
Chapter Six 

Field and Laboratory Investigations 

Shailer S. Philbrick and Arthur B. Cleaves 

Purpose and Scope 

The scope of investigation of a land-
slide or a potential landslide area will 
'depend on the importance of the slide. 
There will be many, many more slides 
given a quick cursory inspection than 
will be examined and investigated in 
complete detail. Nevertheless, in order 
to present the full picture of an in-
vestigation, Table 3 indicates the van-
óus possible lines of attack on each of 
the several kinds of landslides shown in 
the classification chart (P1. 1). 

There are several factors that should 
be ascertained in the, investigation of 
any slide in order to assess its impor-
tance. These include: 

1. Location 
Station, mile post, distance from 
well-kno'n point 
Above or below grade 

2. Effect on traffic 
Stopped 
Partially open 

c Open 
3. Size 

a. Surface 	limits - head, 	foot, 
flanks 

b Subsurface - maximum depth 
to surface of rupture 

4. Material 
Soil 
Rock 

5. Water 
6. Weather 
7. Evidence of movement 
8. History of slope  

All of these factors have been indicated 
in. Table 3 as factors to be investigated 
in connection with all slides. At this 
point, however, the investigation may be 
nothing more than a series of rapid ap-
proximations to provide a,basis for an 
opinion as to whether or not a more 
formal investigation is in order. Indeed, 
these approximations may be sufficient in 
themselves to permit the selection of the 
appropriate method of control or cor-
rection. The factors listed will commonly 
suffice for the study of minor slides in 
the nuisance category; they can be as-
certained with the expenditure of a 
minimum of time and money. The, com-
petent maintenance engineer can, in his 
own district, usually provide the answers 
to the questions implied by the above 
list. The succeeding statements are di-
rected more to the investigation of a 
slide of some magnitude and importance 
which, although it ocurs infrequently, 
may cause more trouble and cost more 
money than a hundred of the minor ones. 

The purpose of a landslide investiga-
tion may be to determine the cause of 
the slide and to plan the appropriate 
measures for repair and reconstruction. 
On the other hand, the purpose may be 
to provide the necessary data for prose-
cution or defense of a damage suit, for a 
theoretical investigation, or for any 
number of other considerations. The fol-
lowing discussion endeavors to cover the 
pertinent aspects of an investigation 
which should, insofar as possible, pro-
vide the data needed for any of the fore- 
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TABLE3 

SUMMARY OF METHODS OF INYESTIGATION (iF T.ANflSTITilrCZ 

Survey and Mapping 

Internal 

Location Limits Flow Evidence 
Fractures Lines of 

Movement5  

a 

Type of Movement E 
p .0 0 

a 

z a 
° 

a S a C 
4 '0 

V. 
cr5 

5 
'0 

co Wo  

Falls: 
Rockfall 1-a 0 x 0 	0 0 0 	x x 	x x 
Soilfall i-b 0 x 0 	0 0 0 	x ' 

Slides: 
Relatively undeformed 
material 

Bedrock 
Slump i-c Oxx 00000 x 	0 x 	x x 	x X X 
Block glide (La Pits) 1-d 0 x 	X 0 0 	0 0 x x 	0 X X 
Block glide (cone) j-e 0 x 	x X x x 	0 X S 
Block glide (slab) 1-f 0 x 	x 0 	0 0 x x 	0 0 	0 0 5 5 

Soil 
Plastic 

Slump 1g Oxx 00000 x 	0 x x 
Slump i-h Oxx 00000 x 	0 x 	x x 	x xx x X 

Greatly deformed material 
Bedrock 

Rockslide 1-i 0 x 	x 0 0 	0 0 0 x 	0 
Soil 

Granular 
Debris slide 1-j 0 x 	X 0 0 	0 0 0 0 	0 

Plastic 
Failure by lateral 
spreading 1-k 0 x 	X 0 0 	0 0 0 0 	0 > 

[II. Flows (all unconsolidated); 
Dry 

Granular 
Rock fragment flow 1-1 0 x 	x 0 0 	0 0 0 x 	0 
Sandrun 1-rn Oxx 00000 x 	0 
Loess flow 1-n OxxO 0000 x 	0 

Variable water content 
Granular 

Debris avalanche 1-0 0 x 	x 0 0 	0 0 0 x 	0 X x 
Plastic 

Earth flow i-p 0 x 	x 0 0 	0 0 0 x 	0 x x x x 

Liquid 
Granular 

Sand or silt flow 1-q 0 x 	x 0 10 	0 0 0 0 	0 
Debris flow 1-r 0 x 	x 0 0 	0 0 0 0 	0 x x 

Plastic 
EarthS ow-mudifow 1-s 0 x 	x 0 0 	0 0 0 0 	0 x x 

(V. Complex slides 1-t 0 x 	x 0 0 	0 0 0 0 	0 x 	x x 	x x x x x 

1 0 = Basic investigation; x = Additional investigation. 
Offsets of elements. 
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TABLE 3 (Continued) 

ourvy aflo mappin,g buosurzace Investigations 

Internal and External Drilling 

Excavation Geophysical Undisturbed 
Water Bedrock/Soil Identification Sampling 

a 
0 

V 

0 

to a 
0 a 0 	V V U a 0 0 0 	V 0 

F 
a 

a 
. , 

0 
z 

0 5 a 

0 I 	I-n 

o x 0 x 	x x 
o x 0 x 	x x x 

X 0 x X o x 	x x 0 0 x o x x 0 x 	x 0 X X X 
o x X 0 x x 0 X X X 
o X X 0 x 	x 0 x 

X X X 0 x 	x x x x x 	x 	x x 
o 0 x 	x x x x x 	x 	x X 

o X X 0 x 	x 0 

o x x 0 x 	x 0 

x x x 0.  x 	x x 0 X X 	X 	X x x 

o x 	x x 
o x x 
o x x X x 

o 0 x x 

x X X X 0 x 	x x x x x 	-x -- 

o x o x x 
o x x o x x x x. x x 

o N x 0 x 	x x x x x 	x x 
0 	x x X. X 0 x 	x x X x x x x 	x 	x x 	x 	x x x 
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TABLE 3 (Continued) 

