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PREFACE 

Personnel of the U. S. Army Engineer \.Jaterways Experiment Station 

(WES) conducted the study described herein during the period March to 

April 1982 for the U. S. Army Missile Command, Redstone Arsenal, Ala., 

under Intra-Army Order for Reimbursable Services DX588 dated 4 Harch 
1982. 

The study was conducted under the general supervision of Dr. W. F. 

Marcuson III, Chief, Geotechnical Laboratory (GL); Messrs . C. J. Nuttall, 

Chief , Mobility Systems Division (MSD), GL; and D. D. Randolph, Chief, 

Methodology and Hodeling Group (MMG), MSD, GL . Mr. Randolph directed 

the overall study . Messrs . Keafur Grimes and R. P. Smith , MMG, and 

~· B. Ahlvin and B. R. Wright, Computations and Analysis Group , MSD , 

prepared the mobility predictions. Mr. R. G. Temple, Mrs. E. P. Roberts, 

and Mrs. F. B. Ponder, MMG, prepared the vehicle characteristics data, 

data tables, and graphics for this report . Messrs. Grimes and Randolph 

prepared this report. 

COL Tilford C. Creel, CE, was Commander and Director of the \.JES 

during course of this study and preparation of this report. Mr. Fred 

R. Brown was Technical Director. 
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CONVERSION FACTORS, U. S . CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT 

U. S. customary units of meaurement used in this report can be con­

verted to metric (SI) units as follows: 

Multiply 

horsepower (550 foot-pounds 
(force) per second) 

horsepower (550 foot-pounds 
(force) per second) per ton 

inches 

kips (force) 

miles (U. S . statute) 

miles (U . S . statute) per 
hour 

pounds (force) 

pounds (force) per 
square inch 

pounds (mass) 

square inches 

tons (2000 pounds, mass) 

by 

745 . 6999 

83.82 

2.54 

4.448222 

1.609347 

1. 60934 7 

4 . 448222 

6 . 894757 

0.45359237 

6.4516 

907.1847 

4 

To obtain 

watts 

watts per kilonewton 

centimetres 

kilonewtons 

kilometres 

kilometres per hour 

newtons 

kilo pascals 

kilograms 

square centimetres 

kilograms 



MOBILITY ASSESSMENT OF THE ROLAND WHEELED VEHICLE SYSTEM 

MOBILITY ASSESS}ffiNT USING THE AR}IT MOBILITY MODEL 

PART I: INTRODUCTION 

Background 

1. The ROLAND All Weather Short Range Air Defense System 

(SHORADS) was originally configured for production using the XM975 (Ml09 

derivative) tracked vehicle as the carrier for the launcher system (fire 

unit). The ROLAND system under development by the Boeing Aerospace 

Company as a contractor to the U. S. Army Missile Command (MICOM) was 

restructured to have the fire unit transported by a wheeled vehicle for 

use by the Rapid Deployment Force (RDF). After a study was made, the 

M812Al* 5-ton , ** 6x6 chassis was chosen by MICOM as the carrier for the 

ROLAND system. 

2. MICOM asked WES to assess the mobility of the wheeled ROLAND 

vehicle system. Report 1 provides field results about the ride quality 

for the driver and commander performance, vehicle stability, and control­

lability of the M812Al when fitted with a simulated ROLAND launcher 

system. This report assesses the mobility of the ROLAND wheeled vehicle 

system and other comparison vehicles using current WES analytical evalua­

tion methodology. 

3 . The AMC-74X version of the Army Mobility Model (AM}1) was 

used to obtain mobility data for this study rather than the NATO Refer­

ence Mobility Model (NRMM) version so modifications could be made to 

evaluate the effects of side slope . AMC-74X gives essentially the same 

results as NR}~. 

* Developed as a carrier for the Ribbon bridge and later used as a 
carrier for the HONEST JOHN missile system . 

** A table of factors for converting U. S. customary units of measure­
ment to metric (SI) units is presented on page 4. 
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Objectives 

4. The objective of the WES study was to provide mobility predic­

tions for the ROLAND wheeled vehicle and other comparison vehicles in 

available study terrains in the Federal Republic of Germany, Jordan,* 

and Iran. 

Scope 

5. Principal activities accomplished in the achievement of study 

objectives were: 

a . The AMC-74X version of AMM (Nuttall and Randolph 1976) 
was used to predict off-road and on-road performance of 
six study vehicles in the study areas in the Federal 
Republic of Germany, Jordan, and Iran. Performance was 
predicted in terms of speed profiles for dry, wet normal, 
wet-wet slippery, snow, and sand conditions on primary 
roads, secondary roads, trails, and off-road; and in 
terms of percent NOGO and reasons for NOGO when operating 
on trails and off-road . 

b . The SWIMCRIT water-crossing and WACROSS methodology 
(Nuttall 1979) were used to predict water-crossing 
performance of the study vehicles in the study areas. 

c . AMC-74X was modified to predict the performance of the 
study vehicles during sine slope operations . 

Contents of Report 

6. This report contains a main text and three appendices. 

Appendix A describes the complete vehicle data used by the predictive 

models and gives the terrain or road factors and their ranges. Appen­

dix B gives the detailed mobility data developed by using the mobility 

models . Appendix C gives the compilation of the mobility rating speeds 

for tactical mobility levels . 

* Quads in Jordan have been called "Mid-East Study Area" in previous 
studies such as the HIMO Study (Nuttall and Randolph 1976) . 
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Definitions 

7. The following are definitions of terrain and vehicle terms: 

a. Cone index (CI). An index of the shearing resistance of 
a medium obtained with a cone penetrometer. 

b. Remolding index (RI) . A ratio that expresses the portion 
of the original strength of a soil that will be retained 
after traffic of a moving vehicle. 

c. Rating cone index (RCI). The product of the RI and the 
average of the measured in situ CI for the same layer of 
soil. 

d. Vehicle cone index (VCI). The minimum RCI that will 
permit a vehicle to complete a specified number of 
passes; thus, VCISO means the minimum RCI necessary to 

complete SO passes, and vc~1 means the minimum RCI to 
complete 1 pass. 

e. v50 , v80 , v90 , and v100 . The average speed a vehicle can 

maintain over a given percentage (designated by the sub­
script number) of the best terrain in a given area (i.e., 
where the vehicle can make higher speeds). Thus , v

80 
means average speed of a vehicle over the best 80 percent 
of the terrain. 
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PART II: STUDY VEHICLES, TERRAIN DATA, SURFACE 

CONDITIONS, AND SCENARIO 

Study Vehicles 

8. Five vehicles were evaluated in this study, each using ride 

dynamics response at the driver's seat as a possible speed-limiting fac­

tor. One of these (Vehicle 1) was also run using ride at the commander's 

seat in place of ride at the driver ' s seat. This set of runs is desig­

nated as Vehicle 6. Vehicles 1 and 2 (and 6) were 5-ton trucks (M812Al, 

6x6) modified to carry the ROLAND missile . Vehicle 3 was a 10-ton truck 

(M977,* 8x8) modified to carry the ROLAND missile, and Vehicles 4 and 5 

were reference vehicles- -the M813Al, 6x6, 5-ton cargo truck and the 

Ml09Al, tracked, self-propelled howitzer. 

9. Vehicle 1 is the proposed transporter for the ROLAND missile. 

Earlier versions of the ROLAND system were mounted on the XM975, which 

used the Ml09 chassis . 

10. The study vehicles are listed below: 

Vehicle 
No. Study Vehicle Description 

1 Proposed ROLAND missile vehicle (M812Al, 6x6, 5-ton bridge 
truck modified to carry the ROLAND missile and equipped with 
11.00 X20 tires, duals on rear axles) 

2 ROLAND missile concept vehicle (M812Al, 6x6, 5-ton bridge 
truck modified to carry the ROLAND missile and equipped with 
14.00 X20 tires , duals on rear axles) 

3 M977 Mod ROLAND missile concept vehicle (M977, 8x8, 10-ton 
cargo truck modified to carry the ROLAND missile and equipped 
with 16.00 R20 tires, singles on each axle) 

4 M813Al, 5-ton cargo truck (equipped with 11.00 X20 tires, 
duals on rear axles) loaded 

5 Ml09Al self-propelled howitzer (tracked) 

6 Proposed ROLAND missile vehicle (same as Vehicle 1 except 
dynamic response measured at the commander's seat were used 
rather than that measured at the driver ' s seat . **) 

* One of the family of 10-ton Heavy Expanded Mobility Tactical 
Trucks (HEMTT). 

** Vehicles 1-5 used dynamic response measured at the driver's seat . 
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11. Important characteristics of the study vehicles are listed 

in Table 1. The complete list of vehicle characteristics and perform­

ance data used to make mobility predictions for the study vehicles are 
given in Appendix A. 

Terrains 

12. AMM was used to predict the performance of each study vehicle 

in the off-road terrain in the Lauterbach quad (L5322) and the on-road 

performance in the Schotten quad (L5520) (no road data were available 

for the Lauterbach quad) in the Federal Republic of Germany . AMM was 

used to predict the performance of each study vehicle in the off-road 

terrain and on-road network in the Mafraq,quad (3254 IV) in Jordan and 

the Dasht-E Arzhan quad (6349 II) in Iran. The locations of the Lauter­

bach and Schotten quads are shown in Figure 1 , the Hafraq quad in Fig­

ure 2, and the Dasht-E Arzhan quad in Figure 3. 

13. The SWIMCRIT model and WACROSS methodology were used to pre­

dict the performance of the study vehicles in the Lauterbach quad in the 

Federal Republic of Germany and the Mafraq quad in Jordan. There were 

no linear feature data available for the Iran quad but since both the 

Mafraq and Iran quad are similar, the Mafraq data were used for the Iran 

quad. 

Road and areal terrain data 

14 . The road and areal (off-road) terrain data were prepared 

from several types of maps at a scale of 1:50,000. The resulting 

mobility-terrain data describing road and areal Lerrain units for use in 

this study are considered to be of "study quality . " That is, specific 

values for many terrain factors involved were largely inferred from 

available qualitative data sources interpreted in the context of local 

climate, cultural practices, etc., but little or no ground truth data 

were used. As a result, it cannot be guaranteed that the specific set 

of mobility-terrain factor values assigned to a given point on a map 

will, in fact, be found at that point on the ground. 

9 
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15. However, the area as characterized is generally representa­

tive of the levels, associations, and areal distribution of those fac­

tors influencing vehicle mobility performance throughout this area as a 
whole . 

16. It is felt that the study quality road and areal terrain 

data for the quads in the Federal Republic of Germany, Jordan, and Iran 

are acceptable for c omparing the study vehicles. 

Linear features 

17. The linear feature data used in this study to describe 

potential water-crossing features were those developed for the WACROSS 

study (Nuttall 1979) and are also of study quality. These data are 

believed to be representative of the linear features in the study area. 

Surface Conditions 

18. The seasonal conditions in which the areal terrain and road 

daLa were considered are as follows: 

a. Dry normal. (All study areas.) The dry normal surface 
condition describes the lowest soil moisture and asso­
ciated highest soil strength found during the driest 
30-day period for an average rainfall year and assumes 
that it has been at least 6 hr since the last rainfall. 

b . Wet normal . (Federal Republic of Germany study areas 
only.) The wet normal condition describes soil moisture 
and associated soil strength found during the wettest 
30-day period for an average rainfall year. The assump­
tion is that it has been at least 6 hr since any rainfall . 

c. Wet-wet slippery . (Federal Republic of Germany and 
Jordan study areas . ) The wet-wet slippery surface con­
dition describes the highest soil moisture and associated 
reduced soil strength found during the wettest 30-day 
period for a maximum rainfall year. The assumption of 
continuing rain makes the situation less favorable be­
cause of potential slipperiness on soils where strength 
would otherwise be adequate for flotation. 

d. Snow . (Federal Republic of Germany study areas only.) 
The snow condition assumes that the terrain and trails 
are frozen and uniformly covered by 10 in. of dry snow, 
which is a reasonable maximum average depth for the area. 
Differences in snow depth or characteristics in forested 
areas or due to drifting snow are not considered. 

13 



e. Sand. (Jordan study area only.) Predictions were made 
for a condition in which the actual terrain was arbi­
trarily coverted to an all-sand terrain to represent 
sand dunes. This was accomplished by converting all 
actual soils to dry desert sand with appropriately 
reduced strengths and doubling all slopes to a maximum 
of 60 percent (the appropriate angle of repose of dune 
sands frequently found on the lee side of desert dunes). 
Characteristics of all roads and trails were unchanged, 
except the soil-surfaced trails were assumed to be 
trails in sand. 

Scenario Conditions 

19 . In the Federal Republic of Germany study area, a special 

excursion assessed the increase in percent NOGO due solely to side slope 

operations. This was done by the addition of side slope operation al­

gorithms to examine more closely for possible NOGOs than is done in the 

basic model. Simple algorithms were added which check for possible 

vehicle roll-over due to total effective side slope angle, including 

side-to-side differential, sinkage, and unfavorable encounters with 

obstacles. vcr
1 

was recomputed to reflect lateral weight transfer on 

the slope and was used as the basis for traction checks. No attempt was 

made at this time to adjust GO speeds on side slopes . 

14 



PART III: NOBILITY PREDICTIONS 

Ride and Shock Data 

20 . Ride and shock tests were conducted at WES on the proposed 

ROLAND missile vehicle (Vehicle 1) with simulated missile load and load 

distribution. The results of these tests were used to establish ride 

and shock characteristics at both the driver ' s and commander ' s positions 

used in describing Vehicles 1, 2, and 6. The VEHDYN model (Murphy and 

Ahlvin 1976) was used to determine the ride and shock behavior of the 

M977, 10-ton cargo truck; these data were used in describing Vehicle 3. 

Measured ride and shock data from previous studies were used for the 

.reference vehicles {Vehicles 5 and 6) . 

Ride data 

21. Ride quality over continuous rough terrain is presently ex­

pressed in terms of absorbed power at the driver ' s seat and is used as a 

basis for assessing the speed at which a driver will operate his vehi­

cle. Absorbed power as a quantitative ride criterion was proposed in 

the 1960's as a result of laboratory tests at the U. S. Army Tank­

Automotive Command (TACOM), partially validated in brief field trials 

during the late 1960's, and adopted in 1971 for use in the first 

version of AHH (Al-tC ' 71) (Pradko , Richard, and Kaluza 1966). Field 

tests indicate that a normally seated driver will not willingly subject 

himself to more than 6 watts of vertical absorbed power for more than 

15-30 min nt a time; severe fatigue results from higher exposure . 

Accordingly , vehicle speed at 6 watts of vertical absorbed power is 

currently accepted as the criterion for limiting speed due to vibrations . 

22. Surface roughness of the terrain over which a vehicle is 

operating is quantified as the root-mean-square (rms) elevation of 

points along a path profile measured at 1-ft intervals detrended to 

remove slopes and long swales. The speed at 6-watts vertical absorbed 

power versus rms elevation in inches for each of the study vehicles is 

given in Appendix A, Table A4 . 
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Shock data 

23 . The ability of vehicles to negotiate abrupt discrete obstacles 

is an important aspect of vehicle ground mobility. Logs, boulders, rice 

paddy dikes, etc., are encountered often in off-road travel and produce 

speed-controlling shock loads . Results of past studies indicate that 

obstacle height is a suitable first-order descriptor for characterizing 

such discrete obstacles. The response criterion currently used for 

limiting vehicle speed is that level at which the driver's vertical 

acceleration reaches 2.5 g's. The obstacle height versus speed at 

2 . 5 g's for the study vehicles is given in Appendix A, Table AS. 

On- and Off-Road Predictions 

24. AMM (Nuttall and Randolph 1976) was used to predict on- and 

off-road performance for each of the study vehicles for the dry, wet 

normal, wet-wet slippery, and snow conditions of the Lauterbach quad 

(15322) and Schotten quad (L5520) in the Federal Republic of Germany; 

dry, wet-wet slippery, and sand conditions in the Mafraq quad (L3254 IV) 

in Jordan; and dry surface condition in the Dasht-E Arzhan quad (6349 II) 

in Iran . 

25 . The basic output from the model is the maximum speed for a 

given vehicle in each road or terrain unit . The outpuL data for the 

entire study area can be usefully displayed directly as a speed map or 

statistically as a speed profile . The output for this study is the 

speed profile. 

26. The off-road speed profile for a given vehicle, terrain, and 

surface condition shows the average speed the vehicle can sustain as a 

function of the percentage of the total area under consideration that it 

avoids, under the assumpt~on that it avoids areas posing the greatest 

impediment to its motion. An example of an off-road speed profile is 

given in Figure 4. This example shows that at point A, Vehicle 1 (the 

proposed ROLAND missile vehicle) can average 8.6 mph while negotiating 

the best 80 percent of the terrain in the Federal Republic of Germany 

16 
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(Lauterbach quad) and avoiding the worst 20 percent of the terrain in 

the same study area. 

27 . The on-road speed profile for a given vehicle, road type 

(primary, secondary, or trail), and surface condition shows the average 

speed the vehicle can sustain as a function of the percentage of the 

total distance under consideration that it avoids, under the assumption 

that it avoids roads and trails posing the greatest impediment to its 

motion. An example of an on-road speed profile is shown in Figure 5. 

28. The speed profiles for each study vehicle on primary and 

secondary roads, trails, and off-road are given in Appendix B, Tables Bl-

818. 

29. There were no NOGOs on primary and secondary roads . The per­

cent NOGO for each study vehicle under the various surface conditions on 

trails and off-road is given in Appendix B, Tables Bl9-B21 . 

Linear Feature Performance Predictions 

30. The linear feature performance predictions were made using 

the .SWIMCRIT gap-crossing model (Nuttall and Randolph 1976). The charac­

teristics of the study vehicles and the linear feature data required for 

the SWlltCRIT model are included in Appendix A. 

31. The WACROSS methodology was used to determine, for each of 

three seasonal water stages for the area, and for each vehicle: 

a. The mean number of stream crossings that must be nego­
tiated per mile during cross-country travel. 

b. The mean time required to effect a single crossing , in­
cluding engineer assistance where necessary. 

32. The methodology, as applied, examined the WACROSS digitized 

linear feature data for the areas covered by eighteen 1-km by 22-km 

sample strips across the area depicted on the Lauterbach quad sheet 

(L5322). Nine samples defined north-south transects, and nine defined 

east-west transects. Moving from one end of each transect to the other, 

the computerized process avoids crossings where possible without going 

out of the transect bounds, and, where water crossings are unavoidable, 
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Germany Quad-5520 Road Predictions (MICOH) 
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Figure 5 . Speed profile for primary roads 
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selects the optimum crossing site. A site at which the vehicle can suc­

cessfully cross without assistance is chosen as the optimum site , if 

such a site exists. Otherwise, the site chosen re~uires a minimum of 

critical engineer resources (bulldozers, bridges, etc.) to prepare it 

for crossing. The construction time required is computed based upon 

site characteristics and added to an arbitrary waiting time of 1 hr. 

The mean time per crossing is given by: (total construction and waiting 

time for all crossings)/(total number of crossings). Since vehicles are 

rarely used in single-vehicle missions, the crossing time assessed a 

single vehicle is taken to be one-tenth of the computed value. This is 

equivalent to spreading the crossing "expense" among 10 vehicles . 

33. The product of the mean time per crossing and the number of 

crossings per mile of off-road terrain traversed gives a water-crossing 

coefficient having units of hours per mile. This index provides a 

simple comparative measure of a vehicle's water-crossing ability. 

Table 822 in Appendix B presents the values for this coefficient for 

each vehicle in the Lauterbach, t-1afraq, and Dasht-E Arzhan quads. 

Tactical Mobility Levels 

34. The mobility performance of a velticle is a complex function 

of the vehicle characteristics, the terrain in which it is operating, 

and the task it is required to do. Expressing mobility performance in a 

reduced set of meaningful numbers to aid in making decisions involves 

considerable sacrifice of detail. 

35 . The 1972 DA WHEELS Study qualitatively defined three levels 

of tactical mobility associated with three broadly stated mission pro­

files: tactical high, tactical standard, and tactical support. Table 2 

(Nuttall and Randolph 197·6) gives the WHEELS definitions , defines two 

added levels to complete the range, and quantifies the mission profile 

associated with the five resulting mobility levels in terms of three 

statistics : 

a. Percentage of total mission travel which is off-road 
(on-road percentage is simply 100 percent minus off-road 
percentage). 
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b. Minimum percent of off-road terrain which must be 
negotiated. 

c. Minimum percent of trails (and tertiary roads) which 
must be negotiated. 

The quantified definitions permit calculation of a mean area-wide speed­

made-good or rating speed for a vehicle in missions of each composition 

in stated seasonal conditions. The detailed procedure is given in 

Appendix C. 

36. Other mission profiles may match perceived needs for a given 

vehicle type better than any of those in Table 2. The specific break­

down of expected operation between off- and on-road may differ between a 

highly developed country and an underdeveloped country, and it may be 

useful to further divide the percentage of operations on- and off-road 

according to road or terrain type. For the present study a special 
I 

MICOM mission profile has been added to reflect the expected travel of 

the ROLAND transporter . In addition , on-road operations have been 

subdivided by road/trail type to reflect available relative mileages of 

each . 

37. Table 3 gives the network composition and the percentage of 

primary roads, secondary roads , trails, and off-road challenged and the 

severity of operation associated with each for the five tactical 

mobility levels and the MICOM mobility levels for the Federal Republic 

of Germany and [or Jordan and Iran . 

38. Mobility rating speeds of the study vehicles at the tactical 

mobility levels and the MICOM mobility levels for the Lauterbach, Mafraq, 

and Dasht-E Arzhan quads are given in Tables B23-B25 , respectively. 

21 



PART IV: MOBILITY ASSESSMENT OF STUDY VEHICLES 

39. Selected off-road performance data, on-road performance data, 

and performance data for a scenario containing both off- and on-road 

travel were used to compare: 

a. The effects on mobility performance of the proposed 
ROLAND missile vehicle when speed is limited by ride 
dynamics at the driver's seat and when speed is limited 
by ride dynamics at the commander ' s seat. 

b. The mobility performance of the proposed ROLAND missile 
vehicle equipped with 11.00 X20 tires with that of the 
same vehicle equipped with 14.00 X20 tires. 

c. The mobility performance of the proposed ROLAND missile 
vehicle with that of several existing reference vehi­
cles. 

d. The mobility performance of the proposed ROLAND missile 
vehicle with the M977 ROLAND missile concept vehicle. 

e. The effects of the mobility performance of the proposed 
ROLAND missile vehicle over a scenario requiring side 
slope operation and a scenario containing no side slope 
operation. 

Comparison of Mobility Performance of the Proposed 
ROLAND Missile Vehicle When Limited by Ride 

Dynamics Speed at Two Different Locations 

40. Ride dynamics speed limits established from ride measurements 

at the driver's seat were used for the proposed ROLAND missile vehicle 

(Vehicle 1). Ride dynamics speed limits were also established from 

measurements at the commander ' s seat location and used in place of the 

normal driver's seat values to develop another set of mobility perform­

ance predictions (Vehicle 6). Selected off-road performance data, on­

road performance data, and a scenario containing both off- and on-road 

performance data (MICOM mobility level) for Vehicles 1 and 6 are given 

in Tables 4, S, and 6, respectively, for all the study surface condi­

tions of each study area. 

41. These data show that the v100 speeds on secondary roads, v
100 

speeds on trails, v50 and v80 speeds in off-road terrain, and mobility 

22 



rating speed at the MICOM mobility level are generally slightly lower 

for Vehicle 6 than for Vehicle 1 . These slightly lower speeds reflect 

the slightly harsher ride at the commander's seat (Tables A4 and AS) 

than at the driver's scat . 

Comparison of the Mobility Performance of the Proposed ROLAND 
Missile Vehicle Equipped with 11.00 X20 Tires and the Same 

Vehicle Equipped with 14.00 X20 Tires 

42. Selected off-road performance data, on-road performance data, 

and a scenario containing both off-road and on-road performance data 

(MICOM mobility level) for the ROLAND missile vehicle (Vehicle 1) 

equipped with 11.00 X20 tires (duals on rear axles) and the same vehicle 

(Vehicle 2) equipped with 14.00 X20 tires (duals on rear axles) are 
• 

given in Tables 7, 8, and 9, respectively, for all study surface condi­

tions of each study area. 

43. These data show that fitting the ROLAND missile concept 

vehicle with the larger 14 . 00 X20 tires (Vehicle 2) significantly 

decreases the percent NOCO from that of the proposed ROLAND missile 

vehicle with the 11.00 X20 tires (Vehicle 1) during the wet normal and 

wet-wet slippery surface conditions of the Lauterbach quad and for the 

sand condition of the Nafraq quad. Equipping the ROLAND missile concept 

vehicle with 14 . 00 X20 tires (Vehicle 2) decreases its percent NOGO 

slightly for the dry and snow surface conditions of each of the study 

areas. Both tire sets (Vehicles 1 and 2) gave similar v
50 

and v
80 

speeds for the dry surface condition of each study area . 

Comparison of t-1obil ity of Proposed ROLAND ~1issile Vehicle 
and Reference Vehicles 

44. Selected off-ro~d performance data, on-road performance data, 

and a scenario containing both off- and on-road performance data (MICOM 

mobility level) for the proposed ROLAND missile vehicle (Vehicle 1) and 

two reference vehicles (Vehicles 4 and 5) are given in Tables 10, 11, 

and 12, respectively, for all the study surface conditions of each study 
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area. The reference vehicles were the M813Al, 5-ton cargo truck (Vehi­

cle 4) and the Ml09Al (tracked) self-propelled howitzer . 

45. These data show that the tracked Ml09Al (Vehicle 5) had 

slightly higher speeds at v
100 

on secondary roads and significantly 

higher v
100 

on trails, v
50 

and v
80 

off-road, and mobility rating speeds 

at MICOM mobility levels for all surface conditions and study areas than 

either the proposed ROLAND missile vehicle (Vehicle 1) or the M813Al 

{Vehicle 4). The Ml09Al also had significantly less NOGO than the 

wheeled vehicles (Vehicles 1 and 4). 

46. Compared to the M813Al (Vehicle 4), the proposed ROLAND 

missile vehicle (Vehicle 1) had similar or slightly lower v100 speeds on 

primary roads, v
100 

speeds on secondary roads, v50 and v80 speeds off­

road, and mobility rating speeds at MICOM mobility levels during the dry 

surface condition of all study quads and the wet-wet slippery and sand 

conditions of the Mafraq quad. The proposed ROLAND missile vehicle had 

significantly lower v
100 

on trails, v
50 

and v80 off-road,and mobility 

rating speeds at the MICOM mobility level, and significantly higher 

percent NOGO on trails and off-road during the wet normal and wet-wet 

slippery conditions of the Lauterbach quad. 

Comparison of the Proposed ROLAND Missile Vehicle and 
the M977 ROLAND Missile Concept Vehicle 

47 . Selected off-road performance data, on-road performance data, 

and a scenario containing both off- and on-road performance data (MICOM 

mobility level) for the proposed ROLAND missile vehicle (Vehicle 1) and 

the M977 ROLAND missile concept vehicle (Vehicle 3) are given in 

Tables 13, 14, and 15, respectively, for all study surface conditions of 

each study area . 

48. These data show that the proposed ROLAND missile vehicle and 

the M977 ROLAND missile concept vehicle have similar v
100 

speeds on pri­

mary roads. For most surface conditions and study quads, the M977 

ROLAND missile concept vehicle has significantly higher v
100 

speeds on 

secondary roads, v100 speeds on trails, and v50 and v
80 

speeds off-road 
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and significantly lower percent NOGO on trails and off-road than the 

proposed ROLAND missile vehicle. The M977 ROLAND missile concept vehi­

cle's greatest increase in mobility over that of the proposed ROLAND 

missile concept vehicle is in the reduced percent NOGO off-road for all 

surface conditions and quads. 

Comparison of the Mobility of Study Vehicles over 
Scenarios with and without Side Slope Operation 

49 . The percent NOGO for each study surface condition for the 

study vehicles of the Lauterbach quad without side slope operations 

(standard scenario used in other portions of this study) and for a 

special scenario requiring side slope operations are given in Table 16 . 

These data show the increase in percent NOGO due to required side slope 

operation. 

50. The Ml09Al (Vehicle 5) had significantly lower NOGOs with and 

without side slope operations during all surface conditions than any of 

the other study vehicles . The M812Al ROLAND missile concept vehicle 

(Vehicle 2) with 14.00 X20 tires had significantly lower percent NOGO 

than the proposed ROLAND missile vehicle (Vehicle 1) with 11 . 00 X20 

tires during the wet normal and wet-wet slippery surface conditions. 

51. The M977 ROLAND missile concept vehicle (Vehicle 3) had sig­

nificantly lower percent NOGO than the proposed ROLAND missile vehicle 

(Vehicle 1) with and without side slope operations during the dry, wet 

normal, and wet-wet slippery surface conditions. 

52. The M813Al (Vehicle 4) had significantly lower percent NOGO 

for the scenario requiring no side slope operations during the wet 

normal and wet-wet slippery conditions than the proposed ROLAND missile 

vehicle (Vehicle 1), the M977 ROLAND missile concept vehicle (Vehicle 3), 

and the M812Al ROLAND missile concept vehicle (Vehicle 2), but only 

slightly less NOGO than the same vehicles for scenarios requiring side 

slope operations. 

53 . The increase in percent NOGO for scenarios requiring side 

slope operations over that for scenarios requiring no side slope 
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operations was relatively low. The reason for the increase being small 

is that the standard scenario with no side slope operation requires 

upslope operation , which results in NOGO performance for most of the 

same slopes that were NOGO when side slope performance is required. 
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PART V: SUMMARY ASSESSMENT 

54. Based on the discussion of data presented in Part IV, the 

following summary assessment is made: 

a. 

b. 

c . 

d. 

e. 

f . 

On the ROLAND missile vehicle, the ride comfort at the 
commander ' s seat is slightly worse than the ride comfort 
at the driver's seat, which results in slightly lower 
mobility speeds both off- and on-road for most study 
surface conditions of the study quads. 

The use of 14.00 X20 tires instead of 11.00 X20 tires on 
the proposed ROLAND missile vehicle would significantly 
decrease the percent NOGO during the wet normal and wet­
wet slippery surface conditions in the Lauterbach quad 
and for the sand surface condition in the Mafraq quad. 
The reduced percent NOGO is due to the lower vcr

1 
of 

the vehicle with the larger tires (Table 1) . 

The proposed ROLAND missile vehicle has on- and off-road 
mobility performance equal to or slightly lower than 
that of the M813Al 5-ton cargo truck for the dry surface 
condition of all study quads, the sand surface condition 
in the Mafraq quad, and the snow surface condition of 
the Lauterbach quad. 

The proposed ROLAND missile vehicle has significantly 
more NOGO than the M813Al 5-ton cargo truck off-road 
during the wet normal or wet-wet slippery surface condi­
tions in the Lauterbach quad. 

