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Recommendation
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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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Disclaimer

The contents of this report reflect the views of the author or authors who are responsible for the
facts and the accuracy of the data presented herein. The contents do not reflect the official
views of the North Dakota Department of Transportation or the Federal Highway
Administration. This report does not constitute a standard, specification, or regulation.
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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 excavationto a

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

LOCATION

This test sectionis located on U.S. Highway 85in

Billings County, North Dakota, nine miles south of

Grassy Butte in reference miles 103 and 104.
The entire project comprised 10.885 miles. Of Project F-5-085(026)102

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.



Photo 1: Looking south at the test section

Project History

Construction

The construction history for this projectis presented in the following table:

Year Typeof Depth
Constructe Construction (inches)
d
1963 Graded 48
1991 Aggregate Base 18.0 46
1991 HBP 5.5 27
1991 Salvaged Material Shidrs 5.0 10
1991 Maint. Sand Seal Shis 10
1996 ContractChip Seal 27
Tablel




Traffic
The traffic data for this projectis presentedin 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 projecthad alarge amount of bituminous patching and rutting. Corestakenateach
milepointshowed an average of nearly two inches of patch and seal material. Ruttingwas
presentin allmiles with an average of approximately one-halfinch. The deepestrutswere
greaterthanoneinch.

The plans called for removal of the existing bituminous material and leaving the existing
aggregate baseinplace. The existing base wasto be incorporated into the subgrade
preparationwhich called for scarification to adepth of eighteen inches, reshaping ofthe
roadway, and recompaction. The bituminous materialremoved wasto be crushedtoa
maximum size of one and one-halfinches.

The testsectionwasto havethe

pavementsectionasshowninFigure 1. The Savaged Rase
geogrid wasto be placed from station 9* Salvaged Bituminons Baso Coumse
465+21.6 to station 505+75.6 for atotal 5 12" HBP
length of 4054 feet.

The control sectionwastobeanarea A ' .

Coogrid
ofsubgrade repair constructed tothe section \
Salvaged Agpregate Dase

showninFigure 2. Thissectionwastobe
constructed on each side of the test section Figure 1

fromstation 444+67.6to 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 Bituminouse Base Cour

18" Salvaged Bituminous Base Course
51/2" HBP

Salvaged Aggregate Base

Figure 2

Construction

Forall ofthe sections, the hot bituminous pavement and aggregate base were milled off
and the subgrade
preparation
started. Problems
were encountered it 'F _
during the 19 '
subgrade
preparationwith
veryhigh subgrade

moisturesas can :
F.
be seenin photo 2. g .

This condition =

made specified > _ o
_,"_._' - .:._—-' - -l'._:;m' i ey . -.." " L Tl
L B e pi ! :
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Photo 2: Soft subgrad‘e'-

compactiondifficult
toachieve. The
depth ofthe subcut
was increased because of these conditions.
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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 asthe areas
as showninfigure 3. Figure 4 showsthe
constructed section for test section A.
Figure 5 showsthe constructed section
fortestsection B. Figure 6 showsthe
constructed section for the control
sections. Photo 3 showsthe installationin

sectionB.

TEST SECTION A

Batvaged Biterminosse Bare Course

6" Pit Ren Aggregate
512"HBP

L 12 smmm

Figure 4



TEST SECTION B NTROL TION

Salvaged Ritwraincoes Rase C

Salvaged Bitommoos= Base C 0" Salvaged Bitomitome Material

X AN
N\ Cheogrid \
24" T Rm Aggregate 18" Pit Roa Agaregate

Figure 5 Figure 6

Photo 3: View of geogrid installation at test section B



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 videotapeswere used
to determine the average rutand 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 onJuly 12,1996 to evaluate the condition of the asphalt.

The averagerutdataforeach sectionis presentedintables 3and 4:

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
SECTIONA N/A 0.08 0.25 0.35 0.29
SECTIONB N/A 0.06 0.24 0.36 0.33
Table 4

Photo 4 showsthe rutting typical in test section Aand photo 5 shows the rutting typical in
the control section.



