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PREFACE 

The study reported herein was authorized by the Office, Chief of 

Engineers, in the second indorsement from the Chief of Engineers to the 

Director, U. S. Army Engineer Waterways Experiment Station, dated 21 April 

1961, to letter from the U. S. Army Transportation Board, through the Chief 

of Transportation to the Chief of Engineers, dated 21 March 1961 subject, 

"Project TCB-6I-O5I-EO (SWAMP FOX)." The data were collected during the 

period 21 August to 1 October 1961 by Mr. Barton G. Schreiner, engineer, 

and Mr. C. A. Blackmon, engineering technician, of the Army Mobility Re

search Center. The study was performed under the supervision of Mr. W. J. 

Turnbull, Chief of the Soils Division; Mr. W. G. Shockley, Assistant Chief 

of the Soils Division; Mr. S. J. Knight, Chief of the Army Mobility Re

search Center; Mr. J. R. Compton, Chief of the Embankment and Foundation 

Branch; Mr. A. A. Rula, Chief of the Trafficability Section; and Mr. W. E. 

Grabau, Chief of the Area Evaluation Section. Messrs. Schreiner and Rula 

prepared this report. 

Acknowledgment is made to the U. S. Army Transportation Board for 

providing the necessary project logistical support. 

Col. Alex G. Sutton, Jr., CE, was Director of the Waterways Experi

ment Station during this study and preparation of this report; Mr. J. B. 

Tiffany was Technical Director. 
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SUMMARY 

During the period of 21 August to 1 October 1961, the U. S. Army-
Transportation Corps conducted Operation Swamp Fox I in Panama. The opera
tion was the responsibility of the Transportation Board, which formed the 
nucleus, command, and transportation agency for a combined technical serv
ices team of specialists. Two Waterways Experiment Station observers par
ticipated in the operation, collecting data on terrain, vegetation, and 
soils, and observing the effects of these factors on vehicle movement. The 
cross-country operation started in the vicinity of Chepo and terminated at 
Santa Fe, a distance of about 93 miles. 

Terrain, soils, and vehicle performance data were collected at 55 
locations (sites 1A and IB and 2 through 5*0 on the trail. Vegetation data 
were collected at 16 locations. The data were collected under adverse con
ditions, and are approximate and incomplete in many respects. More delib
erate and careful testing is required before firm conclusions can be made 
regarding the military implications of tropical environments. It was con
cluded that gullies, rivers, vegetation, slope, and wet surface-soil condi
tions were significant obstacles to vehicle movement. Because of difficult 
"going" conditions for conventional wheeled vehicles, they had to be 
dropped from the operation early in the program. The steep slopes appeared 
to present the greatest problem because of their frequency of occurrence. 
Vegetation effects were minimized by removing sufficient trees and under
brush from the trail to permit vehicles to pass without great difficulty. 
The use of structural diagrams proved to be a quick objective method for 
describing vegetation. In general, the soils encountered during the opera
tion were strong enough to support the vehicles used in the operation. On 
the basis of the limited traffic tests conducted, it appears that the in
struments and techniques used to determine the trafficability character
istics of fine-grained soils in humid-temperate climates are adequate for 
the determination of trafficability of tropical soils in Panama. Further 
testing is recommended. 



OPERATION SWAMP FOX I 

TERRAIN AND SOIL TRAFFICABILITY OBSERVATIONS 

PART I: BACKGROUND, PURPOSE, AND SCOPE 

. l. During the period 21 August to 1 October 1961, the U. S. Army-

Transportation Corps conducted Operation Swamp Fox I in Panama. The opera

tion was the responsibility of the Transportation Board, which formed the 

nucleus, command, and transportation agency for a combined technical serv

ices team of specialists.* The specialists studied the effect of the 

tropical environment of Panama on the operations or products of their re

spective technical services. 

2. The originally proposed route of the operation was through the 

virgin jungle of Panama from Chepo through the Darien Gap to El Real, a 

distance of approximately 131 miles; however, unforeseen difficulties re

sulted in termination of the operation, after approximately 93 miles, at 

Santa Fe. 

3. In view of the Corps of Engineers increasing interest in the 

terrain characteristics of tropical environments, the Director, U. S. Army 

Engineer Waterways Experiment Station (WES), was requested to send trained 

observers to collect terrain data and to evaluate the effects of terrain 

characteristics on the movement of the vehicles used in 'the operation. 

These data were to be obtained by means of instruments and techniques 

developed at WES to measure and evaluate soil trafficability. Also, pro

cedures and techniques developed at WES for describing surface geometry, 

soil characteristics, vegetation factors, and hydrologic characteristics 

in quantitative or semiquantitative terms were to be used. However, time 

and personnel' limitations, and the performance of the operation as funda

mentally a tactical exercise prevented all except the most rudimentary ap

plication of the analytic procedures and techniques. Thus, the relatively 

time-consuming measurements required for surface geometry determinations 

could not be made at all, and only the most superficial measurements of 

stream characteristics proved possible. Soil characteristics were measured 

* Operation Plan, TCB-61-019.01-E0 (SWAMP FOX), Headquarters, Transporta
tion Board, Fort Eustis, Va., 31 January 1961. 



only as part of the specific vehicle tests made at 55 test sites, and vege. 

tation was studied in detail at only l6 locations. While the vegetation 

samples probably convey a reasonably accurate impression of the principal 

structures encountered, they should not be employed for detailed quantita

tive analysis, since time was not available for taking many of the critical 

measurements on which the descriptive system depends. 



PART II: TEST PROGRAM 

Test Route 

U. Operation Swamp Fox I followed the proposed Pan-American Highway 

route southeasterly from Chepo to a point near the Panama-Darien Province 

boundary. At that point the operation left the highway route and proceeded 

to Santa Fe along a series of logging roads (see plate l). 

5. The main portion of the route followed the meandering Rio Bayano, 

the major river in the area, or its tributaries. The cross-country portion 

of the operation began at Chepo. From Chepo the trail goes north for about 

two miles and crosses the Rio Mamoni; it then follows an easterly course 

north of the Rio Bayano from Platanal (mile 3*5) to Boca Playita (mile 

32).* Between Platanal and Boca Playita the trail crosses the Rio 

Lagartero (mile l6.5 ), Rio Canita (mile l8«5)> Rio Silugandi (mile 29.5)> 

Rio Saco (mile J30), and Rio Playita (mile 31*5) • Just beyond Boca 

Playita it crosses the Rio Bayano and follows a southeasterly course to the 

northeast-southwest (mile J6) drainage divide of the Rio Sabana, Rio 

Chucunaque, and Rio Canazas systems. This portion of the route crosses the 

Rio Parti (mile U5) and Rio Ipeti (mile From the northeast-

southwest drainage divide to about mile 85 the route continues in a south

easterly direction; from mile 85 to Santa Fe (mile 93) it follows a south

westerly direction. Most of the trail is over rolling and crested, hilly 

uplands. 

Soils Along Test Route 

.6. Specific identification of test route soils by the USDA soil 

classification was not possible as a trained soil surveyor was not in the 

field party; however, the Panama sheet of the World Soil Map, compiled by 

the SCS Soil Survey of USDA, was available, and the soils were identified 

from it. A section of this map is shown in plate 2, and delineates broad 

groups of associated soils on a 1:1,000,000 scale. The symbols primarily 

* Mileage figures are approximate. 
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describe the predominant soils, but they also include secondary soils cov

ering 10 to 20$ of the areas, for example, stream bottoms in an extensive 

hilly area. The base map was one of Army Map Service Provisional Edition 

NC-17, originally drawn by the American Geographical Society in 1928, and 

revised June 19^2. The soil boundaries on the map were established on the 

basis of earlier reconnaissance soil surveys and other information on 

soils, geology, topography, etc. The boundaries,'of necessity, are not 

highly reliable; however, the identifications and descriptions on the map 

agree with the observations of the field party very well. 

7• The soils along the route generally are mapped as stony red 

latosols and associated soils from undifferentiated consolidated rocks on 

hilly terrain (map symbol )• These soils are in all probability 

laterites. Areas so mapped are 80 to 90$ of stony, brownish and yellowish-

red, moderately plastic clays, with thin, organic-rich surfaces. Soils are 

2 to 5 ft thick, overlying a variegated colored clay substratum 5 to 25 ft 

thick over a wide variety of rocks. Stony condition is variable; soils are 

typically thinner over limestone-shale, and weathered substratum is deeper 

(and less stony) in a wetter climate. Soils at the test sites are of this 

type, with exceptions noted as follows: common inclusions that may occur 
H/C 

in the LR^ type are (a) lithosolic dark-colored soils (probably 

lateritic in nature) on steep hills of limestone and shale (as at site 32)> 

commonly with deeper soils on lower slopes; (b) narrow bodies of alluvium 

in valleys with hydromorphic soils (as at sites 1, 2, 3, 4, 6, 12, 13, 15, 

k2, ^3, h6)', and (c) some low mountains and rolling plains, also with red 

latosols or laterites (no sites of this type were positively identified). 

8. Physiographically the area is classed as hilly uplands with some 

steep hills and low mountains; elevations of hilltops are commonly above 

200 ft and sometimes reach 1000 ft, with local relief of 100 to ^00 ft. 

Slopes commonly range from 20 to 50$, with numerous small areas having 

steeper slopes. Small areas of peneplain are common (sites 2, 22, 29, 

50, 52). 

9» In Bennett's Soil Reconnaissance of the Panama Canal Zone, areas 

with the symbol LR^ include Frijoles clay, Gatun clay, Arraijan clay, 

Bluefields clay, Santa Rosa clay, Ancon stony loam, Cotival clay, limestone 

hills, Pariso clay, Alhajuela clay, and San Pablo clay. 



10. The route crossed the Rio Bayano in an area mapped as fine-

textured, hydromorphic, alluvial soils and associates (symbol A„„ ). 
rH 

These soils consist of 80 to 90$ mottled gray, acid, moderately plastic, 

hydromorphic silt loam to clay alluvial soils from variable sources. Some 

loam textures may be included. Common inclusions are (a) marsh in flood-

plain swales, (b) well-drained sandy loam and loam alluvium on narrow 

stream levees, and (c) zonal soils of adjacent uplands. The physiographic 

class is river floodplain, with level to gently undulating, l/h to 1$ 

slopes most common, locally up to 3$. One site, 18, was located in this 

area, but it was on a steep riverbank of alluvial material. The 11 allu

vial sites included in the hilly upland area probably are of this material. 

11. The route terminated in a low-lying area mapped as fine-

textured, gray, hydromorphic soils from alluvium (map symbol ), sites 

53 and 54. These soils consist of 80 to 90$ acid, clayey, gray, hydro

morphic soils on old alluvial flats or plains, with inclusions of wet, 

alluvial soils adjacent to streams or on stream deltas, and red latosols on 

terraces and low hills. The physiographic class is level to gently undu

lating or sloping alluvial plains, with l/k to 1$ slopes most common, and 

some up to 3$• The mapped area consists of a complex of coastal plains and 

river floodplains. Old alluvium may be 2 to 10 ft higher or lower than new 

alluvium. Some areas flood to depths of 1 to 5 ft in the wet season. 

Vehicles 

Types used 

12. Self-propelled, wheeled and tracked vehicles, and towed, wheeled 

trailers were used in the operation. The self-propelled vehicles included 

commercial and standard military vehicles, and modified military vehicles. 

The towed vehicles included three T-3, 1000-gal-capacity, two-wheeled 

rolling liquid transporters (RLT's), and an M107A1, l-l/2-ton," two-wheeled 

trailer on which a 400-gal tank was mounted. The self-propelled vehicles 

are shown in figs. 1-4, and pertinent data on their physical character

istics are given in table 1. 

Difficulties encountered 

13• Difficulties were experienced with the vehicles along the first 



(Completed 
journey) 

Nodwell cargo carrier Model RN110 

(Removed at 
mile 18.5• 
Inoperative 
transmission) 

Terrapin 

(Removed at 
mile 3«5« 
Broken 
sprockets) 

Dinah 

Fig. 1. Tracked vehicles (Nodwell, terrapin, Dinah) 



(Completed 
journey) 

(Completed 
journey) 

M116 amphibious cargo carrier 

(Completed 
journey) 

M113 armored personnel carrier 

Fig. 2. Tracked vehicles (M29C weasel, Mll6, M113) 

US ARMY 6E 2 67 2 



(Removed at 
mile 56. 
Broken rear-
wheel drive) 

M38A1 lA-ton jeep with high-flotation tires 

(Completed 
journey) 

Power wagon with high-flotation tires 

(Removed at mile 
18.5• Estimated 
to "be inadequate 
for remainder of 
journey) 

M37> 3A~ton, tacU truck 

Fig. 3- Wheeled vehicles (M38AI jeep, power wagon, M37 3A-ton truck) 



(Removed at 

mile 3.5. 
Estimated to 
be inadequate 

for remainder 

of journey) 

M38, l/U-ton, jeep 

(Removed at mile 
3-5» Estimated 
to be inadequate 
for remainder of 
journey) 

M35, 2-l/2-ton, 6x6 cargo truck 

(Removed at 
mile l8.5• 
Punctured 
oil pan) 

Scout 80 

Pig. k. Wheeled vehicles (M38 jeep, M35 2-l/2-ton truck, Scout 80) 



32 miles of the route. Near Platanal (mile 3-5) the Dinah developed 

trouble; a number of the sprocket pickups that are welded to both ends of 

each of its track pads were broken and it was difficult to keep the tracks 

from coming off. The transmission of the M35 2-l/2-ton truck, which was 

mounted with a set of jungle tracks, became inoperative; the two other 

M35's and the M38 lA-ton jeep were experiencing traction difficulties, 

mainly because of wet surface-soil conditions. At this point, these five 

vehicles were returned to Fort Kobbe, Canal Zone. 

14. In the vicinity of the Rio Canita (mile 18.5) crossing, the 

transmission of the terrapin became inoperative, and the oil pan of the 

Scout 80 was punctured beyond field repair, and these vehicles were re

turned to Fort Kobbe. A reconnaissance was then made of the forward ter

rain conditions which revealed more severe slope and vegetation conditions 

than in the areas already traversed. It was anticipated that these terrain 

conditions would prove beyond the capabilities of the M37 3A-ton truck and 

the water trailer; therefore, both these vehicles were also returned to 

Fort Kobbe. 

15. The wet, sticky soil on the Pan-American Highway in the vicinity 

of site IB adhered to the tires and built up on the axle of the three RLT's 

in such quantity that they could not roll. These vehicles were left at the 

following points along the trail, and later returned to Fort Kobbe: The 

RLT being towed by the terrapin was left behind when the terrapin became 

inoperative (mile 18.5) • The second RLT was left behind at mile 2k because 

the Nodwell's steering system was not operating properly and it could not 

maneuver while towing the RLT. The third RLT was left at the Rio Bayano 

crossing (mile 32) because to continue towing it would have slowed down 

trail operations. 

16. At approximately mile 47 the M38AI suffered a broken rear-wheel 

prop shaft. However, it was able to proceed in front drive to mile 53> 

where the steering system became inoperative. From this point, the M113 

towed the M38AI to the Rio Iperti (mile 56), where the M38AI was airlifted 

back to Fort Kobbe. No vehicles were taken out of the operation beyond 

mile 56. 

