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Design and Construction of Fabric
Reinforced Embankment Test Section 
at Pinto Pass, Mobile, Alabama 
T, Allan Haliburton, Jack Fowler, and J. Patrick Langan 

A 244-m (800·ft) long sand embankment test section was successfully 
constructed on a very soft foundation at Mobile, Alabama, to verify the 
concept that a geotechnical fabric can be used as tensile reinforcement 
and to gain the experience needed to construct an additional 1280 m 
·(4200 ft) of embankment. Based on expected behavior. criteria for 
fabric selection and special construction sequences were developed. In
strumentation was installed in the test section to evaluate embankment, 
fabric, and fou.ndation behavior. Construction was accomplished by low· 
ground-pres.sure dozers. Conventional dump trucks were used to haul 
the embankment fill . Several different fabric-placement schemes were 
evaluated, The embankment was constructed to design elevat ion without 
failure and, despite foundation pore-pressure levels that exceeded the 
height of the embankment, the bearing displacements and consolidation 
settlements were relatively small. The concept was found to be a tech· 
nically fea;ible, operationally practical, and cost-effective method for 
rapid construction of embankments at locations where an unreinforced 
embankment would fail. 

In a study concerning the use of Pinto Island, Mobile 
Harbor, Alabama, as a long-term confined disposal area 
to contain fine-grained maintenance dredging from the 
harbor (1), it was found that site feasibility was con
tingent on the ability to construct approximately 4 57 
linear m (5000 linear ft) of retaining embankment across 
both ends and along the south shore of Pinto Pass, a 
sedime.nted channel used in the Civil War period for ac
cess to the harbor. A highly variable alluvial soil pro
file existed along the proposed dike alignment, and ap
proximately 50 percent of the alignment was in the in
tertidal zone and had water depths of 0.2-0.5 m (0.5-1.5 
rt) under mean tidal [El. 0 m <mean sea level) ] conditions. 
Geotechnical exploration was limited by the generally 
sort surface conditions, which restricted equipment mo
bility, but the data obtained indicated that the foundation 
soils consisted of very soft, highly plastic clays and 
loose clayey fine sands and silts to a depth of approxi
mately 12 m (40 ft) below the ground surface, where 
dense clean sand was encountered. The unconsolidated, 
undrained shear strength of the cohesive materials was 
2.4-7 .2 kPa (50-150 lbf/ft 2

), and standard penetration 
test N-values were 0-5 along much of the alignment. 

A multipurpose embankment was required, first to 
El. ·2.4 m (8 ft) for initial. containment and then to act 
as a preload fill to increase the foundation strength for 
further periodic embankment rais ing to El. 7 .6 m (25 
ft) during the next 20 years. 

BASIS FOR USE OF FABRIC 
REINFORCEMENT 

Initial calculations indicated that an embankment could 
be constructed to approximately El. 0.9 m (3 ft) without 
bearing failure of the foundation. Conventional alterna
tives for constructing the embankment to El. 2 .4 m in
cluded preloading and staged construction, use of light
weight const ruction material, and end-dumping displace
ment. Nonengineering considerations dictated that the 
embankment be constructed in leE:s time than was esti
mated for the preloading and staged construction alter
nati\·e, and the use of lightweight construction material 
was not suitable because this would reduce the effective-

ness o1 the embankment as a preload fill for future rais
ing. End-dumping displacement is the procedure nor
mally used by the U.S. Army Engineer District, Mobile 
(MDO) to construct embankments on sort soil. Sufficient 
quantities of relatively clean fine sand were available at 
nearby locations for construction of a displacement sec
tion. However, based on previous experience with 
Mobile Harbor soil conditions, it was estimated that the 
volumetric ratio of below ground to above ground ma
terial required would be approximately three to one for 
displacement construction. Use of this quantity of fill 
material would be expensive, and the relatively large 
lateral displacements produced might have disturbed 
pipelines, utilit y lines, roadways, and a bridge located 
adjacent to the proposed embankment alignment. It was 
also d_oubtful that the quality control during the displace
ment operation would be sufficient for the construction 
of a satisfactory base section for future embankment 
raising. 

