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stresses neglected
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stresses considered
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Ht = elevation of ground water level above the toe
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Mo = overturning moment

M. = resisting moment
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AVATYSTS AND CONTROL OF L.-dDSLIDUS

I. SYNOPSIS

Landslides are the naturel phenomena of earth movement involving
not only hillsides and mountainsides but also cuts and fills of
roadways, channels and other engineering structures. The purpose
of the thesis is to study classifications of landsiides, the causes,
the methods of analysis and the methods of control of the slide type
of earth movement. In addition, there is a mathemtical example to
illustrate the various methods of analysis.

Many systems of classification and cause of landslides hive been
developed. Those of Baltger, Heim, Ladd and Terzaghi are discussed
in this paper. Actually, no slide will fit into any one class of
these systems, or be due to any one cause, for its character is a
compound one.

There have been various methods suggested for the analysis of
landslidesy all of them are based on simplifying assumptions and use
trial and error rethods or semi-mathematical methods to reach a satis-
factory result. In this paper, the basic methods of analysis, as
well as the most recent technique, have been exploined briefly.,  Since
most of the methods used reauire many complex steps to prove, the proofs

are referred to by a footnote which indicates tlie source of the proof

for those who are interested in further research,




II. DEFINITION OF LANDSLIDES

Landslides have been defined by Terzaghi (1) as follows: "“The
term landslides refers to a rapid displacement of a mass of rock,
residual soil, or settlement adjoining a slope in which the center
of gravity of the moving ﬁass advances in a downward and outward
direction.”

Ladd (2) has defined landslides as, "Landslides are superficial
earth movements having essentially a horizontal component , usually
involving slopes varying from very gentle to very steep, but rarely,
involving vertical cliffs at one extreme, and level but unsupported
ground at the other."

A landslide implies that the soil mass has lost its static
stability of equilibrium and is seeking a more stable condition by
means of movement. The loss of static stability may be caused by
an increase of the load on the mass or a decrease of the strength of
the soil. The change from equilibrium to a movement of the soil
mass may require only a slight change in the balance of forces.

The cause of these changes could include the addition of water to
the soil mass or other disturbing factors, such as underground settle-

ment, explosions, or earthquakes.



ITI. CAUSES OF LANDSLIDES °

The causes of landslides can be divided into external and intermal
ones. External causes are those which produce an increase of shearing
stress at unaltered shearing resistance of the material adjoining the
slope. They include a steepening or heightening of the slope by
erosion or man-made excavation. They also include the deposition
of material along the upper edge of slopes, and earthquake shocks.

If an external cause leads to a landslide, we can concluwde that it
increased the shearing stresses along the potential surface of sliding
to the point of failure. The slide at Bekkelaget, Sweden, 1953 (3) s
was an example of a slide of this type. On the morning of the 7th of
October, 1953, a slide occurred at Bekkelaget, Oslo., The railway and
the road slid out for a distance of 100 meters together with the
adjacent lower natural slope, The slide occurred in a normally con-
solidated quick clay, and the stability analysis has demonstrated that
the shear strength was mobilized simultaneously along the whole sliding
surface in spite ofits length and compound form. The sliding surface
passes through gravel, a dried crust and a very soft extra quick clay.
The primary cause of the slide was the weight of the embankment for
the road and railway. After the slide, pore-water pressure was
measured on the site. In the slipplane the pore-water pressure
corresponded to the total overburden pressure. Measurements taken

outside the slide indicated a distribution of pore-water pressure

I
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;orresponding to a ground-water level just below the ground surface.
Thus, it is concluded that the slide was not caused by an excess
pressure in the pore-water.

Internal causes of slides are those which lead to a slide without
any change in surface conditions amd without the assistance of an
earthquake shock. If a slope fails in spite of the absence of an
external cause, we must assume that the shearing resistance of the
material has decreased. The most common causes of such a decrease
are in increase of pore-water pressure and the progressive decrease of
the cohesion of the material within the slope. The slide at Jackfield,
England, 1951 (4) was an example of an internally caused slide. The
slide occurred during the winter of 1951-1952 on the right bank of the
stream at Jackfield. The appearance of the slide suggested that it
was a relatively shallow movement and that it was probably caused by
the variation in shear stress and effective pressure associated with
seasonal changes in water table,

Intermediate between the landslides due to external and internal
causes are those due to rapid drawdown of the water level, to

subsurface erosion, to underground settlement, and spontaneous

liquefaction.
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IV. CLASSIFICATION OF ILANDSLIDES

There have been proposed many different systems of classification
for landslides. Most classifications however, are based on the cause
aml effect of movement rather than the mechanies of the movement. One
ma jor primary classification treats landslides in consolidated mterials
and those in unconsolidated materials separately. Another classifica-
tion divides the movement into those with a slip surface and those
without a slip surface, the former being known as slides and the latter
as flows. (Fig. 1 ) Some of the more well-known classifications of
landslides are as follows:

1. Baltzer (5) s in a treatise entitled "Ueber Bergsturze in
den Alpen", 1875, classified Swiss landslides as

A, Rock Falls
B, Earth Slips
C. Mud Streams
D. Mixed Falls
2, Heim (6) » 1882, suggested the following comprehensive
classification:
Movement involving detritus
A. Soil Slips
B. Earth Slides or falls of greater magnitude than A,
Movement involving solid rock
C. Rock Slips

D. Rock Falls



Fig 1.
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|
|
|
|
|
|
|




~13~
E. Commound Slides, -rith respect to character of movement and
of materials
F, Unclassified and snecial cases
3. Dr. Karl Terzashits Classification, 1925 (7
Dry movements ~ earth movaments involving coni-l:tely ofrfcctive
static friction

A. Creeps - continuous mass movements

I
|
I
|
|
I
I
I
I
|
|
I
I
I
I
I
|
I
I
|
|
l
B, Landslides - spontaneous mass movements
C. Settlins Flows - flows resulting from a ropid chanre dn
porosity
Plastic movement - mass movement pertly or entirely without
static friction
D, Disruption Flows - flows resulting from disrumtion through
swelling and dislocation
e Flows - resulting from hydrostatic overlosd in the conbained
water ctlled forth by overload
F, Squeezing out = reduction of resistonce trsugh a tremendous
overload in hydrostatic pressure
L. Ladd's Classification (2)
A, Flows - This type of slide includes those iiiich actually
flow as semi~licuids, vhere clayey materials or volecanic
ash or decommosition products becone wteor satwrdated ard |
|

there is freedom for movement

B, Slope Nzadjustments - 3lides belonzing to this cluss are
geographically distributed over extensive areas of the

|

|

I




world =nd, in frecuency, they are far more camnon thsn all
other types. They have been important moulders of topo=-
gravhic form, moving successively down slopcs to streans
where treir material is gradually removed oy erosion.

