
tural pavement section, especially if the subgrade is 
moderately permeable and the water table deep. 

CONCLUSIONS 

The conclusions of this study are as follows. 

1. Significant relationships (p = 0.05) were found be
tween precipitation and drainage outflow. 

2. Drainage outflow was influenced by pavement type. 
The outflow for the continuously reinforced pavement was 
significantly different (p = 0.0 5) from the outflow of the 
jointed concrete pavement for both the unsealed and 
sealed edge-joint conditions in Illinois. 

3. Edge-joint sealing significantly reduced (p = 0.05) 
drainage outflow in the jointed pavement test sections in 
Georgia and Illinois. Although edge sealing reduced out
flow on the continuously reinforced pavement section in 
Illinois, there was not a significant improvement 
(p = 0.05). 

4. No measurable drainage outflow occurred on the 
Georgia test section in which all longitudinal and trans
verse pavement joints and the pavement edge joints had 
been sealed. 

5. Based on relationships between precipitation vol
ume and pipe outflow volume, as well as on the response 
of pipe outflow to rainfall, the edge joint may be a major 
factor contributing to water infiltration in jointed pave
ment systems. 

6. In this study the contribution of the transverse 
cracks in the continuously reinforced pavement section 
to infiltration was greater than the contribution of the 
edge joint. Further drainage studies need to be con
ducted on continuously reinforced pavement systems. 
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Installation of Straw and Fabric 
Filter Barriers for Sediment Control 
W. Cullen Sherwood, Virginia Highway and Transportation 

Research Council and James Madison University, Charlottesville 
David C. Wyant, Virginia Highway and Transportation Research Council, 

Charlottesville 

Effective temporary erosion and sedimentation controls are critical 
during construction in the period between onset of earth-disturbing and 
final stabilizing by vegetation. Among the most common temporary 
controls used in Virginia and many other states are straw barriers, burlap 
filter barriers, and silt fences. Despite the large sums of money spent an
nually on these controls, high failure rates and low trapping efficiencies, 
particularly for straw barriers, have been reported. In an effort to im
prove field performance, experiments conducted in Virginia have led to 

the installation procedures reported in this paper. Procedures for inspec
tion and maintenance of these controls are also described. Finally, it is 
concluded that the cost effectiveness of straw barriers has proved ques
tionable in many cases; burlap filter barriers may well be an effective and 
inexpensive substitute for straw. 
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The early reestablishment of vegetation in areas 
denuded by construction is generally agreed to be the 
most effective method of controlling accelerated erosion 
and sedimentation. However, regardless of how con
scientious the efforts at revegetation may be, there will 
be a critical period between the onset of land disturbance 
and the final stabilization by vegetation. It is during 
this critical period U1al lm11vu1·a1·y 1:H·u1:1lun- and 
sediment-control structures are required. 

Through the years many types of temporary erosion
and sediment-control techniques have been developed by 
agencies concerned with soil conservation and water 
quality. These controls may be categorized as 

1. Mulching of bare soil surfaces to protect from 
the impact of raindrops and runoff, 

2. Structures designed to divert storm waters into 
stabilized areas, 

3. Structures designed to impede and filter runoff, 
and 

4. structures designed to impound storm waters. 

Straw barriers, burlap filters, and silt fences fall 
into category 3 and are among the most common tem
porary sediment-control methods in use today. Briefly, 
straw barriers refer generally to barriers constructed 
of straw or hay bales; burlap filters are barriers made 
by stapling bur lap cloth to wooden stakes spaced from 
0.9 to 1.2 m (3 to 4 ft) apart, and silt fences are bar
riers made by attaching woven fence wire and com
mercial filter fabric to fence posts set approximately 
3.1 m (10 ft) apart. 

PRO BL EMS WITH FILTER 
BARRIERS 

According to observations made in Virginia (!, ~), 
Pennsylvania (3), and other llarts of the nation (4), 
filter barriers-have not been as effective in controlling 
sediment as expected. For example, Weber and Wilson 
found that the sediment-trapping efficiency of straw 
barriers in Pennsylvania ranged from 0 to 5 percent (3). 
Reed, also working in Pennsylvania, noted a 5 percent 
reduction of sediment load when straw barriers were 
used on construction (5). 

Improper use of filter barriers has been a widespread 
problem. For instance, straw barriers and silt fences 
have been used in streams and drainageways where high 

Figure 1. Straw barrier placed by a contractor; arrows indicate failure 
by undercutting and end flow. 

water velocities and volumes have destroyed or impaired 
their effectiveness. Another problem has been improper 
placement of ba1·riers (Figure 1), which has caused 
undercutting and end flow that have actually increased 
rather than removed sediment in runoff waters (2). 
Finally, inadequate maintenance and cleaning have 
tended to greatly lower the trapping efficiency of all 
Illwi· !Jarder1:1. 