Photo 4: View of rutting in test section A

Photo 5: View of-rutting in control section



The number oftransverse cracks foreach sectionis presentedintables5and 6:

TRANSVERSE CRACKING(cracks per 1000ft)

NORTHBOUND LANE
SECTION | STATION 1992 1993 1994 1995 1996
451+83.6
to N/A 0.0 4.8 4.8 7.2
C 456+00.6
0
N 459+18.6
T to N/A 1.9 25 25 13.0
R 475+38.6
o 475+38.6
L to N/A 0.4 0.8 0.8 15.7
499+56.6
TEST | 456+00.6
SECTION to N/A 3.1 3.1 3.1 12.6
A 459+18.6
Table5b
TRANSVERSE CRACKING(cracks per 1000ft)
SOUTHBOUND LANE
SECTION | STATION 1992 1993 1994 1995 1996
C 451+83.6
o to N/A 0.0 48 48 9.6
N 456+00.6
T
R 459+18.6
o) to N/A 1.9 25 25 11.7
L 475+38.6
TEST | 456+00.6
SECTION to N/A 3.1 3.1 3.1 9.4
A 459+18.6
TEST | 475+38.6
SECTION to N/A 0.0 0.8 0.8 16.1
B 499+56.6
Table6




Photo 6isaview of atypical crackin the control section near station476+78. All ofthe

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 modulusfor each sectionis presentedintables 7 and 8:

Modulus (psi) Northbound Lane

Basel Base?2 Subgrade
Year
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
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) Southbound Lane

Basel Base?2 Subgrade
Year section section section
control control control
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

Table 8

Looking attables 5 and 6, the number of transverse cracks per 1000 feetis nearly the same for test
sections either contiguous to or adjacentto control sections.

The subgrade of the testand control sections are considered near equal in strength. The southbound
lane does have aslightly higher strengththanthe northbound lane.

Modulus: Tables 7 and 8 showthatfrom 1993 to 1996 the base modulus inthe testsections has
decreased more thaninthe control sections. The base in section B ofthe southbound lane has the largest

percentdecrease at 37%. The control base section had a 26% modulus decrease.
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The deflection datawas averaged for each section andis shownintables9and 10.

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

Table9

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 higherthe deflection number, the weaker the section. Northbound
lane deflections haveincreased 89% inthe control sectionand 80%insection A. Inthe
southbound lane the deflectionsincreased by 85% in the control, by 79% in section Aand by
93%in section B.

Controlsectionswere subcut27". Geogrid section Bwas subcut24"and geogrid
sectionAwas subcut18". Since the controland testsections are considered similar, itwould
indicate thatyou could reduce the subcutby 3to 9inchesifageogridwas used. Alotdepends
onmaterial gradation. Information showsthat 10" of Tensar reinforced base equals 16" of non-
reinforced base material. Thisisadifference of 6inches. Using this design, let's use a 500 foot
sectionofroadway 24 feetwide and subcut 6inches deep for acost comparison of geogrid

verses subcutting for 1991 and 1996.

13



Geogrid Subcut
Square Yard Cost $2.53 Per 222 Cu. Yds--PitRun at 222 Cu.Yds Total Cost of
Square Yard $5.18 pertonor Common subcut
$9.71Cu. Yd. Excavation at $1.20
Cu. Yd.
1333 $3,372.49 $2,155.62 $266.40 $2,422.00

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

Table9

1996 costcomparison of a500 ft. section, 24 ft. wide and 0.50 ft. deep

Geogrid Subcut
Square Yard Cost $1.60 Per 222 Cu. Yds--Class #3 222 Cu.Yds Total Cost of
Square Yard at $6.50 Cu. Yd. Common subcut
Excavation at
$3.06 Cu. Yd.
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 usedwastype BX 1100 and was $2.53 per square yard. The pitrun backfillmaterial

was $5.18 perton. Common excavation for subgrade repairwas $1.20 per cubicyard.