C. Undermined Strota - This class excludes ciies bolonsing
clearly to subsidence and due to underniinin: by erosion
vhere it leads solely to rock fulls and talus accumula-

tion.

Ty

2

D, Structvrel Slides = This type of slide incluies, nrinmerily,

)

all of those whose movement is upon deiinite, pre-existing
struchural pianes.

E. Clay cicction from ancient clay - filled caves opened by

For the conv:onilence of analysis, the term slidc will be defined
as all landslides which involve unconsolidated mterisl in wnich the
movement is along & slipesuricace, and the term flow will be defined
as those movements which do not have a slip-surface. However, "creep!
which was defined by Terzaghi (1) ,» as a continucus dowhill movenment
which proceeds at an average rate of less than one foot per decade,

could be treated as a special case of a flow,
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1. Analysis of the stability of unsupported vertical bunks

(1) Pline surface of failure (Fig. 2 )

—dp_h o KAy
W—ZhTanQ o= 2]an ©

. ch
At failure Wsin©@ = S A0 + W Coso Tang

h Yy : _ c-h a0 cCose Jan
2Tan6 Sin@ = 5in@ M 2Tans © ¢

h'y ( Sin& COS@EMQS); c-h
2 Tone Tane Sin@

h*y
2

b o= 2< ( / )
Y \ Cos@sin6-Cos’eTand

(Cos@sine -cos'@Tond ) = C-h

for min. h Cot 26 = -Tang = Cot (F0°+¢)
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o O =45+ =

/

Sin©coso - COSIQ Ta/‘)¢ = m
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L h= 5 2Tne = A4S 7ap (45 2
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Tensile cracks effect critial height of vertical bank
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(3) Tensile Crack =nd Their Effect ( Fig. 3 )

It has been cbserved during the study of many slope failures
that vertical cracks anpear near the top of the slope prior to
fajlure. The cracks are noticeable from the top of the slope
extending back to the upper end of the failure surface thut later
develops. It seens likely that these cracks are the result of
tensile forces on the soil resulting from the force of aravity
acting on the mass of the slope. Soil, having little if any tensile
strength, readily develops failure planes or cracks under these foreces.

The formation of tension cracks near the potentiel sliding surface
destroys any shear strencth of the soil in this rezlon 2nd thereby
decreases the resisting force clong the slide surface. 1In addition,
the tension cracks may be the source of other forces that tend to
create failure. Surface water entrapped in the cracks can exert an
appreciable driving force on the soil mass. Expansion and contrac-
tion of cohesive soils within the cracked zone and the action of frost
within the cracks can further weaken the soil and hasten a failure.

Terzaghi estimates the maximum depth to which tensile cracks nay

reach down from the surface to be one-half of the wunsupported height

i
!
|
|
|
|
|
|
|
(2) Curve Surfuce of Fuilure = derived by Fellenius
|
|
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of the cut., Thercfore the critical heisght of a benk unweakened by

- / -
tensile cracks, will be reduced by such cracks to a vulue /7¢r » Which
can be determined in accordoice with the conservative assumption of

Terzaghi (8) » from

h(,r, = hcr — —L/)c:/

2
hcr, = ‘32‘ /’)cr
7 _ 2 38s _ 2585 1,29 %o
from (2) Ner = 3 _g—' = > = ;% (3)

2. Amalysias of the stability of slopinz foce bank

(1) Flane surfuce of failure

As Fig. I ., if the (internal friction cngle) was incroased
to without sny foilure, the height woudld be increased by senie
emperical (9)

_ _4c(20+0.2) CosB
t= ¥y cos’g

since h-d=bet | d=hcosoTong | b=TE(L25nd )

| _ 4< s Jtsin® ), 4c (20+0.2) Cos@
' h(I-CoteTand) = =( ) )+ e s
= 4c y Cos@(20+0.2)
h YCosgh( /-Cm‘erndJ)[/ +sind + Cosg === )

(2) Circular arce surface of failure

Actuzlly, the usuzl surface of failure is nob & pline swface
but a curved onc. Varilous assuaptions of the sthope of this curve have
been made for the purpose of amlysis. The circular arc anl the logari-

thmic spiral are the most comion assumptions., Thuc foruer is the most
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Fig. 4  Critical height of slope face (9)
(After Hennes )
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popular one, but though the latiter has some theoretical advantages,
it takes much mere time to compute than the formor. Taylor has shown
that the results obtained by the logaritimic spiral differ only slisht-
1y from those obtoined by use of the circular arc.

The analysis of an earth slope by the circulur ore surface of
failure was first proposed by . E, Petterson in 1916 during a study
of a quay failure in Gothenburg, Sweden (lO)_ Since then many proe
posals based on this assumption have been developed, but all of them
have utilized trial and error methods to locate the most critical center
graphically and semi=graphically rather than a purely mathematical solu-
tion. The usuwl nethods for the analysis of landsiides on the assump-
tion of a circulur arc of failure are shown in the following outline.

i. Methods of slices and area moments

A, Using trial and computation, locate Uhie mwost unfavorable
surface and its center by means of the follo:dng steps.

B. Dividec the cross-section above the slide surface into
vertical slices. A width of slice of about li/4 to H/2 is
ganerally satisfactory.

C. Compute the overturning moment of eichx slice due to its
weight.

D. Compute the resisting moment due to the cohesion and
friction forces along the sliding surface.

In illustration see Fig., 5
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By the nethod of slices
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The ares velow ground surface (shaded poriion) is omitted

since tie moment of this area about point 0 ecuuals zero.

o = X WX

i

4 = RZch-RWcospTang

My
Fs = M.

The expericnce of mumercus investigators hac lead te the develosn-
ment of many useful Lints to assist in the initial ciwice of a trial
center, These guides are of great help in reducing tic work of a
trial and error solutlon. TFallure surfuces have beon clussiiied for
this wnd othier purposes as deep seated and toe slides, The former

consist of thosc fallure surfoces that extend below wnd beyond tie toe

of the slope wnile tuc lotier have failure surfucces pussiyy through

o
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the toe.