The proposed ROLAND missile vehicle has similar mobility 
performance on primary roads to the M977 ROLAND missile 
concept vehicle but has significantly lower mobility 
performance on secondary roads, trails, and off-road for 
most study surface conditions of the study quads. 

The proposed ROLAND missile vehicle has better mobility 
performance on primary roads but significantly lower mo­
bility on secondary roads, trails, and off-road than the 
Ml09Al for all study surface conditions of the study 
quads. 

Scenarios for the ROLAND missile vehicle requiring side 
slope operations result in about 10 percent more NOGO 
during the wet normal and wet-wet slippery surface 
conditions of the Lauterbach quad, 5 percent more NOGO 
during the dry surface condition, and 1 percent more 
NOGO during the snow surface condition than those 
requiring no side slope operations . 
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T~tble 1 

Imeortant Character istics of Stud)! Vehicles 

Wheelbase , Minimum 
VCI

1 
Speed (mph) for 6-Watt Speeds Tire Size in. Gross Power-to- Ground Approach Departur e Max Obstacl e Height for Indicated or Track or Track Vehicle Weight Clearance Angle Angle (Fine- Speed {in.} at 2.S g's rms Elevation 1 meh Vehicle Width 1 in. Length 1 in. Weight 1 lb Ratio in. deg deg grained} mph 6 8 10 1.0 ..1.:1 2.0 

1 11.00 X20 21S 50,239 10.0 10.2 46 29.0 56 so 30.2 8.4 6.0 9.1 8.0 8.0 
2 14.00 X20 215 so , 739 9.8 12.2 48 31.0 39 55 30.2 8.4 6.0 9.1 8.0 8 . 0 
3 16.00 R20 210 6S. 776 12.2 13.4 43 45.0 40 60 55.0 18.3 3.5 16.0 10.5 7.5 
4 11.00 X20 179 32,080 15.6 11.5 46 32.5 33 50 30 . 2 5. 0 4.4 9.1 8.0 8.0 
5 15.0 156 53,060 15.7 17.7 75 80.5 25 32 60.0 60.0 13.0 30.0 19.0 16.0 
6 11.00 X20 215 50,239 10.0 10.2 46 29.0 56 50 60 . 0 12.0 6.0 8.2 7.6 7.2 



Table 2 

Preliminary Quantification of '.JHEELS Study Definitions of Tactical tfobilitY._ * 

Mobility Level 

High-high mobilityt 

All off-road operation . 

Tactical high mobility 

The highest level.of mobility designating the requirement for 
extensive cross-country maneuverability characteristic of 
operations in the ground-gaining and fire-support 
environment. 

Tactical standard mobility 

The second highest level of mobility designating the require­
ment for occasional cross-country movement . 

Tactical supEort mobility 

A level of mobility designating the requirement for 
infrequent off-road operations over selected terrain with 
the preponderance of movement on primary and secondary roads. 

On-road mobilit;tt 

All on superhighways, primary and secondary roads, and the 
best tertiary roads and trails . 

0Eerating 
Off-Road 
Percent 

100 

so 

lS 

5 

0 

Severit;t of 
Off-Road'~* 

Distance Percent of 
On-Road Terrain 
Percent Challenged 

0 100 

so 90 

85 80 

95 50 

100 

Operation 
On-Road 

Percent of 
Trails 

Challenged 

100 

100 

50 

10 

* From U. S. Army Engineer Waterways Experiment Station and U. S. Army Tank-Automotive Command (1972). 
** In terms of percentage of best off-road terrain to be challenged (off-road speed profile). 
t Not a WHEELS Study definition, but added during HIMO Study to yield a continuum from all off-road 

to all on-road. 



Table 3 
Network Com~osition and s~verit:z: at Tactical Mobilit:z: Levels for the 

Federal Reeublic of Cerman:z: and Jordan and Iran Stud:z: Areas 

Com2osition of ~etwork in Percent 
Severity of Operation in T~rms nf Percent 

of Terrain and Roads Challen£"d* 
Primary Roads Secondary Roads Tra! Is Off-Road Prioory Roads Secondary Roads Trails 

~lobil it:z: Levels (P )"'* <Ps> (PT} (P} (Vpp) (vsr> (VTP} p -
Federal Rc~ublic of Germany 

High-High 0 0 0 100 

ToJctlcnl Hi~h 10 30 10 50 VlOO VlOO VIOO 
Tnct len! Stnndard 20 50 15 15 VlOO VlOO VlOO 
Tactical Support 30 55 10 5 VlOO VlOO vso 
On· Road 35 60 5 0 VlOO VlOO v1o 
mcm1 20 50 15 15 VlOO VlOO vso 

Jordan and Iran 

High-High 0 0 0 100 

Tactical High 5 20 25 50 VlOO VlOO VlOO 
Tactical Standard 15 35 35 15 VlOO VlOO v10o 
Tact leal Support 20 40 35 5 VlOO \'100 \'80 
On-Road 30 40 30 0 VlOO VlOO "'so 
HI COM 15 35 35 15 VlOO v100 vso 

• Percent of terrain challenged refers to the average speed of the vehicle over a given percent of the best terrain. For 
instance, v90 means that speed of the vehicle negotiating 90 percent of the terrain with the hi~her speed~ and avoiding 
the 10 percent of the terrain with the lowest speeds. •• S~e para~raphs 1 and 2 in Appendix C of this report for description of the terms in parentheses • 

Otf-Road 
(V ) c 

VlOO 

\'go 

vso 

vso 

vso 

VJOO 

v90 

vso 

vso 

"'so 



Table 4 

Off-Road Mobility Performance Data for the Proposed ROLAND Missile Vehicle When Controlled 

by Ride Dynamics at the Driver ' s Seat (Vehicle 1) and \fuen Controlled 

by Ride D~namics at the Conunander ' s Seat (Vehicle 6) 

Lauterbach Quad Mafrag Quad Dasht-E Arzhan Quad 

v50 v80 v50 v80 v50 v80 
Vehicles mph mph Percent NOGO mph mph Percent NOGO mph mph Percent NOGO 

Dry Condition 

1 11.4 8.6 15.0 9 . 3 8 . 5 12.0 7.1 0.3 44.5 
6 10.1 7.9 15.0 8.2 7 . 6 12.0 6.8 0.3 44.5 

Wet Normal Condition 

1 0 . 3 0 . 2 69.1 
6 0.3 0.2 69.1 

Wet- Wet Slippery Condition 

1 0 . 2 0 . 1 74 . 6 9.2 8 . 0 19 . 2 
6 0.2 0.1 74 . 6 8.1 7 . 2 19.2 

Snow Condition 

1 5.4 0 . 9 26 . 6 
6 5.3 0.9 26.6 

Sand Condition 

1 8 . 7 1.0 26.9 
6 7.9 1.0 26.9 



Table 5 
On-Road Hobilit~ Performance for the Pro eo sed ROLAND Missile Vehicle When Controlled 

b~ Ride D~namics at the Driver's Seat ~Vehicle 12 and When Controlled 
b~ Ride D;(!!an~ica at the Connander's Seat {Vehicle 62 

Lauterbach guad Hafrag guad Dasht-E Anhan guad Primary Secondary 
Trails PriMry Secondary 

Trails Primary Secondary 
Trails 

!toads Road:; Roads Roads Roads Roads vlOO VlOO VlOO Percent VlOO vlOO VlOO Percent VlOO VlOO VlOO P.:rc.,nt Vehicles mph mph ~ NOGO mph mph ~ NOGO mph mph meh NOGO 
Dry Condition 

1 2901 16o9 8o0 0 32o 2 l8o0 Ro2 0 lG o A Ao8 0 6 29o1 l4o7 7o3 0 32o 2 15ol 7o5 0 ll. 7 8o0 0 
Wet Normal Condition 

1 29ol 16o9 3o6 1.5 
6 29o1 14 0 7 3o5 1.5 

llet-Wet sHeeery Condition 

1 28o2 16o7 3o5 1.5 30o5 17o8 7o9 0 6 28o2 14 0 5 3o4 1.5 30o5 l5o0 7o3 0 

Snow Condition 

1 23o4 l5o4 5ol 0 
6 23o4 l3o5 5ol 0 

Sand Condition 

1 29o8 17 o8 Oo6 l4o7 6 29o8 15o0 Oo6 14o7 



Table 6 

Mobility Rating Speed for Proposed ROLAND Missile Vehicle \.Jhen 

Controlled by Ride Dynamics at the Driver's Seat (Vehicle 1) 

and \.Jhen Controlled by Ride Dynamics at the Commander's 

Seat (Vehicle 6) 

Vehicles 
Lauterbach 
Quad, mph 

Mafraq 
Quad, mph 

Dasht-E Arzhan 
Quad, mph 

1 
6 

1 
6 

1 
6 

1 
6 

1 
6 

12.1 
11.1 

1.8 
1.7 

Dry Condition 

11.6 
10.4 

Wet Normal Condition 

Wet-Wet Slippery Condition 

1.2 
1.2 

9.1 
8.7 

11.3 
10.1 

Snow Condition 

Sand Condition 

11.1 
10.1 

10.5 
9.0 



Vehicles 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

mph 

11.4 
11.4 

0 . 3 
6.1 

0.2 
0.4 

5.4 
5 . 7 

Table 7 

Off- Road Mobility Performance Data for the Proposed ROLAND 

Missile Vehicle (Vehicle 1) and ROLAND l-1issile 

Concept Vehicle (Vehicle 2) 

Lauterbach Quad 

mph 

8.6 
8.6 

0.2 
0 . 3 

Percent NOGO 

15 . 0 
13 . 6 

69.1 
44.6 

t-fafrag Quad 
v50 v80 
mph mph Percent 

Dr~ Condition 

9.3 8 . 5 12 . 0 
9.3 8.5 10.3 

Wet Normal Condition 

Wet-Wet S1ipper:l Condition_ 

0.1 
0.2 

0 . 9 
1.3 

74.6 
61.7 

26.6 
24.5 

9.2 
9.2 

Snow 

Sand 

8. 7 
8.5 

8.0 19.2 
8.2 12.2 

Condition 

Condition 

1.0 26.9 
7.2 18 . 4 

Dasht-E 

v50 v80 
NOGO mph mph 

7 . 0 0.3 
7.1 0.3 

Arzhan Quad 

Percent NOGO 

44.5 
43. 1 



Vehicles 

1 
2 

1 
2 

1 
2 

l 
2 

1 
2 

Primary 
Roads 

VlOO 
mph 

29.1 
28.9 

29.1 
28.9 

28.2 
28.0 

23.4 
22.8 

Lauterbach 
Secondary 

Roads 

V100 
__ mph 

16.9 
17.1 

16.9 
17.1 

16.7 
16.8 

15.4 
15.4 

Table 8 

On-Road Nobility Performance for the Proposed ROLAND Nissile Vehicle 

(Vehicle 1) and ROLAND Nissile Concept Vehicle (Vehicle 2) 

guad 

Trails 

V100 
!!!.Ph_ 

8.0 
8.0 

3.6 
7.9 

3.5 
3.5 

5.1 
5.7 

Percent 
NOCO 

0 
0 

1.5 
0 

1.5 
1.5 

0 
0 

Primary 
Roads 

VlOO 
mph 

32.2 
33.4 

30.5 
31.5 

29.8 
30.8 

Nafrag guad 
Secondary 

Roads 

V100 VlOO 
mph !!!.Ph_ 

Dry Condition 

18.0 
18.1 

8.2 
8.2 

Trails 

Percent 
NOCO 

0 
0 

Wet Normal Condition 

Wet-Wet Slipperl Condition 

17.8 7.9 0 
17.8 7.9 0 

Snow Condition 

Sand Condition 

17.8 0.6 14.7 
17.8 0.7 12.6 

Primary 
Roads 

V100 
mph 

Dasht-E Arzhan guad 
Secondary 

Roads 

VlOO 
_mph 

14.8 
14.7 

V100 

~ 

8.8 
8.8 

Trails 

Percent 
NOCO 

0 
0 



Table 9 

Mobility Rating Speed at MICOM Mobility Level for Proposed ROLAND 

Missile Vehicle (Vehicle 1) and ROLAND Missile Concept 

Vehicle (Vehicle 2) 

Vehicles 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Lauterbach 
Quad, mph 

12.1 
12.3 

1.8 
10.6 

t-1afraq 
Quad, mph 

Dry Condition 

11.6 
11 . 7 

Wet Normal Condition 

Wet-Wet Slippery Condition 

1.2 
2.2 

9.1 
9.4 

11.3 
11.4 

Snow Condition 

Sand Condition 

11.1 
11.2 

Dasht-E Arzhan 
Quad, mph 

10.5 
10.5 



Vehicles 

1 
4 
5 

1 
4 
5 

1 
4 
5 

1 
4 
5 

1 
4 
5 

Table 10 

Off-Road Mobi1itz: Performance Data for the Pro2osed ROLAND Missile Vehicle 

(Vehicle 1) and Selected Reference Vehicles (Vehicles 4 and 5) 

Lauterbach Quad "1a f_rag Quad Dasht-E Arzhan guad 

v50 v80 Percent v50 v80 Percent v50 v80 
mph mph NOGO mph mph NOGO mph mph Percent NOGO 

Drz: Condition 

11.4 8.6 15 . 0 9 . 3 8.5 12 . 0 7.1 0.3 44.5 
12.1 9.2 7 . 6 9.4 8.7 5.2 8.0 0.5 33 .7 
16.1 11.5 2 . 9 19.0 15 . 8 0 . 5 13.3 6.4 19.4 

Wet Normal Condition 

0 . 3 0.2 69.1 
9.5 6.5 19.6 

10.9 8 . 2 5.7 

~.Jet-Wet SliEperz: Condition 

0.2 0.1 74.6 9.2 8.0 19 . 2 
8.2 0.6 33.1 9.3 8.6 6.4 

10.0 7 .6 8.8 16.9 14.1 0.8 

Snow Condition 

5.4 0.9 26 . 6 
7.9 1.5 23.8 

14.9 10.1 15 . 0 

Sand Condition 

8.7 1.0 26.9 
9.0 1.2 25 . 7 

12.6 10.8 0 . 7 



-- --~ -------~------------~----~-~~- -

Table 11 

On-Road Mobilitx Performance Data for the Pro2osed ROLAND Missile Vehicle 
(Vehicle 1) and Selected Reference Vehicles (Vehicles 4 and 5) 

Lauterbach guad Hafrag guad Dasht-E Anhan guad 
Primary Secondary Primary Secondary Primary Secondary 

Roads Roads Trails Road!l Roads Trails Roads Roads Trails 
11

100 ... 100 11
100 Percent VlOO 11

100 11
100 Percent 11

100 11
100 

11
100 Percent Vehicles _!I.e!)_ Ill ph ~ NOGO mph m2h ~ NOGO mph ?Ph ~ NOGO 

orx Condition . 
l 29.1 16.9 8.0 0 32.2 18.0 8.2 0 14.8 8.8 0 4 30.5 18.2 8.1 0 34.2 18.0 8.3 0 14.5 8.9 0 5 23.5 20.1 13.8 0 24.1 23.9 15.4 0 18.7 17.5 0 

Wet Normal Condition 
1 29.1 J 6. 9 3.6 1.5 
4 30.5 18.2 8.0 0 
5 23.5 20.1 12.5 0 

Wet-Wet s1122erx Condition 
1 28.2 16.7 3.5 1.5 30.5 17.8 7.9 0 
4 29.5 17.9 7.7 0 32.2 17.9 8.2 0 
5 23.0 19.8 11.8 0 23.3 23.6 13.1 0 

Snow Condition 
l 23.4 15.4 5.1 0 
4 24.2 16.3 7.2 0 
5 21.0 18.1 12.6 0 

Sand Condition 
1 29.8 17.8 0.6 14.7 
4 31.4 17.9 0.6 15.5 
5 23.0 23.6 10.5 0 



Table 12 

Mobility Rating Speed at MICOM Mobility Level for Proposed 

ROLAND Missile Vehicle (Vehicle 1) and Selec ted 

Reference Vehicles (Vehicles 4 and 5) 

Vehicles 
Lauterbach 
Quad, mph 

Hafraq 
Quad, mph 

Dasht-E Arzhan 
Quad, mph 

1 
4 
5 

1 
4 
5 

1 
4 
5 

1 
4 
5 

1 
4 
5 

12 . 1 
12 . 7 
17.5 

1.8 
12 . 0 
15.8 

1.2 
11.6 
15 . 3 

9 . 1 
10 . 9 
16 . 1 

Dry Condition 

11.6 
12 . 1 
20.1 

Wet Normal Condition 

Wet-Wet Slippery Condition 

ll . 3 
11.8 
17.7 

Snow Condition 

Sand Condition 

11.1 
11.8 
16 . 1 

10 . 5 
11.0 
18.1 



Vehicles 

1 
3 

l 
3 

1 
3 

1 
3 

1 
3 

Table 13 

Off-Road Mobility Performance Data for the Proposed ROLAND Missile Vehicle 

(Vehicle 1) and an M977 Modified ROLAND Missile Concept Vehicle {Vehicle 3) 

Lauterbach Quad 

V50 V80 Percent 
mph mph NOGO 

11.4 
16.6 

0.3 
7.0 

8.6 
10.4 

0.2 
0.3 

15.0 
7.3 

69.1 
48.5 

Hafraq Quad 

V80 Percent 
mph NOGO 

Dry Condition 

9.3 
14.8 

8.5 
10.9 

12 . 0 
2.0 

Wet Normal Condition 

Wet-Wet Slippery Condition 

0.2 
0.4 

5.4 
12.9 

0 . 1 
0.2 

0.9 
8.4 

74.6 
61.7 

26.6 
17.0 

9.2 
13.9 

8.0 
10.2 

Snow Condition 

Sand Condition 

8.7 
11.6 

1.0 
8.8 

19 . 2 
4.3 

26.9 
11.5 

7.1 
10.8 

Dasht-E Arzhan 

v80 
mph Percent NOGO 

0.3 
0.7 

44.5 
30.2 



Table 14 

On-Road Mobilit~ Performance Data for the Pro~osed ROLAIID ~lissile Vehicle 

(Vehicle l) and an M977 ~lodified ROLAIID Missile Conce~t Vehicle 

(Vehicle 3) 

Lauterbach Quad Mafrag guad Dasht-E Anhan guad 
Primary Secondary Primary Secondary Prim.:~ ry Secondary 

Roads Roads Trails Roads Roads Trails Roads Roads Trails 

VlOO VlOO VlOO Percent VlOO VlOO vlOO Percent vlOO VlOO VlOO Percent 
Vehicles mph mph ~ NOCO mph mph ~ NOCO -'ll.l?_h__ mph ~ NOCO 

Dry Condition 

1 29.1 16.9 8.0 0 32.2 18.0 8.2 0 14.8 8.8 0 
3 29.3 21.9 8.7 0 31.8 23.9 9.5 0 18.6 11.7 0 

Wet Normal Condit ion 

1 29.1 16.9 3.6 1.5 
3 29.3 21.9 8.5 0 

Wet-Wet Sli~~ery Condition 

1 28.2 16.7 3 . 5 1.5 30.5 17.8 7.9 0 
3 28.4 21.4 3.7 1.5 30 . 1 23.6 9 . 1 0 

Snow Condit ion 

1 23.4 15.4 5.1 0 
3 23.7 19.0 8.2 0 

Sand Condition 

1 29.8 17.8 0.6 14.7 
3 29.5 23.6 0.7 12 . 6 



Table 15 

Hobility Rating Speed at MICOM Hobility Level for the Proposed 

ROLAND Hissile Concept Vehicle (Vehicle 1) and an 1'1977 

Modified ROLAND Missile Concept Vehicle (Vehicle 3) 

Vehicles 
Lauterbach 
Quad, mph 

t-1afraq 
Quad, mph 

Oasht-E Arzhan 
Quad, mph 

1 
3 

1 
3 

1 
3 

1 
3 

1 
3 

12.1 
15.2 

1.8 
12.5 

1.2 
2.3 

9. 1 
13.3 

Dry Condition 

11.6 
17.4 

Wet Normal Condition 

Wet-Wet Slippery Condition 

11.3 
16.3 

Snow Condition 

Sand Condition 

11.1 
15.1 

10.5 
15.5 



Table 16 

Comparison of Percent NOGO for Study Vehicles Over Scenarios 

With and Without Side Slope Operations for the Lauterbach 

Quad in the Federal Republic of Germany 

Percent NOGO 
Scenarios Scenarios 

Vehic le \.Jithout Side With Side 
No. Slope Operations Slope Operations 

Dry Condition 

1 16.1 22.0 
2 15 . 1 19.0 
3 7.4 16.9 
4 7.8 12.4 
5 2.9 3 . 2 
6 16 . 1 21.9 

\.Jet Normal Condition 

1 69 . 1 79.6 
2 44.7 67.3 
3 48.4 55.3 
4 19.6 53.1 
5 5. 6 7. 3 
6 67.1 77.6 

Wet-Wet Slippery Condition 

1 74.6 84.3 
2 61.6 73.6 
3 61.7 64.5 
4 33.1 59.2 
5 8.8 10.8 
6 74.6 84.3 

Snow Condition 

1 26.6 27 . 5 
2 24.5 25.0 
3 17.0 18.2 
4 23.9 24.6 
5 14.9 15.0 
6 26.6 27 . 5 

• 



APPENDIX A: DATA USED TO CHARACTERIZE STUDY VEHICLES AND A 

BRIEF DESCRIPTION OF FACTORS USED IN DESCRIBING STUDY 

AREAS IN THE FEDERAL REPUBLIC OF GER}~NY , 
JORDAN, AND IRAN 

Vehicle Characteristics and Performance Data 

1. Extensive data are required to characterize a vehicle to pre­

dict its performance with the AMM and SWIMCRIT/WACROSS water-crossing 

models. These data for the six study vehicles are given in Tables Al­

AS . 

Terrain Data 

2. A detailed description of the procedures used to describe the 

study areas in the Federal Republic of Germany used as input to the AMM 

is discussed in the HU10 study (Nuttall and Randolph 1976). * A descrip­

tion of the data-gathering procedures used to describe the E-FOSS study 

area are given in the E-FOSS study report (West, Krivitzky, and Randolph 

1980) . The HIMO and E-FOSS study areas cover part of the same area 

in the Federal Republic of Germany (Figure Al) . TheE-FOSS area made 

use of some additional data; therefore, it is normally used for areas 

where both data groups are available. The Schotten quad (15520) is the 

area from which HIMO data were gathered; the Lauterbach quad is from the 

E- FOSS study area. 

3. Procedures for describing study areas in the Dasht-E Arzhan 

quad in Iran and the Mafraq quad in Jordan were the same as those used 

in describing the E-FOSS study areas. These areas are shown in Fig­

ures 2 and 3 in the main text. 

4. The terrain and road factors required for the ANC-74X and 

SWIMCRIT/WACROSS prediction models are given in Table A6. 

* References for this and subsequent appendices are located in the 
References section at the end of the main text. 

Al 
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Table AI 

Vehicle Char,1 Ctl'rl s tt c s Us<!d In the Arnw_l!_oblllty Hodel (l\Joc-1) 

-------- ------OIME""il-:'" ----
!!l!_, __ IDEHT!Flt;.~TJQN _ _ .lllllu VEHICLE 

I VEHICLE TYPE CH VEH • O FO~ TR~CKED 1 
AND I FO~ ~ IHEELED) 

2 G~OSS VEHICLE ~EIGHI LBS S0,239 . 
3 TPACI( TYPE Cllfl:O FO~ FLEXIBLE HA HA 

AHO I FOP. G!ROERIZEDl 
4 G~OUSE~ HEIGHT FO~ tRACKS IN , HA 
5 TIRE PlY RATING 14 
6 GP.OSS RUED HOP.SEPOIIE R BHP 250. 
7 HUMBER OF T R ~CKS OR TI RES !0 , 
a 1/UMBE~ OF AXlES 3 
9 VEHICLE loi!OTH IH . lll . O 

IG VEHICLE lENGTH !H . 370 . 0 
11 TRACK "lOTH OR NOMINAl TI~E WIDTH IN. 11 . 5 
12 loiHEEL RIM OI~METEP. OH ROAD "HEEl IH, 20 . 0 

RADIUS 
13 RECOrnE~DEO TIRE PRESSURE CCROSS- PS I 65 

COUHlRYl 
14 AREA OF ONE-TR ACK SHOE CTRACKEDl SO IN. 6 

OP. HUMBER OF WHEELS CWHEElEOl 0~ 1 
<DUALS AS OHEl 

IS HUMBER OF BOGIES CTP.ACY.EDl OR 
CHAIN INDICAtOR WHEELED <O=HO 
CH:IHS; !=CHAIHSl 

16 VEHICLE G'tOUHD ClEAPAIICE AT THE IN , 
CENTER OF C~EAtEST WHEEL SPAN 

17 MINIMUM VEHIClE GPOUIID CLEARAHCE !H. 
18 REAR END CLEARANCE (VERtiCAL IH. 

CLEARANCE OF VEHICLE'S TRAiliNG 
EOGEl 

19 VEHICLE DEPARTURE AHGlE OEG 
20 VEHICLE APPROACH ANGLE DEG 
21 LEHGTH OF TRACK OH GP.OUHO OR WHEEL !H. 

DIAMETER 
22 HEIGHT OF VEHICLE PUSHUR, 8UMPE~. IH. 

DR lEADIHG EDGE 
23 DISTANCE BEtWEEN FIRST AHD lAST !H. 

WHEEl CEHIE~ liNES 
24 HDRIZOH!Al DISTANCE FROM THE IH. 

CENTER OF GRAVITY TO THE FROHT 
WHEEL CEN TER llHES 

25 VERtiCAl OISTA~CE FPOM THE CEHTER I H 
OF GRAV I TY TO THE ROAD WHEEL 
CEtiTER liHES 

26 MAXIMU~ SPAH BETWEEN ADJACENT I H. 
~HEEL CEHIEP l!HES 

27 VERTICAL DISTANCE f~OM THE G~DUHD !H. 
TO CENTER OF REAR ~HEEl (IDLER 
OR SPROCKET FOR TRACKED VEHICLEl 

2a TRACK THICKNESS PLUS THE RADIUS OF IH . 
THE REA R IDLER OR SPROCKET 

29 ROAD WHEEl ~ADIUS PLUS TRACK lH . 
THICKNESS 

_30 LOADED ROlliHG RADIUS OF TIRE lH. 
CCRDSS-COUHTRY TIRE PRESSUREl DR 
SPP.OCKET PilCH RADIUS 

31 HEIGHT OF RIGID POINT USED TO IH. 
DEIERMIHE APPPOACH AHGlE 

32 MAXI~UM BPAKIHG FORCE THE VEHICLE lBS 
DEVElOPS 

33 lOADED WHEEL DEFLECTION CA T SAHD X 
TIRE PRESSUP.El 

3~ DISTANCE VEHICLE SPANS 8EFORE ! H. 
SI GIIIF!C&HT MOTION 8EGIHS 

35 MAXI~UN FORCE THE PUSH8AR CAH KIPS 
WI1HS1AHD 

36 MAXIMUM AXlE lOAD;GROSS VEHIClE 
WEIGHT 

37 VEHICLE RATED HOPSEPO~ER PER TOH HP;TQH 
3a IRAHSMTSSIO~ TYPE (0 "AUTOMA11C, 

I •MMIUAl l 
39 FIHAl DPIVE GEAR RATIO 
40 FINAL DR IVE GE~R EFFICIENCY 
41 HUMBER OF GEAR ~ATIOS 
~2 tP~NSMISSSIOH EFfiCIEHCY 

0 

14.4 

10 . 2 
45.0 

29.0 
46.0 
~2.0 

35 . 7 

245.0 

160 . 3 

50,0 

la7.0 

20.S 

HA 

HA 

20.5 

35.7 

40,191. 

25. 

21.0 

50.2 

50.239 . 000 

10.0 
I. 

6.44 
0.90 

I 0. 
0. 90 

(Continued) 

---------------~-VEHIClE 2 
I 

50.739. 
HA 

HA 
12 

2H 
I 0. 

3 
114.0 
370 . 0 

H.S 
20.0 

4a 

6 

0 

16.4 

12.2 
47 . 0 

31.0 
4a . o 
48.7 

37.7 

243.0 

160.3 

50.0 

1a7 . 0 

22.5 

HA 

HA 

22.S 

37.7 

40,S91. 

25. 

2~ . 4 

S0.7 

50.739.000 

9.a 
I. 

6.44 
0.90 

10 . 
0.90 

VEHIC LE l 

65,776. 
HA 

HA 
2a 

399 . 
a. .. 

113 . 0 
361.0 

16 . 5 
20 . 0 

33 

a 

0 

24 . I 

13 . 4 
36 . 9 

45 . 0 
43 . 0 
52 , 9 

42 . 0 

270 . 0 

139.2 

H.2 

150 . 0 

n .a 

HA 

HA 

23. a 

42.0 

52, 621. 

25. 

60.0 

6s.a 

65.176 . 000 

12.2 
o. 
S.H 
0 . 95 
4 • 
0,95 



DI1'1E'I-
1QtllJ1F.ICUl.DH _ ~'ii.. 

Vllff"flt TYPE 01'/(H:a FOR TRACKED 
AND I FOR l!II~ElEDl 

2 GROSS VEHICLE ~EIGHT 
l TR~CK TYPE I~FL=O FOR FLEXIBLE 

AHD I FOR GIRDERIZEDl 
~ GROUSER HE I GHT fOR TR~CKS 
5 TIP.E PlY RATING 
6 GROS$ RA TED HOR$EPOWER 
7 NUMBER OF TR~CKS OR TI RES 
a IIUI'1BER OF AXlES 
9 VEIUCLE WIDTH 

10 VEHIClE LENGTH 
II TP.ACK WIDTH OP. NOMINAL liRE WIDTH 
12 WHEEL RIM DlA~EIER OH ROAD WHEEL 

R~DIUS 

LIIS 
IIA 

IH. 

BHP 

IH. 
IH. 
IN. 
I H. 

1l RECOM11EHOED TIRE PRESSuRE <CROSS- PSI 
COUHIRYl 

I~ AREA OF O~E-TRACK SHOE CTP.ACKEDl 
OR HUMBER OF WHEELS IWHEELEDl 
CDUALS AS OtiEl 

15 HUMBER OF BOGIES ITRACKEDl OR 
CHAIH INDI CATOR ~HEELED CO•HO 
CHAINS; I•CHAIIISl 

16 VEHICLE G~OUND CLEARANCE AT THE 
CEIITER Of CREATEST WHEEL SPAN 

SQ !H. 
OR I 

I N. 

17 MINIMUM VEHICLE GP.OUIID CLEARANCE IN . 
18 REAR END CLEARANCE <VERTICAL ! H. 

CLEARAIICE OF VEHICLE'S TRAILING 
EDGEl 

19 VEHIClE DEP ARTURE AN~LE DEG 
20 VEHICLE APPROACH AIIGLE DEG 
21 LENGTH OF TRACr. OH GROUND OR WHEEL IH. 

DIAMETER 
22 HEIGHT OF VEHICLE PUSHBAR, 8U~PER, IH. 

