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v Georgia Institute of Technology

A UNIT OF THE UNIVERSITY SYSTEM OF GEORGIA

ATLANTA, GEORGIA 30332 .
SCHOOL QF TELEPHONE
CIVIL ENGINEERING TELEX: 542507 GTRC OCA ATL 140418946225

February 3, 1986

Mr. Crawford Jencks

Projects Engineer, NCHRP
Transportation Research Board
2101 Constitution Avenue, NW
Washington, D.C. 20418

Dear Crawford:

Enclosed is the (1) Work Plan for NCHRP 10-33, including the Progress
Schedule and (2) the first monthly report. I plan to use the Georgia
Tech cost sharing funds to help pay for the cost of completion the project.
Cost sharing funds, however, are not shown on the Progress Schedule.
This helps to explain why the expenditures shown on the Progress Schedule
decrease significantly during the last portion of the project.

: I have sent under separate cover a loan copy of Dr. Zeevaert's
thesis. I have just heard from him, and he will be able to make the
revisions to the computer program.

I feel the project has gotten off to a good start. Things have,
however, been a little hectic trying to get both the administrative and
technical portions of the project going at once. I have already received
several interesting sets of long-term performance data from manufacturers,
with-at least one or two known sets of data yet to be obtained.

i o BT

I will send justification for the selection of the analytical metheod
to be used in the study to you within about a week. If you have any
questions concerning the work plan and Progress Schedule, please discuss
them with me.

Sincerely,

e i vy e gew T p .

Richard D. Barksdale
Professor

RDB:ve
Enclosures
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NATIONALGOPERATIVE HIGHWAY RESEARCHQOGRAM
TRANSPORTATION RESEARCH BOARD
NATIONAL RESEARCH COUNCIL

PROGRESS SCHEDULE :

NCHRP Project No. _10-33: Potential Benefits of Geosynthetics in Flexiblgy’ 86 Monthﬂa_rz__
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Principal Investigator _ Richard D. Barksdale
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Funds Expended %2 Time Expended % __%-8
Contract Amount  $.100,000 Starting Date Jan. b, 1986
Expended this Month $ 2304 - Completion Date Jan. 5, 1988 .
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el Salaries and Wages Spent This Month $.2304 i
e 12/2/75 Accumulated Salaries and Wages ToDate § 2304 20.0008
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Georgia Institute of Technology :ttL

A UNIT OF THE UNIVERSITY SYSTEM OF GEORGIA

} ATLANTA, GEORGIA 30332 :
SCHOOL OF TELEPHONE

CIVIL ENGINEERING TELEX: 542507 GTRC OCA ATL (4041 884.6225

February 28, 1986

Mr. Crawford Jencks

Projects Engineer, NCHRP
Transportation Research Board
2101 Constitution Avenue, NW
Washington, D.C. 20418

Subject: Monthly Progress Report
NCHRP 10-33 Project

Dear Crawford:

Enclosed are the (1) three copiles of the monthly progress schedule,
and (2) 20 copies of the justification for the analytical approach.
Quite good technical progress has been made to date on the project.

We, however, are having important problems in getting a response
concerning the contract from Ms. Ann Fisher of NCHRP. Lack of a
contract means that, up to the present time, I have not had any real
funds to perform the project with. This has now become a serious
problem which could result in the project getting behind schedule.

I therefore would greatly appreciate your help in trying to obtain a
response from Ms. Fisher concerning our contract.

Sincerely,

Richard D. Barksdale
Professor

RDB:ve -
Enclosures

AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION
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Principal Investigator __

NAT'C"?"?.-’.".OOPERATIVE HIGHWAY RESEATSP PROGRAM
"RANSPORTATION RESEARCH BOARD

NATIONAL RESEARCH COUNCIL

PROGRESS SCHEDULE
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FIG. B—CONTRACT FUNDS FIG. C-CONTRACT PERIOD
Funds Expended % 4 Time Expended % _9-6
Contract Amount  § 100,000 Starting Date Jan. 6, 1986
Expended this Month § 2304 Completion Date Jan. 3, 1988
Total Exp. To Date $ _4608 -
Balance $_95,392
Salaries and Wages Estimated This Month $ 2304 _
Salaries and Wages Spent This Month $ 2304 -
Rev. 1272775 Accumulated Salaries and Wages To Date  $ 4608 20,1008
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Georgia lnstitute of Technology

A UNIT OF THE UNIVERSITY SYSTEM OF GEORGIA
ATLANTA, GEORGIA 30332

SCHOOL OF | TELEPHONE
CIVIL ENGINEERING TELEX: 542507 GTRC OCA ATL a0 8946225

April 30, 1986

Mr. Crawford Jencks

Projects Engineer, NCHRP
Transportation Research Board
2101 Constitution Avenue, NW
Washington, D.C. 20418

Subject: Monthly Progress Report '
NCHRP 10-33 Project

f Dear Crawford:

e

Enclosed are three copies of the monthly progress schedule.
Good technical progress has been made during April on the project.:

Sincerely,

Richard D. Barksdale
Professor

RDB:vce
Enclosures (3)

AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION



NATION” L COOPERATIVE HIGHWAY RESEA@PH PROGRAM
TRANSPORTATION RESEARCH BO®RD
NATIONAL RESEARCH COUNCIL

. PROGRESS SCHEDULE
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Georgia Institute of Technology

A UNIT OF THE UNIVERSITY SYSTEM OF GEORGIA

. ATLANTA, GEORGIA 30332
SCHOOL. OF TELEPHONE

CIVIL. ENGINEERING TELEX: 542507 GTRC OCA ATL («oay@94a- 6225

May 28, 1986
———

Mr. Crawford Jencks

Projects Engineer, NCHRP
Transportation Research Board
2101 Constitution Avenue, NW
Washington, D.C. 20418

Subject: Monthly Progress Report
NCHRP 10-33 Project

Dear Crawford:

Enclosed are three copies of the monthly progress schedule for
May. We now have a contract with NCHRP, and are negotiating the
subcontract with the University of Nottingham. I had a long
discussion with Steve Brown concerning the experimental program lqst
week and we have developed a tentative testing program. If you have
any questions concerning the project please let me know.

Sincerely,

Richard D. Barksdale
Professor

RDB:vc
Enclosures (3)

AN EQUAL EDUCATION ANDO EMPLOYMENT CPRPCORATUNITY INSTITUTION
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Georgia Institute of Technology

A UNIT OF THE UNIVERSITY SYSTEM QOF GEQRGIA
ATLANTA, GEORGIA 30332
SCHOOL OF

' TELEPHONE
CIVIL ENGINEERING TELEX: 542507 GTRC OCA ATL a04)8846225

August 4, 1986

Mr. Crawford Jencks

Projects Engineer, NCHRP
Transportation Research Board
2101 Constitution Avenue, NW
Washington, D.C. 20418

Subject: Monthly Progress Report ' B
‘ NCHRP 10-33 Project

Dear Crawford:

Enclosed are.three copies of the monthly progress schedule for
July. We now have completed the subcontract with the University of
Nottingham, and things appear to be falling into place. If you have
any questions concerning the project please let me know.

Sincerely,

Richard D. Barksdale
Professor

RDB:vc
Enclosures (3)

AN EQUAL EQUCATION AND F* “PLOYMENT DF? -~ COTY INSTITUTION



NAT, AL COOPERATIVE HIGHWAY RE RCH PROGRAM
TRANSPORTATION RESEARCH ARD
NATIONAL RESEARCH COUNCIL

. . . PROGRESS SCHEDULE .
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@ @ c-20-472

Georgia Institute of Technology
A UNIT OF THE UNIVERSITY SYSTEM OF GEORGIA
ATLANTA, GEORGIA 30332
SCHOOL OF TELEPHONE
CIVIL ENGINEERING TELEX: 542507 GTRC OCA ATL 404 B94. 6225

August 27, 1986

Mr. Crawford Jencks

Projects Engineer, NCHRP
Transportation Research Board
2101 Constitution Avenue, NW
Washington, D.C. 20418

Subject: Monthly Progress Report
NCHRP 10-33 Project

Dear Crawford:
|
Enclosed are three copiles of the monthly progress schedule
for August. I had a long meeting with Steve Brown in Ann Arbor
this week, and I will send you the "revised" testing program for
approval by the panel very soon. If you have any questions
concerning the project please let me know.

Sincerely,

Richard D. Barksdale
Professor

RDB:vc
Enclosures (3)

AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION
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NAQJPNAL COOPERATIVE HIGHWAY re@@hrcH PrOGRAM
TRANSPORTATION RESEARCH BOARD

NATIONAL RESEARCH COUNCIL
. PROGRESS SCHEDULE

Rev. 12/2/75

Salaries and Wages Estimated This Month $ 72372 -

Salaries and Wages Spent This Month $ 3,948 -
Accumulated Salaries and Wages To Date $2__;ﬂ-8___. 20.0008
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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM
TRANSPORTATION RESEARCH BOARD
NATIONAL RESEARCH COUNCIL
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FIG. B—CONTRACT FUNDS FIG. C—CONTRACT PERIOD
Funds Expended % 3L Time Expended %
Contract Amount  $ _LO 100 000__ Starting Date 6, 1986
Expended this Month $ ___5.623 _ Completion Date JLL_I988
Total Exp. To Date $__ 41,23
Balance . $_58,762
Salaries and Wages Estimated This Month $ 8,150
Salaries and Wages Spent This Month $ 5,023
Rev. 12/2/75 Accumulated Salaries and Wages To Date  $ 40,638 20.000!
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TELEX: 542507 GTRC OCA ATL taca1894.6225

December 1, 1986

Mr. Crawford Jencks

Projects Engineer, NCHRP
Transportation Research Board
2101 Constitution Avenue, NW
Washington, D.C. 20418

Subject: Monthly Progress Report

NCHRP 10-33 Project

Dear Crawford:

Enclosed are three copies of the monthly progress schedule
for November. If you have any questions concerning the project
please let me know.

RDB:ve

Sincerely,

Richard D. Barksdale
Professor

Enclosures (3)
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Rev.

12/2/75

Salaries and Wages Estimated This Month $ 6,729
Salaries and Wages Spent This Month
Accumulated Salaries and Wages To Date

$5023
$47 , 367

NCHRP Project No 10-33: Potentlal Benefits of Geosynthetics in Flexibley- Month Nov.'§
avement JIZEME
Research Agency _Georgia Instltut:e o¥ echnology
"Principal Investigator __Richard D. Barksdale _
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FIG. B—CONTRACT FUNDS FIG.C—CONTRACT PERIOD
Funds Expended %_48 Time Expended % __32
' Contract Amount  $.100,000 _ Starting Date Jan. 6, 1986
Expended this Month $ __ 7,019 Completion Date .Jan. 5, 1988
Total Exp. To Date $ _48,257
Balance $_51,743

20.000
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NCHRP Project No, 10-33: Potential Benefits of Geosynthetics in Flexibley- MonthJanua:
Research Agency _Georgia Ingggrgute o¥syi‘gglﬁnology
"Principal Investigator __Richard D. Barksdale — —
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FIG. B—CONTRACT FUNDS FIG. C—CONTRACT PERIOD
Funds Expended %_64 Time Expended % _%2
Contract Amount  $.100,000 _ Starting Date Jan. 6, 1986
Expended this Month $ __6,319 Completion Date Jan. 5, 1988
Total Exp. To Date $_64,127
Balance $.35,873 _

Salaries and Wages Estimated This Month § _ 5,000
Salaries and Wages Spent This Month $_4,509
Rev. 12/2/75 Accumulated Salaries and Wages To Date $ 37,804 20.00
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NCHRP Project No. 10-33 Poteggéileenefits of Geosynthetics in Flexiblegy- Month Februa:
Research Agency _Georgia Instltute of” Eemﬁnology
"Principal Investigator _Richard D. Barksdale
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FIG. B—CONTRACT FUNDS FIG. C—CONTRACT PERIOD
Funds Expended %70 Time Expended %
Contract Amount  $-100,000 Starting Date j 6, 1986
Expended this Month $ _ 6,319 Completion Date _Jg_r1_§L_l988
Total Exp. To Date $_ 70,446
Balance $_29,554
Salaries and Wages Estimated This Month $ __ 5,000
Silaries and Wages Spent This Month $_4,509

Rev. 12/2/75 Accumulated Salaries and Wages To Date $ _62,313 20.0008
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Salaries and Wages Estimated This Month $ 1,500
Salaries and Wages Spent This Month
Accumulated Salaries and Wages To Date

$ 4,030
$23,291
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"Principal Investigator __Richard . Barksdale
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FIG. B—CONTRACT FUNDS FIG. C-CONTRACT PERIOD
Funds Expended % _8,_3_____ Time Expended % 76
Contract Amount  $ 100,000 Starting Date Jan, 6, 1986
Expended this Month $. 3,098 Completion Date _Jan. 5, 1988
Total Exp. To Date $_ 83,234
Balance $..16,766

20.00¢
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NCHRP Project No. 10~33: Potential Benefits of Geosynthetics in Flexibley:

PAvement S
Research Agency _Georgia Institute o
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Month _May 19

Richard D. Barksdale

Rev.