Fellenius and obhe Swedish investigabors arrcived at the cone
clusion that the moni critical deep seabed or base [uilure sliding
surface in a homogencus clay with ¢ = 0 had a center oi robation
lying on the bisocctur of the slope. It ws ocwvserved aiso tuat wne
most likely critical center s one which haa wn angie of apvroximate-
1y 153 degrees wetwesn the radil to the enas of tas slide swrface.

In the case of 2 toe circle feilure the follewing table and
sketeh (Fiz. 6 serve to indicate a method of selecilyy; o starting

point that will oe at or nesr the critical ceuber of robavioil.

[us
C
3
le]
4
»l

37
26 35
25 35
25 55
25 3

_} ol <
SES
*

Y]
O~
.

5
B
o B

In most cases it has been found that slope anles of - renter bhan
53 degrees are nost likely to fall by a toe slide hile tanose vilto
slope ansles ol less than 53 degrees are prone te il by Lhoe deep
seated type of Jodilwe cre. In 2ll coges, the indticl, selcectica of

the critical ceutur of robution sclected by buest methous snoudd ne

verified by trizi centers ob points surrouniing Uhie iaildzl ciolce,.
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Fig 7T Method of & - circle
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ii. Method of the @ -circle

As shown by Fig. 7, after a center of rotation has been selected,
the mass above the rupture plane is divided into vertical slices with
the forces on opposite sides ofeach slice assumed to be equal and
opposite. A statically determinate problem results. Semi-graphical
methods have been developed using a circle with a center at the assumed
center of rotation and with a radius I'=Rsin¢ . The resultants of all
slices, formed by the weight W and by the friction resistance along
the corresponding segment of the failure surface will then be tangent
to the @ - circle of radius r’ . With the help of the @ - circle,
the force polygon for the analysis of the safety against sliding can
be drawn.

Taylor, (11) using the assumptions of a homogeneous soil, a con-
stant angle of slope, a level top surface, the soil shearing strength
as expressed by Coulomb's equation, and constant cohesion along the
entire rupture surface, developed the semi-mathematical solution in
two cases which is expressed in the following.

A. Failure circle passing through toe slope (Fig. 8 )

C _ ZFosca(ycscty - Coty )t cotx - coty
FrH ZCot A +Cot U +2

- - (5

F = Factov of Safety oy Cohesion
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Fig 3. Failure of circle passing below toe of slope ¢!1)
(Af‘f‘e/r Tuq)or)
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B, Failure circle passing below toe of slope (Fig. 9 )

C < cscX(yesciy - cotyd ) tCot A~ Cot+ -2 - (6)

FxH 2Cotf A + Cotv +2

By Fig. 10 or Fig, 11, if the internal friction angie and slope

angle are known, the stability number FSH could be found for toe

circle and base circle respectively.

(3) Log rithmic Spiral Surface of Failure

The curve of feilure | = V) eeTand - =-{7D

2

i. Taylor's semi-mathematical solution (L)

ae Curve of failure passing through the toe of slope

(Fig. 12 )
c _ _Tond [Zg‘[(m’slnj~5;ng) - 3 Jang (m’Cos +C059)_}
FY o  39<m-1) qTan*d +/

+g%si0°g (Cotj - coty ) + 3mg cosj (Cot-é-Coty ) ~cot i+ Cof j‘] - (2)

n = ezTam)J ______ e e e e - (9)
r /

& "W T SintA 1% m=zmcasz (0)

3= TSt [/\f I+ ri‘;fmoos;J moo-

@ = M-2~] = mmmmmem—m—ae- (12)

¢ = Cohesion

F =  Factor of safety for cochesion
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Fig. 12 Logarithmic spiral - toe *adure
( A+ter Taylor)
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Fig 13 Logarithmic spiral - bace Fa;fure(ﬁ)

( Atter Taylor)
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" For =ny chosen values of 2z and t the dependent varicbles m,

g, j, and g may be obtained from above expressions, then the critical

C
FuH
by trial and error methods for both the circular arce and logarithmic

value for can be found. Taylor has investigated various slopes
spiral surfaces of failure. He found that for a chosen slope angle
the z and t in the logarithmic spiral surface of failure are approxi-
mately equal to the 2y and x respectively in the circular arc assump-
tion.

b. Curve of failure puossing below the toe of slope

(Fig. 13 )
¢ Tand 2P(m'sin;-50q) - 3Tand (mices; + cosq )}
FyH 3;‘(m‘-9[ g Tan*e +/

t §5ir*d (ol 5+ Cot'g) +3mgcosi(mg -csqj ) - 4-’@7‘2‘ + cw‘j'] - (13)

ii. Frohlicht's method of analysis (12)

Tmcwmofmnwerzﬁeem@ (Fig. 14 )

Fs = M (resistin
¥ (driving

M (resisting) = The moment of all resisting forces acting
upon the sliding mass long the sliding
surface, turning about an axis, whose loca-
tion is compatible with the start of the
sliding movement. These forces are the sum
of frictional, cohesive, and normal stresses,

M (driving) =~ The moment of all the other forces acting
upon the sliding mass above the sliding swr-
face, turning about the same axis., These
forces are earth weight, hydrostatic uplift,
surcharges, seepage pressure, earthouake
actions, etec.
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a. Grapnicel Method (Fig. 14 )

R - Resultant of all driving forces cting upon the sliding
mass above arc AB.

Re~ Resultant of the cohesionzl stresses ¢ x ds acting upon
the sliding mass along arc AB at the instont vhen sliding
begins, this available resistance may be detemined by
means of a polygon of forces.

@ - Angle of internal friction

Q ~ Resultant of all oblique stresses along the sliding
surface AB at the first moment of sliding, and passing
through the point O of the logarithuic spiral,

Re (a+e)= @9 + Kc'CIc

-9 +Rcde _ Ke (a+e) _

F.3, = =
R-a R-a

N ¢

(1) By trial, locate the most eritical spirsl curve.