17. The following self-propelled vehicles completed the trip to 

Santa Fe: the power wagon, the Nodwell cargo carrier, the M113 personnel 



carrier, the Mll6 amphibious cargo carrier, and the M29C weasel. However, 

even these vehicles suffered one or more mechanical failures along the 

route. 

Trail operations 

18. For the entire operation, the vehicles followed each other on a 

narrow trail. Sometimes vehicles actually followed in the tracks of the 

preceding vehicles, and sometimes they straddled the tracks. In areas 

where the size and spacing of trees would cause difficult going or prevent 

any of the vehicles from passing over the trail, a sufficient number of 

trees were removed to eliminate most of their effects on vehicle movement. 

The speeds at which the vehicles could travel in jungle, rain forest, and 

grasslands (terms defined in paragraph 39) were in the order of l/4 mph, 

3A mph, and 5 to 10 mph, respectively. 

19. Radio communication was maintained with Fort Kobbe, and the 

operation was resupplied by helicopters based at Fort Kobbe. 

Type of vehicle tests conducted 

20. Standard WES procedures for conducting self-propelled type traf-

ficability tests (in which the vehicle is run back and forth along a 100-

ft-long test lane in its lowest gear and in the same path until it is im

mobilized or until it has completed Uo to 50 passes) were not followed be

cause time was not available at a given location to conduct controlled-type 

tests. For the tests reported herein, one-pass traffic was used to judge 

vehicle performance on the test lanes selected along the route. The 55 

sites selected were considered to be representative of the terrain condi

tions encountered on the trail. The performance of all vehicles was not 

observed at every test site because in some instances vehicles were being 

used for reconnaissance ahead of the site, and in other cases some vehicles 

lagged behind and were not available at the time of the tests. 

Trafficability Data Collected and Procedures Used 

21. The tests performed and the procedures followed to evaluate soil 

trafficability were generally in accordance with those established for 

evaluating soil trafficability in humid-temperate climates.* The soil data 

* U. S. Army Engineer Waterways Experiment Station, CE, Trafficability of 
Soils; A Summary of Trafficability Studies Through 1955? Technical 
Memorandum Wo. 3-240, 14th Supplement (Vicksburg, Miss., December 1956). 



obtained included cone index, remolding index, density, and water content 

of the soil; soil samples were obtained for laboratory determination of 

soil type. Surface moisture conditions were classified in one of three 

moisture categories. Slope measurements were also made. 

Soil strength measurements 

22. Cone index (CI). At each test site CI, which is an index of the 

in-situ undisturbed soil strength, was measured at approximately 10-ft in. 

tervals along one side of the test lane. At each point, CI was measured 

at the surface and at 3-in. vertical increments to a depth of 18 in., where 

feasible. 

23. Remolding index (Rl). RI is a ratio that indicates the direc

tion and magnitude of strength change that can be anticipated in a fine

grained soil or sands with fines, poorly drained, under repetitive vehicle 

traffic. Whenever sufficient sampling time was available, the RI test was 

conducted near the point of the lowest CI readings. The test was run on 

6-in.-long samples taken to a depth of 18 in. One test each was conducted 

on samples obtained from the 0- to 6-, 6- to 12-, and 12- to 18-in. depths, 

Whenever the soil was too firm for penetration with the trafficability 

sampler, no test was made. 

2k. Rating cone index (RCl). RCI is a measure of the in-situ re

molded soil strength produced by repetitive vehicular traffic. It is the 

product of the average CI and RI readings taken in the same soil layer. 

RCI's were computed for the soil layers that were determined to be critical 

for the vehicles used in the operation. 

Soil moisture content-density samples 

25. One sample each for moisture content-density determination was 

taken from the 0- to 3-, 3- to 6-, 6- to 9-, 9- to 12-, 12- to 15-, and 

15- to 18-in. depths at each location where the RI test was made. 

Soil moisture categories 

26. A wet surface, particularly if sloping, can cause the immobili

zation of a vehicle, especially a rubber-tired vehicle, through surface 

slipperiness* even though the strength of the soil is otherwise adequate. 

* Surface slipperiness is distinct from the slipping of tires or tracks 
in a rut which eventually immobilizes most vehicles in flat or sloping 
terrain. 



In an attempt to distinguish surfaces that could possibly have different 

slipperiness effects on the vehicles, a test was devised to obtain a qual

itative notion of the "wetness" of the soil surface. The test consisted of 

merely rolling a small sample of the surface soil between the fingers. 

Three categories were established as follows: 

Category Test Reaction 

Dry Soil could not be rolled between the fingers 
without crumbling 

Moist Soil could be rolled between the fingers with
out crumbling, but free water was not 
visible on the soil surface during rolling 

Wet Soil was soft and could easily be rolled be
tween the fingers. During rolling, the free 
water could be seen and felt 

Wet categories were further substantiated by the presence of free surface 

water in "the immediate area, the fact that rain "was occurring at the time 

of testing, or that rain had recently occurred. 

Slope 

27. Slope measurements were made with a hand Abney level. 

River Data 

28. Data on river channel cross-section shape, width, and depth, and 

type of material on the river bottom were recorded. Water depth and veloc

ity were also recorded. Measurements of the surface velocity near the 

center of the river were made by timing the distance traveled by a floating 

object. 

Vegetation Data 

29. Detailed visual observations of vegetation characteristics were 

made at 16 test sites along the trail. In a given area a circular sample 

cell large enough to be representative of the vegetation was selected for 

detailed examination. Sample cells ranged from 50 to 150 ft in diameter. 

The vegetation was divided into plant height classes. For the sampling, 

the observer stood in the center of the cell and, looking in all directions 

Symbol 

D 

M 

W 



from the viewing point, recorded data on each plant height class as follows: 

The spacing, life-form, crown shape, function, leaf characteristics, stem 

size, and surface root and stem characteristics of each plant type within 

the height class were symbolized on a structural diagram in accordance with 

a prescribed legend. This process was repeated until all plant height 

classes and their characteristics were represented on a structural diagram. 



PART III: DATA ANALYSIS 

30. The data obtained during the operation are not adequate for ex

pressing terrain in terms of geometry, ground, and vegetation factors in 

such a manner that terrain effects on vehicles can be evaluated in quanti

tative or semiquantitative terms. The test program was inconclusive be

cause sufficient quantities of the necessary types of terrain data were not 

collected, and neither sufficient time nor equipment, such as vehicles, was 

made available for test purposes to permit the desired data to be obtained. 

31. In the following paragraphs terrain elements are described, and 

the effects of each element on vehicle movement are discussed where appro

priate. Soil-vehicle performance relations are compared with those in 

humid-temperate climates. Table 2 gives the locations of the 55 test 

sites, slope and generalized classification of topographic cross sections, 

vegetation type, and soil data. Trafficability data are summarized in 

Surface Geometry 

The route was characterized by four basic types of surface 

In the order in which they were encountered these were: 

a* Undulating surfaces. The floodplains of the Rio Bayano and 
its major tributaries and those of the Rio Sabana exhibit a 
surface in which the slopes are less than 2<f>} relief is less 
than 5 ft (except for the stream channel banks), and the 
very low topographic highs are smoothly rounded. 

h. Peaked topographic highs. This type and the type described 
in paragraph £ below form a complex mosaic. The two types 
together constitute the characteristic terrain of the valley 
of the Rio Bayano-Rio Canazas system. Precise locations are 
commonly unknown, so no attempt has been made to plot occur
rences on a map. In the peaked topographic high type, the 
drainageways are normally between 500 and 800 ft apart; the. 
local relief is between 100 and 150 ft; the slopes range 
from 25 to 65$; the ridges are long and more or less contin
uous, nearly parallel, and usually trend approximately north 
and south; the crests are peaked; and the side slopes are 
approximately straight. The floodplains of the streams are 
very narrow, usually less than 100 ft wide, and in many 
places the side slopes of the ridges terminate at the chan
nel banks. 

table 3. 

32. 

geometry. 



c. Rounded topographic highs. In this type, the drainageways 
are normally between 1000 and 18,000 ft apart; the local re
lief is between 100 and 150 ft; the slopes range from 10 to 
25$; the ridges are long and more or less continuous, 
closely parallel, generally trending approximately north and 
south; and the crests are smoothly rounded. The rounded 
crests produce side slopes smoothly convex near the ridge-
tops, nearly straight on the sides, and intersecting the 
floodplain surfaces at a relatively distinct angle. The 
floodplains of the streams are narrow, usually less than 
150 ft wide, and in some places the side slopes of the 
ridges terminate at the channel banks. 

d. Rolling surfaces. The valley of the Rio Sabana is charac
terized by a surface in which the topographic highs are 
smoothly rounded, the local relief is from 5 "to 10 ft, 
slopes are less than 5$>> and the gently rounded topographic 
highs are relatively discontinuous and more or less random 
in orientation. The sides of the topographic highs tend to 
form smoothly sigmoid curves between crest and drainageway. 

33* Many of the slopes encountered could be negotiated by most ve

hicles. Wherever slopes were too steep to be negotiated by certain ve

hicles, these vehicles were assisted by winching or were towed by a more 

mobile vehicle. 

Drainageways 

3^. The major river, the Rio Bayano, runs east and west from the 

drainage divide between it and the Rio Sabana and Rio Chucunaque systems, 

then south into Panama Bay. The Rio Bayano meanders considerably, but its 

tributaries are mostly quite straight. 

Rivers 

35• The channel geometry of all of the large streams is reasonably 

uniform. The channel cross sections are roughly trapezoidal with bottoms 

essentially flat or with only minor irregularities. The banks are commonly 

very steep, with slopes ranging from 60 to 100$ or even more in some in

stances. , Cross-sectional dimensions, current velocities, and bed materials 

are given in table 4. It should be mentioned that the depths, widths, and 

current velocities of the streams and rivers vary considerably, depending 

on the weather. For example, the Canita River rose about 7 ft in about 

15 minutes following a heavy rainfall in the hills. Natives claim that the 
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only warning sign of such a flash flood is the "clouding," or slight dis

coloration due to sediment, of the stream only moments before the flooding 

occurs. 

36. River crossings were not difficult for the vehicles except at 

the Rio Bayano. Here the M113 and the Mll6 crossed without assistance by 

traveling on the bottom. However, the Nodwell and the M29C were drowned 

out, while the power wagon and the M38AI were not only drowned out but also 

were carried downstream by the current. To get these four vehicles across, 

a guide cable was an

chored to both banks, and 

each vehicle in turn was 

tied to it with a sling, 

then hooked to a pull 

cable which ran through 

a pulley fastened to a 

tree on the east bank and 

back to the front of the 

M113 on the west bank. 

The M113 then backed up, 

traveling west, pulling 

each vehicle across the 

river. In most instances, stream velocity was not a major deterrent; how

ever, it could be a major problem during a flash flood. Fig. 5 shows ve

hicles crossing the Rio Mamoni. 

Gullies 

3T« The characteristic cross section of the dry gullies is trape

zoidal with very narrow bases, and sides sloping rarely less than 65$ and 

in many cases up to 100% or more. Widths at the top range from 10 to per

haps 60 ft with a large proportion being less than 30 ft. The bottoms are 

generally flat and range in width from 1 to about 30 ft. The depths range 

between 6 and 12 ft. 

38. The dry gullies were very difficult to cross. In fact, the 

gully crossings were more difficult than the river crossings except that at 

the Rio Bayano. In most instances, the vehicles could not cross the 

gullies without extensive engineer-type effort. The crossing technique 

Fig. 5. Vehicles crossing Rio Mamoni 



depended on the width of the gully bottom. Some gully bottoms were so 

narrow that vehicles moving down into them nosed into the opposite side 

slope. For these, "bridges" were constructed by cribbing the channels with 

tree trunks and then placing a decking across for a roadbed. The decking 

normally consisted of two layers, the first with the trunks placed parallel 

to the long axis of the bridge, and the second with the trunks at right 

angles thereto. Gullies requiring bridging were usually less than 30 ft 

wide at the top. Where the gully bottoms were wide enough to permit the 

vehicle to maneuver or at least to reach a horizontal attitude without 

nosing into the far side slope, a pathway to the top of the slope was 

cleared and the vehicle was winched up the slope. Gullies that could be 

crossed in this manner were usually more than 30 ft wide at the top. 

Vegetation 

39• Vegetation along the route consists of two broad types, grass

land and forest. Both are represented by several subtypes. No attempt was 

made to map the distributions, chiefly because of lack of time to establish 

even the approximate locations of the boundaries between types. In general, 

the areas of gentle slopes in the vicinities of both Santa Fe and Chepo are 

grasslands which are artificially maintained as pastures by the local popu

lation. The areas of steep slopes are left in forest. Thus, the areas be

tween Chepo and Isla de Patos is a mosaic of grasslands and forest. A sim

ilar area extends for a few miles outside Santa Fe. The forest in such 

regions is second growth even though quite large trees are present. This 

forest is referred to as "jungle" in this report. Between Isla de Patos 

and Pintupo the areas of grassland become rare, and the dominant vegetation 

is jungle. From Pintupo to near Santa Fe the vegetation is chiefly tall 

forest, referred to as "tropical rain forest." While most of this area has 

undoubtedly been cut over in the past as the normal result of the practice 

of shifting agriculture, the forest in this area is mature and gives little 

obvious evidence of disturbance by man. During the period of the opera

tion, all of the vegetation was green with complete foliage. 

ho. The vegetation structure diagrams prepared for the 16 test sites 

are given in plates 3-12, inclusive. At some sites two structural diagram 



forms were required to depict the vegetation characteristics; at these 

sites a wide range in vegetation characteristics occurred. The procedures 

and symbols used in preparing the structural diagrams are given in 

Appendix A. 

^1. Vegetation effects on vehicle movement were least in grassland 

areas where vehicles could maneuver easily and at fairly high speeds. In 

the jungle and rain forests, maneuverability and speed were greatly reduced 

because a trail had to be cleared by hand of trees, vines, and underbrush 

to permit passage of most of the vehicles used in the operation. In many 

areas, the weasel could negotiate a path between trees; however, vehicles 

wider and less maneuverable than the weasel could not move unless the small 

trees were pushed down or the large trees were cut and removed from the 

trail. Trees with buttress and stilt roots posed a major problem in the 

rain forests. Frequently, portions of the buttress roots had to be cut 

away, while stilt-rooted trees usually had to be cut down to permit vehicle 

passage. Overhanging limbs and lianas were a hazard to personnel and equip

ment being carried in open vehicles. In some areas, the removal of fallen 

tree trunks lying on the ground and against other trees required consider

able time. Some poisonous plants were encountered that produced skin irri

tations. Cuts and scratches by thorns on stems of black palms sometimes 

induced secondary fungus' infection of the skin. Poisonous nettles in grass

land also caused skin irritations. There were no woody stems, branches, or 

thorns lying on the ground to puncture tires. (Apparently dead fibrous 

materials lying on the ground decay rapidly.) Horizontal visibility in the 

rain forest was usually about 30 yd; in most cases, vertical visibility was 

restricted to the canopy height of the tall trees. In the jungle, hori

zontal visibility was highly variable, but usually less than 50 ft. 

Topographic Data 

^2. A topographic classification was assigned to each test site. 

