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Purpose and Need 
Western North Dakota has many aging highways that have very weak subgrades.  Most of the local aggregates are either depleted or not 

suitable for road construction.  The normal practice to improve areas of weak subgrade is to remove the weak soils and replace them with granular 
material.  The North Dakota Department of Transportation is looking for ways to improve the pavement performance, decrease costs, and conserve 
aggregate resources.   
Objective 
 The objective of this study is to evaluate the effectiveness of geogrid in reducing the amount of subcut needed and cost through an area of weak 
soil. 
Scope 

  The experimental section is located on project ACF-5-085(026)102.  The project begins north of Gorham on US 85 to Grassy Butte.  This study 
will compare the performance of an asphalt roadway where a geogrid has been placed to reduce the amount of excavation to a section where the 
soils have been excavated and replaced with granular material to a control section.  Performance evaluations will be conducted and reported 
annually for five years.  Items to be studied are: Construction Details (A) Method and ease of construction (B) Equipment required (C) Construction 
sequence  
Performance Measurements (A) Rutting  (B) Cracking  (C) Deflections. 
Summary 
 There is no appreciable difference in the average rut data between the test and control sections.  All sections were near the border where the rut 
rating changes from fair to good.    
 The deflection and modulus data indicate that the subgrade is acting uniformly.  The variability of the data is insignificant.  The slight variations in 
data may be related to differences in base and sub-base thickness.  
 The aggregate used on top of geogrids in subcut areas must meet the optimum gradation specified for geogrid use.  On this project, a section 
thickness of 24 inches of aggregate was needed in a soft subcut where a geogrid was not used.  If a geogrid was used the section thickness could 
be reduced an average of 6 inches.  The cost of geogrid has decreased since 1991.  Geogrid should be considered in a design where base or 
subgrade reinforcement is desired.
Recommendation 
 Geotextile use has increased steadily in roadway design and roadway rehabilitation.  Woven fabrics are used in subgrade and base 
reinforcement.   
 In subgrade reinforcement applications, Geogrids can be an effective alternative to deep subcutting.  It is important to use a material that closely 
follows the optimum gradation for placement on geogrids. 
 Although many problems have been encountered during the installation process of geogrids on this project, especially on soft subgrades, we 
recommend that consideration be given to the use of geogrid instead of deep subcuts.  Valuable experience has been gained on the use of geogrid.  
Each project must be evaluated as to the gradation and quality of aggregate available to complete the roadway reconstruction. 
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REINFORCEMENT OVER WEAK SUBGRADE USING GEOGRID 
PROJECT F-5-085(026)102 

OBJECTIVE 
The objective of this study is to evaluate the effectiveness of geogrid in reducing the 

amount of subcut needed through an area of weak soil. 

SCOPE 
The normal practice to improve areas of weak subgrade is to remove the weak soils and 

replace them with granular material. The scope of this study is to compare the performance of 

an asphalt roadway where a geogrid has been placed to reduce the amount of excavation to a 

section where the soils have been excavated and replaced with granular material. 

LOCATION 
This test section is located on U.S. Highway 85 in 

Billings County, North Dakota, nine miles south of 

Grassy Butte in reference miles 103 and 104. 

The entire project comprised 10.885 miles. Of 

the 10.885 miles, 4,773 feet comprises the test section 

for the geogrid. Photo one is an overview of the roadway 

in the area of the test section. 
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Photo 1: Looking south at the test section 

Project History 

Construction 

The construction history for this project is presented in the following table: 

Year 

Constructe 

d 

Type of 

Construction 

Depth 

(inches) 

Roadway 

Width (ft) 

1963 Graded 48 

1991 Aggregate Base 18.0 46 

1991 HBP 5.5 27 

1991 Salvaged Material Shldrs 5.0 10 

1991 Maint. Sand Seal Shls 10 

1996 Contract Chip Seal 27 
Table 1 
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Traffic 

The traffic data for this project is presented in Table 2 for 1992 and 1996. 