After the potentially applicable com·entional engineer
ing alternatives had been eliminated, it was proposed 
that a floating section be constructed by using geotechni
ral fabric (also called civil engineering fabric and filter 
cloth) as tensile reinforcement, placed transyerse to the 
dike alignment between the soft foundation and the em
banlanent material. The fabric reinforcement would 
hold the embanlcrnent together and prevent rotational 
foundation failures or lateral splitting until sufficient 
consolidation occurred In the soft foundation to support 
the embankment, i.e., the fabric would temporarily 
carry the difference between the embankment weight and 
the foundation bearing capacity. 

Analysis of the proposed embankment-raising se
quence by using consolidated, undrained shear test data 
for tile foundation indicated that, if the initial embank
ment to El. 2.4 m could be constructed without failure, 
the foundation strength would increase such that the next 
raise increment [that to El. 3.7 m (12 ft)J, could be 
placed without foundation failure and, once pore pres
sures from this raising dissipated, a second raising 
could be conducted, and so on. Fabric reinforcement 
would be needed only for initial construction, and long
term fabric durability was important. In addition to the 
higher probability of successful initial construction, the 
use of fabric reinforcement was postulated to result in 
a cost saving of 40-60 percent, because of the reduced 
volume of fill needed (1). 

Thus, MOO decided-to construct a 244-m (800-ft) 
long embankment test section along the proposed dike 
alignment, across the south end of Pinto Pass. This 
test section would verify the fabr ic -reinforcement con
cept and allow refinement of design and construction pro
cedures for the remaining 1280 m (4200 ft) of embank
ment. A relatively clean, poorly graded fine sand ~ 100 
percent passing the 2.00-mm (U.S. no. 10) sieYe, 83 
percent passing the 425-um (U .S. no. 40) sieve, and 2 
percent passing the 150-um (U.S. no. 100) sieve, uni
formity coefficient of 1.3 : a,·ailable nearby would be 
used as embanh"lnent fill. 
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DESIGN OF EMBANK1V1ENT TEST 
SECTION 

failure modes shown in Figure 1 indicated that the fabric 
must have a minimum uniaxial tens ile strength of 17. 5 
kN/ m (100 lbf/in) of width at not more than 10 percent 
elongation and a minimum ultimate strength of 39 kN/ m 
(225 lbf/in) of width . The 10 percent elongation crit er ion 
was selected to limit the average lateral spreading to 

The geometric configuration of the test section was con
trolled by the base section size needed to obtain stable 
side slopes for future raised sections, and consisted of 
an embankment with a 3.7-m-wide crest at El. 2.4 m :t:5 percent. Also, the coefficient of soil-fabric friction 

should be at least equal to the frlction angle (~ == 30") for 
the fill sand in a loose relatlve density condition. 

(8 ft) and 10:1 (horizontal:vertical) side slopes, resulting 
in a section 52.4 m (172 rt) wide at El. O. Potential 
failure modes for the embankment were investigated (2) 
and are shown conceptually in Figure 1. Analysis of ffie 

In addition to the fabric strength and frictional re-

Figure 1. Potential failure modes of fabric-re inforced embanllments: (al sliding wedge failure of embankment, (b) local bearing failure of soft 
foundation, le) excessive settlement before stable bearing condit ions can be achieved, and (d) insufficient fabric anchorage during embankment 
deformation. 
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Figure 2. Proposed construction 
sequence for embankment cross section. 
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quirements , a sequential construction scheme was de
veloped that placed balanced forces on the soft founda
tion and provided proper fabric anchorage along the toes 
of the embankment before the placement of fill along the 
centerline. The construction sequence is shown in Fig
ure 2, and the failure-mode analysis and construction 
details are described in detail elsewhere (2). 

