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Introduction 

In recent years, many parts of the United States have experienced increases in the frequency and 

severity of adverse events such as forest fires, floods, or hurricanes. These changes increase the 

probability of disasters occurring at the same time as long-term closures for road or bridge 

construction. Expedient roads and trails are routes that can be built quickly, usually with locally 

available materials, equipment, and personnel. Expedient roads can support emergency response and 

recovery by restoring access to a stricken area and can sometimes reduce the combined traffic impacts 

of road construction and the disaster.  

This brochure reviews some of the surfacing materials that can be used for expedient roads and trails. 

For simplicity, the term “expedient roads” is used to refer to both roads and trails in the rest of this 

document. 

As discussed in the Expedient Roads and Trails Overview brochure in this series, expedient roads such 

as that shown in Figure 1 are generally built to handle limited volumes of low-speed traffic, often with 

an emphasis on providing basic access for pedestrians and light wheeled traffic such as all-terrain 

vehicles (ATVs). Often the expedient road has a limited service life, usually a year or less. In other 

situations, it can serve as a pioneer road that is later converted into a more durable temporary road to 

support disaster recovery and rebuilding, as shown in Figure 2.  

 
© Jacky Lee (Panoramio) / Wikimedia Commons / CC BY 3.0 

Figure 1. Expedient road bypassing a bridge washout. 

https://commons.wikimedia.org/
https://creativecommons.org/licenses/by/3.0/deed.en
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© Peter Bond (Geograph) / Wikimedia Commons / CC BY-SA 2.0 

Figure 2. Temporary road and temporary bridge.  

The selection of surfacing materials for an expedient road is usually based on the intended function 

and service life of the road and the types of materials that are available at or near the site. Site 

conditions and circumstances should also be taken into consideration. For example, plastic mats such 

as those shown in Figure 3 are not a good choice near an active forest fire. The expected duration of 

the emergency situation is also a consideration. For example, if the road will be needed for only a short 

time, the use of natural and biodegradable materials will make it easier to restore the site to its original 

condition when the expedient road is no longer needed. 

 
© Lionel Allorge / Wikimedia Commons / CC BY-SA 3.0 

Figure 3. Gravel over geotextile (foreground) and plastic mats (background) used to build a 

temporary road. 

https://www.geograph.org.uk/profile/19324
https://commons.wikimedia.org/
https://creativecommons.org/licenses/by-sa/2.0/deed.en
https://commons.wikimedia.org/wiki/User:Lionel_Allorge
https://commons.wikimedia.org/
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Gravel 

Gravel or crushed stone is often the most appropriate material for an expedient road due to its 

durability, low cost, and availability in most parts of the United States. In general, an open-graded 

gravel (a mixture of small and large stones) will result in a more stable road surface than gravel with 

uniformly sized stones. Compaction is usually more successful if the gravel is angular (not rounded), 

especially if the compaction is to be done by hand or with small equipment. Figure 3 shows a portion 

of a temporary road constructed using gravel over geotextile. 

Advantages: 

• Gravel is relatively inexpensive in most areas of the United States.  

Disadvantages: 

• Hauling and placing gravel can be problematic if equipment is unavailable or the site is difficult to 

reach. 

• Post-incident gravel removal and site restoration can be expensive and time-consuming. 

• Gravel is not available in all areas, and sometimes the local gravel is low quality. 

• Loose gravel is difficult for people with disabilities to traverse. 

Wood Chips 

Wood chips are routinely used for temporary and permanent pedestrian paths, such as the trail shown 

in Figure 4. Several practitioners report success with using a thick layer of wood chips to build farm 

roads and light-commercial driveways, such as the road shown in Figure 5 (Lewis 2016). In the mining 

industry, wood chips have been used as a surface treatment to control dust on haul roads, though in 

this application the wood chips require periodic replacement due to breakdown under heavy axle loads 

(Williams 1979).  

 
© Tdorante10 / Wikimedia Commons / CC BY-SA 4.0 

Figure 4. Trail surfaced with wood chips, New York City.  

https://commons.wikimedia.org/wiki/User:Tdorante10
https://commons.wikimedia.org/
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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John Suscovich / https://www.youtube.com/watch?v=7NRK7VtAj3o 

Figure 5. Road surfaced with wood chips after one year of use by light commercial traffic.  

It is possible to use wood chips for deep fills. In the forestry and mining industries, this has proven to 

be an effective way to build roadway embankments across marshlands (Bowman et al. 1987). Although 

heavy trucks sink into the chips about 4 to 6 in., the chips rebound after the load passes. The cost of 

materials is about the same as for soil fills, but with reduced maintenance costs and less environmental 

damage. Many environmental agencies prefer deep wood chip fills to soil or aggregate fills for 

temporary forestry roads because the chips decay naturally after the logging operations are complete 

(Hrůza et al. 2016). Wood chips exposed to air decay over a period of several years; if the chips are 

submerged in water, the decay takes about 30 years (Bowman et al. 1987). 