(2) The center C%u of rotation may be chosen at the arc 0y 02
of the evolute of the given logarithmic spiral {choose
point M at the arc AB, for instance at the axis of symmetry
of the angle ol between OA and OB, trace tie radius vector
M-0 ond erect the normal to this radius at 0, where the
tangent T at M , it is the average location of the center
of rotation of the sliding mass.)

b. Analytic Method (Fig. 15 )

it

c Cohesion along the arc AB

Rc.o = Resultant of cohesional stresses
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the moment produced by c<-ds is j

-38=

By assumption, R, . is parallel to the chord AB = s

»

= s8¢

. » RC.O

ds = element of arc

ds ces¢d =rde
ds = ‘———*C’:fjs

F=rre®fard

the moment produced by Ko is Ko de,o

=4
CclS f"cosqs
=0

3 " ~ ¢
KC/O'JCIO = e Cdsrcos¢ =J Cn,,_eaé an de
=Q o
/ zoTang 7
C - = 2 —_—
Ss-c-deo =cCr; [ ST ]o
_ Cr‘.’[ | gTand | ]
Z7'0n¢ 27ang
c[ n-__
Zlang 2 Tand
-t
d'l AC/O = TS =<0

2STang
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since R (g.+e) = Re
_ KCIO'dC/O - a
€= R

_ S-c[’i‘-ﬁ‘]~a
R Lz2sTang

c (.-

Z/%Tangb —d

Substitute (15) into (14)

c(h*=nr)
2K Tand

o 'dc,o

- m - (35)

~d,

Fo so= /‘I'
a

Since a:a,+l’};7’én¢5/f) (/40(7‘/3)

= [, e)ld?'—ansb
c K

Vp

_,-;l

R 2T7ang

_do

L ES. =4

a, + I e’

® Tane sin Watp)  _ (1)

In practical cases, the values ¢ & ¢ are known from laboratory

investigations.

force R are represented in Fig. 16.

The angles ot, B the distances ry, Ty 25 and the

The value of M vhich determines

the location of the center of rotation varies between the extreme limits

of zero and unity.

M = 0.5 gives fair resulis.

For practical computations, the average value




Fig. l&.
Frohlichs analysis on logarithmic spiral surface of failure (]II)(!2
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Fig. 17.
Principal elements used tor defining F
(AH’&' Junbu)

(13)
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(4) Jdanmbu's Hethod (13)

i, =0 (Fiz. 17)

My = available resisting moment about O

= j:‘ Sz rR*de

= total overturning moment about O
Qla-Gle
the shear strength of the soil at noint Z

= pesultant of all vertical forces between points
A, & B, including the weight of the soil

G = resultant of all horizontal force, including
hydrostatic pressure in tension cracks

Lj & L; are moment arms about O or forces () and G,
respectively

Fr = —%%— Fs = F r, min.

F.S. = Fs = The ratio between the shear strength available
and the average shear stress necessary for
equilibrium along the critical surface of sliding
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(A) Analysis of Simple Slopes

F, = 1:',:,’ —————— an
XO: /XoH Yo"'ﬁoH - - (18)

Procedures of locating the eritical center

1) Using Fig. 18 and by knowing the slope angle B ard
the depth factor d =Dfy, find thc stability number,
then compute Fs.

2) Using Fig. 19, determine the unit coordinates x, ard ¥,
and compute the X, and Y

. Bffect of Surcharge (Fig. 20 )

Ni XH+C.L

b. Effect of Partial Submergence (Fiz, 21 )

C
Fq NwNom - - (20)

¢. Effect of Tension Cracks (Fig. 22 )
5= Mel—y— - (2)

d. Combination of Surcharge, Submersence and Tension
Craclks (Fig. 23 )

= Ns(’. R
" YH+9 - Fuh 22)

Ns=,\‘1NerN°=PdNo - == (23)
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(B) Analysis of Loaded Slopes

a., Toe circle onalysis

N,
F.S. = [ I+2.nq-ﬂ|,,] bfl:{ - - - (24)

. - (1+2ng)b - Ny
e =
t I+ 20Ng ~ N},

(Ftng)(1+b) ~ ny
I+ 2Nq -np,

i

Myt

2Py _ 2Pn

. -7 = £rh =
Y\g_— B/H ’ ﬂa—— XH / nv“ XHL , nh— XH,_ ’ nM

M, = moment of forces Py & P aboub the toe

Procedures for locating the critical center
1) Compute M;¢ & Mat

2) Use Fig. 25 to find Ng, then compute F.3e
3) Use Fig. 26 to find % % Y,

L) Locate the crit’-al center by

1

X, = %o H

yo I‘I

Yo

b. Base circle analysis (Fig. 27 )

| = 2Nqg ~Np
|- nNgq ~ ﬂﬁ,
‘é‘(H’bl)*nq“nM + bnl(nv‘bny)‘t’(b"nv)‘

Mp =

i

B{Zb |+ni"n8, ("‘fni-na,)z

2ZMr
rH?
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Fig. 29

Averuge shiear strength for layered soil when ¢ =
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Procedures for locating the critical center
1) Comnute Mlb X Mzb
2) Use Fij. 28 to find Ny, then compute F.S5. by

- Ns C

cho - [ ’+ ng ‘naf ] XH ““““““ (25)
3) The coordinates of the eritical center are

_ (Hani)b-ny] ______
XO [/ 21+ nq-ﬁg, H (26)
Y, = (re-4)H e (27)
R, = IH e e e (28)
re = M+nMep e m e (29)

¢. Analysis of layered soil (Fig. 29 )
Average shear strength

n

2 e, C,

A

The other steps are the same as in the previous articles,

ii. g>0

a. Simple slopes for zero neutral stress

Nesc

F.5. = 'W




A

(nquer ai4y)
L0 P UdYM D0 304 DD A3 Y 4o vonod [puoidLy B SRYOUINI00D JANB BGIUNU Agianig of By