12/2/75

Contract Amount
Expended thisMonth $.___0
Total Exp. To Date
Balance

$

$ 83,236
$_ 16,766
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' NCHRP Project No, _10-33: Potentlal Benefits of Geosynthetlcs in Flex1bl¢y Month __July
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Contract Amount $.1.00,000__
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lO 33: Potent1a1 Benefits of Geosynthetics in Flexibley: October
NCHRP Project No. — - pavement sysiem Y DLFy’___ Month _ZJEEOREL
Research Agency _Georgia Instituté © echnology
"Principal Investigator __Richard D. Barksdale
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FIG. B—CONTRACT FUNDS FIG. C-=CONTRACT PERIOD
Funds Expended %_93 Time Expended % ._195
Contract Amount  $.1.00,000 Starting Date Jan. 6, 1986
Expended this Month $ __ 1,000 Completion Date Jan. 5, 1988
Total Exp. To Date $_ﬂ&34
Balance $__ 6,966
Salaries and Wages Estimated ThisMonth $ _1500
Salaries and Wages Spent This Month $ 1000 __
Rev. 12/2/75 Accumulated Salaries and Wages To Date $83,094 20.0008
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NCHRP Project No. 10 33: Egselr:lgriéleeneflts of Geosynthetics in Flexiblgy:
Research Agency _Georgia Institute ogs}femﬁnology
"Principal Investigator __Richard D. Barksdale .
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FIG. B—CONTRACT FUNDS FIG. C—CONTBAC_T PERIOD
Funds Expended ' %___95 Time Expended % 118
Contract Amount $ 100,000 Starting Date Jan. 6, 1986
Expended this Month $ 1,648 Completion Date Jan. 5, 1988
Total Exp. To Date $__9‘L4682
Balance $_35.318
Salaries and Wages Estimated This Month $
Salaries and Wages Spent This Month $ y AP
Rev. 12/2/75 Accumulated Salaries and Wages To Date  §.85,301 20.0008 °
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NCHRP PROJECT 10-33
POTENTIAL BENEFITS QOF GEOSYNTHETICS IN
FLEXIBLE PAVEMENT SYSTEMS

INTRODUCTION

Research Problem Statement

Test results indicate that the tensilie forces that can be developed in
geotextiles and other geosynthetics, such as geomembranes and geogrids,
hereinafter referred to collectively as geosynthetics, will increase the
structural capacity and improve the performance potential of aggregate—surfaced
roads placed over very weak subgrades (i.e., CBR less than 2). Techﬁiques have
been demonstrated whereby geosynthetics can be tensioned either by prestretching
the geosynthetic or by iocading and developing ruts in the geosynthetic-aggregate
system, before placing additional (leveling) aggregate pase.

The applicability of geosynthetics to higher type pavement systems
incorporating unbound granular pavement layer(s) with an asphalt surface
(flexible pavement systems) needs to be studied to determine whether the
structural capacity and performance potential can be improved. Although
geosyntheties have been used to some extent in the unbound granular layers of
higher type pavements, their behavior and influence on pavement performance are
not well understood. Consequently, a number of questions must be answered
before the feasibility of widespread use of geosynthetics in flexibie pavement
systems can be determined, for example: (1) What types of geosynthetics should
be used and what properties of these geosynthetics must be specified? (2) Is
prestressing geosynthetics necessary and practical? (3) Under what conditions

do geosynthetics influence flexible pavement systems? (4) Can the benefits of

geosynthetics be documented?



Objective

The objective of this study is tc determine the feasibility of including
geosyntheties on the subgrade or in the unbound layers to improve the
performance of flexible pavement systems or to provide alternative designs for

equal performance.

SUMMARY OF PROGRESS

Technical progress during the first quarter on Project NCHRP 10-33 has been
excellent. The work plan has veen submitted for review. Also, Task 1 has been )
completed which involved selecting an analytical model for use in a sensitivity
study of geosynthetic reinforced pavements. A report was submitted earlier
describing the results of Task 1.

The GAPPS7 b?ogram which was selected under Task 1, has been checked out,
and set up for production runs. Validation of the GAPPST finite program has
also been carried out. Material properties have been selected, finite element
meshes generated, and preliminary results have started toc be cobtained concerning
the benefits of geosynthetic reinforcement of granular bases.

The preliminary finite element GAPPS7 results indicate that probably no
benefits will be obtained for asphalt concrete surface thicknesses greater than
3 in. This tentative finding is in agreement with the results observed by
Penner et al. (1985) in model tests. For thinner surfacings the geosynthetic
may nave to undergo relative large deformations before any important beneficial
effects are observed for at least conventional geosynthetic reinforcing systems
where prestressing has not been employed. Tne performance of pavements having

relatively thin asphalt concrete surfacings will be studied in detail during the

next quarter.



Contract Negotiations; A serious problem currently exists since

negotiations on the contract have not been completed. Absence of a contract in
the near future will undoubtedly slow down progress on the project.

The Georgia Institute of Tecnnology is still waiting for a formal response
involving contract negotiations to a letter sent to NCHRP on January 14, 1986.
Because of the absencé of a contract, it has not been possible to spend to date
"real" money for items such as student research assistants, computer time and
materials ané supplies. Also, tne Geofgia Institute of Technology has not been .
able to proceed with subcontract negotiations with the University of Nottingham

or with the project consultants.



DEVELOPMENT OF THE ANALYTICAL MODEL

Finite klement Anaiysis

As discussed in the work plan, finite element analyses wili be performed
for a wide range of variabies. Development of subgrade rutting is considered
important in mobilizing resisting forces in the geosynthetic. As discussed in
the work plan, two different series of analytical analyses will be performed.

Series 1. »For the first series the analytical study wiil consist of

applying a single load application to granular base pavements with and

Wwithout geosynthetic reinforcement. This phase of the study wilil

include investigating a large number of variables that may influence

the performance of a geosynthetic reinforced pavement.

Plasticity parameters corresponding to 100 load repetitions (N)
are being used for Phase 1. The use of the plasticity parameters
corresponding to N=100 is considered a reasonable compromise between
allowing rutting to occur under a single load application, and
obtaining tensile strains in the bottom of the asphalt concrete that
are reasonably representative of the initial elastic condition.

Initial elastic tensile strain is usuaily used to predict fatigue

behavior of the agphalt concrete surfacing.

Based on primary anaiytical results, some computer runs will also
be made in which plasticity characteristics corresponding to N=100,000
wiil also be applied in a single load application.

Series 2. The Series 2 analytical study will consist of applying

several load repetitions to the pavement so that permanent deformation

and residual stresses can be accumulated in a manner which

approximates that occurring in the field. Probably the equivaient of

N=100,000 repetitions (or pernaps more) will be appiied in three or



four loading cycles. Only the most promising conditions identified

under the Series 1 study will be investigated more thoroughly in this

phase because of the large amount of computer time required for cyclic

load application.

A typical grid used in the finite eiement analysis is shown in Figure 1.
This general type gri& is presently being used with eight node, isoparametric
elements. The gﬁid shown is for a pavement with a one inch thick asphalt
concrete surfacing and the geosynthefic placed within the granular base.

Equivaient Singie Wheel Load

A supplemental investigation was performed to determine an appropriate
single wheel load that could be used to replace a dual wheel loading in the
nonlinear finite glement analyses. This trial and error study was performed
using a modified version of the Chevron 5-layer program (Greene, 1986).

The results of this study, which are summarized in Table 1, indicate a
single wheel load of 8000 lbs applied at a pressure of 120 psi over a radius of
4.6 in. gives a satisfactory approximation of a 4500 1lb dual wheel load at é
tire pressure of 110 psi (radius = 3.6 in). Thus the equivalent single wheel
loading will be used in the finite element study since a dual wheel loading is
not permitted in the GAPPS7 program.

Geosynthetic Properties

The material properties of geosynthetics vary greatly depending upon
composition, manufacturing process and the weight per unit area of material used.
For performing a finite element analysis using a geosynthetic as the reinforcing
element, the following materiai properties are of importance:

i. Load-strain response (anaiogous to the stress-strain response

of conventional materials). Load is usually expressed as pounds per

linear inch of the material.
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Figure 1. Typical grid used in Finite Element Analysis



Table 1. Comparison of Tensile Strain in Asphalt Concrete and Vertical
Subgrade Stress For Dual and Single Wheel Loadings - Asphalt Concrete
Modulus of 650,000 psi(!

Geometry A.C. Tensile Strain and Vertical Subgrade Stress(1)
: Epase = 21,000 psi Epase = 49,000 psi
A.C. Granular Esubgrade = 3000 pSi Esubgrade = 7000 pSi
Surface Base ’
Thick. Thick.
(in) (in) Dual (2) Single(3) Dual(2) Single(3)
1 6 619 613 213 175
(13.%) (17:3) (14:6) (19.0)
3 6 Lg7 552 302 338
(7.1) (7.5) (8.7) (9.6)
3 10 L23 483 A 259 296
(4.8) - (4.8) (5.6) (5.7
3 16 389 445 21 " 2716
(2.9) (2.8) (3.2) - (3.1)

Notes: 1, The top number of calculated response is maximum tensile strain in the
bottom of the asphalt concrete (times 10°), and the number in parentheses
is maximum vertical subgrade stress in psi.

2. Dual wheel loading: P = 4500 1lbs, r = 3.6 'in, p = 110 psi.
3. 8ingle wheel loading: P = 8000 1lbs, r = 4.6 in, p =-120 psi.



2. Ultimate strength of the geosynthetic which is usually also expressed
as pounds per inch.

3. Strength at the interface between the geosynthetic and the granuiar
base course material 1ocated‘above, and the subgrade material located
below the geosynthetic.

Present plans are to consider typical "generic" geosynthetic material

properties and not relate these properties, in the NCHRP report, to any specific

manufacturer's products. Because of differences in test methods, variation of

properties in the warp and fill directions, and wide variations in product lines
direct comparisons of various geosynthetics would be hard to reliably accomplish;
Also, the identification of specific manufacturers would undoubtedly generate
considerable unfa!orable respense from them.

Figure 2 shows the load-strain curves selected for use in this study. The
low stiffness/strength curve shown is similar to Geotex 44-612 which is a
polypropylene tape fabric having a weight of 3.2 oz/ydz. The moderate
stiffness/strength curve shown is similar to Exxon GIF 200 which is a woven
polyester fabrié weighing 4.6 oz/yda. The moderate stiffness curve is aiso
similar to Mirafi 500X or Tensar SS-1. The nigh stiffness/strength ioad-
deformation curve is s;milar to Tensar SR-1 polyethelyne geogrid. This high
stiffness curve is also quite similar to Kevlar 181.

Higher and lower stiffness curves than those shown in rigure 2 will also be
used as necessary to thoroughly study the reinforcement of granular bases.
Preliminary results indicate the load carried by the geosynthetic in a typical
low deformation pavement application will be less than about 50 1b/in and often
less than 20 1b/in, at least initially.

Bonding. Three levelis of bonding between the geosynthetic and adjacent

material will be considered as found to be required and are as follows:
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1. Full bond between the geosynthetic and the granuiar base and

cohesive subgrade.

2. A high level of bond between the ygeosynthetic and the granular
base and cohesive subgrade as follows:
Base: ¢z = 4 psi and & = 25°
Subgrade: ¢z = 0.8 ¢ and ¢ = 9°
where cy is the adhesion and ¢ the angle of friction between the
geosyntnetic and adjacent material. The cohesion of a cohesive
subgrade is represented by c.

3. Low level of bond:

Base: c¢5 = 2 psi and ¢ = 22°
Subgrade: ¢y = 0.3¢c and o = 3°
The above values of bonding were determined from the results of a large number

of tests performed on a wide range of geosynthetics.

Subgrade Material Properties

The elastic subgrade properties selected for use in the nonlinear finite
element analyses are shown in Figure 3. The nominal elastic moduli at the break
point (Figure 3) for the poor, fair and excellent conditions considered are 2000
psi, 5000 psi and 10,000 psi, respectively.

Plastic Subgrade Properties. The tensile load carried by the geosynthetic and

hence its effectiveness as a reinforcing element will become greater as the
permanent deformation in the suograde increases. Further, subgrade permanent
deformation will become larger wWith increasing numbers of load repetition.

Permanent deformation will alsoc become greater for weaker subgrades. Therefore,

present plans are to use plasticity characteristics corresponding to relatively
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poor subgrades having unsoaked CBR values in the range of 0.9 to 2.1 (Table 2).
The range in subgrade strength selected approximately corresponds to a firm to
stiff subgrade. Subgrades having higher or lower strengths wili of course be
investigated later if the analytical results indicate additional useful
performance data might be obtained.

The plastic soil‘characteristics will be used corresponding to a low
compressibility clay subgrade whicn classifies as a CL soil‘by the Unified Soil
Classification System (Scharz, 1981). The ASTM D-098 maximum dry density of
this clay is 118.2 pef at an optimum water content of 12.7%. Plastic soil
properties used corresponded to the conditions given in Table 2.

The plasticity characteristics were developed using a repeated load
triaxial testing apparatus. The tests were performed employing a constant
confining pressure of 5 psi and a dynamic axial stress puise duration of 0.2 sec
at 20 cpm. The relationship was developed between deviator-stress, U T g, and
the plasticity parameter H' for 100 and 100,000 load repetitions. Thé
plasticity parameter H' is defined as the derivative of the deviator stress Wwith
respect to plasﬁic strain for a given nuamber of load repetitions.

Base Course Properties

The elastic propegties of the granular base course was selected using the
summary of constants deseribing ranges in resilient moduli tabulaped by Shook et
al. (1982). The resilient moduli constants that describe the elastic response
for a poor and excellent granular base were estimated by taking the average of
the low and high extremes given in Tabie 5 of Shook et al. (1382). The
resilient moduli constants for a good pase were taken as the average of the
extreme values for the poor and excellent materials.