OR LEADING EDGE 
2l DISTANCE BETWEEII FIRST AHD LAST 

~HEEL CEHTEP. LINES 
2\ HORIZOIITAL DISTAIICE FROM THE 

CENTER OF GRAVITY TO THE FRONT 
WHEEL CENTER LiliES 

Ill. 

IH . 

25 VERTICAL DIST~IICE FPOM THE CENTER IH. 
OF GRAVITY TO THE ROAD WHEEL 
CEIITER LINES 

26 MAXIMUM SPAH BETWEEN ADJACENT 
WHEEL CENTER LiliES 

IH. 

27 VERT I CAL DISTANCE FROM THE GqOUND IN. 
TO CENTER OF REAR WHEEL <IDLER 
OR SPROCKET FOP TRACKED VEHICLE) 

28 TRACK THICKIIE$S PLU$ THE RADIUS OF I N. 
THE REAR IDLER OR SPROCKET 

2' ROAD WHEEL RAD I US PLUS TRACK 
THICKIIESS 

I H. 

30 LOADED RDLLIHO RAD I US OF TIRE IN. 
ICP0$5-COUNTRY TIRE PRESSURE! OR 
SPROCKET PITCH RADIUS 

l 1 HEIGHT OF RI GID POIIIT USED TO 
DETEPMI IIE APPROACH ANGlE 

I H. 

32 MAXIMUM BRAKING FORCE THE VEH I CLE LBS 
DEVELOPS 

l 3 LOADED WHEEL DEFLECTIOH tAT SAHD X 
TIRE PRESSUP.El 

l~ DISTftHCE VEH I CLE SPANS BEFORE 
SI~HIFICAIIT MOTION BEGINS 

JS MAXI~UI'1 FORCE THE PUSHBAR CAN 
WIIHSIAIID 

l6 MAXIMUM AXLE LDAD,GROSS VEHICLF 
~!(IGIH 

IH. 

KI PS 

37 VEHICLE RATED HORSEPOWER PER TOH HP,TOH 
l& TP.A115MISSIOH TYPE CO•AUTOMAT IC, 

I•M~HUAL) 
l9 FINAL DRIVE GEAR PATIO 
~0 filiAl DRIVE GE~R EFFICIENCY 
41 NUraER OF GEA-. PATIOS 
~2 TRAIISM ISSSIOH UFICIEHCY 

Table AI (Concluded) 

YEHICI E S 
I 

s2.oaa . 
HA 

NA 
12 

250 . 
10 . 

l 
96 . 0 

JOO . O 
11.5 
20.0 

45 

6 

0 

20 a 
II 5 
H.5 

12 . 5 
46 . 0 
42 . 0 

H.s 
208.0 

126.2 

30 . 6 

IH.O 

20 . 5 

HA 

HA 

20.5 

J <o 0 s 
25.664 0 

25. 

20.5 

l2. I 

0 . 350 

U . 6 
I. 

6 0 <,4 
0 . 90 

I 0 . 
0 . 90 

VCH!C! E 5 
0 

53,060. 
0 

1 
NA 

416 0 

2 . 
NA 

124 . 0 
240 . 5 

IS . o 
HA 

NA 

90.0 

HA 

17.7 
li.O 

110 . 5 
15 . 0 

159 . 0 

45 . 0 

156.0 

94,0 

ll.' 

NA 

21.5 

9.a 
ll . O 

9 . 8 

H.O 

ll.&l6 

HA 

78.0 

106 I 

HA 

15 . 7 
0 . 

~ . l6 
0 . 90 
4 0 

0 , 95 

VEHI(LE 6 
I 

S0,2H. 
HA 

HA 
14 

250. 
I 0. 

3 
lll.O 
l70 0 0 

11.5 
20.0 

65 

6 

0 

14.4 

10.2 
45.0 

29.0 
46.0 
~2.0 

l5.7 

241.0 

160 l 

50.0 

187.0 

20.5 

NA 

HA 

20.5 

lS. 7 

40,191. 

25. 

21.0 

50.2 

50.239.000 

10.0 
I. 

6.44 
0.90 

10 
0.90 

• 



Table A2 

Gear Ratios (Gl-GlO) for Study Vehicles 

VEHICLES G1 G2 G3 G4 GS G6 G7 G8 G9 G10 
• VEHICLE 1 12.29 6.88 6.07 3.62 3.40 2.02 1. 7 9 1. 58 1. 00 0."8 

VEHICLE 2 12 . 29 6.88 6.07 3.62 3.40 2.02 1. 79 1.58 1. 00 0.78 

VEHICLE 3 3.69 2.02 1. 38 1. 00 

VEHICLE 4 12.29 6.88 6.07 3.62 3.40 2.02 1. 7 9 1.58 1. 00 0.78 

VEHICLE 5 4.69 3.18 1.58 0.79 

VEHICLE 6 12.29 6.88 6.07 3. 62 3.40 2. 02 1. 79 1. 58 1. 0 0 0.78 



Table A3 

Tractive Force versus Vehicle Speed 

vEHIClE 1 YEHICL E 6 
EHICLE TRACTIVE 

vEHICLE 2 
VEHICLE TRACTIVE 

vEHICLE 3 
VEHICLE TRACTIVE 

VEHICLE 4 
VEHICLE TRACTIVE 

VEHICLE 5 
VEHICLE TRACTIVE VEHICLE TRACTIVE 

SPEED FORCE SPEED FORCE SPEED FORCE SPEED FORCE SPEED FORCE SPEED FORCE 
liP H ---:L~Bh,..,...,. 

0. 25.540 
MPH ~L~B~.,....,.. 

0. 23.241 
MPH ~L~B--:-::-= 

0. 55,029 
MP H ~L:4iB:._,...,...,.. 

0. 25.540 
MPH --;LnB:--.'ft'r 

0. 41,104 
MPH ~LHBf--:=..,-:;.--

0. 25,540 
2.0 25.440 
2.4 25,190 

2.2 23,241 
2.6 22,922 

1.0 49,401 
1.7 42.769 

2.0 25,440 
2.4 25.190 

2.0 25,440 
2.4 25.190 

0.8 41,015 
1.3 37,033 

2.6 24,440 2.9 22,240 2.0 39,918 2.6 24.440 2.2 28,182 2.6 24,440 
3.1 21.440 3.4 19,510 3.0 31,6t,9 3.1 21.440 3.2 20,782 3.1 21.440 
3.2 14,590 3.5 13,277 4.1 24.969 3.2 14,590 3.7 20,711 3.2 14,590 
4.0 14,540 4.4 13,231 5.1 22,023 4.0 14,540 4.3 19,932 4.0 14,540 
4.9 13,540 5.4 12,321 5.8 19,450 4.9 13.540 5.5 15,015 4.9 13,540 
5.5 12,750 6.0 11.602 6.1 16,272 5.5 12,750 5.6 14,312 5.5 12,750 
5.6 11.750 'f>.2 10,692 7.1 14,341 5.6 11.750 6.4 13.356 5.6 11.750 
6.3 10,860 
6.4 7,860 

6.9 9,883 
7.0 7,153 

8.1 12,485 
9.2 12,272 

6.3 10,860 
6.4 7,860 

6.3 10,860 
6.4 7,860 

7.4 11.532 
8.2 10,312 

7.6 7,830 8.4 7,125 10.2 11.352 7.6 7.830 8.3 8,634 7.6 7,830 
9.0 7,500 

11.0 6,730 
11.1 6,630 
11.6 6,340 

9.9 6,825 
12.1 6,124 
12.2 6,033 
12.8 5,770 

11.2 9,237 
12.2 8,843 
13.2 8,556 
14.2 7,954 

9.0 7,500 
11.0 6,730 
11.1 6.630 
11.6 6.340 

9.0 7,500 
11.0 6,730 
11.1 6,630 
11.6 6, 340 

10.3 6,780 
12.0 6,718 
14.1 6,293 
16.0 5,155 

11.7 4,690 12.9 4,268 18.3 6,167 11.7 4,690 16.1 4,452 11.7 4,690 
13.7 4,670 15.1 4,250 20.3 5,723 13.7 4.670 20.2 3,363 13.7 4,~70 
16.0 4,560 17.6 4.150 22.4 4,529 16.0 4,560 24.0 3,355 16.0 4,560 
19.7 4,060 21.7 3.695 26.4 4,340 19.7 4,060 28.2 3.142 19.7 4,060 
19.8 3,960 21.8 3,604 30.5 3,386 19.8 3.960 32.0 2,576 19.8 3,960 
22.5 3.600 24.8 3,276 36.6 3,115 22.5 3,600 32.0 0 22.5 3,600 
22.6 3.500 24.9 3.185 40.7 2,873 22.6 3,500 22.6 3,500 
25.4 3,220 27.9 2.930 44.8 2,301 25.4 3.220 25.4 3,220 
25.5 2,420 28.0 2,202 48.8 2,295 25.5 2.420 25.5 2.420 
28.6 2,410 31.5 2.193 50.8 2.241 28.6 2.410 28. 6 2,410 
35. 4 2,210 38.9 2,011 57.0 2,043 35.4 2.210 35.4 2,210 
r,o.3 2,010 44.3 1.829 61.0 1,385 40.3 2,010 40.3 2.010 
40.4 1,860 44.4 1.693 62.4 1,034 40.4 1.860 40.4 1,860 
45.4 1.730 49.9 1.574 62.4 0 45.4 1.730 45.4 1,730 
50.0 1.610 55.0 1.465 50.0 1,610 50.0 1,610 
50.0 0 55. 0 0 so. 0 0 50.0 0 



Table A4 

Vehicle Speed versus Surface Roughness 

--,~c.=c-=-..,..--------,-,-=:-::-=--:::--::-------- -- c--- - - • • 
- ll E H I C l E 1 V EH I C l E 2 ~,..,.,,-;-lV~E~HL.Io.Il<.C..._L 10.E _.3o~,._ ,.,...,..,.,..,,-;-!V~E-HH..t..I &.C lio.JE~4'--

ELEVATfOH ecevATtoH ElEVATION ElEVATioN 
RMS SPEED PMS SPEED RMS SPEED RMS 
IH. MPH IH . MPH IH. MPH IH. 

o. 1oo.oo o roo.oo o -5T.Oo ·-o. 
0.40 100.00 0.40 100.00 0.22 55.00 0.10 
0.50 19 80 0.50 19.80 0.40 30.10 0.20 
0.60 14.10 0.60 14.10 0.68 22.70 0.30 
0.80 10.60 0.80 10 .60 1.04 16.00 0.40 
1.00 9.10 1.00 ':1.10 1.32 12.90 0.50 
1.20 8.40 1.20 8 .40 1.60 10.00 0.611 
1.40 8.00 1.40 8.00 2.00 7.50 0.80 
1.60 8 .00 1.60 8.00 3.00 6.00 1.00 
1.80 8.00 1.80 8.00 5.00 5.90 1.20 
2.00 8.00 2.00 8 .00 1.40 
2.20 7.90 2.20 7.90 1.60 
2.40 7.90 2.40 7.90 1.80 
2.60 7.80 2.60 7.80 2.00 
2.80 7.80 2.80 7.80 2.20 
3.00 7.70 3.00 7.70 2.40 
3.50 7.60 3.50 7.60 2.60 
4.00 7.50 4.00 7.50 2.80 
4.50 7.30 4.50 7.30 3.00 
5.00 7.20 5.00 7.20 3.50 

4.00 
4.50 
5.00 

SPEED 
MPH 

100.00 
100.00 
100.00 
100.00 
100.00 

14.80 
14 . 10 
10.60 

9.10 
8.40 
8.00 
8. 00 
8. 00 
8. 00 
7.90 
7.90 
7.80 
7.80 
7.70 
7.60 
7.50 
7.30 
7.20 

VEHIClE 5 
ELEVATioR 

RMS 
IN. 

0. 
0.33 
0.50 
0.72 
0.90 
1.00 
I. 15 
l. 30 
1.41 
1.50 
1.60 
1.75 
1.80 
2. 00 
2.25 
2.50 
2.75 
3.00 
8.00 

SPEED 
MPH 
80.00 
60.00 
51.00 
40.00 
33.00 
30.00 
26.00 
21.00 
20.00 
19.00 
18.00 
17.00 
16.50 
16.00 
15.00 
14.80 
14.00 
13.80 
13.50 

VEHIClE 6 
El EVATt oR 

RMS 
IN. 

0. 
0.30 
0.34 
0.40 
0.50 
0.63 
0.70 
l. 00 
l. 50 
2.00 
3.00 
5 I 00 

SPEED 
MPH 

100.00 
100.00 
30.00 
20.00 
13.00 
10.00 

9.00 
8.20 
7.60 
7.20 
7. 1 0 
7.00 



vEHICLE 1 
OBSTAClE VEHICLE 

HEIGHT SPEED 
IN MPH 
0. 100.00 
5.00 100.00 
6.00 30.20 
7.00 14.00 
8.00 8.40 
9.00 7.00 

110.00 6.00 
11.00 5.50 
12.00 5.00 
ll.OO 4.80 
14.00 4.50 
15.00 4.00 
16.00 3.80 
60.00 2.00 

Table AS 

Vehicle Speed at 2.5-g Acceleration versus Obstacle Height 

vEHIClE 2 
OBSTACLE VEHICLE 

HEIGHT SPEED 
IN MPH 
0. 100.00 
5.00 100.00 
6.00 30.20 
7.00 14.00 
8.00 8.40 
9.00 7.00 

10.00 6.00 
11.00 5.50 
12.00 5.00 
13.00 4.80 
14.00 4.50 
15.00 4.00 
16.00 3 .80 
60.00 2.00 

VEHIClE 3 
OBSTACLE 

HEIGHT 
IN. 
0. 
7.00 
8.00 
9.00 

10.00 
12.00 
60.00 

VEHICLE 
SPEED 

MPH 
55.00 
55.00 
18.30 
3.90 
3.50 
3.50 
2.00 

VEHICLE 4 VEHICLE 5 
08sTAcLE VEHICLE OBSTAClE VEHICLE 

HEIGHT SPEED HEIGHT SPEED 
IlL MPH o. Ioo.oo 

I H. MPH 
0. 100.00 

1.00 100.00 8.00 100.00 
2.00 100.00 9.00 26.00 
3.00 100.00 10.00 13.00 
4.00 100.00 11.00 8.00 
5.00 100.00 12.00 5.80 
6.00 30.20 13.00 4.50 
7.00 14.00 14.00 3.70 
8.00 5.00 15.00 3.00 
9.00 4.80 16.00 2.40 

10.00 4.40 60.00 2.00 
11.00 4.30 
12.00 4.20 
13.00 4.10 
14.00 4.00 
15.00 3.90 
16.00 3.80 
60.00 2.00 

vEHIClE 6 
OBSTACLE 

HEIGHT 
I H. 
0 . 
6.00 
6.40 
6.60 
7.00 
8.30 

10.00 
11.00 
12.00 
13.0 0 
14.00 
15.00 
16.00 
60.00 

VEHICLE 
SPEED 

MPH 
100.00 
100.00 
40.00 
30.00 
20.00 
10.00 
6.00 
5.50 
5.00 
4.80 
4.50 
4.00 
3.80 
2.00 



Table A6 

Terrain Data Required for A1-fC-74X and SWIMCRIT 

Water- Crossing Prediction Models 

Terrain or Road Factor 

Surface material 
Type , USCS or other 
Mass strength, CI or RCI 

Slope , percent 
Obstacle 

Approach angle, deg 
Vertical magnitude, em 
Length , m 

·Width, em 
Spacing, m 
Spacing, type 

Surface roughness, rms elevation 
Stem diameter, em} (8 pairs) 
Stem spacing, m 
Visibility distance , m 

Water depth, m 
Water velocity, mps 
Water width, m 

Linear feature top width, m 
Left approach angle, deg 
Right approach angle, deg 

Off-Road 

Differential bank height or differential 
vertical magnitude, m 

Low bank height or least vertical magnitude, m 

Road type 
Surface material 

Type, USCS or other 
Surface strength 

Trails, Cl or RCT 
Other, traction coeffici ents 

Slope, percent 

On-Road 

Surface roughness, rms elevation 
Curvature, deg 
Roadside visibility distance (trails only), m 

* NA E Not applicable. 

Range 

NA* 
0 - >280 

0 - >70 

90 -- 270 
0 - >85 
0 - >150 
0 - >1200 
0 >60 

NA* 
0 - 10 
0 - >25 
0 - >100 
0 - >SO 

0 - >5 
0 - >3.5 
0 - >70 

0 - >70 
90 - 270 
90 - 270 

0 - >4 
0 - >6 

NA* 

NA* 

0 - >280 
0.01 - >0.80 
0 - >70 
0- >7.6 
0 - 90 
0 - >50 



APPENDIX 8: DETAILED ~·1081LITY PERFORMANCE DATA 

1. This appendix contains the speed profiles, the percent NOGO, 

and the reason for NOGO on roads and off-road terrain, the performance 

data for the study vehicles crossing linear features (water crossings), 

and mobility rating speeds at the tactical mobility levels and HICOH 

mobility level. 

2. The speed profile data for the study vehicles over primary 

roads, secondary roads, trails, and off-road terrain for the dry, wet 

normal, wet-wet slippery, and snow surface conditions in the Lauterbach 

and Schotten quads in the Federal Republic of Germany are given in 

Tables Bl-B6 . The speed profile data for the Mafraq quad in Jordan are 

given in Tables 87-812 and for the Dasht-E Arzhan quad in Iran are given 

in Tables 813-818. 

3. The percent NOGO on trails and off-road terrain for the dry, 

wet normal, wet-wet slippery, and snow conditions in the Lauterbach and 

SchoLten quads are given in Table Bl9. The percent NOGO on trails and 

off-road terrain for the dry, wet-wet slipp~ry, and sand conditions in 

the Mafraq quad are given in Table 820, wl1ile the percent NOGO for the 

Dasht-E Arzhan quad arc given in Table 821. 

4. The performance data for the study vehicles crossing linear 

features (water crossings) for the stt1dy ar~as in the Lauterbach and 

Ma fraq quads are given in Table B22 . \.Jater-crossing data were not 

available for the Dasht-E Arzhan quad but were assumed to be the same as 

for the Mafraq quad. 

5. The mobility rating speed data for the study vehicles at the 

tactical mobility levels and the HICOH mobility level are given for the 

Lauterbach and Schotten quads in the Federal Republic of Germany (Table 

823), the ~lafraq quad in Jordan (Table 824), and the Dasht-E Arzhan quad 

in Iran (Table 825). 

Bl 



Tlbl e Sl 

Speed Profile • (mph) tor \'~hicle I In Scho«•n Quad ( L~~20) f o r R<Mds md~terbMh 

qu~~ l2~or Of f-Ro •d• ln th< ftd~rlll Republi c: ,, f r.~rlll.1nv 

Prlurr Ro•d • 

PE• ClNI IOIAl OISIANCE 

)(:IJ ~ 

X H . O 50 . 0 
IX ~4 o ~0 . 0 
zx 50 . 0 50 0 
JX 50 . 0 ~0 . 0 
<X ~1 9 H . S 
5.( 47 J ~6 . 8 
6X 44 J H . l 
7X •I ~ H . • 
•~ !6 a n . • 
9lt !4 I JJ . l 

I OX 29 I 

• 50 0 
!JO . O 
~0 0 
JS!l.o 
HO 
46 . 2 
4) 2 
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6 
~o . o 
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so 0 
)0.0 
48 • 
H6 
42 7 
•o . J 
H . 2 
li.S 

~ 

50.0 
so 0 
50 0 
)0 , 0 
47 . 6 

" ' '-2 J 
l9 . 6 
lS .I 
JO . J 

PEPCEHT TOTAl OISIAHCE 

X'D 
X SO.O 

IX SO.O 
2X 50 0 
!X 50.0 
4X 49 . 9 
5X ., . l 
6X 44 . 1 
7X 41 & 
&X 3& & 
9X 34 I 

lOX l9 I 

2 
50 . 0 
so.o 
so .o 
50 . 0 
49 . 5 
H . & 
4) . 7 
41.4 
37.9 
3J . 2 

• 50.0 
50 0 
50.0 
50 0 
H . l 
46.2 
4J . 2 
40 . 9 
l' . J 
12 . • 

6 
50.0 
50 . 0 
50.0 
so.o 
4a.• 
45 . 6 
42 7 
40 . 3 
u . 2 
31 . 5 

a 
50.0 
50.0 
50.0 
so.o 
., . & 
44 . 9 
42 . 3 
!9. 6 
35 . 1 
30.3 

PERC£NI IOIAl OISiaNCE 

X 
IX 
2X 
JX 
•x sx 
6X 
7X 
6X 
9X 

IIX 

X cO 
~0 0 
50 0 
so .o 
so . o 
4? , 9 
t.1 . ~ ; l.' 
4!. 6 
11 •• 
H J 
23.2 

2 
50 . 0 
~o . o 
50 . 0 
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1\ ' . s 
06 . 5 
H. ~ 
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ll . ~ 
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19 . s 
I& . S 
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a 
•a . J 
4J . 0 
35 . 1 
!0 . 2 
25.1 
22 . 2 
20.4 
19 . J 
1& . 4 
17 . 2 

X 
IX 
2X 
lX 
4X 
sx 
6X 
7X 
ax 
9X 

lOX 

x•o 
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10 0 
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9 . 0 
a.7 
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3 . 6 
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10 . 6 
tO l 
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0 6 
0 J 
0 . 2 
t . 2 
0 . 2 
0 2 
I . I 

a 
ll a 
10 2 

1 a 
0 5 
O.J 
0.2 
0 1 
• 2 
• 2 
1 . 1 

PERC£111 IOIAl DlSIAHCE 

X 
IX 
2~ 
!~ 
4X 
sx 
6:( 
~~ 
$X 
?X 

IH 

X' O 
Z6 4 
10 • 
a. s 
0 . 6 
O, l 
0 ~ 
C. 2 
i). ~ 
0 . I 
0 • I 
0 . I 

2 " ., 
IO. J 

1 a 
o. s 
0 . 2 
0 l 
0 : 
• l 
0 I 
0 I 

4 
I J 1 . ·' 7 • ) 

••• 0. 2 
0 . ~ 
0 . 2 
0 ~ 
0 I 
0 . I 

• 17 6 
1 2 z.• o. J 
~ 2 
• 2 
0 2 
I • I 
0 I 
0 . I 

a 
II 7 

' ·' 0 . 9 
0 ,) 
o.z 
0 . ... 
~ . :.'! 
0 . 1 
0 . I 
G. I 

PERCEHI IOTAl DI~IAHCE 

X• O 
X 6 J 

IX 6 0 
1:'( 5 • 
JX S. T 
4X 5 . 6 
~X S. 41 
U S . l 
7Jt 4 . 6 
ax o. • 
9X 0 . 5 

lOX 0 . 4 

~ 
6 2 
6.0 

' a 5.7 
5 . S 
S . J 

'·' 4 • 
o a 
0 • 

• 6.1 ,, 
S . ll 
) .7 
) . S 
S . l 
5 . 0 
~ .. 
0 7 
0 . 4 

' 6 • I 
~ 9 
s .a 
s 7 
s s , ~ 
' ·' I ~ 
0 . 6 
0 4 

~ 
6 . 0 
s 9 
S , 7 
S . 6 
S . t. 
5.2 
• & 
I • 2 
0 . 5 
••• 



Table 82 

Speed Pro f ilea (mph) for Vehicle 2 In Schotteo Qu&d ( LS~20) for Roada And Lauterbach 

9uad (LS322 ) for 0((-Roada In t he Federa l Ropubl l o o f ~er .. nz 

Priury Roada 

,(lC£HT TOTAl OISTAHCE 

X•t 
X 55 0 

IX 55 0 
2X 55 0 
3X 55 I 
•• 5 ••• 
5X 5 I. 5 
u •• a 
7X \l . l 
AX 3& 3 
•x )3 7 

lOX 21 9 

x:o 
X 55.0 

IX 55 0 
2X 55 0 
lX 55 0 
•x 5• a 
5X 51 5 
·u •• a 
7X U . 1 
ax l&.l •x 33 . 7 

lOX U . 9 

2 
55.0 
55 • 
55 • 
55 0 
54 . 0 
5o a ., .. 
41 •• 
37 . 5 
l2 ~ 

• 55 . 0 
5S . t 

" ·' 55 . 1 
53 l 
so 0 

·~ ~ HI 

" 7 l2 0 

2 • 
55 . 0 55 0 
55 . 0 55 0 
55 . 0 55 0 
55 . 0 55 . 0 
54.1 5l . l 
50 a so o 
"·' •• 6 41.4 •o . a 
37 . 5 l6 7 
32.8 32 0 

• 55 a 
55 . 0 
55 • 
55 • 
52 7 
.. I 
u 7 
H 0 
l5 a 
ll 2 

• 55 0 
55 0 
55 0 
55 • 
52 7 
H I 
4) 7 
.. 0 
J5 . a 
31.2 

8 
55 0 
55 . 1 
55. I 
55 .• 
52. I 
<7 . 9 
~2.1 
39 l 
l< 7 
30 . 1 

a 
55.0 
55 0 
55.0 
55 . 0 
52 . I 

47 · ' 42 a 
39.3 
34 . 7 
30 .o 

'flCENT TOTAl DISTANCE 

x=o 
X H I 

IX 55 0 
2X 55 0 
n 55 o 
u ,. 5 
5X 5I I 
u '5 a 
7X •1 4 
3l( 37 . 5 
9X ll 9 

10x 2a . o 

2 
55 . 0 
55 . 0 
55 . 0 
55 . 0 
53 . 7 
51.3 
.. 7 
.0.7 
36.7 
32.0 

• 55 0 
55 . 0 
55 0 
H . 0 
53 0 
.. 5 
'3 a 
.. I 
15 a 
ll ) 

6 
55 0 
)5 , 0 
H 0 
55 0 
n• 
.. l 
'2 t 
392 
H a 
)0 • 

~ 
55 . 0 
)5 . 0 
ss .o 
55 . 0 
51 9 

" . 42 I 
18 • 
13 I 
29 . 2 

'llCENT TOTAl DISTANCE 

X•l 
X <D S 

IX 40 5 
2X 40 ~ 
JX •o s 
4X •o 2 
5X )8 . 7 
u n . l 
7X Jl , 7 
ax H 1 
tX l7 . 1 

lOX ~1 . 8 

2 
40 . 5 
.0 . 5 
'0.5 
40 . 5 
l9.t 
3& ) 
)4 7 
32 . 2 
29 . 4 
2• . 5 

4 
40 5 
•o 5 
40 5 
•o 5 
Jt6 
l7 5 
l4 I 
31 7 
2& 7 
2• a 

• 40 5 
.. s 
<0 . 5 
40 5 
)9 l 
36 7 
)).7 
)I 2 
21. 1 
~~ . 0 

a 
.. 5 
40 . 5 .. ' •o.s 
39 . 1 
35 • 
33 . 2 
1• . 6 
27 . 6 
~' . ) 

x:o 
X 55 . 0 

IX SO 5 
2X 4).5 
lX )5 6 
•• Zt 9 
5X 24 . 9 
6X 22 . 1 
IX 20.4 
ax u . l 
tX II , 4 

lOX 17 I 

Secondary load• Troll a 

Dry CondIt l oa 

'ElCEHT TOTAl OISTAHC( 

2 
53 7 ••• <II 
)46 
2a 6 
2~ 2 
21 1 
20 . 2 
Ul 
I~ 2 

• 52 2 
47 6 
)t 2 
)) 5 
l7 5 
2l 6 
21 • 
20 0 
II 9 
11 t 

6 
5I 8 ... 
)7 a 
'2 \ 
l6 . 5 
u.o 
21.0 
19 1 
18. 8 
17 . 7 

• 51.6 
45 ) 
36 6 
11 2 
2) 1 
2? . 6 
20 7 
11. 5 
l8 . 6 
17.\ 

X>l 
X II 6 

IX II 4 
zx 9 . 7 
)X 9 4 
4X 9 I 
5X a a 
u 8.6 
7X 8 . 5 
ax 8 4 
•x a 4 

IIX 8 0 

Vet Nor.al Condition 

2 
10 . 6 
11 . 2 

9 . 6 
9 . ) . ' a 7 
a 6 
• 5 . ' . ) 

• 10 • 
11 . 1 

9 6 

' 2 a 9 
• 7 
• 6 
a 5 •• 1,) 

6 

10 ' 9 . 9 
9 6 
t I 
a 9 
a 1 
1 . 6 
a. 5 
8 . 4 
a z 

a 
11 . 6 

9 I 
9 5 
o , I 

••• • 7 
••• • 5 
I 4 
a I 

'ERCEHT tOTAl DISTANCE 'E~CEHT TOTAl DISTAHCE 

x•o 
X 55.0 

IX 50 5 
2X 43.5 
sx 35 . 6 
~X 29.9 
5X 2\ . 9 
6X 22.1 
7X 20 , \ 
ax 19 . l 
9X 18. 4 

lOX 17.1 

2 
53 . 7 
ua 
41 I 
]6 6 
28 6 
2\ 2 
21 7 
20 . 2 
19 . 1 
l8 2 

' 52 . 2 
41 6 
39.2 
]) 5 
27 . 5 
23 6 
21 ' 20 . 0 
18. 9 
17 9 

6 a 
51. a 51.' 
... 4 45 ) 
37 . 1 36.6 
)2 , 4 31.2 
26.5 25 . 7 
u .o 22 ' 
21.0 20.7 
19. 7 19.5 
18.8 18.6 
17.7 11.4 