Because of these problems, straw barriers placed by 
contractors in Virginia and elsewhere have shown low 
trapping efficiencies and high failure rates. On one 
project in Virginia only 2 of 12 straw barriers installed 
in side ditches were found to be effective in trapping 
sediment. The poor performance observed statewide 
and in other states may not be atypical and raises 
serious questions concerning the continued use of straw 
barriers in the present manner. On the other hand, 
results of recent field experiments in Virginia strongly 
suggest that with proper installation the effectiveness 
of straw barriers can be greatly increased. 

In addition to improved procedures for straw bar
riers, this paper includes procedures for installing 
burlap filters and silt fences. Although the failure rates 
of these last two types of barriers generally have been 
lower than that of straw barriers, they have been im
properly installed occasionally. Experience has shown 
that following the installation methods outlined below 
can improve performance. 

RECOMMENDED INSTALLATION 
PROCEDURES 

Straw Barriers 

The use of straw barriers must be limited to situations 
in which only low or moderate flows are to be inter
cepted. A re cent Soil Conservation Service publication 
(6) states that the use of straw bales in Maryland should 
be limited to situations in which no other control is 
feasible and only sheet and rill erosion are expected. 
Also, a recent communication from Maryland author
ities has brought to light plans to increase the depth of 
entrenchment for straw barriers from 0.10 to 0.15 m 
(4 to 6 in). Use of these barriers is specifically ex
cluded for situations in which water is to be concen
trated in a channel or drainageway. In view of the 
questionable performance of straw barriers thus far, 
use of these structures will be continued only if in
stallation and maintenance procedures can be signif
icantly improved. The following guidelines provide 
recommended step-by-step instructions for the installa
tion of straw barriers exposed to moderate or low flows. 

Entrenchment of Straw Barriers for 
Moderate Expected Flow 

The term "moderate flow" encompasses sheet flow 
through channel flow, where rates are not to exceed 
0.03 m3/s (1 ft3/s). Using the rational method for flow 
prediction and assuming average surface conditions 
and a rainfall rate of 0.03 m/ hr (1 in/ llr), an area of 
8094 m2 (2 acres) should p1·ovide approximately 0. 03 
mYs (1 rt3/s) of flow. Low to moderate flow conditions 
will prevail in most drainage ditches of a less than 8 
percent slope. 

The installation procedure for locations with 
moderate flow rates is given below and illustrated in 
Figure 2. 

1. Excavate a trench the width of a bale and the 
length of the proposed barrie1' to a minimum depth of 
0.10-0. 15 m (4-6 in). 



2. Place bales tightly together in the trench. Drive 
two sturdy wooden stakes or steel pins through each 
bale and deep enough into the ground to securely anchor 
the bales. 

3. After staking, wedge loose straw between any 
cracks or other openings. 

4. Backfill and compact the excavated soil against 

Figure 2. Placing a straw barrier at a location of moderate 
expected f I ows. 
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the barrier. Backfilled soil should conform to ground 
level on the downstream side and should be built up to 
0.1 m (4 in) against the upstream side of the barrier. 

Soil Sealing of Straw Barriers for 
Expected Low Flow 

The term "low flow" is used here to describe sheet or 

Excavate a trench 0.10 m to 
0.15 min depth. 

Wedge loose straw between 
bales 

Place and stake straw bales 

Backfill and compact 
excavated soi l 

© 

Note: 1 m = 3.3 It. 

Figure 3. Placing a straw barrier at a location of low expected 
flows. 

Wcdg~ loose s raw between bales 

Note: 1 m = 3.3 ft . 

© 

Place and stake straw bales, 

© 

Place and compact 0.10 m of 
soil against upstream surf ace 
of barrier. 
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overland flow. Channel flows are specifically excluded . 
The procedure for installing barriers in areas of low 

flow is described below and illustrated in Figure 3. 

1. Prepare a smooth ground surface by removing 
rocks and leveling soil surface. 

2. Place bales tightly together and drive sturdy 
wooden stakes or steel pins through each bale and into 
the ground deep enough to securely anchor the bales. 

3. Wedge loose straw tightly between bales if re
quired. 

4. Place and compact a minimum of 0.1 m (4 in) of 
soil against the upstream surface of the barrier. 

When a barrier is to be placed in a swale or a ditch 
line, the structure should be extended so that the bot
toms of the end bales are higher in elevation than the 
top of the lowest middle bale (Figure 4). 

Bur lap Filter Barriers 

Burlap filter barriers are inexpensive structures com
posed of burlap fabric stapled to wooden stakes. This 
type of barrier can be used interchangeably with straw 
barriers in many situations. Laboratory flume studies 
comparing straw bales (~), burlap, and filter fabrics have 

Figure 4. Proper straw barrier placement; points A should be 
higher than point B. 

