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Introduction 

Work zone traffic management requires consideration of both normal conditions and potential 

emergencies. When a construction closure coincides with an adverse event (such as a severe storm, 

earthquake, or forest fire), it is sometimes necessary to quickly reopen traffic lanes, repair damage, or 

build a temporary road. This could require work at locations where construction equipment is 

unavailable.  

The bagged-aggregate technique is a method for durable road construction and repair using nothing 

but hand labor, gunny sacks, local aggregate such as gravel or sand, and basic construction tools. It is 

an extension of techniques originally used for building temporary flood controls and military bunkers 

and can also be used to build retaining walls, box culverts, retention ponds, and dikes. This technique 

is also called earthbag construction, dōnō, or do-nou. 

Although bagged-aggregate construction is labor-intensive, the technique is very simple (able to be 

done by unskilled workers or volunteers if necessary). In some cases, this will allow restoration of traffic 

long before outside help can reach a stricken area. Tables 1 through 3 compare the strengths and 

weaknesses of bagged-aggregate construction with other expedient construction techniques.  
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Table 1. Comparison of rapid response construction techniques: roads  

Technique 

Quick to 

Build 

Easy to 

Build 

Materials 

Easy to 

Obtain 

Equipment 

easy to 

obtain 

Environ. 

Impact Durability Cost Remarks 

Earthen path on native soil Very good Very good Good Good Very good 
Poor/ 

inconsistent 
Very good 

Suitable only for low traffic 

volumes. 

Gravel road on gravel base Very good Very good Good Good Good Fair Very good  

Gravel road on portland cement 

stabilized base 
Fair Fair Fair Good Good Good Good 

Rototiller or agricultural disk 

can be used to mix road base 

with dry cement. 

Gravel road on acrylic polymer 

stabilized base 
Good Very good 

Poor/ 

inconsistent 
Good Good Fair Fair 

Polymer can also be 

retrofitted to strengthen an 

existing gravel road. 

Gravel road on geogrid stabilized 

base 
Good Very good 

Poor/ 

inconsistent 
Good Good Fair Fair 

Chain link fence sometimes 

used as an expedient 

alternative to geogrid. 

Bagged-aggregate road building 

technique 

Poor/ 

inconsistent 
Very good Very good Very good Good Very good Very good  

Temporary wood chip road Very good Very good Very good Good Very good Fair Very good 

On weak soils, consider using 

timbers over crossties (like a 

railroad track). 

Temporary timber plank road 
Poor/ 

inconsistent 
Fair Fair Good Very good Fair Fair 

Natural decay may 

reduce/eliminate the need for 

removal of wood chip road. 

Woodchips in geotextile with 

gravel surface 
Good Very good Good Good Good Good Very good  

Temporary road on plastic mats Good Good 
Poor/ 

inconsistent 
Good Very good Fair Fair 

Plastic mats are available from 

several vendors. 

Thin asphalt on gravel base Good Good Fair Fair Fair Fair Fair  

Thin asphalt on portland cement 

stabilized base 

Poor/ 

inconsistent 
Fair Fair Fair Fair Good Fair  

Thin asphalt on acrylic polymer 

stabilized base 
Fair Good 

Poor/ 

inconsistent 
Fair Fair Good 

Poor/ 

inconsistent 
 

Thin asphalt on geocell/geogrid 

stabilized base 
Fair Good 

Poor/ 

inconsistent 
Fair Fair Good 

Poor/ 

inconsistent 
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Table 2. Comparison of rapid response construction techniques: bridges, bridge alternatives, and culverts 

Technique 

Quick to 

Build 

Easy to 

Build 

Materials 

Easy to 

Obtain 

Equipment 

easy to 

obtain 

Environ. 