X 
IX 
2X 
)X 
•x sx 
6X 
7X 
IX 
9X 

lOX 

x•o 
10 . 6 
10 . 2 

9 6 
9 . 2 
8 . 9 
&. 1 
• 6 

••• &.4 
&. 3 
7 . 9 

2 
10 . 6 
10 , 1 

9 , 6 
9 . 1 
••• I 7 
8.5 
••• 8.) 
a.2 

Vet-Vet Slippery Condition 

• 10 6 
9 9 
9 , 5 
9 , 0 
a • 
• 6 
a 5 
a .• 
a l 
a . 2 

6 
II 6 
9 .& 
9 . < 
9 , 0 
a 1 
a 6 
• 5 
a . • 
1> . 1 
a I 

• 10 . 5 
9 . 7 
9 , ) 
a .9 
• 7 
• 6 
1 . 5 
I 4 
• l 
• • 0 

'ERCENT TDIAl DlSTAHCE 'ElCENI IOTAl OlSTAHCE 

x=o 
X 50 7 

IX 47 .a 
2X 41.3 
3X l4 2 
•x ?& 1 
5X 24 . 2 
u 21 . 6 
7X 20 I 
ax tt 1 
9X l8 2 

lOX u .a 

x~• 
Xl71 

IX 36 7 
2X H . 2 
lX 28 4 
•x 2•.2 
5X 21 S 
6X It 7 
7X 1a . 6 
ax 11 a 
9X 16. t 

lOX IS . 4 

2 
so 0 
'6 . 2 
lt . 2 
HZ 
l7 .s 
21 .5 
21 2 
191 
I& a 
17 9 

2 
S7. I 
l6 . I 
)1.1 
Z1 . 7 
2) 5 
Zt 9 
19 • 
184 
11. 7 
16.7 

• 492 
45 . 2 
)7 . 5 
12 I 
26 5 
~l • 
21 9 
It 6 
Ia 7 
17 7 

4 
HI 
357 
)0 7 
27 0 
n 9 
20 ' 
I 9 2 
II 2 
17 5 
16 . 5 

6 
\8 , 9 
44 . 2 
l6 . 2 
ll.O 
256 
22 5 
21 . 6 
196 
1&.5 
11.4 

• .... 
U .I 
H .I 

~'·' '4 ' 22 I 
21.3 
19 l u .s 
17.1 

X 
IX 
2X 
1X 
4X 
5X 
6X 
7X 
ax 
9X 

lOX 

x=o 
I o. 6 
10 . 0 

' 5 
' 0 8 . 7 
&.6 
a.• . ) 
• 2 
8 . 1 
).5 

Soov Condition 

' H . l 
)5 . 2 
29 .a 
26.0 
22 . ) 
21.2 
It 0 
II I 

17 ' 16.2 

• J7 I 

l4 ' 29 . I 
25 0 
21 a 

"' II I 
17 9 
17 . 2 
IS t 

X 
IX 
zx 
lX 
4X 
5X 
u 
IX 
ax 
9X 

IIX 

x=• 
6 ' 6 . 6 
6 . 5 
6 . 5 
6 . 5 
6 • 
••• 6.4 
6 2 
6 . 0 
5 7 

2 
10 . 6 
9 9 
9 4 
1 . 9 . ' • 5 • • . ) 
• 2 
8 I 

2 
6 9 
6 6 
• 5 
6 . 5 
6.5 
• 4 
6 • 
6 ) 
6 • I 
6 . 0 

• II 6 
9 a 
' z a • 
I 6 
I 5 
a 4 
1 . 3 
a 2 
8 . 0 

4 
6 a 
6 6 
6 . 5 
6 5 
6 5 6.• 
6 . 4 
6 , ) 
6 . I 
5 . 9 

• I 0. 5 
9 7 
9 I 
a a 
1 . 6 
a 5 

••• l . l 
• 2 
1 I 

6 
6 1 
6 6 
6 5 
6 5 
6.4 
6 4 

' . 6 l 
6 . 1 
5.t 

a 
10 ) 

9 6 
9 0 
I 7 
• 6 
I 5 
• 4 
• 3 
• 1 
7. 6 

I 

' 7 6 6 
6 5 
6 5 
6 4 
6 4 
6 • 
6 2 
6 • 
5.a 

o rr- Road 

'ElCEHI TOTAl DISTANCE 

x:o 2 
X ~, . 2 1: ' 

IX 21. I :c 4 
2x u a 16 l 
l X 14 5 14 I 
<XI271? . 4 
SX II 4 II l 
~· 10 ' 10 ) 
: x ' ' ' ' ax a • a l 
9X It l. l 

lfl< -r. 7 

• 21 3 
I t , ) 
15 ' 
ll 7 
1: 1 
Ill 
10 2 

' 2 I I 
1. 1 

6 
25 . 6 
16 , ) 
n• 
ll ) 
II t 
10 9 
10 0 

9 0 
7 6 
1 . 9 

• 2) . 5 
11 . 5 
14 , 

I'· I II. 7 10 .' • a 
••• l.l • • 

PERCENT TOtAl DISTANCE 

x:o 
X 29 I 

IX 11 6 
2X II 7 
3X 9 2 
•x 1 a 
5X 6 I 
6X I I 
IX I 4 
ax o ' .. 0 2 

IIX I . 2 

x·o 
X 22 , ) 

IX 12 . 2 
2X 9 6 
sx 1 a 
•x 1 6 
sx • ~ 
6X 0 S 
) l( 0 2 
ax o 2 
,. 0 . 2 

lOX 0 : 

z 
21 . l 
12 ' It • 

I ' 7 , 5 
5 6 
0 • 
0 • . ) 
• 2 

2 
16.8 
11.5 .. ) 
7 . 4 
0 . 9 
1 •• 
0 , ) 
0 2 
0 2 
0 2 

• II 4 
11 . 2 
It , I 
• 1 
7 2 
s 0 
I 6 
0 4 
0 . 3 
I 2 

~ 

14 . " 
II . 0 
A. t 
7 . 1 
1 . 7 
l . l 
• 2 
1 . 2 
0 . 2 
0 z 

6 
15 . 7 
11 . 7 

9 , 6 

•• 6 • 
2 1 
• 5 
0 ) . ) 
• 2 

6 
11 , a 10 .' 
~.5 
6,5 
0 , \ 
0 ) 
0 : 
0 . 2 
0 , 2 
0 , 2 

a 
1• . 6 
11 . 2 
9 . 5 
I . I 
6 , 5 
I 4 
I 5 
0 l 
0 ) 
0 2 

a 
I l 0 
10 0 
3 I 
~ - ' 1 . 5 
I ) 
0 . 2 
o.: o.: 
0 , 2 

,~CENT T01Al DISTANCE 

x:o 
X 6 9 

IX 6 6 
2~ 6 • 
)X 6 2 
4X 5 • 
5X 5 .7 
n s .s 
:"( s 2 
ax l . l .. '·' lOX o.• 

2 
6 • 
6 6 • • 6 I 
5 9 
3 7 

~ - · 5 , 1 
1, 0 
0 l 

• • 7 
6 s 
6 . ) 
6 I 
5 9 
5 6 
5 • 
5 . 0 
I a o.s 

6 
• 1 
6 . 5 
6 l 
6 0 ' . 5 6 

5 ' ' ·' 1 .7 
0 . ~ 

• 6 . 6 
6 , 4 
6 2 
• 0 
5 3 
~. 5 
5 , l 
1.1 
I . 6 
t . 4 



Table Bl 

Speed Profiles (aphl for Vehi~le ) ln Schotten Qu!d (LSS~O) Cor RoAds And LAuterba~h 

Quad (LSl22l for Off-Roads in the Federal Republic of Cermany 

Primary Roada 

x:o 
X 5~ 0 

IX SS 0 
2X Sl 9 
SX SO I 
4X 43 4 
sx 46 . 9 
u .. . . 
7X 42.) 
IX 39 2 
9X 34 ~ 

lOX 29 . ) 

2 

' ' 0 
'' 0 32.& .... 
~~.I 
46 , 5 
'' ·2 41 . t 
)1 , ) 
)) , 5 

x:o 2 
X 55 . 0 55 0 

IX 55.0 55.0 
2X 53.9 52.a 
)X 50 I H 6 
4X u.• •a . I 
5X 46.9 " · ' U446H . 2 
IX 42 . 3 41.9 
ax 39 .2 3a .3 
9X 34 , 4 33 . 5 

lOX 29.3 

~ 
55 . 0 
H.O 
51 ' .. ) 
47.1 

" 0 4).l 
41.4 
)7 , 4 
32.6 

• "·' 55.0 
51 . 9 
., 3 
47 a 
46.0 
43.6 
41.~ 
37 . ~ 
lZ.6 

' 550 

" 0 51.2 
48.9 

47 ' 
45 ' 4). 2 
40.1 

3l ' )1.7 

6 
55.0 
~5.0 
51.2 .•. ' 
4 1 ' 
45 ' 
U . 2 
•o.a 
)6 , 5 
31.7 

a 
" 0 55 . 0 
so .• 
41 . 6 
H , ) 
•s.o 
H . 1 
40 . I 
JS . S 
)0 , 5 

I 
55.0 

" · 0 50 . 6 
'1 . 6 
47 , ) 
H , O 
42 . 7 
~0 . 1 

lS ' 30 . 5 

PE~CENI !DIAl 01\!ANCE 

x=t 
X 55 t 

IX 55.0 
2X SJ .6 
JX 49.9 
4X 43 l 
sx ••. 7 
~X h . J 
7't 4~ . 0 
u s• .s 
9X )) • ' 

lOX ;:4 ~ 4 

2 • 
'' 0 " • • ss a 55 o 
52 • 51 7 
H 5 •9.1 
43 0 H 1 
46 I 4 5 6 
4) , ~ 4) ) 

41.5 ·~ • 
)1 , 5 )6 6 
)2 . 7 H . 9 

' ss .a 
ss a 
S I 0 

·~ a 47 • 
., 2 
42 a 
40 . I 
)5 . 5 
30 • • 

• " . 54 .a 
so .• ... , 
41 . 2 
«.4 . 7 
<2 . 4 
lt . 2 
)4 , ) 
:!9 . 7 

PfRC(HI TDIAl DISIAHC£ 

X 
IX 
2X 
lX 
4X 
SX 
6X 
IX 
IX 
•x ux 

x=l 
40 ' 40 5 

"' 40 s 
40 4 
39 I 
l71 
)\ . 
12 . I 
n .6 
~J . 7 

2 
40 , 5 
40 . 5 

00 ' 40 > 
40 2 
)~ 7 
H a 
)4 A 
ll . 3 
u .o 

• 41 . 5 

41 ' 40 s 
40 s 
40 0 
lt.2 
u ' )4. I 
30 . 5 
~7.1 

~ 

.. 5 
•o s 
40 ' 40 s 
39 I 
Jl a 
l6 J 
HS 
29 I 
:!, . 2 

a 
41 , 5 
40 ' 40.5 
4 ~ 5 
)9 ' 
37 ' 
JS ' 12 . 1 
2 9 . 2 
25 . 1 

Se~ondary RoadA Trail• 

Orr Condition 

PCIC[HT TOTAl DISTANCE P£1C(NT TOTAl DISIANtE 

X 
IX 
2X 
3X 
4X 
5X 
6X 
7X 
ax 
tx 

lOX 

x•o 
u' •3.a 
3' a 
35.1 
)I I 
31! 
24 .1 
27 . 5 
2l.l 
24 . • 
21.9 

2 
~3 t 
•1 3 
Ja.a 
34.3 
31.4 
2' I 
21 . 5 
27.2 
2s .a 
2~.0 

4 
4$ 9 
4 2.4 
)1,1 
n 5 
31 • 
U6 
2a s 
27.0 
25.4 
21.l 

' 4S t 
41.6 
a .a 
32.9 
Jl 7 
2t ) 
21 0 
26 I 
25 I 
2S.I 

a 
4). ' 
40 • JS.' 
32.3 
)1 . 4 
29 . 1 
27 . 7 
2l.4 
24 . 7 
22.5 

X 
IX 
~X 
lX 
4X 
sx 
6X 
7X 
ax 
9X 

lOX 

X<O 
20 5 
19 2 
11.a 
16 s " .. 12 . 6 
II S 
10 • 

' 9 
' 3 a 1 

Vet No..al Condition 

2 
20.5 
II 1 
11 7 
161 
14 5 
12 ) 
11.2 
10,4 

9 I 
t .2 

• 
2n ' u. 
p ' 15 • 
I) ' 12 0 
II 0 

10 ' • 6 
t I 

' 20 3 
II 2 
I I .• 

" 6 )S , 4 
11.1 
la . l 
It 2 

'·' 9 . 0 

a 
19 . 9 ra.o 
16 9 
u.s 
IJ .O 
II 5 
11 . 1 
II . I 

9 . 4 
a .a 

PE.CENT TOTAl DISTANCE Pf.CEHT TOTAl DISIANCE 

X•l 
X 4l. 9 

IX <l.a 
2x n.a 
3X l5. I 
4X Jl.l 
SX SO . I 
•x za .a 
IX 27 5 
ax 26 1 
9X 24 4 

lOX 21.9 

2 
43 . 9 
43.3 
1a .a 
)4 .3 
Jl 4 
29.a 
21 5 
21 2 
zsa 
2~ 0 

4 
4S. 9 
42.4 
J7. 7 
)).5 
JI.O 
l9.6 
23.) 
27.0 
25.4 
23.6 

6 
43.9 
41.6 
36.a 
32.9 
30.7 
29) 
21 . 0 
U . 7 
25 . 1 
2).1 

a 
43 . 9 
40.9 
35.9 
)2.) 
)0.4 
29.0 
27 . 7 
26 . 4 
24.7 
22.5 

x=o 
X 20.5 

IX U.l 
2X 16.9 
3X IS 5 
4X 14 2 
5X 12 2 
6X 11.0 
7X 11 . 3 
ax 9, 7 
9X t . l 

ux a. s 

2 
20.4 
11.3 
16.1 
15.3 
11.a 
11.9 
10 . 9 
10 . 2 

9. 5 
9.0 

Vet-Vet Slippery Condition 

• 19 7 
17.6 
16.5 
15.0 
13.3 
II , 6 
10 . 1 
10 . 1 

9 . 4 
9 . 0 

' 19 . I 
ll.l 
16.2 
14 . a 
12 . 9 
11 . 4 
10 . 6 

9 . 9 
9 . 3 
a.a 

a 
1a.• 
17.1 
15.9 
14 , 6 
!2. 5 
11.2 
10.4 •.a 

9. 2 
a.7 

PE-CENI I~IAl OISIANCE PE.CENT TOTAl DISTANCE 

X 
IX 
zx 
~X 

•x 
~X 
6X 
IX 
ax 
9)( 

lOX 

x:o 
43 ' <J I 
39 I 
1• .a 
Jl 1 
lO 0 
za s 
27 2 
HI 
2' • 
21 • 

X·l 
X l1 I 

IX )7 I 
2X 1• ' 
JX 31. 9 
'X :'' l 
5X 21.9 
6X 26 I 
IX 25 5 
ax 23 1 
tx 22 o 

IIX 19 0 

2 
4).9 
4) 2 
3a .' 
l4. 0 
3 I 2 
2t 1 
21'.3 2'• .• 
25 , 4 
21.1 

2 
HI 
H I 
33 I 
30.4 
2a.a 
Zl.l 

26 ' 25 I 
13.4 
21.6 

• 4) 9 
42 .S " .. )J.) 
)0 9 

z• ' 211 0 
2LI 
2) , 0 
2J.J 

4 
)I I 

" . sz a 
)0 0 
za.6 
27 4 
26.2 
z• . 1 
23.1 
Zl.l 

6 
4).t 
41 ' 
36.' 
32.1 
lO 5 
29 I 
21 . 1 
26 . • 
2• 6 
22 I 

a 
43 . t 
•o .1 
35.6 
32 . 1 
30 . 3 
2a .a 
21 . 5 
26 .I 
24 . 1 
z:.t 

X 
IX 
zx 
3X 
4X 
5X .. 
7X 
ax 
•x 

lOX 

x=o 
11 5 
17 7 
16 2 
14 a 
l).l 
I I 1 
10 7 
10 . I 
9 , 4 

I ' ).1 

Saov Condition 

6 
)I 1 

~~ ' l2 I 
297 
2a.4 
21.2 
u .o z• .4 
:'2 . 1 
21.l 

• 311 
15.J 
31 • 
29.3 
za .1 
27 0 
2' 7 
2• o 
21 . 4 

" ·' 

X 
IX 
2X 
JX 
4X 
sx 
6X 
7X 
ax 
9X 

ux 

x,. 
21 ' 11 5 
15 • 
I~ l 
ll 4 
II l 
10 ' 11 . 1 •• 
' ·' a.z 

2 
21 ,) 
17.) 
15.' 
14 .6 
13 I 
11 • 
10 . 5 

' ·' 9 . ) 
A.a 

2 
It I 
II 2 
IS. 6 
14 .• 
13 0 
II 4 
10.5 

9 9 . ) 
••• 

4 
192 
17 0 
IS 1 
14 • 
IZ 6 
11 2 
10 , 4 

' a • 2 
a 1 

• Ia I 
16 I 
IS • 
t• ) 
12 5 
II 2 
10 4 

9 I 
• 2 
I , I 

' Ia .• " .I 15 , t. 
14.2 
1~ . ) 
11.0 
10 . ) 

, 1 
9 . I 
a .s 

' Ul 
16 ~ 
151 
14 I 
12 2 
II 0 
li . Z 

' ·' 9 . 1 . ' 

a 
17 • • 
16 .s 
IS. I 
13.9 
12 . 0 
IO ,a 
10 2 

' ·' 9,1 
a . 2 

• 17 7 
161 
l4.a 
HI 
II ' 10 a 
10 . I 

• 5 

' I a • 

Off-Road 

PE~C(Nl 1DlAl Pl5lA~CE 

x:o 
X SO 6 

lX ~' ~ 
z~ n 1 
3)( •o ,. 
4X II 8 
'X 1' 6 u 14 s 
1'1! 12 • 
3~ 10 • 
•x a 5 

I ox l 2 

2 
lZ 9 
25 4 
22 6 
lO • 
It 4 
.. l 
I' I 
12 0 
10.1 
1.? 

4 
)0 2 
24 1 
2.: 2 
·r o 
1• . • 
IS .a 
ll.l 
II. 6 

9 I 
) , l 

• 2a • 
z• 1 
11 I 
11 • 
11 5 
15 • • 
13. 2 
11 . 2 

9 , 3 
~ .1 

II 
21 .2 
2' 6 
21 l 

'' ~ 17.1 
15 . 1 
t: .a 
1 o. a 
a. • 
I.S 

PE.CEHI TOTAl DISTANCE 

x-o 
x so a 

IX 19 S 
2X 15 • 
3X 12 2 .. ' ' 5X 6 9 
6X I 6 
IX 0 4 
ftX O. l 
tX 0.2 

lOX 0 . 2 

2 
H 9 
U .5 
1• 7 
II l 

9 I 
) 4 
I 5 
1 . 3 
0,3 
0,2 

• 
22 s 
11 7 
14 0 
II I 

••• I 5 
1 . 5 
0 . ) 
0 ) 
0 . 2 

' . 21.1 20.1 
16.9 16 . 2 
13 • u .a 
10 l 10 . 1 
a . 1 1 ~ 
I 0 l , a 
I . 4 1 , 4 
I S I . J 
0 . 2 o. 2 
0 . 2 0 . 2 

PERCENT TQIAl DIST&~CE 

x=o 
~ "'· · 3 IX 1' . 1 

;ox 12 . ~ 
sx 9 . 1 
If)( 1 . 7 
5X 0 , 4 
6X O. J 
J l( 0 . 2 
'1( e .z 
, ~ 0 . 2 

lOX 0 . 2 

' 21.1 
15 . 4 
II. I 
&. 6 
I 0 o.• 
0 , ) 
I 2 
0 2 
0 ~ 

• l? 0 
1'• . ' 
ll 0 
a o 
0 I 
0 l 
0 2 
a 2 
o . ~ 
0 . 2 

~ 
11 . 9 
1) . ? 
IO.l 

I • 4 
0 6 
0 3 
0 2 
0 2 

· · ~ 0 2 

I 
11 a 
IJ . I 

9 7 
6 3 
0 . 5 
? . 3 
D 2 
c 2 
o.z 
o . ~ 

r(RCENT TQI\l DIST•~CE 

x=l 
1( :2 2 

IX H < 
zx 16 9 
lX IS 6 
4)( I~ 4 
'X 11. 9 
u li . S 
JV J0 0 
IX a 4 
9Y ),1 

lOX 0 6 

. . 
20 5 
14 0 
16 • 
IS .3 
14 I 
1~ ' II , 2 

' 1 a 1 a.• 

• I• ~ 
1/ , 7 
16 . 3 
I 5 , I 
II.& 
12, S 
II , 9 

' . s ' o.a 

6 
19. s 
I? • • 
I• • I 
IG . 9 
ll . S 
12 . 1 
10 . 6 

' 0 2 I 
1 . 7 

• " ·' 17 . 1 
IS.a 
1 '• . ' 15 . : 
II & 
10 . 3 

I , 7 
I • 
~ ' 



Table Jl/. 

Spud Profllu ("ph) fa r \'ehicle 4 in Schott~n QuAd ll~~20) f~r hade and Lautn bach 

Quad (L~l22) f or Off-Roods ln the Federal Pepubllc of C.naany 

Prlaary Rooda 

PE~CENT TOTAl DISTANCE 

X• O 
X 50,0 

IX 50.0 
2X so.o 
)X 51.0 
~X 50 0 
5X H.5 
6X 47 , ) 
7X H.6 
ax 41.9 
9X l6 . 2 

lOX 30 . 5 

2 
50 . 0 
50,0 
50 I 
so 0 
50 0 
HI 
46 9 
45 2 
40 a 
n2 

4 
50 . 0 
50.1 
50 . 0 
50 0 
". 9 4a 7 
~6 6 
44 . 5 
39 . a 
34 . 2 

6 
50 . 0 
50,0 
50 , 0 
50 .0 
49.a 
48.2 
46.3 
~) 9 
l8 7 
l3 . 2 

a 
51 . 1 
51 . 1 
50 . 0 
50 . 0 
49 . 7 
47 . 7 
46 . 0 
4 ) 0 
37 4 
3l.a 

PERCENT TOTAl DISTANCE 

X•O 
X 50 . 0 

IX 50 0 
2X 50.0 
lX SO . O 
4X SO 0 
sx .. 5 
6X 47 . 3 
7X H . 6 
ax 41. 9 
9X l6 . 2 

lOX 30 . 5 

2 
so .o 
so .o 
so .o 
50 . 0 
so. o " .I 46 , 9 
45 . 2 
40 . a 
H . 2 

4 
so .o 
so .o 
50 . 0 
50 .0 

' '·' 48.7 
46.6 
44 . S 
39 .a 
34 .2 

6 
so 0 
s o 0 
so 0 
50 0 
H .a 
4a 2 
4 6. ) 
43 . 9 
Ja . 7 
33 .2 

a 
so 0 
50 . 0 
so. o 
50. 0 
4. ".7 
47,7 
46 . 0 
q , o 
37. 4 
31.a 

rt•CENT TOTAl OliTANCE 

X• l 
X 50 0 

IX 50 I 
2~ 50 . 0 
~X SO 0 
4X i O 0 
SX 49 . 5 
u 47 l 
7X •5 4 
ax" 9 u 35 . 3 

IIX 29 , 5 

l 
50 . 0 
SO . I 
so .o 
51 I 
50 I 
49 . 0 
<6 a 
H 1 
)9 9 
,. 2 

• so .o 
Sl I 
so I 
50 I ., , 
41 s 
••• \), 
lfl 
)33 

6 II 
50 I so I 
so 0 ~ I 
50 0 Sl 0 
so • 51 0 

' ' a '' 1 •a • 1 7 • 
<61<.58 
4 3 I 42 . 0 
)16}64 
)l 3 31 . 1 

PERCENT TOTAL DISTANCE 

X• O 
X 40 S 

IX 40 S 
zx 40 . 5 
lX 40 . 5 
4X 40 . 5 
5X 40 . I 
6X 3a.6 
7X 37 . I 
ax H . J 
9X 29 . 4 

lOX 24 . 2 

2 
40 . 5 
40.5 
41 . 5 
•o .s 
40 . 5 
39 . a 
3a . • 

" ' 32 4 
za .7 

4 
41 . 5 
40 . 5 
40 5 
40 . 5 
40 5 

" 5 Ja . 2 
35 . 5 
31 5 
27.a 

6 
40 s 
40 5 
•• 5 
40 . 5 
.. 5 
H 2 
38 0 
)4 . a 
30 . 1! 
26 . 9 

• 40 , 5 
40 . 5 
•o 5 
40.5 
40 . ) 
31 . 9 
" .6 
34 . I 
30 . 0 
H . 7 

Secorwbr y Roada 

Orr Cond ttioa 

PERCENT TOTAL DISTANCE 

X•l 
X 50 . 1 

IX SO I 
2X 47 . 2 
JX 42 . 5 
4X J5 1 
sx za . 3 
6X 24 2 
7X 22 0 
ax zo . s 
9X 19 . 5 

lOX 18. 2 

2 
50 0 
Ha 
46 . 1 

" 5 34 . 0 
27 2 
23 . 7 
21.6 
20 . 3 
19 . 4 

4 
51 . 0 
49 . 5 
45.1 
40 . 1 
32 . 2 
26 . 3 
23 . 2 
21 . 3 
20 . 1 
19.2 

6 
se .o 
49 . 1 
44 . 2 
3a.6 
30 . 7 
25 . 5 
22.7 
21.0 
19 . 9 
11.9 

a 
" · 0 4a . • .,. 
372 
29 • 
24 a 
22 ) 
20 a 
19 7 
la . 6 

PE~CEMT TOTAl DliTANCf 

X•l 
X 10 6 

IX 10.5 
2X 9 1 
3X 9 4 
•x 9 . 0 
sx I • 
6X 1 .7 
7X 1 . 6 
ax a 5 
9X a 4 

lOX a . l 

z 
10. 6 
11. 2 

9,7 
9 . 3 
9 . 0 
a . l 
a . 6 
a.s 
1 . 4 
1 . 4 

4 
10 . 6 
10. 1 

9 , 6 
9 .2 
••• & .1 
&. 6 
a.s 
1 . 4 

••• 

. 
6 

10 . 6 
9 9 
, 6 
9 ,2 
1 . 9 
1 . 7 
a .6 
a.s 
1 . 4 
a . 3 

I 
10 . 6 

9 . 1 
9 . 5 
9 , 1 

••• 1 .7 
1 , 6 . ' 1 , 4 
1 . 2 

Wet Norul Co-cwUtlon 

PERCENT TOTAl DISTANCE 

X•O 
X 50 0 

IX SO 0 
2X H 2 
3X 42 5 
4X 35 , 7 
sx 2a 3 
6X 24 2 
7X 22 . 0 
ax 2o. s 
9X 19 5 

lOX 18 . 2 

2 
so .o 
H .a 
H . l 
4l.S 
H . O 
27 2 
23 . 7 
21.6 
2 0 3 
19. 4 

4 
50 0 
495 
<5 I 
~0 I 
52 . 2 
26 . 3 
25 . 2 
21 . 3 
20. 1 
19 . 2 

6 a 
50 . 0 50 . 0 
49 . 0 4a 4 
44 . 2 45 . 4 
3a . 6 37 . 2 
30 .7 29.4 
25 . 5 24.a 
22 .7 22.3 
21.1 20 .a 
19 . 9 19. 7 
16.9 1&. 6 

PERCENT TOTAL DISTANt( 

x•o 
X 10 6 

IX 10 5 
2X 9 7 
3X 9 4 
4X 9 0 
sx 1 . 1 
u a 7 
7X 8 6 
ax a.s 
9X a . 4 

lOX a.o 

z 
10 ' 
10 . 2 

9 . 7 
9 . 3 
, 0 
a.a 
a . ~ 
a.5 a.• 
a . 4 

4 
10 6 
10 I 

9 6 
9 2 
1 . 9 
a . 7 
a . 6 
a.s 
a . 4 
a ,4 

6 
10 6 

9 . 9 ' . 9 . I 
a . 9 
a .7 
a . 6 
1.s a.• 
1 . 3 

a 
10 . 6 
t .a 
9. S 
9 .1 
1 . 1 
• • 1 
1 . 6 

' ·' • • 4 
1 . 2 

Wet-Wet Slippery Condition 

PERCENT TOTAL DISTANCE 

X•l 
X 50 . 1 

IX SO . I 
2X 47 . 0 
3X 42 3 
4X 34 . 9 
5X 27. 1 
6X 21 . 9 
7X 21.1 
IX 21 . 5 
9X 19 4 

IIX 17 . 9 

2 4 
so I St.l 
49 . a ., , 5 
45 9 45.1 

'1 . 1 " · ' n.1 31 . 4 
26 . 7 25 . t 
23 . 3 22 . 9 
21.4 21.1 
21.1 19. 9 
19 . 2 19. 1 

6 a 
50 . 0 50 . 0 
49 . 0 " 2 
" · O 43 . 2 sa .o 16. 4 
JO .o 2a.a 
25 . 1 24 . 4 
22 . ( 22 . 1 
21 . a 21 . 6 
19.7 19 . 6 
11.1 1a . • 

PERCENT TOTAL DISTANCE 

X•l 
X 10 , 6 

IX II 4 
2X 9 7 
3X 9 4 .. , . 
SX &.& 
6X 1 . 6 
7X 1 . 5 
ax a • 
9X 1 . 4 

IIX 7. 7 

2 
11 . 6 
11. 2 

, 7 
9 ) 
a 9 
I 1 
• 6 
&. 5 
1 . 4 
1 . 3 

4 
10 . 6 
II . I 

9 . 6 
9 . 2 
&, 9 
1 . 7 
1 . 6 
&, S 
&. 4 
&. 2 

6 
11. 6 

9 . 9 
9 . 6 
9 . 1 
1 .1 
• • 7 
&. 6 
&,5 
1 . 4 
&. 1 

• II , 6 

••• 9 . 5 
9 . 0 
••• 1 . 6 
1.s 
&.5 
&, 4 
7 . 9 

sa- Cond t t ion 

PERCENT TOTAL DISTANCE 

x•o 
X l7 . I 

IX l7 . I 
2X 36 . 3 
3X 33 6 
•x 2a . o 
5X 23.6 
6X 21-.2 
1x 19 . a 
ax 11 . 9 
9X Ia . I 

lOX 16 . 3 

2 
l7 I 
l7 . I 
35 . 7 
32 . 6 
26 . a 
23 . 0 
20.9 
19. 6 
la . 7 
17 . 1 

4 
S7 I 
l7 . I 
35. 2 
51.4 
25 9 
22 . 5 
20 . 6 
19 • • 
11 . 6 
17 .' 

' l7 . I 
S7 . I 
34 . 6 
30 . 4 
25 . I 
22 . 0 
20 . 3 
19 . 2 
11 . 4 
17.' 