Wood chips enclosed in geotextile fabric can be used to build a durable road. As described in Hrůza 

et al. (2016), an 8 in. layer of wood chips that is enclosed in geotextile and surfaced with about 3 in. of 

gravel can be used to build a semipermanent road over weak soil. This is faster and easier than building 

a corduroy road (corduroy roads are described in a later section of this document). 

Advantages: 

• Wood chips are often available locally at little or no cost. Utility companies, municipal public works 

departments, and park districts often have large stockpiles from tree maintenance. 

• Wood chips decay naturally. This may eliminate the need to remove the temporary roadway and 

can help minimize erosion and other undesirable environmental impacts of the expedient road. 

• Wood chips can be used to build deep fills over waterlogged soil. 

• Wood chip roads naturally limit traffic speed due to the somewhat spongy surface. 

Disadvantages: 

• Wood chips that are in direct contact with heavy wheel loads will require periodic replacement. 

• Geotextile fabric is required to stabilize the wood chips in semipermanent applications. 

• Exposed, dry wood chips are not suitable for fire zones. 

• Large, loose wood chips may be difficult for people with disabilities to traverse; chip binders 

(usually spray-applied) are commercially available. 

https://www.youtube.com/watch?v=7NRK7VtAj3o
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Controlled Low-Strength Material 

Controlled low-strength material (CLSM) is also referred to as concrete slurry, flowable fill, lean-mix 

backfill, or other terms. Unhardened CLSM is self-leveling, with approximately the same texture as a 

milkshake, as shown in Figure 6. After hardening, it forms a firm surface similar to hard-packed dirt, as 

shown in Figure 7.  

 
American Coal Ash Association 2003 

Figure 6. Discharging Controlled Low Strength Material from a mixer truck.  

 
S. Birchall / North Dakota State University 

Figure 7. Flatwork paving with CLSM.  

CLSM is produced from the same ingredients as concrete: water, aggregate, portland cement, and fly 

ash. For CLSM, only a little cement is used, resulting in a compressive strength of 100 to 200 psi. In 

comparison, structural concrete is usually designed to achieve at least 3,000 psi. CLSM with a strength 

of 150 psi or less can be removed with hand shovels or a backhoe. The cure time ranges from 1 to 8 

hours depending on the mix design and ambient temperature. 

CLSM surfacing can be used in relatively flat areas. For expedient applications, sandbags could be used 

as the “formwork.” In addition, CLSM is self-compacting, making it useful for backfilling trenches and 

holes, including narrow openings that are difficult to fill with other materials. 
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Soil or Sand 

There are many types of soil. Soils containing organic material are often called black dirt. They are soft 

and weak, tend to rut easily, are slippery when wet, and tend to settle or compress severely under load. 

As a result, this material is undesirable for carrying any but the lightest traffic and should be removed 

if possible. Nevertheless, it is worth noting that a black dirt road with moderate load-bearing capacity 

can be constructed if a soil confinement system is used, such as the geocell grid shown in Figure 8 or 

the earth bag construction shown in Figure 9. The black dirt road will require frequent maintenance to 

remove ruts and add new material as compaction occurs. 

 
United States Marine Corps 

Figure 8. Geocell grid helps stabilize gravel, sand, and soil by limiting lateral movement. 

 
Community Road Empowerment, © 2014–2020 | Core Kenya 

Figure 9. Bagging gravel, sand, or soil improves its stability, allowing a strong road to be built 

without heavy equipment. The bags can be stacked to build box culverts and retaining walls.  

Most parts of the United States have inorganic soil below the black dirt. This is often called brown dirt 

or red dirt and is usually a mix of clay, silt, sand, and gravel. Its mechanical properties and stability are 

generally much better than those of black dirt. Brown/red dirt is routinely used for building low-volume 

rural roads, and the techniques for doing so are well documented. The following are two useful guides: 

• Watershed Management Field Manual: Road Design and Construction in Sensitive Watersheds 

(FAO 1998) 

• Low Volume Roads Engineering: Best Management Practices Field Guide (Keller & Sherar 2003) 

http://www.fao.org/3/T0099E/T0099E00.htm
https://pdf.usaid.gov/pdf_docs/PNADB595.pdf
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There are several techniques for strengthening and improving the stability of dirt roads: 

• Binders such as calcium chloride, portland cement, or acrylic resin can be mixed with the dirt to 

improve cohesion, loading capacity, and durability.  

• Geocell grid and geotextile, shown in Figure 8 and Figure 10, respectively, improve loading 

capacity by helping prevent the material from moving sideways under wheel loads. 

• The bagged aggregate technique (also called do-nou) is another way to control lateral soil 

movement. An example of the use of this technique is shown in Figure 9. The bags of aggregate 

are normally small enough to carry by hand and can be compacted with hand tools or a small 

vibrating-plate compactor. Bags of soil (or preferably gravel) can also be stacked and tamped to 

build box culverts and retaining walls. For more details, see the Bagged Aggregate Technique 

brochure in this series. 

 
Matthew Gilbert / U.S. Army 

Figure 10. Geotextiles separate soil layers and can be wrapped to form a tube that controls 

lateral soil movement.  

Advantages: 

• Dirt is usually available close to the site at a low cost. 

• Techniques for building dirt roads are well documented and well known. 