Year Passenger Trucks Total Flexible 

ESALs 

1992 1050 250 1300 175 

1996 890 260 1150 190 

Flexible ESALS include both directions 
Table 2 

Design 
The project had a large amount of bituminous patching and rutting. Cores taken at each 

milepoint showed an average of nearly two inches of patch and seal material. Rutting was 

present in all miles with an average of approximately one-half inch. The deepest ruts were 

greater than one inch. 

The plans called for removal of the existing bituminous material and leaving the existing 

aggregate base in place. The existing base was to be incorporated into the subgrade 

preparationwhich called for scarification to a depth of eighteen inches, reshaping of the 

roadway, and recompaction. The bituminous material removed was to be crushed to a 

maximum size of one and one-half inches. 

The test section was to have the 

pavement section as shown in Figure 1. The 

geogrid was to be placed from station 

465+21.6 to station 505+75.6 for a total 

length of 4054 feet. 

The control section was to be an area 

ofsubgrade repair constructed to the section 

shown in Figure 2. This section was to be 

constructed on each side of the test section Figure 1 

from station 444+67.6 to station 465+21.6 

and from station 505+75.6 to station 522+88.6 for a total length of 4054 feet. 
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Salvaged Aggregate Base 

5 1/2" HBP 

18" Salvaged Bituminous Base Course 

Salvaged Bituminouse Base Course 

Figure 2 

Construction 
For all of the sections, the hot bituminous pavement and aggregate base were milled off 

and the subgrade 

preparation 

started. Problems 

were encountered 

during the 

subgrade 

preparationwith 

veryhigh subgrade 

moistures as can 

be seen in photo 2. 

This condition 

made specified 

compactiondifficult 

to achieve. The Photo 2: Soft subgrade 

depth of the subcut 

was increased because of these conditions. 
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TEST SECTION "B" TEST SECTION "A" 

CONTROL SECTIONS 

Figure 3 

A good placement of the geogrid was accomplished across both lanes from station 

456+00 to station 459+18 (section A) and under the southbound lane only from station 475+38 

to station 499+56 (section B). The control 

sections were then selected as the areas 

as shown in figure 3. Figure 4 shows the 

constructed section for test section A. 

Figure 5 shows the constructed section 

for test section B. Figure 6 shows the 

constructed section for the control 

sections.  Photo 3 shows the installation in 

sectionB. Figure 4 
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TEST SECTION B CONTROL SECTION 

Figure 5 Figure 6 

Photo 3: View of geogrid installation at test section B 
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Evaluation 

The evaluation of this project was conducted using Pave Tech data, falling weight 

deflectometer (FWD) data, and site visitation. The Pave Tech data and video tapes were used 

to determine the average rut and the number of transverse cracks for the pavement. The FWD 

data was processed to determine the average subgrade modulus of elasticity. The site was 

visited on July 12, 1996 to evaluate the condition of the asphalt. 

The average rut data for each section is presented in tables 3 and 4: 

RUT DATA (inches) 

NORTHBOUND LANE 

SECTION 1992 1993 1994 1995 1996 

CONTROL N/A N/A 0.22 0.26 0.23 

SECTION A N/A N/A 0.21 0.34 0.20 
Table 3 

RUT DATA (inches) 

SOUTHBOUND LANE 

SECTION 1992 1993 1994 1995 1996 

CONTROL N/A 0.13 0.22 0.32 0.26 

SECTION A N/A 0.08 0.25 0.35 0.29 

SECTION B N/A 0.06 0.24 0.36 0.33 
Table 4 

Photo 4 shows the rutting typical in test section A and photo 5 shows the rutting typical in 

the control section. 
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Photo 4: View of rutting in test section A 

Photo 5: View of rutting in control section 
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The number of transverse cracks for each section is presented in tables 5 and 6: 

TRANSVERSE CRACKING(cracks per 1000 ft) 

NORTHBOUND LANE 

SECTION STATION 1992 1993 1994 1995 1996 

C 
O 
N 
T 
R 
O 
L 

451+83.6 
to 

456+00.6 
N/A 0.0 4.8 4.8 7.2 

459+18.6 
to 

475+38.6 
N/A 1.9 2.5 2.5 13.0 

475+38.6 
to 

499+56.6 
N/A 0.4 0.8 0.8 15.7 

TEST 
SECTION 

A 

456+00.6 
to 

459+18.6 
N/A 3.1 3.1 3.1 12.6 

Table 5 

TRANSVERSE CRACKING(cracks per 1000 ft) 