Weather 

Type of Movement 

E 

a 
- 
o 

E 
, 

0 

E 
a 

o 
.0 
u 

l 
le 

a 
5 
H 

a 

c 
0 

a 
F 

o 
.0 

Falls: 1a x x x x 
Rockfal.I 1-b x x x x 
Soilfall 

Slides; 
Relatively undeformed 
material 

Bedrock x 0 x x x 0 
Slump 1-c 
Block glide (La Pita) 1d X X X X X 

x 
X 
x 

Block glide (cone) 1-e X 
x 

x 
0 

x 
x 

x 
x x 0 Block glide (slab) 1-f 

Soil 
Plastic 

Slump 1-g X 0 x X x 0 
Slump 1h X 0 x x x 0 

Greatly deformed material 
Bedrock 

1-i x 0 x x x o Rockslide 
Soil 

Granular . S  

Debris slide 1J X x X X X X 

Plastic 
Failure by lat'eral 
spreading 1-k X X x x x x 

HI. Fhws (all unconsolidated) 
Dry 

Granular 
Rock fragment flow 1-I X x x x x x 
Sand run 1-rn 
Loess flow 1-n 

Variable water content 
Granular 

Debris avalanche 1-0 x x c x x 
Plastic x 0 x x x x Earth flow 1-p 

Liquid 
Granular 

Sand or silt flow 1-a 
Debris flow 1-r x x x x x x 

Plastic 
Earthflow-rnudflow 1-s x x x x x x 

iF. Complex slides 1-t x x x x x x 

a 
E o o 

2 OU)U) . 

x x x 	x 
x 	X 

x 
X 

x x x x - 0 x c 
x x x 0 x 
x_ ,c x 0 x 

x x x x 0 .x 

x_ x x x x 0 x X 
x X x x x 0 x X 

x x x x 0 x 

S  x 0 x - 

x x x xx 0 x X 

x X X X X 0 x 
x X X ) 0 x 
x X X X 0 x 

x x x x X 0 x 

x x x x ,c 0 x x 

x X 0 x 
x X X X 0 x 

a x x x x 0 x x 

a- x a x x- 0 x a 

History of Slope 

	

Bar. 	 Historical 

	

Precipitation I Temp. I Press. 	 Changes 
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TABLE 3 (Continued 

Laboratory Tests 
Vibrations Graphic R,ecord Soils I Mineralogic 

I 	Triaxial 
Trans. Photos Slide Motion Atterburg Compres-, 

Limits sion 

I 
0 

. . 
.0 

bo 
0.0 

j :1 
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going uses. It is somewhat more com-
prehensive than is required for the com-
mon slide with which the highway engi-
neer must usually deal. 

The scope of any landslide investiga-
tion depends on the property damage 
done or threatened, the values involved, 
the importance of the land area involved, 
the time allowable for study, the imme-
diacy of the need for control and cor-
rective measures. A slide in an urban 
area, for example, involving high prop-
erty values, or utilities, and threatening 
the safety of the public, warrants an 
analysis in more detail than a slide in 
some isolated area that affects only 
mountain lands and secondary country 
roads. 

The intensity of the investigation is, 
again, a function of the importance of 
the slide with reference to land use and 
other factors. The initial examination 
of the slide area, constituting a simple 
reconnaissance, may be all that is re-
quired, inasmuch as the solution of the 
slide problem may be obvious, and no 
other parties than the "owner" affected. 
However, should other parties than the 
"owner" be affected or threatened, or 
should damage claims be made 'or an-
ticipated, a detailed slide analysis may 
be in order. For the purpose of assist-
ing the engineer in an appreciation of 
the full scope of a landslide analysis 
the following procedures are outlined. It, 
is reiterated that these may be useful or 
required only in part, depending on the 
particulars of the slide involved. 

Mapping Methods 

The purpose in mapping a landslide is 
to obtain and record in graphic form 
such data as may be observed in the 
field and from which significant infer-
ences and facts relative to the cause, me-
chanics, and potentialities of movement, 
past, present, and future, may be drawn. 
The mapping procedure may be divided 
into two realms - general or areal, and 
geologic. 

LOCATION 

The purpose of the general or areal 
mapping procedure is to fix the slide 
area in space so that there can be no 
doubt as to its geographic position. It 
is desirable, though not essential, to lo-
cate the slide with reference to mean sea 
level. If this is wanted, some point near 
or associated with the slide area must be 
referenced to an acceptable municipal, 
State, or Federal benchmark. These are 
most commonly located on bridge abut-
ments, public building cornerstones or 
monuments, or on easily recognized topo-
graphic features. The benchmarks may 
have been established by the U. S. Geo-
logical Survey, or by the U. S. Coast 
and Geodetic Survey. If, as sometimes 
happens, the altitude is not shown on the 
benchmark tablet, the required informa-
tion can be obtained by sending a de-
scription to the bureau that placed the 
marker. 

Whereas benchmarks are recorded as 
reference points for vertical control, 
other features also may and should be 
utilized in mapping the slide location. 
These may be legal or geographic. Le-
gal reference points may be considered 
as property lines and corners, highway 
or railway survey stations, or state co-
ordinate systems. For most parts of the 
western United States the township, 
range and section system of land sur-
veys provides accurate and legal descrip-
tions of locations. Latitude and longi-
tude determinations are useful and are 
easily understood. Geographic references 
may be applied to easily identified ter-
rain and drainage features such as hills, 
streams or springs; such references 
should give exact distances and direc-
tions, rather than such vague terms as 
"near," "northerly," and "in the vicin-
ity of." 

SCALE AND CONTOUR INTERVAL 

The map scale used is largely a func-
tion of the areal extent and economic 
importance of the slide in question, but 
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it may also depend to some extent on the 
use to which the map is to be put. A 
small slide several dozens of feet across, 
but involving extensive property damage 
or physical injury to the public, may 
warrant mapping on a scale such as 1 
inch on the map to 5 or 10 feet on the 
slide area. On the other hand, a slide 
covering several hundreds or thousands 
of acres may be mapped on a scale of 
1 inch on the map to 50 or 100 feet on 
the ground. However, some smaller por-
tions of the same slide might be selected 
for mapping on a much larger and more 
revealing scale. 

It is often desirable to map not only 
the areal limits, of the slide and the posi-
tion of significant features within it, but 
also the physical configuration or top-
ography. In this case a contour map may 
be prepared. Here, again, the judgment 
of the analyst must be exercised; first to 
decide whether a contour map is essen-
tial, and second, in the choice of the 
most desirable contour interval to il-
lustrate the surface features of the slide. 
Whereas a 2-foot contour interval may 
be required in one slide study, a 10- or 
20-, or even 50-foot contour interval may 
be satisfactory in another. 

FIELD METHODS 

The field methods employed in map-
ping the slide area are flexible and vary 
with the importance and degree of ac-
curacy required. Where a comprehensive 
graphic portrayal of the slide seems de-
sirable, both plan and profile illustrations 
may be prepared. The accuracy of this 
mapping becomes more important if con-
tinuing ground movement exists or is 
anticipated. In order to insure high ac-
curacy, triangulation stations should be 
established on stable ground, outside of 
the slide area. From these a baseline may 
be established below or above the dis-
turbed mass. From this baseline points 
in the slide area may be established and 
checked periodically for movement. 