Selection of Fabric Reinforcement 

Since few data were available concerning properties of 

Figure 3. Stress-strain data for geotechnical fabrics meeting 
desired tensile strength criter ia . 
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Table 1. Labor<rtory test data for the fabrics. 

Ullimate Design 
Tensile Tensile Soil-
Stress• Stress Fabric 
(kl\' m (kl' , m Friclion Creep 

Fabric of width) of width) An~le ' il Tendency 

Nicolon 664 75 63.4 158.0 30 Nil 
Kico\or. 66186 19.1 39.6 30 Nil 
Polylilter-X 18.0 54 . 5 30 Moderate 

Wet 
Strength 
Loss 

Nil 
Nil 
High 

. ,\<h·anre Type I 18, 9 44.1 30 High Moderate 

Note: 1~Nm ,. 0175 lbf 1n 
'At 10 percenl t . 
'In a fooi.e rel.olive 0t1ii.11v cond1r1on. Ml"l<f $:P,ricj lm:tion angle .., 30 ¥1d 5and·fabric friction 

.oi!"l91"5 = 29 -31 . i.c: ,. if'l.t•' f111ur~ o:c;urtfd 1n lhe wnd just above the iand·f11br1c i nlerface. 

Figure 4. Plan and profile of errbankment test 5ection, 
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geotechnical fabric for use as tensile reinforcement in 
embankment construction, test procedures were de
veloped and a test program was carried out on 27 com
mercially available geotechnical fabrics (3). Four !ab
rics-Nicolon 66475, Nicolon 66186, Polyfilter-X, and 
Advance (Laurel) Type 1-satisfied initial modulus and 
ultimate strength requirements. Tensile stress-strain 
data for the four fabrics are shown in Figure 3, and 
laboratory test data for them are summarized in Table 1. 

A plan and profile of the embankment test section, in
cluding fabric placement locations, ls shown in Figure 4. 

Construction Considerations 

The key to successful completion of soft-gF,ound engi
neering projects is the selection of appropriate con
struction equipment that will maintain mobility on soft 
soils . Based on previous U.S. Army Corps of Engineer 
research (4), small dozers [maximum 17-kPa (2 .5-lbf/ 
in2

) ground-pressure ) were selected for fill placement. 
Previous work in fabric-reinforced haul-road construc
tion on soft soils (5) has indicated that a double-fabric
layer reinforced haul road along the outer edges of an 
embankment can carry loaded 7.6-m 3 (10-yd3

) tandem
axle dump trucks. 

The most critical construction operations are those 
related to placement and sewing of fabric, as they are 
hand-labor intensive. In this project, the fabric [pro
vided in 5 .5- and 5-m (18- and 16.4-ft) wide strips : was 
to be placed on the soft foundation (with and without a 
working table), unrolled transyerse to the aligmn ent, 
and sewed to previously placed fabric. The newly placed 
fabric would then be covered by approximately 0.3 m of 
fill and the outside edges lapped back into the embank
ment and covered to provide a haul road for dump-truck 
delivery of fill. The types of eoulpment required for 
construction o! the test section and their estimated work 
quantity were computed (2); the estimated cost of test 
section construction, e_xc1uding fabric, was $119 000. 

Test Section Instrumentation 

To monitor behavior during construction and to a llow 
evaluation of test section performance, five settlement 
plates and eight Cassagrande piezometers were installed 
at each station in the embankment. The settlement plates 
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were installed on the fabric immediately after placement, 
and the piezometers were installed on the aligrunent 
centerline and at the outside third point (alternating left 
and right at each station) to depths of 1.5, 3, 6, and 9 m 
(5, 10, 20, and 30 ft) below the surface, as soon as dike 
construction had progressed to the point where a drill 
rig could maintain mobility. Settlement plate risers 
were used to measure vertical settlement and horizontal 
displacement during and after embankment construc-
tion (6), 

Figure 5. Covering outside edges of the fabric with sand fill. 

Figure 6. lapping fabric back into embankment. 