Impact Durability Cost 

Culvert - bagged-aggregate 

technique 
Fair Very good Very good Very good Good Very good Very good 

Culvert - pipe Good Good Fair Good Good Good Fair 

Low-water crossing - bagged-

aggregate technique 

Poor/ 

inconsistent 
Very good Very good Very good Very good Good Very good 

Low-water crossing - concrete 

surface 

Poor/ 

inconsistent 

Poor/ 

inconsistent 
Good Good 

Poor/ 

inconsistent 
Very good Fair 

Low-water crossing - gravel Good Good Very good Good Fair Fair Very good 

Low-water crossing - plank treads Fair Good Fair Good Fair Fair Fair 

Portable segmental bridge Very good Very good 
Poor/ 

inconsistent 
Good Good Very good 

Poor/ 

inconsistent 

Temporary wood plank bridge 

deck 
Fair Fair Fair Good Very good Fair Fair 

 

Table 3. Comparison of rapid response construction techniques: pedestrian accommodations 

Technique 

Quick to 

Build 

Easy to 

Build 

Materials 

Easy to 

Obtain 

Equipment 

easy to 

obtain 

Environ. 

Impact Durability Cost Remarks 

Temporary pedestrian walkway - 

gravel surface 
Very good Very good Very good Good Good Fair Very good 

Gravel must be very well 

compacted to serve 

wheelchair traffic. 

Temp. pedestrian walkway - thin 

asphalt surface 
Good Good Good Fair Fair Good Fair  

Temp. pedestrian walkway - 

timber and rope 
Fair Good Very good Good Very good Good Good  

Temp. pedestrian walkway - 

timber puncheon 

Poor/ 

inconsistent 
Fair Very good Good Very good Very good Fair 

Plastic mats are available from 

several vendors. 
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The sequence of photographs in Figure 1 outlines the bagged-aggregate construction process. 

 
(a) Placing lower layer of a bagged-aggregate road 

 
(b) Spreading gravel interlayer 

 
(c) Placing and hand-tamping upper layer 

 
(d) Nearly completed road 

Community Road Empowerment © 2014–2020 | Core Kenya 

Figure 1. Road construction using bagged-aggregate technique. 
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Two overlapping layers of aggregate-filled polypropylene sacks are typically used. Limited low-speed 

traffic can run on a single layer of bags, or even on bags placed only in the wheel tracks. This can allow 

essential vehicles to pass while the rest of the road is being built.  

Multiple layers of bags can be stacked to fill low spots, washouts, or gullies. Aggregate bags can also 

be placed in potholes for spot repairs. Aggregate bags placed over logs have been used successfully 

as bridge decks for pedestrian traffic, similar to the box culverts described later in this brochure 

(Fukubayashia and Kimura 2014). Other potential applications for aggregate bags include retaining 

walls, the running surface for a low-water crossing (for example, fording a shallow creek to bypass a 

bridge closure), the lining for a drainage channel that is subject to erosion by fast-moving water, 

stormwater retention ponds, and dikes. 

In general, the bagged-aggregate technique is suitable for road building on flat terrain, sags, and 

gentle slopes (Fukubayashia and Kimura 2014). The bags spread and distribute wheel loads, creating a 

firm driving surface even if the subgrade is relatively soft, as illustrated in Figure 2. If the situation 

allows, existing topsoil should be removed so that the bags can be placed on a subgrade that is free 

of black dirt or other organic materials. The typical excavation depth is approximately 4 in. (10 cm) for 

one layer of aggregate bags, 8 in. (20 cm) for two layers, or 12 in. (30 cm) for three layers (JICA n.d.). If 

there is a shortage of materials or labor, the excavation might be limited to the wheel tracks. 

 
After Fukubayashia and Kimura 2014  

Figure 2. Comparison of road building techniques. 

While it is possible for vehicles to drive directly on the aggregate bags for a short time, a surface course 

of crushed stone, gravel, dirt, or wood chips should be placed over the bags for durability. Without a 

surface course, localized rutting will occur; this will affect traffic speeds but usually does not damage 

the road structure. Moreover, ultraviolet rays from sunlight will gradually degrade uncovered bags, 

resulting in fraying and loss of strength. Woven polypropylene bags that are protected from sunlight 

and direct wheel contact can last for decades.  

For steeply sloped roads that will be used for a long time, the surface course can be stabilized to 

prevent erosion; this is particularly helpful if the surfacing material is sandy. Stabilization involves 

mixing the surfacing aggregate with a binder such as portland cement at the time of construction or 

coating the surface with acrylic polymer, chip seal, or otta seal at a later date.  
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Construction Overview 

This section provides an overview of the bagged aggregate construction process to help clarify the 

role of this technique in managing traffic after an adverse event.  

