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STUDENT OUTLINE
MILITARY ROADS
OVERVIEW:  The purpose of this period of instruction is to provide you with the knowledge to supervise the construction of a military road.

STUDENT REFERENCES:

FM 5-34 Engineer Field Data

FM 5-335 Drainage

FM 5-430-00-1 Planning and Design of Roads, Airfields, and Heliports in the Theater of Operations

TERMINAL LEARNING OBJECTIVES:  Given a horizontal project, construction site, engineer equipment, and resources, with aid of references; supervise the horizontal construction of a project in accordance with FM 5-34, FM 5-335, FM 5-472, and FM 5-430-00-1. (1310.3.4/1349.3.4)
ENABLING LEARNING OBJECTIVES:
1. Given a horizontal construction project, with the aid of references; perform a site reconnaissance of the project site in accordance with FM 5-34 and FM 5-430-00-1. (1310.3.4a/1349.3.4a)

2. Given a horizontal construction project, written project specifications, engineer equipment and resources, with the aid of references; supervise the development of drainage structures in accordance with FM 5-34 and FM 5-430-00-1. (1310.3.4b/1349.3.4b)

3. Given a horizontal construction project, written project specifications, design project drawings, engineer equipment and resources, with the aid of references; supervise the construction of a seven step military road in accordance with FM 5-34 and FM 5-430-00-1. (1310.3.4c/1349.3.4c)

OUTLINE:

1.
SITE RECONNAISSANCE:  This is the initial step in planning the construction of a military road. The site reconnaissance is conducted to determine if the proposed location for the road is feasible, or if an alternate route needs to be selected, and should be conducted jointly with the Project Officer, Engineer Assistant Chief, and Combat Engineer Chief when vertical construction is involved. Areas to concentrate on are:


a.
Reconnaissance Considerations:  



(1) Terrain restrictions.



(2) Location of existing roads.



(3) Location and utilization of existing bridges.



(4) Natural or man made obstacles.



(5) Vegetation and undergrowth.



(6) Engineering effort involved for construction.



(7) Existing soil conditions.



(8) Location of possible barrow pits sites.


b. Preliminary Road Location Factors:



(1) Soil Characteristics: Locate roads on terrain having the best possible subgrade soil conditions. This will decrease construction efforts and make for a better road.



(2) Drainage: Locate roads in areas that easily drain, and where the construction of drainage structures are minimized.



(3) Topography: Avoid excessive grades and steep hills when determining the roads location. If a road must pass through steep hills, locate the road along the side of the hill instead going directly over it.



(4) Earthwork:  The single largest work item during the construction of a road is the earthwork operations. Balancing cut and fill volumes will decrease excessive hauling distances, and decrease the amount of work required to handle the material.



(5) Alignments:  Keep the number of curves and grades to a minimum. Lay all road routes with a minimum number of horizontal curves if possible. Avoid excessive vertical grades that will prevent heavier vehicles from navigating the road.


c.
Final Road Location:



(1) Locate portions of new roads along existing roads whenever possible.



(2) Locate the road on soil that is stable, and easily drained. Avoid the low points of valleys, swamps, marshes, or other low lying areas because this is where water will cause surface and subsurface drainage problems.



(3) Avoid constructing roads in areas that have high water tables. Locating roads through these areas will present continuing problems.



(4) Locate roads along ridges and streamlines to keep the construction of drainage structures to a minimum. The road must be kept well above the waterline when the route follows a stream to prevent flooding.



(5) Locate roads along contour lines to avoid unnecessary earthwork operations.



(6) Select locations which avoid rock work or excessive clearing and grubbing if practical.



(7) Avoid sharp curves and routes which require bridging.


d. Recording Reconnaissance Observations: While performing the site reconnaissance, make your notes as detailed as possible using a rough checklist as a guide to collect the information for the project site.

