTICAT N1“TANCE) )

TYPE OF MATERIAL ————— v . OBSERVATIONS
- Upto Sm (16ft) From 5 10 10m (1610 33t) From 1010 15m (3310 500 y
f P 1

Plan for subdrainage and im-
permeable crest ditches

Unweathered limesione with
dip between 90° and 45° 10'the
outside of the cut, with clay
between strata.

Gve the :hpemnupmdiqgwthcdip 1f the rock is highly
fed 4m (1301) berm hall way up.

d, design P
Impermeable crest ditches.

Very fractured weathered
limestone

Impermeable crest ditch

Slightly fractured unweathered
limestone, with dip between
30" and 45° to the outside of
the cut.

Can be regarded as though the
dnpwmﬁ‘;ﬁmm.:

Very “slightly weathered and
fractured limestone with dip
between 45° and 30° 10 the out-
side of the cut.

Remove e most fractured
portion at I:1. Waterproofed

erest ditch

Same lations as for li

ate with non-plastic fines

Waterproofed crest ditch. For
cuts deeper than 10 m (33 f1),
construct Im (3.3 ft) berm at
1o of slope.

ate with plastic fines

Waterproofed - crest  ditches.
For cuts r than 10m
(33R); design & 2m (6.6Mt)
berm halfl way up and for cut
deeper than 15m (S0ft) in-
crease the width to 4m (13ft).

Silty sands and compact silts

Silty sands and not very com-
pact silts

Remove® the upper
\Nadmedwmnulllhh
materials are

erosion, aiupeollllhwld
be designed and protected with
grass.

Impermeable crest ditch. Re-
move the most weathered part
at 1.5:1. For cuts greater than
15m (50ft), design a 3m (10ft)
berm at the toe of the slope.

J




Table 6-5

(continued)
—
RECOMENDED SLOPE (HORIZONTAL DISTANCE: VERTICAL DISTANCE)
TYPE OF MATERIAL
L Up to 5m (166t} Fm-.'nnlon(m»omism- 1010 15m (33 to 50f1) Greater than 15m (50f1)
' "

Silty sands and very compact
silts

OBSERVATIONS ]
)

Remove the loose upper por-
tiom to 1.5:1

Firm, slighly = sandy clays

Remove the weathered part &
151, If there is seepage, pla

(homogeneous) subdrainage.
*For cuts deeper than 150
Very soft compressible clays (50ft),design  well-drainec

berm half way up

Cover the slope with grass for
Kaolin derived from the | cuts deeper than Bm (261) and
weathering of granites or H 4 design a well-drained 6m (2001}
diorites l A berm. (maximum height [6m)
. . ($3fr).
Clean sands, loose to firm Angle of internal friction with 1.00m (3.301) berm at the base. Cover the slopes with grass

are ot impermeable

* The berm will have 1o be constructed with waterproofed ditches. If these

. could occur which would endanger the lower

portion of the cut by establishing a failure surface caused by the resulting
duction in the shear h of the ial

Table 66, [2]; is a comprehensive summary of the factors caus-
ing slides.and their mechanisms.

Work done by the engineer and the constructors can often be
the cause of serious slope stability problems. The following [8]
is a list of the construction processes that most often cause in-
stability problems:

1. ‘Modification of the natural conditions of scepage due to
fills, ditches or excavations

2. Overloading of weak strata due to fill, and sometimes waste

3. Overloading of soils with weak stratification planes due to
fill

4. Removal, by cutting, of a thin stratum of permeable mate-
rial which acts as a natural draining blanket of the ‘soft clay

5. Detrimental increase in seepage pressures or orientation of
seepage forces when changes oceur in the direction of seep-
age, as a result of cuts or fills

6. Exposure of hard fissured clays to air and water, due to cuts

7. Reémoval of surface layers of soil due to'stripping or excava-
tion, which may cause layers of the same stratum further
uphill to slide over the underlying layers of harder soil or
rock

8. Increase in hydrostatic loads or hydraulic neads below the
surface of a cut when its bed is covered with animpermeable
layer

Generally speaking, the causes of slides can_be external or

internal. External causes bring about an increase in: the acting

shear stresses, without altering the shear strength of the
material. Causes of this type are an increase in the height or
steepness of the slope, any structural load or embankment that
is placed on the crest of the slope and earthquakes. Internal
causes are those which occur without any change in the external
conditions of the slope. They are always-associated with a loss
of shear strength of the soil. An increase in pore pressure or
dissipation of ‘cohesion by weathering are causes of this type.

Table 6-7 [8] gives the factors that most commonly lead to an

increase in-acting shear stresses in a natural or artificial slope.

Table 6-8 [8] gives the factors that most often cause a reduction

in the shear strength of the materials of natural and artificial

slopes.

-



Factors causing slides [2]

Table 6-6

AGENT ACTIVATING WAY IN WHICH MOST SUSCEPTIBLE PHYSICAL NATURE EFFECTS ON
PROCESS AGENT ACTS MATERIALS OF ACTION STABILITY
Erosion and Construction pro- Increascs height or Al Materials Changes in state of Increase in shear
transport cesses of erosion steepness of slope stress stresses
Stiff or fissured Changes in state of Increase in shear
clays, clay-shales stress and opening of stresses. Process § is
fissures triggered
Tectonic Tectonic Large deformations All materials Increase in angle of Increase in shear
forces movement in the earth's crust slope stresses
Tectonic forces Earthquakes or High frequency All materials Transient loading Increase in shear
or the use of ‘blasting vibrations stresses
explosives -
Loess, slightly Alteration of Reduction in
cemented sands interparticle bonds cohesion and
and gravels increase in shear
stresses
Fine or medium Rearrangement of Liquefaction
grained sand, loose particles
and saturated
| Weight of the Construction of Surface slide Hard or fissured clay, Opening of closed Reduction in
stope m the slope clay-shale, remains fissures and creation cohesion. Process
of old slides of new fissures § is accelerated
Slide in weak strata Hard materials on
at toe of slope soft strata
Water Rain or thaw Removal of air from Moist sand Increase in pore Drop in strengih
the voids. ‘water pressure
Removal of air Jointed rock, clay-
from open joints shales
) Reduction in Hard and fissured Expansion Reduction in
capillary tension clays, some clay- eohesion
associated with shales
expansion .
Chemical decav Any rock Weakening of
interparticle bonds
Freezing of the Expansion of water Jointed rock Opening of closed Reduction in
by freezing fissures and creation cohesion
of mew fissures
Formation of ice Silts and sandy silts. Increase in water Reduction in
lenses in the soil content of the frozen frictional strength
soil
Period of Shrinkage Clay Cracking by Reduction in
drought shrinkage cohesion
Drawdown Flow towards the Silts and fine sands Increase in pore Reduction in
toe of the slope waler pressure frictional strength
Fluctuations in Rearrangement of Medium to fine Increase in pore Liquefaction
the phreatic particles grained sands, Waler pressure
level loase, saturated
Rise in the Rise in the Strata of sand or silt Increase in pore Reduction in
phreatic level of hydraulic head of the between or below waler pressure frictional strength
a distant aquifer slope material strata of clay
Internal water Secpage toward the Saturated silt Increase in pore Reduction in
flow or seepage slope waler pressure frictional strength
Removal of air Moist fine sand Dissipation of surface Reduction in
from the voids tension cohesion
Removal of soluble Loess Weakening of the
cementing agents interparticle bonds
Internal erosion Silt or fine sand Piping Increase in shear
siresses