— PN 2Quent R Qe

TIPS eDWI e Y L P
\

- &v& -— M«\*QU“Q
Qmamvnmm\oo _*\.0"_%00 e s Iy e p I
g 07 r \w N e T oz LS | AF WSE g oFpes | 00| 02 fop
Ny - , ko Q 4 ; -~
o oy ¢ B 7/ E e ; ?
5 4 I+ = \\‘\\ 7o § - sadojc os.
P oo — g we \.n ¢0 da el 04 B m\.\w\\eumu\
3 LA \P\N\ 3 /. ’ - et
$agob- | nw‘\\\\w\x o/ mm v/ At s fo ogorst L
.. \z«\lT«Al\, R Vel .
¢ o 11— ,wﬁp so ! \\\ RS T N g A I I . JEN U Y N S \\<
P = sz N Ry /. EE——
S o \\\H\&\U\\\ o w,“_ \\\\ 1 .m 1BV \\ \\\ 4
- <
o ..\t\..\\»\x..\xx v . \‘\ \q Lo/ M \-\\\ \\\\\ \\\
" 1Y @\\\ o T 1°° \\ A/ \\\
- tlio>< ; , = < V
. f TP 200 . | AN L)
) I 52 o | ““\m“ G\ ol o e © = o A \\\\\
. . . y \\ A - \
Py TN AT o b i
> )
' H| / "Ce CCRY ¥ /il \\\\//).w\uk\w (@sog)F 50 & " d \\_A / \\mr
_ = fuodpu g b F i / \mv \VA [
, g \\&“ x fosaonl ¢ L~ P y \\ A
Iyua> \vu..\.\;,v\vﬁ.nmk \\\Ma\ \ e Y L1 - d \ \
\\\ \\\ o/ < \\ \\\\
\\\ £ o 4 nw T " \\ A /) 4
k\“\\ ~| 47 L A\\ \‘\\\ “\ -
P” 7”7 v d B FO2
a1 L ALY o
\ \“H\\ \\\\ Z — L A g} \\\\\.\\\
v o LT " ) %4 -
- \\\\“\\\““\ Gl oz \\\\ 1 ;\\\ 57
A (232 T o eosfes | - ped \.» AR $9/2412 304 P44 [
[~ .\\\M , SRS - \ ) VL 40 13U FLGeS
g 57 Pz v




fr*a | stress Mma/

Assumexi reearral stress

distribution
g, 5l . iy, B2
i (l f ' ‘\"5}
Complete  suomeig e 3 Co-yicts Sucden drawdovea
/NN /7 £ rZa)}
F.’g. 33 Fig_ 54—
(3) , ws)
Steady sezpage Fero boundary neutral fevee

(A+Ter Junou )




-57_

When the slope ansle and %“p are known, Fisure 30 may be
used., The F.S. and the coordinates of the critical center

can be found by

it

Ned yHland (32)

X,
Y. = Y.H

XoH

it

b, Modified formula for simple neutral stress condition

C ,
F.S. = —g‘fH— ------ e == (33)

)\c¢ = ;lé;tggéﬂﬁ? ~~~~~~~~~~~ (38)

1) Co slete submergence  (Fize 31 )

Yd= Ye=¥' = ¥-Yw

)

DN

N S fras . o
2) Sudden drowlown \Fl;;}. 2

Ya= 25/, Ye =¥’

3) sbesdy seepaze  (Fize 33 )

Yo=Y Ye=y- Hetl oy,

Y4 = ¥e =Y

L) Zero boundrry neutrel foree  (Firn. 34 )
|
|
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5) Partially submerced (Fig. 20 )

= MWN<+C
E (SﬂH‘YwHW

Nep = (ﬂa{-H;?’\;\/AH;«'/)Tané

c. Combinztion of surcharge, tension cracks, submergence
and ste . dy seepage

Fs = M ________ (35)
Py
Neh = _—Pezq"4’

Ysat H +9q - erw
Md
Mw Mg Mx
Ysat H+9 - ¥wHw
Me
Me= Ma Mu

Pd =

i

Md

Pe

{1

1. Using Fiz. 30, (3 and Ac$ are known, and Neg may
be found
2. Compute P d with M(&, interpolated from Fig. 21

3. Determine the Fg .




VI.

NUMERICAL EXAVPLES
A. COMPUTATIONS:
Example 1. Given soil condition as Figure 45.
b, =0, C=250 b/ gt ¥ =105 Ibs/cu gt
$.=0 . =600 1bs/5qqt X, = 108 Ibs [y ¢4
D= 6ot
Design a safe slope for 20 foot (H 20 ft.)
cut, use Fy = l.4.
(1) By Janbu's Method
a. Base circle of failure
Assume Y = ¥ = 108 1lbs./cu. ft.
C = C,= 600 lbs./sq. ft.
Compute the depth factor d = D/H = 60/20 = 3
Assume various slope velue b, by Figures 18 and 19
f£ind Ne, xe and y, corresponding to each slope valuec.
Then F = Nec
s ¥H
X, = %H
Y. = Y.H
b d ¢ ¥ H N K %2 % X Y
I 3 6oo (0 20° E54 15 o5 2.8 10" s¢
.5 3 000  10% 20’ 560 |55 unnessary  unnecessary
yd 3 00 (0% 20’ G560 |.55 ynnecessary  unnecessary
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be Toe circle failure

Assume Y = Y, = 108 lbs.cu. fte

Compute C = —E——f—k-c—‘ when critical center is

located.
Other procedures are same as the computation on a.,

base circle of failure by Janbu's lMethod, as indicated
in VI’ la.

As shown by the previous computatlions on page s for
b=Cotg =1 , the most possible failure is toe circle. Therefore,

the following analysis is based on the case of toe circle of failure.

(2) By Method of Slices
As shown in Figure L5, use the critical center and the

possible toe circle of failure found by Janbu's Method to find

the Fs by the method of slices.



Nou

Ao I’ T B « AN TR AV )

10

=

13

I
Areagsg. ftvo) b/«Ofsz}f%,) W ‘lb02

12,5 108 1,350
375 108 4,050
Total
50,0 108 5,400
12.5 105 1,310
5040 108 5,400
37e5 105 3,940
Lol 108 4,800
50.0 105 5,250
2946 108 3,200
5040 105 5,250
7.8 108 840
1849 105 5,140
15.6 105 1,640
Total

M = 533,725 - 17,950 = 515,775 £t-1b
M =«=Rx (cl X L1 te,x Lz)

= 29,7 (250 x 1l.4 + 600 x 37.4)

= 750,000 £t-1b

Fg=M, =750,000 = 15
T~ 515,000

6a7
2.2

2.0
3¢3
25
7.8
12.4
12,5
17.1
17.5
2l.2
224
26,2

9,040
8,910
17,950
10,2800
4325
2500
30,700
59, €00
65,600
515700
91,700
17,200
115,000
43,000

533,725
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Example 2. Given soil conditions as shown in Figure 4b6.