It may be desirable to survey and set 
up a grid system over the slide region. 

Iii such a case the grid squares may be 
on 25-foot or 100-foot centers, or any 
other distance that seems applicable to 
the problem at hand. The grid corners, 
once determined, may be used to check 
both horizontal and vertical movements. 
Sections, or topographic profiles, may be 
prepared along the grid lines, and over-
lays representing various time intervals 
often reveal striking changes in the slide 
surface that otherwise might go un-
noticed. Regular checks may indicate 
changes in the movement rate such that 
resurgent acceleration may be indicated 
in time to forestall a catastrophe. 

The grid or other survey method of 
measuring displacements can be supple-
mented by strain gages or other means. 
In at least one investigation, continuous 
records of the movement of certain 
points were obtained by an ingenious 
adaptation of an automatic stage re-
corder, such as is used for stream meas-
urements. The recorder was placed on 
stable ground and a wire stretched from 
it to an accurately located stake set in 
the landslide mass. Thus any movements 
of the stake were automatically recorded 
on the meter's drum. 

Either plane table or regular survey-
ing methods can be used for preparing 
planimetric or contour maps and for de-
termining the positions of reference 
points within and outside the slide area. 
Either method is applicable to mapping 
of small areas, but level and transit 
methods are perhaps to be preferred for 
larger ones. Accurate maps also can be 
made, of course, by special methods from 
aerial or even terrestrial photographs. 
It is doubtful, however, whether such 
methods can be applied satisfactorily and 
economically to most ordinary landslide 
problems. 

AREA TO BE MAPPED 

Selection of the size of the area chosen 
for the slide map is important. It is ob-
vious that the entire mass of disturbed 
ground should be shown; but to show 
only the affected ground is not enough. 
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Its relationship to the associated terrain 
and to cultural features (such as build-
ings and highways) is especially im-
portant. However, there is a significant 
limit to the area outside of the disturbed 
mass that should be included. The follow-
ing dimensions are suggested as guides 
to the judgment of the analyst. In gen-
eral, along or parallel to the contours, 
the map should extend about twice the 
width of the slide on each side of the 
slide. It should be borne in mind, how-
ever, that topographic features may in-
dicate modifications to this general ax-
iom. 

Across the contours, or up and down 
the slide, the following principles may be 
applied. The minimum distance upward 
should be at least to the first sharp 
break in slope above the slide crown. 
The maximum distance needed would be 
to the top of the slope. Intermediate dis-
tances can be chosen, depending on the 
physical features of the terrain and the 
judgment of the analyst. The minimum 
downward distance that the map should 
illustrate is to the first sharp break in 
slope below the slide toe. The maxi-
mum downward distance is the bottom 
of the slope. Again, intermediate dis-
tances depend on the terrain and the 
analyst's judgment. 

Mapping the Slide 

LIMITS OF SLIDE 

The final map should show the slide 
proper, associated water conditions, and 
its geologic framework. The limits of 
the slide should be mapped first, so as to, 
depict its shape and size. The limits 
listed hereinafter may be observed graph-
ically on the "classification of landslides" 
chart (P1. 1-t). The upper part of the 
slide is the crown, or that point where 
the slide mass breaks away from the 
original ground slope. The cliff-like face 
below the crown is the -main scarp. The 
contact of the mass of slide debris with 
the main scarp is the head of the slide. 
These together mark the upper limit of  

the slide. The lower limit of the slide is 
the toe, which is the margin of the dis-
turbed material most distant from the 
main scarp. The tip is that point on the 
toe most distant from the crown of the 
slide. The lateral limits of the slide are 
called the sides or the ficvnks. Displace-
ment of the slide mass with reference to 
the crown and flanks should be mapped. 
Displacement at the toe may not be 
measurable because the foot (the line of 
intersection between the lower part of 
the surface 'of rupture and the original 
ground surface) may be buried. This 

-displacement at the toe, however, may 
be inferred 'by interpolation and projec-
tion. Slopes on the main .scarp below the 
crown and on the flanks should be deter-
mined,' because they may aid in deter-
mining the depth and charadter of the, 
slide mass. The surface of separation is 
the basal limit, or surface  of rupture. 

SURFACE OF RUPTURE 

The surface of rupture is easily rec-
ognizable at the crown and on the flanks, 
where it is the limit of displacement 
and where it may, in fact, be marked by 
a cliff or scarp. Underground, however, 
where it forms the bottom of the slide, 
no such striking expression calls atten-
tion to its presence and it can only be 
determined by means of subsurface ex-
ploration. In dealing with slides in which 
the slide mass and frame are composed 
of the same homogeneous materials, the 
recognition of the slide plane or surface 
of rupture may have to be based only on 
the striations or slickensides developed 
by motion of the slide mass on the "plane 
of failure." Commonly, this plane of 
failure is a series of closely spaced sub-
parallel surfaces in and between which 
detrital rock fragments, if present, will 
be oriented in parallel with the plane 
of failure. The materials in this zone of 
failure - for it really is a zone and 
rarely a single plane - are usually 
softer than in the overlying slide mass 
or underlying stable ground. The water 
content of the material in this zone is 
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generally higher than in the disturbed 
and undisturbed material above and be-
low, because of higher permeability of 
the fractured material and, in many 
cases, of a rather direct connection to a 
source of moisture. The higher water 
content and lesser resistance to pene-
tration may often be more reliable indi-
cations of the location of the surface of 
rupture in borings and samples than are 
slickensides and striations. In many cases 
the surface of rupture is determined 
finally by correlating zones of high wa-
ter content and low penetration resist-
ance in several borings. 

Estimating Depth of Slump Slides 

An early estimate of the maximum 
depth of a slide - from the ground sur-
face to the surface of rupture—is of 
great value as a guide to the magnitude 
of the slide and to the critical depths to 
which subsurface exploration will have 
to be carried. The following quick meth-
od, devised by Arthur M. Ritchie, author 
of Chapter Four, permits reliable esti-
mates for these preliminary purposes 
and is based on a minimum of required 
observational data. It is directly ap-
plicable only to slides of the slump type. 