a 
37 . I 
36 . 1 
34.2 
2t.2 
24 . 3 
71.6 
20.0 
19 . 0 
la . 3 
16 . 1 

PERCENT TOTAL DISTANCE 

X•O 
X 11 . 6 

IX 9 . 5 zx 1 . 7 
3X a.5 
•x a . 3 
sx a . 2 
6X a . D 
7X 7 . 9 
ax 1 .1 
tX 7 . 6 

lOX 7 . 2 

2 
10 . 4 

9 . ) 
1. 7 
I s 
a.3 
a . l 
a. D 
1 .a 
7 . 7 
7 . 6 

4 
Ill 

9. I 
• 6 
• • 4 
a. ' a .1 
a o 
7 • 
1 7 
7 . 5 

6 
9 , 1 
9 , 1 
&. 6 a.• a.2 
a. 1 
1 , 
1 a 
7 .7 
7 74' 

a 
9 , 6 

••• &.5 
a . 3 
I 2 
& I 
7. 9 
7 . 7 
7. 6 
7 . 3 

'X•O 

X '' ·' IX 24 4 
2X II I 
3X IS S 
•x 13 5 
SX 12 I 
u 11.1 
7X 10 I 
ax 9 . 2 
9X 7 . 9 

lOX 1.1 

Off-Rood 

2 

" ·' 22 I 
17 ' IS t 
u 2 
II 9 
10 , 

9 , 
, 0 
6 1 

4 
JS . I 
20 , 6 
16 . 9 
14 . 6 
12 . 9 
II . 7 
10 .7 

9 a 
a a 
' 0 

6 
32 . 3 
19. 5 
16 • • 
14 . 3 
12. 6 
11 . 5 
10 . 5 

9 , 6 
1 . 6 
1.9 

a 
2&. 2 
II . 7 
16 . D 
13 . 9 
12 , 3 
I I. l 
10 . 3 

9 . 4 
1 . 5 
t.• 

rtRt[NT TOTAl DISTA~CE 

x~o 

X 43 3 
IX U 1 
2X " . l 
)X II 4 
4X I 0 3 
sx ' 4 
6X • 7 
7X a .l 
ax • . s 
9X I& 

lOX I . 5 

? 
30 2 
1 s a 
121 
II I 
I D I 

9 ' 
a ' 7 I 
z.1 
0 .7 

4 
2) 3 
IS 2 
12 • 
10 . 9 , ' ~ I 
a 4 
1 . 7 
I 1 
0 • 

6 

" 6 II . s 
12.0 
10 . 7 

' 7 , 0 
a J 
7 • 
I Z 

I ' 

a 
17 . 9 
I) ' II. 7 
I 0 . S 

•• a . 9 
a 1 
7 2 
I I 
• 5 

PERCENT TOTAl DISTANCE 

X• l 
X 12.7 

IX 14 . t 
2X II 4 
3X ll , t 
4X 9 , 0 
5X &. 2 •x 1.• 
7X 1 . 7 
IX 1 . 6 

•x ' · ' IIX 0 . 3 

X 
IX 
2X 
3X 
4X 
5X 
6X 
7X 
ax 
9X 

lOX 

X•l 
10 5 
t .S 
9 . 0 
I 7 
1 . 3 
7 , 

7 ' 7 I 
I S 
0.6 
0 • 

2 
Zt . l 
13 . 4 
I I. I 

9 .1 
a .• 
I , I 
7 . 3 
1 . 2 
I .S 
t . 4 

2 
11 . 1 

9.4 
9 0 
a . 6 
a .2 
7 . 9 
7 . 5 
7 , 0 
I . I 
o . s 

4 
17.1 
12 . 9 
10. 7 

9 . 6 
& . 7 
7 . 9 
7 . 1 
1 . 9 
I.S 
I . S 

4 
10 0 

9 l 
a 9 
a .s 
a.z 
7.a 
7 •• 
6 .1 
o. t 
o.s 

• 15 . 6 
12 3 
10.4 

9 • 
I s 
7 • 
6 . 7 
I 7 
I 4 . ' 
6 

9 . a 
9 . 2 
a.a 
a . 4 
a.1 
1 1 
1 3 
5 9 
o a 
0 s 

a 
1• . 7 
II a 
10.2 
9 . 2 
1 . 4 
7.6 
3 . 1 
0 . 6 
1 . 4 
1 . 3 

• 9 . 7 
t 1 
a . 7 
a • 
• 0 
7 . 6 
7 . 2 
2 . 4 
0 1 
0 . 4 



Table as 
Spud Proftlu (mph) for Vehicle S in Schotten Quad (LSS20) for Roado and l..luterbach 

quad (LS322) for Off-Roads ln the Federal Republic of Ceraonv 

X 
IX 
2X 
3X 
•x 
)X 
u 
7X 
ax 
?X 

lOX 

x:o 
l~ • 
lZ . O 
'2 . 0 
lZ 0 
H 0 
HI 
29 7 
la • 
27 7 
26 , 0 
23 . ) 

Prllury Roado 

2 
n 1 n . 1 
l2 0 
J2 0 
32 0 
30 a 
~· ~ 2&.4 
27.4 
2S.S 

• ll • 
ll I 
lZ 0 
32 . 0 
31.9 
30 s 
29 3 
2a.3 
l7 2 
25 . 2 

• Jl 0 
ll 0 
32 0 
Jl 0 
ll 7 
30 3 
lt.O 
za 1 
u .a 
24 . a 

a 
l: 0 
32 0 
3~ 0 
32.0 
31.4 
30 0 
:& a 
zs.o 
26 • 
2• 1 

PERCEHT IOIAL D!STAHCE 

x=o 
X 32 . 0 

IX 32 0 
2X 32 .0 
3X 32 0 
4X 32 .0 
SX 31.1 
6X 29.7 
7X 2a.6 
ax 27.7 
9X 26.0 

lOX 23.5 

z 4 
32 . 0 32 0 
32.0 32 0 
l2 . 0 lt'. 0 
32 . 0 32.0 
32.0 31.) 
30 . 4 30 .S 
29.5 29.3 
24.4 2a 3 
27 .• 27.2 
u.s 25.2 

6 
32 . 0 
32 .0 
3Z. 0 
lZ. 0 
31.7 
:iO. l 
29.0 
lSI 
26 a 
24.a 

a 
32 . 0 
l~.o 
32.0 
lZ . 0 
ll.4 
30.0 
za.a 
24.0 
26 .4 
24.1 

rt~CEHI 101Al DISTANCE 

x:o 
x n . o 

IX 32. I 
2X ll . e 
3X 32 . 0 
•x n .o sx 3o . a 
6X 29 . ) 
7X 24 . 4 
a' 27 . 4 
"' 1S •• 

!IX 23 . 0 

x=o 
X 32 0 

IX 32 0 
2X 32 0 
lX 32 0 
4X 31 9 
SX 30 l 
u 2a • 
7)( 27 ' ax 26.4 
9X 24.4 

lO X Zl.O 

2 
32 0 
32 . 0 
l~ • 
JZ. 0 
32,0 
30 . 6 
29.3 
21 . 3 
27.~ 
25 2 

2 
32 . 0 
32.0 
32.0 
l~.o 

ll ' 30.0 
:a.7 
27. 7 
26 0 
24 . 0 

• Jl • 
~2 . 0 
32 . 0 
32 . 0 
)1 . 7 
30 . 3 

~· - · ;tA • 1 
26 . 8 
24.a 

• 32 0 
32 0 
32 . 0 
32.0 
.II 3 
29.7 
23.5 
27 4 
:s 5 
2.l.S 

6 
Jl , O 
32.0 
l:! . O 
Jl . O 
31.• 
.so ~ o 
z~ a 
~' ' 26 • 
24 4 

6 
32 0 
32 0 
Jl 0 
.12 0 
30 ' 1t 5 
2& 3 
27 I 
251 
22 9 

a 
32 . 0 
32. 0 
32 . 0 
32 . 0 
31.1 
H .a 
za 6 
21 1 
26.0 
23 7 

a 
l~.o 
32.0 
32 0 
n.o 
H.6 
29 2 
2a 1 
26.8 
2•.a 
21 . I 

Secondary Roads Trallo 

IJir·y Condl tiou 

PE~CENT IOTAl DISTANCE 

)(:1 
X 32 . 0 

IX .11.4 
2X ll.l 
3X U . l 
u 21 a 
sx 26 . a 
•x 25 a 
7X 24 6 
ax 21.1 
tX Zl . O 

!IX 20.1 

2 
lZ .O 
31.4 
30 • 
29 .0 
27 .6 
26 6 
25.6 
24.3 
2l I 
21 II 

4 
li.S 
51 4 
30 4 
211 .6 
27 4 
26.~ 
25 5 
24 .I 
22 a 
21 s 

6 
31 • 
ll.l 
31 . 1 
2a . 1 
21.2 
26.2 
25.1 
23 . 8 
22.S 
21.1 

a 
ll 5 
31.3 
2 9 . 7 
21\ . I 
27 . 0 
26 . I 
24.6 
23 . 6 
.z .I 
2, •• 

PERCENT TOTAL DISTANCE 

X•O 
X 29.6 

IX 23.6 
2X 21.6 
lX 20.1 
~X 19. 0 
5X IS .2 
6X 17. ~ 
1x u .a 
ax 16.2 
9X 15. 7 

lOX U.S 

2 4 
2s.s 2~.a 
23 .2 22 . 7 
21.3 21 . 0 
19 . 9'19 , 6 
14 . a la . 6 
14 , 0 17 . a 
17.2 17.1 
16 . 7 16 . 6 
16 . 1 16 . 0 
15.5 15 , 3 

' a 2~.3 2~ . 0 
22 . 3 21 . 9 
20.7 20.4 
19,•Jt . 2 
1a.s ta.3 
17 . 7 17 . 5 
17.0 16 , 9 
u.s 16 , 4 
JS . 9 ts.a 
t~ . a 14 , 3 

Wac Noraal Condition 

PERCENT TOTAL DISTANCE 

X=O 
X 32 . 0 

lX 31.~ 
2X 31.3 
3X 29.3 
•x 21 .a 
sx 26 .a 
6X 2s.a 
1x 24.6 
ax 23.3 
9X 22.0 

lOX 20.1 

2 
32 .0 
31.4 
30 . 11 
29 .0 
27.b 
26.6 
25.6 
2~ .l 
23.1 
21.8 

~ 
31.a 
31.~ 
30.4 
2a.6 
27.4 
26.4 
25.3 
24 .I 
22.a 
21.5 

6 
31.6 
31.3 
30.1 
2a. 3 
27.2 
26.2 
25.1 
2J.a 
22.5 
21.1 

a 
31.5 
31.3 
U.7 
2a .1 
27.0 
26.0 
24.8 
23.6 
22.3 
20.6 

X 
IX 
2X 
3X 
4X 
5X 
6X 
7X 
ax 
9X 

lOX 

PERCENT TOTAL DISTANCE 

x=o 
20 . 4 
14.0 
17 .2 
16 .6 
16. 0 
u.s 
15.1 
H.7 
H.l 
13.9 
12.5 

2 
19 4 
17.8 
171 
16 5 
IS 9 
15.4 
15.0 
H . 6 
14.2 
ll . S 

4 
14. a 
17 7 
16 9 
16.3 
IS .a 
15 • .1 
H . 9 
14 , 5 
14 • I 
ll. 6 

6 
14 . 6 
17 . 5 
16.8 
16.2 
IS. 7 
1).2 
14 .II 
14 . ~ 
14 .I 
13..1 

a 
18 .I 
17.4 
16.7 
16 .I 
15.6 
IS . I 
14.7 
14.3 
".0 
12 . 9 

Wet-wet Slipperv Condition 

x:o 
X 32.0 

IX 31 4 
2X ll I 
lX 29 2 
4X Z1 7 
5X 26 1 

6X 25 ' 1X ~~ l 
ax 21 1 
9)( 21. a 

lOX If . & 

2 
32 . 0 
31.4 
30 .7 
2S .S 
21.5 
26.5 
Z).3 
24 I 
22.11 
21.5 

4 
31.7 
)\.< 
30. 1 
28.5 
21 3 
26 2 
25.1 
21 a 
22.5 
21 2 

• 31.6 
31.3 
2?.9 
zs 2 
27.1 
26.0 
24.& 
23.6 
n.2 
zo.8 

a 
31 s 
ll . 3 
z• 5 
2a.o 
26 .9 
25 a 
2• 6 
23 .I 
22.0 
20 3 

X 
IX 
2X 
3X 
u 
sx 
6)( 

7X 
ax 
9X 

lOX 

PERCENT IOTAL ri\TANC[ 

X'O 
16 0 
17 4 
I~ 7 
161 
IS ) 
I 5 . 0 
14 , , 
141 
ua 
13 • 
II II 

7 
u .o 
17 . 3 
16 . 6 
" .o 
15 . 4 

''·' 14 , 5 
14 • I 
ll . 7 
132 

~ 

I ll 0 
17 . 2 
16. s 
IS a 
I 5 . l 
1• a 
1 ;~ . ­

,. 0 
ll 6 
u . • 

6 
11 . 8 
17 • • 
16 . ~ 
I S . 7 
IS Z 
" .a I•. \ 
ll . t 
13 6 
12. 1 

a 
17 . 6 
16 • • 
16 . ;: 
IS . 6 
I 5 . I 
, • • 7 
14 . 2 
I l . 9 
ll 5 
12. 2 

Soov Condit ton 

PERCENT TOTAL DISTANCE 

x=o 
X 32. 1 

IX 31. • 
2x Jo.9 
lX 211. 11 
ox 27.4 
~X 26.3 
6X 2S.O 
7X 2.1.6 
ax 22. 1 
tX 10.7 

I OX IS . I 

2 
Jl.O 
31.~ 
30 . ~ 
211 s 
27 .2 
26.0 
H.7 
23.3 
21.9 
20.3 

• 31.7 
ll.l 
30.0 
za 2 
27.0 
25 II 
24 • 
23.0 
21 6 
19.9 

6 
31.S 
31.3 
29.6 
27.9 
26.a 
25 s 
24 . I 
:!2.7 
21.3 
I'. 4 

a 
31 s 
31 J 
29 2 
27 7 
2•.s 
25 3 
23.9 
22.• 
21 I 
ta .a 

x: o 
X 30 0 

IX 2J.S 
2X 21 s 
1x " a •x 111 7 
sx 11 a 
6X 17 I 
7X 16 ~ 

ax " 9 tX IS I 
lOX 12 . 6 

2 
26 . 9 
Z.l 2 
21 I 
If • 
111 ) 
II 1 
17.0 
16 4 
IS. 7 
IS . O 

4 
25 • 
1l1 
20 a 
19 5 
ta ~ 
l l 5 
u a 
16 2 
I 5. 6 
14 . 6 

• 
2• ' nz 
20 • 
It . I 
I ll 2 
17.4 
16 7 
16 . I 
IS 5 
" .0 

4 
14 . 2 
2l.a 
20.1 
1& . 9 
1a.o 
17 .2 
16 6 
16 0 
15 . J 
ll .3 

Off Road 

PERCENT IOTAL DIST ANCE 

X 
IX 
~{ 

lX 
4X 
)X 
6X 
7X 
tx 
9~ 

lOX 

x:o 
:6 . 0 
~2 • .1 
20 I 
IS , 6 
11 J 
16.1 
l'o , S 
13. .I 
ll.S 

· - ~ 2.2 

~ 
23.! 
21 ? 
ue 
U . l 
17 . I 
l s . s 
1'• . .5 
I 1 . ~ 
Ill 
a. 7 

4 
23.3 
Z I 4 
,. 5 
I' I 
16 • .:\ 
I~ . 6 
l\ , 2 
lZ ,. 
10 1 
~.2 

' Zl.O 
20 , 
19.: 
17.8 
16 . ~ 
1~.3 
ll. ~ 
12.: 
10.3 

' ·' 

a 
22 . 7 
~, ) 
1~ . 9 
11 . 6 
16 . l 
IS.O 
ll 6 
11 , ' 

9 a 
).9 

P[RCEHT TOTAL DISTANCE 

X'O 
X 21.9 

IX 16 7 
2X I~. T 
lX 13 0 
4X II a 
SX 10 9 
6X I 0. I 
7X 9 J 
ax a 2 
9X 6 a 

lOX I.J 

2 
19 2 
16 2 
14 ' 
ll 1 
II 6 
I 0 7 
10 0 

9 I 
a o 
' ~ 

4 
Ill.• 
I) a 
14 0 
ll fo 
II 4 
10 6 

9 a 
a 9 
7 7 
s.a 

6 
17 .7 
15. ~ 
1.1 .7 
12.2 
II 2 
10 . • 
9.7 
a 1 
I . 4 
z.a 

a 
17 .2 
IS I 
ll.l 
12 0 
11 0 
I 0 3 
9 5 
a s 
7. I 
1.8 

rE•Ct~T TOTAL OISTANCE 

x:o 
X 20 5 

IX I • 9 
2X I l 0 
JY II. 6 
.. x 10 1 
~1( 13 . 0 
I>X 9 c. 
IX ~ . 6 
ax 1 . 6 
"' 6 , 1 lU 1.0 

z 
I 7 . 1 
14. ~ 
lZ . 7 
II.~ 
10 . ) 

9 , ? 
? . ;. 
• . s 
1 • . , 
l.ft 

, 
16 . 6 
t~ . ~ 
12 4 
II 2 
10 • 

9 , 7 
9 I 
~ l 
; & l 
: I 

~ 
I!. o 
IL& 
IZ . I 
II • 0 
10.3 

• . 6 
9.0 
a 1 
6 £ 
1.5 

a 
Is 4 
u .~ 
11.3 
1G 9 
10. 1 

9 . 5 
4 t 
1 a 
6 . 5 
I 2 

PEACEHT TOTAL DISTANCE 

X 
IX 
zx 
JX 
4X 
'X 6X 
7X 
ax 
9X 

I OX 

x:o 
Z7 . a 
21 1 
19.3 
17.6 
16.2 
14.9 
13 , 4 
12 .0 
10 .I 
1.5 
0.6 

2 
23 . 6 
21.1 
18 . 9 
11 . 3 
IS. 9 
1\ . 6 
13.1 
11.6 
9.4 
1.1 

4 
23.1 
20.6 
18.6 
17.0 
15.7 
1< . 3 
12 . 9 
11.3 

a . a 
0 . 9 

6 
22.7 
20.1 
18.3 
16.7 
15.4 
14 . 0 
12.6 
I 0. 9 
4.1 
0. 11 

a 
22 .2 
19 .7 
11.9 
16 . 5 
15 . I 
13.7 
12.3 
IO . S 
2. I 
0. 7 



Table 86 

Speed Profiles (mph) for Vehicle 6 In S<hotten Qu!d (L~~20) for Roado and Laut•rba t h 

Quad (LS322) for Off-Roado in the Federal Republic of C•r .. nt 

Prii'IAry Roads 

x:o 2 
X ~0.0 ~· 0 

IX SO.O ~0 0 
2lt 51.0 5I 0 
lX 51 0 )0 0 
4"< H 9 H 5 
sx•,s•~a 
6X ••.3 H 1 
'' •1 a 41 • ax 38 a 31 1 
9X J4 I ll 2 

IIX 29 . I 

• 
50 0 
50 0 
5t0 
50 • 
49 0 
46 2 
., 2 

41 ' 37 .I 
32 -• 

6 
50 0 
50 0 
50 • 
50 0 

·~ 4 45 6 
42.1 ... , 
".2 
)I • 5 

a 
50 , 0 
50.0 
so 0 
51 0 ., a 
•• 9 
Hl 

" 6 351 
JO.l 

rtRCEHT TOTAl DISTANCE 

x:o 2 • 6 8 
X 50.0 50 0 50.0 50 0 50.0 

IX 50.0 50 0 50.0 50.0 50.0 
2X 50.0 50 0 50.0 50 D 50.0 
lX 50.0 50.0 50.0 50 0 50.0 
4X 49.9 49 .5 49.0 48.4 47.a 
5X 47.3 46.a 46 2 45.6 44.9 
6X 44 3 4).7 43.2 42 1 42 . 3 
7X 41.a 41.4 40.9 40 l 39.6 
ax sa.a 37.9 37 .1 36.2 35.1 
9X 34. 1 33 2 lZ 4 31.5 30.3 

IDX 29.1 

x•o 2 
X 50 0 50 0 

IX500500 
2X Sl •• u 0 
JX 50 0 SO 0 
~X -9.9 ,., S 
5X H.2 U 5 
U4l9<l4 
IX •1 6 <1 0 
ax H.t J7 1 
9X " ' J2 '· 1ox za.2 

• 50.0 
50 0 
50 0 
50 0 
•a 9 
45 ' 
•2 ' .. . 
36 l 
31 6 

6 
so 0 
50 • so I 

~· 0 •a z 
45 2 
•2 • 
lt 7 
35.2 
JO 1 

a 
50 0 
~0 0 
50.0 
50 0 
47.1 

44 ' •z o 
Ja.a 
)4.2 
29 5 

r£~CENT TOTAl DISTAHCE 

X•O 
X 40.) 

IX U 5 
:x .. 0 ~ 
3X •o 5 
4X 40 3 
)X Ja 7 
n u.• 
IX 34.6 
ax H.5 
tx 2a . 1 

UX 2J , 4 

2 
•o 5 
.. 5 
•o 5 
40.5 
40 0 
Ja 2 

" 0 34 0 
lO 7 
21 5 

4 6 
4~ 5 40.5 
•o 5 40.5 
'' !t ~o.s 
40 ' •o.s 
J9 1 30,3 
31 1 31.2 
15 1 JS 4 
ll ) 12.7 
lO 0 29.3 
26 1 25 ' 

a 
40.5 
41 5 
'"-5 
40.5 
19 . 0 
l• 8 
l5.1 
J2 , I 
:!8.7 
2•.-a 

Secondary loada 

l>ry Condit ton 

r£~CENI TOTAl OI~IANC[ rEaC[HI IOIAl 015TAHCE 

X• l 
X 50 . 0 

IX H 1 
2X 41 1 
lX H 0 
4X 29.0 
SX 24 J 
6X 21 1 
1x 11 a 
ax 16. s 
9X 15 5 

lOX 14 1 

x:o 
X 50 0 

IX 47 7 
2X 41 7 
lX 3<o. 0 
4X 29.0 
sx 2• 3 
6X 20 1 
IX 11.a 
ax 16. s 
9X IS. 5 

lOX 14.7 

x•o 
X 50.0 

IX 47 6 
2X 41 5 
lX JJ 1 
•x za • 
SX 2J a 
6X 19 a 
IX 11 6 
ax 16. J 
9X 15.4 

lOX 1• 5 

x:o 
Xlll 

IX l1 I 
2X Jl,a 
3~ 2a.z 
4X z•.z 
~X 21 I 
u 11 9 
7X I~.J 
ax 15 l 
9X I' 6 

lOX ll 5 

2 
., l 
•• 5 
... l 
JJI 
21.a 
2J 2 

" 5 11 5 
" 2 IS.4 

• 4a 6 
•s ' 3a t 
32.2 
26 a 
222 
" 0 11.1 
16.1 
IS.2 

6 
48 . 4 
44 .1 

" 4 l1.2 
25.9 
21.4 
la.6 
16.9 
15.' 
IS.O 

a 
•a 3 
4) • 
)51 
30 2 
25 .I 
20 1 
II 2 
16 . 1 
15.1 
14.9 

t:o 
x a 1 

IX I I 
2x a 4 
1x a .l 
•x a 1 
5X 1 9 
u 1 a 
7X 1.1 
ax 7.6 
9)( 1 6 

IIX 1 l 

2 
a 1 
a 6 
a 4 
a J 
a 1 
1 9 
7 • 
1 1 
7 6 
1 s 

• a 1 
a.s 
a 4 
a .z 
a o 
1 ' 1 a 
1 ' 1.6 

' ' 

6 
a, 1 
a s 
a • 
a . 2 
a . o 
1 a 
l 1 
1 7 
7 6 
1 5 

a 
a 1 
a . • . ' • 2 
a • 
' a 7 . 7 ,_, 
1 6 
7 • • 

We t Norsal Condition 

2 • 6 a 
49.3 4a.6 ~a . • •a.l 
•6 s 45.0 •• .o 43 o 
40 2 3a.o 36.4 35.1 
3l 1 32.2 31.2 JO.Z 
21 a 26 a 25.9 2s.1 
23 2 22 2 21.4 20 1 
19 5 19.0 la.6 ta.2 
17.5 17.2 16.9 16.1 
16 .2 16 .1 15.9 15.7 
IS 4 15.2 15.0 14 9 

rE~CENT TOTAl DISTANCE 

x•o 2 • 6 a 
x a 1 a .1 a . 7 a . 1 a . 6 

IX a s a s a .4 a . 4 a • 
2x a s a.3 a . 2 a.2 a . z 
JX a .1 a .t a . 1 a.o a . o 
•x 1 ' 7.9 7.9 1.a 1 a 
sx 1 a 1.1 ' · ' ' · ' ' · ' 6X 7 1 7.7 7.6 1.6 7 . 6 
7X 7,6 7.6 7.6 1.5 7 . 5 
ax 1. s '• s 1 . 5 1. 5 7 . s 
9X 7 4 1 • 1.4 l , l 1 , 2 

lOX 3 5 

Wet-Wet Slippery Condition 

: 
49 J 
46 3 

"' 12 a 
21 J 
ua 
19 3 
11 l 
161 
IS J 

2 
J11 
J6 4 
)2 2 
21 6 
23 5 
20 0 

11 ' 161 
15 2 
I• 5 

• 4a 6 
44.9 
Jl 6 
Jl a 
26 3 
Zl I 
1a a 
17 0 
15.9 
15.1 

• 31.1 
35 . 1 
3D . 9 
26.9 
22 9 19 .• 
11.2 
15 . 9 
15 . 0 
I•.J 

HIC(IH TOTAl DIS IAHC£ 

6 
<a .• 
H . a 

" ·' Jo . a 
u .s 
211 
Ia .• 
u.a 
15.1 

·~·' 

a 
•a 1 
429 
J• a 
29.7 
2• 1 
20 4 
II 0 
16 5 
IS 6 
14 1 

x:o 
x a 1 

IX a S 
zx a 2 
sx a o 
•x 1 a 
SX 1 I 
6X 1 6 
IX 1 S 
ax 1 4 
9X 7 J 

IIX 3 4 

Snow Condition 

6 
J1 1 
35.2 
zt.a 
25.9 
22 . 2 
ta .a 
16.9 
15.7 
14.9 
14 .I 

a 
".I 
)4 • 

z• o 
25.0 
u .s 
ta . J 
U . 6 
IS . S 
14 . 7 
ll.9 

x•o 
X 6 I 

IX 6 I 
2X 6 I 
JX 5.9 
•x s • sx s 9 ,,. s a 
IX 5 a 
ax s. 1 
9X 5 6 

IIX 5 I 

2 
a 1 
a • a 1 

1 ' 1 .a 
1 6 

1 ' 
1 ' 1 • 
1 J 

2 
' 1 
' 0 5 9 

'·' 5 ' 
5 ' 5 • 
s.a 
5 . 1 

5 ' 

• a 1 
a 4 
~ . I 
1. 9 
1 1 
1 6 
1 5 
1 5 
1 • 
1 J 

• 6 . 1 
6.0 
5 . 9 

'·' ' ·' 5.9 
s.a s .a 
5 . 1 

'·' 

6 
I 1 
I 3 
I I 
I. 9 
I 1 
I 6 
1 5 
7.5 
7 • 
I 2 

6 
6 . 1 ... 
'·' ).9 

' ·' '·' ' ·' 5.a 
5 . 1 
5.• 

a 
a s 
a 2 
a o 
1 a 
1 1 
1 6 

1 ' 7 5 
1 • 
7 I 

a 
6.0 
' . 
'·' 5 9 
5 . 9 
5 a 
' .a 
' a '·' S.l 

Off-Road 

r[rt(HI lOlA 0151A•t£ .,. 
X 46 0 

Jlt I~ 9 
21t )4. . \ 
lX 12.1 
4X II . 0 
IX 11. 1 
•• 9 . 4 
a a. 1 

ax ' · ' •• 1.4 
lOX 0,6 

X'O 
x z• .o 

IX II . ) 
7X 8 . 9 
l. 6 s 
4;i . . .. 

5X I . J 
n o 2 
Ill 0 . 2 
u 0 2 
tx 1 . 2 

Ill< I l 

x:o 
X 20 . 1 
I~ 10 . 1 
:x 7.1 
JX 0.6 
4X O. J 
,, 1.2 
.. 0.2 
IX 0 . 2 
~t 0.1 
.. 0 . 1 

I Ol( 0 .J 

: 
JO J 
11 . 5 
J '• 1 
12 • 
10 . 8 
10 • 

9 J 

~ - ' 1,: 
1 . I 

2 
II 4 
11 . 1 
I . S 
I. a •• • 2 
0 . 2 
0.2 
0 . 2 
1 . 1 

2 
l• . o 
' s 7.4 
0.5 
0 2 
• 2 
0 , :' 
0 2 
0 I 
0 . 1 

4 
:s t 
u' 
ll ' II. 7 

10 ' 9 • 
9 I 
a • 
l 5 
0 9 

4 
14 . a 
II , I 
a 1 
0 ' 0 l 
• 2 
0 2 
0 2 
• 2 
I • I 

4 
12 5 
9 • 
7 . 0 
0 , 4 
0 2 
1 . 1 
0 :! 
0 , ? 
0 I 
0 I 

• 1l. ) 

I' ' IJ • 
11.4 
10 , 4 

' 1 '·' a. : 
J a 
0 ,1 

' ll l 

' 1 1 , 1 
0 . 6 
0 , ) 
1 . 2 
• 2 
0 . 2 
0 . 2 
I ,I 

6 

11 ' 
a ' z.• 
0 . \ 
0 ~ 
0 . 2 
0 , 2 
0 . 1 
0 , I 
0 I 

a 
20 9 
l- . 1 
12 , 6 
11 'l 
10 J 

9 6 
a a 
4.1 
2 . I 
0 . 7 

a 
12 I 

' J 7.3 

0 ' O. l 
l . l 
O, l 
O. l 
1 , 2 
I I 

a 
10 • 
a : 
' ·' O. J 
0 l 
• 2 
0.2 
0 . 1 
0 . 1 
0 , 1 

r[~C(~I TOTAL OISIAHCE 

x:o 
X 6 . 3 

IX 5 . 9 
;:x s .a 
l~ S . l 
H .) , 6 
!X 5 , 1 
6~ 5 . 1 
IX 4.6 
ax o.• 
'X 0 ~ 

.... , 3 

2 
6 I 

s ' s.a 
5.1 
5 . 5 
S. l 
, , 0 

••• O. A 
••• 

• 
6 I 

' 5 , a 
! 6 
:, . ~ 
s 2 

' ' l ' 0 , 7 .. '• 

6 
6 • 
5 ~ 
Ll s.• s 4 
s 2 
• • 1 
1.1 
0 • • • 

a 
' ·' s .a 
5. 1 
5 . 6 
5 • 
5 I 
4 a 
I • 2 
0 . 5 
o •• 



Primary Roads 

PERC£HT TOTAL DISTAHCE 

x=o 
X 50 . 0 

IX 50 . 0 
zx 50 . 0 
lX fo9 , 4 
4X 49 . 0 
5x tta 4 
6X fo6 .S 
7X1 45.0 
ax fo1 . 7 
9X 41 .2 

lOX 32 . 2 

2 
50 0 
50.0 
50 . 0 
4 9 .1 
H 0 
48 . I 
46 . 2 
448 
41 . 4 
l9 . 8 

4 
50 . 0 
50 . 0 
49 . 8 
49.1 
4a . 9 
Ct7 7 
45 . 9 
44 . 5 
Ct3 . 0 
l7 . 5 

6 
50.0 
50 . 0 
49 . 7 
49 . 2 
48 . 7 
47.1 
ft5 . 6 
44 . 1 
42.6 
35 . 5 

a 
50 . 0 
50.0 
ft9 . 6 
49.1 
41\.6 
46 . 9 
ttS .l 
44 . 0 
4Z . l 
H . 7 

PERCEHT TOTAL DISlAHCE 

x=o 
X 50 . 0 

IX 50 . 0 
2X 50.0 
lX 49 . t, 
4X fo9 . 0 
5X 48 . 4 
6X 46 . 1 
7X 44.9 
8X 41 . 2 
9X loO . l 

lOX 30.5 

2 
50 . 0 
50.0 
so 0 
H . 3 
49 0 
4a 0 
lt6 . 0 
H 6 
'2 . 8 
la 5 

4 
50 . 0 
50 . 0 
ljQ , 8 
,., • 2 
,.a a 
47 . 5 
Ct5 . 7 
t,t, 1 
'12 . 3 
16 . ) 

6 
50.0 
so.o 
49 . 7 
fo9 . 2 
\8 . 7 
~7 . 1 
4 5 ~ 4 
44 . 1 
ltl.S 
ll . 9 

a 
50 . 0 
5~.0 
'19 . 5 
4 9 . 1 
4a s 
46 . 7 
'IS 1 
43 .6 
41.2 
12.1 

PERCEHT 101AL DISTAHCE 

x=o 
X 50 . 0 

lX 50.0 
2X 50 0 
1X 49 ft 
4)( 49 0 
5X 4tL 3 
6X 46.J 
7X Ct4.a 
ax 43 . 0 
9X H.6 

lOX 29 . a 

2 
50 0 
so 0 
50 . 0 
49 1 
48 . 9 
(o7 . 9 
45 . 9 
44 .' 
42 5 
l8 . 0 

4 
so 0 
50 . 0 
lt9 a 
49 . 2 
4a.7 
H . 4 
45.6 
44 . 3 
42 . 0 
35.5 

6 
50 . 0 
50 . 0 
Ct9 . 7 
49 .2 
41\ . 6 
47 . 0 
45 . 3 
43 . 9 
41.5 
ll . 1 

a 
50 . 0 
50.0 
u.s 
4 9 . 1 
48 . 4 
46.6 
45.1 
43 . lt 
ftO . a 
ll .' 