SOUTHBOUND LANE 

SECTION STATION 1992 1993 1994 1995 1996 

C 
O 
N 
T 
R 
O 
L 

451+83.6 
to 

456+00.6 
N/A 0.0 4.8 4.8 9.6 

459+18.6 
to 

475+38.6 
N/A 1.9 2.5 2.5 11.7 

TEST 
SECTION 

A 

456+00.6 
to 

459+18.6 
N/A 3.1 3.1 3.1 9.4 

TEST 
SECTION 

B 

475+38.6 
to 

499+56.6 
N/A 0.0 0.8 0.8 16.1 

Table 6 

9 



Photo 6 is a view of a typical crack in the control section near station 476+78. All of the 

cracks evaluated were tight with very little or no ravelling. 

Photo 6: View of crack in control section 
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The average subgrade modulus for each section is presented in tables 7 and 8: 

Modulus (psi) 

Year 

Base 1 Base 2 Subgrade 

control section control section control section 

1992 N/A N/A N/A N/A 8,200 7,500 

1993 24,000 19,400 14,300 11,600 5,300 6,400 

Northbound Lane 

1994 23,100 19,500 13,800 11,600 5,200 5,500 

1995 N/A N/A N/A N/A N/A N/A 

1996 17,700 13,000 10,500 7,700 4,600 4,600 

Table 7 
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Modulus (psi) 

Year 

Base 1 Base 2 Subgrade 

control 

section 

control 

section 

control 

section 

A B A B A B 

1992 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

1993 31,200 20,200 31,000 18,600 12,000 18,500 5,200 5,800 5,400 

1994 28,500 20,000 25,000 16,800 15,700 14,900 5,500 5,200 5,800 

1995 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

1996 23,200 16,000 19,600 13,600 8,500 11,700 5,900 4,800 5,300 

Southbound Lane 

Table 8 

Looking at tables 5 and 6, the number of transverse cracks per 1000 feet is nearly the same for test 

sections either contiguous to or adjacent to control sections. 

The subgrade of the test and control sections are considered near equal in strength. The southbound 

lane does have a slightly higher strength than the northbound lane. 

Modulus: Tables 7 and 8 show that from 1993 to 1996 the base modulus in the test sections has 

decreased more than in the control sections. The base in section B of the southbound lane has the largest 

percent decrease at 37%. The control base section had a 26% modulus decrease. 
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 The deflection data was averaged for each section and is shown in tables 9 and 10. 

Total  Deflection  (Milli-inches) 

Northbound Lane 

SECTION 1992 1993 1994 1995 1996 

CONTROL N/A 23.2 22.5 N/A 43.8 

SECTION A N/A 32.6 33.0 N/A 58.7 
Table 9 

Total  Deflection  (Milli-inches) 

Northbound Lane 

SECTION 1992 1993 1994 1995 1996 

CONTROL N/A 21.6 22.2 N/A 40.0 

SECTION A N/A 26.5 25.3 N/A 47.4 

SECTION B N/A 24.1 25.3 N/A 46.4 
Table 10 

Deflections:  The higher the deflection number, the weaker the section. Northbound 

lane deflections have increased 89% in the control section and 80% in section A. In the 

southbound lane the deflections increased by 85% in the control, by 79% in section A and by 

93% in section B. 

Controlsections were subcut 27". Geogrid section B was subcut 24"and geogrid 

sectionA was subcut 18". Since the control and test sections are considered similar, it would 

indicate that you could reduce the subcut by 3 to 9 inches if a geogrid was used. A lot depends 

onmaterial gradation. Information shows that 10" of Tensar reinforced base equals 16" of non-

reinforced base material. This is a difference of 6 inches. Using this design, let's use a 500 foot 

sectionof roadway 24 feet wide and subcut 6 inches deep for a cost comparison of geogrid 

verses subcutting for 1991 and 1996. 
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1991 cost comparison of a 500 ft. section, 24 ft. wide and 0.50 ft. deep 

Geogrid Subcut 

Square Yard Cost $2.53 Per 

Square Yard 

222 Cu. Yds--Pit Run at 

$5.18 per ton or 

$9.71 Cu. Yd. 