Five categories appeared adequate for this purpose. These categories were: 

floodplain (FP), upland flat (UF), upper slope (US), middle slope (MS), and 

lower slope (LS). These categories are illustrated in the following 

sketch. 
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Fig. 6. Topographic classifications 

Soil Conditions 

43. In the uplands soils were found to be mostly brown to reddish-

brown in color with some yellow and gray; these soils were in all probabil

ity laterites. The alluvial soils were predominantly deep gray to black in 

color. On some of the ridges, the soils are partly stony and may be less 

than 1 ft deep on the steep slopes and ridge crests. Limestone and sand

stone outcrops were observed on some steep slopes and along the banks of 

several rivers. All soils appeared to be slippery when very wet, as during 

or immediately after a rain; the clay soils are also sticky when wet. 

Soil classification 

bk. The upland soils were clays and silty clays. The alluvial soils 

were clays and some silty clays. According to the Unified Soil Classifica

tion System,* the soil type was usually the same in the 0- to 6-in. and 

6- to 12-in. layers (table 2). The majority of the floodplain soils tested 

classified as ML (silts); a few CH (fat clay) and MH (elastic silt) soil 

types also occurred. In the lower-, middle-, and upper-slope topographic 

positions, the predominant soil types were MH and CH. Examples of grada

tion curves and supplementary soil data are given in plate 13. 

* U. S. Army Engineer Waterways Experiment Station, CE, The Unified Soil 
Classification System, Technical Memorandum No. 3-357 (Vicksburg, Miss.; 
March 1953). 



Errata Sheet 

OPERATION SWAMP FOX I 

TERRAIN MP SOIL TRAFZECABILITY' OBSERVATIONS 

Technical Report No. 3-609 

August 1962 

Please make the following changes in the text of the report: 

a. On page 20, third line from bottom of paragraph 44, after 

"upper-slope" add "and upland flat." 

"b. On page 22, in tabulation at top of page, in second line opposite 

"Upper slope" change "None" in third column to "96 to 110," and 

"96" in fourth column to "IO3." In third line opposite "Upland 

flat" change "75 to 8V in third column to "82 to 120," and 

" chajage "80" in fourth column to "98." — 

c. On page 26, paragraph 58, change "upper-slope" at end of sixth 

and "beginning of seventh line, and in eighth line to "upland flat. 

Please make the following change in plate 16: change title of lover 

left plot from "Upper Slope" to "Upland Hat." 



Percentage of saturation 

lj-5. The percentage of saturation of the soils tested was computed 

using measured moisture content and density data and an assumed specific 

gravity of 2."JO. The results of these computations are given in the next 

to last column of table 2. There appears to be no consistent difference in 

degree of saturation for the 0- to 6-in. and 6- to 12-in. layers. The 

range in percentage of saturation for both layers is 5^ to 100$, with the 

largest number of values being in the range between 85 and 95$* The data 

also do not reveal any particular differences in degree of saturation as a 

function of topographic position, except saturation of over 90$ occurred 

more frequently in floodplains. 

Soil strength 

k6. The soil strength data collected during the operation are given 

in table 3« Because of the lack of time, only CI data were taken at many 

sites. In order to use as much data as possible in the analysis, an aver

age RI was used. The average RI was determined for each soil type for the 

upland flat, upper, middle, and lower slopes, and floodplain topographic 

positions, and these RI average values were used to compute the estimated 

RCI's, as indicated in table 3> for those sites for which only CI measure

ments were made. For those vehicles for which the 3- to 9-in. layer was 

critical, the RI's of the 0- to 6-in. and 6- to 12-in. layers were averaged 

and used in computing the 3- to 9-in. RCI's. 

^7. The measured RCI data for the 6- to 12-in. layer given in 

table 3 were averaged for each topographic position, except for those test 

sites which were located on a road fill, or where rock was encountered at 

depths less than 12 in. below the surface. The results are given in the 

following tabulation: 

Total Measured Measured 
Topographic No. of RCI Average 
Position Sites Range RCI Remarks 

Floodplain 15 k6 to 155 96 6 sites were ML, 6 were CH, and 
3 were MH soil 

Lower slope ^ None 77 1 site was ML soil, 2 were MH 
soil, and 1 was CH soil 

(Continued) 



Topographic 
Position 

Total 
No. of 
Sites 

Measured 
RCI 
Range 

Measured 
Average 
RCI Remarks 

Middle slope 8 70 to 171 113 2 sites were CH, 5 were MH, and 
1 was ML soil 

Upper slope 25 None 96 13 sites were MH and 12 were CH 
soils 

Upland flat 6 75 to 84 80 2 sites were MH and 4 were CH 
soils 

48. A further "breakdown of average values of CI, RI, and RCI by soil 

type and topographic position is given in the following tabulation. 

CI RI RCI 
0- to 6- to 0- to 6- to 0- to 6- to 

Soil Topographic No. of 6-in. 12-in. 6-in. 12-in. 6-in. 12-in. 
Type Position Tests Depth Depth Depth Depth Depth Depth 

MH UF 2 68 104 0.77 0.80 53 9^ 
US 13 75 130 0.76 0.80 64 103 
MS 5 75 220 O.65 0.76 48 106 
LS 2 60 0.68 - - 57 — 

FP 3 99 143 0.73 0.81 73 116 

CH UF 4 80 124 0.81 0.80 64 99 
US 12 90 148 - - — 

MS 2 119 120 1.17 0.96 139 120 
LS 1 — 87 - - - - — 

FP 6 58 107 O.89 0.85 62 107 

ML UF 0 — 

US 0 - - - - - -

MS 1 102 112 - - - -

LS 1 — 107 0.72 - - 77 
FP 6 62 89 0.70 O.jk 44 65 

49. From the vehicle cone index* (VCl) data given in the tabulation 

in paragraph 62 and the above tabulations, it can be seen that except for 

fill areas (test site IB) the soil along the trail was strong enough to 

permit one pass on level terrain of all the vehicles used except the Scout 

80. At a few of the sites with relatively low RCI's, moderate rutting 

occurred; however, no vehicle was immobilized on level ground as a sole 

result of deficient bearing or traction capacity except at site IB which 

was a highway fill, i.e., not natural condition. Of all the sites tested, 

* Vehicle cone index was computed according to directions given in WES 
Technical Memorandum No. 3-240, 14th Supplement. 



the RCI in the 6- to 12-in. layer was less than 50 at 2 sites, between 

51 and 100 at 30 sites, and greater than 100 at 22 sites. 

Effects of soil condi-
tions on vehicle operations 

50. As stated above, on level terrain bearing capacity was the least 

of the soil problems; however, very wet slippery surface conditions caused 

some steering problems for wheeled vehicles. Very wet slippery surface 

conditions on slopes also probably contributed to some immobilizations. 

For an explanation of the part played by slipperiness in most vehicle 

immobilizations see page 38, paragraph 101 of WES Technical Memorandum 

Ho. 3-240, l4th Supplement. The slipperiness problem could have been 

essentially overcome by using such traction devices as snap-tracs* on con

ventional wheeled vehicles, and increasing the grouser height on tracked 

vehicles. In some heavy clay soils, soil adhered to the running gear, but 

it did not impede vehicle movement. 

Soil Moisture-Strength Relations 

51. When measurements of cone index and remolding index can be made 

on a soil, the prediction of vehicle performance with a high degree of con

fidence is feasible. However, when measurements cannot be made, estimates 

of rating cone index (the product of cone index and remolding index) are 

necessary to predict vehicle performance. One means of estimating RCI that 

appears promising is through the estimation of moisture content, since 

moisture content is the principal influence on the RCI of a given remolded 

soil in the laboratory. Means of estimating moisture content of soils have 

been developed and reported in a series of reports, Forecasting Traffic-

ability of Soils, TM Wo. 3-331# Reports 1 through 5« Unfortunately, rela

tions between RCI and moisture content have seldom been found uniform for 

a given field (undisturbed) soil because of other factors, mainly soil 

structure.** 

* U. S. Army Engineer Waterways Experiment Station, CE, A Limited Study 
of Snap-Tracs, Miscellaneous Paper No. 4-322 (Vicksburg, Miss., February 
1959). 

** U. S. Army Engineer Waterways Experiment Station, CE, Some Factors 
Affecting Moisture Content-Density-Cone Index Relations, Miscellaneous 
Paper No. 4-457 (Vicksburg, Miss., November 1961). ^ 
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52. A soil will permit passage of a vehicle if the shear strength of 

the soil is great enough to resist the load and thrust of the vehicle. If 

the shear strength is very high, the vehicle will travel easily leaving 

little or no mat. If the shear strength of the surface few inches is com

paratively low, the vehicle will work its way down through the low-strength 

soil until it reaches the level at which the soil strength is adequate to 

permit it to travel. If the strength of the soil is very low for a signif

icant depth, the vehicle will sink until the undercarriage is dragging. If 

the vehicle has failed by this time to find a layer of soil sufficiently 

strong to keep it from sinking further, and at the same time to provide the 

vehicle with sufficient traction resistance, then the vehicle will become 

immobilized. 

53• In speaking of the shear strength of a soil as applied to load

ing by a vehicle, it is convenient to consider two components or elements, 

bearing capacity and traction capacity. The bearing capacity is that com

ponent of the shear strength that resists the vertical downward movement of 

the vehicle into the soil, and the traction capacity is that component 

which resists the horizontal forces of the moving wheel or track at the 

contact between the vehicle and the soil. 

5^. Most immobilizations occur because of a combination of low 

bearing capacity and low traction capacity, but the separate effects of 

each have been impossible to measure. When a vehicle is immobilized and 

its undercarriage is not dragging, there is a tendency to report the immo

bilization as one primarily caused by slipperiness due to the fact that in 

most cases the vehicle will continue to spin its wheels or tracks. How

ever, usually in such cases, the vehicle has also sunk a significant amount 

and is not only in trouble because of deficient traction, but is also en

countering resistance caused by the necessity to move the layer of soil 

directly in its path. Slipperiness in the sense indicated above should be 

distinguished from that discussed in the next paragraph. 

55* Sometimes the surface of an otherwise firm soil will be wet and 

slick, and vehicles, particularly pneumatic-tired vehicles, cannot gain 

sufficient traction to move themselves forward, i.e., the coefficient of 

friction between the rubber and soil may not be great enough, when multi

plied by the normal load, to provide enough gross friction to overcome the 



inertia of the vehicle and any small resistance of the soil caused by very 

shallow rutting. In such a case, the vehicle may simply spin its wheels, 

not moving forward and not sinking appreciably. Such an immobilization is 

said to be the direct result of slipperiness of the soil. In the many 

hundreds of tests conducted by WES very few such cases have been experi

enced. To maintain a distinction in terminology the condition described 

in this paragraph will be called surface slipperiness. 

56. No certain means of predicting the effects of surface slipper

iness have yet been devised. This is an area where additional research is 

vitally needed. At the present time, only general words of caution can be 

offered. If the soil surface is wet, or if the top few inches has a CI 

below about 20 but is underlain by a much stronger material, surf ace slip

periness should be expected. Whether a vehicle will be impeded by such a 

condition depends on the vehicle itself and, to a large extent, the 

driver's skill. Few tracked vehicles appear to be seriously impeded by 

surface slipperiness, but those with well-worn rubber-covered tracks may 

experience steering difficulties or may even become immobilized. 

Pneumatic-tired vehicles are much more susceptible to surface slipperiness 

effects, and the use of chains for such situations is strongly recommended. 

A good driver will use high speed and the momentum it produces in crossing 

a narrow area of slippery soil, but will shift to low gear, low range if 

the area is too wide to take advantage of momentum. Wet grass can produce 

immobilization due to surface slipperiness, especially of pneumatic-tired 

vehicles. Surface slipperiness effects are magnified when associated with 

slopes, because of the reduction in normal load against the slope. 

Moisture content versus soil strength 

57* Data collected on any one soil in a given area were insufficient 

to define moisture content-strength relations in this study. However, in 

an attempt to obtain at least a rough approximation of the effect of mois

ture content on the strength of tropical soils, all moisture content and 

cone index data collected in the same general soil type were plotted 

together, even though the samples themselves might have been taken miles 

apart. Plates l4 and 15 show these data, In plate l4 moisture content has 

been plotted against cone index for samples from the 0- to 6-in, and 6- to 

12-in. depths. (NOTE: Normally samples from different depths are not 



plotted on the same plot, because of overburden effects.) On the basis of 

the knowledge that CI decreases with increase in moisture content, and 

borrowing from knowledge of the shapes of similar curves for soils in 

temperate climates, a "curve" is shown for each soil. The curve is merely 

meant to portray the trend believed to be reasonable on these bases, and 

should not be construed as being justified by the points themselves. In 

fact, without prior knowledge, no curve at all could be shown on several of 

the figures based solely on the grouping of the test points. In plate 15 

rating cone index is plotted against moisture content. In many cases re

molding index was not measured, but had to be assumed (see paragraph 46). 

Again, the curves drawn are not justified by the data, but merely represent 

a reasonable trend on the basis of previous knowledge. 

Cl-moisture content profiles 

58. Individual Cl-moisture content profiles were also plotted and 

examined. These plots are shown in plate l6. CI was plotted with depth, 

and moisture content measurements were plotted with the plotted points 

representing the center of a 3-in.-long sample. The solid line represents 

CI, and the dashed line represents moisture content. Two Cl-moisture con

tent profiles each were plotted for floodplain, middle-slope, and upper-

slope positions. The floodplain soils were ML, the middle-slope soils were 

MH, and the upper-slope soils were MH (site 50) and CH (site 29) soils. An 

examination of plate 16 reveals that the Cl-moisture content profiles for 

all the soil types and topographic positions are fairly similar, except 

that the CI does not consistently increase with depth for site 3- The 

site 3 profile suggests that perhaps the site was influenced by a high 

water table. The moisture content profiles at depths greater than about 

3 in. generally do not reveal much change in soil moisture with depth. 

Very little relation between strength and moisture content appears to 

exist. 

Comparison of 
moisture-strength relations 

59. Poor as the relations shown in plates 15 and 16 appear to be, it 

should be remembered that they would probably be much better if the data 

had been collected from small test plots rather than at random from points 

many miles apart along the test route. Cleaxly, the problem of predicting 



soil strength or trafficability from knowledge of soil type and weather 

effects (especially on moisture content) requires a great deal more study, 

both in temperate and tropical soils. 

Soil-Vehicle Performance Relations 

Known relations in temper
ate climate, fine-grained, soils 

60. Studies of soil-vehicle performance relations in fine-grained 

soils in temperate climates have shown that: (a) the performance of a 

vehicle in terms of whether it can complete kO to 50 straight-line passes 

on level ground can be correlated with the RCI in the critical layer; 

(b) in general, 75$ of the RCI required for 40 to 50 passes is adequate for 

one or two passes; (c) three general curves (see plate 20) approximately 

describe the relation between the maximum slope a vehicle can climb kO to 

50 times (or the maximum load it can tow) and the RCI of the soil; (d) VCI 

can be computed with reasonable accuracy from formulas devised for that 

purpose; (e) the force required to tow a vehicle on level ground can be 

estimated from curves of towing force versus RCI; and (f) the effects of 

surface slipperiness per se have not been measured in quantitative terms. 