Slip Circle Method. - Consider a 
slump block, indicated by Figure 62A. 
The only field measurements required 
are the positions of the crown, A, and 
foot, B, and the profile of the ground sur-
face between them. In case the position of 
the foot is obscured by toe material that 
has overridden it, its position must be 
estimated, possibly by reference to the 
point of maximum uplift, measurement 
of the amount of vertical uplift, or the 
locaticn of long transverse tension 
cracks; a detailed profile of the entire 
slide also may aid in indicating the po-
sition of the foot. Plot points A and B 
and the ground line on a graph. Locate 
point 0 at the intersection of the per-
pendicular bisector OC, of line AB and 
the horizontal line OA. (Point 0 is placed 
o1i the horizontal from point A_on the 
premise that the tangent of the - line 
through A to the slip circle is never 
steeper than vertical.) Scale the dis-
tance OA and-scribe an arc; this defines 
the maximum depth of the slide material 
at point D. 

Concentric Circle Method. - If there 
has been appreciable offset of some posi-
tive reference point, such as the edge of 
a pavement, the approximate position of 
the center of rotation, hence the maxi-
mum depth of the slide, can be found 

Figure 62. Quick methods for estimating depth of a slump slide. A, sup circle method; B, concentric 
circle method. 
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by the concentric circle method. This is 
shown in Figure 62B. The positions of 
points C and D can be accurately de-
termined, as can the position of the 
crown, A. The foot, B, can be deter-
mined or estimated. Plot points A, B, C, 
and D on a graph. Draw lines AB and 
CD and bisect each line. The bisectors 
will intersect at point 0, the center of 
rotation of a unit slump block, because 
the rotational paths of most of the seg-
ments in a slump are concentric about 
a common center. The maximum thick-
ness of the slide, EF, can be scaled di-
rectly from the graph. 

Either of the two methods just de-
scribed can be applied to a slump made 
up of several individual blocks by analyz-
ing the geometry of the lowest block in 
the series. This is possible only because 
in most cases the rupture surfaces of 
individual slump blocks of a multiple 
block slide tend to lie tangent to a com-
mon shear plane. 

INTERNAL STRUCTURE 

The significance of mapping fractures 
and of studying the meaning of openings 
along them is described more fully in 
Chapter Four, on recognition and iden-
tification. In slides in the more plastic 
materials, flow features may take the 
place of, or blend with, the fractures and 
cracks that are more commonly asso-
ciated with the drier types of material. 
The trends of flow paths involving di-
rection and pattern should be shown, as 
should the grades or gradients of soil 
flows in the slide mass or in associated 
terrain. Surficial features may have been 
deformed on or within the slide mass. 
They are easily spotted and should be 
shown on the map. These consist of off-
sets of linear elements such as fences, 
vegetation lines, leaning trees, ditches, 
roads, railroads, pipelines, walls, utility 
lines, and the like. To be included with 
these features are rectangular elements 
which may have been deformed, such as 
houses, buildings, other structures, and 
fields. 

SOURCES OF WATER 
Internal, mappable structural features 

should be recorded. As described more 
fully in Chapter Four, these include frac-
tures, flow lines, and displacements of 
surficial features. A noteworthy descrip-
tion of the internal structural features 
of a slide is given by Krauskopf, Feither 
and Griggs (1939) ; their discussion is 
limited to the geologic interpretation of 
the features they mapped and does not 
lead to consideration of control or cor-
rection measures. The characteristics of 
fractures and cracks to be noted are as 
follows: 

Strike. 
Dip. 
Elevations. 
Displacements - vertical, horizon- 

tal, and components of the same, includ-
ing rotational movements. 

Depths of openings. These will 
vary from one to another fracture, as 
well as individually, with time, accord-
ing to adjustments within the slide mass. 

The mapping should show all sources 
of water in and adjacent to the slide 
area, such as springs, seeps or perme-
able layers. These features may be found 
in the main scarp or outside of the slide 
perimeter, depending on the terrain and 
the physical characteristics of the sub-
surface materials. Water may enter the 
slide area from other sourães which 
should also be shown, such as ditches, 
canals, drainage lines, pipelines, and 
sewer lines. 

SLIDE MATERIALS 

Materials within the slide should be 
mapped and the following characteristics 
determined, as well as the distribution 
and thickness of each type of material. 
Soils are mentioned first because of the 
great prevalence of slides in soil. It is 
necessary to know the engineering soil 
type in terms of standard classification, 
such as that of the American Association 
of State Highway Officials (1955) or the 
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unified soil classification of the Corps of 
Engineers (U. S. Waterways Experi-
ment Station, 1953). The agricultural 
soil type, if readily determinable, may 
be as helpful as geologic classification. 
The structure of the soil (such as pris-
matic, dense, granular) should be re-
corded. Relative permeability, dip of the 
bedding, and mineralogy may be re-
quired information. The location of large 
inclusions of bedrock or of boulders may 
prove of value. The bedrock should be 
mapped according to normal geologic 
methods to show the type of rock and 
its structure, including bedding, schistos-
ity, cleavage, joints, and faults. The su-
perposition of softer over harder beds 
and vice versa are important data which 
may affect the rate of weathering, the 
location of permeable beds, and the 
tendency toward further landslide move-
ment. 

Mapping the Frame 

To appreciate the mechanics involved 
in the slide movement, and to plan ap-
propriate control or corrective measures, 
it is necessary to obtain some knowledge 
of the soil and bedrock that form the 
frame of the slide. The geologic and 
soils data to be mapped within the slide 
should likewise be mapped in the frame. 

Hydrology 

Most slides are intimately related to 
hydrologic conditions. Often a slight va-
riation in the normal climate may be 
sufficient to upset the terrain stability 
and initiate slide movement. Such data 
as may be obtainable from the local 
weather bureau, utility companies, col-
leges and other organizations that re-
cord weather data regularly should be 
obtained and carefully analyzed. Ap-
plicable data that should be studied in-
clude the records of rainfall immediate-
ly before and during the slide, as well as 
long-term rainfall records. Not only 
should the data for the past month or 
even year be analyzed, but also the cy- 

clical data for periods of years. The con-
centration or intensity of the precipita-
tion may be, and often is, important. 
The type of precipitation, such as rain 
or snow, cannot be omitted. 

Temperature data, if freezing is in-
volved, may be every bit as significant 
as the precipitation data and should in- 
clude the periods immediately before, af-
ter, and during the slide, as well as the 
long-term record of temperature for cor-
relation with the long-term precipitation 
record. 

Ground water data, if obtainable, pro-
vide a basis upon which to draw con- 
clusions as to pore water and hydro- 
static pressures. Water table records are 
desirable for the periods immediately 
before, during and after the slide, al- 
though they are often difficult or im-
possible to get. Long-term records of wa- 
ter table fluctuations may be of much. 
use. Records of ground water flow, both 
of immediate and long duration, are 
often unobtainable, but are very helpful 
if available. 