Table 87 

Speed Profiles (mph) for Vehi cle 1 in Mafraq quad (3254) in Jordan 

Secondary Roads Trails 

Dry Condition 

PERrEHT TOTAL DISTAHCE r[RCEHl TOTAL DtSTAHCE 

x:o 
X so.o 

IX 48 . 5 
2X 48 .2 
lX 42 . 9 
4X 30 . 1 
5X 25 . 2 
6X 20 . 7 
7X 18 .l 
ax 16 .a 
9X 15 . a 

lOX 15 . 1 

2 
50 . • 
48 . 4 
47 . 9 
40 . 5 
?.8 . 9 
24 . 2 
20 . 1 
17 9 
16 . 6 
15 .6 

4 
4 9 . 3 
lt8 .l 
47 6 
l6. 9 
21.7 
2l.1 
19.' 
17.6 
.... 3 
15.5 

, 
tta a 
411.3 
46 . 2 
14 . 2 
26.7 
22 .2 
19 . 1 
17 .l 
16 1 
l5.l 

~ 
4a . 6 
4a.2 
44.7 
l2.0 
25.9 
21.4 
1" . 7 
17. 0 
16 . 0 
15.2 

x=o 
X a .7 

IX 8 . 7 
2x a . 5 
1x a J 
4X 8 . 2 
5X a.o 
6X 7 9 
1x 1 a 
ax 7.7 
9X 7 6 

lOX 7.5 

2 
8 . 7 
8 . 7 
a s 
a . l 
a. 1 
a.o 
7 . 9 
7.8 
7 . 7 
7 . 6 

Wet-Wet Slippery Condition 

4 
a 1 
8 . 6 
a 4 
a.3 
a . 1 
a.o 
7.8 
7.7 
7.7 
7 . 6 

6 
8 . 7 
a . 6 
5 .4 
a . 2 
a 1 
7 . 9 
7 . ! 
7 . 7 
7 6 
7 . 6 

a 
8 .7 
a .5 
a 4 
a .2 
a . 1 
7 . 9 
7. 8 
7.7 
7 6 
7 . 6 

PERCEHT TOTAl DlSTAHCE PERCEHT TOTAl DIS1AHCE 

x=o 
X 50 0 

1x tta .s 
2X 48 .2 
3X 41.4 
4X 29.5 
5X 24.7 
6X 20 5 
7X 18 1 
ax 16 . 7 
9X 15.7 

lOX 15 .0 

2 
50. 0 
4a.4 
47 . 7 
3a . 9 
28 . 2 
21.8 
1 9 . 9 
n a 
t6 . 4 
15 . 5 

4 
49 . 3 
lt8 . l 
<t7. 0 
35 . 6 
V . l 
22 . 8 
19 4 
17 . ~ 
16.2 
15 .4 

6 
~a . a 
48.3 
45 . 2 
33.0 
26.2 
21.9 
18 9 
17 2 
16 . 0 
152 

a 
'o4 . 6 
48 . 2 
0.5 
H . l 
25.4 
21.1 
14 . 5 
16 .9 
15 . 9 
15 .1 

x=o 
x a 1 

1x a.s 
zx a.3 
.sx a . 1 
4X a . o 
5X 1 . a 
6X 7 . 7 
7X 7.6 
ax 7 . 6 
9X 7 . 5 

lOX 7 3 

2 
8 . 7 a ,. 
a.l 
II . 1 
a.o 
7 .II 
7. 7 
7 6 
1 6 
7.4 

4 
a 1 
a 4 
a 2 
a 1 
7 'J 
7 II 
7 7 
7. 6 
7 . 5 
7.lt 

6 
a . 7 
8.4 
11 . 2 
a o 
7. 9 
7 . 8 
7 1 
7.6 
7 . 5 
7.4 

Sand Condition 

PERCEHT lOTAL OlSTAHCE 

x: o 
X 50 . 0 

1X 4a 5 
2X 48 . 2 
lX 41 4 
'oX 29.5 
5X 24.7 
6X 20 . 5 
7X l& . 1 
ax u . 1 
9X 15.7 

lOX 15 . 0 

• 

2 
50 0 
4a . 4 
47 .7 
3a 9 
28.2 
2J . ll 
19 9 
t7 .a 
16 4 
15 .5 

4 
49 . 3 
4a.3 
47 . 0 
35 . 6 
27.1 
22.8 
19.4 
17 . 4 
16 . 2 
15 .4 

6 
•a a 
48 3 
4S 2 
lJ . 0 
26 2 
21.9 
18 . 9 
17.2 
16 0 
15 . 2 

a 
411 . 6 
48 . 2 
4L5 
31 . 1 
25 . 4 
21.1 
l&. 5 
16 . 9 
15.9 
15 . 1 

PERCENT lOTAL DlSlAHCE 

X=ll 
x a 1 

IX 8 4 
zx a t 
lX 7 . 9 
4X 7 . a 
5X 7 . 7 
6X 7 . 6 
7X 7.5 
ax 1 4 
9X 1 5 

lOX 0.6 

2 
11 . 7 
8 . '1 
8 . 1 
7 . 9 
7 .3 
1 . 1 
7 . 6 
7.5 
7. 4 
) . 2 

4 
a 1 
a . 3 
a.o 
7 . 9 
7 . a 
7 6 
7 6 
7 5 
1 3 
1.0 

f, 
11 . 6 
8 . 2 
li . O 
7.9 
7 . 7 
7.6 
7 5 
7.4 
4.6 
o.a 

a 
a s 
8 . 3 
8 . 1 
a.o 
7 . 9 
1 7 
7. 7 
7 . 6 
1 . 5 
7 . 3 

a 
8 . 5 
a 1 
a .o 
7 . a 
7 7 
7 . 6 
7.5 
i . lt 
2 l 
0.7 

Off-Road 

PERCEHT TOTAL DISTAHCE 

x=o 
X 27.a 

IX 9 . 1 
2X 8 . 9 
lX 8 . 6 
4X 8 . 4 
5X 8 . 2 
6X a.o 
7X 7 . 9 
ax 7.6 
9X 2.11 

tox o.a 

2 
9 l 
9 0 
a . a 
a 6 
a . 3 
a 2 
a.o 
1 a 
7 . 5 
1.8 

4 
9 . 1 
9 0 
a a 
8 . 5 
8 . 3 
a. 1 
a o 
7 . 8 
7.5 
1 l 

6 
9 . 1 
9. 0 
11 .7 
11.5 
&.l 
a . 1 
7 . 9 
7. 7 
7.4 
1.0 

PERCEHT TOTAL DISTAHCE 

x=o 
X 19 . 3 

IX 9 . 0 
2x a.a 
lX 11 .6 
4X a.l 
5X 8 . 1 
6X 7 . 9 
7X 7 . 6 
ax 7 .2 
9X 0.9 

lOX 0 .5 

2 
9.0 
9 0 
a a 
a . s 
a . .s 
a. 1 
7.9 
7 6 
l 5 
0 . 7 

4 
9 0 
9.0 
a . 7 
a 5 
a 2 
a o 
1 a 
7 . 5 
l 'I 
0 .7 

6 
9 0 
a . 9 
a 1 
11 . 4 
&.2 
a o 
7 . 8 
7.4 
1.4 
0 6 

a 
9 l 
8 . 9 
8 . 7 
II 4 
a 2 
a 1 
7 . 9 
7 . 7 
7. 2 
0 . 9 

a 
9 . 0 
a . 9 
a 6 
8.4 
a . 2 
a o 
7.7 
7 3 
1.1 
o.s 

PERCENT TOTAl DISTAHCE 

x=o 
X 12.5 

IX 9 . 0 
2X a.7 
lX a . l 
4X II . 1 
5X 7.9 
6X 7 7 
7X 7.2 
ax 1 o 
9X 0 5 

lOX 0.4 

2 
9 0 
9 0 
a 6 
a . l 
a 1 
7 . 9 
1 6 
7 0 
o.a 
0 . 5 

,, 
9 . 0 
8 . 9 
a s 
a 2 
a o 
1 a 
7 . 5 
l 7 
0 . 7 
0 . 4 

6 
9.0 
a a 
a 4 
a 2 
a.o 
7 . 8 
7 . 4 
1 9 
0 6 
0 , 4 

a 
9 0 
8 . 7 
11 . 4 
11 . 1 
7. 9 
7. 7 
7.3 
1 l 
0 . 6 
0 . 4 



Table 88 

Speed Profiles (mph) for Vehicle 2 in Mafraq Quad (3254) in Jordan 

Primary Roads 

PERCENT TOTAl DISTANCE 

X: O 
X 55 . 0 

1X 55 0 
2X 55.0 
3X 53 . 9 
~X Sl . 1 
5X 51.6 
6X 49.7 
7X <ta.2 
ax 46 5 
9X ~3 . 4 

lOX 33 . 4 

2 
55.0 
55.0 
55 . 0 
53.7 
53.0 
51.2 
49 . 4 
47 . 9 
46 1 
41 a 

4 
55 . 0 
55.0 
54 7 
53 5 
52 7 
50.a 
49. 1 
47 6 
~5 . 7 
)9 . 3 

6 
55.0 
55.0 
54.4 
53.4 
52 ) 
50.4 
4a . a 
47.3 
~5 . 1 
l7 . 0 

a 
55 0 
55.0 
54 .1 
53.2 
52 . 0 
50.0 
411 . 5 
46 . 9 
44.5 
35.1 

PERCENT TOTAl DISTANCE 

x=o 
X 55 . 0 

IX H 0 
2X 55 . 0 
lX 53 II 
4)( 53 . 1 
SX 51 -
6X 49 5 
7X 411 0 
8'1( 45 9 
9)( 42 . 2 

lOX ll . S 

2 
55 0 
55 . 0 
H 0 
5l 6 
52 a 
51.0 
49 2 
47 1 
H 4 
40 4 

4 
55.0 
55 . 0 
54 6 
53.5 
52 . 4 
50 6 
49 0 
47 3 
'' 4 II 
37.7 

6 
55.0 
55 . 0 
54.3 
53 . 3 
52. I 
50 .2 
411 . 7 
lt6 . 9 
H 2 
35 . 3 

a 
55 . 0 
55 0 
54 . 0 
B . 2 
51.7 
'• 9. 9 
411.3 
46 . <t 
43.4 
ll.l 

PERCENT TOTAl DISTANCE 

X 
IX 
2X 
J)C 
4X 
5X 
6X 
7X 
ax 
9X 

lOX 

x=o 
55 0 
55 0 
55.0 
53 II 
53 I 
51 3 
H 5 
47 9 
45.6 
41 6 
30 II 

2 
55 0 
55 0 
55 0 
53 6 
52 7 
so 9 
H 2 
H 6 
45 . 1 
39 II 

4 
55.0 
55 0 
54 6 
53 5 
52 3 
50 . 5 
411 . 9 
HZ 
44.4 
37 0 

6 
55 0 
55 0 
54 . 3 
Sl . l 
sz .o 
50.1 
411.6 
46 1 
43 II 
34 . 6 

II 
55 . 0 
55 0 
54 .0 
5l z 
51 6 
49 II 
411 l 
46 .Z 
42 . 9 
3Z . 6 

Secondary Roads Trails 

Dry Condition 

PERCCNT TOTAL DISTANCE 

X=O 
X 55.0 

IX 52 .0 
2X 51 • ~ 
lX 44 . 6 
4X 30 . 9 
sx 25.5 
6X 22.5 
7X 20.7 
ax 1 9 . 6 
9X 111.11 

lOX 111 . 1 

2 
55.0 
51.11 
51 0 
42 0 
29.4 
2~.11 
22 . 1 
20 . 5 
19 . 4 
111 . 6 

4 
53 1 
51 1 
50.3 
311 0 
28 2 
2 1•. I 
21 } 
20 2 
19 . 2 
18 . 5 

6 
52.7 
51 6 
411 . 5 
)5.0 
27 2 
23 5 
21.3 
20.0 
1 9 I 
111 . 4 

II 
52.2 
51.5 
46.7 
32 7 
26.3 
23 0 
21 0 
19 II 
111 9 
111 . 3 

X 
IX 
2X 
lX 
4X 
5X 
6X 
7X 
ax 
9X 

lOX 

PERC[NT TOTAl DISTANCE 

X=O 
I 0 . 6 
10 6 

9 9 
9 5 
9. 1 
a .a 
11 . 7 
11 . 6 
II S 
a.4 
11 . 2 

2 
10 . 6 
10 4 

9 . 11 
9 . 4 
9 0 
II a 
11 . 7 
a .6 
11 . 5 
II.~ 

4 
I 0. 6 
10 . 2 

9 . 7 
9 . 3 
a . 9 
11 . 11 
11.6 
11 . 5 
II S 
a.4 

6 
10 6 
I 0 1 

9 . 1 
9.2 
11 . 9 
11.7 
a .6 
a . s 
11 . 4 
a . 3 

a 
I 0 . 6 
9 . 9 
9.6 
9 . 1 
11 . 9 
11.7 
11 . 6 
a.s 
a.4 
11.3 

Wet-Wet Sl ippery Condition 
I 

PERCENT TOTAL DISTANCE 

X=O 
X 50.7 

IX 49 . 0 
2X 411 .7 
lX 'ol . 6 
4X 29 . 6 
SX 24.a 
6X 22.0 
7X 20 ~ 
ax 19 l 
9X 111 . S 

lOX 17 . a 

2 
50 . 7 
411 . 9 
4a.2 
39.1 
211.3 
2<t • 1 
21.6 
2 0 . I 
I 9 1 
111 4 

4 
50 . 0 
~11 . 11 
~7 . 4 
35. 7 
27 .2 
21.5 
21 l 
19 9 
I 9. 0 
Ill 3 

6 
49 . ~ 
48 II 
45 . 6 
13 .2 
:!6.3 
22 9 
21 0 
19 .7 
Ill II 
111 2 

II 
49 2 
411 7 
4l ' 31.2 
25 5 
22 5 
20.7 
19 5 
13 7 
141 

X 
IX 
2X 
lX 
4X 
5X 
6X 
7X 
liX 
9X 

lOX 

PERCENT TOTAL DISTANCE 

x=o 
I 0. 6 
10.1 

9 . 6 
9 . 2 
11 . 9 
II 7 
11.6 
11 . 5 
11 . 4 
3 . 2 
7.9 

2 
1 0. 6 

9 9 
9 5 
9 1 
II II 
a . 7 
II S 
a 5 
11 . 4 
II 2 

4 
I 0 . 6 

9 a 
9 s 
9 . I 
11 . 11 
a. 6 
II S 
11 . 4 
a . .l 
11.2 

6 
10.5 

9.1 
9 4 
9 . 0 
a .a 
11 . 6 
II 5 
II 4 
ll • .l 
II . I 

a 
I 0. l 
?.6 
9 3 
11.9 
11.7 
II 6 
a . 5 
a.~ 
a .l 
II. I 

Sand Condition 

X 
IX 
2X 
3X 
<ox 
5X 
6X 
1X 
ax 
9X 

lOX 

r[RCENI TOTAL DISIAHCE 

X=O 
50.7 
49 0 
4a .7 
~I 6 
29 6 
24 . 8 
22 0 
20 4 
19 . l 
111 5 
1 7 . II 

2 
50 7 
4a.9 
411 . 2 
l9 1 
211 3 
24. 1 
21.6 
20. 1 
19 I 
Ill . ~ 

4 
50 . 0 
411 . 11 
47 . 4 
)5 7 
Z7 2 
2l s 
21 l 
19 9 
19 0 
111 l 

6 
49 ~ 
ftll 3 
45 6 
ll 2 
26 3 
22 9 
21 0 
19 7 
Ill II 
Ill 2 

II 
49 2 
411 7 
ft) 7 
ll 2 
2S.5 
22 . 5 
20 7 
19 5 
13 1 
Ill. 1 

X 
IX 
2X 
3X 
4X 
sx 
6X 
7X 
ax 
9X 

lOX 

PE~CCHT TOIAl DISTANCE 

Y• O 
10 6 

9 6 
9.0 
a 7 
a 5 
11 . 4 
3 l 
II 2 
II . I 
2 4 
0 7 

2 
10 6 

9 5 
9 . 0 
a .6 
a 5 
II 4 
II l 
a 2 
a .o 
1.6 

4 
10 3 

9 . 4 
3 9 
II 6 
a.s 
II 4 ' 
a . 3 
3 2 
11.0 
1.2 

6 
i 0 . 0 

9 • .l 
11 . 11 
a.6 
11 . 4 
II 3 
a . 2 
3 1 
7. 9 
1.0 

II 
9 . 7 
9 1 
8 .7 
11 . 5 
a . 4 
ll . l 
11 . 2 
a . I 
5 . 2 
0 II 

Off-Road 

PERCENT TOTAl DISIANCE 

X 
IX 
2X 
3X 
~X 
SX 
6X 
7X 
ax 
9X 

lOX 

x=o 
2a.s 
17. .4 
11.5 
10 4 

9 . } 
9 l 
9 . 1 
11.11 
a . s 
6.3 
0. 9 

2 
12 6 
12 4 
II . .l 
10 3 

9 6 
9 . l 
9 . 0 
a.a 
a . 4 
2 1 

4 
12 5 
12 .2 
11. 0 
l 0 I 

9 6 
9 2 
9 0 
11 . 7 
a l 
l 7 

6 
12 4 
12 0 
10 3 
10 0 

9 5 
9 .2 
a 9 
a 7 
a .2 
I 3 

a 
12 4 
1 I II 
10 6 

9 9 
9 4 
9 I 
11 . 9 
a 6 
a 0 
1.0 

PERC[HT TOTAL D1SIANCE 

X 
IX 
2X 
3X 
4X 
5X 
6X 
7X 
ax 
9X 

lOX 

x=o 
19.a 
12 l 
ll. J 
10 3 

9 . 6 
9 2 
II 9 
a.6 
a 2 
2 7 
0 . 7 

2 
12 ) 
12 . 2 
II. 0 
I 0 • I 

9 5 
9 2 
a 9 
a 5 
II . 1 
I 7 

~ 
12.3 
12 0 
10 . 3 
I 0 . 0 
9 . 4 
9 1 
3 II 
II S 
1. 9 
l.l 

6 
12 . 3 
11.11 
10 . 6 

9 a 
9 . 4 
9 . 1 
II a 
a 4 
7 1 
I 0 

a 
12 . .3 
11 . 6 
1 0 . 4 

9 . 7 
9 3 
9 . 0 
II 7 
a . 3 
6 . 3 
0 . 9 

Pf~CENT TOTAl DISTANCE 

X 
IX 
2X 
3X 
4X 
SX 
6X 
7X 
ax 
9X 

lOX 

x=o 
13.7 
10 . 2 

9 . 7 
9 . I 
a II 
11 . 5 
11 . 3 
7 9 
7.2 
0 . 9 
0. 5 

2 
11.4 
10 . 2 

9 5 
9 . 0 
II 7 
a 5 
II 2 
7 a 
4 9 
0 II 

4 
10 . 9 
I 0. I 

9. 4 
9 . 0 
11 . 7 
II <, 
a 2 
1 1 
2 3 
0 • 1 

6 
I 0. 5 
10 . 0 

9 . 3 
11 . 9 
11 . 6 
a . 4 
II • I 
7 . 6 
1.5 
0 . 6 

II 
IO.l 

9 . 11 
9 . 2 
11 . 4 
8 . 6 
ll . l 
11 . 0 
7 , 4 
1.1 
0.6 



Table 89 

Speed Profiles (mph) for Vehic l e 3 in Hafrag Quad (3254) in Jordan 

Primary Roads 

PERCEHT TOTAl DJSTAHCE 

x:o 
X 49.3 

IX 48 . 1 
2X 45 . 9 
3X H . 2 
ftX H . 9 
5X '14 . 1 
6X ~'1 . 3 
7X '13 6 
ax '12 . 6 
9X 40 4 

lOX 31 . 8 

2 
49 . 3 
lo7.3 
45.7 
45. J 
"" .a 
4'1 . 6 
44 . 1 
43 " 
42 " 
39 . J 

4 
ft9 . 3 
'16 . 8 
lo5 . 6 
ft5 . 1 
v. .a 
Vt.5 
44 . 1 
ft3 . 2 
"2 . J 
36,9 

6 
ft9 . 3 
46 . 4 
45 . 4 
'15. 0 
4fl . 7 
44 . 5 
'13 . 9 
"3 . J 
H . S 
35 . 0 

a 
ft9 . 3 
46 . 1 
45 . 3 

""·' 44 . 7 

""·" 43 . 8 
42 . 8 
'11.3 
33.3 

PERCEHT TOTAl DISTANCE 

x=o 
X 49 . 3 

IX ftS . l 
2X 45 . 9 
3X 45 . 2 
4X 44 9 
5X 4tt . 7 
6X H . 3 
7X 43 'I 
ax 42 . 2 
9X 39.ft 

lOX 30.1 

2 
49 . 3 
47 . 3 
ft5 . 7 
45 . 1 
HS 
H 6 
'14 . 1 
'13 2 
41.8 
37 . 9 

'I 
49 . 3 
46.8 
45 . 6 
4 5. 1 
44 .a 
"" . 5 
"" 0 u .o 
H. 4 
35 . 5 

6 
49 . 3 
'16.4 
45.ft 
"'. 0 
"" • 7 ft4.5 
ftl . S 
42 a 
41.0 
13 . '1 

a 
49 . 3 
"' . 1 45 . 3 
Vt . 9 
"' . 7 44 4 
ft3 . 6 
42 5 
'10 . 4 
31.7 

PERCEHT TOTAL DISTANCE 

X=O 
X 49 . 3 

IX fta . l 
2X 45.9 
lX 45 2 
4X H . 9 
5X 44.7 
6X ft4 . :S 
7X 43 . 4 
ax 42 . 0 
9X 3a . 9 

lOX 29 . 5 

2 
.. 9.3 
4!7 . 3 
45 . 7 
45 1 
H .a 
'14 . 6 
'14 . 1 
432 
41.6 
37 . 4 

4 
49 . 3 
46 . 8 
45.6 
45 . 1 
4tt . a 
4'1 . 5 
lt4 . 0 
43 . 0 
'II 2 
35 . 0 

6 
49 3 
46 . 4 
45 . 4 
45 . 0 
44 . 7 
44 . 5 
43 . a 
ft2 . 7 
40 . 7 
32 a 

a 
49 . 3 
46 1 
45 . 3 
~4.9 
4'•. 1 
44 " 4l . 6 
ft2 . 4 
40 0 
31.0 

Secondary Roads Trails 

Dry Condition 

X 
IX 
2X 
lX 
foX 
5X 
6X 
7X 
tiX 
9X 

lOX 

PERCEHT TOTAl DISTANCE 

X=O 
43 9 
4l . 9 
43 9 
40 . 5 
.H . 9 
32 . l 
l0.7 
29 6 
2a 5 
25 9 
23 . 9 

2 
43 . 9 
4l . 9 
4l.9 
3a.9 
34 . 3 
31.9 
30 . 5 
29.'1 
21 . 9 
25.5 

" 43 . 9 
U . 9 
43 . 9 
37 . 1 
33 . 7 
31.6 
30 . 3 
29.2 
27.3 
25 . 1 

6 
43 . 9 
43 . 9 
ft2 . 9 
36 . 6 
33 . 2 
31 . 3 
30.1 
29.1 
26 . 8 
24.8 

a 
43 . 9 
43 . 9 
41.9 
3S . 7 
32 . 7 
31.0 
29.9 
28 . 8 
26 .3 
24.'1 

X 
JX 
2X 
lX 
4X 
5X 
6X 
7X 
ax 
9X 

lOX 

PERCENT TOIAl DISlhNCE 

x=o 
20 . 5 
19 . 1 
1 a. 1 
u a 
15 3 
14 . '1 
12.6 
11 . 5 
10 . 8 
I 0 . 1 

9 . 5 

2 
20 . 5 
1 9 . 2 
Ja .o 
16 . 4 
15 . I 
I'll 
12 . 3 
11.3 
1 0 . 1 
10.0 

4 
20 . 5 
IS . S 
11 . a 
16 . 1 
14 9 
ll. 7 
12. 1 
11 2 
10.6 

9 . 8 

6 
20 . 4 
18 . 5 
17. 1 
15 a 
14 a 
ll . 3 
11 9 
II. 0 
I 0 . 4 

9 . 7 

a 
20.1 
IS 3 
I 7 . 3 
15 5 
1~ . 6 
12. 9 
11.7 
10 9 
10 . 2 

9 . 6 

Wet-Wet Slippery Cond ition 

PERCENT TOTAl DISTAHCE 

x=o 
X 43 . 9 

IX 43.9 
2X ft3 . 9 
3X 39 . 1 
4X 34 . 3 
5X ll 9 
6X 30 4 
7X 29 J 
ax 27 . 9 
'IX 25 . 5 

lOX 23 . 6 

2 
U . 9 
U . 9 
4l . 7 
37 9 
33 . 7 
31 5 
30 . 2 
29 1 
27 4 
25 . 1 

,. 
43 . 9 
43 . 9 
43 . 4 
36 . 8 
33 . 1 
31.2 
30 . 0 
28 . 9 
26 . 8 
24 . a 

6 
4l . 9 
0 . 9 
42 . 2 
35 . a 
32.7 
30 . 9 
29 a 
2a 1 
26 . 4 
24 . to 

a 
43 9 
41.9 
40 . 8 
35 . 0 
32 . 2 
30 . 7 
29 . 5 
28 . 4 
25 . 9 
24 . 1 

PERCE"T TOTAl DIS TAHCE 

x=o 
X 20 3 

IX 17 'I 
2X 16 . 9 
3X 15 . 6 
4X 14 5 
5X 11 . 4 
6X 11 . 9 
7X 11 0 
ax 1 o 4 
9X 'I 7 

lOX '1 . 1 

2 
20.1 
I 7. 7 
16.8 
15 . 1 
I 4. 4 
n.1 
II. 7 
10 . 11 
10 . 3 

9 . 6 

4 
I 9 . 6 
1 7 • fo 
16.6 
H1 
14 . 2 
12 1 
II 5 
10 7 
10 I 

9 . 5 

6 
IS . 7 
I 7 . 2 
16 . 3 
1 4 . 9 
13 9 
12 4 
11.3 
10 6 
10 0 

9 . 4 

a 
lt\ . 2 
17 1 
15 . 9 
14 7 
ll . 7 
12 1 
11.1 
10 5 

9 . 9 
9 .3 

Sand Condition 

rERCE NT TOTAL DISTANCE 

x=o 
X 43 . 9 

IX 43 . 9 
2X 43.9 
lX l9 . 3 
4X l4 . 3 
5X 31 9 
6X 10 . to 
7X 29 1 
ax 21 . 9 
9X 25 5 

lOX 21 . 6 

2 
43.9 
43 . 9 
43 . 7 
37 9 
33 7 
31 5 
30 2 
29 . 1 
27.1o 
25.1 

4 
43 . 9 
43 . 9 
43.'1 
36 . a 
ll . 1 
31.2 
30 0 
2a . 9 
26 . a 
24 . 8 

" 43 . 9 
43 . 'I 
42 . 2 
35 . a 
12 . 7 
10 . 9 
29 . 8 
28.7 
26.4 
24.fo 

a 
4l 9 
4.5 . 9 
toO . & 
35 . 0 
32 .2 
10 .7 
29 .5 
2a 4 
25. 9 
24 . 1 

PERCENT TOIAL OISTAHCE 

x·o 
X 19 0 

1 x 16 a 
2X 15 2 
JX I '• 0 
4X ll 2 
5X 11 a 
6X 10 . a 
7X I 0 1 
ax '1 .5 
9X 2.5 