The above points are discussed in detail in WES TM Wo. 3-2^0, l4th Supple

ment, Trafficability of Soils; A Summary of Trafficability Studies Through 

1955) December 1956. 

Swamp Fox I relations 

61. No tests were made to determine soil requirements for 40 to 50 

passes of the vehicles or to measure drawbar pulls on various soil condi

tions. However, the many observations made of vehicle performance included 

the occurrence of immobilizations and nonimmobilizations, especially on 

slopes; therefore an analysis of the relation between the RCI of the soil 

and the ability of a vehicle to travel was feasible. Details of this 

analysis are covered in the following paragraphs. 

62. Vehicle cone Indexes. The procedures outlined in TM 3-2^0, l4th 

Supplement, were used to determine the critical layer and VCI, or minimum 

CI required for 40 to 50 passes and for 1 pass on level ground. These data 

for all the vehicles used in the operation are given in the following 

tabulation. 



Critical Layer 40- to 50-Pass 1-Pass 
Vehicle Depth, in. VCI VCI 

Tracked 

Nodwell, Model KN110 6-12 14 11 
Terrapin 6-12 16 12 
Dinah 3-9 21 16 
M29C weasel 3-9 2k 18 
M116 6-12 29 22 
M113 6-12 vr 35 

Wheeled 

M38A1 6-12 38 29 
Power wagon 6-12 40 30 
M37 6-12 ^3 32 
M38 6-12 53 40 
M35 6-12 5b hi 
Scout 80 6-12 67 50 

63. Plots of rating cone index versus slope. Data plots of RCI 

the critical layer versus slope in percent are shown in plates 17-19. 

Plate lj shows the points for the Nodwell RN110 and the M29C weasel; plate 

18 shows those for the Mll6 amphibious cargo carrier and the M113 armored 
' !  

personnel carrier; and plate 19 shows those for the M38AI jeep and the 

power wagon. Test numbers are shown adjacent to the symbol (a circle) 

usually on the right; surface moisture category is indicated by the letters 

W for wet, M for moist, and D for dry, usually above the symbol. An open 

symbol indicates successful travel by the vehicle, a closed one indicates 

that immobilization occurred/ Sometimes vehicles were tested while towing 

another. These cases are indicated in table 3* One of the towed vehicles 

was the rolling liquid transporter (RLT). Its weight could not be esti

mated, and therefore tests/with it are not considered valid. Tests in 

which the M38AI jeep was towed have been analyzed according to procedures 

outlined in WES TM No. 3-2^0, l4th Supplement, and plotted on the basis of 

the slope that would have prevailed had not the vehicle been towing the 

load. For example, in test 32 with the Nodwell towing the M38AI (plate 

17)^ an immobilization occurred on a 52$ slope. The force required to tow 

the M38AI on a 52$ slope on the RCI indicated was computed to be 11$ of the 

weight of the Nodwell. Since towing force/weight and slope in percent are 

known to be approximately equivalent, the point was plotted at 



52 + 11 = 63#. This test thus represents an immobilization of the Nodwell 

(alone) on a 63# slope. 

6k. Purely on the basis of symbols, curves have been drawn separat

ing "go's" from "no go's" somewhat conservatively, i.e. the smallest number 

of "no go" points feasible remains below or to the right of the line. 

These curves are shown as solid lines on the plates. For comparison, 

previously developed curves for one pass for temperate soils are shown as 

dashed lines. Note that the analysis is on the basis of one pass of the 

vehicle. 

Discussion of analysis 

65* When one considers the rather haphazard manner in which the data 

were obtained in this study, it is rather surprising that the relations 

shown appear to be reasonably valid. The reader is reminded that slope was 

only measured once; that six or more vehicles traversed the same section of 

the trail; that in many cases, successful negotiation of a short slope was 

aided by a running start; that only a few CI readings were obtained; and 

that RI was estimated in many tests. As a result of this, it is considered 

that for any one test the actual slope might have differed from that indi

cated by +5$, and the actual RCI might have been 10 points or more higher 

or lower than that indicated. In the following paragraphs, the analysis is 

discussed in more detail, by vehicles. Emphasis will be directed toward 

"immobilizations" plotting below the curve. 

66. Nodwell. Only one immobilization occurred that should not have 

been expected from the curve (plate 17). The symbol W, denoting wet sur

face conditions, appears by the test point (^8), indicating that wet sur

face soil conditions probably contributed to the immobilization. It should 

be noted that no immobilization occurred in several tests where the symbol 

W appears. Thus, these data do not permit a straightforward analysis of 

the effects of slipperiness. The curve separating the data points lies 

some 6j> lower on the ordinate than the average curve developed from tests 

in temperate soils. For the reason mentioned in paragraph 63 tests 7, 8, 

and 9 were not considered valid and axe not shown in plate 17 upper plot. 

67. M29C weasel. In the case of the weasel> the delineation between 

immobilizations and nonimmobilizations is even clearer than it was for the 

Nodwell (plate 17). Were it not for the one "no-go" test (No. 4l, note 



W symbol), the curve for the data could have coincided with the average 

one-pass curve for temperate soils. 

68. Mll6 amphibious cargo carrier. Two tests, and 48, are 

obvious outliers (plate 18). Both these tests are marked with the symbol 

W. However, neither test is unacceptably distant from the data curve 

which, incidentally, lies very close to the average curve for soils in 

temperate climates. 

69. M113 armored personnel carrier. Again, only two points appear 

to require explanation and one point, test 48, is obviously well within 

experimental limits (plate 18). The other, test 21, can possibly be ex

plained by the fact that the M113 was the fourth vehicle to be tested at 

this site; and since the soil was only 7 in. thick over smooth rock, it is 

likely that the vehicle found itself trying to operate on or close to the 

rock and thus could not get sufficient traction to propel itself up the 

slope. Tests "J, 9, 16, and 17 were not considered valid due to immobiliza

tion while towing a load and are not shown in plate 18 lower plot. The 

data curve is in reasonable agreement with the average curve for soils in 

temperate climates. 

70. M38AI jeep. Only one immobilization of the M3&A1 jeep occurred 

(plate 19), and it was on the greatest slope tested, 68$ (test 35)* and on 

the proper side of the curve. Of note here is the fact that the data curve 

lies considerably higher on the ordinate than the average curve for soils 

in temperate climates. Since the average curve was developed for vehicles 

with "normal" size tires and the M38A1 used greatly oversized tires, this 

difference is not wholly unexpected. It does point out, however, a need to 

develop a new average curve for wheeled vehicles with oversized tires. 

71. Power wagon. Except for test 20, where the immobilization was 

influenced by wet surface conditions in a relatively thin layer of soil 

(8 in.) over rock, the data are in good order (plate 19). Again, the data 

curve lies higher than the average curve for soils in temperate climates 

and for the same probable reasons as in the case of the M38AI jeep. 

Other data 

72. Early during Operation Swamp Fox, vehicles other than those just 

discussed were used in a few tests. While insufficient data were obtained 

with these to warrant major conclusions, the results are worth mentioning. 



The following tabulation lists the pertinent data. The last column answers 

the question, "Was the result to be expected on the basis of VCI and aver

age curve of slope versus RCI?" It is noteworthy that the answer is "Yes" 

in every case. 

Test Critical Results 
Site Vehicle VCI Immobilized Layer RCI Slope Expected 

1A Terrapin 12 No 67 3 Yes 
M37 32 Wo 67 3 Yes 
Dinah 16 No 51 3 Yes 
M35 41 No 67 3 Yes 
Scout 80 50 No 67 3 Yes 

IB Terrapin 12 No 27 0 Yes 
M38 40 Yes 27 0 Yes 
M37 32 Yes 27 0 Yes 
M35 4i Yes 27 0 Yes 
Scout 80 50 Yes 27 0 Yes 

2 Terrapin 12 No 155 0 Yes 
M37 32 No 155 0 Yes 

3 Terrapin 12 No k6 0 Yes 
M38 40 No k6 0 Yes 

Summary discussion 

73. The analysis of soil-vehicle performance relations for the data 

collected in Swamp Fox I indicates that the soil-vehicle relations found 

for the Panama soils were reasonably similar to those relations previously 

found for temperate soils. Wet surface-soil conditions, i.e., surface 

slipperiness, may have contributed to immobilizations that would not have 

occurred otherwise in a few instances. However, in other instances where 

surface wetness indicated the same probability of the occurrence of surface 

slipperiness, immobilization did not occur. Surface slipperiness thus 

remains an elusive factor in quantitative trafficability prediction, but it 

appears to be no more elusive or no more effective in tropical soils than 

it was found to be in temperate soils. Oversized tires gave the vehicles 

on which they were used an advantage in slope-climbing ability which they 

do not have with normal tires. The advantage appears to justify the use of 

a new average curve. This curve apparently will be very close to the curve 

for tracked vehicles with grousers greater than l-l/2 in. high (see plate 

20). Additional testing is needed, however, before such a curve can be 

established with confidence. 



PART IV: CONCLUSIONS AND RECOMMENDATIONS 

7̂ . On the basis of observations and the analysis of data reported 

herein, the following conclusions are offered: 

a. Narrow, deep gullies (10 to 30 ft wide) presented a serious 
problem to cross-country movement because they could not be 
crossed without bridging. 

b. In the jungles and rain forests, vegetation impeded vehicle 
movement. Some trees and underbrush had to be removed to 
permit vehicle passage. 

£. The use of structural diagrams is a quick objective method 
for describing the vegetation of a given area. 

d. The greatest impediment to cross-country movement was steep 
slopes. 

e. Soils encountered during the operation were generally strong 
enough to support the vehicles used in the operation. In 
some areas, soil strength would have been a limiting factor 
for the conventional wheeled vehicles. 

f. Surface slipperiness on slopes was in a few instances a 
deterrent to vehicle movement, while in other cases it was 
not. 

£. The instruments and techniques used to determine the traf-
ficability characteristics of fine-grained soils in humid-
temperate climates appear to be adequate for the determina
tion of the trafficability of Panama soils; however, further 
study should be made in view of the limited measured data 
supporting this conclusion. 

h. Prediction of soil strength or trafficability from knowledge 
of soil type and moisture content requires further study in 
all environments, and may require different techniques in 
tropical and temperate climates. 

_i. It appears from present data that the degree of correlation 
between moisture content and soil strength, expressed in 
terms of CI and RCI, will be about the same for tropical and 
temperate soils. 

. Wide, high-flotation-type tires with deep cleats improved 
wheeled vehicle performance to a point where it was compara
ble with the performance of conventional tracked military 
vehicles. Deep grousers on tracked vehicles should over
come surface slipperiness conditions. 

k. Winches are essential components of vehicles since they are 
necessary to assist the vehicle in climbing steep slopes and 
crossing rivers. 

1. The trailers used were inadequate for the terrain and soil 
conditions encountered during the operation. 



75. It is recommended that: 

a. In future operations similar to Swamp Fox I, requirements of 
interested technical agencies be considered in the planning 
stage in order that equipment will be available and suffi
cient time will be allotted to collect the data required to 
make an intelligent appraisal of the effects of environments 
on the agencies' particular operations or products. 

b. Controlled vehicle traffic tests be conducted in tropical 
soils under wet conditions to further investigate the ade
quacy of instruments and techniques used for measuring the 
trafficability of soils and developing soil-vehicle rela
tions. Other methods of measuring pertinent soil properties 
should also be investigated. 

_c. Instruments and techniques be developed to quantify surface 
soil slipperiness. 

d. Special traction devices, such as snap-tracs, be tested in 
tropical-wet soils to determine whether they will improve 
traction of conventional wheeled vehicles. 



Table 1 

Vehicle Data, 

Vehicle 

M29C weasel 
w/o -winch 

M113 armored personnel 
carrier, w/o winch 

Mll6 amphibious cargo 
carrier, w/winch 

Amphibious Dinah, 
w/o winch 

Nodwell RN110 
w/winch 

Terrapin 
w/winch 

Vehicle 

Approximate 
Weight, lb 

Net Load Gross 

M37, 3/4-ton, 4x4 truck 
w/winch 

Power wagon, 1-ton, 4x4 
w/winch 

M38AI, l/4-ton, 4x4 
jeep w/o winch 

M38, l/4-ton, 4x4 jeep 
w/o winch 

Scout 80, l/2-ton, 4x4 
w/o winch 

M35, 2-1/2-ton, 6x6 
truck w/winch 

Tank, water, 400-gal, 
M107A1, l-l/2-ton, 
2-wheel 

T-3> rolling liquid 
transporter 

Track, in. Contact Bogies on 
Contact Shoe Pressure Ground 
Length Width Length psi per Side 

Tracked Vehicles 

4,778 600 5,378 

18,200 3000 21,000 

7,000 3000 10,000 

3,500 1000 4,500 

10,580 3000 13,580 

17,000 3000 20,000 

Approximate 
Weight, lb 

Net Load Gross 

78 

105 

98 

80 

135 

210 

20 

15 

20 

' 20 

40 

35 

Tire 

4.50 

6.00 

4.00 

3.92 

4.00 

6.46 

1.70 

6.70 

2.60 

1.40 

I.25 

1.36 

Tire 
Size Ply Pressure 

Front Rear Rating psi 

Wheeled Vehicles 

5,917 1000 6,917 

5,295 500 5,795 

2,690 400 3,090 

2,203 400 2,603 

3,000 600 3,600 

12,880 2000 14,880 

16.00-16 16.00-16 

18.00-16 24.00-16 

20.00-14 20.00-14 

6.00-16 6.00-16 

6.00-16 6.00-16 

9.00-20 9.00-20 

30 

15 

15 

20 

20 

30 

Trailers 

2,280 3335 5,615 11.00-20 12 35 

Track 
Grouser 

Clearance Height 
in. in. 

12.00 

16.13 

15.50 

10.50 

16.00 

13.50 

Cleat 
Clearance Height 

in. in. 

10.75 

10.75 

12.00 

8-5/8 

9.30 

12.69 

19.50 

Engine 
Type hp 

Transmission 
Type 

1 Gasoline 65 Mechanical 

1 Gasoline 215 Mechanical 

1 Gasoline 283 Hydramatic 

l/2 Gasoline 42 Synchromesh 

l/2 Gasoline 185 Mechanical 

l/2 Gasoline 140 Synchromesh 

Engine 
Type hp 

Transmission 
Ty?6 

3/4 Gasoline 78 Mechanical 

1 Gasoline 94 Mechanical 

1 Gasoline J2 Mechanical 

3/4 Gasoline 54 Mechanical 

l/2 Gasoline 86 Mechanical 

3/4 Gasoline 127 Synchromesh 

Minimum 
Turning 
Radius 

12 ft 

12 ft 7 in. 