Barometric pressures may seem unim-
portant, but they may be the triggering 
effect to set a slide in motion. These 
barometric records are obtainable from 
the weather bureau and from utility 
companies. 

The hydrologic data should be plotted 
against the rate of movement of the 
slide or slides; rate of movement is com- 
monly plotted against precipitation. The 
facts needed for such plots are not as 
unobtainable as they may seem at first 
glance; they have often proved of value 
in presenting testimony in courts of 
law. 

Subsurface Investigations 

Subsurface investigations are made 
for the purpose of determining the physi-
cal, geologic, and mineralogic character-
istics of the slide and of the underlying 
and adjacent stable bedrock or soil 
"frame" materials, the location of the 
surface of rupture, and ground water 
conditions. Some or all of these facts can, 
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of course, be determined from surface 
mapping alone, but subsurface investiga-
tions are desirable, if not essential, to 
yield more precise data. In cases involv-
ing considerable property damage and 
subsequent litigation, subsurface inves-
tigations are very important. Not all 
types of such investigations will be used 
on a single slide, hence the judgment 
and the applicability of the methods used 
are a real responsibility of the analyst. 
It goes without saying' that in many 
very active slides no such investigations 
may be feasible. 

LAYOUT 

The layout of the subsurface investi-
gations is based on the requirements of 
the particular questions that must be 
answered. In general, the basic question 
of size of slide or quantity of material 
in the slide mass will require that bor-
ings be made in the slide mass first, be-
fore proceeding to the investigation of 
the frame, in which the cause or causes 
of the slide may be found. It is good 
practice to develop a profile of borings 
along the center line of the slide, with 
the first boring placed above the mid-
point of the slide but well below its head; 
this profile should seek to find the area 
of possible maximum depth of the plane 
of failure. The next most important area 
to be explored is the foot of the slide 
area, where the lower limit of the sur-
face of rupture intersects the preslide 
ground surface. The location of the foot 
determines the downhill limit of the 
broken slope beneath the slide mass. De-
termination of this point may indicate 
a change in methods of correction for 
structures lying uphill or downhill from 
it. Other borings may be distributed 
within the slide and in the surrounding 
frame as may best fit the case to develop 
such data as appear necessary. 

METHODS 

Drill holes, test pits and test trenches 
are the most commonly used methods 
for subsurface exploration; choice be- 

tween these will vary with the existing 
conditions. Borings to identify the ma-
terials are known as identification bor-
ings and include standard penetration 
borings, auger borings, and core bor-
ings. Any or all of these may be cased. 

Undisturbed samplings for use in soil 
slides, or in overburden, include Shelby 
tube and split spoon techniques. Shelby 
tube sample methods use a thin-wall tube 
wherein the sample is taken intact; the 
tube is sealed and submitted to the lab-
oratory for opening and study. Split 
spoon samples are removed from the 
sampler in the field and either examined 
there or placed in sample jars for sub-
sequent study. Test pits, trenches and 
tunnels are commonly limited, in depth 
and slow to dig, but they have the ad-
vantage of permitting visual examina-
tion of the undisturbed soil in place. 
Such examination may be the only means 
of fixing definitely the location and slope 
of the surface of rupture. 

Large diameter borings, made with 
calyx drills or large earth augers, have 
been used recently in slide investigations. 
Calyx drills may be 'used in rock, where-
as augers may be used only in soil and 
soft shale. The large earth auger may 
drill a hole 21 ft deep and 36 in. in 
diameter in a matter of minutes, in con-
trast to a test pit that may require one 
or two days or longer. In a slowly mov-
ing slide an earth auger hole may pro-
vide for visual examination where a test 
pit would not stay open long enough to 
be completed and examined. 

Ground water investigations may be 
concerned either with the movement of 
ground water or with the ground water 
level and hydrostatiè pressures. Flow or 
seepage tests using dyes, such as house-
hold bluing, or fluorescein in neutral wa-
ters and uranine in acid waters, may be 
very helpful in tracing the movement of 
waters under or thrpugh the slide mass, 
and in locating the surface of separa-
tion. 

Observation wells may be used to 
measure the water table level, and pie-
zometers will supply information on hy- 
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drostatic pressures. If exploratory bor-
ings are made it often is advisable to 
install an observation well or a piezome-
ter in at least one of the bore holes so 
that future observations of the ground 
water conditions will be possible. An in-
expensive device that has operated suc-
cessfully as either an observation well 
or a piezometer is the porous tube pie-
zometer (Casagrande, 1949). One man 
with no special tools or equipment can 
easily install it in any bore hole with a 
diameter greater than 1'/2 in. 

Geophysical studies may be useful for 
preliminary subsurface exploration. The 
methods are relatively inexpensive and 
rapid, and serve to indicate the number 
and thicknesses of soil layers and the ap-
proximate depths to firm bedrock. Re-
fraction seismic traverses, electrical re-
sistivity traverses, and gamma ray neu-
tron logs are most applicable to land-
slide studies. The selection of a method 
and the interpretation of the data should 
be made by a specialist who is familiar 
with the local geologic features and who 
understands the limitations of each 
method. 

Identification borings are frequently 
necessary to interpret the geophysical 
data in terms of the physical natures 
and depths of soil and rock. units. One 
or two borings generally validate a large 
number of geophysical tests. The bor-
ings should include enough rock core to 
prove the depth to firm bedrock. 

Geophysical methods are not a substi-
tute for drive-sample and core borings 
at sites where detailed specific data re-
garding the character of bedrock or over-
burden are required. 

Refraction seismic traverses detect 
wave disturbances produced by detonat-
ing explosive charges at depths of 4 to 6 
ft below original ground. Ordinarily 1/2  

to 2 lb of 60 percent gelatine-type dyna-
mite is used; occasionally greater 
charges are needed. The rate at which 
these wave disturbances are propagated 
varies widely according to the physical 
properties of the medium. Granular and 
plastic materials (such as sand, clay,  

gravel, and glacial till) are characterized 
by velocities of 600 to 6,000 ft per sec-
ond. Rigid materials (such, as shale, 
sandstone, and th&crySte1lThe nd meta-
morphic rocks) are characterized by ve-
locities of approximately 7,000 to 20,000 
ft per second. The velocity of wave 
transmission through any material is 
approximately equal to the square root 
of the appropriate elastic constant 
divided by the density of the material; 
hence its rigidity and elasticity can be 
interpreted to some degree. The veloci-
ties are controlled by variables of tex-
ture, moisture content, degree of com-
paction, degree of weathering, attitude 
of bedding or schistosity, and the fre-
quency and distribution of jointing. The 
seismic refraction method is most suc-
cessful in areas of simple geology having 
wide contrasts in velocities of soil and 
bedrock. For landslide studies it is prob-
able that only the seismic method would 
commonly be employed. The method is 
used to: 

Compute depths to firm bedrock. 
Detect the number of layers of 

soil units overlying bedrock. 
Determine data for preparation 

of an approximate subsurface contour 
map of the concealed bedrock between 
and at shot points, thus supplying bet-
ter average depth data than by spot-
sampling with bore holes. 