Materials. The sacks typically used to make emergency flood control sandbags are well suited for this 

type of roadbuilding. These sacks usually measure approximately 14 by 24 in. when empty (FEMA 2013). 

They are available from various online vendors and are sometimes kept in reserve by state and local 

emergency management agencies. When three-quarters full, each sack holds about 4¼ gal of 

aggregate and weighs about 50 lb, making it generally light enough for one or two people to carry 

and place. Grain sacks can also be used but will be too heavy for one person to lift unless they are only 

partially filled.  

Although the bags used for this type of construction are usually made from woven polypropylene, 

they are sometimes informally referred to as burlap bags or gunny sacks. Traditional burlap/gunny is 

a coarse fabric made from natural plant fibers such as hemp, jute, or sisal. The preferred material 

depends on the application. Synthetic fiber bags are good for semipermanent or permanent 

applications. Natural fiber bags, shown in Figure 6b, will gradually decay, which can simplify site 

restoration in short-term applications. 

The preferred aggregate materials are crushed stone with fines (also known as dense-graded or 

breaker run stone), gravel (preferably a mix of large and small particles), sand-gravel mixtures, sand-

clay mixtures (preferably 25% to 30% clay), or sand alone. Black dirt (agricultural soil that contains 

plant/animal matter) can be used if preferred materials are unavailable, but the durability of the road 

will be reduced. 

Installation. After filling with aggregate, the first layer of bags is laid flat on the subgrade. If the bags 

have been heat-sealed or sewn shut, they can be laid in a grid pattern, as illustrated in Figure 3a. If the 

bags have been closed with cable ties or rope, the tied ends will be somewhat pointed; in this case, 

the bags should be staggered with the tied ends nested against each other to reduce gaps, as 

illustrated in Figure 3b.  

A key advantage of the bagged aggregate technique is that it allows a well-compacted road to be built 

without a tractor-type soil compactor. The aggregate is consolidated by tamping each bag manually 

about 10 times, as shown in Figure 7a, or using a portable vibrating plate compactor for faster results.  

After the first layer is compacted, the surface is leveled, all gaps between bags are filled with loose 

aggregate, and a thin layer of aggregate is placed over the bags. The second layer of bags is then 

placed and compacted. This layer should be offset from the bottom bags by about half the bag width 

and half the bag height so that the thicker parts of the upper bags line up with the thinner parts of the 

lower bags, as illustrated in Figure 4. Finally, a running course of aggregate is placed on top of the 

bags and, if possible, compacted. The preferred thickness of the running course is 2 in. Crushed 

limestone with fines (dense-graded/breaker run stone) is ideal for the running course, but other 

materials can be used when necessary.  
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FHWA 

Figure 3. Lower-layer layout patterns for bagged-aggregate technique.  

 
FHWA 

Figure 4. Upper layer layout patterns for bagged aggregate technique. 

For permanent or semipermanent applications, the road can be built on a prepared subgrade and 

perhaps sealed or paved when equipment and materials become available. As with any road, 

appropriate drainage should be provided using side ditches or underdrains, and the running course 

should have a slight cross slope or crown to prevent stormwater from ponding on the road. 

This type of road can be built with very basic tools (shovels and dirt tampers). Construction will go 

faster if equipment is available to assist with bag filling, hauling, compaction, and gravel spreading. A 

video at https://youtu.be/FYv3ENYZ_TE illustrates a simple jig made from lumber and plastic pipe to 

reduce manual filling time to about 15 seconds per bag. 

https://youtu.be/FYv3ENYZ_TE
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Deep Fills and Retaining Walls 

When multiple layers of aggregate-filled bags are stacked to fill a low spot, hold back soil erosion, or 

build a retaining wall or box culvert, the bags should be overlapped in a running-bond pattern, as 

shown in Figure 5a. Barbed wire can be added between layers for stability. Typically, two parallel 

strands of barbed wire are used between each row of bags, with each strand 3 in. from the edge of the 

bag, as shown in Figure 5b (Nepal Ministry of Urban Development 2017). At the end of each row, the 

barbed wire should wrap around the end of the last bag and back up to the next layer (Good Earth 

Global 2018).  