The elastic material properties found by this procedure, slightly smoothed

out, are as follows:



Table 2. Characteristics of Subgrade Soil Used to Model the Pasticity Behavior

Unconsolidated-
§ of Max. Moisture Undrained Shear
Dry Density Dry Density Content Strength Unsoaked Consis-
Subgrade (pef) D-698 (%) (psi) CBR tency
Poor 102.4-104.1 86.6-88.1 22.2-22.9 4.6 0.9 Firm
Fair 104.9-106.2 88.7-89.8 19.3-20.4 6.7 1.5 Firm

Good Extrapolated from test results for shear 8.5 2.1 stiff
strength of 3.3, 4.6 and 6.7 psi -



Poor Base: Ep = 2500 v0-3 (1a)

Good Base: E, = 5000 -6 (1b)

Excelient Base: En = 7000 o0.66 (1c)
where

Ep = resilient modulus of elasticity (psi)

v = bulk stress, o *+ vz *+ vz (psi)

Plastic Base Properties. Plastic properties for excellent, fair and poor
granular bases Qere developed for 100 and 100,000 load repetitions from repeated .
load triaxial test results described by Barksdale (1972). The crushed stone
base material modeled was a crushed granite gneiss compacted to 100% of AASHTO
T-180 maximum dry density. The excellient base has 3% fines, the fair base
11.25% fines and the poor base 22% fines. Relationships were developed for
deviator stress, oy - vy, as a function of the plasticity parameter H'. The
parameter H' is the derivative of deviator stress with respect to the permanent
strain in the specimen. Relationships were found for confining pressures of

botnh 3 and 5 psi.

Asphalt Concreté Modulus

A sensitivity study was performed to determine a representative vaiue of
the modulus of elasticity of the asphalt concrete to use in the finite element
analysis. The sensitivity study considered vehicle speed, asphalt concrete
temperature and mix design variables. A geosynthetic would demonstrate a higher
level of reinforcement for lower stiffnesses of the asphalt concrete. Therefore
asphalt concrete stiffnesses were selected which were realistic but perhaps
slightiy on the low side.

Both frequency of loading and the temperature of the asphalt concrete have
a very important effect on the asphalt concrete modulus. A vehicle speed of 40

mph was selected for estimation of the asphalt concrete modulus. This vehicle



speed corresponds to a loading frequency of approximately 36 hertz for asphalt
concrete surface thnicknesses of about 2 to 4 in. (Barksdale, 1971). For
compar ison, moduli for a vehicle speed of 20 mph (1§ hertz) were also used in
the sensitivity study to establish possible variations in moduli.

A mean annual air temperature of 60°F was selected as being representative.
This is the average of the three air temperatures given by Shook et al. (1982).
A mean annual air temperature of 60°F corresponds to an asphalt concrete
temperature of about 82°F, for surface thicknesses of about 2 to 4 inches, based-
on the work of Ngowtrakul (1976). For comparison, in Georgia the average annual
asphalt concrete temperature for simiiar thicknesses is about 89°F and the mean
annual air temperature approximately 65°F. To consider the effect of elevated
temperatures during warm summer months, a temperature of 30°F was also included
in the sensitivity study.

In the sensitivity study an initial absoliute viscosity of 2.5 million
poises was used for the asphalt cement. This viscosity corresponds to an AC-20
asphalt cement which would be used in the warmer regions. In the developmént of
the ninth (1981) edition of The Asphalt Institute Thickness Design Manual
{(MS-1), Shook et al. (1982) used for an asphalt concrete surface mix 4% air
voids and an aggregate having 5% percent passing the No. 200 sieve. These
values were considered as typical and also chosen for this study.

Results of the sensitivity study are given in Table 3, with values of the
variables used also summarized in the table. For the design conditions selected
(Mix 1, Table 3), an asphalt concrete modulus of 654,000 psi was estimated using
a modified version of the equations for stiffness prediction developed by
Witezak; a value of 050,000 psi is therefore being used in most of the

analytical study. Also shown in the table are the aspnalt concrete modull for a

range of conditions including a vehicle speed of 20 mph and an asphalt concrete



Table 3. Variation of Dynamic Asphalt Concrete Moduius of
Elasticity as a Function of Selected Variables

MIX DESIGNATION

Property 1 2 3 4 5 o 7 8
P200 5 5 5 5 8 8 8 8
vy 4 y y y 6 6 6 6
Viscosity 2.5 2.5 2.5 2.5 2.5 2.5 2;5 2.5
(106 Poises) '
f(h3) 36 36 18 18 36 36 18 18
T(Op) 82 90 82 90 82 90 82 90
ACS 5.5 5.5 5.5 55 6.5 6.5 6.5 6.5
Opt AC% 5.5 5.5 5.5 5.5 6.5 6.5 6.5 6.5
Eac 654 465 584 346 540 373 M0 267
(x103) psi : .

Notes: 1. Ppogp = % aggregate passing the No. 200 sieve; Vy = volume of
voids; f = frequency of ioad application (hertz); Average
temperature of A.C.; frequency and pavement temperature for
3 in. A.C. thickness. ) .



temperature of 90°F. These results indicate a reasonable lower bound of the
asphalt concrete modulus is about 300,000 psi which will also be used in a

Supplementary finite element study.

WORK PLANNED FOR NEXT QUARTER
A significant portion of Task 2, the analytical sensitivity study of the

ef'fect of geosyntnetic reinforcement, should be completed next quarter. Work to
be performed will hopefully include implementation of provisions for
prestressing ﬁhe geosynthetic (this portion of the project could be held up
because of the absence of funds caused by not having a contract). Also,
potential test sections will be developed and submitted for approval. .wOrk will
also be initiated to study from the literature thé long term properties of
geosynthetics‘an&;costs associated with prestressing a geosynthetic.

~ Some preliminary work may be bégun on Task 3, which invoives performing the
laboratory pavement evaluation tests at the Universigy bf Nottingham. Contract
negotiations cannot, however, be carried out with the University of Nottingham
until Georgia Tech has signed a contract with the NCHRP. Therefore a serious
question presently exists as to wnether Task 3 will be started during the second

quarter.
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NCHRP PROJECT 10-33
POTENTIAL BENEFITS OF GEOSYNTHETICS IN
FLEXIBLE PAVEMENT SYSTEMS

INTRODUCTION

Research Problem Statement

Test results indicate that the tensile forces that can be developed in
geotextiles and other geosynthetics, such as geomembranes and geogrids,
hereinafter referred to collectively as geosynthetics, will increase the
structural capacity and improve the performance potential of aggregate-surfaced
roads placed over very weak subgrades (i.e., CBR less than 2). Techniques have
been demonstrated whereby geosynthetics can be tensioned either by prestretching
the geosynthetic or by loading and developing ruts in the geosynthetic-aggregate
system, before placing additional (leveling) aggregate base.

The applicability of geosynthetics to higher type pavement systems
incorporating unbound granular pavement layer(s) with an asphalt surface
(flexible pavement systems) needs to be studied to determine whether the
structural capacity and performance potential can be improved. Although
geosynthetics have been used to some extent in the unbound granular layers of
higher type pavements, their behavior and influence on pavement performance are
not well understood. Consequently, a number of questions must be answered
before the feasibility of widespread use of geosynthetics in flexible pavement
systems can be determined, for example: (1) What types of geosynthetics should
be used and what properties of these geosynthetics must be specified? (2) Is
prestressing geosynthetics necessary and practical? (3) Under what conditions
do geosynthetics influence flexible pavement systems? (4) Can the benefits of

geosynthetics be documented?



Objective

The objective of this study is to determine the feasibility of including
geosynthetics on the subgrade or in the unbound layers to improve the
performance of flexible pavement systems or to provide alternative designs for

equal performance.

SUMMARY OF PROGRESS

Task 2 - Sensitivity Study

Technical Progress during the second quarter has been only fair. To
efficiently perform the analytical sensitivity study, a detailed bank of data
was prepared and stored in the computerf This data includes both material
properties and finite element grids. About 50 nonlinear computer runs were made
to study the sensitivity of the various parameters on pavement performance.
Unfortunately, a problem involving the numerical curve fitting of the plasticity
properties of the base and subgrade was recently discovered after the runs had
been made. Therefore, to provide reliable sensitivity study results, this ﬁork
is presentlyrbeing re-run. This temporary set-back accounts for only reporting
fair progress during this quarter.

Also as a part of Task 2, the initial work for adding the ability to
consider the effectiveness of prestressing the geosynthetic to the GAPPSY
program has been completed by Dr. Zeevaert. These additions are presently being
added to the program, and will be carefully checked out during the next quarter.
Modifications will then be made if found to be necessary, and the sensitivity
study performed.

A study was conducted concerning the practical aspects associated with
prestressing a geosynthetic reinforcing element. To have the potential for an

important improvement in performance, the geosynthetic should be prestressed in



at least the direction transverse to that of vehicle movement. Also,
prestressing would be most likely to be carried out where the subgrade soil is
soft. For conditions where a soft subgrade exists, anchorage of the
geosynthetic becomes a serious problem. For example consider a soft subgrade
having an undrained shear strength of about 500 psf. Wood stakes 2 in. by 2 in.
by 3 ft. in length having a spacing of about 1.5 ft to 2.0 ft would be required
to hold a light prestress load of only about 20 1bs/in (240 1bs/ft). The cost
to apply this light level of prestress, by an experienced contractor, would
probably be slightly greater than the cost of geosynthetic itself. Thus the
practicality of applying even a light prestress is questionable where a soft
subgrade is present. This is particularly true considering that about one-~half
of the initial prestress will be lost quite quickly due to stress relaxation
within the geosynthetic.

Task 3 - Laboratory Study

Some preliminary work was begun during the past quarter on Task 3 which
involves the laboratory testing of large-scale pavement models. In particular
work was begun on the design, construction and calibration of miniature
diaphragm pressure cells and Bison-type inductance strain coils.

Task 4 - Engineering Feasibility

Some work was also begun on obtaining from the literature long term
durability properties of geosynthetics. Work on Task 4 was to begin, according
to the Progress Schedule, in July.

Contract Negotiation and Project Staff.

The contract negotiations were finally completed with the NCHRP and a
completed contract obtained at the end of April. The signed contract thus made

it possible to hire, in late May, two undergraduate student assistants to assist



in performing the sensitivity study. Mr. Bill Orr, a graduate research

assistant, has been working on the project since September of 1985.
Negotiations involving the subcontract with the University of Nottingham

are presently underway, and hopefully will be completed in the early part of

July.
WORK PLANNED FOR NEXT QUARTER

The sensitivity study, Task 2, will be essentially completed during the
next quarter. This work should progress reasonably fast since all of the
pertinent material properties and grids are in a data bank. The prestress
additions to the GAPPST program should be completed, and most of this portion of
the sensitivity study completed.

A detailed work plan for the experimental program, Task 3, will be
developed and submitted for approval. Actual construction of test sections
under Task 3 shpuld begin at the University of Nottingham during the latter'part
of the next quarter or else the first of the following quarter.

Work on Task U4, the engineering feasibility of using geosynthetics within
granular bases, will be continued involving the long-term durability aspects of

geosynthetics and also separation aspects.
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NCHRP PROJECT 10-33
POTENTIAL BENEFITS OF GEOSYNTHETICS IN
FLEXTBLE PAVEMENT SYSTEMS

INTRODUCTION

Research Problem Statement

Test results indicate that the tensile forces that can be developed in
geofextileﬁ and other geosynthetics, such as geomembranes and geogrids,
hereinafter referred to collectively as geosynthetics, will increase the
structural capacity and improve the performance potential of aggregate-
surfaced roads placed over very weak subgrades (i.e., CBR less than 2).
Techniques have been demonstrated whereby geosynthetics can be tensioned
either by prestretching the geosynthetic or by loading and developing ruts
in the geosynthetic-aggregate system, before placing additional (leveling)
aggregate base.

. The applicability of geosynthetics to higher type pavement systems
incorporating unbound granular pavement layer(s) with an asphalt surface
(flexible pavement systems) needs to be studied to determine whether the
structural capacity and performance potential can be improved. Although
geosynthetics have been used to some extent in the unbound granular layers
of higher type pavements, their behavior aﬁd influence on pavement
performance are not well understood. Consequently, a number of questions
must be answered before the feasibility of widespread use of geosynthetics
in flexible pavement systems can be determined, for example: (1) What types
of geosynthetics should be used and what properties of these geosynthetics
must be specified? (2) Is prestressing geosynthetics necessary and
practical? (3) Under what conditions do geosynthetics influence flexible

pavement systems? (4) Can the benefits of geosynthetics be documented?



Objective

The objective of this study is to determine the feasibility of includ-
ing geosynthetics on the subgrade or in the unbound layers to improve the
performance of flexible pavement systems or to provide alternative designs

for equal performance.

SUMMARY OF PROGRESS

Task 1 - >Complete

Task 2 - Sensitivity Study

Technical progress during this quarter has, in general, been qﬁite
good. Computer runs involving the main parameters being studied have been
performed. Computer output data is presently being tabulated and analyzed.
Also, a supplementary sensitivity study was performed during the quarter
using elastic material properties, and the results put into tabular and
graphical form.

The prestress option was added to the GAPPS7 computer program, and
trial runs are presently underway. Also, the study involving slack in the
geosynthetic was begun. In specific, the development of models of the
modified geosynthetic force-strain curves that include the effect of slack

by curve fitting techniques was undertaken.

Task 3 - Laboratory Experimental Study

During this quarter an emphasis was placed upon developing the experi-
mental plan and preparing the Nottingham Test Facility for conducting the
tests. The experimental work was closely coordinated between Georgia Tech
and The University of Nottingham. One meeting (in Ann Arbor, Michigan) was
held between Prof. Barksdale and Prof. Brown to develop an optimal experi-

mental plan. Also, several telephone conversations concerning the



experiments were held with Prof. Brown, Mr. Brodrick and Mr. Dawson of
Nottingham.

As a result, a detailed experimental plan for the laboratory testing
phase of the study was developed and submitted to NCHRP for approval. This
experimental plan includes a description of both the planned test section
and also instrumentation, materials, and construction aspects.