19X 0 7 

2 
19 . 0 
16 . 5 
14 . 9 
ll . S 
13 .0 
11 .5 
10 6 
10 . 0 

9 . 4 
1.7 

4 
11 a 
16 . 1 
I '• . 6 
ll 7 
12 . a 
I I l 
10 5 

9 9 
9 l 
1.2 

6 
17 . 4 
15. ll 
14 . 3 
13 . 5 
12. 4 
11.1 
10 4 
9.7 
9 . 2 
1 • 0 

a 
17 . I 
15 . 5 
14 .2 
13 . 4 
12 . 1 
It 9 
10 2 
'I 6 
5 . 7 
o a 

Off-Road 

PERCENI TOTAl DISTANCE 

X 
IX 
2X 
3X 
4X 
5X 
6X 
7X 
ax 
'IX 

lOX 

x=o 
2ll . 9 
22. 1 
19 . 9 
17 . 9 
16.2 
14.a 
1l 7 
12.2 
10 . 9 

9 . a 
3.2 

2 
22.3 
22 0 
I 9 . 5 
I 7 • 6 
15 .8 
14 .6 
ll . 4 
12 0 
10 . 1 

9 .5 

4 
22.3 
21 4 
19 . I 
17 . 3 
15.5 
1'1 . 1 
Dl 
1 I 7 
I 0 5 

9 . I 

6 
22.1 
20 . 9 
1 a . 1 
16 9 
15 . 1 
14. I 
12.8 
11 4 
10 . 3 
a.a 

a 
22.3 
20 4 
13.3 
I 6 . 5 
15 0 
13 9 
12.5 
11.2 
10 . 0 
S . 'l 

PERCEHT TOTAl DISIA"CE 

X 
IX 
2X 
JX 
4X 
5X 
6X 
7X 
ax 
9X 

lOX 

x=o 
26.2 
22 . 1 
1 9. 1 
16 a 
15 . 1 
13 . 9 
12 . 7 
I I. 4 
10 2 
a.9 
1 a 

2 
22 2 
?1.6 
la .5 
16 4 
14 . 8 
ll 7 
12 . 5 
11 2 
10 .0 

8 . 6 

4 
22 2 
20.9 
I a. I 
16. I 
14 . 6 
I J 5 
12 2 
10 9 

9 7 
a 3 

6 
22 .2 
20 . 2 
I 7. 1 
15 . 7 
14 . 4 
1l l 
12 . 0 
I 0 . 7 
9 .5 
5.6 

a 
22.2 
I 9 . 7 
17 2 
15 4 
I fo • 2 
13 . 0 
II. 7 
1 0 . 4 

9 .2 
2.6 

P[RCEH I I DTAl DISTANCF 

x=o 
X 21.7 

lX 1~ . 7 
?X 11 . 5 
3X I 2 . 3 
4X 12 . 2 
5X 11.6 
6X 10 7 
1x 9 a 
~x a a 
9X 3 . 3 

lOX 0. 3 

2 
17 . 6 
14 . 4 
13 . 4 
12 . 7 
12 . 1 
11 4 
10 6 

9 6 
tl 6 
1.9 

4 
l6 . I 
I t~ol 
ILl 
12. 5 
12.0 
I I 3 
10 4 

9 4 
a 1 
1.4 

6 
15 .4 
13 .a 
Ill 
12.4 
!1. 9 
II I 
10 2 

9 2 
a o 
1.1 

a 
1 ~ • 0 
ll.6 
12 9 
12 . l 
11.7 
I 0 . 9 
10 0 

9 0 
7.7 
0 9 



Table BlO 
seeed Profiles Cmeh) for Vehic l e 4 in Mafrag guad p254) in Jordan 

Primar;t Roads Secondar;t Roads Trails Off-Road 
Dr;t Condition 

PERCENT TOTAl DISfANCE PERCENT TOTAl DISTANCE rERCENr fOUl DISTANCE PERCEIH TOTAl DISTANCE 
x =o 2 4 6 a X=O 2 4 6 a x=o 2 4 6 a x=o 2 ~ 6 a X 50 . 0 50 0 50 . 0 50.0 50 . 0 X 50 . 0 50.0 50 0 50 . 0 50 . 0 X 10.6 l 0 . 6 10 6 10 . 6 10.6 X 29 . 7 12 . 5 12 . 4 12 . ~ 12 . 4 IX 50 . 0 50 0 50 0 50 . 0 50 . 0 IX 50 . 0 50 . 0 50 0 50.0 50 0 IX 10 6 I 0 . 6 10.5 10 . 3 I 0. 1 IX 12 . 3 12 . 3 12 . 3 12 . 0 11.9 2X 50 . 0 50 . 0 50 . 0 50.0 50 . 0 2X 50.0 <t9 . 7 49 2 47 . 6 H . 9 2X 10 . 0 9 . 9 9 . 4 9.a 9 . 7 2X 11.6 11.4 11.2 II. 0 10 a lX 50 0 50 . 0 50 . 0 50 . 0 50 . 0 JX 43 . 9 41.4 37.6 34 . 7 32.5 3X 9 7 9 . 6 9 . 4 9 . ft 9 . 3 JX 10 . 6 10 . 4 10 . 3 I 0 . 1 10 0 4X 50.0 50 . 0 50.0 50 . 0 50.0 4X 30 . 7 29.2 28 . 0 27 . 0 26 . 1 4X 9 . 2 9 . 1 9 . I 9.0 9 . 1 4X 9 . 9 9 . 8 9 . 7 9 . 6 9 . 5 5X 50 . 0 49 . 9 49 . 9 49 . 8 49 . 7 5X 25 . 4 24.7 24 . 0 23 4 22 . 9 5X 8 . 9 8 . 9 8.9 a . a a.a 5X 9 . 4 9 . 4 9 . 3 9 . 3 9 2 6X 49 . 7 "'.6 49.5 49.5 49 . 4 6X 22 . to 22.0 21.6 21.3 21.0 6X a . a a. 1 a.7 a . 7 a.7 6X 9 . 2 9 . 1 9. 1 9 . 0 9 . 0 7X 49 . 2 4' . 1 49 . 0 4a . 7 4a.4 7X 20 . 7 20.4 20 . 2 I 9 . 9 19 . 7 7X a . 6 a . 6 11.6 a.6 a.6 7X a.9 8.9 8 . 9 a a a . a ax 4a . 2 to7 . a 47.3 46.a 46 . I ax 19 . 5 19 . 4 19 . 2 19 . 0 1 a . 9 ax 8 . 6 a . s 11.5 a . 5 a.5 ax 8 . 7 a.6 a . 6 a . 5 a . 4 9X H . 9 U . 2 40.5 38 . 0 36.0 9X 18.7 18.6 Ja.5 }8.4 18 . 2 9X a s 8 . 5 8.4 8.4 8 . 4 9X II. 2 a . o 7.a 1.a 2.2 lOX 34 . 2 lOX 1a.o lOX a.3 lOX 1.5 

Wet-Wet Slipper;t Condition 

PERCENT TOfAL DISTANCE PERCEiiT TOTAl DISTANCE PERCENT TOTAL DISTANCE PERCENT TOTAL DISTANCE 
x: o 2 4 6 a x=o 2 4 6 a x:o 2 4 6 a x=o 2 " 6 a X 50.0 50 . 0 50 . 0 50 . 0 50.0 X 50 . 0 50 . 0 50 . 0 50.0 50 . 0 X 10 . 6 10 . 6 10 . 6 10.6 10 . 6 X 19.2 12 . 3 12.3 12 . 3 12 . 3 IX 50 . 0 50 0 50.0 50 . 0 50 . 0 IX 50 . 0 50 . 0 50 . 0 50 . 0 50 . 0 IX I 0 . 6 10 . 6 10 . 3 10 . 2 10 . 0 IX 12 . 3 12 . 3 12 . 0 II a II. 7 2X 50 . 0 50 . 0 50.0 50 . 0 50.0 2X 50 . 0 4 9 . 4 48 . 6 46 . 6 44 6 :!X 9 . 9 9 . a 9.11 9. 7 9 . 7 2X II." 11.2 II 0 10 . 8 10.6 3X 50 . 0 50.0 50 . 0 50.0 50 . 0 JX 42 . 3 39 . 7 36 . 2 Jl . 5 31.5 3X 9 5 9 . 4 9 . 3 9.2 9.2 3X 10 . 4 I 0 . 3 1 0 . I 10 . 0 9 9 4X 50 . 0 50 . 0 50 . 0 50 . 0 50.0 4X 29 . 9 2a 5 27 . 4 26 . 4 25 . 6 4X 9 I 9 . 0 9 . 0 8 . 9 8.9 4X 9 . 7 9 . 6 9 6 9 . 5 9 . ~ 5X 50 . 0 49 . 9 to9 . 8 49.7 49 . 7 5X 24.9 24 . 2 23 . & 2 3 . I 22. 6 5X a 9 a .a- a a a . a a . 7 5X 9 . 3 9 . 3 9 . 2 9 2 9 . I 6X 49 6 49 . 6 H . 5 49 . 4 to 9 3 6X 22 . 1 21.7 21.4 21.0 20 7 6X a . 7 8 . 7 a . 1 a . 6 8 . 6 6X 9 I 9 . 0 9 0 9 . 0 8 . 9 7X "' . 2 49 . 1 48 . 8 48 . 4 <t7 . 9 7X 20 . 5 20 . 2 20.0 19 . 8 19 6 7X a ' a ' 

a . 6 8 . 5 8 . 5 7X a . 9 a " a . a a 1 8 . 7 ax 47 . 5 46 . 9 46 . 3 45 . 7 44 . 9 ax 1 9 . 4 19 2 19 0 IS 9 18 . 7 ax a . s 8 . 5 8 . 5 8 . 5 a . s 4X a 6 a s a . ~ a . 3 8 . 2 9X 4J 5 41.6 38 . 7 36 . 2 34.0 9X I 8 . 6 Ja . 5 la . 3 Ia 2 I a . I 9X a 4 a.4 a . 4 a.4 8.4 9X a . o 7.a 5 . 6 2 . 6 1.7 lOX 32 . 2 lOX 17 . 9 lOX 8 . 2 lOX 1.3 
Sand Cond i tion 

PERCENT 10Tll DISUHCE PERCE/II IOUL llJSl•NCE PERCENT TOTAl DISTANCE PCRC ENT TOTAl Dr STANCE 
x : o 2 4 6 a x=o 2 4 6 a X=O 2 , 6 a x =o 2 4 6 II X 50 0 50 0 50 . 0 50 . 0 50 . 0 X 50 0 50 0 50 . 0 50 . 0 50 . 0 X I 0 . 6 10 . 6 I 0 . 6 10'5 I 0 . l X 13 , 12 0 II a II 1 11.7 IX 50 0 50 0 50 0 50 . 0 50 0 IX 50 . 0 50 . 0 50 . 0 50 0 50 0 IX 10 2 10 0 9 a 9 7 9 . 7 IX II 1 II 6 I I ~ II 1 I 0 . 9 zx 50 0 50 0 50 . 0 50 . 0 50 0 2X 50 0 49 . 4 48 . 6 46 6 "' 6 2X 9 . 6 9 6 9 . 5 9 . 4 9 . 3 zx 10 7 10 5 10 3 10 1 10 . 0 JX 50 0 50 0 50 0 50 0 50 . 0 3X lt2 3 3? 7 J6 2 ll 5 31 s lX 9 2 9 1 9 0 11 . 9 11 . 9 JX 9 a 9 1 9 6 9 5 9 . 4 4X 50 0 50 0 50 0 50 . 0 50 0 4X 29 . 9 2a 5 Z1 4 26 4 25 6 4X a . a a a a a a 1 11 . 7 4X 9. 3 9 2 9 z 9 . 1 9 . I 5X 49 9 H . S 49 . a <.9 . 7 49 . 6 5X 24 . 9 24 . 2 23 6 23 I 22 6 5X a 1 II 6 a 6 1 . 6 8 . 6 5X 9 . 0 a . 9 8 9 a . a a . e 6X 49 6 49 . 5 49 5 49 . 4 49 . 2 6X 22. l :?1.7 21.4 21.0 20 1 6X a 5 a 5 a . 5 8 . 5 a . 5 6X 8.7 8 . 6 8 . 5 8 . 3 a . 2 7X 49 I 49 . 0 48 . 7 48 . 2 47 6 7X 20 . 5 20 . 2 20 0 19 . a I 9 6 7X a 4 a 4 a . 4 8.4 8 . 4 7X a . o 7 . 7 7 5 2 . 8 1.7 ax 47 . 2 46 . 5 45 a 45 . 2 44 . J ex 19 . 4 19 . 2 19 0 IS 9 111 . 1 ax a . l 8 . 2 8 . 0 l . l I 9 ax 1.2 0.9 o . a 0 . 7 0 . 6 9X 42 9 40 . 9 31 . 9 l5 . 4 ll . 2 9X IS 6 18 . 5 18 . 3 18 . 2 111. 1 9X I t, 1.1 0 . 9 0 . 11 0 . 7 9X 0 5 0 . 5 0. 5 0 4 0 . 4 lOX 31.4 lOX 17 . 9 lOX 0 . 6 lOX 0 . 4 



Table Bll 

Speed Profiles (mph) for Vehicle 5 in MafrJq Quad (3254) in Jordan 

Primary Roads 

rERCENT TOTAl DISTANCE 

x=o 
X 32 0 

IX 32 0 
2X 32 . 0 
3X :s1.a 
(oX ll 6 
~X 31 I 
6X 30.1 
7)( 29 2 
ax 2a.6 
9X 27.9 

l OX 2(o . l 

2 
32 0 
32 . 0 
:S2 . 0 
11 a 
31. 6 
30 9 
29 . 9 
29 1 
2a.4 
21.4 

4 
l2 0 
32.0 
32 0 
H 7 
ll 5 
lO. 7 
29 .7 
29.0 
2a 3 
26'. 5 

6 
32 0 
l2 0 
l2. 0 
31 7 
:n 5 
30 ~ 
29 . 5 
2a.a 
2a 2 
25.6 

a 
32 0 
32 . 0 
31.9 
31.6 
31.3 
30.3 
29.4 
2a. 7 
2a . 1 
2,.a 

PERCENT TOTAl DISTANCE 

x=o 
X 32 . 0 

IX 32.0 
2X 32 .0 
:sx 31. a 
(o)( 31 6 
SX 31 . I 
6X 30 0 
7X 29 2 
ax ~a 5 
9X 27 6 

lOX 23.3 

2 
32 0 
32 . 0 
l2 . 0 
31.7 
31.5 
30 . a 
29.8 
29 . 0 
211. 4 
27 . I 

" 32 . 0 
32 . 0 
32 . 0 
31.7 
11.5 
l0.6 
29 6 
2a.9 
2a 3 
26 . 0 

6 
32 0 
32.0 
31. 9 
31 6 
31.5 
30 . 4 
29.5 
:>a a 
2a 1 
25 0 

a 
32 0 
32 . 0 
31.~ 
31.6 
.H . 3 
l0. 2 
29 . 3 
211 . 6 
211 0 
24 1 

PFRCE NT TOTAl OlSIANCE 

x=o 
X 32 0 

IX lZ 0 
2X 32 0 
3X :s1. a 
4X 31.6 
5X 31 0 
6X 30.0 
7X 29 I 
~X 211 5 
9X 27 5 

lOX 23 . 0 

2 
32 . 0 
32 0 
32 . 0 
31. 7 
ll 5 
30 a 
29.11 
2?.0 
211 4 
26.9 

4 
32 0 
32 0 
32 . 0 
H . 7 
31 5 
lO 6 
29 6 
;>II • 9 
211.2 
25 . 11 

6 
l2 0 
3?.0 
31.9 
Jl 6 
31 5 
:so 4 
29 . ' 
211 . 11 
211 I 
24 7 

a 
32 . 0 
32 . 0 
31 9 
31.6 
ll.l 
:so 2 
29.3 
211 . 6 
27 . 9 
2:s a 

Secondary Roads Trails 

Dry Condition 

PERCENI TOTAl DISTANCE 

x=o 
X 32.0 

IX31 . 9 
2X ll.5 
lX 31 4 
4X 31.4 
5X ll. l 
6X 30 . 7 
7X 29.7 
ax 211 5 
9X 25.9 

lOX 23.9 

2 
32 0 
31.7 
ll.5 
31 4 
31.4 
ll 3 
30 . 6 
29 5 
27.9 
25.5 

'• 
l2 0 
31.7 
31 5 
31.1\ 
31 3 
l I 2 
30 . 4 
29 . 4 
27.4 
25 . 2 

, 
32.0 
31.6 
31.4 
3I 4 
ll.3 
31.1 
30 .2 
29.2 
26 . 9 
24.11 

a 
32.0 
31.6 
ll., 
31.4 
31 3 
30. 9 
30 . 0 
29 0 
26.4 
24.5 

PERCENT TOTA l DI STAHCE 

x=o 
X 27.7 

IX 25 . 6 
2X 23 . 5 
:SX 21 7 
4X 20 5 
5X I 9 . 4 
6X la .7 
7X 1a . I 
ax 17.4 
9X 16 . 1 

lOX 15 . 4 

2 
27 7 
25.0 
23 0 
21.5 
20 3 
I9 3 
111.6 
I 7 . 9 
17.3 
16 . 6 

' 27.7 
24.7 
22 7 
21 2 
20 . 0 
I 9 . 1 
1a .5 
11 .a 
1 7. I 
16 . ft 

6 
27 . 0 
.. ~.4 
22. 3 
2 1 0 
19 . a 
I 9 . 0 
Ia . 4 
1 7 7 
17 . 0 
l6 .2 

II 
26 2 
24.0 
22 . 0 
20 a 
19.6 
111 . 9 
18 2 
17.5 
16.9 
16.0 

Wet-WeF Slippery Condition 

PERCENT TOTAl DISTANCE 

X=O 
X 32.0 

IX 3l . a 
2X 31.5 
3X 31 4 
4X ll.l 
5X 31 . 2 
6X 30 5 
7X 29 5 
ax 211 I 
9X 25 6 

lOX 7 3 . 6 

2 
32 0 
31 7 
31 5 
ll 4 
ll 3 
31 I 
30 3 
29 l 
27 5 
25.2 

' 32 0 
31 6 
ll.4 
31 4 
3 I l 
.H 0 
30.2 
29 I 
26 9 
24.a 

6 
32 . 0 
31 . 6 
31.4 
ll 4 
ll 3 
30 II 
29.9 
211 a 
:!6 . 4 
24.5 

a 
31 . 9 
31.5 
31.4 
ll 4 
3I l 
30 6 
2 9 7 
2a 5 
16 0 
24.2 

PERCENT TOIAl DISTANCE 

x=o 
X la .O 

lX 17.2 
2X 16 .7 
3X 16 it 
4X 16 1 
~X 15 7 
6X 15 3 
7X I5 0 
ax 14 6 
9X 14 1 

lOX 13 1 

2 
17 9 
17 . 1 
16 . 6 
16 . 3 
16 0 
15 6 
I5 .2 
14 9 
lit ~ 
1'o . O 

" I7 . 7 
17 . 0 
16 . 6 
16 . 3 
I6.0 
l'i 6 
15 . 2 
14 .8 
14.4 
13 . 9 

6 
17 .5 
I6 9 
16 . 5 
16 2 
15.9 
n.s 
1 5 • I 
H.a 
14 . 3 
13 . 11 

a 
17 . 3 
16 . a 
16 .4 
16 2 
15 a 
15 . 4 
15 . 0 
14 . 7 
14 .2 
I 3. 6 

Sand Condition 

PERCE» T TDT4l DISIANCE 

x=o 
X 32 0 

IX 31 . 11 
2X 31 . ~ 
3X 31 . lt 
4X 31 3 
5X 31 2 
6X 30 5 
7X 29 . 5 
ax 211 1 
9X 75 6 

lOX 23 6 

2 
32 0 
31 7 
31 . 5 
3 1 4 
31 3 
ll. 1 
lO 3 
29 3 
27 5 
25 2 

4 
l2 0 
l l 6 
31.4 
ll 4 
3I 3 
.H 0 
lO 2 
29 I 
26 I 
24 a 

6 
32.0 
ll 6 
31.4 
ll. 4 
ll 3 
30 II 
n 9 
za a 
26 . 4 
24.5 

a 
31 9 
ll 5 
31.4 
ll 4 
31 l 
30 6 
29 7 
28 ~ 
;>~ 0 
24 2 

PERCENT TOTAl DISTANCE 

x=o 
X I~ . 2 

IX 15. 1 
2X 14 . a 
Jl( 14 . 4 
4 )( 14 0 
5X 11.6 
6X 13 . 3 
7X 13 0 
IIX 12 6 
9X 11 . a 

lOX 10 . 5 

2 
15 2 
I5 1 
I4 . 1 
14 l 
13 9 
13.5 
13 .2 
I2. 9 
12 . 5 
II. 5 

4 • 6 
15 .2 15 2 
15 . I 15 0 
14 6 14 5 
14 2 14 1 
13 . 4 13 1 
13 .~ 13 4 
IJ.1 13 . 1 
12.a 12 a 
12. 4 12 3 
11 3 11 0 

II 
I5 . I 
14 . 9 
] 4 • ' • 
I4 . 0 
I3 6 
ll 3 
1l . 0 
12 . 7 
12 . 0 
IO . a 

--------~O~f~f-~R=o~a~d ________ _ 

PERCENT TOTAl DISTANCE 

X 
IX 
2X 
3X 
4X 
5X 
6X 
7X 
ax 
9X 

lOX 

x=o 
211 . 2 
23.a 
22. a 
21 ' 20 . 1 
I9. 0 
17 . 9 
I6 . 9 
15 . 3 
13 . 7 

6 . 6 

2 
25. 0 
2l 7 
22.6 
21.1 
19.9 
ta .a 
17.7 
16.7 
15 5 
13 . 2 

4 
2io 2 
23 io 
22.2 
20 II 
I 9 1 
111 .5 
17 .5 
16 . 5 
15 2 
12.6 

6 
24 .0 
23.2 
21.9 
20 6 
19 , 
I II . 3 
17.3 
16 . 3 
14 . 7 
11.6 

a 
23 . 9 
2.l . 1 
21.6 
20.4 
19 2 
ta . l 
17. 1 
16.0 
llo . 3 
1 0 . 7 

PERCENT TOTAl DISTANCE 

x=o 
X 24 . 5 

IX 21.6 
2X 20 . 1 
1x 1a a 
4X 17 9 
5X 16.9 
6X \6.0 
7X 15 I 
liX 14.1 
9X 12.4 

lOX 5.:\ 

2 
21.9 
21 3 
I 9. 7 
Ia 6 
17.7 
16 7 
n . 11 
IS 0 
1 L 9 
12.0 

4 
21 7 
21.0 
19 . 4 
I~ 4 
17 5 
16 5 
15 . 7 
1<1 a 
I3 6 
I l. 4 

6 
21.7 
20.7 
I 9 . 2 
1~ .2 
17.l 
16 . ~ 
I5 .5 
14 6 
ll 2 
10 . 6 

a 
21.7 
20.4 
19 . 0 
la . o 
17. 1 
I6.2 
15 . 3 
14 . 3 
l:! .a 

9 . 9 

PERCENT TOTAl DIST ANCE 

x=o 
X 15 2 

IX 14. ~ 
lX 13. 7 
lX 13 2 
4X 12 9 
5X 12 6 
6X 12.1 
7X 11 . 5 
ax 10.6 
9X 9 .5 

lOX 5.0 

2 
I 5 1 
14 .2 
ll . 6 
I l 2 
12 9 
12 'j 
I2. 0 
11 4 
10 3 

9. 2 

4 
14 a 
I 't I 
1l 5 
131 
12 a 
12 4 
II. 9 
II 2 
I 0 • I 
a 9 

6 
14 . 6 
14 0 
13 . 4 
ll 0 
12 7 
12 3 
II. a 
11. 0 

9 . 9 
t.4 

a 
14 5 
13.9 
13 . 3 
13 .0 
12.7 
12 .2 
II. 6 
IO . a 

9 . 7 
a . o 



Table 812 

s2eed Profiles ~m2h) for Vehicle 6 in Mafrag guad (3254) in Jordan 

Primar;t: Roads Secondar;t: Roads Trails Off-Road 

Dr;t: Condition 

PERCENT TOTAl OISTAHCE PERCENT TOTAl OISTAHCE PERCENT lOTAl OISTANCE PERCENT TOTAl DISTANCE 

X=O 2 4 6 a x=o 2 " 6 a x =o 2 4 6 3 x =o 2 " 6 a X 50 . 0 50 . 0 50.0 50.0 50 . 0 X 50.0 50 . 0 49 . 3 43 . 11 43 . 6 X I 0. 6 10 6 l 0 . 6 10.6 10 . 4 X 21 . a 12 . 6 12 4 12 ~ 12 . 4 IX 50 0 50 . 0 50.0 50.0 50.0 IX 411 . 5 411 . 4 411 .3 43 . 3 '•II 2 IX 10 . 6 lO. 5 10 . 3 l 0 . I lC . 0 IX 12 . 4 12 3 12 2 12 . 0 11.3 2X 50 . 0 so .o 49.11 49 . 7 lt9 . 6 2X 43.2 47 . 9 47 . 6 46 . 2 44.7 2X 9 , 9 9.3 9 . 3 9 . 7 9 6 2X 11. 5 11.3 I l 0 lO . II 10 6 3X 49 . 4 49 . 3 49 3 49.2 49 . 1 3X 42.9 40.5 36 . 9 34 2 32 . 0 lX 9 . 5 9.4 9.3 9 . 2 9 . l 3X I 0 . 5 10 . 3 10 2 I 0. 0 '1 . 9 4)( 4 9 0 49 . 0 411 . '1 43.7 411 . 6 4X 30 . 3 211.9 27 .7 26.7 25 . 9 4X 9 I 9 . 0 9 0 3 . 9 11 . 9 4X 9 a 9.1 'I 6 9 .5 9. 4 5X 411 . 4 411.1 47 . 7 47 .l 41> . 9 5X 25.2 24.5 23.11 23 . 2 ~2.7 5X a . a 11 . 11 11 . 11 3 .7 11 . 7 SX 9 . 3 9 . 3 9 . 2 9 . 2 9 . I 6X 46 . 5 46.2 lt5.9 45.6 45 . 3 6X 22.3 21.9 21.5 21.2 20 . 9 6X 11 . 7 11 . 7 l! . f 11 . 6 11 . 6 6X 9 . I 9 . 0 9 . 0 11.9 3 . 9 7X 45 . 0 44 . 11 44.5 v . . 3 44.0 7X 20 . 6 20.3 20.1 I 9. 9 19 . 7 7X 11 . 6 11 . 6 3 .5 11 . 5 11 . 5 7X 11 . 11 a . a 11 . 7 3.7 11.6 IIX fol.7 43 .• 43 . 0 lt2 .6 42.1 IIX 19.5 1 9. 3 1 9 . I 19.0 u.a IIX 11 .5 11 .5 II. 5 11.4 11.4 IIX 3 . 5 ll.lt 11.3 11 . 2 11.0 9X ttl. 2 39.11 37.5 35 . 5 33.7 9X 13 . 7 13 . 5 111 . 4 111 . 3 111 . 2 'IX 11 . 4 l! .lt ll . lt a.3 11.3 'IX 2 . 9 1.11 1.3 1.1 0.9 lOX 32.2 lOX 13.0 lOX 11.2 lOX 0.3 . 
Wet-Wet Sli22er;t: Condition 

PERCENT TOTAL DISTANCE PERCENT TOTAL DISTANCE PERCENT TOTAl DISTANCE PERCENT TOTAl DISTANCE 

x=o 2 4 6 3 x=o 2 " 6 a X=O 2 " 6 3 x: o 2 4 6 a 
X 50 . 0 50.0 50 . 0 50 . 0 50.0 X 50.0 50 0 49 . 3 411 a 43 . 6 X 10 . 6 10 . 6 lJ . 6 10 . 4 10 . 0 X 1 9 . " 12 . 3 12 3 12 3 12 . 3 IX 50 . 0 50.0 50.0 50.0 50 . 0 IX 411.5 411.4 411 . 3 411.3 411 . 2 IX 9 . 11 9 . 1 9 6 9.5 9.5 IX 12 . 3 12.2 12. 0 11.3 11 6 2X 50 . 0 50 . 0 "'·a 'o9 . 7 it9 . 5 2X 43 . 2 47 . 7 4 7 . 0 45 .2 43 . 5 2X 9 4 9 . 3 9 . 3 9 . 2 9. 1 2X 11.3 II 0 10 3 10 6 10 . 4 

3X 49 4 4, , 3 49.2 4'1 . 2 49 . 1 3X 41.4 311 . 9 35 . 6 no 31 I 3X 9 . 0 a 9 11 . 9 11 . 3 l! . a 3X I 0. l I 0 I 10 0 9 a 9 .7 4)( 49 0 lt9 . 0 411 . 11 43 . 7 lt3 . 5 4X 29 . 5 23 2 27 1 26.2 25.4 4)( 3 7 3 . 7 11 . 7 11 . 6 3 . 6 4X 9.6 '1.5 
'I " 

9 4 9 3 5X 411 4 43.0 '11 5 41.1 46 . 7 5X Z'o . 7 24 I 23.4 22 . 9 22 4 5X 11 . 6 a 6 II 5 II 5 II . S 5X '1 .2 9 . 2 9 . 1 9 I 9 0 
6X H l 46 . 0 loS . 7 45 . 4 45 . 1 6X 22 . 0 21.6 21 2 ?0 9 20 6 6X 11 . 5 11 .5 11 . 4 3 . ~ 3 . 4 6X 11 . 9 a 9 11 . 11 a 1 11 . 6 
7X 44 9 4'+.6 44 . 3 ''. 1 U . 6 7X 20.4 20 I I 9 9 19 . 7 19 5 7X a .'t a . ~~o a . ~ a 3 3 l 7X 11 . 5 3 . 11 a • .s a 2 II . I 
ax 4l 2 42 . 11 to2 . l 41.11 41.2 ax I 9.3 1 9 . I 1 'I . 0 IS II Ill 1 ax a 1 a . l a .2 11 . 2 11 . 2 IIX a o l 7 2 . 0 I ' 1.1 
'IX 40. I 311 . 5 36. I ll 'I 32 . 1 9X IS . 5 Ill . (o ll! .l 111 . 2 Ill. I 'IX a 1 a . t 3 . I a .o a o 9X 0 9 0 . 11 0 . 1 0 6 0.5 

lOX 30 . 5 lOX 11 .a lOX 7. 9 lOX 0 . 5 
Sand Condition 

PERCENT TOTAl DISTANCE PERCENT TOTAl DISTANCE PERCENT TOIAl DISTANCE PE~CENf TOTAl DISTANCE 

x =o 2 4 6 a X=O 2 (o 6 a X=O 2 4 6 a x=o 2 4 6 a 
X 50 . 0 50 . 0 50 . 0 50 . 0 50.0 X 50.0 50 . 0 49 . 3 -.a . a 411.6 X 10 6 10 6 10 4 ,10. I 9.3 X 12 .7 II .5 I I. I II. 0 II. 0 