Figure 5. Installation of a burlap filter barrier. 

indicated that flow rates (1 m3/ min = 4.4 gal/min) 
through burlap are slightly slower and the filtering ef
ficiency somewhat higher than for straw bales (see the 
lalile lie luw). 

Barrier 

Straw 
Burlap 
Typical filter fabric 

Flow Rate 
(m 3 /min) 

0.021 
0 .019 
0.002 

Fi ltering 
Efficiency 
(%) 

67 
87 
97 

Burlap filter barriers are designed for low or 
moderate flow situations. The height of these barriers 
should not exceed 0.50 m (20 in) and 0.30-0.38 m (12-15 
in) will suffice in most situations. The burlap should 
be purchased in a continuous roll and cut to the length 
of the barrier ; avoiding seams improves the strength 
and efficiency of the barrier. 

The procedure for installing a burlap filter barrier 
is given below and illustrated in Figure 5. 

1. Excavate a 0.lx0.1-m (4x4-in) trench upstream 
of where the stakes will be driven. 

2. Drive sturdy wooden stakes [at least 2 5x51 mm 
(lx2 in) and spaced 0 .9 m (3 ft) apart] securely into the 
ground at the barrier site. 

3 . Staple the bw·lap to the wooden stakes. Extend 
0.2 m (8 in) of the burlap into the trench. The height 
of the burlap must not exceed 0.5 m (20 in). 

4. Backfill and compact soil in the trench over the 
burlap. 

Silt Fences 

The silt fence is a two-component barrier system 
comprising a support fence and an attached filter fabric. 
The support fence is made of 14-gage or finer woven 

0.10 m X 0.10 m 

St aple burl ap fil t er f abric to 
stakes allowing extens i on into 
trench as s hown. 

Note: 1 m = 3.3 ft. 

Set stakes . 

Backfill and compact 
excavated soil. 



wire attached to metal or wooden posts. The filter 
fabric (several companies manufacture suitable ma
terial) is stapled or wired securely to the support fence . 
Because the filter fabrics have a lower permeability 
(see the preceding table) than do straw bales and burlap, 
the use of silt fences should be limited to situations in 
which only sheet or overland flows are expected; they 

Figure 6. Building a silt fence. 

Figure 7. Building a silt fence 
with brush barrier support. 

Set posts and excavate a 
0.10 m X 0.10 m trench. 

Attach filter fabri c to wire 
fence, allowing extension 
into the trench as shown . 

Note: 1 m = 3.3 ft . 

Excavate a 0.01 m X 0.01 m 
trench along uphill edge of 
brus h barrier. 

Backfill and.compact 
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normally cannot filter the volumes of water generated 
by channel flows. 

In most cases the fabric should not extend higher 
than 0.9 m (36 in); greater heights may back up enough 
water to cause the structure to fail. A 0.9-m (36-in) 
filter fence acts as a dam and traps sediment by the 
ponding action of inflowing, sediment-laden waters. 

Staple wire fencing to the 
osts. 

Backfill and compact 
excavated soil. 

Drape filter fabric over brush 
barrier and into the trench. 
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The construction of silt fences should conform to the 
procedures illustrated in Figure 6 and listed below. 
The method of construction for filter fabric used in 
conjunction with a filter barrier made from malerlals 
such as brush or straw is shown in Figure 7. 

1. Set wood or steel posts securely at intervals no 
greater than 3.1 m (10 ft) apart. Wood posts should be 
at least 76 mm (3 in) in diameter· wUh steel, use only 
the T -shaped posts or a post weighing more than 2.1 
kg/m (1.4 lb/ ft). Excavate a trench 0 .1 m (4 in) wide 
by 0 .1 m (4 in) deep along the upstream base of the fence. 

2. Fasten fence wire securely to the upstream side 
of the posts. Wire should extend into the soil a mini
mum of 51 mm (2 in) and be at least 0.9 m (36 in) high. 

3. Staple or wire the filter fabric to the fence, 
allowing the fabric to extend into the trench as shown 
in Figure 6. The fabric should not extend more than 
0 .9 m (36 in) above the original ground surface on the 
wire fence. 

4. Backfill and compact the soil over the fabric ex
tending into the trench. 

If a filter fence is to be constructed across a ditch 
line or drainageway carrying a low flow, the barrier 
should be of sufficient length to eliminate end flow. 
Both the strength and the effectiveness of silt fences 
can be maximized by constructing the barrier in an arc 
or horseshoe shape whose ends point up slope. 