A summary of the laboratory progress made during the past quarter is
given in Appendix A. All instruments for the pavement tests have been
constructed and calibration tests are almost complete. In addition, Mr.
F.W.K. Chan, who is well-qualified, has been hired as a full-time research
assistant to work on the project. Experimental work should therefore

progress quite well during the next quarter.

Task 4 - Engineering Feasibility

Work was continued on collecting published and unpublished information
on the long-term geosynthetic properties and also on separation and erosion
aspects. Some of the unpublished information collected includes the
following:
1. Exposure tests up to about 62 weeks duration on
selected geotextiles performed by Phillips Fibers
Corporation.

2, 7 Burial tests conducted by the National Research
Council of Canada to 2.8 years duration (one test

to 4.3 years) on selected geotextiles.

3. Chemical resistance tests performed by Hoechst on
Trevira.

4, Results of the Loudenville and Salam, Ohio tests
conducted by Conrail on selected geotextiles placed
under railroad tracks.

5. A summary of test data on polymer grids supplied by
the Tensar Corp.

If any of the panel is aware of additional unpublished data relating to the



project, please inform Prof. Barksdale.

WORK PLANNED FOR NEXT QUARTER

The sensitivity study, Task 2, should be completed during this quarter
and the results tabulated. Under Task 3, the first experimental section
should be constructed and tested during the quarter, provided NCHRP approval
to ptoceed-is obtained in the near future. Work on Task 4, engineering
feasibility of using geosynthetics within granular bases, will be continued.
During this quarter a more intensive study will be begun of available
information on durability and separation as applied to geosynthetics used
within granular bases of pavements.

Finally, a trip is tentatively planned by Prof. Barksdale to the
University of Nottingham to coordinate the experimental program. The trip
will probably be conducted toward the latter part of the quarter during
construction of the first experimental section. Prior approval will be

obtained from NCHRP before making this trip.



APPENDIX A



. ‘Introduction

This report outlines the work carried out during the first three month

. (1)
period of the project and indicates the programme for the second quarter.

The University of Nottingham contribution to the work includes sub-tasks 3b
to 3d inclusive. It should be noted that in the original proposal and in
the Georgia Institute of Technology contract document, two sub-tasks have
been numbered 3b, viz., “Insitu Instrumentation" and "Large Scale
Laboratory Testiﬂg".' To avoid confusion in this and subsequent reports,
these two sub-tasks will be identified as 3b(i) and 3b{ii) respectively.

Progress to date on each of the four sub-tasks is reviewed below.

Sub-task 3b(i): Insitu Instrumentation

Figs. 1 and 2 show the layout of instrumentation for each pavement test

section. It incorporates the following items:

(a) 2 No. earth pressure cells to measure vertical stress in the subgrade

below formation level.

{b) 11 No. inductance strain coils to measure the vertical elastic and

permanent strain profile through the pavement at two locations.

(c) 2 No. inductance strain coils to maintain horizontal strain at the

base of the asphalt surfacing.

(d) 3 No. inductance strain coils to determine the strain in the

geosynthetic.

(e} 3 copper constantan thermocouples to monitor pavement temperature at

various depths.

Calibration tests on the earth pressure cells have provided data of the

(1) The subcontract with the University of Nottingham did not officially
begin until May 1986. Preliminary work was, however, begun before
this time.
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type shown in Fig. 3 for their use in the silty-clay soil which will form
the subgrade to the test sections. This data indicates little confining
stress effect and a cell calibration of 0.83 i.e., the true stress is 83%

of that indicated by the cell.

Calibration of the strain coils in pairs is carried out on a bench system
with a micrometer-and indications to date are that the insitu response is
almost identical. Significant improvements to the electronic control
system for these instruments have been recently developed in conjunction
with the University's Electronics Workshop under guidance from Professor
E.T. Selig of the University of Massachusetts at Amherst, who has been at

Nottingham on sabbatical leave.

A1l instruments for the pavement tests have been manufactured and

calibration tests are in progress.

Sub-task 3b{ii): Large Scale Laboratory Tests

Planning for these tests is complete and the first installation is to be
constructed shortly. A detailed review of other work has been carried out
and the results from initial computational studies at Georgia Tech under
Task 2 used to assist in defining the required experiments. Details of the

various installations have been submitted to NCHRP for approval.

In principal, each construction in the Pavement Test Facility will
incorporate three test sections each having a1 1"} asphaltic concrete
surfacing over a 6 in. gravel base on the silty clay (Keuper Marl) subgrade
(see Fig. 1). One of the three sections will be the control, while a

geosynthetic will be incorporated in each of the others.
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Pavement 1loading will involve repeated passages of a 1.5 ton wheel having
an inflation pressure of 100 psi. Testing will continue to 100,000 passes

or earlier failure of the sections.

4. Sub-task 3c: Materials evaluation and laboratory tests

Preliminary characterization tests on the soil have been completed and
details are gqiven in Table 1. Samples of candidate materials for the
gravel base have been obtained for testing. The Specification for this

material is shown in Table 2.

5. Sub-task 3d: Data reduction and analysis

The only data available to date is from experimental work conducted
elsewhere and in an earlier project at Nottingham. This has been reviewed
and detailed reports submitted to Georgia Tech. (1). This material formed
the background to a paper submitted to the Transportation Research Board

for review in August 1986 (2).

6. Programme for Second Quarter

(a) Completion of sub-task 3b(i).

(b) Completion of first set of four pavement test sections.

(c) Completion of preliminary materials testing program sufficient to
allow progress on (b).

(d) Preliminary reduction of data from (b).

The Research Assistant hired to work on this project, Mr. F.W.K. Chan, took up
his appointment on 5th September and will be engaged full-time on the research
as it enters the second 3 month period. Mr. Chan has a First Class Honours

degree in Civil engineering from King's College London and an M.Sc. from the



Table 1 Characteristics of Keuper Marl subgrade

Liquid limit
Plastic limit

Plastic index

Sieve analysis:
Percentage by weight retained

on No. 200 sieve (0.2 mm)

B.S. compaction test:
- Maximum dry density

Optimum moisture content

30%
16%
14%

52%

1880 kg/m?®
15.2%

Table 2 Grading of gravel base

Sieve size

Metric Imperial
75 mm 3 inch
37;5 mm 1.5 inch
10.0 mm 3/8 inch
5.0 mm  No. 4

600 micron No. 35
75 micron No. 200

% passing

100
85-100
45-100
25-85

8-45

0-10

Note: The material passing a 425 micron sieve will have a

index of less than 6.

plasticity

e r—y



T e Bt e Tl TSNS AR SRR T e e T

University of California, Berkeley. He has just completed three years

experience in geotechnical engineering practice in the United States.

7. References
1. DAWSON, A.R., "Geotextiles in road foundations", Report to ICI Fibres,
Univ. of Nottingham, Sept. 1984.
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aggregate bases of surfaced pavements“, Paper submitted to TRB for

review, 1986.
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NCHRP PROJECT 10-33
POTENTIAL BENEFITS OF GEOSYNTHETICS IN
FLEXIBLE PAVEMENT SYSTEMS

INTRODUCTION

Research Problem Statement

Test results indicate that the tensile forces that can be developed in
geotextiles and other geosynthetics, such as geomembranes and geogrids,
hereinafter referred to collectively as geosynthetics, will increase the
structural capacity and improve the performance potential of aggregate-
surfaced roads placed over very weak subgrades (i.e., CBR less than 2).
Techniques have been demonstrated whereby geosynthetics can be tensioned
either by prestretching the geosynthetic or by loading and developing ruts
in the geosynthetic-aggregate system, before placing additional (leveling)
aggregate base.

The applicability of geosynthetics to higher type pavement systems
incorporating unbound granular pavement layer(s) with an asphalt surface
(flexible pavement systems) needs to be studied to determine whether the
structural capacity and performance potential can be improved. Although
geosynthetics have been used to some extent in the unbound granular layers
of higher type pavements, their behavior and influence on pavement
performance are not well understood. Consequently, a number of questions
must be answered before the feasibility of widespread use of geosynthetics
in flexible pavement systems can be determined, for example: (1) What types
of geosynthetics should be used and what properties of these geosynthetics
must be specified? (2) Is prestressing geosynthetics necessary and
practical? (3) Under what conditions do geosynthetics influence flexible

pavement systems? (4) Can the benefits of geosynthetics be documented?



Objective

The objective of this study is to determine the feasibility of includ-
ing geosynthetics on the subgrade or in the unbound layers to improve the
performance of flexible pavement systems or to provide alternative designs

for equal performance.

SUMMARY OF PROGRESS

Task 1 - Selected Analytical Models - Complete

Task 2 - Sensitivity Study

Technical progress during this quarter has been good. A number of
computer runs have now been completed for the following two general
conditions: (1) The aggregate within the granular layer can fail at a
stress state corresponding to the angle of internal friction of the material
and (2) The aggregate within the granular layer cannot fail. These studies
have shown that a number of factors are very important in determining the
correct stress within and below an unstabilized granular base includingv(l)
residual compaction stresses, (2) the mean stress within the granular layer,
(3) the shear stress within the granular layer, and (4) the possibility of
failure occurring within the layer. The program presently considers all
factors except the effect of shear stress within the granular layer. This
important effect will be incorporated within the program and a final series
of runs performed during the next quarter. Because of the important effect
the reinforcing element potentially has on the behavior of the granular
layer, it is felt the best possible model should be developed and used, even
though this will prolong the completion of this task. It is felt at long
last, a good understanding of the mechanics involved in granular layer

behavior is finally being developed.



The prestress portion of the program has now been checked out, and is
working fine. Also, the methodology for handling slack has been finalized,
and all material properties developed and checked out by computer plotting.
Final runs will not be performed, however, until the change in the granular
base model just described has been incorporated in the program during the

next quarter.

Task 3 - Laboratory Experimental Study

During this quarter the experimental plan was revised, and a response
developed to the questions raised by the panel. The revised testing program
was developed after a meeting in Atlanta between Crawford Jencks and Richard
Barksdale. The revised testing program has now been submitted to the NCHRP
for distribution to the panel.

The first test section consists of a 1 in. asphalt concrete surfacing,
6 in. gravel base and the underlying subgrade. This tst series consists of
a control section and two sections reinforced with a stiff woven polypropy-
lene (Nicolon) geosynthetic having a stiffness Sg of about 4000 lbs/in. The
two reinforced sections will have the same stiff woven geosynthetic located
at the interface between the subgrade and the gravel base. One section,
however, will be prerutted before the asphalt concrete is placed.

The sections in this test series have been constructed to the top of
the base, and prerutting is underway. A problem, however, was encountered
during prerutting. During the first attempt, even though surface ruts about
1 in. deep developed, observable rutting (as indicated by the Bison coils)
apparently did not occur in the subgrade. Several changes have now been
made in the prerutting technique, and additional attempts at prerutting the

subgrade are now underway.



The prerutting of the section was begun while Richard Barksdale was at
the University of Nottingham during his December 7 to 10 visit. Based on
available results to date, it appears that the gravel base, which is gap-
graded, was shearing and probably also undergoing some additional densifi-
cation. Perhaps it was performing more like a sand than a gravel. It may
therefore be necessary to change the base to a crushed stone in future
experiments to avoid this prerutting problem, although it is not certain at

this time.

Task 4 - Engineering Feasibility

Work was continued on collecting published and unpublished information
on the long-term geosynthetic properties and also on separation and erosion
aspects. Most of these references have now been studied, and a general

framework for an engineering feasibility is being laid out.

WORK PLANNED FOR NEXT QUARTER

During the next quarter the computer program will be modified for the
sensitivity study, Task 2, to include the effects of deviator stress on the
unstabilized granular layer. Final runs will be made and tabulated using
the final version of the finite element computer model including the effects
of slack and prestressing. Under Task 3, testing of the first experimental
sections should be complete in the early part of January. A new section
should also be constructed and tested during this quarter. It may also be
possible to begin construction of the third test series during the latter
part of March. Work on Task 4, the engineering feasibility of using

geosynthetics within granular bases, will also continue. ZEmphasis on this



phase of the project will begin to shift from the collection and studying of
references and unpublished materials to an interpretation and synthesis of

this material.
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NCHRP PROJECT 10-33
POTENTIAL BENEFITS OF GEOSYNTHETICS IN
FLEXTBLE PAVEMENT SYSTEMS

INTRODUCTION

Research Problem Statement

Test results indicate that the tensile forces that can be developed in
geotextiles and other geosynthetics, such as geomembranes and geogrids,
hereinafter referred to collectively as geosynthetics, will increase the
structural capacity and improve the performance potential of aggregate-
surfaced roads placed over very weak subgrades (i.e., CBR less than 2).
Techniques have been demonstrated whereby geosynthetics can be tensioned
either by prestretching the geosynthetic or by loading and developing ruts
in the geosynthetic-aggregate system, before placing additional (leveling)
aggregate base.

The applicability of ge;synthetics to higher type pavement systems
incorporating unbound granular pavement layer(s) with an asphalt surface
(flexible pavement systems) needs to be studied to determine whether the
structural capacity and performance potential can be improved. Although
geosynthetics have been used to some extent in the unbound granular layers
of higher type pavements, their behavior and influence on pavement
performance are not well understood. Consequently, a number of questions
must be answered before the feasibility of widespread use of geosynthetics
in flexible pavement systems can be determined, for example: (1) What types
of geosynthetics should be used and what properties of these geosynthetics
must be specified? (2) Is prestressing geosynthetics necessary and
practical? (3) Under what conditions do geosynthetics influence flexible

pavement systems? (4) Can the benefits of geosynthetics be documented?



Objective

The objective of this study is to determine the feasibility of includ-
ing geosynthetics on the subgrade or in the unbound layers to improve the
performance of flexible pavement systems or to provide alternative designs

for equal performance.

