Military Interpretations


The soils of the survey area are rated according to limitations or probabilities that affect their suitability for military operations.   Soils are rated for bivouac areas, helicopter landing zones and excavations for fighting positions.


The ratings for bivouac areas, helicopters landing zones and fighting positions are both verbal and numerical. Rating class terms indicate the extent to which the soils are limited by all of the soil features that affect military operations. Not limited indicates that the soil has features that are very favorable for the specified use. The limitations are minor and can be easily overcome. Good performance and low maintenance can be expected. Slightly limited indicates that the soil has features that are favorable for the specified use. The limitations can be overcome. Good to fair performance and low maintenance can be expected.  Moderately limited indicates that the soil has features that are moderately favorable for the specified use. The limitations can be overcome or minimized by special planning or design. Fair performance and moderate maintenance can be expected. Limited indicates that the soil has one or more features that are significant limitations for the specified use. The limitations can be overcome, but generally require special design procedures that may result in additional time and effort. Fair performance and moderate to high maintenance can be expected. Very limited indicates that the soil has one or more features that are unfavorable for the specified use. The limitations generally cannot be overcome without major special design procedures. Poor performance and high maintenance can be expected.


Numerical ratings in the table indicate the severity of individual limitations. The numerical ratings are shown as decimal fractions ranging from 0.00 to 1.00. Limitation classes are assigned as follows:


Not limited






0.00


Slightly limited



0.01 to 0.30


Moderately limited


0.31 to 0.60


Limited





0.61 to 0.99


Very limited






1.00


The numerical ratings used to express the severity of individual limitations indicate gradations between the point at which a soil feature has the greatest negative impact on the use and the point at which the soil feature is not a limitation.


Limitation class terms, such as very limited or limited, etc., limitation ratings, and numerical ratings are shown for each soil feature listed. As many as three soil features may be listed for each soil component if applicable. The overall limitation rating for the soil component is based on the most severe limitation.


Ratings for bivouac areas are listed in table 20.  Bivouac areas are subject to heavy foot traffic and some light vehicular traffic.  The soil properties that affect the performance of the areas after development are those that influence trafficability and promote the growth of vegetation, especially in heavily used areas. For good trafficability, the surface of camp areas should absorb rainfall readily, remain firm under heavy foot traffic, and not be dusty when dry.  The soil properties that influence trafficability are texture of the surface layer, a water table, ponding, flooding, permeability, and large stones.  The soil properties that affect the growth of plants are depth to bedrock or a cemented pan, permeability, and toxic substances in the soil.


Ratings for helicopter landing zones are listed in table 20.  For safe landing zones, the surface needs to be free of large stones, not too steep, and not too dusty. Special considerations may be needed for areas that are ponded or have high seasonal water tables. The soil properties that affect the location of helicopter landing zones are slope, surface stones, ponding and dust (Department of Army, 1994). Slopes over 8 percent are considered very limited. 

Ratings for excavations for vehicle fighting positions, individual fighting positions and crew-served fighting positions are located in table 20.  Excavations for vehicle fighting positions are generally up to 8 feet deep (Department of Army, 1987).  These excavations are generally done by machine. Crewed-served weapon fighting positions are generally 4 to 5 feet deep, and vary in width according to the type of weapon used. These excavations may be dug by hand or machine (Department of Army, 1987). Individual fighting positions are generally 18 inches deep, the length of 1 or 2 M16’s wide and body length long. These excavations are generally hand dug but may be dug by machine (Department of Army, 1987). The ratings are based on the soil properties that influence the ease of digging and the resistance to sloughing.  Depth to bedrock or cemented pan, the amount of cobbles and large stones, and dense layers influence the ease of digging, filling, and compacting. Depth to the seasonal high water table, flooding, and ponding may restrict the period when excavations can be made. Slope influences the ease of using machinery. Soil texture, depth to the water table, and linear extensibility (shrink-swell potential influence the resistance to sloughing. In all excavations, depth to bedrock, wetness, clay content, coarse fragments and slope are major considerations 

Soil Trafficability


Soil trafficability is the capacity of soils to support military vehicles (Department of Army, 1994). Factors impacting soil trafficability include soil strength, slope, stickiness, slipperiness, vegetation, organic-soil areas and man made obstacles. The information provided is limited to problems associated with soils. It does not include problems associated with natural or man-made obstacles, such as, forests or ditches, nor information on vehicle characteristics (such as the maximum tilt or side angle at which a vehicle can climb without power stall or overturning). 