SITE RECONNAISSANCE CHECKLIST
Project Location     




Project Descriptions/Maps     

Project Officer Input     



Engineer Assistant Chief Input    

Combat Engineer Chief Input     

Public Works Coordination    

Base Facilities Coordination     
Base Environmental Coordination   

Logistics Coordination     


External Support Requirements     

Soil Field Identification Test     
Hasty Runoff Calculations     

Existing Terrain     




Existing Vegetation     

Water Table     





Frost Line     


Natural Obstacles     



Manmade Obstacles     

Existing Roads     




Borrow Pit Location     

Existing Bridge Location     


Existing Buildings     

Existing Drainage Structures     
Existing Drainage Problems     

Ditching Requirements     



Culvert Requirements/Locations    

Erosion Control Requirements      
Preliminary Location Problems     

Final Location Justification     
Survey Support Coordination     

Survey Alignment Data     



Earthwork Volume Readouts     

Foundation Drawings     



Structural Drawings     

Building Elevations     



Building Details     

Project Site Plan     



Plan and Profile Drawing     

Cross Section Drawings     


Culvert Drawings     


Project Bill of Materials     

Project Design Specifications     

2.
DRAINAGE HYDROLOGY:  The drainage (hydrology) cycle is the continuous process which carries water from the ocean to the atmosphere, to the land, and back to sea. A number of sub-cycles can take place concurrently in the overall cycle.


a.
Precipitation: Rainfall is the primary area of concern when it comes to designing and constructing drainage systems. Snow melt is of a greater concern in colder climates.


b.
Interception: Rainfall coming to rest on vegetation is intercepted. Large quantities of water can be trapped in the leaf canopy of trees and plants.


c.
Infiltration: A significant portion of the water that actually strikes the soil soaks into the ground. This process is called infiltration. The rate of absorption and the quantity of water absorbed depends on the type of soil, the vegetation, the terrain slope, and the soil moistness prior to the rain. Storm-water runoff begins to accumulate only when the rate of rainfall exceeds the rate of infiltration.


d.
Detention: Detention is the amount of water required to fill depressions of any size in the earth's surface. No water can leave a depression until the holding capacity of the depression has been exceeded.


e.
Transpiration: On a long-term basis, vegetation returns water to the atmosphere through transpiration. Because of the time involved, transpiration has no immediate effect on water runoff in an area. 


f.
Runoff: Evaporation, interception, and detention are all moisture losses. Runoff is the amount of precipitation minus these moisture losses.


g.
Storms: Storms can deliver a large quantity of water to the earth in a short period of time. Storm runoff is determined by duration, frequency, and intensity.

3.
DRAINAGE:  Inadequate drainage is the most common cause of road failure. Following a few simple rules of thumb will ensure that the road to be constructed will adequately drain and prolong its service life.


a.
The development of drainage systems is vital before, during, and after the construction of military roads to ensure that surface water is effectively carried away from the road surface and adjacent areas.


b.
The serviceability of the road depends on the adequacy of the drainage system. A washout of a single culvert can close a road down until repaired.


c.
Inadequate drainage weakens the subgrade. Estimated water runoff volumes must be determined to develop adequate drainage systems


d.
To much water on military roads will cause the road to eventually fail and prevent mission accomplishment.


e.
Military roads use surface ditching and culvert systems  to effectively channel water away from the road and the adjacent areas.


f.
To ensure drainage systems perform as designed when constructed in very hilly or mountainous areas, erosion control measures must be incorporated into the drainage system.

4.
HASTY RUNOFF ESTIMATION:  This is a method of runoff determination does not take into account the size, shape, and slope of the area, surface vegetation, soil conditions, or rainfall intensity. This estimation method is used when time does not permit a more exact determination, but will still enable you the determine adequate ditching and culvert systems.


a.
Determining the measurements of the channel is the first step and is performed during the site reconnaissance using a tape measure.



(1)
Locate a straight section along the ditch or gully at, or immediately adjacent to, the construction site to take your measurements.



(2)
Make a rough cross sectional sketch of the ditch or gully you are taking measurements of.



(3)
Measure and record on your sketch, the inside bottom width (W1) of the existing channel.



(4)
Measure and record on your sketch, the upper width (W2) at the high water mark.




(a)
The high water mark is characterized by water flowing at higher than normal velocity.




(b)
The high flow velocity tends to cause notable bank erosion and undercutting, and tends to retard the growth of vegetation on the banks.




(c)
The high water mark is identified at the point where bank erosion or vegetation growth ceases.



(5)
Measure and record on your sketch, the height (H) from the bottom of the channel, to the high water mark.


b. Next you must compute the approximate volume of water to be carried by an open ditch or culvert from a maximum annual runoff producing storm. Use the following trapezoidal formula to compute the cross-sectional area of the channel:


Ca = W1 + W2 x H

             2



(1) Ca = Channel area (cross section) in square feet.
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(2) W1 = Width of the channel bottom measured to the nearest whole or half foot.