12 ft 

19.5 ft 

8.6 ft 

38 ft 

Minimum 
Turning 
Radius 

25 ft 

27.5 ft 

19 ft 

19 ft 

21.5 ft 

36 ft 

1000-gal-capacity, two-wheel unit 



Table 2 

Site and Soil Data 

Test Date 
Site 1961 

1A 8-21 

IB 8-22 

2 8-24 

8-26 

8-26 

8-26 

8-27 

9 8-28 

10 8-28 

11 8-29 

12 8-29 

13 8-30 

14 8-30 

15 9-1 

16 9-1 

IT 9-1 

18 9-7 

19 9-9 

20 9-12 

Near Platanol 
rice mill 

2 mi E of 
Platanol 

1 mi E of El 
Llano 

E bank of Rio 
Canita 

E bank of Rio 
Canita 

1 mi E of Rio 
Canita 

1-1/2 mi E of 
Rio Canita 

2 mi E of 
Rio Canita 

300 yd E of 
site 7 

3-1/2 mi E of 
Rio Canita 

5 mi E of 
Rio Canita 

1/4 mi E of 
Rio Silugandi 

Halfway be
tween site 11 
and Rio Seco 

Near E bank of 
Rio Seco 

200 yd E of 
Rio Seco 

Near site 13 

Near E bank of 
Playti River 

Near site l6 

Near S bank of 
Rio Bayano 

Up slope from 
site 18 

1/2 mi S of 
Rio Bayano 

Topo- 1 

graphic 
Posi
tion* 

FP 

FP 

FP 

FP 

FP 

UF 

FP 

US 

US 

US 

MS 

MS 

FP 

21 9-12 Near site 20 

22 9-13 

23 9-14 

24 9-14 

25 9-14 

26 9-14 

27 9-14 

28 9-14 

29 9-l*i-

30 9-15 

31 9-15 

32 9-15 

3 mi SE of 
Rio Bayano 

4 mi SE of 
Rio Bayano 

4-1/2 mi SE of 
Rio Bayano 

5 mi SE of 
Rio Bayano 

6 mi SE of 
Rio Bayano 

6-1/4 mi SE of 
Rio Bayano 

8 mi SE of 
Rio Bayano 

8-1/4 mi SE of 
Rio Bayano 

9 mi SE of 
Rio Bayano 

9-1/8 mi SE of 
Rio Bayano 

9-3/4 mi SE of 
Rio Bayano 

FP 

MS 

FP 

MS 

LS 

IS 

MS 

MS 

MS 

Slope 

3 

0 

0 

0 

0 

0 

0 

43 

10 

5 

3 

0 

13 

0 

43 

51 

68 

43 

59 

43 

0 

55 

50 

58 

4o 

53 

63 

0 

53 

4o 

52 

Vegeta
tion 
Type 

Grass
land 

Grass
land 

Grass
land 

Grass
land 

Jungle 

Jungle 

Jungle 

Jungle 

Jungle 

Jungle 

Jungle 

Rain 
forest 

Jungle 

Jungle 

Atterberg Limits 
LL PL PI 

0-6 6-12 0-6 6-12 0-6 6-12 
in. in. in. in. in. in. 

50 48 31 31 19 

45 37 

37 38 

91 

47 45 

55 

Jungle 

Rain 
forest 

Jungle 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
- forest 

Rain 
forest 

Rain 
forest 

133 - 53 

29 

35 

9 

- 56 

26 19 

- 48 

- 32 

53 36 

120 

82 

63 

50 53 31 

42 36 31 19 

Jungle 129 110 54 55 75 

61 43 4l 

54 50 30 

30 20 

24 24 

54 43 35 34 19 

80 

17 

109 109 44 44 65 65 

17 19 

10 

19 

uses 
Classi
fication 
0-6 6-12 
in. in. 

ML ML ' 

CHtt CHtt 

CH CH 

ML ML 

ML ML 

CH CHtt 

ML ML 

MHtt MHtt 

MHtt MHtt 

MH MHtt 

Moisture Satura-
Content Density tion 
% lb/cu ft #** 

0-6 6-12 0-6 6-12 0-6 6-12 
in. in. in. in. in. in. 

62.4 58.4 48.7 51-5 

39.5 24.4 81.2 93.6 99 82 

31.8 28.0 85.7 90.1 89 87 

45.2 — 66.6 — 80 — 

37-4 29.1 77-2 92.9 85 94 

Classi. 
ficationt 

- 72 

— 50 — CH CHtt 

29 27 24 MH MH 

28 19 25 MH CH 

13 

26 

64 

136 148 42 39 94 109 

ML ML 

MH MH 

ML ML 

MH CH 

MHtt CHtt 

MH ML 

MLtt MLtt 

MH MHtt 

MHtt MHtt 

CH CHtt 

CHtt CHtt 

CHtt CHtt 

CHtt CHtt 

CHtt CHtt 

CHtt CHtt 

CHtt CHtt 

CH CH 

CHtt CHtt 

CHtt CHtt 

42.2 

46.1 35-7 71.1 83.2 91 91 

40.6 33.6 76.4 80.7 91 83 

43.1 32.3 65.4 83.2 74 85 

86.6 60.0 48.7 56.4 95 82 

45.6 32.4 71-6 85.) 

36.2 31.2 82.9 89.I 

91 91 

84 96 . 

37-3 23.4 74.3 77-6 79 54 

54.6 62.0 86 

68.0 59.O 56.0 6l.l 91 91 

^/c 

h£/0 

Afh 
lrh/C 

>4" 

<Ic 

</c 

</c 

LR?/C 
^R 

<4" 
LR?/C 

</C 

* FP = floodplain, UF = upland flat, US = upper slope, MS = middle slope, LS = lower slope. 
** Based on specific gravity of 2.70. / 
t A ĥ = fine-textured, hydromorjhic, alluvial soil; LR^' =» stony red latosols, or laterite soils, from undifferentiated consolidated 

rock on hilly terrain; LR^ = lithosolic red latosol (laterite soil) on mountains; G • fine-textured, gray-hydromorphic soil from 
alluvium. 

tt Based on field classification. 



Table 2 (Concluded) 

Test Date 
Site 1961 

33 9-15 11 mi SE of 
Rio Bayano 

3^ 

1 
o\ 

11-1/4 mi SE 
of Rio Bayano 

35 9-16 12 mi SE of 
Rio Bayano 

36 9-16 12-1/4 mi SE 
of Rio Bayano 

37 9-16 14 mi SE of 
Rio Bayano 

38 9-16 l4-l/2 mi SE 
of Rio Bayano 

39 9-17 16 mi SE of 
Rio Bayano 

to 9-17 18 mi SE of 
Rio Bayano 

9-17 18-1/4 mi SE 
of Rio Bayano 

42 9-19 SE "bank of 
Rio Parti 

43 9-21 2 mi SE of 
Rio Parti 

44 9-22 2-1/2 mi SE of 
Rio Parti 

^5 9-23 8 mi SE of 
Rio Parti 

46 9-24 SE Bank of 
Rio Itepi 

47 9-25 1-1/2 mi SE of 
Rio Itepi 

48 9-25 3 mi SE of 
Rio Itepi 

49 9-25 4 mi SE of 
Rio Itepi 

50 9-25 6 mi SE of 
Rio Itepi 

51 9-27 19 mi SE of 
Rio Itepi 

52 9-27 20 mi SE of 
Rio Itepi 

53 9-28 30 mi S of 
Rio Itepi 

54 9-29 37 mi S of 
Rio Itepi 

Topo
graphic 
Posi-
tion 

US 

US 

US 

US 

UF 

US 

US 

US 

US 

FP 

FP 

US 

US 

FP 

US 

US 

US 

UF 

US 

UF 

FP 

FP 

Slope 

JL 
63 

55 

68 

in 

0 

62 

32 

58 

59 

0 

0 

l\6 

47 

0 

30 

52 

58 

0 

62 

0 

0 

0 

Vegeta
tion 
Type 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Rain 
forest 

Atterberg Limits 
uses 

Classi
fication 

Moisture 
Content 

Satura-
Density tion 
Ib/cu ft LL PL PI _____ , , , 

0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12 • 0-6 6-12 0-6 6-12 
in. in. in. in. in. in. in. in. in. in. in. in. in. in. 

99 93 36 38 63 55 CH CH - — ' 

CH+t CH+t 

— CH+t CH+t -

GH++ CH++ 

98 135 34 3T 64 98 CH CH 56.6 — 62.2 — 89 — 

115 98 59 ^6 56 52 MH MH 63.9 — 61.0 — 98 — 

MH++ MH++ 

MH++ - — 

MH++ 

86 ' 78 46 38 4o lK) l MH 48.0 42.9 73-2 76.8 100 97 

102 111 39 38 63 73 CH CH 58.4 — 63.6 — 95 — 

MH++ MH++ — — 

168 — 70 — 98 MH MH++ 

— MH MH++ 80.1 — 47.6 — 85 

- — — MH++ MH+ + 

— MH++ MH++ 

— — MH++ MH++ 

75 82 4o 4l 35 4l MH MH 44.5 50.4 72.8 66.2 91 88 

- MH++ MH++ 

MH+t MH++ 

90 98 36 30 54 68 CH CH 49.1 — 70.4 — 95 — 

69 70 31 28 38 42 CH CH 52.2 39.1 47.6 80.6 56 99 

SCS 
Classi-
fication 

trH/C 

^R 
tr

h/ c 
^R 

^/c 

LR?/C 
% 

T RH/ C ^R 
trh/C 

LR11/0 ^R 

TRH/ c 

TRH/C vXr 

</c 

</c 

TRH/° ^R 
LR0/0 

tdH/ C 

^R 
rij®/ C 

tt Based on field classification. 



Table 3 

Soil Trafficability Data 

Cone Index 
Remolding 
Index 

Rating 
Cone Index 

Mois
ture 

Test Slope 0-6 3-9 6-12 0-6 6-12 0-6 3-9 6-12 Cate Vehicle Performance* 
Site in. in. in. in. in. in. in. gory Go No Go Remarks 

1A 3 55 86 118 O.58 O.56 31 51 67 Moist 1, 2, 
9, : 

3, 
LO, H. 

5, 6, 
, 12 

7, 

IB 0 11 19 27 1.08** 1.00** 12** 20** 27** Wet h 2, 3, 4, 6, 7 5} 8, 9, 11, 12 Surface water in depressions. 
Fill on Pan-Am Highway 

2 0 66 118 155 1.08 1.00 71 118 155 Wet 1, 2, 3, 4, 5, 7, 9 

3 0 71 67 62 0.73 0.75 52 50 46 Moist 1> 2, 3, K 5, 7, 8 

4 0 68 69 79 0.74 0.71 50 50 56 Moist 2, 3, 4, 5, 6, 7 

5 0 50 75 104 0.90 0.79 45 63 82 Moist 1, 2, 3, 4, 5> 6, 7 

6 0 66 85 94 0.70 0.71 46 60 67 Moist 1, 3, 4, 5, 6, 7 

7 ^3 ?6 112 147 0.72 0.75 55 83 110 Wet 3, 4, 5, 6, 7 1 tNodwell and M113 towing RLT's. 
Rained 10 min prior to testing 

8 28 50 78 108 0.77** 0.80** 34** 6l** 87** Wet 3, 4, 6, 7 1 tNodwell towing RLT. Rain
ing during test 

9 28 79 115 137 0.70 0.75 55 83 104 Wet 3, 5t 6, 7 1 tNodwell and M113 towing 
RLT's. Raining during test 

10 10 119 152 153 1.17 1.12 139 173 171 Dry 1, 3, 4, 5, 6, 7 

11 5 94 105 121 0.67 0.84 63 80 101 Dry 1, 3, 4, 5, 6, 7 

12 3 101 115 134 0.70 0.81 71 86 109 Moist 1, 3, 5> 6, 7 

13 0 54 7k 87 0.72 O.85 39 58 74 Moist 1, 3, 5, 6, 7 

11* 13 58 84 162 0.67 0.68 39 57 110 Wet 1, 3, 5, 6, 7 

15 0 59 77 95 O.73 0.84 43 60 80 Moist 1, 3, 4, 5, 6, 7 

16 ^3 69 82 86 0.62 0.80 43 58 70 Moist 1, 3, 5, 6, 7 tM113 towing RLT. Test lane 
was on graded riverbank 

17 51 42 82 87 0.70** 0.81** 29** 58** 70** Moist 4 5 tM113 towing RLT. Test lane 
was on graded riverbank 

18 68 79 97 107 0.68 O.72 57 68 77 Moist 1, 3, 4, 5, 7 Test lane was on riverbank 

19 43 102 108 112 0.70** O.72** 71** 77** 80** Moist 1, 3, K 5> 6, 7 

20 59 78 167+ 300+ O.65 51 139+ 300+ Wet 1, ̂  5, 7 8 in. of soil over rock 

21 43 78 168+ 300+ 0.65** — 51** 139+ 300+ Wet 1, 4, 7 5 7 in. of soil over rock 

22 0 103 142 161 0.75 0.75 77 106 120 Moist 1, 3» 5, 6, 7 

23 55 93 136 203+ 0.82** 0.8l** 76** 112+** 165+** Moist 1, k, 5, 7 

24 50 78 118 164 0.82** 0.8l** 64** 97** 133** Moist 1, K 5, 7 

25 58 75 88 103 0.82** 0.8l** 61** 71** 83** Moist 1, h, 5, 7 

26 4o 177+ 260+ 300+ 0.82** — 145+** 214+** 300+ Moist 1, 4, 5> 7 3 to 6 in. of soil over rock 

27 53 175+ 254+ 300+ 0.82** 143+** 208+** 300+ Dry 1, 5, 7 3 to 6 in. of soil over rock 

28 63 102 131 152 0.82** 0.8l** 84** 108** 123** Dry K 7 l, 5 

29 0 87 107 121 0.84 0.84 73 90 102 Moist 1, k, 5, 7 

30 53 75 89 93 0.82** 0.81** 61** 73** 74** Wet 1, 4, 7 5 

31 1*0 82 105 117 0.82** 0.8l** 67** 86** 95** Wet 7 l, 3, U, 5 Nodwell towing M38AI jeep. 
Rained 5 m*11 prior to test
ing. Most vehicles encount
ered difficulty in a ravine 
at toe of slope. Test not 
valid 

32 52 300+ 300+ 300+ 
-

300+ 300+ 300+ Moist 3, 4, 5, 7 1 Nodwell towing M38AI jeep. 1 
in. of soil overlying rock 

33 63 6l 75 79 0.82** 0.81** 50** 62** 64** Moist 1, 3t 4, 5, 7 

34 55 39 48 55 0.82** 0.81** 32** 39** 45** Moist 7 1, 3, 4, 5 

35 68 53 81 107 0.82** 0.81** 44** 66** 72** Moist 1, 3, 4, 5, 6, 7 

36 4l 76 93 104 0.82** 0.81** 62** 76** 72** Wet 6, 7 1, 5 10$ sideslope. Vehicles slid 
sideways. Not valid test 

37 0 81 103 111 0.76 0.84 61 82 93 Moist 1, 3, 4, 5f 6, 7 

38 62 85 103 108 0.78 0.89 66 82 96 Moist 3, 4, 5, 6, 7 1 

39 32 74 106 127 0.77** 0.80** 57** 83** 91** Wet 1, 3, 4, 5, 6, 7 

40 58 93 129+ 204+ 0.85 79 110+ 204+ Wet 3, K 7 1, 5 6 to 15 in. ol soil over rock 

4l 59 152+ 233+ 300+ 0.84 128+ 214+ 300+ Wet 4, 7 1, 3> 5 5 in. of soil over rock 

42 0 101 133 143 0.72 0.85 73 101 122 Moist 1, 3> 4, 5, 7 

43 0 75 93 106 0.85 O.81 63 76 86 Wet 1, 3, 5> 7 

44 46 54 65 79 0.77** 0.80** 42** 51** 63** Dry 1, 3, 4, 5, 7 

45 47 59 80 94 0.77** 0.80** 45** 63** 75** Wet 1, 3, 7 4, 5 M113 towing M38A1 jeep 

46 0 95 127 142 0.78 0.78 74 99 110 Moist 1, 3, 4, 5, 7 

47 30 51 67 75 O.77** 0.80** 39** 52** 60** Wet 1, 3, 5, 7 

48 52 69 85 102 O.77** 0.80** 53** 66** 82** Wet 3, 7 1, k }  . 5 

49 58 81 104 124 0.77** 0.80** 62** 81** 99** Moist 1, 3> 4, 7 5 

50 0 69 87 118 0.77 0.80 53 68 94 Moist 1, 3, 4, 5. 7 

51 62 59 77 88 0.77** 0.80** 46** 60** 70** Moist 3, 7 l> k s  . 5 

52 0 66 85 90 0.77** 0.80** 51** 66** 72** Moist 1, 3, 5. • 7 

53 0 86 111 121 0.87 0.84 75 97 102 Moist 1, 3, , .7 Thin organic surface soil layer 

54 0 52 76 101 0.76 0.80 58 81 Moist 1. 3, 4, 5, 7 
* 

** 
1 = Nodwell. 
Estimated. 

, 2 = terrapin, 3 = M29C, 4 = M116, 
Average remolding index was used. 