Figure 7. Unsatisfactory working table near channel. 
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Test Section Construction 

Construction of the test section began in November 1978. 
The initial construction sequence called for placement of 
the fabric on a 0.3-m-thick working table placed on exist
ing foundation and vegatation. Once the working table 
was placed, 5.5-m-wide strips of, first Advance Type 1 
and then Polyiilter-X, fabric were brought to the leading 
edge of the embankment, unrolled transverse to the dike 
aligrunent, sewed to the previous strip, and spread on 
the working table. The fabric was then covered with ap
proximately 0,3 m of sand (see Figure 5), and the out
side edge was lapped back and covered to anchor the 
fabric and provide a two-layer reinforced haul road 
along each side of the embankment (see Figure 6). It 
was necessary to accomplish these operations relatively 
quickly. If the working table was left in place overnight, 

Figure 8. Unrolling fabric on top of exining fabric strip. 

Figure 9. Sewing new fabric nrip to existing strip. 

Figure 10. Surface appearance of nrip on top of mud wave. 
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Figure 11. Appearance of strip after placement of sand fill. 

Figure 12. Gap caused by tensile failure of thread holding fabric strips 
together. 

excess pore pressures generated in the foundation would 
saturate the sand and cause quick conditions and re
strict dozer mobility. 

Placement of the working table went smoothfy until 
approximately 122 linear m (400 linear ft) of fabric had 
been laid along the alignment. Both the Advance Type 1 
and the Polyfilter-X fabrics were placed on a sand work
ing table. Howe\rer, as the leading edge of the embank
ment approached the Pinto Pass channel, no vegetative 
root mat was available and the dozers could not main
tain sufficient mobility to construct a satisfactory work
ing table (see Figure 7). At this point, one transverse 
strip of Nicolon 66475 fabric was placed on the last por
tion of the co.mpleted working table, and placement of the 
subsequent fabric across the channel was carried out by 
"working on the mud wave". As the dozers pushed sand 
cover onto a newly laid fabric strip, a shallow mud wave 
was created underneath the fabric and pushed out under 
its leading edge. This mud wa"e raised the fabric ap
proximately 0.5 m in elevation, i.e., above high tide 
level. Workmen then unrolled a transverse strip of 
fabric on top of the existing fabric, as shown in Figure 
8, sewed the two strips together, as shown in Figure 9, 
and pushed and shoved the new strip or fabric off toe 
leading edge of the existing fabric strip onto the top of 
the forward portion of the foundation mud wave. This 
operation left the surface of the fabric rather wrinkled 
and, as shown in Figure 10, footprints of laborers walk
ing on the fabric were also evident. However, once 
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Figure 13. Placing fabric directly on foundation. 

Figure 14. Aerial view of completed errbankment test section: looking 
east. 

dozer placement of sand cover on the fabric was reini
tiated, the forward-moving mud wave stretched the fab
ric and removed all wrinkles, as shown in Figure 11. A 
new fabric strip was then unrolled, and the process was 
repeated. During one of the early mud-wave
displacement fabric-stretching operations, the thread 
holding two adjacent pieces of fabric together failed in 
tension, causing the gap shown in Figure 12. This gap 
was covered with another strip of fabric and the fabric
sewing operations were modified to use 0.45-kN (100-lbf) 
test nylon thread, which gave a seam strength greater 
than the fabric strength. 

Once the stronger thread was placed in service, no 
further seam failures occurred and the operation pro
gressed across the channel. Two sections of Nicolon 
66186 were also placed by using the mud-wave
displacement technique. The mud wave subsided 
against the other bank of the channel, and the remain
ing sections of Nlcolon 66186 were laid directly on the 
foundation without using a working table, as shown in 
Figure 13, to evaluate the effect of this modU.ication on 
embankment behavior. 