For trafficability classification purposes, each soil map unit was placed into one of three topographic classes: high topography, low topography and low topography, high moisture (Department of Army, 1994). Absolute elevation has no significance in identifying the topography class.  High topography areas are usually well drained and do not have water tables within 48 inches of the surface at any time during the year.  Low topography areas have water tables occurring between 20 and 48 inches of the surface at some time during the year.  Low topography, high moisture areas have water tables within 20 inches of the soil surface and are ponded or frequently flooded for long or very long duration.

Estimates for trafficability were made using the vehicle categories, vehicle cone indices (VCI) and critical layers located in table 21. VCI’s were used for 1 pass and 50 passes.  The VCI values listed in the tables are estimates.  The critical layer is the layer that supports the weight of the vehicle in question. Within the critical layer depth, the UNIFIED soil group was used to make the estimation. Table 22 includes a list of vehicles, the vehicle weights, values for VCI1 and VCI50, and vehicle type number. This table was adapted from FM 5-430-00-1, appendix D.


Table 23 (a, b, c and d) provides the probability ratings for military vehicle types in wet season conditions. These ratings where calculated using information from Table 7-8 of FM 5-430-00-1, p 7-8. Ratings were made for VCI at one pass (VCI1) and fifty passes (VCI50). A wet season is defined as a time which weather conditions combine to produce high soil moistures. For this estimation, the wet season extends from the first of November to the first of May. Wet seasons may occur at any time as a result of prolonged rains and floods. Adding moisture to soil affects the strength of that soil; the effect differs with soil types (Department of Army, 1994).


Table 24 (a and b) provides the probability ratings for military vehicle types in dry season conditions. These ratings where calculated using information from Table 7-8 of FM 5-430-00-1. A dry season is defined as a time when climatic and vegetation factors combine to produce, in general, low soil moistures. The dry season is from about the first of May to the first of November. A dry season my also occur at other times of the year as a result of log periods of fair weather. During the dry season, fine-grained soils usually are trafficable. Even in the dry season, trafficability is affected by a high water table that results from underground springs, low-lying and poorly drained soils, or any other cause (Department of Army, 1994).


The ratings in the table for soil trafficability are both verbal and numerical. The values are based on the probability of the vehicle of making 1 or 50 passes through a map unit.  Rating class terms indicate the extent to which the soils are limited by all of the soil features that affect soil trafficability. Excellent indicates that the soil has features that are very favorable for the vehicle to make a pass. The limitations are minor and can be easily overcome. Good performance and low maintenance can be expected. Good indicates that the soil has features that are moderately favorable for a vehicle to make a pass. The limitations can be overcome or minimized by special planning. Good performance and moderate maintenance can be expected. Fair indicates that the soil has one or more features that are significant limitations for the vehicle to make a pass. The limitations can be overcome, but generally require consideration of vehicle spacing or traversing at an angle across slope or other maneuvers to make a pass. Fair performance and moderate to high maintenance can be expected. Poor indicates that the soil has one or more features that are unfavorable for the vehicle to make a pass. The limitations generally cannot be overcome. Poor performance and high maintenance can be expected.


Numerical ratings in the table indicate the severity of individual soil features. The numerical ratings are shown as decimal fractions ranging from 1.00 to 0.00. Probability classes are assigned as follows:


Excellent





0.90 to 1.00


Good






0.75 to 0.89


Fair






0.50 to 0.74


Poor






0.00 to 0.49


The numerical ratings used to express the severity of individual soil features indicate gradations between the point at which a soil feature has the greatest negative impact on the use and the point at which the soil feature is not a limitation.