Detect the thickness of weathered 
rock overlying firm bedrock when other 
methods have indicated the presence of 
a prominent weathered zone. 

Differentiate recent alluvium from 
underlying older and more compact soils. 

Determine the altitude of the wa- 
ter table in coarse unconsolidated ma-
terial. 

Determine, qualitatively, the iden-
.tification, water content, degree of com-
paction, and relative permeability of soils 
when the interpreter is familiar with 
the local geologic setting. 

Determine the strike of the folia-
tion in buried metamorphic rocks, even 
.though the site area lacks outcrops. 
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9. Determine the position of the con-
cealed surface of rupture of a slide; 
that is, whether the rupture occurs whol-
ly in soil, wholly in bedrock, or at the 
soil-bedrock contact.  

for stratigraphic correlation by petro-
leum companies, but they seem to 'have 
little application in landslide investiga-
tion. 

COST 

The resistivity of an earth material 
varies approximately as the reciprocal 
of the total amount of ionized salts in 
the pore fluid. Apparent resistivity is 
obtained by measuring the change in 
electrical potential between one pair of 
electrodes when a current is introduced 
into the ground through another, outer, 
pair of electrodes. The equipment is more 
portable and can be operated by a smaller 
crew than that required by the seismic 
method. Moreover, the possibility that 
the explosive energy used in seismic 
traverses could "trigger" the slide is ab-
sent. However, interpretation of re-
sistivity data is exceedingly difficult and 
is largely empirical because no simple 
mathematical relation exists between re-
sistivity values and the depths to boun-
daries between zones of different re-
sistivity. One of the better methods is 
to conduct the test alongside a well whose 
log is known. This establishes a standard 
for interpretation of the local area. The 
method is most useful for determining 
horizontal variations in overburden, and 
hence for locating buried sand lenses in 
glacial till, locating boundaries between 
outwash sands and glacial till, and de-
termining thicknesses of top strata over-
lying pervious sands and gravels. 

Gamma ray neutron logs are a com-
posite of two measurements. Since gam-
ma rays penetrate considerable thick-
nesses of iron and of concrete the meth-
od can be used- in cased holes. Gamma 
radiation of a particular stratum is es-
sentially constant over wide areas, thus 
measurement of gamma rays provides a 
guide to lithology. The magnitude of neu-
trons (secondary gamma rays) depends 
on the quantity of 'hydrogen ions in a 
stratum which may occur in oil, water, 
or the rock itself. They are, thus, a 
measure of porosity in saturated soil. 
The two logs have been used extensively 

In order that the cost element in land-
slide investigations may be included, the 
costs of some of the standard drilling 
methods are stated in the following. To 
be sure, the cost of subsurface investiga-
tions will vary with the materials to be 
drilled, the size of job, the accessibility 
of the site of operations, the distance to 
water, and other factors, but in general 
the ratio of costs of different types of 
operations will be similar from place to 
place. The following prices are suggested 
as probable commercial prices in areas 
that are reasonably accessible to wheel-
mounted equipment: 

Type of Drilling 	Price per Foot 
Standard penetration test 	$ 4.00- 4.50 
2-in. Shelby tube samples 6.00- 7.00 
4-in, power augers 1.50- 2.00 
36-in, power augers.- 10.00-12.00 
36-in. calyx hole in rock 50.00-85.00 
2%-in, core boring in rock 

(NXM) 4.50- 6.00 
6-in, cased horizontal auger 

holes 6.00 

If geophysical methods are to be con-
sidered, it is worth noting that a re-
sistivity determination of depth to bed-
rock at a depth of about 20 ft, if per-
formed as part of a series of determina-
tions, may be estiñiated to total $4 to $5. 
If the depth were on the order of 100 
ft, the cost of each determination might 
total $20 to $25. These costs should be 
compared only with the costs of smaller 
diameter augers, as no samples are pro-
vided by the resistivity measurements 
and those provided by the augers are 
worthless except for very qualitative use. 
The cost of the auger determination of 
top of rock would be $30, as compared 
to $4 for 'resistivity, for a 20-ft depth. 
These unit prices indicate that subsur-
face investigations are not inexpensive 



FIELD AND LABORATORY INVESTIGATIONS 
	

107 

but there is still no substitute for the 
essential facts in dealing with landslides, 
and the cost of the subsurface investiga-
tions should not be allowed to deter or 
prevent one from making a sound esti-
mate of the situation based on required 
and necessary information. One cannot 
work without the necessary tools. 

History of Slope 

Determination of the history of the 
slope is perhaps one of the most impor-
tant phases of landslide study and analy-
sis. An understanding of the slope his-
tory is most beneficial in an interpreta-
tion of the causes and the mechanics of 
the movement. The geologic history and 
mode of development of the slope may 
provide the key to the analysis, as in the 
case of a slide on the weathered trace 
of a fire clay in colluvial soil. Insofar as 
they can be determined. both natural and 
artificial changes in the slope must be 
analyzed. Among these changes are: (a) 
construction changes, including those 
that involve cutting into the slope and 
those involving the imposition of sur-
charges on the slope; and (b) hydrologic 
changes due to seasonal or cyclical va-
riations in temperature and precipita-
tion, with resultant variation in hydro-
static and pore pressures, or to changes 
in the position and rate of movement 
of the ground water. Search should be 
made for evidence of previous move-
ments of the slope and of nearby slopes. 
Eyewitness descriptions of the slide, if 
available, should be included in the slope 
history. 

Vibrations may provide a "triggering" 
effect to initiate slide movement. These 
may occur as natural phenomena or may 
be artificially induced. Seismic vibra-
tions may come from earthquake shocks 
or similar natural phenomena, or from 
the use of explosives. Vibrations may 
also be caused by passage of trains or 
trucks on railroads or highways. Other 
types of vibrations may be attributed 
to operating machinery, such as crush-
ing plants and stamp mills. 

Photographs 

The importance of photographs, both 
terrestrial and air, cannot be overesti-
mated in an analytical study. They are 
invaluable in presenting evidence in a 
damage suit or academic study. Preslide 
photographs may be impossible to ob-
tain in most cases, but when available 
they are most convincing in showing 
"before and after" effects. Post-slide 
photographs are of two types: general, 
illustrating the over-all picture of the 
slide; and specific, illustrating details of 
particular slide features. Stereoscopic 
photographs in color are very helpful in 
preserving detailed information for of-
fice study by the analyst and for use in 
explanation to those who have not had 
an opportunity to examine the slide at 
firsthand. 