5 = M113, 6 = M38AI, 7 = power wagon, 8 = M38, 9 = M37, 
Averages were determined for the 0- to 6-in. and 6- to 

, 10 
12-in. 

Dinah, 11 = M35, and 12 =» Scout dO. 
layer for each soil type for 

floodplain-lower slope, middle slope,' and upper slope-upland flat topographic positions. 
t Not valid tests because weight of RLT was not known. 
+ 300+ cone index used in computing average cone index. 



Table ^ 

River Channel Characteristics 

Channel Water Water 
Dimensions,* ft Depth Velocity 

River Width Depth ft fps Bed Materials 

Mamoni 375 35 3 5 -9  Cobbles, gravel, sand 

Lagartero 150 20 k 7 .3  Cobbles, gravel, sand 

Canita 120 20 2 7 .3  Cobbles, gravel 

Silugandi 210 30 2-5  8 .8  Cobbles, gravel 

Seco 210 25 2 1U.7  Cobbles, gravel 

Playita 300 30 k 2 .9  Cobbles, gravel 

Bayano 375 15 3-5  17 .6  Cobbles, gravel 

Branch of Parti ^5 25 1 5-9  Cobbles, gravel 

Branch of Parti 60 25 2 7-3  Cobbles, gravel 

Ipeti 210 Uo 2 11-7  Cobbles, gravel 

Sabana 180 20 8 2 .9  Gravel, sand, silt** 

* Width measured between tops of banks; depth measured as vertical dis
tance from top of bank to average bottom elevation. 

** Silt probably from flocculation of clays due to the saltwater intrusion 
from the Gulf of San Miguel. 



PORTOB AtlWWIMQO M Ut MUUTAS 
CANAl CAOM 

Carti-Tupila 

• COLON Mi ten A 

Mamltupo 

Yantupo 
Izada Largs 

San Antonio ̂  \q 

^^Masaraandf 
Cukbra 

?Tbm Toeum-.* Navagandi 

f/o 
60 ̂  

Emparador 

BALBO 

AR&AUAN 

lirgucaliypt R 

IvC4* 

CHORRER 

ic,tJL niuw laa Arriba 

y.r̂ /»TA )̂GA i > Villa R 
/̂ Lcapira 

Carmafto Bahla Anachucuna 
Puarto Obaldia 

DE PANAMA 
him F»dm» ̂  *fr«nta F* 

O 
0 

AtCHIHHAOO Of Ml mus 
htaC^Mf* 

U« Lajas 

+ + 
N CARLOS 

io Mar Sucia Chiqui 
SAN MIGUEL 

\ o Nv f/R» Congo 

COLFO DE^SZTMIGUEL 

+ 

WATER ROUTE FOLLOWED 

LAND ROUTE FOLLOWED 

NUMBERS ALONG ROUTE ARE APPROXIMATE 
MILEAGE FROM CHEPO 

ISLA DEL *EYyr\ 
La Ensanada 0 w" 

Comun 
SCALE IN MILES 

0 10 PANAMA 

PLATE I 



-N-

Chepo' 

Sante Fe' 

SCALE IN MILES 

LEGEND FOR MAP SYMBOLS 

1. LRM - LITHOSOLIC RED LATOSOL ON 
MOUNTAINS 

2. LRr
H/C - STONY RED LATOSOL FROM UNDIF

FERENTIATED CONSOLIDATED ROCK 

3. GfA - FINE-TEXTURED GRAY-HYDROMORPHIC 
SOILS FROM ALLUVIUM 

6. SMM - MANGROVE SWAMP 

7. SMM-GfA - COMPLEX OF MANGROVE SWAMP AND 
FINE-TEXTURED GRAY-HYDROMORPHIC 
SOILS FROM ALLUVIUM 

8. GfA-AmH - COMPLEX OF GfA AND AmH 

9. S-M - SANDY MARSH 

1. AJh - FINE-TEXTURED HYDROMORPHIC AL
LUVIAL SOILS 

LEGEND 

— ROUTE FOLLOWED 

SOIL MAP OF PANAMA 
(TAKEN FROM WORLD SOIL MAP, 

SOIL SURVEY, USDA) 



w 
STRUCTURAL CELL DIAMETER IN FEET: 

VEGETATION STRUCTURE DIAGRAM, GRASSLAND, SITE 1 

DATE: 

STRUCTURAL CELL DIAMETER IN FEET: 100 

VEGETATION STRUCTURE DIAGRAM, GRASSLAND, SITE 2 

• SITE NO.: 4 DATE: 8-25-61 

300.0 8 

110.0 7 

40.0 6 

5 

5.0 4 

2.0 3 

0.6 2 

0.2 1 

75 STRUCTURAL CELL DIAMETER IN FEET: 

PLATE 3 

VEGETATION STRUCTURE DIAGRAM, JUNGLE, SITE 4 

VEGETATION STRUCTURE DIAGRAMS, SITES 1, 2, 4 



DATE; 8-26-61 

300.0 

15.0 UJ 

hi 3 

STRUCTURAL CELL DIAMETER IN FEET: 100 

VEGETATION STRUCTURE DIAGRAM, GRASSLAND, SITE 5 

110.0 

ssi 15.0 • 

W 3 

STRUCTURAL CELL DIAMETER IN FEET: 50 

VEGETATION STRUCTURE DIAGRAM, JUNGLE, SITE 8 

110.0 

ft 

STRUCTURAL CELL DIAMETER IN FEETj.. 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SjTE.IJ 

VEGETATION STRUCTURE DIAGRAMS, SITES 5, 8, 11 
PLATE 4 



STRUCTURAL CELL DIAMETER IN FEET: 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SITE 13 

STRUCTURAL CELL DIAMETER IN FEET: 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SITE 16 

SITE NO.: 2 Ml EAST OF SITE 16 

110.0 

fl 

STRUCTURAL CELL DIAMETER IN FEET: 

PLATE 5 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, 2 MILES EAST OF SITE 16 

VEGETATION STRUCTURE DIAGRAMS, SITES 13, 16, NEAR SITE 16 



SITE NO.: 19 DATE 9-11-61 

—4— 
I T 
i ; 

! i 

A ^ 

/ 1 

' 1 
1 

I' ! 

r ~j~ 

i 

i 

w 

n 
—i— 
' i 

i 
i 
i 
i 

T 1 I- i 
i 
l 

V 

HA 

i 
i 
i 
i 
i 

- V f  

i ** 
-r— r 

• ; N 

^ N/\ 

I 
—1_ 

N 
STRUCTURAL CELL DIAMETER IN FEET: §0_ 

SITE NO.: 19 DATE: 9-11-61 

8 300.0 

7 110.0 

6 40.0 

W 5 15.0 

4 5.0 

3 2.0 

2 0.6 

1 0.2 

50 STRUCTURAL CELL DIAMETER IN FEET: 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SITE 19 

PLATE 6 



* ¥ —i— 
i 
l 

J 

%-±-
i 
i 

f * 

r—LJ 
1 
1 ;P jl 

yy 

! • ;  

if 
7 i V 

1 
1 ^ 

b 1— 
. 1 

1 

/ \ 

f 

i 
i 

t i 
~ i 

i « IT 
i: 
¥ 

T 
i I 

V 
i 
i • 
t 

; y t 
i 
i 
i V 

!! 
i; v 

'i 

40.0 

15.0 

5.0 

2.0 

0.6 

0.2 

STRUCTURAL CELL DIAMETER IN YARDS: 50 

SITE NO.: 22. 

110.0 

-

STRUCTURAL CELL DIAMETER IN YARDS: 50 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SITE 22 

PLATE 7 



I 
STRUCTURAL CELL DIAMETER IN YARDS: 50 

SITE NO.; 30 

m 
¥ 

STRUCTURAL CELL DIAMETER IN YARDS: , 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SITE 30 

PLATE 8 



300.0 

m m 

STRUCTURAL CELL DIAMETER IN YARDS: . 

110.0 

STRUCTURAL CELL DIAMETER IN YARDS: . 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SITE 42 

PLATE 9 



\ 

• 

j 
M ! 1 11 

« 
B 

< 

t 
if h 

s 1 

. i... 1 1 i j I • i i ~i~ 
I 1 

< 1 
1 
1 i 

p i 

i f 
E 

-J. ft \A 
I 1 
i 1 
i 1 IT 

l s 

Tl 
i i i i 

1 •' j • -

! 
" 

T 
i 

i r 
: I 
Li 

i i 1 1 
I i 
1 ! x 1 

_L_ 
1 j 

J 

j i 

40.0 

15.0 w 
LL 
Z 5.° -
I o 

2.0 C 

X 

0.6 

0.2 

STRUCTURAL CELL DIAMETER IN YARDS: 

I 
rmurMmmi flllSian 

STRUCTURAL CELL DIAMETER IN YARDS: . 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SITE 43 

r— 15.0 • 

2.0 

0.6 

PLATE 10 



SITE NO.: 46 

0 
t- 4 
1 
0 

1 3 

2 

1 

—Q 
1 

—i-

-H 
1 

-4-

• 

£ 
\— 
I 

$j 
l l 1 I 1 i 1 1 1 

J 

i 
i 

yi 
i i 

if 

\ 1 ' 

• 

/y^ 

Mi Ti 
4+4 

If 

\ 

? y-
1 I 
t —1— 

!M 

rS 

& 

p 

, ! i 

Vk [•/] 

il+-
J U 1  
BL i 

f 

• 

ti 
w 

¥. 

! 
r 

k 

' Ni 
-3-W 

' i 
i 
i 

-t-
i 
i 

$ 
i-

j i 
4—1-

! 1 
! 1 

L 

STRUCTURAL CELL DIAMETER IN YARDS: —SO-

STRUCTURAL CELL DIAMETER IN YARDS: . 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SITE 46 

PLATE II 



9-27-61 

110.0 

I 
STRUCTURAL CELL DIAMETER IN YARDS: . 

SITE NO.: 52 

110.0 

STRUCTURAL CELL DIAMETER IN YARDS: . 

VEGETATION STRUCTURE DIAGRAM, RAIN FOREST, SITE 52 

PLATE 12 



FLOODPLAIN 

TEST 
CURVE SITE SLOPE 

NO. NO. X 

TEST 
CURVE SITE SLOPE NAT. 

NO. NO. % M.C., 

U. S. Standard Siev# Humbert 

£ 
| 50 

1 1 i 
"1 - -J ^ 1 

- .. 

/ 

\ 
\ 

V 
S 

\ 
\ 

\ 
V 

A 
z 

> 

N 

UP LAND FLA T 
V 

TEST ATTERBERG 
CURVE SITE SLOPE NAT. 

NO. NO. % R.C., X 

1 29 0 59.0 

LIMITS, X 
L.L. P.L. P.I. U.S.C.S. 

CURVE SITE SLOPE NAT. 
NO. NO. % R.C., X 

1 29 0 59.0 148 39 109 CH 
2 50 0 50.4 S2 41 41 MH 

I I IM I  i  l i n n 1 1  i  
0.05 0.01 

Grain Size in Millimeters 

£ 

.1 

GRADATION CURVES 
6- TO 12-IN. DEPTH 



160 

140 

120 

idi-

//o 

o38 
80 

40 

20 

80 50 60 70 90 20 30 40 

160 

140 

120 

x 
UJ 
g 100 

A/5 
uj 

8 80 
UJ 

2 
SJ 60 

5 

40 

20 

30 50 70 80 90 20 40 60 
MOISTURE CONTENT IN PERCENT MOISTURE CONTENT IN PERCENT 

ML SOILS MH SOILS 

140 

120 

x 
UJ 
I 100 

UJ 

8 80 

40 

20 

0 
20 30 40 50 60 70 80 90 

MOISTURE CONTENT IN PERCENT 

CH SOILS 

291 

o 22 54 

29 o 5«7o 

02 

o 54 5 o 

LEGEND 
O 0- TO 6-IN. DEPTH 
A 6- TO 12-IN. DEPTH 

NOTE! NUMBERS NEAR PLOTTED POINTS 
REFER TO TEST SITE NUMBERS. 
CURVES MERELY REPRESENT GENERAL 
TREND OF DATA.SEE PARAGRAPH 57. 

MOISTURE CONTENT 
VS 

CONE INDEX 

PLATE (4 



f 
160 

140 

120 

O 100 

O 80 
A13 

H 60 

04 

40 

20 

30 20 40 50 60 70 90 80 

160 

140 

120 

O 100 
i50 

O 80 

,33 
oil i= 60 

050 

16 o 
40 

20 

20 30 50 40 60 70 80 90 
MOISTURE CONTENT IN PERCENT MOISTURE CONTENT IN PERCENT 

ML SOILS MH SOILS 

Q 100 
z 

o 80 
u 

\ 

2 A 

Vu/0 

A12 \ 
29A 

54* V 
A/6 

53° 

37^ 43 

50 \ 
"54 

20~ 30 40 50 60 70 80 
MOISTURE CONTENT IN PERCENT 

CH SOILS 

LEGEND 

MEASURED R.I. 
0- TO 6-IN. DEPTH O 
6- TO 12—IN. DEPTH A 

NOTE! NUMBERS NEAR PLOTTED POINTS REFER 
TO TEST SITE NUMBERS. 
CURVES MERELY REPRESENT GENERAL TREND 
OF DATA.SEE PARAGRAPH 57. 