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

Sieve Size
1v5"
"
#4
#10
#40
#200

14

PercentPassing
100
90-100
23-50
15-36
8-22
0-8




Gradationofthe pitrun material used was as follows:

Sieve Size PercentPassing
1" 100
Yo" 97.8
#4 77.9
#10 68.2
#40 534
#200 14.7

Gradationofthe salvaged bituminous material used was as follows:

Sieve Size Percent Passing
1%" 100
" 98.3
#4 42.2
#10 20.2
#40 5.8
#200 1.8

ltcan be seen fromthe gradations that the pit run material was significantly finer thanthe
optimum gradation to be used with geogrid. The sections failed where pitrunwas placed on
the geogridindepthslessthan 24inches. Inareaswhere less than 24" of pitrunwas used on
the geogrid, the geogrid could not confine the pitrun material. Thisisdirectly relatedtothe
gradationofthe pitrun. The sectionsthathold up the best are those where salvaged bituminous
materialis placed ontop of the geogrid and finished to grade with pitrun material. The

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

aggregate to be used with ageogrid.
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Summary

Thereis no appreciable difference inthe average rut data between the testand control
sections. Allsectionswere nearthe borderwhere the rutrating changes fromfair to good.

The deflectionand modulus data indicate that the subgrade is acting uniformly. The
variabilityofthe datais insignificant. The slightvariationsin data may be related to differences
inbase and sub-base thicknesses.

The aggregate used ontop of geogrids in subcutareas must meetthe optimum
gradationspecified for geogrid use. Onthis project, asection thickness of 24 inches of
aggregate was needed in asoft subcutwhere ageogrid was notused. Ifageogridwas used
the sectionthickness could be reduced an average of 6 inches. The costof geogrid has
decreasedsince 1991. Geogrid should be considered ina design where base or subgrade

reinforcementisdesired.

Recommendations

Geotextile use has increased steadily in roadway design and roadway rehabilitation.
Wovenfabrics are usedin subgrade and base reinforcement.

Insubgrade reinforcement applications, Geogrids can be an effective alternative to
deep subcutting. Itisimportantto use amaterial that closely follows the optimum gradation for

placementon geogrids. The gradationrecomended for use with geogridis:

Sieve Size Percent Passing
1%" 100
¥a'" 90-100
#4 23-50
#10 15-36
#40 8-22
#200 0-8

16



Althoughmany problems have been encountered during the installation process of
geogrids onthis project, especially on soft subgrades, we recommend that consideration be
giventothe use of geogrid instead of deep subcuts. Valuable experience has beengainedon
the use of geogrid. Each project must be evaluated asto the gradation and quality of

aggregate available to complete the roadway reconstruction.
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GENERAL NOTES

COOPERATION BETWEEN CONTRACTORS: A paving contract will be
active to the Tmmediate south of this project. This contractor
and any subcontractors will assure that thefr activities will not
interfere with the other contractor or subcontracters cperations.

CONTROL OF MATERIAL: AY1 of the salvaged bituminous base and
salvaged bituminous surfacing shall be processed, by crushing, to
the maximm size shown on the plans. The material will be used
for “Salvaged Bituminous Base Course." It i1s intended that all
salvaged material shall be used on this project.

COMPACTION AND DENSITY CONTROL: Compaction shall be in
accordance with Section 203.02 F as determined by AASHTO T-180.

SUBGRADE PREPARATION, TYPE A: 1n addition to the general
requirements of Section 230.02 8.1, subgrade preparation shall
include the following: After the existing bituminous surfacirg
and bituminous base have been removed, the exposed surface shall
be throughly scarified to a2 depth of 18 inches, shaped

and recompacted in accordance with Section 230.02 8.1.

SALYAGED BITUMINOUS BASE COURSE: The salvaged bituminous base
course will consist of blending the salvaged bituminous surfacing
materfal and the salvaged bituminous base material. The salvaged
material quantities used for calculating plan quantity for
recycled base course reflect a 10% allowance for Tosses.

The salvaged materials used in the salvaged bhituminous base course
shall be blended and processed to provide a uniform mixture of
salvage materials with a maximum particle size of 1 inch. The
contractor will be responsible for providing a blending and
processing method which meets these requirements. A1l blending
and processing shall be completed prior to weighing the salvaged
bituminous base course for payment.