$=10°, c=1250 'b‘/sq.ﬂ , Y=105 ibs/cu £

Design a maximem height for an economical and reason-
ably safe slope.
(1) By Janbu's Method
According to Janbu's investigations, the critical slip
circle will intersect the toe if lhe dimensionless paramcter
)\<4> >0 + Base circle analysis for 4> >0 has not been

considered herein. For this example

_ XHTand _ losxTanio°x H =
Neg = o= —— 0.074H
Ncéd is always greater than zero, therefore, the analysis
is based on the failure by a toe circle only. Assume a
height H, then compute A\c4 , by Figure 30. For various

slope values b, find N , and calculate FS.

cf
a. H=18', 4= 1,33, FS - .132ch
boo2e My LI T
0.8 1.33 77 unnecessary 1.02
1.0 8.2 unnecessary 1.07
1.5 9.5 unnecessary l.25 -

2.0 10.3 unnecessary 1.36
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0.8 1.18 7.4 unnecessary 1.09

1,0 79 unnecessary 1.17
1.5 9.2 8,5 24,0 1.36
2,0 10,0 unnecessary l.48

The reasonable answer for this example is:
H = 16¢
b=cot B = 1.5
FS= 1.36

The following analyses are based upon the above fizures.

(2) By Hethod of Slices

As shown in Figure 46, the overturning moment is computed

as listed in following table:
No. Area Y _W _r o 2. cos cosP-w_ tand
1 5.34 105 560 -5.83 -3,250 13.0 9744 546 1763
2 18.74, 1,960 -1.98 -3,880 Le6 29968 1,954
3 32,25 3,330 241 8,140 5.5 «995h 3,365
L 40.00 4,200 6457 27,500 150 49059 4,050
5
6
7
8

57,10 4,940 10,55 50,400 246 49092 4,500
48.30 5,010 14,50 73,200 3449 8210 4,110
36,80 3,760 18.30 68,800 46,0  JO94T 2,815
13,05 1,370 2171 29,800  58.2 5270 722

M, = 257,840 21,860
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Mo cos
From previous page, M = 257,840 21,860
k% WcosBTanlo” = 25.5x 21,860 x 1163 = 03,000
R‘% cl. = 255 x250x40.5 = 258,000
Mer = 36, 000

Fy =1, = 361,000 = 1.40
M, 257,840

o

(3) By Taylorts ¥Method (clrcular arc)
Since ¢ = |0O°
© = slope angle = cot™ 1.5 = 33°4)’

From Fipure 10, found

C = 0;083
oA

Using C = 250 1b/sq.fte ¥ = 105 1b/cu.ft. and H = 16
in the above expression,

F = Factor of Safety for Cohesion

- 250 . = 1.79
105 x 1b x 0.083

Assume Fs = 1,40

= 10 = 7,15°
CPD -i:T;-

From Figure 10, found

C = 09106
F¥H

250 = 0,106, H = 16.05! (checked)

Therefore F'8 = 1,40




43'17/sq) Goi = R
ol=¢
+4 va\ﬂ: 057 =>




(&) By Taylor?s Method (logarithmic spiral)
As shown in Figure 47, & =(0° , i = 33°4|’
Asswme Z =91°24' =1.894 rad. and t =2&°
By equations 8, 9, 10, 11 and 12,

M= efTand = o1 EWMxIIbd = o028 _ | 334
_ I
& Sint 1+ m—z2mcosz
_ |
SiN26°\[ 1+ (13347 211.334 cos 9124
04348 14 1.780 ~2x1.334x(-0.0244)
. — 5 ~ SmZ _ ° ° v o U
g=t+sin" [ e mnam@%] = 26°+36°10'=62°(0
% =180"-2-j = 26°26
Tanio® _ 1763 =
33*(m‘-\) 3x /.82 x0.78 00414 A)
2> 3 {(Msini-sing ) - 3 Tandp (Micos + Cusa)} = 2./b5 (B)
9 Tan*d +)
3%;#3 (c;r:j - us‘q)+5m3 Cosj(Cotr ~Coty ) ~cot + coty
=~ -0.365 <)
c ) _ -
= =W (B t(<)] = 0.0414 [2.LC-0368]
= o.07§
O R Ferr Bk

108 x(lp x0.078 —_—




Z ?([dwpxy doy UOLDULSN]|T

24D dun|!bf yosids Druytr1080 ;

1377/sq G0l =R
Ol = ¢
+4b5/5q 052=2

gt 64




(5)

By Frohlich's Method
As shovm in Figure 48, ¢ = 10°, i = 33° 41?9, H= 151,¢c = 250
Assume of = 91° 24 = 1,594 radians and t = 26
From the previous calculation m = 1.334
g =135
Then r; = gl =1.35x 16 = 21.06
ro = mgH = 1,334 x 1.35 x 16 = 28,8

After drawing the logarithmic spiral curve of failure,
compute the total driving force above the curve
R = 27,117 lbs

d. = 460 B = 26°26¢
By equation 16 .
S il TR
F_= |+ 4 zlang o
s

0.+ 17 el=Tard Tangd sin (patp)

200  (288)-(21.6)"
EYATN] sx.es 460

4601216 °SX1-STa X163 Tun 10°Sin (0.5« 91U + 26726 )

- |+ 9.48-4.60
4,60 1+4.1b

I

|+ 0.G8

Il

[.6C
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Comparison of the results of analysis

Methods Factors of safety
Fg c/EvH F
Ex. 1 Ex. 2 Ex. 2 Ex. 2

Circular are

Janbu's 1.40  1.36 ——— —
Slices l.45 140 — ———
Taylorts -== 140 0.083 1.79

Logarithmic spiral

Taylor's —=- ——— 0,075 1.99

On Example 1, Janbuts and Slices method give very similar re-
sults, The variation in results is *® 1.,75%. No solution could be
found by Taylor's methods using the circular arc or logarithmic spiral
surface of failure or by Frohlich's logarithmic spiral method, as
these methods do not consider a layered soil condition.

On Example 2, the variations in the results for the Fg is from
-4.73% to +8.58%, for_C/fyH is I 5,06%, and for F it is ¥ 5,297,

Since most of the calculation work has been done by slide rule and the
figures for graphical computation arc drawn to a limited scale, the

variation of the results does not appear unreasonable.




B. DISCUSSION OF RESULTS:

Various computational methods of analysis for landslides have
been discussed in previous paragraphs. They indicate the progress
that has been made in the analysis of landslides, such as the change
from the assumption of a plane surface of failure to a curved surface
of failure and from trial and error methods to semi-mathematical
methods of computation., Actually, however, when these methods of
analysis are applied to a practical problem with the usual complicabed
soil conditions, a satisfactory analysis is not always possiblc.