(3) W2 = Width of the channel at the high water mark measured to the nearest whole or half foot.



(4) H = Height from the bottom of the channel to the high water mark measured to the nearest whole or half foot.

EXAMPLE:


a. Compute the channel area (Ca).


Ca = 3.0’+ 6.0’ x 4.0’



         2



Ca = 18.00 square feet

5.  CULVERTS:  A culvert is an waterway enclosure used to pass water from one point to another. They are an expedient and economical way to correct or improve existing drainage problems, and to prevent drainage problems during and after construction of a military road.


a. Culvert Use:



(1) Pass water through an embankment.



(2) Continue natural streams through an intercepting structure.



(3) Provide cross drainage in a fill section of a road.



(4) Provide ditch relief.



(5) Continue side ditches at road intersections.


b.
Culvert Classifications: There are two classifications of culverts that are used:



(1)
Permanent Culverts: These types of culverts are permanent in nature and are constructed of such materials as:




(a) Corrugated metal pipe. (CMP)




(b) Concrete pipe. (CP)




(c) Vitrified clay pipe. (VC)




(d) Polyvinyl chloride pipe. (PVC)



(2) Expedient Culverts: Are used in expedient construction, or when standard culverts are unavailable. Expedient culverts can be rapidly constructed, but require good workmanship. They provide good strength to support superimposed loads, and have the hydraulic characteristics that compare favorably with permanent types of culverts. Expedient culverts are constructed of such materials as:




(a) Logs and lumber.




(b) Oil drums.




(c) Landing mat and sandbags.


c. Culvert Installation: The installation of the culvert itself is relatively simple, regardless if it is placed in an existing channel or in a newly constructed channel. The following guidelines will help you supervise the installation of culvert systems within the channel.



(1) Fill Depth: The depth of the fill is equal to the depth of the cover, plus the diameter of the culvert. The finished road thickness is included as part of the fill depth.



(2) Cover Depth: For road culverts the minimum cover depth must be equal to half the diameter of the culvert that is used, or 12” inches, whichever is greater.



(3) Bedding: Bedding is placed in the bottom of the trench to cushion the bottom of the culvert from crushing forces. The depth of the bedding is equal to 1/10 the diameter of the culvert that is used.



(4) Culvert Slope: Installing the culvert with the proper slope (grade) will ensure that water will drain through it freely, and become self cleaning.




(a) Install culverts in existing channels so the inlet and outlet inverts match with those of the channel elevations.




(b) Slopes placed on culverts in newly constructed channels cannot be less than 0.5% in grade, or greater than 2.0% in grade.



(5) Backfill: The backfill material is hand placed and compacted so the placement of the culvert in the bedding is not disturbed. The spacing distance between the sides of the culvert to the side of the trench is equal to 1/2 the diameter of the culvert.

[image: image2.wmf]

d. Maximum Culvert Diameter: Permanent culverts are selected based on their diameter. The Maximum Diameter (Dmax) method is used to calculate the maximum diameter of a culvert that can be used and still maintain the minimum amount of cover over it to prevent crushing actions. This calculation method depends on the amount of fill used to bury the culvert.



(1) Fill greater than 36 inches: Dmax = 2/3 x Fill




(a) Dmax = Maximum culvert diameter in inches rounded to two decimal places.




(b) 2/3 = A constant that represents the minimum fill depth for the maximum diameter of culvert to be calculated.




(c) Fill = Fill depth in inches rounded to two decimal places.



(2) Fill less then 36 inches: Dmax = Fill - 12”




(a) Dmax = Maximum culvert diameter in inches rounded to two decimal places.




(b) Fill = Fill depth in inches rounded to two decimal places.




(c) 12” = A constant that represents the minimum cover depth allowed to prevent crushing actions.

EXAMPLE #1:  You have a fill depth of 6 feet, with a compacted road depth of 1 foot. What is the maximum culvert diameter that can be used.



(3) Fill = 7 feet




(a) 7’ x 12” = 84” (fill depth converted to inches.)