For strength, retaining walls should be buttressed every few feet, as shown in Figure 5a. The buttress 

forms a short tee or cross to help resist lateral movement. Small-diameter reinforcing rods can be 

driven vertically through the bags to connect the layers and enhance stability. For permanent 

applications, the wall can be covered with portland cement stucco when time permits. 

 
(a) Running bond pattern and buttresses. 

 
(b) Barbed wire layout. 

Good Earth Global 2018, © 2018 EngineeringforChange.org 

Figure 5. Details for retaining walls and deep fills. 

End Walls and Wing Walls for Pipe Culverts 

Aggregate bags can be stacked to build end walls or wing walls for pipe culverts, as shown in Figure 

6. The design and construction process is very similar to that of the retaining walls described in the 

previous section.  



9 

 
Eurobodalla Shire Council 

(a) Natural fiber aggregate bags used as culvert end walls for an expedient road. 

 
© Robin Webster (Geograph) / Wikimedia Commons / CC BY-SA 2.0 

(b) Natural fiber aggregate bags used as culvert end walls on a permanent equestrian trail. 

Figure 6. Aggregate bags used as end walls for pipe culverts. 

Box Culverts 

Adverse events often result in damage to roadway drainage structures or the need for new drainage 

structures. If culvert pipe is unavailable or the required water-handling capacity is too large for a pipe, 

bagged aggregate and timber can be used to build a box culvert. The sequence of images in Figure 7 

illustrates the construction of a box culvert (JICA 2017).  

https://www.geograph.org.uk/profile/9905
https://commons.wikimedia.org/
https://creativecommons.org/licenses/by-sa/2.0/deed.en
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a. Placing and compacting first layer of aggregate bags to form the culvert wall. 

 
b. Checking wall height after placing the third layer of bags. 

 
c. Heavy timbers span the channel. 

 
d. Completed culvert: timbers covered with a layer of aggregate bags and a gravel driving surface. 

Japan International Cooperation Agency / https://www.youtube.com/watch?app=desktop&v=zcG7cdKXKxU 

Figure 7. Hand construction of a small box culvert using timbers and compacted bags of gravel 

to provide cross-drainage for a road. 

https://www.youtube.com/watch?app=desktop&v=zcG7cdKXKxU
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After the channel is excavated to the desired width and depth, rows of aggregate bags are placed 

along each side of the channel to form the culvert walls. Each layer is compacted before the next layer 

is placed. Partially filled bags can be used for height adjustment. When the desired height is obtained, 

logs are placed parallel to the direction of travel, spanning across the walls. Smaller cross-timbers are 

nailed perpendicular to the main logs to limit lateral movement. The cross-timbers are then covered 

with a layer of aggregate bags, which are compacted and covered with gravel to form the driving 

surface. Alternatively, the entire deck can be constructed from sawn timber. For permanent installations, 

the bags forming the side walls and end walls can be covered with stucco. Diagonal braces can be 

added under the deck for additional stability. 

Use Case Example 

Situation. Imagine a remote village called Ten Penny Point, located on a peninsula that is ordinarily 

accessed using State Highway 905. The scenario is illustrated in the simplified map shown in Figure 8. 

The State Highway 905 bridge over Ten Penny Creek was recently demolished in preparation for 

complete replacement. County Road Z99 was being used as a detour, but heavy rains have severely 

damaged a section of Z99 that runs parallel to Ten Penny Creek, cutting off all access to the village. 

Residents and local leaders are concerned about dwindling food, fuel, and medical supplies, and 

outside assistance will take several days to reach the village due to other incidents. All heavy equipment 

associated with the bridge project is stranded on the west side of Ten Penny Creek; the only 

construction equipment available on the east side is the village public works department’s dump truck, 

a small backhoe, and basic tools such as shovels and wheelbarrows.  

 
FHWA 

Figure 8. Stylized map of Ten Penny Point. 

Possible Intervention. Volunteers fill gunny sacks with a sand-gravel mixture that is available locally. 

The aggregate bags are loaded onto the dump truck and hauled to the damaged section of County 

Road Z99. Village public works employees and bridge contractor employees who were staying in the 

village place aggregate bags to stabilize the damaged road section. Crushed stone from a small local 

stockpile is then used to surface the roadway, restoring the village’s connection to the outside world. 
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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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