The assumption of a circnlar arc surface of failure is for con-
venience in practical analysis. Janbu's method, the most recent
technique to use this assumption, utilizes a mathematical soluticn
to locate the critical center of failure circle, It does not give,
however, a solution for the layered soil condition where the angles
of internal friction of the strata are greater than zero. Host methods
of analysis using the circular arc surface of failure, such as Taylorts
and Janbu's case of ¢ >O , are based upon the assumption that the
soil conditions are homogeneous and isotropice. Mo practical problen
is identical with this assumption. For this reason, the method of
slices is used extensively for the analysis of the more complex
problen.

The logarithmic spiral surface of failure has its theoretical
advantages, but the difficulty with both the graphical and the semai-
mathematical mothods of analysis is the time required to locate the
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eritical surface of failure and to compute the related forces acting
upon the sliding soll mass. Also, it has not permitted an analysis
for the case of layered soil conditions. For these reasons, it is
rarely used to analyze the practical preblert.

For those cases where a mathematical or graphical analysis of
slope stability is reasonable, it appears that the best tool presently
available is Janbu's method. Computations by this technique are ade-
quate to locate a critical center of rotation which may then be
quickly verified by the method of slices. This approach reduces the
time and labor otherwise necessary to define the critical center. I
Janbu's method is not applicable the moment area or slices methods

may be utilized for the stability analysis.



VII., METHODS OF CONTROL

The complexity of the analysis of slides in either natural or man
made slopes is sc great that there is no one method of control or
correction that is satisfactory for all cases. Baker(]‘S) indicates
seventeen different techniques suitable as corrective measures for
use in stabilizing or controlling sliding areas. (See Table 1) The
methods to be discussed in this section will be limited to the mors

common and more economical procedures.
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A, Drainoge

One of thc most conon causes of lindslides or embaniment
failures is cxcoss moisture which acts to reduce the shear strenzth
of the mass und contridbutes, on occasion, a hydrostatic force to the
driving forces that are acting on the mass. It would appear, there=
fore, that 4 large number oi unstable slopes may be stobilized or
controlled by rroperly desimed drainage systems. Lx.erience has
indicated that droinage facilities to control the inflow of'surface
water to the slide area and internal drainage within the sliding mess
are frequently successful stabilizing measures. It should be
realized, however, that though drainage is valuoble, it is not alwsys
successful nor can the desizn of the drainage systau be standardized.
Bach design must bc developed on the basis of the particular problex.

The following discussion illustrates several methods of
drainage that have proven to be successful for gslide control.

1. Control of surface water

oot (1) reports o slide in Monterey County, California

that developed shortly after the construction of a higlwmay cut. In
this case, surface water appeared to be softening the upper suwrface
of the cut slopc to the extent that sliding wes oceuwrring. The
corrective actlon consisted of placing a blanket of pervious material
over the cut and installing on interceptor drain along the toe, The
details are indicated in Fip, 35, The pervious nateridl provided a

fast drainage route out of the unstable area for swrface waters, while




i
Sliding surtace

Fervious material Toe drain

Fig. 35. Typical drain instaliation for surface water

/ Natural slope

Original water table

. Excavated material

vertical boring
Probable
slip surface

Horizontal drain

Final water table R

Fig.36. Typical horizontal ui-ain installotion
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the toe drain provided a means of removal of the waters collected by
the blanket.

In similsr situations many agencies have found the use of
an interceptor ditch at the head of the slope to he successiul in
preventing the inflow of surface water.

2., Horizontal Uroinase

As used by most agencies, horizontal drrdnase consists of
a series of herizontal perforsted drain pipes placed into the slide
mass., The drains scrve to collect and remove impounied wabters that
exert hydrostatic forces on the sliding mass and alsgo serve to reduce
the shear stronsth of the material within the slide mass. (Fig. 36 )

Arnico Drainasze ond Metal Products, Inc, (17} have renorted
the use of this scheme to successfully stabilize a cub slone in the
Yellowstone National Park. The sliding mass in tidls case oxtended
approximately 350 feet up the slope from the toe of a 25 fest deep
cut and was about 200 feel in extent along the toe. Exploratory
borings indicated the presence of free water under abnomally high
pressure benesth the slide. Four 6 inch diameter holes were driven
into the slide arca on a slope of 2 to 15 degrecs cbove the horizontal.
A two inch perforated steel pipe was inserted into each hole.  leasured
drainage from one of these drains totaled 21,600 g=llons per day which
decreased to a steady flow of about 17,000 gallons per day in the first
two weesks. All drains carried appreciable quantities of water from

the slide area. No further movement has been reported [ron this area.
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Other rofercrces to similor expericnces in the use of
horizontal drains may be found in the publications of the Armco
Co. (18) and thos: of various emgineers of the Culifornia Highway
Department.(lg’ 20)
3. Tunnels
In those cases, whers exceedinsly larsze volumes of water
must be removed Irom the slide mass or where very extensive drainage
facilities must be utilized turmmels have been used. Duwring the cone
struction of Lockout Point Dam, on the Willamette River in Oregon,
the U.S5. Army Engincers utilized an extensive systar f drainage
tunels to stabilize a slope that was threatening to destroy a re-
located highway and railroad. The tunnels were driven by normal
mining methods at 2 slight slope above the horizontal md formed a
collecting systan for a series of horizontal drains driven intc the
unstable area vran within the tunnel.(zl)
Le Typical Drainagze Installations
Several typical drainage installations that have been successe—
fuily used for slope stabilization are shtown in Fig. 37, 38 wul 39,
B, Piling
Another method to prevent the landslide of 2 slope is to force
the surface of fallure into the deeper underground shratum by the use
of piles. 1t is suggested that long enoush piles be used to penctrate
past the previous critical position of sliding surfoce. Then the most

dangerous position oi sliding swrface will be moved down tc near the




Possible slide area

—
Q Impervious zone
Fig. 37 Typical drainage instaljation (1)
Ballast Protect 11

containing waqter

Plane of movement

~
\\

TRV e VOANZAN
Original ground line ™

Fig 38 Typical drainage installation ()



Original ground surface

Fervious material to
prevent through drainage
of surface water

Step arrangement to provide
key for the fill into the slope

Lam Ut

Fig. 39. Typical drainage installation ()
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foot of the piles, and the piles will provide the shearing resistance
to raise the factor of sofety. Hemnes (9) has derived the spacing
of piles to prevent slides as follows: (Fig, 40 and I3 )

Tt -2P¢TCM¢ -clec - %ﬁ" = th - zp.f‘]anf.b - CLf

- Afp
T RT 2t R Zp)Tond e (hf- L) (36)