(b) 2/3 x 84”




(c) Dmax = 56.00 inches
EXAMPLE #2:  You have a fill depth of 2 feet deep with a compacted road depth of 9 inches. What is the maximum culvert diameter that can be used.



(4) Fill = 33”




(a) 33” - 12”




(b) Dmax = 21.00”

 
e. Culvert Alignment: During construction, the proper alignment of the culvert in the channel is a critical factor in the culvert functioning under adverse conditions.



(1) To maintain an existing drainage path, place the culvert directly in the channel bottom. If no change is made to the original path of the existing channel, the drainage will not change its direction.

[image: image3.wmf]


(2) Sometimes the road must be constructed on a section where the channel meanders. In this case it is a good idea to cut a new path that will direct the existing channel away from the road.
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(3) The road may also cut across a bend in the channel. Place the culvert at a 90 degree angle to the road, and fill and compact the bend of the channel. Place a dam at the inlet and outlet to redirect the flow of water through the culvert.

6.
OPEN DITCHES:  Open ditches are located along the sides of a road to collect runoff from the road and adjacent areas and transport it to a culvert.


a. Types of Ditches:



(1) Triangular (V) Ditches: Triangular ditches are used to move small quantities of water. Small quantities of water mean that the calculated channel area (Ca) is less than or equal to 15 square feet.




(a) Symmetrical: Side slope ratios are equal.

[image: image6.wmf]



(b) Non-symmetrical: Side slope ratios differ in value.
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(2) Trapezoidal Ditches: Trapezoidal ditches are installed for large quantities of water runoff. Large quantities of water mean that the channel area (Ca) is greater than 15 square feet. The side slopes are symmetrical.

[image: image8.wmf]

b. Side-slope Ratios: Ditches have two sloped sides with each having a respective slope ratio. This is expressed as a ratio of horizontal feet to vertical feet.



(1) If the side-slopes are to steep, excessive erosion will occur, and the ditch will eventually clog with sediment.



(2) The ditch slope adjacent to the road shoulder is called the front slope.



(3) The opposite slope is called the back slope.



(4) The following rule of thumb applies to side-slope ratios for shallow ditches in relatively flat terrain:




(a) Non-symmetrical “V” ditch slopes are cut at 3:1/1:1 (front slope/back slope).




(b) Symmetrical ditch slopes for “V” or trapezoidal ditches are cut at either a 2:1 slope or 3:1 slope.


c. Ditch Calculations: To calculate the depth and width requirements that will ensure sufficient runoff holding capacity of the ditch, use the following formulas:



(1) Triangular Ditches:




(a) Ditch Depth:  D = [image: image9.wmf]C
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1 D = Ditch depth in feet. Rounded to two decimal places.





2 Ca = Channel area computed previously.





3 X = Front slope ratio.





4 Y = Back slope ratio.





5 0.5 = Safety factor constant. (1/2 foot of freeboard)




(b) 
Ditch Width:  W = D x (X + Y)





1 W = Ditch width in feet.





2 D = Ditch depth in feet.





3 X = Front slope ratio used in depth computation.





4 Y = Back slope ratio used in depth computation.

EXAMPLE #1:  Given a calculated channel area (Ca) of 12 sqft., and a front slope of 3:1 and a back slope of 1:1, calculate the ditch depth and width dimensions needed to adequately hold the anticipated runoff volume safely and effectively.
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EXAMPLE #2:  Given a calculated channel area (Ca) of 5 sqft., and a front slope of 2:1 and a back slope of 2:1, calculate the ditch depth and width dimensions needed to adequately hold the anticipated runoff volume safely and effectively.
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(2) Trapezoidal Ditches:




(a) The cross-sectional area of a trapezoidal ditch is computed as if it were a rectangle. The slope areas are not considered.




(b) The width of the bottom of the ditch is based on the width of the cutting edge of the equipment used to construct the ditch.




(c) The following formula is used to calculate the required depth of a trapezoidal ditch:  [image: image21.wmf]D
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1 D = Depth of ditch in feet.

D= Ca + .05
2 Ca = Channel area in square feet.


W





3 W = Width of ditch in feet.





4 0.5 = Safety factor constant. (1/2 foot of freeboard)

EXAMPLE:  Given a calculated channel area (Ca) of 18.8 sqft., and a front slope of 3:1 and a back slope of 3:1, a bottom width of 12 feet, calculate the ditch depth dimension needed to adequately hold the runoff volume.