Disadvantages: 

• Dirt is not as strong or durable as some of the other materials for constructing expedient roads. 

• Dirt roads are vulnerable to washouts and erosion. 

• Dirt roads require frequent maintenance to correct rutting. 

• Removal and restoration of an expedient dirt road can be time-consuming, and it can be difficult 

to control erosion while vegetation is reestablished. 

• The addition of a binder may be needed to make the surface suitable for people with disabilities. 
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Plank/Panel Systems 

A wide range of timber planks, prefabricated road panel systems, and mats are commercially available. 

Examples of these materials are shown in Figure 11, Figure 12, and Figure 3, respectively. Some are 

designed for very heavy loads, while others are intended mainly for pedestrian traffic. Various materials 

are used, including wood, plastic, aluminum, steel, and concrete. With the exception of plastic mats, 

most systems require lifting equipment such as a backhoe, excavator, or crane for installation and 

removal. Suitability for people with disabilities varies by system. 

 
© Qyd / Wikimedia Commons / CC BY-SA 3.0 

Figure 11. Timber plank road built over unstable soil to allow heavy equipment to reach a 

drilling site. 

 
© Roger Kidd (Geograph) / Wikimedia Commons / CC BY-SA 2.0 

Figure 12. Temporary road assembled from prefabricated mats. 

Advantages: 

• Installation and removal is easy if suitable equipment is available. 

• Removal generally has relatively modest environmental impact after site vegetation is restored. 

• Systems are sometimes available for rental. 

Disadvantages: 

• Transporting panels to the site can be difficult in emergency situations. 

• Plank/panel systems work best on smooth, level sites. 

• Some systems have a limited ability to accommodate horizontal curvature. 

• Some systems are slippery when wet. 

• Many systems require heavy equipment for installation. 

• Wood or plastic panels may be unsuitable for use in fire zones. 

https://commons.wikimedia.org/wiki/User:Qyd
https://commons.wikimedia.org/
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://www.geograph.org.uk/profile/12192
https://commons.wikimedia.org/
https://creativecommons.org/licenses/by-sa/2.0/deed.en
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Corduroy 

Invented more than 4,000 years ago, the corduroy road building technique is still used in forestry and 

wartime military applications. Its main purpose is to allow heavy vehicles to traverse an area with 

unstable soil such as a marsh or bog. As shown in Figure 13, corduroy consists of hundreds of logs laid 

side by side, perpendicular to the direction of travel (usually alternating the wide and slender ends of 

the logs). To smooth the riding surface, the logs are then covered with a layer of branches or geotextile, 

and then with soil or gravel, as shown in Figure 14. 

 
Millsy / Wikimedia Commons / Public Domain 

Figure 13. Placing corduroy over unstable soil with a tracked excavator. 

 
Millsy / Wikimedia Commons / Public Domain 

Figure 14. Corduroy road after backfilling with earth. 

As noted earlier, if suitable materials are available, an overall level of performance similar to that of 

corduroy can be obtained using wood chips enclosed in geotextile fabric. The wood chip technique 

allows roads to be built more quickly and makes use of waste materials instead of whole logs. 

Advantages: 

• Corduroy allows a strong road to be built over weak soil or marshland. 

• Timbers can last a long time if they are submerged. 

Disadvantages: 

• The technique requires cutting and debranching a very large number of trees. 

• Corduroy roads are slow and labor-intensive to build. 

• Corduroy is difficult to remove. 

https://en.wikipedia.org/wiki/User:Millsy
https://commons.wikimedia.org/
https://en.wikipedia.org/wiki/User:Millsy
https://commons.wikimedia.org/
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• The construction of corduroy roads has potential long-term impacts on drainage, vegetation, and 

wildlife. 

• If geotextile is available, a wood chip road can provide similar functionality with far less labor, 

material, and environmental impact (Hrůza et al. 2016). 

Asphalt 

Where suitable materials and equipment are available, an expedient road can be surfaced with asphalt, 

as shown in Figure 15. Typically, the asphalt is placed in a relatively thin layer (2 to 4 in.). 

 
© IM3847 / Wikimedia Commons / CC BY-SA 4.0 

Figure 15. Temporary road with asphalt pavement. 

Advantages: 

• Asphalt provides a smooth driving surface. 

• Asphalt allows higher traffic speeds than other expedient surfacing materials. 

• Roads surfaced with asphalt are easy for pedestrians with disabilities to traverse. 

Disadvantages: 

• Asphalt is relatively expensive. 

• An asphalt surface may encourage traffic speeds that are inappropriate for site conditions. 

• Asphalt may suggest a degree of permanence that is viewed unfavorably by residents or 

environmental agencies. 
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Disclaimers 

This material is based upon work supported by the U.S. Department of Transportation under 

Cooperative Agreement No. 693JJ31750003. 

Any opinions, findings and conclusions or recommendations expressed in this publication are those of 

the author(s) and do not necessarily reflect the view of the U.S. Department of Transportation. This 

publication does not constitute a national standard, specification, or regulation. 

The U.S. Government does not endorse products or manufacturers. Trademarks or manufacturers’ 

names appear in this document only because they are considered essential to the objective of the 

document.  
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