Laboratory Tests 

A knowledge of the physical proper-
ties of the soils and rocks involved in 
landslide areas, and the critical points 
where stability is affected, may be very 
beneficial in determining effective con-
trol, corrective, or preventive measures. 
Obviously, the nature of, the laboratory 
tests to be made will depend on the 
problem involved. These tests may be 
routine identification tests, they may be 
shear tests, or they may involve mm-
eralogic or weathering tests. 

There are two, principal groups of 
tests: (a) those classified as soils tests, 
and (b) those classified as mineralogic. 
These are briefly summarized in the fol-
lowing; detailed descriptions of all of 
them are to be found in standard text 
books. 

SOIL TESTS 

To utilize fully the field soils data that 
are obtained, supplementary laboratory 
tests should be performed. The tests 
which may be made fall into two broad 
categories - routine identification tests 
and shear tests. The types of test tO be 
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made will depend on the problem at hand. 
Experience alone will often supply all 
the information which is necessary. 
However, when quantitative results are 
desired, it is desirable to perform at least 
a nominal number of tests. 

Identification tests should include de-
terminations of the Atterburg limits as 
well as the field moisture content of the 
soil. In addition, grain size tests, or 
mechanical analyses, may be in order. 

Inasmuch as the Atterburg limit tests 
are made on disturbed samples of soil, 
their use is limited in connection with 
landslide problems. However, the pur-
pose of making these tests is only to 
identify the soil and to assign to the soil 
a quantitative designation that will aid 
the engineer in estimating its probable 
behavior in the field. It is common prac-
tice -in some localities merely to affix a 
visual description which will tell in broad 
terms its behavior. Unfortunately, the 
same visual description may mean dif-
ferent things to different individuals. 
The assignment of a standard test value 
to a soil will eliminate this difficulty and 
permit engineers from widely separate 
locations to speak in common terms. 

The limit tests have come into such 
common usage that they have become 
routine for most laboratories and are 
thus relatively inexpensive to perform. 
Many useful correlations have been 
found between these test values and the 
potential behavior of the soil. 

Field moisture contents can be con-
veniently made at the time the Atterburg 
limit tests are made. The strength of a 
soil is dependent on many variables, in-
cluding density, moisture content, struc-
ture, texture, geological history, and 
many others. Generalizations are diffi-
cult, at best, regarding the interrelation-
ship of these variables. Identification 
alone will not take into account all of 
these variables, but will yield data which 
will be most helpful. 

The sensitivity of clays is most im-
portant. Sensitivity has been defined by 
Terzaghi and Peck (1948) as the ratio 
f the soil's unconfined strength in an 

undisturbed condition to that after re-
molding. This ratio increasds as the sen-
sitivity increases. 

Laboratory, tests for estimating the 
shearing resistance of soils are either of 
the direct shear, the triaxial compression, 
or the unconfined compression types. The 
direct shear test has 	en utilized by 
many engineers for a great number of 
years. There are several inherent disad-
vantages to this test, however, and the 
triaxial test is preferred. The funda-
mental assumptions and laws governing 
the strength of materials at failure are 
the same for both types of tests. The di-
rect shear test consists of applying a 
shearing force on a soil sample encased 
in a split box. The shearing resistance is 
then measured on ,a plane between the 
upper and lower frames of the box. 
Among the disadvantages of this type of 
test are change in cross-sectional area 
during shear and rapid changes in moist-
ure content as shearing progresses. 

In contrast, the triaxial test is a com-
pression test made under conditions of 
constant lateral pressure. Testing tech-
nique is very critical when considering 
this type of test. Certain fundamental 
considerations must be given to rate of 
loading, drainage during testing, and 
confining pressures which are used. For 
instance, a soil will exhibit high test 
values if it is permitted to drain during 
the testing period. Likewise, the time 
permitted for drainage will greatly af-
fect the test results. 

MINERALOGIC TESTS 

All landslides, as well as the rocks or 
soils from which they are derived, are 
made up of minerals. Because each min-
eral and rock has its own physical and 
chemical properties, it often is important 
to know the mineralogy and petrology, 
not only for scientific reasons, but also 
because it may have a bearing on the 
treatment method to be chosen. For ex-
ample, fine-grained materials that con-
tain a large proportion of sodium- or 
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potassium-bearing clay minerals may be 
reasonably stable, whereas if the sodium 
or potassium is replaced by calcium ions, 
as by the percolation of ground water 
through a marine clay, the same material 
may become extremely sensitive. Again, 
fine-grained materials composed of rock 
flour, as are somlaciaI sediments, have 
entirely different properties from those 
composed of clay minerals. Because of 
differences such as these, and because 
of the useful inferences that can be 
drawn from them, laboratory studies of 
the mineralogy and petrology are needed 
in many thorough-going studies of land-
slides. Among the most useful methods 
are the following: 

X-ray diffraction - This test is 
made on fine-grained rock or clay-min-
eral soils when the fine grain size or 
lack of identification features makes 
usual methods of identification impos-
sible. The diffraction pattern of the un-
known mineral is compared with the 
patterns of known minerals until a per-
fect match is made and identification 
assured. 

Differential thermal analysis - A 
test devised for mineral identification 
utilizing the thermal properties of min-
erals when heated at a uniform rate from 
room temperature to temperature near 
or at 1,000 C. Exothermic and endother-
mic reactions in a given mineral take 
place at typical temperatures and with 
typical magnitudes, thus permitting 
identification of the sample. 

Petro graphic - Identification tests 
utilizing the petrographic microscope, 
when the mineral grains are sufficiently 
large, employing the use of thin sections 
(impregnated or not as required) and 
polished sections. Here the intrinsic 
physical properties are determined op-
tically and identification of the mineral 
grains and their relationship to each 
other is made. 

WEATHERING TESTS 

Tests can simulate weathering by 
employing wetting and drying, and  

freezing and thawing techniques. When 
properly evaluated they may be a direct 
test for the determination of factors 
such as volume change, elasticity, and 
porosity. 

Synthesis of Data 

The preceding steps may be likened 
to finding the pieces of a puzzle; the 
succeeding steps are akin to assembly 
of those pieces. The data derived from 
the investigations previously outlined 
are of little value until they are inter-
related in an understandable whole. 
These data present a group of facts, and 
possibly inferences, out of which the true 
picture of the event should emerge. The 
selection of any random section of the 
data may provide a completely erroneous 
conclusion as to the mass of the slide, 
its rate of movement, or its cause. If 
one is to determine the full implications 
of the event, care should be exercised to 
restrain the desire for hasty judgment 
and the acceptance of the apparent cause 
or causes until all of the evidence is in. 