After blending and processing the salvaged material shall be
piaced on the prepared roadway, windrowed, spread, shaped, and
compacted to the required cross section. Compaction shall be in
accordance with Ordinary Compaction, Section 302.04 F.1. All
costs for this work including processing, crushing, screening,
blending, loading, hauling, depositing, shaping, and compacting
of the salvaged.material shall be included in the unit

price bid for "Salvaged Bituminous Base Course.”

AGGREGATE FOR SUBGRADE REPAIR: Approximately 20,801 tons of
aggregate will be required to backfill the subgrade repair
areas, Aggregate for subgrade repair shall meet the following
requirements:

405
POl

495
P02

.;:_:. STATE £E0. D PROS MO e

8 [ND{F-5 026 )10 4
Maximum .

Steve Percent

Size Passi

= W

No. & 85

No. 30 50

MNo. 200 15

Maxisym shale content shall be 12%.
PI shall not exceed 4.

A1l aggregate for subgrade repair shall be subject to approval of
the engineer and costs for providing, hauling, ptacing, and
compacting the waterial shalt be included tn the unit price bid
for "Aggregate for Subgrade Repair.”

REMOYE AND SALYAGE BITUMINOUS SURFACING BASE COURSE: The

existing bituminous surfacing and the bituminous treated

base course shall be removed for the sntire

length of the project and salvaged and crushed and used as part

of the salvaged bituminous base course. The bituminous material to be
removed may be done by milling or with tracked or wheeled

front-end Toaders, Earth movers shall not be used for removal of
the salvaged bituminous base course. The contractor shall prevent any
material from being contaminated by the removal, stockpiling and
replacing operations. If a crisher or pugmill type operation is
going to be used to blend the salvaged material, the salvaged
bituminous treated base course and bituminous surfacing shall each be
deposited in separate stockpiles. An addftional 12 foot width
{minimm of existing surfacing, adjacent to the mainline

surfacing shall be removed from approaches and flared

fntersections. The contractor shall provide a 8:1 (min,}

aggregate transition for pubiic traffic. At no time shall the
removal of bituminous surfacing exceed one mile in length ahead

of subgrade preparation work and no more than three miles ahead

of the placement and priming of the nine inch salvaged bitumfnous
base course. The contractor shall maintain access to abutting
property during the time this work is performed. Cost of

providing access shall be incidental to other items. A1l cost

for this work including removing, loading, hauling, and

stockpiling the bituminous surfacing and the bituminous treated

base course shall be incltuded in the unit price bid for "Remove

and Salvage Bituminous Surfacing.”

PREPARE STOCKPILE SITE: The lump sum bid for Prepare Stockpile

Site® shall be full payment for the required site preparation and
restoration regardless of the number of sites used. If the

contractor uses adgditional sites for his operztion, then these

items of work shall be at his own expense for these sites. Al .
salvaged bituminous pavement and base material stockpiled at the }
plant site shall be considered the property of the contractor.

No payment shall be made for salvaged bituminous material which

is stockpiled and not incorporated into the project. A}l other
stockpiled material shall become the property of the contractor.

The contractor shall remove his property from the stockpile site

upon completion of this project.




401
101
405

408
408
410
702
704
704
704
950

0100
0137
0100
0170
0241

0103

0152
0160
.0110
0197
0320
9605
0120
0100
0100
1000
1052
0100

ITEM DESCRIPTION

Contract Bond

Common Excavation, Subgrade Repair
Water

Subgrade Praparation - Type A
Aggregate for Subgrade Repair
Salvaged Bit. Base Course

MC-70, 250 Liquid Asphalt or 5P-6
Emuls. Asphalt

$$-1h or CSS-1h Esul, Asphalt
Blotter Materfal C1. M
Remove & Salv. Bit. Surfacing
Hot Bituminous Pavement Special
120-150 Asph. Cement