222 Cu. Yds 

Common 

Excavation at $1.20 

Cu. Yd. 

Total Cost of 

subcut 

1333 $3,372.49 $2,155.62 $266.40 $2,422.00 

Subcutting cost is 28% less than Geogrid. Saving $10,036.96 per mile 

Table 9 

1996 cost comparison of a 500 ft. section, 24 ft. wide and 0.50 ft. deep 

Geogrid Subcut 

Square Yard Cost $1.60 Per 

Square Yard 

222 Cu. Yds--Class #3 

at $6.50 Cu. Yd. 

222 Cu. Yds 

Common 

Excavation at 

$3.06 Cu. Yd. 

Total Cost of 

subcut 

1333 $2,132.80 $1,443.00 $679.98 $2,122.32 

Subcutting costs 0.5% less than Geogrid. Saving $110.66 per mile. 

Table 10 

Geogrid prices have decreased from 1991, making geogrid more cost effective. The 

geogrid used was type BX 1100 and was $2.53 per square yard. The pit run backfill material 

was $5.18 per ton. Common excavation for subgrade repair was $1.20 per cubic yard. 

The optimum gradation of aggregate for use with geogrid is as follows: 

Sieve Size Percent Passing 

1½" 100 

¾" 90-100 

#4 23-50 

#10 15-36 

#40  8-22 

#200  0-8 
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Gradationof the pit run material used was as follows: 

Sieve Size 

1½" 

¾" 

#4 

#10 

#40 

#200 

Percent Passing 

100 

97.8 

77.9 

68.2 

53.4 

14.7 

Gradationof the salvaged bituminous material used was as follows: 

Sieve Size Percent Passing 

1½" 100 

¾" 98.3 

#4 42.2 

#10 20.2 

#40  5.8 

#200  1.8 

It can be seen from the gradations that the pit run material was significantly finer than the 

optimum gradation to be used with geogrid. The sections failed where pit run was placed on 

the geogrid in depths less than 24 inches. In areas where less than 24" of pit run was used on 

the geogrid, the geogrid could not confine the pit run material. This is directly related to the 

gradationof the pit run. The sections that hold up the best are those where salvaged bituminous 

materialis placed on top of the geogrid and finished to grade with pit run material. The 

gradationof the salvaged bituminous material was very close to the optimun gradation of 

aggregate to be used with a geogrid. 
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Summary 

There is no appreciable difference in the average rut data between the test and control 

sections.  All sections were near the border where the rut rating changes from fair to good. 

The deflection and modulus data indicate that the subgrade is acting uniformly. The 

variabilityof the data is insignificant. The slight variations in data may be related to differences 

in base and sub-base thicknesses. 

The aggregate used on top of geogrids in subcut areas must meet the optimum 

gradationspecified for geogrid use. On this project, a section thickness of 24 inches of 

aggregate was needed in a soft subcut where a geogrid was not used. If a geogrid was used 

the section thickness could be reduced an average of 6 inches. The cost of geogrid has 

decreased since 1991. Geogrid should be considered in a design where base or subgrade 

reinforcement is desired. 

Recommendations 

Geotextile use has increased steadily in roadway design and roadway rehabilitation. 

Wovenfabrics are used in subgrade and base reinforcement. 

In subgrade reinforcement applications, Geogrids can be an effective alternative to 

deep subcutting. It is important to use a material that closely follows the optimum gradation for 

placement on geogrids. The gradation recomended for use with geogrid is : 

Sieve Size 

1½" 

¾" 

#4 

#10 

#40 

#200 

Percent Passing 

100 

90-100 

23-50 

15-36 

8-22 

0-8 
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Althoughmany problems have been encountered during the installation process of 

geogrids on this project, especially on soft subgrades, we recommend that consideration be 

givento the use of geogrid instead of deep subcuts. Valuable experience has been gained on 

the use of geogrid. Each project must be evaluated as to the gradation and quality of 

aggregate available to complete the roadway reconstruction. 
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