SUMMARY OF PROGRESS

Task 1 - Selected Analytical Models - Complete

Task 2 - Sensitivity Study

Technical progress on this task during the quarter has been good. As
discussed in the last quarterly progress report, work was performed during
the past quarter to change the constitutive equations used for
characterizing the granular base to include the effects of shear stress.
Steady progress was made in this respect, but changing the program and
properly checking it out is taking longer than anticipated.

The constitutive type model suggested by Uzan [1](1) to characterize
the granular base has now been incorporated into the program, carefully
checked, and computer runs have been made. Also, work is presently underway
to incorporate the advanced contour model of Brown and Pappin [2] as very
recently modified by Jouve, et al. [3].

The findings obtained from these state-of-the-art models for the
granular base will be used as a check on the extensive theoretical results

n

already obtained using the commonly used Kog" type model. The Koen equation

models the variation of the resilient modulus of the granular base with

(1) The numbers in brackets refer to references given at the end of
the main portion of the Progress Report, just before the appendices.



principal stresses, but does not include the effects of shear stress (or
deivator stress). Also, the contour model considers the variation of
Poisson's ratio with stress state.

Selected results obtained using the Kcen type model to represent the
granular base are summarized in Appendix A. These and other results are in
general agreement with those found using elastic analyses described in the
Transportation Research Board paper sent earlier to the panel. In summary,
for reasonably well constructed pavements, which includes the lower quality
pavements analyzed in the study, deflections, stresses and strains are
generally reduced due to reinforcement by less than 10 percent, and often
less than 5 percent for deflections 0.5 in. or less.

As the overall strength of the pavement increases, the beneficial
effect of the geosynthetic reinforcement decreases. An increase in pavement
strength would include higher material quality and/or greater thicknesses of
asphalt surfacing or stone base. For geosynthetic stiffnesses (Sg) between
1600 and 6000 1bs./in., the use of high stiffness results in greater
improvement in pavement response. The best location for the geosynthetic
placement appears to be at or near the bottom of the granular base.

Geosynthetic reinforcement of the base results in reductions up to
about 8 to 10 percent in the tensile strain in the bottom of the asphalt
concrete. Because fatigue life is quite sensitive to tensile strain in the
asphalt, the reduction in strain could lead to moderately important

increases in fatigue life.

Task 3 - Laboratory Experimental Study

During this quarter the first test series was completed. The first
test series consisted of a 1 in. bituminous surface and 6 in. gravel base

constructed over a soft, silty clay subgrade. This test series consisted of



a control section, and two sections reinforced with a stiff woven
polyproylene (Nicolon) geosynthetic. The geosynthetic has a stiffness Sg of
about 4000 1lbs./in., and was located at the interface between the base and
subgrade. One geosynthetic reinforced section was prerutted before testing.
In the prerutted section, the ruts in the base were filled with gravel
before the surfacing was placed.

Some of the details of the first test series are given in Appendix B
together with a preliminary summary of the results. For the conditions of
the test, the ranking of test section performance from best to worst is as
follows: (1) geosynthetic reinforced non-prerutted, (2) geosynthetic
reinforced-prerutted, and (3) nonreinforced, control section. Rutting in

the reinforced, non-prerutted section was about one-half of that in the

nonreinforced section.

Proposed Changes to Testing Propram. The test, however, was terminated

after only 1718 load repetitions due to excessive rutting. The sections
tested in the first test series were all very weak, and are probably not
representative of usual pavement construction. Therefore, to develop a
stronger section and more useful results for the next test series, the
following changes are proposed:

1. Increase the thickness of the bituminous surfacing from
1.0 to 1.5 in.

2. Use a crushed stone rather than the gravel base used in
the first test series.

3. Increase the granular base thickness from 6 to 8 in.

4, The prerutted, reinforced section did not perform as well
as the non-prerutted, reinforced section. Also, because
of the existance of a very weak section in the first test
series, some question exists as to how these results
would translate to stronger pavement sections. Therefore
it is felt that the second test series should use Tensar
SS-1 for both the prerutted and non-prerutted sections.



The revised December 17, 1986 test plan called for
prerutting the SS-1 and comparing its performance with
a stronger, non-prerutted SS-2 geogrid reinforced
section.

It is felt that these changes to the test program will greatly enhance
the value of the results. The pavement geometry and crushed stone base
material would be used for the remaining two test series.

Another problem was also encountered during the tests. The large
rutting which occurred in the non-reinforced section caused problems in
maintaining a constant wheel loading as the wheel moved from one end of the
pavement to the other. The electronic feedback control system is presently
being worked on so as to minimize this problem in future tests. Also, the
proposed stronger section should not undergo rutting so quickly, which also

will significantly reduce the problem of maintaining a constant wheel

loading.

Task 4 - Engineering Feasibility

During the past gquarter attention was also given to the separation and
durability aspects of the use of geosynthetics in pavements. This work is
progressing smoothly. These findings are presently being translated into

the current state-of-the-art including engineering practice aspects.
WORK PLANNED FOR NEXT QUARTER

During the next quarter the final computer runs for the sensitivity
study should be made under Task 2. These runs are being delayed on purpose
until the most recent state-of-the-art constitutive modeling of the granular
base has been incorporated into the program. Under Task 3, the second test
series will be completed. Hopefully, construction of the third test series

will be begun before the end of the quarter. Work on Task 4, the



engineering feasibility of using geosynthetics within granular bases, will
also continue. The work will consist of developing performance mechanisms,
and in interpreting and synthesizing the separation, durability and drainage

aspects of using geosynthetics within granular bases.
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Appendix A

Summary of Selected Preliminary Theoretical Results
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Preliminary Summary of Test Results

Description of Model Pavement

The axisymmetric finite element mesh used to model the pavement is lllustrated in Figure 6-1.
It is composed of 55 elements and 186 nodes for the model with the geosynthetic interface, and 45
elements and 164 nodes for the model without the interface. The mesh without the interface was
used as a control to determine the effectiveness of the gedsynthetic reinforcement. Figure 6-2 and
6-3 llustrate the element and node numbering system used for the mesh for both models.

The three different pavement geometries or sections studied were as follows:

Serles 1: Asphalt 1", Base 6", Subgrade 99"
Series 2: Asphalt 17, Base 10", Subgrade 95"
Series 3: Asphalt 2", Base 6", Subgrade 98"

For each series the total pavement depth was kept constant.

A uniformly distributed vertical load of 120 psi was applied to the pavement in 8 load
increments of 15 psi each. The radius of ioad was 4.6 in. This load was designed to simulate that
of a dual wheel load with a standard 18K truck axle. For the computations the total body weight
stresses were first calculated, and then the tire ioad was applied to the system.

Three geosynthetic reinforcing materials were investigated. The "good” geosynthetic had an
approximate stiffness or initial tangential elastic modulus of Sg = 6100 Ibs./in; the "falr" geosynthetic

had a stiffness Sg = 1900 Ibs./in; and the "poor” geosynthetic, a stiffness Sg = 833 Ibs.in.

Material Properties

To simplify the analysis the properties of the asphalt surfacing were not varied, and the
asphalt was not permitted to fail. The base material properties were defined as elther “poor" or
"good”. These were arbitrary definitions of relative guality and strength of the granular base, and
simply designate a stronger and a weaker base material. A small value of cohesion was assigned to
the base material to account, indirectly, for residual compaction stresses and allow the model to

take the load better.



Figure 6-1. Typical Finite Element Mesh Used to Model Pavement in

: Study.
Load=120 psi-* vyv
: Asphalt
y
x | -
l . Base
)
Geosynthetic == et - ' -
Interface T i
} L 3
1 Subgrade

1
| I
=




120 PSI LOAD
RERRRRERRERRRRR AR AR AR AR RRRRA RN

176 177 178 179 180 181 182 183 134 185 186 T
| | | | | i
170 51 171 32 172 53 173 54 174 59 175
| | | | ] |
158-—— 160---~ 16~~~ 162-— 163 164 165 166 167 168 169
! | | } | !
153 46 154 47 133 48 156 43 157 30 158 ASFHALT
| | | | | ]
142 143 144 145 146 147 148 148-~=~ 150==-~ 15| ~-=-13532
| | ] | f |
136 4] 137 q2 138 43 1389 44 140 43 141
| | J ! | !
129-—— 126 127—— 128 129 130 131 132~ 133-~~— 134-—-135 -}
{ | ] | | ]
119 36 120 37 121 38 122 39 123 - 40 124
| | | | | |
108 109 110 1H 112113 114 115 116 117 118
| | | | ! |
102 31 103 32 104 33 105 34 106 33 107 BASE
| | | ] | ]
91 S2 33 94 95 36 97 98 59 100=-~-101
{ { | | . ] |
33 26 86 27 g7 28 8% 29 29 30 S0
! | ! | ! f
74 75 76 77 78 g 80 o1 32 3% 54 *‘
| 21 | 22 | 23 | 24 | 25 |
63 64 65 66 67 68 69 70 71 72 73 INTERFACE
l 16 | 17 J 18 | 13 | 20 !
S 53 54 35 S6 57 58 39 50 61 62
! ! | | ! |
46 1 47 12 43 13 49 14 S0 15 51
I i ! | | |
35 - 26 37 38 39 40 41 42 43 e ]
| | | | | |
29 6 30 7 31 8 32 g 33 10 34 SUBGRADE
| | i | ] -
18 19 20 21 22 23 24-~-=- 25 26 27 28
| | ! | | |
12 ] 13 2 14 3 15 4 16 5 17
! | | ] B !
1 Z 3 4 S 6 7 8 g 10 11 -1'

Figure 6-2. Index to Node and Element Numbering for Finite £lement Mesh

with Geosynthetic Interface (Not to 3cale)



120 PSI LOAD

SRR AR R AR R AR A TR AR R AR N

154-~— 153 1536 157 138 159 160 161 162 163 164

ula 4 1;9 42 ISIO 43 Ifl»l 44 15!2 45 tgz

n:!? 138 1319 140 M'u 142 1‘:3 144 125-—145-—-—111.7

1:!1 36 13!2 37 1:!3 38 1:!4 39 13!5 40 1‘36 ASPHALT
12Ic 121 1;4 122 12'3 124-—- 12'5-- 127—-- 12’5--—- 129---—1\1,0

| 1'4 3 115 320 1 IIG 3001 1l 7 034 1 115 35 1i19

!C;S——— 104-~= 1c;5--- 106--—- scj?-——- 108——- mlg—-- 110~ 1 zix---- 1121 lu -r-

97' 26 f;e: 27 9; 28 1o|o 29 I(;I 30 152

aei a7 aaI 89 ‘;c; 91 9£> 33 9;—--—95-----915

ac; 21 a: 22 azl 23 azi 24 azi 25 als BASE

sl 70 71l 72+ 73! 74 75l - 76 ’j 73 ';9

czi 16 5‘; 7 555 18 661 19 57$ 20 63

5:j S5 54— 55 56l 57 58| s9 ac; 61 gz *
451 " 47' 12 4al 13 4; 14 sé 15 si:

355 36 37l 38 351 40 4: 42 4; 44----.25

29| 6 30I 703 !' 8 32l 9 331 10 :|,4 SUB5RATE
'.aI 19 20' 21 22' 23 2‘:—--- 25 2:! 27 :ja

1zl 1 ’“t:: 2 u: 3 15‘ 4 15I 5 117

1I 2 ls 4 ls 6 7I 8 Gamenmm10 :1 1

Figure 6-3. Index to Node and Element Numbering for Finite Element Mesh

without Geosynthetic Interface (Not to Scale)



The subgrade materials studied were designated as either "poor”, "fair’, or "good" and were
modeled after a soft fire clay. Again these were arbitrary definitions and only serve as guide to
relative strength. The values of subgrade coheslon for each of the designations given above were ¢
= 4.6 psi, ¢ = 6.7 psi, and ¢ = 8.5 psi, respectively.

The plasticity parameters, H, for all the granular base and subgrade materials were selected to

produce permanent deformations on the order of 0.25to 0.5 in.

Description of Study

Eleven series of runs were made in this particular study to compare the effects of the
reinforcing geosynthetic. Each of the series included a control run (an unreinforced pavement
section) which was used for comparison. From one to three runs with the same geometry and
material properties, and only varying in the strength of the geosynthetic reinforcement, were made
in each series. A listing of the different series performed is presented In Table 6-1. Refer to this
table as the results of the various series are presented.

Theoretical Results

The results of the study are presented for each series In a tabular and graphic form. Graphic
presentations are made of surface and subgrade deflection, radial strain at the bottom of the asphait
layer, vertical and radial strain in the base and subgrade, radial and vertical stress along a
horizontal plane just above the base-subgrade interface, and radial and vertical stress along a
horizontal plane in the subgrade just below the interface.

Refer to Figure 6-2 and 6-3 for node and element locations, and to Table 2-1 for the material
properties and geometries for each of the runs. The sign convention used in the study assigns
tension a positive value (+), and compression a negative (-) value. Vertical deflection downward is
negative (-), and upward positive (+).