Cored Samples (Bit. Pwmt.)
Prepare Stockpile Site
Kobiiization

Flagging

Traffic Control Signs

Type 111 Barvicade

Trainee

UNLT
L. Sum
Cn-. Yd.
M Gal.
Mile
Tons

Ton

Gal.
Gal.
Ton
Ton
Ton
Ton
Ea.
L. Sum
L. Sum
M, Hr.
Unit
Ea.
M. Hr,

QUANTITIES

MAINLINE
1
9,814
6,532
10.885
20,801
127,849

63,863
28,247
914
143,563
56,592
3,396
5

1

1

550
1,718

2,000

{s) SL-RW (10) SL-RAD
45) P.D. APPROACHES

570

702
1,385
a4

[l S 4

a8 |ND]F-5-

026)102

rl;§

{1) FLARED

INTERSECTIONS  TOTAL

9,814
6,532
10.885
20,801
127,849

63,863

»n 28,855
914

67 144,332
77 58,054

us
£50
1,718

2,000




g-¥

FEEES

754
758
754
754
754
762
762,

762

920
980

i

1185

2240

0122

0210
0472
0531
0592
1100
o102
0140

0141

1215
0700

ITEM IPTION

© Vertical Panels

PMlot Car

field Laboratory - Type C

Seeding, Type B, Class 1I

Fuse Joints - A1l Sizes - Steel

Steel Galv. Posts - Std. Pipe

33" 5t. Galv, ?hlti._-nir. Breakaway Bases
Panel for Signs - Type 2 '
Reset Sign Panel

Class AE Conc. - Sign Foundations
Pavement Marking Painted Line

. Tewmporary Striping Broken Line

{Painted, Tape or Rafsed Markers)
Temparary Striping - Solid Line

No. Passing {Painted, Tape of Raised Markers)

Geogrid R_einfoﬂ:uent Blanket
Install Mailbox

QUANTITIES

MAINLINE
64
230
1
14 .
10
1,025
10
93
2
3.5
143,700
17,242

43,105
20,720
1

(Bj SL-RM (8) SL-RAD
{45) P.D, APPROACHES

STATE

FED D PRO) MO

LR 00  a—

(1) FLARED

1,400

INTERSECTIONS TOTAL

64
230 -

i

14
10
1,025
. i E
93

3.5
145,100
17,242

43,105
20,720




MAXIMM SI7E OF AGGREGATE

Description Type of Agaregate Max. Size
Salv. Bit. Material Crushed 1
Salv. B1t. Base Course Crushed : 1"
Hot Bit. Pymt., Special* - Crushed T §/8"

* The aggregate shall meet the following gradation and physical
requirement specification: .

Steve Size Percent Passing
172 90-100
38 76-91
%o, 4 54-56
Ko. 8 38-50
Mo. 16 26-38
No. 30 16-29
No. 50 8-20
No. 100 6-14
No. 200 4-9
Shale 5% maximum
L.A, Abrasion . 0% seximm
Placticity Index nonplastic

A winimm of 95% of the material retained on the No. 4 sieve and a
mninfwm of 755 of the materfal passing a No. 4 sfeve shali be composed
of fractured material produced by a crushing process. The contractor
shall demonstrated that the crushing operation produces this result.

If a source of aggregate other than the pit lTocated at M} 4-16-56 is
used the asphalt absorption of the aggregate as determined by the
project mix design shall not exceed 1.5 when tasted in accordance
with AASHTD T-209, T-166, T-84, T-85, and T-228.

CURYE DATA

Sta, to Sta. Degree Length Trans. Length
PC 0+00 PT 13+453.3 1°-30' 1353.3° 10¢'
PC 70+53.8 PT 94437.1 1°-30* 2383.3° 100'
PC 1454446 PT 160+432.9 1*-30* 1488.3" 100"
PC 249452.9 PT 271405.1 1*-30" 2752.2' 100"
PC 381+04.2 PT 404+64.2 1*-30° 2360.0' 100'
PC 545+17.2 PT 5568496.1 1°-30* 2378.9' 100°

FHwa
N
8

STATE
NGO [F-5-0B8 (028102

TEMPORARY STRIPING
2-LANE ROADWAY — BASTS OF ESTIMATE
PAVEMENT WARKTRG, PAINTED, TAPE, OR RAISED MARKERS

Centerlines Broken Line 528 L.F./M, 17,242 L.F.