MOISTURE CONTENT 
VS 

RATING CONE INDEX 

PLATE 15 



CONE INDEX 

Z 

I 
UJ a 

21L 
20 

/ 

1 1 1 1 1 
LEGEND 

CONE INDEX MOISTURE CONTENT 

/ -

tf 
O 
A 

SITE ; 
SITE 1 

3 
5 

• < 
A i 

SITE 3 
SITE 15 

11 
H ii \ 

40 60 80 100 120 140 160 
MOISTURE CONTENT IN PER CENT 

FLOODPLAIN 

180 200 220 

CONE INDEX 
100 120 140 180 200 220 

LEGEND 

CONE INDEX MOISTURE CONTENT 

SITE 29 • SITE 29 
SITE 50 A SITE 50 

80 100 120 140 f60 
MOISTURE CONTENT IN PER CENT 

UPPER SLOPE 

200 220 

CONE INDEX 
JOO 120 140 160 180 200 220 

CONE INDEX MOISTURE CONTENT 

80 100 120 140 160 180 200 220 
MOISTURE CONTENT IN PER CENT 

MIDDLE SLOPE 

CONE INDEX AND MOISTURE 
CONTENT PROFILES 



30 

300+ 

\ 
^321 

WW 
• • 
20 4/ 

3y 

35• •/ 

«5/. 

a 

M 
r-38•-

D 
•28 

W 

300+ 

\ 
^321 

WW 
• • 
20 4/ M /' 

*
3

/ 
/ s 

W-
^30o 

o 25 49 •40 

300+ 

\ 
^321 

WW 
• • 
20 4/ M /' 

*
3

/ 
/ s 

W-
^30o w 

•48 M 
0 23 

%Z7 

&/ 
o 26 
M 

/ 
!/ 
'/<• D WA 

r0 °4 
0 M / 

o/6 < 

5 

1/9 

• o 2A %Z7 

&/ 
o 26 
M / V 039 

%Z7 

&/ 
o 26 
M 

/ 

%Z7 

&/ 
o 26 
M 

/ M 
13 

M \M 
W A 
43 5< 

f o/4 
D 
o/O 

%Z7 

&/ 
o 26 
M 

/ w A ifs M 

52\\l5 \4 

i V 0 / 
:>//M ;4 
/20/ 

1 
5 

M rs & 

%Z7 

&/ 
o 26 
M 

\Jftj o 3 

MsMS 29353 
° MS 

22 

%Z7 

&/ 
o 26 
M 

20 80 100 120 140 160 180 200 220 
RATING CONE INDEX, 6-TO 12-IN. DEPTH 

NODWELL RN 110 

240 260 280 300 

80 

70 

60 

40 

0l 30 
O 

300+ 

t 

M 
032 

5/< 
A 

5*18 
M 
f33 
f— 5  \*

==
- —w— W 

300+ 

t 

M 
032 

A 
« 134 / 

// 

749 

8 

_—040- • 4 

300+ 

t 

M 
032 

/o 44 
/  o  
f M 

*045 
M 

16 /9° 
W 
07 

300+ 

t 

M 
032 

/ 
W 

V 

W^n 
o 39 

14/ 

300+ 

t 

M 
032 

/ 470 i 
*8 

rr A op 

300+ 

t 

M 
032 

/ 
M A 1 M D 

o !C 

300+ 

t 

M 
032 

/  / j  

> !Q 3 

^ 54\Ei 

M o \  

1 /5 & , M 

' M 4 \  
v0,2\ > 

300+ 

t 

M 
032 

a M 
43 

°
37

M? 
53 

300+ 

t 

M 
032 

20 

100 120 140 160 180 200 220 
RATING CONE INDEX, 3-TO 9-IN. DEPTH 

M29C WEASEL 

240 260 280 300 

LEGEND 

O NONIMMOBILIZATION 
• IMMOBILIZATION 

MAXIMUM SLOPE NEGOTIABLE 
FROM SUPPL 14 

NUMBER NEAR PLOTTED POINT INDICATES 
TEST SITE NUMBER; LETTER INDICATES 
MOISTURE CATEGORY: 

D DRY 
M MOIST 
W WET 

t TOWING M38AI JEEP 

TRACKED VEHICLES 

MAXIMUM SLOPE VS 
RATING CONE INDEX 

NODWELL AND WEASEL 
ONE PASS 

PLATE 17 



70 

60 

I- 50 
z 
ID 
O CC 
LU 0. 40 

b 30 

10 

0 

M\t 

300+ 

t 

w w 
33 

3*5*' 

• •5/ 

? 

M~ 1 J 

D 0 
28 

w 

300+ 

t 

w w 

M 
• 34 

/ 

'cL 2 
25 4i 

^8 

> 

24m_ 
'023 

-040 204/ 

§ M 
27 32 

W 
02/ 
o M 
26 

/ 5 

1/9 

204/ 

§ M 
27 32 

W 
02/ 
o M 
26 

/ 
! 

i &7 
M 0 

/ 
39 

204/ 

§ M 
27 32 

W 
02/ 
o M 
26 

/ m r 
08 

/ 
39 w 09 

204/ 

§ M 
27 32 

W 
02/ 
o M 
26 

/ M 
s\ 
*4\ 

(% %4 Mo M 
29 53 8/o 

204/ 

§ M 
27 32 

W 
02/ 
o M 
26 

i 

M !A^ 
M M 

// 
D / M 

2 M & 

204/ 

§ M 
27 32 

W 
02/ 
o M 
26 

IB 3 4 6 5213 43 462ZT42 

204/ 

§ M 
27 32 

W 
02/ 
o M 
26 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 
RATING CONE INDEX, 6-TO 12-IN. DEPTH 
MI16 AMPHIBIOUS CARGO CARRIER 

80 

70 

60 

10 

0 

300+ 

t 

m 

Viz 
32 

W 
•2/ 
C\h4 

^ M M  
35

' / %  
MM'

8 

33 *St •j 

•28 

W 

300+ 

t 

m 

Viz 
32 

W 
•2/ 
C\h4 

M 

" $>' — 

M, - ! 
*25 

<W48 

49 f 

300+ 

t 

m 

Viz 
32 

W 
•2/ 
C\h4 

M 

" $>' — 

M, - ! 
*25 

<W48 

49 

M 
& 40 

300+ 

t 

m 

Viz 
32 

W 
•2/ 
C\h4 

44 

V \ 
\w 

<s 
24 

300+ 

t 

m 

Viz 
32 

W 
•2/ 
C\h4 

/ V 
P7 

w 0 
70 

W/V7 
26 

/ ( 
*fir 

W/V7 
26 

/ . M 
54j l

\
 

...
...

. 

M O M 
29 *53 D 

W/V7 
26 

w 1 

A* 

M M 

M 

N, /5\ 

M 
/5 

IJwMM 

433750 

M 
12 

'M % 

/O 

W/V7 
26 

IB 3 4 6 52/3 

M 
/5 

IJwMM 

433750 4622 2 

W/V7 
26 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 
RATING CONE INDEX, 6-TO 12-IN. DEPTH 

M113 ARMORED PERSONNEL CARRIER 

LEGEND 

O NONI IMMOBILIZATION 
• IMMOBILIZATION 

— MAXIMUM SLOPE NEGOTIABLE 
FROM SUPPL 14 

NUMBER NEAR PLOTTED POINT INDICATES 
TEST SITE NUMBER; LETTER INDICATES 
MOISTURE CATEGORY: 

D DRY 
M MOIST 
W WET 

T TOWING M38AI JEEP 

TRACKED VEHICLES 

MAXIMUM SLOPE VS 
RATING CONE INDEX 
AMPHIBIOUS CARGO CARRIER AND 

ARMORED PERSONNEL CARRIER 
ONE PASS 

PLATE 18 



70 

60 

H 50 
Z UJ 
O a: 
£ 40 
z 
UJ 

S 30 
-I (0 

20 

10 

300+ 

i M •35 
—M O. 

300+ 

i 

— 
0 40 

300+ 

i 

/ ,M / / o/6 ( 
/ 

1/9 W-, 07 

300+ 

i 

/ / / / / / W o 39 14/ 

300+ 

i 

/ / 
/ 

w 08 vv 09 

300+ 

i 

! 
i 

W 0/4 

300+ 

i 

1 M 
4 o/A // 

M M 
Rf' 

D o M o/2A  /f 

oso 

300+ 

i 

M M 6 (3 

// 
M M 
Rf' i r 

300+ 

i 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 
RATING CONE INDEX, 6-TO 12-IN. DEPTH 

M38AI JEEP 

80 

70 

60 

h 30 
-I (0 

10 

0 

300+ 

t 

WW „ 

w 
<2J o 26 

3 

M M 35• •/ 
M M *• &/-

'8 
D 

300+ 

t 

WW „ 

w 
<2J o 26 

3 

M M 35• •/ 
M M *• &/- 0/ M A o25 0 

W „ 048, 

\438 0 28 W 

300+ 

t 

WW „ 

w 
<2J o 26 

M / 
o 34 / 

/ 
W 30o 

0/ M A o25 0 
W „ 048, 

f49 
M 

M o 23 
0 40 

2 

300+ 

t 

WW „ 

w 
<2J o 26 

/ /o/tf < 
5 Vf >/9 W o 7 

300+ 

t 

WW „ 

w 
<2J o 26 

/ / 
/ / 
1 / { V W o 39 

300+ 

t 

WW „ 

w 
<2J o 26 

/ / 
/ 

/ 

W 08 09 

300+ 

t 

WW „ 

w 
<2J o 26 

/ 

/ 
f W 0/4  D 

300+ 

t 

WW „ 

w 
<2J o 26 

!i 

M /A-
/ M /, 
M M M M \37\ r50 

\ 
A&A- /  o/2  

-M» M 29 s 53 
M W 

300+ 

t 

WW „ 

w 
<2J o 26 

4 \ 6 52 

M M \37\ r50 
\ 
A&A-

i 46 22 
o2 

300+ 

t 

WW „ 

w 
<2J o 26 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 
RATING CONE INDEX, 6-TO 12-IN. DEPTH 

POWER WAGON 

LEGEND 

O NONIMMOBILIZATION 
• IMMOBILIZATION 

MAXIMUM SLOPE NEGOTIABLE 
FROM SUPPL 14 

NUMBER NEAR PLOTTED POINT INDICATES 
TEST SITE NUMBER; LETTER INDICATES 
MOISTURE CATEGORY: 

D 
M 
W 

DRY 
MOIST 
WET TRACKED VEHICLES 

MAXIMUM SLOPE VS 
RATING CONE INDEX 

JEEP AND POWER WAGON 
15-PSI TIRE PRESSURE 

ONE PASS 

PLATE 19 



X 
g 
Hi 
£ 
<n 
<s) 
o 
tr 
O 

z CD 
uj < 

28 Q. UJ 
1 Z 

UJ 

° 3 U_ —1 

* 

I 

l5= 
2 . 
X 
< 
2 

70 

60 

50 

40 

30 

20 

10 

1 1 

/2 
TRACh 
GROUS 

'ED VEHICLE 
ERS G RE ATI 

S WITH 
E7? THAN / / /2 

WH EEL ED VEH /CLES 

// GROU; 
KED VEHICL 
SERS LESS i 

ES WITH 
THAN / 1/2 * 

) f/ 

/ 
K " \  

:H/CLE CON E INDEX 

70 

60 

50 

40 

3C 

20 

10 

X 
o 
UJ 
£ 
(0 
</) 
o 
cr 
o 

Z CO 
UJ < 
° F 
a O 
uj o a uj 
i z 

2 °  
^ tfl 
o 
z 
£ 
o 

2 
3 
2 
X r < 

i2 

2 
x 
< 
2 

+10 +20 +30 +40 +50 +60 +70 +80 
RATING CONE INDEX-POINTS ABOVE VEHICLE CONE INDEX 

+ 90 
0 

+100 

MAXIMUM CONTINUOUS TRACTIVE 
EFFORT ON LEVEL GROUND-

MAXIMUM SLOPES AND MAXIMUM TOWING FORCE 
VS 

RATINGS CONE INDEX EXPRESSED AS 
POINTS ABOVE VEHICLE CONE INDEX 



A1 

APPENDIX A: PROCEDURES FOR PREPARING VEGETATION 
STRUCTURAL DIAGRAMS 

1. The "basic description of the vegetation of each site is recorded 

as a structural diagram such as that illustrated by fig. Al. Each 

NOTE: This is an entirely hypothetical example; it does not resemble any known structure. 

Fig.. Al. .. Example of structural diagram 

structural diagram is a two-dimensional representation of a three-

dimensional structure; namely, the vegetation of the sample area being 

described. Such a description is constructed according to the following 

rules and procedures. 

2. The basic grid on which all symbols are plotted is illustrated in 

fig. A2. It is a rectangle 25 units in length and 8 units high. The hori

zontal dimension is.a measure of the area of coverage of types of plants, 

and the vertical dimension indicates the height of plants. The scale on 

the right is in meters; that on the left identifies the height classes. 

3. Each plant type is built up of a series of symbols, each of which 

describes a specific physical property. The symbols are summarized in 

figs. A3 through A10. The symbols are combined as illustrated in fig. All. 

The following subparagraphs incorporate a few special instructions and ex

planations not included in the explanatory text in the figures. 

a. In fig. A5, it should be noted that the stem diameters of 
both nonwoody climbing and decumbent plants are required. 
This is an exception to the general rule that the stem 
diameters of nonwoody plants are not symbolized. 



m 
VEGETATION STRUCTURAL DIAGRAM 

COUNTRY. 

100.0 

35.0 

5.0 

1.5 

0.7 

0.1 

TEST AREA DIAMETER IN METERS 

HEIGHT CLASS RANGE IN HEIGHT 

8 35 TO 100 METERS 

7 13 TO 35 METERS 

6 5 TO 13 METERS 

5 1.5 TO 5 METERS 

4 0.7 TO 1.5 METERS 

3 0.3 TO 0.7 METERS 

2 0.1 TO 0.3 METERS 

1 LESS THAN 0.1 METER 

WES FORM NO. 
SEPT 1961 1162 



Basic Plant Symbols — Erect Plants 

Woody plants 

8 
FLAT-
TOPPED 

TABULAR 
ROUND 7 spura ;E 

6 
POINTED 

5 

k 

3 

2 

1 

Nonwoody plants 

Plant shape: 

Erect woody plants are always classified as to shape. As illustrated 
by the large symbols on the diagram above, their crowns may be 
round, flat-topped, pointed., spindle, or tabular. The crown 
is the combination of leaf mass and branches. 

Erect nonwoody plants are not classified as to shape. They are 
always symbolized as an inverted isosceles triangle, as 
illustrated by the small symbol in the diagram above. 

Pig. A3 



Basic Plant Symbols -- Height and Symbol Size 

Height of plants: All plant symbols are drawn to touch the line representing 
their height class. Thus, the symbol marked A in the diagram above 
represents a plant between 0.7 and 1.5 meters tall. 

Size of symbol for erect woody plants: As the height of the plants being rep-
— resented decreases, the symbols become smaller, vertically and horizon

tally, as illustrated by the symbols with the pointed crowns in the dia
gram above. All crown symbols follow the same pattern. The ratio of 
height of crown to width of crown for the various crown shapes is: 

Height 
Class 

8 

7 
5 & 6 

3 & 4 

l & 2 

Round 
Flat-topped 
Pointed 

Height* Width* 

3 3 

2-5 2.5 

2 2 

1.5 1.5 

Crown Shape 

Spindle 
Height* Width* 

3 1.5 

2.5 1-25 

2 1 

1-5 0.75 

Tabular 
Height* Width* 

1-5 

1.25 

1 

0.75 

3 
2-5 

2 

1.5 

Always drawn with round crown symbol 

* Height and width stated in units of basic grid. 