A summary of the surface and subgrade deflections for the control (unreinforced sections) runs

is presented in Figure 6-4a, and for the strain at the hottom center line of the asphalt in Figure 6-



Table 6-1 Summary of Pavement Sections Studied

Series 1 : AC Thickness = 1~ Base Thignes = 6" N= 100 Repetitions E AC=650,OOO psi
1-3 Poor Poor None n/a

1-1 Poor Poor Fair &Botiom

1=-2 Poor Poor Good ®Bottam

1-7 Paor Goad Nane n/a

1-6 Poor Good Fair @Bottom

1-5 Gaod Good None n/a

1-8 Goad Good Good 8bottom

Series 2 ¢ AC Thickness = 1~ Base Thighes = 10° N s 100 Repetitions EAC=650.000 psi

Seriss Base_ Suhgrade eosynthetic | Lorating in Race
2-4 Poor Poor None n/a

2-1 Poor Poor Poor @Bottom
2-2 Poor Poor Fair @Bottom
2-3 Poor Poor Good eBotom
2-7 Poor Fair None n/a

2-3 Poor Fair Paor @Bottom
2-6 Poor Fair Fair @Bottom
2-13 Poor Fair Good @Botlom
2-10 Good Paor None n/a

2-8 Good Poor Poor @Bottom
2-9 Good Poor Fair @Bottom
2-14 Good | Poor Good @Bottom
2-12 Good Fair None n/a
-1 Good Fair Fair 8Bottom




Table 6-1 S!!mmacu of EE!!E[DEDI Sections St died {cont)

Series : AC Thickness = 2° Base Thianes = 6™ N = 100 Repetitions EAC=650,OOO psi

Series 8332 Subqrade |  Geosynthehic | Location in Base
3-3 Poor Poor None n/a

3-1 Poor Poor Fair ©Bottom
3-2 Poor Poor Good &Bottom
3-5 Poor Fair None n/a

3-4 Poor’ Fair Fair @Bottom
3-10 Poor Fair Good @Bottom
3-7 Good Poor None n/a

-6 Good Poor Fair ®Bottom
3-8 Good Fair None ) n/a

-3 Geod Faig Fair @Bsttom
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4b. These are presented to illustrate and compare the effects of the various pavement geometries
and material properties In each of the study series.

| Significant results will be presented and discussed Individually for each series of runs. In
general the following results were observed.

The maximum reduction in surface and subgrade deflection occurred in Series 1-3 (refer to
Table 6-1 and 6-2), an under designed 1 in. thick asphalt pavement over a 6 in. "poor” granular base
placed and a "poor" subgrade. Thils occurred with the use of the "fair" geosynthetic. Results with
the "good" geosynthetic Indicated increased vertical strain in the subgrade compared with the case of
the "fair* and control (ho gegsynthetic) case.

The amount of reinforcing action of the geosynthetic (as measured against the force deveioped
in the geosynthetic) was related to the amount of vertlcal deflection that occurred In the system.
Figure 6-5 illustrates the variation in maximum geosynthetic force with the center line deflection at
the base-subgrade Interface.

The "poor" geosynthetlc developed a maximum force of 9.1 Ibs/in in Run 2-1 (Tables 6-1 and 6-
5), reducing the total deflection at the Surface by 1.2 percent. The "poor" geosynthetic was least
effective in reducing surface deflection in Run 2-8 (Tables 6-1 and 6-7). The "poor" geosynthetic in
Run 2-8 reduced the surface deflection by 0.16 percent and developed a force of 6.8 Ibs/in.

Similariy for the "fair" geosynthetic, the maximum reduction in surface deflection was 6.5
percent with a force of 33.7 Ibs/in in Run 1-1 (refer to Tables 6-1 and 6-2). The minimum occurred
in Run 2-11 (Tables 6-1 and 6-8), with a reduction of only 0.7 percent and a force of 6.8 Ibs/in.

When the "good” geosynthetic was used the maximum force of 78.5 Ibs/in developed for Run 1-
2. This condition appeared,to have caused a failure of the base to the point that much greater
deflections were imminent. Figure 6-6 graphically illustrates the extent of failure in the base. As
Figure 6-6 indicates a possible failure wedge had developed in the base. GAPPS7 could not bring
the forces in the finite element model to come to equilibrium, so the program stopped at this point
(refer to "Results Series 1-3).

Not considering Run 1-2, the maximum reduction in vertical deflection at the surface induced
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by the "gobd" geosynthetic was 5.6 percent, with a force of 33.1 lbs/In in Run 2-13 (ppor base and
falr subgrade properties). The minimum reduction occurred in Run 2-14 (good base and subgrade
properties), with a net reduction of surface deflection of only 0.9 percent, and a force developed of
18.7 Ibs/in.

The effects of the geosynthetic in reducing the amount of strain at the bottomof the asphalt
layer generally foilowed the results summarized above for the verticai deflection. The maximum
reduction in radial strain in the asphalt layer as a percent of the control run for the "poor"
geosynthetic occurred in Run 2-1, with a reduction of 3 percent over the series control (Run 2-4).
For the case of the "fair" geosynthetic, Run 1-1 indicated a reduction in strain of 11.1 percent over
the series control (Run 1-3).

The maximum reduction in strain in the asphalt for the "good" geosynthetic was 16.2 percent in
Run 1-2. However as noted earlier, this run could not be brought to equilibrium during the final
increment of load. Discounting this run, Run 2-3 with a reduction of 11.1 percent over the control
Run 2-4, indicated the best performance of the "good" geosynthetic in réducing strain at the bottom
of the asphalt layer. In this case the results do not follow the results indicated in reduction of
vertical deflection.

As seen above, the relative effect of the geosynthetic reinforcement decreased as the material
properties for the base and subgrade were improved. When the base and subgrade properties were
both relatively strong the effects of the reinforcement were almost negligible.

The results of these series are summarized in Tables 6-2 through 6-12, given at the end of this

section. Refer once again to Table 6-1 for the geometry and material properties used for each run.

Summary

Table 6-13 summarizes the results of this portion of the study. The surface deflection and
asphalt strain of the pavement at the top center line and bottom of the asphalt layer, respectively,
is tabulated for all the study series. The percent reduction of the geosynthetic reinforced sectlon

over the control (unreinforced section) is given.



Table 6-13 Summary of Syrface Deflection & Asphalt Strain

Serjes | : AC Thickness = 1° Base Thiches =6 N= 100 Repstitions EAC=65°-°°° psi

Serieg Base | Subgrade | Gaosynthetic Surface &.Bed, Asphal ARed
Deflection(in) 1 Str:ain(:;]Q'312

1-3 Poor Paor None -4602 3.991

1-1 Paor Paor Fair -4302 -£.52 3.547 -11.13

1-2 Paor Poor Goad -.4345 -5.58 3344 -16.21

1-7 Poor Good None -.1910 2.002

1-6 Poor Good Fair ~ =.1853 -2.98 1.893 -5.44

1-5 Good Goad None -.1255 8443

1-8 Goad Good Good -.1208 =375 .8435 -i087

Serieg 1 : AC Thickness = 1™ Base Thianes = 10~ N = 100 Repetitions EAC=550-°00 psi

aeries Gase | Subgrage | Geosynthelic Surface | & Bed, asonalt  _f Gred
Reflection(in) ' Strain(x10 73)<

2-4 Poar Poor ‘None -.2656 2.008

2-1 Pocr Paor Poor -.2624 -1.20 1.948 236G

2-2 Poor Poor Fair -.25095 -2.30 1913 -4.73

2-3 Poor Poor Good -.2520 -5.12 1.786 -11.06

2-7 Poor Fair None -.1859 1.598

2-5 Poor Fair Poor -.1842 -0.91 1.566 =2.00

2-6 Poor Fair Fair -.1818 =22 1.535 =394

2-13 Poor Fair Good -1752 -5.76 1.466 -2.26

2-10 Good Poor None -.1233 3856

2-8 Good Poor Paor -.1231 -0.16 3918 -1.01

2-9 Good Poor Fair -.1228 -0.41 3863 -2.35

2-14 Good Poor Good -.1222 -}.89 3710 -5.22

2-12 Good Fair None -.0873 3596

2-11 Good Fair Fair -.0867 -0.69 3492 -2.65




able 6-13 Summary of Surface Deflection & Asphalt Strain(cont)

Sariag 1 : AC Thickness = 2" Base Thianes = 6 N = 100 Repetitions E4=650.000 psi

Serjes Base. Subgrads | Geasynthetic Surface a.Bed, Asphalt aked
: Deflectionin) ! Strain(x10 ")

3-3 Poor Poor None -.1989 1.534

3-1 Poor Poor Fair -.1974 -0.75 1512 -143
3-2 Poor Poor Good -.1966 -1.16 1.495 254
3-5 Poor Fair None -.1403 1.341

3-4 Poor Fair Fair -.1385 -1.28 1.316 -1.86
3-10 Poor Fair Good -.1359 -3.14 1.278 -4.70
3-7 Good Poor None -1 4_454 _ 1.108

3-6 Good Poor Fair -.1445 -0.62 1.087 -1.90
3-9 Good Fair None -.1061 1.015

3-8 Good Fair Fair -.1050 -1.04 8910 -z.36

Note i: Surface Deflection at Node 176 for Mesh With Interface or Node 154 for Mesh Without nterface
Note 2: Radial Asphait Strain at Elem. 41 for Mesh With Interface or Elem. 31 for Mesh Without Interface




The maximum percent reduction in surface deflection observed was 6.5 percent in Serles 1-3
when the "falr" geosynthetic was used. The "good” geosynthetic In this series induced an unstable
system that the finite element program could not bring to equilibrium. This was apparently due to
extensive failure of the base caused by the stress redistribution that occurred with the geosynthetic
reinforcement. The behavior of the asphalt strain most often followsvthe trend noted for the
surface deflection (refer to Table 6-13).

As the strength of the pavement increased, the effectiveness of the geosynthetic reinforcement
decreased. The effectiveness was interpreted as the resulting reduction in deflection or strain as a
percent of the corresponding values for the unreinforced section. Series 2-10 results indicated that
when the quality of the base material was improved, the greatest reduction in the effectiveness of
reinforcement was observed.

When the quality of the subgrade is improved, a reduction in effectiveness of geosynthetic
reinforcement is also noted during loading. However, the degree is about one order of magnitude
less, compared to the resuits of improving the base quality. This Is best seen comparing Series 2-7

results with Series 2-4 in Table 6-13.



Jable 6-2 Results of Serfes 1~3: 1 "AC-6" Pogr Rase-Prar Sybgrade

Run | Surface|Subgrade|Radial AC | VertSubgrVertSubgriRadISubgriVert.Base{Radl Base{Rad) . BasqGeosy
No. Def{in) |Deflin) ]Strain Stress  ]Strain Strain  {Strain Strain  [5train  {Force
Node Node Element |Element (Element |Element |Element [Element IElement |Lbs./in
176 or |52 41or31! |16 oo fater2t! 3xor271‘zsor176"51rai;,)
154! x107> | psi. x1072  |x107> fx1073 |x1073 {073 fxie3
1-3
Load |-.4602 [-.4315 [3.991 9702 |-2260 [10.85 |-4655 11.94 1492 In/a
(n/ai
Un- :
Load |-.3268 |-.3406 2521 ~——  |-18.43 |9.366 [|+2.742 39.379 1231 Inf2
nia)l
1=1
Load [-.4302 |-.3993 |3.547 -11.70 |-19.70 (9638 |-5013 10.82 1285 3371
VI3.20
fed. |-652 -746  |-1143 {+20622 |-1283 [|-11.47 763 -9.38 |-1588
Un-
Load }-.2939 |-3}119 |2.054 -5.179 |-15.75 |8.262 J+2.3G3 [|B.25% |9518 (2545
. (1419
A
Red. 1-8.23 {~8.43 1{-1852 (-—-— [|-1454 {-11.79 |-13.03 |-1198 }[-19.43
1.z
Load |-4345 |-3956 |3.344 -16.01 |-20.82 10,03 [|-7.i71 1a 17EY TR AT
Red. {-558 }-8.32 [-1621 [+6505% |-788 |-737 [|+5405 |-452 [-a47.3
Lin-
Load Did Not Unload
Red. |-- Did Not Untoad
Unlead l
Mote 1: Larger Node or Element Number Corresponds to Mesh with Interface, See Figures 6~2 and 6-3.

Note 2: Stress @ Subgrade-Base Interface for Run Without Interface Obtained by Plstting.




Iable 6-3

Results of Series 1-7- ]"AC-6" Poor Base-Gond Suborade

Run | Surface|Subgrade|Radial AC Vert.Base Radl Base{Geosy
No. Deflin) |Deflin) |Strain Strain Force
Node Node Element Element Element [Lbs./in
176 or |52 410r31! 3lor21’ 260r 16 (Straia)
154! x10~3 X103 x1073
1-7
Load | -.1910 [-.1635 |2.002 -4 587 n/a
(n/a)
Un-
Load | -.1266 |-.1319 [.7252 +1.383 n/a
{n/a)
1-6
Load | -.1853 |-.1581 |1.893 -4 469 17.23
(£.572)
R
Red |-298 |-330 |[-5.44 =257
Un-
Load | -.1207 |-.1263 6047 +1.458 14.75
(3.263)
4
Red -466 [-435 -16.62 +5.42 158
Note 1: Larger Noce or Element Number Corresponds to Mesh with interface, See Figures £-2 ang -3

Note 2: Stress @ Subgrade

-Base Interface for Run Without interface Obta

ined by Plotting.