Barrier Lines, Solid Line 1,320 L.F./Mi. 43,105 L.F.

2-LANE ROADMAY - BASIS OF ESTIMATE
~ PAVERENT WOWIRG PATRTED - LINRE

Edge Lines - 4 inch white - 10,560 L. F./Mf. 114,900 L.F,
Centerlines - 4 inch yellow, 10' line, -

30° skip - 1320 L.F./Mi. 14,400 §.F.
Barrier Lines - 4 inch yellow, 3 in. between ’
1i{nes - 1,320 L.F./M. 14,400 L.F,

Additional Barrfer Quantity for:
(1) Type I1 Flared Intersection - 1,400 L.F./Ea. 1,400 L.F.

NOTE: Edge Vines shall be continued through private drives and broken

for intersections.

LIST OF PROVISION

Description . S.P. Mo,
Geogrid Base Reinforcement SP161
Trainee

EXISTING HOT BITUMINOUS PAVEMENT CORES

102 1.50 2.75% 0.25 4.50
103 2.2% 4.50 0.25 4.50
104 2.50 3.78 0.25 5.00
105 1.50 §.25 0.25 4.75
106 2.25 3.75 0.25 §.00
107 0.50 3.25 0.25 6.00
108 1.00 3.00 0.25 6.00
109 2.25 2.50 0.2% 6.00
110 2.00 3.50 0.25 5.50
111 1.25 3.00 0.25 5.50
112 1.25 2.0 -~ 0.25 5.00

9.25
11.25
11.50
11.25
11.25
10.00
10.25
11.00
11.25
10.00

8.75
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EXISTING TYPICAL SECTIONS
STA. 0+080 TO 574+74.0

FED AID PROJ. MO

TATE]
8 |N.D.|

F-5-085¢026)102

48’

4 —

p— 4

rs'—'

2° Hot Bit. Pvmt. -
Stope=.021"/ ’

’
- . - T kil 4

- a4 r .

1—-2‘ Hot Bit. Pvnt.

v
ra

.
M
N

Ml

2* AC Base Crse.
2 1/2" AC Trtd. Base

y s
ra z

— 5* Aggr. Bose

TANGENT

Ny

Ag’

4 —

40’

a4

/- 2* Hot Bit P\mt./-a' Hot Bit. Pvmt.

Z 4 .

LEGEND

_Sf
L‘Ancmn't of Superelevation / xa’ AC Base Crse
Depends on Degree of - 2 1/2* AC Trtd. Base
Curvature 3* Aggr. Base

To be removed
P4 ond salvaged.

Aggregate to be
mixed Into gubgrade.

CURVE




PROPOSED TYPICAL SECTION
STA. 0+00 TD 5744740

i

TATE] FED. AID PROJ ML
8 IN.D.) r-5-085(026102

1.5’

=

3 =

9 172" HBP
Area=13.2917 SF p- |—. —]

g21'/*

15 —— Salvaged Brtuminous
/_ Base Course
Area=35417 SF

'I (Both Shidrs)
T

A s

NOTE:! Curve section same
as Tangent except
for Supsrelevoation

Salvoged Aggregate Base

TANGENT

Z 9° Saivaged Bit.
Base Course
Area=3225 SF

— 4

S— g




TATE]  FED AID PROJ NO. SEE |
8 |N.D.| F-5-0850265102 12

PROPOSED TYPICAL SECTION -

STA. 465+216 TO S505+75.6

' 5!
S 1/2° HBP -
15 =] Area=132917 SF - I‘- =15 —— Salvaged Bituminous
o2 /_ " Base Course
Area=35417 SF
-| (Both Shldrs.)

: Saivaged Aggregate Base
Geogrid

TANGENT

NOTE: Curve section same
as Toangent except
for Superelevation

Z 9* Scivaged Bit. {_ 4

Base Course
Area=3225 SF
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NORTH DAKOTA DEPARTMENT OF TRANSPORTATION
SPECIAL PROVISION
GEOGRID BASE REINFORCEMENT
PROJECT NO. F-5-085(026)102
| MARCR 22, 1991

DESCRIPTION

This work shall consist of furnishing and installing a geogrid reinforcement
blanket for base reinforcement.