Construction of the test section was completed in 
January 1979. An aerial view of the completed test sec
tion is shown in Figure 14, and a typical cross section 
is shown in Figure 15. [More detail concerning con
struction operations is available elsewhere (~).: 
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FigUf'e 15. Construction 
details. 
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FABRIC LAYER AT 
BASE OF EMBANKMENT 
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STATION 

POSTCONSTRUCTION EVALUATION 
AND ASSESSME:NT 

The test section was finished to design width and grade 
without lateral splitting or rotational foundation bearing 
failure, despite foundation excess-pore-pressure levels 
of 4.3 m (14 ft) for the 2.4-m-high embankment. Compu
tations (6) indicated essentially zero effective stress 
conditions in the foundation materials. Foundation dis
placements produced by completion of the embankment 
to El. 2.4 m were less than 0.3 m throughout the align
ment. As of July 1979, vertical foundation consolidation 

_ was less than Q.3 m except at stations 5+00 and 6+00, in 
'the center of the Pinto Pass channel, where settlements 

of approximately 0.5 m had occurred, and pore pressures 
--~a;d dissipated to·15 percent or less of their maximum 

values. Settlement profiles at stations 5+00 and 6+00 
are shown in Figure 16. The settlements are approxi
mately hall the values predicted from consolidation 
theory. Examination of Figul'e 15 shows two other in
teresting details: The fabric elevation, when placed and 

" covered, was somewhat higher than the original ground 
·surface because of the mud-wave-displacement technique 

used for fabric stretching. As a result, the final fabric 
elevations after settlement are reasonably close to the 
original ground surface. Also, the foundation settle-

10 20 30 40 50 llO 

tASI 

ments are more nearly uniform than would be predicted 
from classical settlement theory. The less-than
expected and more nearly uniform settlements en
countered transverse to the alignment may have been 
caused by internal arching of the embankment material, 
which would tend to develop a more nearly uniform soil 
pressure on the foundation. 

Lateral embankment spreading was minimal at all 
locations except stations 5+00 and 6+00 in the Pinto Pass 
channel. At these locations, approximately 1.2 m (3.8 
ft) of lateral spreading occurred, concentrated within 
the center 27-m (9 0-ft) width of the em banh."lll ent. The 
outside portions of the embankment, located between the 
exterior and first interior settlement plates, moved 
laterally in essentially intact condition. This may have 
been ca.used by trucks using the space between the rows 
of settlement plates as a haul road. In the center 27-m
wide portion of the embankment, the elongation caused 
an average strain of 4 percent in the fabric. Comparison 
of this field-condition strain and the stress-strain be
havior of Nicolon 66475 fabric shown in Figure 3 indi
cates that a fabric tensile stress of approximately 14.6 
kN/ m (lOOO lbr/ftl of width was developed . This value 
is in relatively close agreement with the 16.8 kN/ m 
(1150·· lbf/ ft) of width theoretical lateral.acti\·e eartl1 
pressure at the embankment centerline. Thus, the fab-
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ric stress is somewhat less than that necessary to main
tain stability against rotational foundation bearing failure, 
and il may be tentatively concluded that, had the fabric 
not been present, the embankment would have failed by 
lateral splltting. 

The only significant fabric elongation measured was 
from lateral spreading. Total fabric elongation from 
bearing and consolidation settlement was considerably 
less than 0.5 percent. From a speculative viewpoint, 
the tendency for the embankment to fail by horizontal 
spreading, as hypothesized in Figure la, is counter
balanceq by the tendency for it to fail by excessive cen
terline displacement, as hypothesized in Figure le. 
Thus, the effects of the two conditipns on embankment 
deformation are in opposition, apd the net effect may 
have been to somewhat nullify each other and produce a 
relatively uniform settlement profile over the embank
ment cross section. 

After construction, the outside edges of the fabric 
were exposed by excaYation at several locations aoo this 
fabric was not found to be in a stressed condition. Thus, 
the hand-labor-intensive operation of lapping the outside 
edges of the fabric back into the embankment to provide 
additional anchorage was probably unnecessary. Ad
vantages exist for construction of a double-fabric-layer 
reinforced haul road along each outer edge of the em
bank'lllent, but this requirement could probably be satis
fied more efficiently by unrolling a second strip of fabric 
parallel with the alignment and covering this strip to 
provide required haul-road characteristics . (More de
tail concerning postconstruction evaluation of the test 
section is available elsewhere (E., ']_).] 