Tahle 6-4. Resylts of Series 1-5: 1"AC-6" Good Base-Goqd Subqrade

Run | SurfacefSubgrade|Radial AC VerLSubgrVertSubgrﬂRadISubgﬂ Vert Base|Radl Basd Radl.ﬁasg Geosy
No. Def(in) |Def(in) ]Strain Stress  |Strain Strain [Strain Strain |Strain  |Force
Node Node Element | Element [Element |Element |Element |Element [Element |Lbs./in
176 or |52 41or31! | 16 i M 3tor21! |310r21 ! [260r 16! (Strain)
154! x1073 | psi. x10=3  |x1073 |x1073 [x1073 [x107% |x1073
1-5
Load | =-.1255|-.1176 ]0.9443 -'H.IO2 -6.307 2.968 -1.195 3.945 4774 |n/a
{n/a)
Un-
Load | -.0705{-0939 |0.0351 |—— |-5.161 [2.580 +5.033 |1.8954 |2.402 |n/a
{n/a)
1-8
Lead | -.1208 |-.1124 | 8435 |-11.11 |-5.683 12727 |-1.286 {3452 14000 |3557
(4.266)
Red. | =3.75 [-4.42 -10.67 +O.092 -3 89 -8.73 +7.62 -1230 |-186.21
Un-
Load | -0557 |-.0838 [-.2802 ————— -4.228 2.20! +3.019 1.26 ]2.270 30 .49
(I 269}
Red. | -15.32 |-10.76 n/a‘3 —— -18.08 -14.69 §-0.28 =35.11 |-3327
Note 1: Larger Node or Element Number Corresponds to Mesh with Interface, See Figures 6-2 and 6-3.
Note 2: Stress @ Subgrade-Base Interface for Run Without Interface Obtained by Pletting.
Note 3 :Indicates Compressive Strain @ Bottom of Asphalt on Unicading of Finite ziement Model.




Jable 6-5. Results of Series 2-4; 1"AC- 10" Pogr Base-Pgar Subgrade

Run | Surface|Subgrade{Radial AC VertSubgr] VertSubgn RedISubgriVert Base| Rad! Bas{{Rad] Bass Geosy
No. Def(in) |Def(in) |Strain Stress Strain Strain |Strain Strain  ]Strain  [Force
Node Node Element |Element |Element Element Eiement_ Element |Element |Lbs./in
176 or |52 41031 | 16 1 K 3tor21] 3lorgi’2aor16'c5trai3)
154! x10~3 | psi. x107 1x1073 |x1072 (1073 [x10-3 [x10-3
2-4
Load | -.2656 {-.2284 |2.008 -7.502 -10.94 S5.125 -3.530 6.035 7.300 n/a
(n/a}
un-
Load [ -.1585 |-.1708 |.6629 ——— |-8563 4282 |[+1.885 |4.218 S.766 |n/a
n/a)
2_
Load | -.2624 {-.2242 [1.948 -7.144 |-10.38 49311 -3.967 ©.392 6.777 91452
(7.336)
Red. | -120 |-184 -2.99 -4.802 -5.12 -4.18 +6.453 -2.37 -7.16
Un-
Load | -.1S55 [-.1670 (6114 - |-8.034 [4.082 |[+1.729 |4.054 5.251 |§5.032
* {£3537;
n
Red. | -1.89 -2.22 =277 ————— -6.18 -4.67 -8.28 -3.89 -8.93
2-2
Lead |-2595 [-2203 (1913 =7.727 |-9.830 4692 (-3830 5.896 |[6.123 737
£ T
Red. 1-230 1-355 |-473  [+3032 |-10.15 |-8.45 |v10.40 -2.30  (-15.53
Un-
Loag |-.1534 |-1637 |5939 ——-  |-7533 ]3.891 +1.570 4067 4530 15.38
1S412)
Red. |-322 -4.16 -10.41 ——— -12.03 -9.13 =157} -3.58 =20.40
2-3
Load | -.2520 =2110 |1.786 -9.190 -8.420 4.067 -3.973 SE£88 4519 B&70
(4.379)
4
Red. [-5.12 1762 [-1106 |+22532 |-2303 [-2064 +1860 [-5.75 |-33.10
Un-
Load |-.1458 -.1851 | 4419 ——— -6.143 3.273 +1.335 [3.850 |[2.947 25.10
. (2.960}
ked. |-3.14 |-9.19 -33.34 | ee— -25.0t |-2356 |-29.18 |-8.72 -43.39
Note 1: Larger Node or Element Number Corresponds to Mesh with Interface, See Figures 6-2 and 6-3.
Note 2: Stress o Subgrade-Base Interfa

ce for Run Without Interface Chtained by Plotting.




Run | Surface|Subgrade|Radial AC| VertSubgrlVertSubgr|RadiSubgriVert Bas=| Rad! Base{Radl .Bazq4Geoay
MNo. | Deftin} |Def(in) [Strain Stress [Strain Strain  [Strain Strain  IStrain  {Force
Node Node Element | Element |]Element |Element jElement {Element Element |Lbz./in
176 or |52 4tor31! | 16 " 3 3tor21 " |310r21! [260r 16! [(Strain)
154! x107> | osi. x1073  {x1073 k193 lx1073 x10™® [x1073
2~7
Lload | -.1859 ]-.1485 ]1.5G98 -9.952 =7642 1361 -3.504 5054 13.82! n/a
{n/a‘
Un-
Load | -.1047 |-.1139 |.2474 ——— -6.026 |3.045 1.494 3.322 |3.666 {n/a
{n/al
2-5
Load | ~.1842 |~.1464 |1.566 -7684 [-7.374 |351S |-3554 |4922 |4.805 16340
(5.863)
7
Red. [-091 1-1.41 200 |-22772 |-351 |-286 [+143 |-281 |+25.75
un-
Load | -.10251-.1117 2100 —— -3.787 2949 +1.531 3.160 3410 5.3585
{42350
g,: .
Red. | -2.10 [|-1.93 -15.12 ———— -397 -3.15 +2.48 -4.68 -£.98
2-6
Load | -.1818 |-.1436 }1.53%S -8.419 |-7.068 |3.386 -3599 4872 [4.2%5 R
(S.340)
Red. {-2.21 |-3.30 ~3.94 -15.392 =751 -6.23 +2.71 -3.60 +13.93
Un-
Load | -.0997 |-.1093 |.0175 — ~-5.495 2.831 +152 3.094 2.940 12.22
(4.295)
Red. | -4.78 |-4.04 -9293 | ~~—- -8.81 -7.03 +2.21 -6.86 -19.80
2-13
Load {-~.1752 |-.136] |1.466 -9.833 -6.286 3.072 -2.663 4538 3.498 3311
; (3.889)
b4
Red |-576 |-8.35 |-826 |-1.182 [-17.74 |-1493 {+454 [-1021 |-8.45
Un-
Load | -.0930 |-.1011 |-0082 —— ~4.721 2.525 +18500 |2.748 2.125 26 58
. (231N
et |-1117|-1124 n2® = 2186 b1708 f-040 1728 |-a203

Note 1: Larger Nade or Element_ Number Corresponds to Mesh with interface, See Figures &-2 ana &-3.
Note 2: Stress ® Subgrade-Base Interface for Run Without interface Cblained by Plotting.
Note 3 :Indicates Compressive Strain @ Bottom of Asphalt on Unleading of Finite £lement Model.




Iahle 6-7. Resylts of Series 2-10: 1"AC- 10" Good Base-Paor Subarade

Run [ Surface|Subgrade|Radial AC VertSubgn VertSubgrRadlSubgr Vert Base|Radl.Base{Rad) Base Geosy
No. | Def(in) |Def(in} |Strain Stress  [Strain  [Strain Strain Strain  [Strain  {Force
Node  |Node Element |Element Element [Element [Element Element (Element |Lbs /in

176 or |52 410311 |16 ¥ i 3tor21! 3ior2!1250r;s‘(s-trau;)
154/ x1073 1 ogi 2107 131078 4103 51073 [i10-3 x1¢™3
2-10
Load | =.1253 [-.1143 (3956 |-6.402 |-3.958 |172v -6962 |1.998 [2600 |n/a
(n/a}
Un-
Load | -0132 -0538 [-9380° [——— |-1398 | 5028 +4512 (1886 (1064 |w/a
{n/a)
2-8
toad | 1231 [-1139 13916 5463 |-3807 |1 712 -7238 [1969 2515 5549
{3.009)
Red. 1-0.16 [-0.35 (101 |-14642 |-154 |-0g7 =396 |-145 |-327
Un-
toad | -0115 -0523 1-1.006 [—— [-1272 | 783 +4522 (1478 9542 2335
(1585)
I”. ,
Red. 1-1288 (279 17253 |-eo 901 |oags 022 |-2163 |-10.32
2-9
toad | -1226 1-1134 13863 |-5626 |-3826 |1g90 7548 1932 |pazs |7 aes
| (2.77¢)
Red: 1-041 1-079 235  [-12092 |-334 |-203 +8.42  |-330 |-669
Un-
toad |-0110 (<0519 1013 [—— |1208 | 7409 +4507 (1054 8763 |4.745
(1.343)
%
Red. | =16671-353  [+8.003 |-—— |-1350 |-7.46 0.1 (-ad11 -1764
2-14
toad |-12221-1123 3710 |-s5801 |-3608 1617 [-8428 (1816 |2145 |izes
(2.163)
%
Red. 1-089 |-175 |622 |-9362 |-gaq -6.37  [+2106 |-9.11 |-1750
Un-
toad 1-.00951-.0503 [-1.071 [-—— |-g9g07 6519 4429 |-0140 |s630 |in 07
(.7519)

1]

Red. |1-2803|-551 +1423 |l +3128 1+1880 [-184 -92.58 |-45 52

Note 1: Larger Node or Element Number Corresponds to Mesh with Interface, See Figures 6-2 and 6-3.
Note 2: Stress @ Subgrade-Base Interface for Run Without interface Obtained by Plotting.
Note 3: Indicates Compressive Strain @ Bottom of Asphalt on Unloading of Finite Element Model.



Iable 6-8, Results of Series 2- 12: 1"AC-10" Good Base-Fair Syharade

Run | Surface|Subgrade|Radial AC VertSubgriVertSubgr Rad!Subgr]Vert Base|Radl Base Radl Basq Geosy
No. | Deflin) |Def(in} (Strain |Stress |Strain Strain  (Strain  |Strain  {Strain Force
Node |Node Etement |Element Element {Element Element |Element Element |Lbs./in
176 or |52 a10r31! |18 1 " 310r21" [310r21"{260r 16 (Strain)
154! x1073 | psi, 1073 1x1073 |x1073  |410-3 x1073 [x10-3
2~12
Load [ -.0873]-.0780 |.3596 -eas2 -3.347 11522 |-731) 1.788 {2.306 |n/a
(n/a)
Un-
Load | ~.0011[-.0404 -1.040:S —— -1.579 8768 |+4.493 -.0253 (.9457 |n/a
{n/a)
2-H
Load | -.0867]-.0772 |.3492 -6.131  |-3.228 |1.480 =7572 {1731 [2.1863 6.750
(2.059)
p
Red [-069 [-1.03 |-289 |yq.12 |-3.56 -276  [+357  |-349 [-5.20
Un-
Load | -.0007|-.0398 -1.052 —_— -1.475 8374  [+4.489 |.0901 BI133 4280
{1.499)
Red |-3636[-145 [+1.15% [—— |56 (-9 =008  [n/a  |-1400

Note I: Larger Node or Element Number Corresoonds to Mesh with Interface, Ses Figures 6-2 and -3

Note 2: Stress @ Subgrade-Base Interface for Run Without Interface Chtained by Plotting.
Note 3: indicates Compressive Strain @ Bottom of Asphalt on Unloading of Finite Eiement Model.




Run | Surface Subgradelgadial AC VertSubgtJ VertSubgriRad!Subgr]Vert Base |Radi Base Radl.Bast Geosy
No. | Deftin) |Def(in) |Strain Stress  |Strain Strain  |Strain Strain |Strain |Force
Node |Node Element |Element |Element }Element [Element |}Eiement {Element |Lbs./in
176 or |52 ator31! | 16 " 1" 31or21! [310r21 ! |260r16 ! (Strain)
154! x10~3 | psi. x1073  |x1073 k103 |x1073 |x1073 fx1073
3-3
Load [ -.1989 |-.1870 {1.534 -5.902 -7613 3.588 -1866 13.593 4.683 n/a
(n/a)
un-
toad | -.1084 |-.1178 | .4752 -———- |-43809 (2561 #1572 2332 (3337 |n/a
(n/a)
3-1
Load | -.1974 |-.1842 |[1.512 -5.977 =7.171 3.433 -2.104 3.173 4.037 11.66
(4.374)
2 »
Red -0.75 {-150 -1.43 +1.30 -5.81 -4.32 +12.75 |-11863 |-1283
Un- ’
Load | -.1070 |-.1133 | .4486 — -4 393 2411 +1.337 1.978 2.756 8.917
(2333}
n
Red -1.29 [-2.12 -5.60 ——— -8.61 -5.86 -14.65 -15.18 |-18.62
I-2
Load | -.1966 |-.1810 ] 1.493 -7.524 -5.714 3.364 -2.5C8 3.050 2.28! Iz
Red. | =116 |-3.21 |-254 |y22.532 [-1181 [-c.24 [+34.41 [-15.11 [-2097
Un-
Load | -.1062 1-.1120 | 4331 — -3.940 2.331 + 9763 1.839 20%8 2353
(2.52%)
Red -2.03 |-492 -8.86 ——— -18.07 -8.98 -37.56 =21.14 |-39.89

Note 1: Larger Mode or Element Number Corresponds to Mesh with Interface, See Figures 6-2 and 6-3.
Note 2:Stress @ Subgrade-Base Interface for Run Without Interface Obtained by Plotting.