MATERIALS

The geogrid shall be a vregular grid structure formed by biaxially
drawing a continuous sheet of select polypropylene material and shall
have aperture geometry and rib and junction cross-sections sufficient to
permit significant mechanical interlock with the material being
reinforced. The geogrid shall have high flexural rigidity and high
tensile modulus in relation to the material being reinforced and shall
also have high continuity of tensile strength through all ribs and
junctions of the grid structure. The geogrid shall maintain its
reinforcement and interlock capabilities under repeated dynamic loads
while in service and shall also be resistant to ultraviolet degradation, to
damage under normal construction practices, and to all forms of
biological or chemical degradation normally encountered in the material
being reinforced.

The geogrid shall also conform din all vrespects to the property
requirements listed below:

PROPERTY TEST METHOD UNITS VALUE
Interlock
Aperture s'ize1 I.D. Calipered2
MD in 1.0 (nom)
CMD in 1.3 {(nom)
Open area COE Method3 A 70 (min)
Thickness ASTM D 1777-64
Ribs in 0.03 {nom)
Junctions in 0.11 (nom}
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MATERIALS (CONTINUED)

PROPERTY TEST METHOD UNITS VALUE
Reinforcement
Flexural rigidity ASTM 01388-644 mg=~cm 250,000 (min)
Tensile modulus GRI GG1-87° 1b/ft 14,000 (min)
Junctions GRI 662-876
Strength 1b/ft 750 (min)
Efficiency ' % 90 (min)
Material
Polyproplyene ASTM D 4101 % 98 (min)
Group 1/Class 1/Grade 2
Carbon Black ASTM 4218 % 0.5 {min)
Notes:

1 MD dimension is along roll length. C(MD dimension is across roll width.
2 Maximum inside dimension in each principal direction measured by calipers.
3 Percent open area measured without magnification by Corps of Engineers
method as specified in CW 02215 Civil Works Construction Guide,
November 1977. '

4 ASTM D 1388-64 modified to account for wide specimen testing as described
in Tensar test method TTM-5.0 "Stiffness of Geosynthetics."

5 Secant modulus at 2% elongation measured by Geosynthetic Research Institute
test method GG1-87 “Geogrid Tensile Strength." No offset allowances are made
in calculating secant modulus.

6 Geogrid junction strength and junction efficiency measured by Geosynthetic
Research Institute test method GG2-87 "Geogrid Junction Strength."

CONSTRUCTION REQUIREMENTS

The geogrid shall be placed where specified so that the roll length runs
parallel to the roadway. The geogrid material shall be tensioned by hand to
remove all slack and secured at the roll ends by driving stakes, staples,
hooks, or nails with washers through the grid apertures into the ground.
Joints shall be overlapped a minimum of 24 inches in the direction that the
fi11 will be spread so that the previous roll overlaps the subsequent roll.
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When the aggregate is placed, construction equipment shall be limited in size
and weight to limit the amount of rutting. If rutting does occur, additional
aggregate shall be placed to fill the ruts. The ruts shall not be bladed
out. Turning and short stopping shall be avoided to prevent the grid from
shifting. A minimum of 4 inches of material shall be spread before equipment
may operate on the grid. The granular fi11 shall be compactéd according to
Section 302.04 F., 1, Ordinary Compaction.

The Engineer may order .the removal of at Teast 4 square yards of material to
inspect for damage to the grid, Tears in the grid shall be patched, at the
Contractor's expense, with the grid being lapped a minimum of 36 inches around
the tear,

METHOD OF MEASUREMENT

The geogrid shall be measured by the actual surface area covered to the
nearest square yard. No allowance will be made for overlaps.

BASIS OF PAYMENT

The quantity measured as provided will be paid for at the Contract Unit Price
for the square yards of geogrid accepted by the Engineer.
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