Fig. Ak 



Basic Plant Symbols — Lianas, Vines, and Air Plants 
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Crown symbols always the same size and shape: 
Climbing plants (symbols A, B, C, and D above): The crown symbol 
is placed touching the line representing the height at which most 
of the leaf mass occurs. Thus, symbol A in the diagram above 
represents a climbing plant with a leaf mass between 5 and 13 
meters above the ground. 

Woody plants (lianas): 
Stems not twined around, or attached to, other plants: 

symbolize as illustrated by A above. 
Stems twined around, or attached to, other plants: 

symbolize as illustrated by B above. 
Nonwoody plants (vines): 

Stems twined around, or attached to, other plants: 
symbolize as illustrated by D above. 

Stems not twined around, or attached to, other plants: 
symbolize as illustrated by C above. 

Air plants (symbols E and F above) (epiphytes and parasites): The 
crown symbol is placed touching the line representing the height 
at which most of the leaf mass occurs, and touching the symbol of 
the plant on, or in, which it is growing. 

Woody plants: Symbolize as illustrated by E above. 
Nonwoody plants: Symbolize as illustrated by F above. 

Crown symbols always the same basic shape, but variable in size: 
Sprawling or decumbent plants (symbols G and H above) (plants that 
creep along the ground, but which do not climb on other plants): 
The crown symbol touches the line representing the height to which 
the plant is growing. •, 

Nonwoody plants: Symbolize as illustrated by the three 
symbols labeled G above. 

Woody plants: Symbolize as illustrated by the three symbols 
labeled H above. 

Fig. A5 



Basic Plant Symbols — Foliage Characteristics 

Symbols Definitions 

LEAF SHAPE: Place the following symbols in the center of the crown or 
plant symbol: 

o Shaped like a needle or awl; twigs covered with small scales 
are included. 

0 Long and flat; more than five times as long as it is "broad. 

/\ Broad and flatj less than five times as long as it is broad. 

LEAF TEXTURE: Place the following symbols inside the leaf shape symbols: 

no symbol Filmy, translucent: newsprint can be seen through the leaf 
if placed close to it. 

Papery or membranous; thin and flexible; will not break or 
permanently deform if wrapped around a pencil. 

'///̂  Hard and stiff; will break or permanently deform if wrapped 
around a pencil. 

Succulent; thick and fleshy; leaf more than 2 millimeters 
thick. 

LEAF SIZE: Place the following symbols around the leaf shape symbols: 

no symbol Less than 1 sq cm in area. 

I 1 Between 1 and 150 sq cm in area. 

More than 150 sq cm in area. 

PRESENCE OR ABSENCE OF LEAVES: Place the following symbols within the 
crown or plant symbol, taking care not to obscure the leaf 
symbols. 

no symbol Leaves absent at time of inspection. 

Leaves dead, but still clinging to plant at time of inspection. 

Leaves present and green at time of inspection. 

Leaves absent, but twigs and/or branches green at time of 
inspection. 

Leaves absent; use only for fungi (plants which are never 

green). 

Fig. A6 



Basic Plant Symbols — Stem Diameters 

Measure stem diameters at heights above the ground according to the 
following scale: 

Height Class Height at Which Stem Diameter Is Measured 

6 - 8  1 . 5  m e t e r s  

5 1.0 meter 

4 0.3 meter 

3 0.1 meter 

2 Ground level 

1 No stem diameter symbol used 

NOTE: If stem branches or divides below the point specified above, 
measure the diameter just below the point of division. 

Range of Values 

v Less than 2.5 cm in diameter 

2-5 to 7-5 cm in diameter 

7-5 to 15 cm in diameter 

15 to 30 cm in diameter 

30 to 60 cm in diameter 

More than 60 cm in diameter 

Stem Size 
Symbol 

l 1 

1 
_L 
X 
_L 

~\ 

Fig. A7 



Basic Plant Symbols —Branching Habits 

Symbols used only on plants more than 0.3 meter tall; only on woody plants. 

DIVERGING BRANCHES: Plants which divide into multiple upward-trending 
branches. 

Symbol Height Aboveground at Which Branching Occurs 

More than 2 meters (no alteration in stem symbol) 

\J 0.6 to 2.0 meters 

0.3 to 0.6 meter 

^ Less than 0.3 meter 

HORIZONTAL BRANCHES: Plants which send out branches essentially 
horizontally. 

Symbol Height Aboveground at Which Branching Occurs 

More than 3 meters (no alteration of stem symbol) 

1.5 to 3*0 meters 

0.5 to 1.5 meters 

Less than 0.5 meter 

Fig. A8 



Basic Plant Symbols — Root Habits 

Only aboveground structures are considered; symbols are used only on 
woody plants more than 1.5 meters tall. 

STILT ROOTS: At least some of the roots emerge from the stem above the 
ground, and reach the ground as individual members. 

Symbol 

A 
A 
A 

Height Aboveground at Which Roots Diverge from Stem 

Less than 0.3 meter (no alteration of stem symbol) 

0.3 to 0.6 meter 

0.6 to 2.0 meters 

More than 2 meters 

i 

ENLARGED EASE: The diameter of the stem at ground level is significantly 
greater than at the point where diameter is normally 
measured (see fig. AT)» 

Symbol Diameter at Ground Level 

Less than two times the diameter of the stem, as 
defined according to fig. A7 

Two to four times as great as the diameter of the 
stem as defined according to fig. A7 

More than four times as great as the diameter of the 
stem as defined according to fig. A7 

Parts of the base of the stem flare outward into ridge-
like or planklike buttresses. Measure the average 
distance from the center of the stem to the point where 
the buttresses become less than 0.2 meter high. 

Average Length of Buttresses 

Less than 1 meter (no alteration of stem symbol) 

1 to 2 meters 

2 to k meters 

More than 4 meters 

PLANK BUTTRESSES: 

Symbol 

jiL 
jb_ 

MULTIPLE STEMS: Roots are sent downward from branches, and develop as sub
sidiary stems. Use the stem diameter symbol on the 
dependent roots. ' 

Fig. A9 



Basic Plant Symbols — Spines, Stinging Organs, and Poisons 

Symbol Description 

H 

<1 

Spines: Any sharp protuberance capable of inflicting an open 
wound on a human; includes leaves with sharp, hard 
tips. 

Stinging organs: Any plant mechanism that produces a stinging 
or "burning sensation for a short time. 

Cutting edges: Any plant component with an edge sharp enough to 
inflict an open wound on a human. 

Poisons: Any plant component that produces a long-term allergic 
reaction on the human skin. Poisons which are damaging 
only if ingested are not included. 

Positional significance of symbols: 

Occurrence on 
fruiting body 

Occurrence on foliage Occurrence on stems 
or branches 

Fig. A10 



Combined Plant Symbols 

A. Coconut palm: Between 13 and 35 meters tall; round crown; leaves 
flat and more than five times as long as wide; leaves hard and 
stiff; leaf area more than 150 sq cm; leaves present and green; 
stem single, not branched near ground; no root variations; stem 
30 to 60 cm in diameter. 

B. Fig: Between 1.5 and 5 meters tall; round crown; leaves broad and 
flat; leaves papery; leaf area more than 150 sq cm; leaves 
present and green; stem 15 to 30 em in diameter; horizontal or 
spreading "branches 0.5 to 1.5 meters aboveground. 

C. Mora (Aspidosperma Excelsum): More than 35 meters tall; flat-topped 
crown; leaves broad and flat; leaves papery; leaf area between 1 and 
150 sq cm; leaves present and green, stem not branched near ground; 
stem more than 60 cm in diameter; plank buttresses 2 to 4 meters 
long. 

D. Liana: Leaf mass chiefly between 13 and~35~Seters~aboveground; 
leaves broad and flat; leaves papery; leaf area between 1 and 150 
sq cm; leaves present and green; stem hanging free, without 
mechanical support from host plant; stem between 7-5 and 15 cm 
in diameter; spines on stem and branches. 

E. Fungus: Air plant growing between 0.7 and 1.5 meters aboveground. 

F. Decumbent plant: Nonwoody; height between 0.1 and 0.3 meter; leaves 
broad and flat; leaves papery; leaf area more than 150 sq cm; 
leaves dead but clinging to plant; stem less than 2.5 cm in 
diameter; plant poison in foliage. 

Fig. All 



A12 

In fig. A6, the symbol labeled "leaves absent; use only for 
fungi" is used in a double sense. To indicate a fungi, the 
leaf symbol should be omitted and the entire plant symbol 
filled in. To indicate a moss, the appropriate leaf shape 
should be drawn in (most mosses have tiny leaflike members), 
and the remainder of the plant symbol filled in. 

In fig. A8, the symbols defining the branching habit are used 
only on woody plants. Farther, the symbols are not used on 
woody plants that are less than 0.3 meter tall. Thus, some 
combinations are geometrically impossible. For example (see 
symbols for horizontal branching habit), it is manifestly 
impossible for a plant 0.4 meter tall to branch at between 
0.5 and 1.5 meters above the ground. In most instances, it 
is not necessary to define the branching habit of very small 
plants. 

In fig. A10, the term "spines" is intended to include all 
thorns, spines, and twigs which have been modified into hard, 
sharp points. This category also includes such structures as 
the horny tips of leaves, such as those of many species of 
yucca. 

k. The horizontal dimension of the standard grid (fig. Al) repre

sents the sample area, whatever it may be. The size of the diagram re

mains constant, although the sample size may vary enormously. For example, 

it may take a sample area of one square meter to establish the structure 

of a meadow, while the characterization of a tall forest might require a 

sample area of 10,000 square meters. Both structures will be portrayed on 

a grid of the same size. In a given sample area, the surface intercepted 

by each plant type composing an important part of the structure is meas

ured. The intercepted area is called coverage, and is that part of the 

ground inclosed in the trace of the vegetation projected vertically down

ward, as illustrated by fig. A12. 

5* Each horizontal unit on the grid represents a coverage of 4$ of 

the sample area. A woody plant symbol of height class 8 with a round 

crown covers 12$ of the grid; thus, there must be as many plants of that 

type in the sample area as to cover 12$ of the ground. Greater coverages 

are achieved by adding more symbols to the diagram. The coverage of 

various individual plant symbols is given in fig. A13« 

6. Types of distributions are.illustrated in fig. Alb. Examples of 

various coverages and distributions are given in fig. Al. For instance, 

the height class 8 plants are randomly distributed and cover 24$ of the 

c. 



Measurement of Plant Coverage 

To measure coverage, assume the sun to be at zenith, so that shadows 
are cast vertically downward. Connect the tips of the shadows, as 
illustrated by the "coverage line" in the diagram below. The area 
within the coverage line is the coverage of the plant. Note that it 
is always larger than the actual area in shadow. 

Shadow cast with sun at zenith 

Coverage line Coverage line 

The coverage of a group of plants is not necessarily the sum of the 
coverages of the individual plants. Areas of overlap, such as those 
indicated in the diagram below, are counted only once. Thus, the 
coverage of the group of three plants illustrated below.is indicated 
by the area outlined by the dashed line as a whole. 

Coverage line 

•Areas of overlap-

Fig. A12 



Coverages of Plant Symbols 

Height 
Class 

Coverage of One Symbol in Per Cent 

Height 
Class 

Woody Plants Nonwoody Plants 

Erect 
Vines 
Air Plants 
Decumbent 

Height 
Class Erect All Others 

Lianas 
Air Plants 
Decumbent 

Nonwoody Plants 

Erect 
Vines 
Air Plants 
Decumbent 

Height 
Class 

Crown Shapes: 

All Others 

Lianas 
Air Plants 
Decumbent 

Nonwoody Plants 

Erect 
Vines 
Air Plants 
Decumbent 

Height 
Class 

Round 
Flat-topped 
Pointed 
Tabular 

Spindle 

All Others 

Lianas 
Air Plants 
Decumbent 

Nonwoody Plants 

Erect 
Vines 
Air Plants 
Decumbent 

8 12 6 
7 10 5 
6 8 k 
5 8 k 
k 6 3 4 k 
3 6 3 
2 k 2 
1 k 2 

Fig. A13 



Distribution Symbols 

8 

7 

6 

5 

k 

3 

2 

1 

k 

3 

2 

1 

Plant Symbol Plants Arranged 

Randomly 

In clumps of a few plants, mostly touching each other 

In patches of many plants, mostly touching each other 

In a grid, such as trees in an orchard 

In rows, such as many garden vegetables 

In strips, several plants wide with nearly all plants 
touching, but not necessarily regular 

Fig. A1k 

1 1 1 1 1 1 1 1 1 1 1 1 1 
Irregular distributions (no symbols below base of diagram) 
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sample area. The height class 6 plants are also randomly distributed, but 

cover only 16$ of the sample area. The height class 4 plants occur in 

clumps, and cover 35$ of the sample area. The height class 2 plants occur 

both as individual, randomly distributed plants and in clumps, and cover 

l6$ of the sample area. Note that the coverage of each height class is 

treated independently. For example, it is entirely possible to have a 

forest with a tree stratum having 100$ coverage, and an herb stratum below 

the trees which also has a coverage of 100$. 

7. The diameter of the sample cell is given (in meters) at the lower 

right corner of the structural diagram. Thus, the diameter of the sample 

area represented by fig. A1 is 85 meters, or the area is 7225 square 

meters. 

8. Rigorous measurements to establish the precise amounts of cover

age are not required. Careful visual estimates, based on the known size 

of each sample area, are adequate. To assist in making such estimates, 

the following procedures are suggested: 

a. First method: Construct, to scale, a plot of the major 
permanent vegetation components within each established study 
site (that is, the sample area). These might be large trees, 
for example. Mark the components thus plotted, in some con
venient fashion, so that they can be readily recognized in 
the field. Use these known points to divide the sample area 
into segments of known size. The segments can then be used 
to estimate very closely the coverage of a specific plant 
type. This technique is illustrated in fig. AI5. For ex
ample, assume that patches of plants developed that occupied 
about two-thirds of segment A, one-half of segment D, and 
one-fourth of segment F. Then, two-thirds of 11 is about 
7.^, one-half of 11 is 5«5> an<i one-fourth of 16 is U.O. 
Rounding the sum of these values to the nearest 1$ gives a 
coverage value for the plants of 17$• 

b. Second method: If no permanent vegetation components exist 
in the sample area, as might occur if the sample area were 
located in a cultivated field, reference segments can be 
established by employing fixed landmarks beyond the limits of 
the sample area. The sample area and its landmarks should be 
plotted carefully, as illustrated in fig. A15. Use the plot 
in exactly the same way as the one used in the first method. 



Estimation of Coverage Values 

First method: 

Segment 

A 
B 
C 
D 

E 
F 
G 
H 

Use where major permanent vegetation components exist 
in the sample area. 

Proportion of 
Total Sample 

Area 

11 
9 
11 
11 

llf 
16 
15 
13 

100 

North 

o Center of sam 
pie area 

Tree stem 
Limit of 
area 

Second method: Use where no major permanent vegetation components 
exist in the sample area, V-#—Fence 

Hilltop \ 
Proportion of "</>/ A \ A • 
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Segment 
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D 
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