CONSTRUCTION COSTS 

The estimated cost for test-section construction, ex
clusive of fabric, was approximately $119 000, but the 
actual cost was only $108 000. Approximately 16 700 m 2 

(20 000 yd 2
) of fabric was used. Fabric bid prices should 

not be considered representative because of the relatively 
small quantities involved but were $1.46/m 2 ($1.22/yd2

) 

for Advance Type 1, $1.57/m 2 ($1.31/yd2
) for Polyfiller

X, $2.69/m 2 ($2.25/yd2
) for Nicolon 66186, and $4.17/m 2 

($3.49/yd2
) for Nicolon 66475. Total cost for the test 

section, including fabric and reef shell used to surface 
the haul road to the borrow area, was approximately 

· $154 500. Approximately 15 200 m3 (20 000 yd3
) of sand 

fill were estimated, and 17 500 m3 (23 000 yd 3
) of fill 

were actually hauled and placed along the alignment. Of 
the $108 000, approximately $93 000 was used in 
earthwork-related operations; the remaining costs were 
related to fabric placement and sewing. Dividing the 
total cost of earthwork operations by the volwne of ma
terial transported gives a unit cost of material place
ment, spreading, semicompaction, and finish grading 
of $5.31/m 3 ($4.05/yd 3

). This cost is reasonable for 
material movement in soft-ground engineering situations 
in which the size of digging, hauling, and spreading 
equipment is limited. More detail on construction costs 
is available elsewhere (6). 

CONCLUSIONS 

Fabric-reinforced construction techniques are based on 
the concept that low foundation strength and point-to
point foundation variabili~ y can be compensated for by 
use of geolechnical fabrics that ha,•e more easily pre
dicled engineering properties. The design concepts and 
construction procedures im·olved are relath·ely simple 
and based on application of logical engineering principles 
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rather than on detailed mathematical analyses. Based 
on the results of the tes t program summarized in this 
paper, the following may be concluded: 

l. Use of geotechnical fabrics to provide transverse 
tensile reinforcerr.ent is a technically feasible method of 
rapidly constructing embankments on foundations too soft 
to support the t1nreinforced embankment without failure. 

2. If procedures are used that provide essentially 
balanced loading on the foundation and that cover the out
side edges of the fabric to provide suitable anchorage be
fore placement of the interior embankment fill, construc
tion of fabric-reinforced embankments by using available 
low-ground-pressure do:z.er equipment and conventional 
dump-truck ma.terial hauling is operationally.practical. 

~· Compar~d with copventional end-dumping displace
ment methods, fabric-reinforced embankment construc
tion appears particularly cost-effective. The additional 
construction costs of purchase and placement of fabric 
are more than recovered by the savings in fill required 
to construct the above-ground embankment cross-section. 

4. Although specific situations will dictate exact 
fabric strength requirements, high-tensile-strength, 
high-deformation-modulus fabrics should prove most 
suitable for embankment reinforcement. 

5. There appears to be no particular advantage to 
constructing a working table before fabric placement, 
as long as the ground surface is reasonably level. When 
the mud-wave-displacement method of fabric stretching 
is used, the longitudinal seam strength should be equal 
to or greater than the fill-direction tensile strength of 
the fabric. 
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Planning Slope Stabilization Programs 
by Using Decision Analysis 
Duncan C. Wyllie, N. R. McCammon, and W. Brumwid 