This is not to suggest that all of the 
data previously mentioned would be nec-
essary to the full analysis of every land-
slide, because that is not the case. It is 
rather to emphasize the necessity to 
follow an investigation through to a 
logical conclusion; apparently sound con-
clusions as to cause arise rapidly in the 
early stages of landslide investigations 
only to be almost as rapidly disproved 
as additional data are developed. 

Judgment during the period of in-
vestigation will permit the extension of 
certain lines of attack or the restriction 
of others. It is clear, for instance, that 
laboratory testing can be reduced to a 
minimum in dealing with a series of 
rockfalls, whereas a construction slide 
in a clay embankment may require elab-
orate laboratory tests as the only means 
of determining the critical factors. Sim-
ilarly, during the synthesis of the data 
it may be apparent after preliminary ex-
amination that certain facets of the 
data are of no particular importance. 
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The field data comprise the observa-
able and measurable facts in and adja-
cent to the slide. These data may well 
be more easily treated in graphic form 
than in any other manner. The presen-
tation should be reduced to the simplest 
and most understandable forms consis-
tent with the problem. 

The basic "paper" may consist of 
cross-sections of the slide area, but in 
general the first "paper" should be a 
suitably referenced map on which are 
plotted all of the surficial data and the 
locations of all subsurface explorations. 
From this map may be drawn cross-sec-
tions on which the subsurface data may 
be plotted. The subsurface materials 
should be correlated from boring to bor-
ing or pit to pit to provide a realistic 
concept of the underground conditions. 
The water table may be indicated on the 
sections, but not without proper identi-
fication as to date. These cross-sections 
may well carry suitably located notes 
on water content and other characteris-
tics of the soil. The locations of frac-
tures in the slide that are intersected by 
the sections, and the position of the main 
surface of rupture, are fundamental data 
to be shown. 

Associated with such descriptive pa-
pers are the less frequently used three-
iiinensional models. These are prepared 
for use in some court cases where sim-
plicity and clarity in presentation, of 
data to laymen on juries, as well as to 
the court and the opposing attornoys, are 
most important. Both models and cross-
sections are important technically from 
the standpoint of assurance that the in-
vestigator's interpretation has been suc-
cessfully drawn. If it proves difficult or 
impossible to show the interpretation 
on paper or by means of a model,, it is 
highly probable that the interpretation 
itself is incorrect or incomplete. 

The associated meteorological data, 
not derived directly from the study of 
the slide but obtained from other sources, 
must be correlated with the occurrence 
of the slide. Such data are usually in the  

form of tables of numbers, which are 
generally difficult of quick comprehen-
sion, and which should, therefore, be 
treated graphically. It is common prac-
tice to plot the precipitation (and tem-
peratures, if freezing weather is in-
volved) for the season during which 
the slide occurred and for a period bf 
several years prior to the slide in order 
to note the effect of excessive precipita-
tion. If the period of motion continues 
over a relatively long period of time, pre-
cipitation may be plotted against move-
ment. Similarly, precipitation may be 
plotted against ground water levels in 
boreholes in the slide or against water 
levels in nearby observation wells. 

The photographic record of the slide 
is most important in properly document-
ing the successive stages in development 
of the slide. Adequately dated, located 
and oriented photographs present essen 
tially irrefutable testimony as to condi-
tions, and may be the only basis for ex-
planation and interpretation in court if 
the basic maps and sections are thrown 
out on some legal technicality. 

Time in connection with landslides is 
important, not only from the standpoint 
of rate of movement but also from the 
standpoint of chronological sequence. The 
history of the slope on which the land-
slide occurred may furnish the clue to 
cause of the slide. It is well, therefore, 
to record in proper sequence all of the 
events which involve motion on the slope. 
There may be included in this sequence 
events in which no evidence of motion 
is shown, such as the date of excavation 
of toe material or the superposition of 
surcharge material, neither of which 
may have produced any motion at that 
time. The dates of change in condition 
of vibration, loading, water content, or 
restraint are always important. 

The minimum summation of the data 
should include a base map showing the 
structure and distribution of the ma-
terials in and adjacent to the slide, a 
cross-section showing the relation of the 
materials in the slide to those in adja- 
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cent stable ground and the location of 
the water surface, suitable charts ex-
pressing the precipitation and tempera-
ture records during and preceding the 
motion, and a chronological record of 
the events associated with the motion. 
The mathematical examination of con-
ditions, where applicable, should pro-
vide an indication of the magnitude of 
forces involved in the failure. 

Disposition of the Report 

Upon the completion of the field and 
laboratory reports and investigations, to 
whom should the reports go, and what 
restrictions, if any, should be placed on 
their distribution? This question might 
appear to be answered very simply, but 
such is not always the case. Obviously 
the reports are prepared for the "owner" 
or employer, whether he be a private 
individual; a construction or engineer-
ing firm; or a municipal, State, or Feder-
al agency or commission. In most in-
stances the reports are prepared for the 
chief engineer or his duly authorized 
representative. In some cases such a re-
port is prepared for a lawyer or law firm, 
the court, an 'insurance company, a bank, 
or some similar interested party. 

In many of these cases the reports are 
treated as confidential matter and the 
distribution is limited and restricted; as, 
for example, by the plaintiff or defendant 
in a court case, by an engineering firm 
relative to. the development of a housing 
area, or by a bank considering invest-
ment in the area involved. In areas of 
interest to the military services such a 
report may be restricted because of the 
effect its release, might have on a na-
tional defense program, or on military 
operations. 

When such reports are made for mu-
nicipal, State, or Federal agencies, hav-
ing been paid for out of public monies 
they are expected to be available, if de-
sired, for public scrutiny. On the other 
hand, a fine line may be drawn when the  

report, is made for a private or semi-
private utility, such as a railroad or 
turnpike commission. Where a report 
might adversely affectrevenue or under-
mine the faith of the public in such a 
utility, it often is wise to limit its dis-
tribution' and attendant publicity, pro-
vided, of course, such action would not 
unnecessarily expose the public to un-
reasohable danger. 

In most cases it is anticipated that 
the recipient of the report will act upon 
it in a way consistent with the safety 
of the public and/or the reasonable eco-
nomic treatment indicated by the scope 
and magnitude of the slide problem. 
These actions may call for control and 
treatment of the slide, or even abandon-
ment 'of the site area. In every case the 
economics involved will control the 
measures taken in relationship to any 
slide problem. 
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