(a) D = [image: image22.wmf]1
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(b) D = 1.57 + 0.5




(c) D = 2.07 or 2.0 foot ditch depth.


d. Erosion Control:  There are several methods of erosion control used in ditches. The primary concern is to slow the water velocity down in extremely hilly and mountainous areas.



(1) Water that runs too slowly will cause drainage systems to clog and ultimately fail. The desirable gradient for a ditch is between 0.5 percent and 2 percent. Ditches with a gradient greater than 2 percent will require erosion control.



(2) Ditches may be lined to prevent erosion.




(a) The use of concrete, asphalt, rock and mortar will not decrease the velocity of the water, but it will protect the soil.




(b) The use of grass will not only help to protect the soil but it will also reduce the velocity of the water. Grass seed is cheap, and is normally available for the construction site.



(3) Check dams are nothing more than small dams built from logs or heavy timbers that reduce the gradient of the ditch. Check dams will have a minimum spacing of 50 feet.




(a) To reduce construction effort the dams should be placed as far apart as possible, while achieving the desired gradient.




(b) Check dams should be checked periodically to allow free flow of water.

7.
CONSTRUCTION SURVEYS:  The purpose of construction surveys is to support the construction activities for the road. Construction surveys are broken down into three distinct phases:


a. Preliminary Surveys: During this survey, control is set, a traverse of the proposed road route is established, and a topo survey is conducted to create a site plan of the project area.


b. Final Location Surveys:  During this survey the centerline of the road is established, cross sections and plan and profile drawings are created, and earthwork volumes readouts are created.


c. Construction Layout Surveys:  During this survey, grade stakes are set to establish the vertical alignment of subgrades and finish grades, slope stakes are set to establish the limits of earth moving operations, and culvert locations are established.


d. Alignment stakes indicate the horizontal alignment of the road and establish subgrade and finish grade elevations, which guide equipment operators during earth moving operations.



(1) Centerline Stakes:  These stakes establish the location of the road centerline (CL). They are normally set at 100 foot station intervals starting at the beginning of the project (BOP), and proceeding to the end of the project (EOP). They are marked with station values on the front.
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(2) Grade Stakes: These stakes guide grading operations during the establishment of the vertical alignment (subgrade and finish grade) for a road. They will indicate the amount of earth that must be cut or filled at each station.
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(3) Slope Stakes: These stake establish the earth moving limits left and right of the centerline. Are placed at the left and right limits of the roadway. They identify the top of cut on the back slope of a ditch or the toe of fill on an embankment and are marked with station values and slope ratios.

[image: image25.jpg]SLOPE STAKES





SLOPE STAKE PLACEMENT
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(4) Offset Stakes: Are placed as references to the location of the slope stakes. Offset stakes are used as a backup for surveyors to reestablish critical alignment stakes that may have been disturbed.
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9.
CONSTRUCTION PLANS:  Finished drawings are used in the development of all military roads. The plans not only provide the layout information for the Engineer Assistants, they are critical to the Engineer Equipment Chief as a tool to supervise construction surveys and earth moving operations. A complete project drawing package includes the following drawings:



(1) Site Plan: A site plan must show all existing planimetric and topographic features. Terrain relief is shown by contour lines. A five foot contour interval on the map should be used to clearly show the topographic relief of the intended road route.

[image: image28.jpg]





(2) Plan and Profile Drawing:  The Plan View is a "Top View" looking down on the road. The plan view is the primary drawing used for the location and layout of the road. The profile view shows the 

"profile" of the road. The profile is a sectional view taken along the centerline of the road and shows the plotted existing 

elevations and proposed gradeline elevations.
[image: image29.jpg]=

mas







(3) Cross Section Drawings:  The cross section is a sectional view of the road, cut perpendicular to the centerline and looking in the direction of travel. There are two types of sections.




(a) Earthwork Cross Sections: These drawings show the existing ground line and the proposed road grade line. Earthwork cross sections are the primary drawings used for earthwork volume estimations.




(b) Typical Cross Sections: This drawing will show the road dimensions, slope ratios, and types of material to be used to construct the proposed road.

EARTHWORK SECTIONS
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10. SEVEN STEP MILITARY ROAD:
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