Maintenance funds are rarely sufficient for all needs, and this requires 
that decisions be made as to the most effective allocation of these funds. 
In the case of slope stabilization, these decisions will be based on the 
frequency and location of failures, the consequences of failures (i.e., the 
cost of accidents), and the cost of stabilization. Decision analysis is a 
simple but useful tool to determine the most cost-effective stabilization 
program. The expected costs of slope failures are calculated for dif
f•ent stabilization programs, and these costs are added to the costs of 
the stabilization work to determine the expected total cost. The pro· 
gram that has the minimum total cost is likely to be the most cost 
effective. An example of the use of decision analysis is given that 
shows the variation in expected total cost for rockfalls along a section 
of highway for no stabilization work, a limited scaling program, and a 
more-comprehensive ditching, scaling, and bolting program. It is shown 
that the fnlquency of rockfalls must be substantially reduced before 
there is any significant reduction in the cost of accidents and that this 
requires an extensive stabilization program. The example also illustrates 
how t!M! probability values used in the decision analysis can be related 
to the design of the stabilization measures. 

It is often necessary in transportation engineering to 
determine the optimum allocation of the limited funds 
available to maintain slopes in acceptably safe condition. 
These decisions are rarely straightforward because the 
likely types of failure are varied, the consequences are 
diverse, and their occurrences are dilficult to predict. 
This paper describes the use of decision analysis, a 
simple but effective tool, for the analysis of the impact 
of different stabilization programs on the expected cost 
of slope failures. 

Recent applications of decision analysis in engineer
ing include the selection of safe routes for the trans
portation of hazardous materials (1) and surveys carried 
out to assess the safety of dams (§'. In this paper, the 
focus is on the optimization of a maintenance program 
for a series of highway or railway rock cuts that have a 
history of rockfalls, some of which have interrupted 
tra,f.fic and caused accidents. The costs of these events 
and of different stabilization programs are estimated, 

. and these costs and the probabilities of rockfalls oc
curring are used to calculate the expected costs of rock
falls wider alternative maintenance-prngram scenarios. 
This information shows which stabilization program is 
more cost effective. Probability analysis can then be 
used to ensure that the probability of failure of the 
stabilized slope is consistent with the probability used 
in the decision analys~s. 

PRIKCIPLES OF DECISION 
ANALYSIS 

Decision analysis is a teclurlque in which the conse-

quences of all of the events that might occur in a 
particular situation are evaluated. Probabilities are 
assigned to events that occur by chance, and the costs 
of those events are determined. This information is 
then used to calculate the expected costs of different 
courses of action, which can be used as a guideline in 
making decisions. 

The first task in decision analysis is to draw a 
decision tree that shows all possible events. In this 
paper, rockfalls from highway cuts are considered, 
although the same approach can be used on railroad 
cuts. On the tree, events that occur as a result of a 
decision are distinguished from events that occur by 
chance. The decision point in this analysis is whether 
or not to carry out a stabilization program. Once this 
decision has been made, regardless of what has been 
decided, a chance event will occur; that is, the slope 
will be either stable or wistable. ProbabilEies can be 
assigned to each of these events and, because they are 
mutually exclusive, the sum of probabilities at each 
chance point is 1.0. 

Establishment of realistic probabilities for dif
ferent events requires both experience and sound judg
ment. This is particularly true for rare events; exper
imental evidence shows that people tend to overestimate 
the likelihood of their occurrence @. The best method 
for establishing probabilities is to study existing 
records and modify them where necessary to suit local 
conditions. 

The next task is to assign the total costs to society 
(e.g., maintenance, injury, business losses, traffic 
delays) of each of the events at the tips of the decision 
tree and to determine the costs of stabilization at ap
propriate decision points. If the cost of an event 
cannot be expressed in terms of a single value, it can 
be expressed as a probability distribution in which all 
the costs within the range are given probabilities of 
occurrence. Summation of the area under the prob
ability distribution curve will give the expected cost of 
the event. The determination of costs usually involves 
the cooperation of the owner, who is also likely to pro
vide useful input on the structure of the decision tree 
and the assignment of probabilities. 

The final task in the analysis is that known as 
averaging out and folding back ® each branch of the 
tree. The product of cost and probability, summed 
over all events at a particular chance point, gives the 
expected cost. This procedure is started at the tips of 
the branches and worked back to the .decision point. If 
the objective of the analysis is to determine the least 