COST DATA 

A check of eight randomly selected construction projects 
in Virginia yielded a rather wide range in costs for straw 
barriers and silt fences. Burlap filter barriers are 
still in the experimental stage in Virginia, so specific 
field cost data are not yet available; the figures for 
burlap used here are estimates. 

For the eight projects surveyed, costs for straw 
barriers ranged from a high of $19.80 to a low of $.60/ 
m (STQ. 00 to $2 . 00/ ft), and the average cost was about 
$ 12.00. These costs are based on contractor prices 
for materials, installation, and maintenance plus one 
cleanout. This price is up sharply from an estimated 
$ 8.25/m ('2. 50/ ft) of 1976 (7). Most of the recent in
crease has resulted from the very high cost of baled 
straw. Recent market prices for baled straw in 
Virginia have ranged up to ~.75/bale. 

The high cost of straw barriers, together with the 
relatively low average filter efficiencies of straw bales 
of 67 percent determined in laboratory flume studies 
(2), has raised serious questions concerning the future 
use of straw barriers in Virginia. The likely replace
ment for straw barriers may be the relatively inex
pensive but effective burlap filter barriers. As noted 
in the table, recent tests in the laboratory flume have 
shown the ave1·age filtering efficiency of burlap to be 
87 percent, some 20 percent higher than that of baled 
straw. While exact cost data are not yet available, it 
is estimated that the time required to install burlap 
filter barriers should run roughly the same as that for 
straw barriers. The burlap material at $).23/m ($0.07/ 
ft) costs less than the straw bales. Based on these fig
ures, and the eight jobs surveyed, it is estimated that . 
burlap filter barriers should cost approximately $10 .49/ 
m ('1!3.18/ ft), which is less per meter than the present 
cost of straw barriers. This figure may well decrease 
as burlap barriers become more widely accepted and 
the users become more proficient in their installation 
and maintenance procedures. 

Cost data ior siit iences were aiso sought on the 
eight construction projects, and the records on six of 

the eight contained this information. Based on the same 
criteria as noted for the straw barriers-that is, ma
terials, installation, maintenance, and one cleanout
silt fence prices ranged from $1U.2:$ to 18.15/m ($a.10-
5.50/ft). The average cost was slightly less than that 
for straw barriers. Considering the vastly greater 
filt.P.r P.fficiencies and life expectancy of silt fences :I.fl 

compared to straw barriers, it appears that filter 
fences are a significantly better investment at these 
prices. Interestingly, the cost for filter fences-$ 3. 77 / 
0 .31 m (1 linear ft)-is up only slightly from the $3.50 
cost in 1976 (~} . 

MAINTENANCE 

Field experience has shown that, in addition to the 
proper construction of filter barriers, proper mainte
nance is absolutely necessary. Poche and Sherwood (2) 
fo und that trapping efficiencies of carefully placed -
straw barriers on one project in Virginia dropped from 
57 to 16 percent in one month because of lack of main
tenance. It is imperative that all filter barriers be 
checked after each storm event and that required re
pairs and alterations be made promptly. Also, frequent 
cleanouts are necessary if a barrier is to perform 
p1·operly. Checking barriers during a storm event, 
although a wet and unpleasant job, can pay great divi
dends in information on water flow and sediment reten -
tion. If observations are not made during storms, in
formation on the effectiveness must be gathered 
indirectly or after the fact, which can be misleading. 

The value of careful and prompt maintenance of all 
types of filter barriers cannot be overemphasized. 
Even the most careful installation of these structures 
does not negate the need for constant and thorough 
maintenance and regular cleanouts if the sediment con
trol system is to be effective. 

CONCLUSIONS 

Field and laboratory studies conducted in Virginia have 
indicated that significant imp1·ovements in performance 
can be attained !or three common temporary erosion 
and sediment controls now in widespread use. The fol
lowing conclusions have been drawn from investigations 
of straw barriers, burlap filter barriers, and silt 
fences. 

1. Improper installation and the use of filter bar -
riers in channels carrying high volumes of storm water 
have led to high rates of barrier failure. 

2. The use of all filter barriers should be limited 
to situations in which either sheet flow or low channel 
flows of less than 0.03 m2/ s}(l it7's) are expected. 

3. ornmon failures such as undercutting and end 
runs can be significantly i·educed by following the in
stallation procedures outlined in this paper. 

4. All filter barriers should be inspected, cleaned 
out, and repaired as necessary after each storm event. 

5. Inspection of .filter barriers during storm events 
can yield valuable information on both installation and 
maintenance. 

6. Cost and experimental data indicate that burlap 
filter barriers a.re less expensive and trap sediment 
more efficiently than straw barriers. 

7. Silt fences, because of very low flow rates and 
high filtering efficiencies, are recommended for situa
tions where only sheet flow is expected and very high 
sediment retention is desired. 
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