Probability class terms, such as excellent or good, etc., probability ratings, and numerical ratings are shown for each soil feature listed. Five soil features are listed for each soil component. These features are soil strength, slipperiness, stickiness, slope and large stones.  Slipperiness should not be considered for tracked vehicles or vehicles with traction devices. The overall probability rating for the soil component is based on the most severe property. 
Table 21.  MILITARY VEHICLE TYPE, VCI AND CRITICAL LAYER


Range



Type
VCI1
VCI50
Vehicles
Critical Layer 

(inches)

1
12 or less
29 or less
Lightweight vehicles with low contact

pressure (less than 2.0 psi)


3 to 9

2
12-21
30-49
Engineer and high-speed tractors with comparatively wide tracks and low contact pressure


3 to 9

3
21-26
50-59
Tractors with average contact pressures, tanks with comparatively low contact pressures, and some trailed vehicles with very low contact pressures


6 to 12

4
26-30
60-69
Most medium tanks, tractors with high contact pressures, and all-wheel drive trucks and trailed vehicles with low contact pressures


6 to 12

5
31-35
70-79
Most all-wheel-drive trucks, a great number of trailed vehicles, and heavy tanks


9 to 15

6
35-44
80-99
A great number of all-wheel-drive and rear-wheel-drive trucks and trailed vehicles intended primarily for highway use


9 to 15

7
45 or

greater
100 or 

greater
Rear-wheel-drive vehicles and others that generally are not expected to operate off roads, especially in wet soils


9 to 15

Table 22  Cone Index Requirements for Various Military Vehicles

Vehicle Description

Vehicle

Weight

(kips)