IX )0 . 0 50 . 0 so . o 50.0 50.0 IX 43 . 5 43 . 4 4a l 411 3 loll 2 IX 9 7 9 . 6 'I " 9. 3 'I . I IX I 0. 9 IO . a 10 7 10 .s 10 . 2 
2X 50 . 0 50 . 0 4'1 . 3 lo9.7 l!9 . 5 2X 411 .2 47 . 7 u . o 45 2 Ill 5 2X 9 0 II 9 a . a 11 .7 11 .7 2)( 10 I 9 9 9. 7 9.6 9 (o 
3X H . 4 49 . 3 49 .2 4'1.2 4 9 . I 3X 41.4 3a . 9 35 . 6 ll 0 31. I 3)( 11 . 6 11 . 6 11 . 6 3.5 a 5 l'< 9 l 9 . 2 '1 .2 9 . 1 • 0 
4X 119 0 1111 9 411 . 7 411.6 411 4 4X 29 5 23 2 27 1 26 2 25.4 It X a . 5 a . tt a 4 11 . 4 II . <, 4X ' 0 3 . 9 a • ~ 3 a 1 
sx 411 3 47 . 9 " ·' 47 , 0 46 . 6 5X 24 .7 21o . 1 2l 4 22 'I 22 4 sx 11 . 4 a . .s a l 3 . 3 3 . 3 sx 11 .7 a 6 a s a .s a ' 6X 46 . 1 45 . 9 45 . 6 45.3 45 1 6X 22.0 21.6 21.2 20. 9 ?0 6 6X a.l 11 . 2 a 2' 11 . 2 11 . 1 6X a . l a . l 11 .2 11 . 0 7. 9 
7X 4'1 . a 44.6 44 . 3 41.9 41.4 7X 20.4 20 . I I 9 . 9 I 9 . 7 19 .5 7X a . 1 a . 1 3 I ' 11 . 0 11 . 0 7X 7 II 7 6 l . 9 1.9 I J 
ax 43 . 0 42 . 5 42 . 0 41.5 40 . a ax 19 . 1 I 9 . I 19 0 la . ll u . 7 ax a . o 3 . 0 1 . 9 " a 2 . l ax 1.0 o a 0 1 0 . 6 0 6 
9X 39 . 6 111 . 0 15.5 31 . 1 ll.4 9X u.s I 3 . II IS . J 111 . 2 1 a . 1 9X 1.6 1.2 1.0 o . a 0 . 7 9X 0 . 5 0 5 0 ' 0 . 4 • . 4 

lOX 29 . a lOX 11 a lOX 0 . 6 lOX 0. 4 



Table Bl3 

Speed Profiles (mph) for Vehicle 1 in Dasht-E Arzhan (6349 II) in Iran, Dry Condition 

Secondary Roads Trails Off-Road 

PI":RCENT TOTAL DISTANCE PrRCEtiT TOTAl DISTANCE PI:RCF IH l Ol Al DISTANCE 

x=o 2 4 6 A x= n 2 4 6 8 x=n 2 4 6 1\ 
X 47.9 47.9 47 3 41 . 5 35.7 X 15 . 0 14.3 14 .2 14 .2 14 .2 X 10.6 10.3 9 . 9 9.5 9 2 

lX 31.2 28.5 26 8 25 . 7 24.8 IX 14 . 1 14 . 1 14 1 14 . 1 }4.0 lX 9 0 8.8 8 . 7 8 . 6 8.6 
2X 24 . 2 23.7 23.4 23.0 22.8 2X 13 .5 13 . 1 17.6 12 .2 11 . 9 2X 8.5 8 . 4 8 4 8 . 3 8.7. 
3X t'2. 5 22.4 22.2 72.0 21 . 9 3X 11.6 11.4 11 .2 11. 0 10.9 3X IL 1 8 . 1 8 0 8.0 7.9 
4X 21.8 2l. 7 21.6 21.5 21.4 4X 10 .7 10.6 ] 0 . 5 10 . 4 10 .3 4X 7. 8 7.6 7 . 4 7.3 7 . 2 
5X 21. 1 20.7 20 . 4 20.1 }q 8 sx 10 .2 10 1 10 .0 9.9 9.9 SX 7.1 7. 0 6 . 8 4 .1 1.7 
6X 19 .5 19 . 3 1 9. 1 18.8 UL6 6X 9 . 8 9 .7 9 .7 9.6 9 .5 6X 1 . 1 0 . 8 0.7 0.6 0 . 5 
7X 18.3 18.0 17 . 8 1 7. 5 17.2 7X 9 . 5 9 .lt 9 4 9.3 9.3 7X 0 .5 0.4 0 . 4 0.4 0.3 
8X 17 . 0 16 . 8 16.6 16.4 16 .2 8X 9.3 9.2 9 .2 9.2 9 . 1 ax 0 .3 0.3 0 3 0.3 0 . 3 
9X 16 0 15.8 15.6 15.3 15 . 1 9X 9 . 1 9.1 9.0 9.0 8.9 9X 0.3 0.2 0 .2 0.2 0 . 2 

lOX 14.8 lOX 8 .8 lO X 0.2 



Table Bl4 

Speed Profiles (mph) for Vehicle 2 in Dasht-E Arzhan (6349 II) in Iran, Dry Condition 

Secondary Roads Trails Off-Road 

rEPCfHT f01Al 015TANCE PERCENT TOTAl OI5rANCE PERCENT lOTAl 015TAHCE 

x=o 2 4 6 8 x::o 2 '• 6 8 x=o 2 4 6 8 
X 47 . ? 47.9 47.1 41.3 35.4 X 15 .0 14.3 14.2 14 . 2 14.2 X 10 . 6 10.3 9 . 9 9.4 9.2 

IX 30.9 28.3 26.6 25.5 24.7 lX 14. 1 14 . 1 14. 1 t 4 . 1 14 . 0 1X 9.0 8.8 8 . 7 8.6 IL 5 
2X ?4 1 ~3.7 23.3 23.0 22.7 2X 13.6 D.l 12.6 12.2 11 . 9 2X 8.5 8.4 8.3 8 . 3 8.2 
JX 22.5 22.3 22.1 22.0 21.9 3X 11.6 11.4 11.2 11.0 10. 9 3X 8.2 8 . 1 8 . 1 8.0 7. 8 
4X ?.1 . 8 21.7 21.6 21.5 21.3 4X 1 0 . 7 10 .6 10.5 10.4 10.3 4X 7.7 7.5 7.4 7.3 7.2 
5X 21.0 20.6 20.3 20.0 19.7 SX 10 .2 l 0. 1 10.0 9.9 9.9 SX 7 . 1 7 . 0 6.8 6.7 3.0 
6X 19.5 19.2 19.0 18.8 18.5 6X 9 . 8 9.7 9.7 9.6 9.5 6X 1.5 1.0 0 . 8 0.7 0.6 
7X 1tt.2 17 . ? 17.6 17.4 1 7 . 1 7X 9.5 9 . 4 9 . 4 9.3 9.3 7X 0 . 5 0.5 0.4 0 . 4 0 . 4 
8X 16.9 J 6 . 7 16. 5 16.3 16.1 8X 9.3 9.2 9.2 9 .2 9 . 1 ax 0.3 0.3 0.3 0.3 0.3 
9X 15.9 15.7 15.4 15 .2 14.9 9X 9 . 1 9. 1 9.0 9.0 8 . 9 9X 0 . 3 0.3 0.2 0 .2 0.2 

lOX 14.6 lOX 8 .8 lOX 0.2 



Table BlS 

Speed Profiles (mph) for Vehicle 3 in Dasht-E Arzhan (6349 II) in Iran, Drv Condition 

Secondary Roads Trails Off-Road 

PERCEN T TOTAL OJ STANCE PERCENT TOTAL DISTANCE rF.RCEHT TOJAL DISTANCE 

x:o 2 4 6 8 x-o 2 4 6 8 x=o 2 4 6 8 
X 43.9 43.9 42.6 37.0 34 . 1 X 24 . 8 24.8 24.8 24.8 24 . 8 X 20.5 1?.3 18.3 17.0 16 . 2 

IX 32.5 31.6 30.9 30.4 30.1 IX 24.8 24.8 24.8 24.6 23 . 9 IX L5.5 15 . 1 1 '• . 7 14.3 14.0 
2X 29.8 29 . 6 2 9. '• 29 . 2 29.1 2X 22 . 9 ~1.9 21.1 20.5 20 . 0 2X 13.8 13 . 5 13 . 3 13. 1 12 . 9 
3X 29.0 28.9 28.8 2t..7 2lL 7 3X 19.6 19 . 3 19 . 0 18.8 18 . 5 3X 12.7 12 6 12 4 12 .2 12 . 0 
4X 28 6 28.4 28.2 23.0 27.9 4X 18.3 18.0 17.8 17.6 17.4 4X 11.8 11 . 6 11 . 4 11.2 11 . 0 
5X 27.7 27.6 27 . 5 27.3 27 . 0 5X 17.2 17.0 16.8 16.6 16.4 5X 10 . 8 10 .5 10.3 10.0 9 . 5 
6X 26.6 26.2 25.9 25.5 25. 1 6X 16.1 15.9 15 . 6 15.4 15.1 6X 9.0 8 . 5 8. 1 7.7 7 . 1 
7X 24.7 24.3 23 8 23.4 23.0 7X 14.9 14.7 14.5 14.3 14.0 7X 4 . 7 2.1 1.3 1.0 0.8 
ax 22.6 22.3 21.9 21.6 21.3 ax 13.8 13.6 IS. 4 13.2 13 . 0 ax 0 . 7 0 . 6 0.5 0.5 0 . 5 
9X 20.9 20.5 20 . 0 19.6 19.1 ?X 12.8 12.6 12.4 12.2 12.0 9X 0.4 0 . 4 0.4 0.3 0.3 

lOX 18.6 lOX 11.7 l OX 0.3 



Table Bl6 

Speed Profiles {mph) for Vehicle 4 in Dasht-E Arzhan (6349 II) in Iran, Dry Condition 

Secondary Roads Tr ails Off-Road 

PERCEHT lOlAl DISTANCE rER CEHT TOTAl DISTAHCE PERCENT TOTAl OISTAtiCE 

x:-o 2 4 6 R )(-:-0 7 4 6 8 x=o 2 4 6 1'-
X 50 . 0 50 . 0 49.9 46.2 42.2 X I 5 0 1'1 . 3 14 .2 1'• . 2 14.2 X 12 . 3 10 . 3 9 . 9 9 .5 9.3 

1X 36.7 3? . 6 28 . 5 25. 6 23.7 lX I t, 1 1 t, . 1 l 4 . 1 I 4 . 1 1 4 . 0 lX 9 . 1 9 0 8 .9 8 . 8 8 . 7 
2X 22. 3 21 . 3 20.6 2 0 . 0 19 . 5 2X 13 .7 l.L 2 1 2. 7 12 3 11 . 9 2X 8.7 8 . 6 8 . 6 8 . 5 8 .5 
lX 1 9. 1 18 . 8 18 . 5 18 .2 18.0 ~X ll.7 11 . 4 11 . 2 11 . 1 10 . 9 3X 8.4 8 . 4 8 . t, 8 . ft 8 .3 
4X 17.~ 17 . 6 1 7 . 5 I 7. 3 17 .2 4X 10 . 8 10 . 7 10 .5 10 . 4 l 0 . 3 4X 8 .3 8 . 2 8 .2 8 . 1 8 . 1 
5X 17 .1 17 .0 16 . 9 16 . 8 16 . 7 5X 1 0 2 10 . 1 10 . 1 10 .0 9.9 sx 8.0 7.9 7.7 7.6 7 .3 
6X 16 . 6 ] 6 . 5 16 . 4 ]6.3 ]6 . 3 6X 9.8 9 . 7 9 . 7 'i.6 9.6 6X 7 . 1 6 . 8 6 .5 5.7 2.3 
7X 16 . 2 16 . 1 16. 0 15.9 15 . 8 7X 9 .5 9 .5 9 . 4 9 . 4 9.3 7X 1.4 1 0 0 . 8 0 . 7 0 . 6 
ax 15 7 15 . 6 15.5 15 . 5 15.4 8X 9 .3 9 .3 9 2 9 . 2 9 .2 8X 0.5 0.5 0 . 4 0 . 4 0 . 4 
9X 15.3 15 .2 1 5. 1 14 .9 14 . 7 9X 9 . 1 9 . 1 9 . 1 9 .0 9 . 0 9X 0.4 0 .3 0 . 3 0 . 3 0 . 3 

lOX 14.5 lOX 8.9 lOX 0.3 



Table Bl7 

Speed Profiles (mph) for Vehicle 5 in Dasht-E Arzhan (6349 II) in Iran, Dry Condition 

Secondary Roads Trails Off-Road 

PERCENT TOTAL DISTANCE PERC:ENl TOTAL DISTAtiCE PERCEIIT TOTAl DISTANCE 

x=o 2 4 6 8 x=o ;> 4 6 .1 x=o 2 4 6 8 
X :n. z 31.2 31.2 3] . 2 31 . 2 X 28.2 28.2 28.2 .,8 ? <. ... 28.2 X 2~.2 23 7 22.8 2=' 0 21 3 

lX 31.2 31.2 31.2 31.2 31.2 lX 28.2 27.9 27.6 27.4 27.3 IX 20.3 20.3 l ? . 9 19.4 18.7 
zx 31.2 31.2 ::n. 2 31.2 31.2 2X 27.2 27.0 26.9 26.8 26.6 2X 18. 1 17 6 17.2 16.8 1 6 . ,, 
3X 31.2 31.2 H .2 31.2 31.2 3X 26.4 26.2 26.1 26.0 25.8 3X 16.1 15.8 15.6 ) 5 . 3 1'3 .0 
4X 31.2 :n .. 2 31.2 31.0 30.7 4X 25.6 2 5. '• 25.2 25.0 2ft. 7 t,X 14.7 I r, . 4 1 '• . 2 1 3 9 13. 6 
sx 30.4 30.1 29.7 29.3 28.7 5X 24.5 2 '• . 3 24.0 23.7 73.4 5X 13.3 13.0 j2.6 12.3 ) 1 . 9 
6X 21\.1 27.4 26.? 26.3 25.8 6X 23.2 2.L 0 22.8 22.5 2~.3 6X 11 . 5 11. 1 10.7 10 .3 9 8 
7X 2').3 24.8 24 .3 23.8 2 3 .'t 7X 22.0 21.8 2 J . 6 21.4 21.2 7X 9 .3 8.7 lt.2 7 7 7.2 
8X 23.0 22.7 22.3 21.9 21.6 8X 21.0 ;'0.7 20.5 20.3 20.0 8X 6.4 2.9 1.8 1.3 1.0 
9X 21.1 20.7 20.2 19.7 19.2 9X 1 9 . 7 19.4 1 9. 1 18.8 18 . 4 9X o.a 0.7 0.6 0.6 0.5 

lOX 18.7 lOX 17.5 lOX 0. 5 



Table Bl8 

Speed Profiles (mph) for Vehicle 6 in Dasht-E Arzhan (6349 II) in Iran, Dr y Condition 

Secondary Roads Trails Off-Road 

PER CEtlT TOTAL DISTANCE PERCEtiT lOlAL DISTANCE PERCENT TOTAL DI STANCE 

x =o 2 4 6 a X=O 2 4 6 8 X=O 2 4 6 3 
X '• 1. 9 47.9 45 . 4 34 . 6 2 9 . 0 X 15.0 ll . 5 ll . 1 10 . 9 1 0 . 9 X 8 . 7 8.6 8 . 5 8 . 4 3 . 3 

))( 25.2 22.4 20 3 I 'L 0 I IL 1 lX 10 . 8 10.8 10 . 8 10.8 10 . 7 lX 8 .2 8 . 1 8 . 1 8 . 0 8.0 
2X J 7 . 4 16 . 9 ] 6. 5 J ~ . 1 15.9 2X 10 . 6 10 .\ 1 0 . 1 9 .9 9 . 8 2X 7.9 7.9 7.3 7 . 8 7.7 
.3X 15. 6 15.4 15 . 3 15 . 1 l 5. 0 3X 9 .6 9.5 9 . 4 9 .3 9 . 3 .3X 7.7 7 . 7 7.6 7 . 6 7.5 
4X 14 . 9 14 . 8 14 .7 1 '• . 6 14 .5 4X 9 .2 9 . 1 9 1 9 . 0 9 . 0 't X 7 . 4 7 . 3 7 . 1 7.0 6 . 9 
sx 14 . 5 1 {f 4 14 .3 14 .2 14.0 sx 8 . 9 8 9 8 . 8 8 . 8 8 . 8 sx 6.8 6 . 7 6 . 6 4 . 0 1 . 7 
6X ] 3 . 9 1 3 8 1 3. 6 13 . 5 1 3. 4 6X 8 . 7 8 . 7 8 . 6 8 . 6 8.6 6X 1.1 0 . 8 0 .7 0 . 6 0 . 5 
7X l.L .3 13 2 13 . 1 13.0 12.9 7X 8 . 5 8.5 8 .5 8.4 8 . 4 7X 0 . 5 0 . 4 0 . 4 0 . 4 0 . 3 
ax 12.8 12. 6 12 .5 12 .4 12.3 8X 8 . 4 IL 3 8 . 3 8 .3 8 .2 ax 0 . 3 0 . 3 0.3 0 . 3 0 . 3 
9X 12 . 3 1?.2 ) 2. 1 12 . 0 11.9 9X 8 .2 1\ .2 8 .2 8 . 1 8. 1 9X 0 . 3 0 .2 0.2 0 .2 0 .2 

lOX 11.7 lOX 8 . 0 lOX 0. 2 



Table 819 

Percent of Distance NOGO on Trails and Percent of Area NOCO Off-Road for Selected Surface 

Conditions in the Lauterbach and Schotten quads Located in the 

Trails* 

s:. 
"' .. .. 
c oc c .. c ., ... ., ... 

Vehicles 

u .. u c 
' ... .. ... 0 ... ., ...... ... ... .. 
' 

.... o 
:l'"' :> u COt:> ..... ., ., .. o 
c 0 c .. {!.Z .... ., ........ 

I o.o o.o o.o 
2 0.0 o.o 0.0 
3 0.0 o.o 0.0 
4 0.0 o.o o.o 
5 0.0 0.0 0.0 
6 o.o o.o o.o 

1 1.5 0.0 1.5 
2 0.0 0.0 0.0 
3 0.0 0.0 0.0 
4 o.o o.o o.o 
5 0.0 0.0 0.0 
6 1.5 0.0 1.5 

1 1.5 0.0 1.5 
2 1.5 0.0 1.5 
3 1.5 o.o 1.5 
4 0.0 0.0 0.0 
5 0.0 0.0 0.0 
6 1.5 o.o 1.5 

1 0.0 o.o o.o 
2 0.0 0.0 0.0 
3 0.0 o.o o.o 
4 0.0 o.o o.o 
5 0.0 0.0 0.0 
6 0.0 0.0 0.0 

* NOCO data fro• Schotten quad. 
** NOCO data fro• Lauterbach quad. 

Federal Republic of Germany 

Off-Road** 

1 .. ~ :.. ... .. 0 .. ... .. 0. 

' 
::co c C"O c - 0 ., c .. .... c 0 .. -c .... 8 : ~ Ql ... c 00 ... occeo~~> u ... u 0 .. c .. c .,_ ...... ..... .... .. 0 co.,...~~..o z 

.... "' ... .. ... ...... c:tu., ..... ... u .. c ... ... 0 ..... - .... 
:> .... ::> ., ..... u .D-4.JG,I ..... "' ., ... ., .. ., .. .. B- "'> 00..,... "' c 0 Cf-o .D ., .. 0 0..0.,_<:1. 0 0 .... ., .... o ....... uea.o~cn .... 

Drx Condition 

0.3 4.3 7.2 3.2 15.0 
0.2 6.1 6.4 0.9 13.6 
0.2 2.8 3.3 1.1 7.3 
0.1 2.7 4.1 0.8 7.6 
0.0 1.7 0.3 0.9 2.9 
0.3 4.3 7.2 3.2 15.0 

Wet Normal Condition 

62.0 3.5 2.6 1.0 69 .1 
29.<1 9.0 4.5 1.2 44.6 
39.6 4.9 2.0 1.9 48.5 
2.4 11.2 4.0 2.0 19.6 
0.0 4.0 0.3 1.3 5.7 

62.0 3.5 2.6 1.0 69.1 

Wet-Wet Sltpperx Cond ition 

66.7 5.0 2.5 0.4 74.6 
35.1 20.8 4. 5 1.2 61.7 
44.7 14.2 2.0 0.8 61.7 

5.1 20.8 ).9 ).3 33.1 
0.1 7.0 0.4 1.3 8.8 

66.7 5.0 2.5 0.4 74.6 

Snow Condition 

0.0 17.4 7.2 2.0 26.6 
0.0 16.6 6.4 1.5 24.5 
0.0 12.4 ).) 1.1 n.o 
0.0 17.8 4. I 2.0 23.8 
0.0 11.9 1.7 1.3 15.0 
0.0 17.4 7.2 2.0 26.6 



Table B20 

Percent of Distance NOGO on Trails and Percent of Area NOGO Off-Road for Selected Surface 

9>nditions in the Nafraq Quad Located in Jordan 

.... ... 
c 00 
<:1 c ..... ::; 
(,) .. ...... 

... Vl ... 
::1-< 
(/) ..... 

I 
Trails 

u 
c 
:; 

.: ..., ... 
c e: 
Cll c ..... (J 
I) .. .... ... 
'-U: .... 
:I~ 
(/) .... 
c 0 

.... 
c 
Qj .... 
0 :;:: ..... 0 ......... 

'-' u 
:I (,) 
(/) "' c ... 

Off-Road 
I .. .... 
:; 0 ... Cll 
c~ c • a. 

...... c 0 .. • c 0 
Q .... OO:Il o-

~ c .u c 1;1-.<Vl 
..... tl 0 ~ ~,... ,....( .u 
u u ..... c ;J I) Q..O 
<ll c ..., .... 0 "' ... 
u Cll (,) .a .... ... Cll ..... 
(/) .. r:s s ..... (/) 00 .... 
.0 Qj ... 0 0.0 Cll 0 

Vehicles 
c 0 

.... Vl 

... c 
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3 o.o 0.0 0.0 0.0 0.0 2.0 0.0 
4 0.0 0.0 ().0 0.0 0.0 5.2 0.0 
5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 
6 0.0 0.0 0.0 0.0 0.0 12.0 0.0 

Wct-Wet __ S1ippcry Condition 

1 0.0 0.0 0.0 7.9 0.3 10.7 0.2 
2 0.0 0.0 0.0 0.8 0.9 10.3 0.2 
3 0.0 0.0 0.0 0 .8 1.1 ?..0 0.4 
4 0.0 0.0 0.0 0.0 1.0 5.2 0.2 
5 0.0 0.0 o.o 0.0 0.0 0.8 o.o 
6 0.0 o.o 0.0 7.9 0.3 10.7 0.2 

Sand Condition 

1 0.0 14.7 14.7 0.0 14. 1 12 . 0 0.8 
2 0.0 12.6 12.6 0.0 7.7 10.3 0.4 
3 0.0 12.6 12.6 0.0 8.8 2.0 0.7 
4 0.0 15.5 15.5 0.0 19.1 5.2 1.3 
5 0.0 0.0 0.0 o.o 0.2 0.5 0.0 
6 0.0 14.7 14.7 0.0 14. 1 12.0 0.8 
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Table B21 

Percent of Distance NOGO on Trails and Percent of Area NOGO Off-Road for 

Dry Surface Condition in the Dasht-E Arzhan Quad Located In Iran 
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0.0 0 . 0 0.0 0.0 8.8 34 . 3 0 . 0 

0.0 0.0 0 . 0 0.0 2.4 27.1 0 . 7 

0.0 0.0 0.0 0.0 2.5 30 . 6 0.7 

0.0 0.0 0 . 0 0.0 2 . 2 16.8 0.5 

0 . 0 0.0 0 . 0 0.0 4.8 35 . 3 4 . 4 
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Table 822 

Performance Data* for Study Vehicles Crossing Linear 

Features (Water Crossing) in the Federal Republic 

of Germany, Jordan, and Iran Study Areas 

------------\.Jater Crossing Coefficient, hours per mile 
\.Jet-Wet 

Dry Wet Normal Slippery 

0.1013 
0.1013 
0.1000 
0.1006 
0.0404 
0.1013 

Dry 

0.0412 
0.0370 
0.0237 
0.0242 
0.0202 
0.0412 

Federal Republic of Germany 

0 . 1085 
0.1077 
0 . 1076 
0.1087 
0 . 0432 
0.1085 

Wet-Wet Slipperr 

Jordan 

0.0475 
0.0432 
0.0296 
0.0319 
0.0275 
0.0475 

Dry 

Iran 

0.0412 
0.0370 
0.0237 
0.0242 
0.0202 
0.0412 

0.1085 
0.1077 
0. 1076 
0.1087 
0. 04 32 
0.1085 

Snow 

0.1059 
0.1014 
0.1053 
0.1060 
0.0439 
0.1059 

Sand 

0.0412 
0.0370 
0.0237 
0.0242 
0.0202 
0.0412 

are hours lost per vehicle mile for a 10 vehicle group with a 
mission. 



Table B23 

Mobility Rating Speeds (mph) of Study Vehicles at Tactical Mobility 

Levels and MICOM Mobility Level for Selected Surface Conditions 

of the Lauterbach Quad in the Federal Republic of Germany 

Tactical Mobility Levels MICOM 
Vehicle On- Tactical Tactical Tactical High- Hobility 

No. Road Support Standard High High Level 

Dry Condition 

1 19.1 15.7 11.4 2.4 0.6 12.1 
2 19 . 2 15 . 8 11.4 2.9 0 . 7 12.3 
3 23.8 19.5 13 . 1 7.3 1.1 15 . 2 
4 20.3 16 . 5 11.9 6.9 1.0 12 . 7 
5 21.3 19 . 7 15 . 8 9.9 2.0 17.5 
6 17 . 1 14.2 10.5 2.2 0.6 11.1 

Wet Normal Condition 

1 19.0 4.4 1.2 0.4 0.1 1.8 
2 19.2 14.8 1.8 0.4 0 . 2 10.6 
3 23.8 17.8 1.8 0.4 0.2 12.5 
4 20 .3 16 . 8 10.8 1.4 0.5 12.0 
5 21.0 18.8 14.3 8.2 1.2 15.8 
6 17.0 4.3 1.2 0 . 4 0.1 1.7 

Wet- Wet Slippery Condition 

1 18.7 3 . 2 0.6 0.2 0.1 1.2 
2 18 . 8 5.4 1.2 0 . 4 0.2 2.2 
3 23.2 5 . 7 1.2 0 . 4 0.2 2.3 
4 19.9 15.7 3.1 0.7 0.3 11.6 
5 20.7 18.3 13 . 7 7.6 1.0 15.3 
6 16.8 3.2 0.6 0.2 0.1 1.2 

Snow Condition 

1 16.1 12.5 4.0 0 . 9 0 .4 9.1 
2 16 . 2 12.8 5. 0 1.1 0.4 9 . 4 
3 20 .3 16.8 11.5 1.9 0.6 13.3 
4 17.7 14. 3 5.7 1.1 0.4 10.9 
5 19.3 17.9 14.2 2. 6 0.6 16.1 
6 14.8 11.7 3.9 0.9 0 . 3 8.7 

• 



Table B24 

Mobility Rating Speeds (mph) of Study Vehicles at Tactical Mobility 

Levels and MICOM Mobility Level for Selected Surface Conditions 

of the Mafraq Quad in Jordan 

Tactical Mobilit~ Levels mcmt 
Vehicle On- Tactical Tactical Tactical High- !-tobility 

No. Road Support Standard High High Level 

Dry Condition 

1 16.7 13.2 11.0 4.2 0.8 11.6 
2 16.8 l3. 2 11.1 7. 1 0.9 11.7 
3 24.2 19.3 13 . 6 10.1 3.0 17.4 
4 16 . 9 13.5 11.5 8.6 1.4 12.1 
5 24.4 21.4 17.8 13.6 5.8 20.1 
6 14.2 ll. 8 10.0 4.0 0.8 10 . 4 

l"et-l"et Slippery Condition 

1 15.9 12.9 10.6 1.6 0.5 11.3 
2 16.2 13.0 10.7 4.0 0.7 11.4 
3 22.9 18.3 12.9 9.2 1.7 16.3 
4 16.7 13.4 11.2 8.2 1.2 ll.8 
5 21.2 19.2 15.9 11.9 4.6 17 . 7 
6 13.9 11.5 9.6 1.6 0.5 10.1 

Sand Condition 

1 15.8 12.7 1.3 0.7 0.4 11.1 
2 15.8 12.8 1.8 1.1 0 . 5 ll. 2 
3 22.2 17.0 1.9 1.9 0.8 15.1 
4 16.3 13.2 1.4 0.7 0.4 11.8 
5 20.1 17.7 13.9 10.3 4.5 16.1 

6 13.8 11.5 1.3 0.7 0.4 10.1 



Table B25 

Mobility Rating Speeds (mph) of Study Vehicles at Tactical Mobility 

Levels and MICOM Mobility Level for Dry Surface Condition in 

the Dasht-E Arzhan Quad in Iran 

Tactical Mobility Levels MICOM 
Vehicle On- Tactical Tactical Tactical High- Mobility 

No . Road Support Standard High High Level 

1 14 . 6 11.9 1.7 0 . 6 0 . 2 10 . 5 

2 14 . 5 11.9 1.7 0 . 6 0.2 10 . 5 

3 20 . 1 17.1 3 . 6 0.8 0 . 3 15 . 5 

4 14 . 4 12 . 0 2 . 6 0 . 8 0 . 3 11.0 

5 20 . 8 19 . 6 13 . 7 1.5 0 . 5 18 .1 

6 11. 4 10 . 0 1.7 0 . 6 0 . 2 9 . 0 



APPENDIX C: COMPUTATION OF MOBILITY RATING SPEEDS 

FOR TACTICAL MOBILITY LEVELS 

1. The equation for computing mobility rating speed is given as 
follows : 

where 

(Cl) 

- mobility rating speed, mph, for a given vehicle performing a 
mission for a specific area and condition 

P - expected percentage of operating distance off-road 

VC - the speed from the off-road profile, mph, corresponding to 
c 

C - the percentage of the off-road terrain that should be 
negotiable 

- the time spent crossing linear features for each mile of 
off-road terrain traversed, hr/mile 

= the speed from the on-road speed profiles, mph 

2. VR is computed using the speeds from the separate speed 

profiles for operations on primary and secondary roads and trails: 

where 

CP, CS, CT = 

100 - p 
(C2) 

percentage of the composite on- and off-road 
network that is primary roads, secondary roads, and 
trails, respectively (PP + PS + PT + P = 100) 

speeds, mph, from the primary road, secondary road, 
and trail speed profiles that correspond to CP, CS, 
and CT, respectively . 

percentage of primary roads, secondary roads, and 
trails that should be negotiable (normally, 
CP = CS = 100) 

Cl 



3 . Equations Cl and C2 can be combined to yield the following: 

100 (C3) 

4. Values for P , PP , P5 , and PT used in this study for 

each area and the several levels of tactical mobility are given in 

Table 3, main text. Values for VC , Vp . v5 , and VT are available 

from the speed profiles for the study vehicles given in Tables Bl-818 

once seasonal conditions and values for C , CP , CS , and CT are 

stated. Values for TX at three stream flow stages are available in 

Table 822. For the study areas involved , high water stage is associated 

with wet, wet-wet slippery, and snow seasonal conditions in the Federal 

Republic of Germany and Mid-East study areas. Average is associated with 

the dry and the sand surface condition in the Mid-East study areas. The 

low water stage is associated with the dry condition in the Federal 

Republic of Germany . 

C2 
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