L - lenrcth of sliding arc

%t - tangential force along sliding swface cansed by
SO1ll mass

p - vertical force perpendicular to slidinz surface
caused by soil mass

@ - angle of internal friction
c - cohesion of soil

A - cross section area of one pile

D - distance between centers of piles in the direction
parallel to the top of the bank

f - allowable shear stress of pile

P

The subscript ¢ distinguishes forces along the original
critical sliding surface from those along a sliding surface below the
foot of the piles, the latter being marked by & susscript i,

It is odso posgible that the above criterion will give a
spacing so sreab that tone soll mass will shear off on each side of
the pile and slide douwn between the piles. Thercfore, ~nothser cri-
terion has been established based on the assumption that the total

cross section ares of plles rust be so large as o not exceed the



.u’s;:;w

: Length of arc = [
T . Crifcal S//'d/"?g Surfg(e
N withodt pres

Leng?h of orc = Ly
Criticdl siding surface
with piles

Fig 40. Section view of piling

FJdcet3

Fig. 4l Plane view of piling ¢®’

Arter Hennes )
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.

lateral bearing value of tie soil. As Fige 40 wad 41, the summation

of moments uboub the ceabor of the arc of radius of R, equals sero:
E(R-%3)d =D (Zt -ZpTond ~chIr

D Litc"z PcTanCF - CL_L ) K
d (R~

E::_

If F is the desired factor of safety agoinst sliding, then

E — F D(Ztc' ZP:.—FCMCID - CLC)R - - (37}

As Tig,
I .
n = —Z"“ ESIHB

n= % Ecop

d_ )

£= nTand +c;( Zeorp

For equilibrium ZFr=0, m= )C

ECosp = EsinpTand + %
jd
E (Cosp-SinpTan¢ ) = é’.«,@
cd

E= (Cosp ~SinpTond)osp 2¢jd

Swbstitte B into ( )

F D(Zt.2pTand - cl )R

2cyd = <
7 d(r-4

D _ 2c(3R-3)}

[P — — - (3’8)
d 3F(Zte-ZpTand ~cl )R
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C. Retainling llalls

ks indicabed in Teble 3 , there are severzl types of retaining
devices suitable for the control of sliding masses., I all of these
methods the principle involved is similar - an artificial blecking
device is placed in the path of the slide betwem the area to be pro-
tected and the toe of the slide.

This systcn of contrel is of limited use. To be successful,
the blocking device must be extended usfliciently deep to penclrate
the stable matoriddl below the sliding mass and must be anchored fivaly
to the sbtable materici, I these criteria arc not satisfied, the
slide may conceivaebly move thie retaining structire down the slope with
the moving mass, Structwally, the device must be able to withstand
the thrust of the moving material. The above considerations iuply
that this type of control is expensive and appliciable only in restric-
ted eoses., A fuilure of the instadlation will result in complete
loss of all of the investment in the control structure.

On the advantarze side of the retaining device solution, the
restricted area necessary for the installation mict be considercd.

The limited srace recuired will permit the wininur right-cof-wey damps
to the area. In adiition, this type of construcstion nay be utilized
to exert a contrcl cover only that part o»f a sliding area thot may be
critical.

The design of a retaining structure is & typicad retaining well

design problan and offers no exceptional problais. it seould be




Figy. 43 Stabilizing a slide by renoval of material

Fig. 44.  Stabii

zing o slide by addition of materidl



-£9-

realized at all times, however, that therec is a priméry necessity of
providing adequate drainage through the structure for impounded waters
within the contrclled uaas,

D, Removal or Addition of Material

Any corrective measures which decrcages the overturning or
sliding moment o»r ncreases the resisting noment will be of assistance
in stabilizing 2 slide area., The most usual aprlications of this
method are illustrated by Fisures 42, 43 and L4.

Terzaghi (22) discusses the use of toe or cowter weigpt f£ill
to eliminate the tendency of a slide type failure throygh an embank-
ment constructed over a soft Tfoundation. The principle of tie counter~
weight £i1l1 is simple. The moment of the added Joad of the counterw~
welght £i11 acts ia opposibion to the driving cient of the potential
slide. Desim is accomplisied through two considerations; (1) the
counterweight £ill aust be stable within itself and (2) %he load
exerted by the i1l must be suffiecient to balance the excess driving
force of the slide nmass.

The value of reducing the slope angle of an wstable slope
and the removal of load from the slide mass is obvious fros an
ingpection of Pigures L2 and A3. Any modification of these proe
cedures thabt nccompliches a reduction in the driving force on the

unstable area is advantageous.




VIII. CONCLUSIONS

Since the earliest recorded history of man, the stability of
natural and artificial slopes has been of major concern to builders,
Early attempts to avoid slope failure are lost in antiquity but it
may reasonably be assumed that a great deal of engineering effort
was expended on these problems.

The development of modern concepts of slope analysis was given
its major impetus by the Swedish investigators just after the tum
of the Twentieth Century. Since that time numerous techniques of
mathematical and graphical analysis have been advanced and are in
use. A discussion of the most representative and useful of these
techniques has been presented. Examples of typical design problems
using the selected methods has been presented to illustrate both the
procedure of analysis and the difficulties associated with each.

A comparison of the results of the illustrative examples of the
methods of analysis indicates a remarkable uniformiiy among them.
With considerations of time and mathematical complexity, it appears
that the method of Janbu is ideally suited for locating the most
critical center of rotation for a particular case. Once the critical
center has been established a detailed analysis for the problem in
question may be accomplished by the method of slices or one of the
other similar procedures., For the case of a stratum with »
Janbu's method is of little assistance unless simplifying assumptions
may be made. If this is not possible, the only reasonable approach
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to the problem is one of trial and error to determine the minirmm
factor of safety using the method of slices.

The section of this report devoted to the control of slides
serves to illustrate the more typical situation of a movement, that
is not subject to a theoretical analysis. The great majority of
slides that occur in natural ground pass through complex soil strati-
fications that do not permit the simplifying assumptions needed for
the various methods of mathematical and graphical analysis. In these
cages, the procedures for the control and stabilization of the moving
material depend exclusively on the characteristics of the particular
location. Each slide is a separate problem whose solution is not
necessarily similar to any other.

The control section of this report has presented a summary of
the various methods for the field control of slides that may be used,
The choice of the applicable method is made only after extensive
study of the nature of the particular slide. The more common control
procedures have been illustrated by reference to the case histories

of actual slides that have been successfully controlled.
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