VCI1

VCI50
Vehicle Type

TRACKED VEHICLES





AMPHIBIOUS VEHICLES






  Carrier, cargo, amphibious, tracked, M116
10.9
7
18
1

  Landing vehicle, tracked, command,

    M5(LVTP5A1(CMD)
97.5
20
49
2

  Landing vehicle, tracked, personnel, M5

    (LVTP5A1)
8738
19
45
2

ARMORED BULLDOZERS





  Bulldozer, earthmoving tank, tank-mtd, M9(tank,

    Combat, 105-mm gun, M60, and M60A1)
116
23
53
3

  Tractor, armored, combat earthmover (ACE), M9
35.6
18
41
2

COMBAT VEHICLES





  Armored reconnaissance airborne assault vehicle

    (General Sheridan), M551
35.8
15
35
2

Howitzer, heavy, self propelled, full-tracked,

    8-in, M55 (T108)
98
20
47
2

Howitzer, heavy, self-propelled, 8-in, M110

    (T236E1)
58.5
20
47
2

Howitzer, medium, self-propelled, 155-mm, M109

    (T196E1)
53.2
25
57
3

Howitzer, light, self-propelled, full-tracked, 105-mm,

    M37
46
N/A
58
3

Howitzer, light self propelled, full tracked, 105-mm

    M52

    M52A1
53.0

53.0
N/A

N/A
46

46
2

2

Howitzer, light self-propelled, 105-mm, M108
46.9
N/A
54
3

LAV-25, 8x8, light, armored vehicle
27.7
32
72
5

Mortar, infantry, self-propelled, full-tracked,

    107-mm (4.2-in), M84
47.1
N/A
46
2

Tank, combat, full tracked, 90-mm gun,





    M48
99.0
20
47
2

    M48C
99.0
20
47
2

    M48A1
104.0
21
49
3

    M48A2
105.0
21
49
3

    M48A2C
105.0
21
49
3

    M48A3 (M48AIE2)
104.0
21
49
3

    M48A5
106.0
22
50
3

Tank, combat, full tracked, 105-mm gun,





    M60
110
21
48
3

    M60A1
116
22
51
3

    M60A3
110
20
46
2

Tank, combat, full tracked, 120-mm gun,





    M1
115
23
54
3

    M1A1
125
25
58
3

    M1A2
140
28
64
4

Vehicle, combat engineer, full-tracked, 165-mm

    gun, M729 (basic M60A1 tank)
115
N/A
54
3

ARMORED VEHICLE BRIDGES





Launcher, M48 tank chassis, transporting
96
N/A
49
2

Launcher, M48 tank chassis, transporting, with

    Bridge, armored vehicle launched, scissoring

    type, class 60, 60-ft
128
N/A
65
4

Launcher, M60A1 chassis, transporting
86.3
15
36
2

Launcher, M60A1, chassis, transporting with

    bridge, armored vehicle launched, scissoring

    type, class 60, 60-ft
115.9
22
51
3

CARRIERS





Carrier, cargo, tracked, 6-on, M548
28
N/A
37
2

Carrier, command post, light tacked,





    M577
23.9
17
40
2

    M577A1
24.4
17
40
2

Carrier, personnel, full tracked, armored,





    M113
22.6
N/A
48
2

    M113A1
23.4
N/A
49
2

    M113A2
23.4
N/A
49
2

    M113A3
23.6
N/A
49
2

Infantry fighting vehicle,





    M2A1
50.2
15
35
2

    M2A2
66.0
16
37
2

Multiple Launch Rocket System
54.2
15
35
2

RECOVERY VEHICLES





Recovery vehicle, full-tracked, medium, M88
112.0
21
50
3

Recovery vehicle, full-tracked, light, armored,

    M578
54.0
21
49
2

WHEELED VEHICLES





TRUCKS





Truck, utility, 1/4-ton, 4x4, M151
3.1
19
44
2

Truck, utility, 1 1/4-ton, 4x4 M998 (HMMWV)
7.5
20
47
2

Truck, cargo, 1 1/4-ton, 6x6, M561
9.6
19
44
2

Truck, cargo, 1 3/4-ton, 4x4, M 1028 commercial

    utility cargo vehicle (CUCV)
9.3
31
70
5

Truck, cargo, 2 1/2-ton, 6x6, M34
17.2
27
61
4

Truck, cargo, 2 1/2-ton, 6x6, M35A 1
19.2
26
59
3

Truck, cargo, 5-ton, 6x6 M923
32.5
30
68
4

Truck, cargo, 8-ton, 4x4 M520
43.4
43
97
6

Truck, cargo, 10-ton, 6x6





    M125
49.5
37
84
6

    M125A1
49.5
37
84
6

Truck, cargo, 10-ton, 8x8 M977
60.4
36
79
6

Truck, cargo, 5-ton, 6x6 M 1084
35.8
25
57
3

Truck, cargo, 2 1/2-ton, 4x4, M1078
21.8
25
57
3

Truck, dump, 2 1/2-ton, 6x6, M47 
19.2
28
64
4

Truck, dump, 5-ton, 6x6,





    M51
32.7
32
72
5

    M51A2
32.7
32
72
5

    M929
32.7
30
68
4

Truck, tractor, 5-ton, 6x6,





    M52 (w/o payload)
17.8
21
48
2

    M52A1 (w/o payload)
17.8
21
48
2

Truck, tractor, 10-ton, 6x6





    M123 (w/o payload)
28.9
21
48
2

    M123C (w/o payload)
30.2
22
50
3

    M123D (w/o payload)
30.2
22
50
3

Truck, van, expansible, 2 1/2-ton, 6x6, M292
25.1
N/A
65
4

Truck, van, shop, 2 1/2-ton, 6x6, M109A1
20.4
N/A
62
4

Truck, van, shop, 2 1/2-ton, 6x6, M220
20.4
N/A
62
4

Truck, wrecker, crane, 2 1/2-ton, 6x6, M108
19.8
N/A
63
4

Truck, tractor, wrecker, medium, 5-ton, 6x6, M246

    (w/payload)
44.8
32
73
5

Truck, wrecker, medium, 5-ton, 6x6, M543
34.4
N/A
76
5

Palletized Loading System, 10x10
86.6
34
77
5

�   Items listed include selected self-propelled vehicles as of January 1993. Certain items in final development or undergoing field testing have been included where the type of classification is pending.


�   One kip equals 1,000 pounds (US customary).


�   The VCI’s have been calculated from the formula, curves, and tables in NRMM. The vehicle weight was based on normal design loads or combat weights, equipment, cross country tire pressures, and crews as the conditions would be under full operational deployment in typical off-road movements. Trucks which could operate at lower tire pressures would generate slightly lower VCI values with increased tire deflection.


�   Amphibious vehicles and engineer tractors have grousers greater than 1 1/2 inches; all other tracked vehicles have grousers less than 1 1/2 inches