Run Surface| Subgrade|Radial AC | VertSubgriVertSubgn RadISubgrl Vert.Base| Radl Base{Radl.Basd Geosy
No. Deflin) | Def(in) |Strain Stress  {Strain Strain  |Strain Strain  {Strain [Force
Node |Node Element jElement |[Element ]Element |Element }Element |Element |Lbs./in
176 or |52 410r31! |16 1 1 31or21! | 31021 ! [260r 16 KStrain)
154! x1073 | psi. x1073  |x1073 1073 |x1073 1073 |x1073
3-S5
Load | -1402]-.1274 {1341 | 72 |-5740 [2733 |-2052 {2700 [3561 e
(n/a)
Un-
Load | -0815|-.0876 |.3928 — |-3994 2,087 |+1600 |1584 19656 |n/a
in/a}
3-4
Load | -.1385}-.1251 |1.316 -6.668 [|-5455 {2619 (|-2.167 |2.386 |3.163 |9524
{(3.716)
"
Red | -128 |}-1.81 -1.86 Yy -4.97 -4,17 |-5.60 -11.63 |-11.01
Un- :
Load | -.0800 |-0859 |.3803 — |-3.752 }1989 {|+1.13! 1.239 1.193  |8.134
- (2.774)
b4
Red. | -184 [-1.94 {-3.43 —  |-6.06 -470 [-29.31 [-21.78 |-235%
3-10
Load | -.1359 |-.1220 |1.278 -7530 {-5.078 |2.459 ({-2266 12053 (2564 |2545
{2367}
b4
Red |-3.14 {-424 [|-470 [|emys? [-1153 [-1003 |-10.43 |-23.78 |-28.00
Un-
Load | -.0782 |-.0830 [.3470 — |-3393 1841 (+9923 |9228 |1.50] 1953
(2.016)
n
Red. 1-393 [-525 ({-1188 |-——— [-15.05 [|-11.79 |-37.98 [-41.74 [+55.45
Note 1: Larger Nods or Element Number Corresponds to Mesh with Interface, See Figures 6-2 and 6-3.
Note 2. Stress @ Subgrade-Base Interface for Run Without interface Obtained by Plotting.




Run | Surface)SubgradelRadial AC | VertSubgriVertSubgrjRadiSubgriVert Base Radl.BaseRRadl.Base[Geosy
No. | Def(in) |Def(in) {Strain Stress  [Strain Strain |Strain Strain  |Strain  [Force
Node |Node Element |Element |Element |Element [Element |Element |Eiement [Lbs./in
176 or |52 4tor31' |16 11 i} 310r21" |310r21 ! [260r 16! KStrain)
154! x1073 | psi. x1075  |x1073 Ix103  [x1073 (x1073 |x1073
3-7
Load |-.1454 |-.1411 |1.108 |-5.252 |-5317 |2.427 |-6330 |2729 3500 [n/a
(n/a)
un-
Load | -.0599 |-.0736 {.1092 — |-2618 1433 (2957 1.478 |2.261 |n/a
(n/a)
3-6
Load | -.14451-.1399 |1.087 -5.452 [|-5.104 |2.355 -.7096 |2623 [}3.185 8285
(3.463)
Red |-062 }|-085 [-190 +3332  |-401 -297 {+12.10 {-388 |-9.00
Un-
Lead | -.0535 |-.0729 |.0951 — -2.446 f371 3.004 1.330 1.962 &.745
(2.132)
R i
Red -10.68 1-0.95 -1291 — =557 -4.33 +1.69 ~-10.01 {-13.22
Note !: Larger Node or Element Number Corresponds to Mesh with Interface, See Figures 6-2 and 6-3.

Note 2: Stress @ Subgrade-Base Interface for Run Without Interface Obtained by Plotting.




Run | Surface|Subgrade{Radial AC| VertSubgriVertSubgriRadISubgr]Vert Base|Radl Base|Radl Base{Geosy
No. Def(in) {Def(in) [Strain Stress Strain Strain  |Strain Strain  |Strain  [Force
Node |Node Element JElement (Element }Element }Element |Element jElement {Lbs./in
176 or |52 ator311 | 16 ¥ i} 3tor2t! {310r21!|260r 16! [Strain)
154! x1073 | psi. x10°3  Ix1073 [x1073  [x1073 [x1073 [x1073
3-9
Load | -.1061 }-.1018 1.01S 6.552 -4582 ]2.159 -6379 2432 |3.135 n/a
{n/2)
Un-
Load |-.0480 -.0626 |.1053 ——  |-2.861 1515 |+2616 J1.300 |2.191 |n/a
(n/a)
2-8
Load | -.1050 |-.1005 {9910 -6.023 -4412 |2.098 -6738 |2.338 2.900 8.694
{3.239)
R
Red (-104 [-128 |-2.36 [|-8.082 |-371 |283 |[563 |-387 [-7.50
—_—
Un- .
Load |-0472 |-0617 |.0970 |—— [-2.726 |1466 [+2667 [1.176 [1963 |7.025
(2.33¢)
R
Red [-167 |-1.44 [|-788 — |-4.72 323 k195 -254 L1041

Note 1: Larger Node or Element Number Corresponds to Mesh with Interface, See Figures -2 and £-3.
Note 2: Stress @ Subgrade-Base Interface for Run Without Interface Cbtained by Piotting.




Appendix B

Preliminary Summary of Experimental Test Results



Preliminary Summary of Experimental Test Results

Construction of Bituminous Laver

Asphaltic concrete is a special mix in the United Kingdom. Therefore,
difficulties were encountered in obtaining such a mix during the winter in
very small quantity. Hence, to prevent further delay and to move forward
with the test series, a gap-graded, hot rolled asphalt was used for the
first test series. The hot rolled asphalt will be replaced in subsequent
test series either by a specially mixed asphalt concrete or by the British
Dense Bitumen Macadam which uses a 50 Pen binder.

The temperature of the Hot Rolled Asphalt was about 230°F at the time
of delivery to the Pavement Test Facility. The asphalt was quickly
transferred to the test section using preheated wheel barrels. Compaction
was performed using an 800 lbi vibrating roller. The first pass was made
without using vibration. Compaction was carried out in both the
longitudinal and transverse directions of the pavement area. Rolling was
continued until no further improvement was noted. The whole sequence of
construction of the bituminous layer took about 30 to 35 minutes.

The thickness of the bituminous layer based on a survey of finished
elevations generally varied from about 1.0 to 1.4 inches. The density of
the layer was 132 pcf as measured using a nuclear density meter. Both the
thickness and the density of the asphaltic layer will be carefully checked

during the excavation of the tested sections.



Loading Program

Multitrack loading. To simulate the wheel path variation of real traffic,

the moving wheel of the Pavement Test Faciilty was allowed to travel over
nine different track positions across the pavement in a semi-random
sequence. The relative position of these tracks and the number of passes of
load on each track are summarized on Table 1. A total of 1718 passes of
load were applied before the test was terminated.

The original proposed test load was set at 3 kips (13.3 kN). However,
due to the very weak strength of the pavement structure, this high load was
never achieved. Also, due to the rapid deterioration of the pavement
surface, difficulties were encountered early in the tests in maintaining a
relatively uniform load across the 3 different pavement sections.

Therefore, throughout most of the test period, non-uniform loading existed
varying from about 0.7 to 2.5 kips. The average load obtained was about 1.5
kips. The load was applied bi-directionally and continuously monitored
throughout the tests.

The tire used for the test had a width of 6 in. and the tire pressure
was 80 psi. The loaded area approximated a 6 in. diameter circle. The
wheel speed was maintained at a relatively constant value of 3 mph. The
room temperature was kept at 68°F with the pavement temperature varying

between 61 and 63°F during the test.

Single Track Test. On completion of the main mult-track tests, a single

track test was carried out on one side of the main test area. The test
included a total of 500 passes of unidirectional wheel load at approximately
1.8 kips (8 kN). Rut depths wererecorded at appropriate intervals.

dowever, as there were no instruments at the single test locations, stress

and strain measurements were not recorded. The object of the test was to



Table 1. Summaryv of Load Position and No. of Passes

Position 1 2 3 4 5 6~ 7 8 .

Distance
from 12 g 6 3 0 3 6 9

Centre

Line (in.)

12

No. of
Passes of 6 35 65 386 | 700 1 294 | 105 4

Wheel '

Load :

113

Table 2. Summary of Records

Type of Record Pass No. when taken
Profilometer & Zero Reading -0
Resilient Response . 40 to 72
Profilometer & Permanent Strain 160
Profilometer &vPermanent Sfrain 527
Resilient ﬁesponse 613 to 649
Resilient Response 1226 to 1260
Profilometer & Permanent Strain 1262
Resilient Response 1648 to 1690

Profilometer & Permanent Strain ; 1690




confirm the trends in permanent deformation observed for the multitracking

test.

Recording Procedure

Profilometer, permanent strain readings and resilient responses were
taken after the number of passes shown in Table 2. Resilient strains and
transient stresses were recorded on one Ultra Violet Oscillograph. While
pressure cells could be recorded continuously, it was only possible to
select one strain coil pair at a time. Therefore, to reduce the number of
passes required to complete the recording of a set of resilient responses,
the wheel was stopped after every two passes during which measurements were
made.

With the exception of the first set of records, all other resilient
response records contained information regarding the wheel load and

position.

Excavation of Tested Pavement

Excavation of the tested pavement is currently being carried out.
During the excavation, a trench will be made to establish a more accurate
geometry of the pavement sections. Core sample of bituminous layer will be
made. Also, in situ measurements of stiffnesses and density of different

layers of material will be carried out.

Preliminary Test Results

The preliminary results of the first test series are summarized in
Figures 1 to 5 and in Tables 3 and 4. All sections were undoubtedly very
weak as indicated but the observed large rut depths at less than 1000 load
repetitions. The control section developed cracks after 500 passes, and did

not perform as well as either of the two reinforced sections. Based on the
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Table 3. Normalized Resilient Lateral Strain in Geotexile

Prerutted Control Non-Prerutted
162 442 160
Table 4. Normalized Resilient Longitudinal Strain under-
neath the Asvhalt Lgxgx!
Preru%ted . Control Non-Prerutted
Longitudinal 443 761 243
Strain
Estimated ' t
Thickness of 1.1 1.3 1.4
Pavement (in) '

Note: All normalized strains are measured in micro-strain
per Kilonewton




rut depth alone, the prerutted section performed slightly worse than the
non-prerutted section. However, the result could be due to a slightly
higher thickness of the bituminous layer of the non-prerutted section.

The comparison of resilient strains between different sections is
hindered due to the non-uniform wheel load which occurred across the
sections. The variation of wheel loading was due to the large rut depths
and its variation from one section to another. The measured resilient
strain were therefore normalized with respect to wheel load. Although
linear behavior is generally expected within a narrow range of load, the
large load variation during this test may have created a nonlinear

variation; this aspect is presently being investigated further.
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NCHRP PROJECT 10-33
POTENTIAL BENEFITS OF GEOSYNTHETICS IN
FLEXTBLE PAVEMENT SYSTEMS

INTRODUCTION

Research Problem Statement

Test results indicate that the tensile forces that can be developed in
geotextiles and other geosynthetics, such as geomembranes and geogrids,
hereinafter referred to collectively as geosynthetics, will increase the
structural capacity and improve the performance potential of aggregate-
surfaced roads placed over very weak subgrades (i.e., CBR less than 2).
Techniques have been demonstrated whereby geosynthetics can be tensioned
either by prestretching the geosynthetic or by loading and developing ruts
in the geosynthetic-aggregate system, before placing additional (leveling)
~aggregate base.

The applicability of geosynthetics to higher type pavement systems
incorporating unbound granular pavement layer(s) with an asphalt surface
(flexible pavement systems) needs to be studied to determine whether the
structural capacity and performance potential can be improved. Although
geosynthetics have been used to some extent in the unbound granular layers
of higher type pavements, their behavior and influence on pavement
performance are not well understood. Consequently, a number of questions
must be answered before the feasibility of widespread use of geosynthetics
in flexible pavement systems can be determined, for example: (1) What types
of geosynthetics should be used and what properties of these geosynthetics
must be specified? (2) Is prestressing geosynthetics necessary and
practical? (3) Under what conditions do geosynthetics influence flexible

pavement systems? (4) Can the benefits of geosynthetics be documented?



Objective

The objective of this study is to determine the feasibility of includ-
ing geosynthetics on the subgrade or in the unbound layers to improve the
performance of flexible pavement systems or to provide alternative designs

for equal performance.

SUMMARY OF PROGRESS

Task 1 - Selected Analytical Models - Complete

Task 2 - Sensitivity Study

Technical progress on this task during the last quarter has been good.
The contour model discussed in the last quarterly report was implemented
into the computer program for characterizing the granular base. Even the
use of this state-of-the-art model, however, did not appear to explain the
" good performance of the geotextile reinforced sections observed for the
first test series, even considering the very weak pavement construction
used. To better understand the behavior of granular base pavements, with
special emphasis on the behavior of the lower portion of the granular
material, a study was made of the detailed stress and strain response data
obtained previously from several well-constructed granular based pavementsl.
These pavements had not been previously theoretically analyzed in detail.

The results of this comparative study indicated the tensile strains
predicted in the bottom of the unreinforced granular base were about one-
third the observed values. This finding suggests that the theory used up to

now may be underpredicting the potential beneficial effect of reinforcement.

1 Barksdale, R.D., "Crushed Stone Base Course Performance',
Transportation Research Record 954, 1984, pp. 78-87.



Comparisons were made using several different theories between observed and
predicted values of tensile strain in the bottom of the asphalt, vertical
and radial strains in the granular base, vertical stress on the subgrade and
vertical surface deflection. Trying to match the theory with this many
measured variables proved to be a very complicated task.

A cross-anisotropic, linear elastic model was found to give the best
predictions when compared to observed response. Use of this model with the
inclusion of geosynthetic reinforcement appears to show somewhat greater
reductions in vertical deflections and stresses than found using other
models. The greatest changes in response compared to the previously used
models appear to be in radial stress and strain in the base and subgrade.
For pavements having low strength, these observed changes in response are
probably sufficient to explain the good performance of the reinforced
‘ sections included in the first test series. For well-constructed pavements
having sufficient structural strength, these observed changes in response,
based on preliminary observations, do not appear large enough to
significantly improve performance.

A number of computer runs have now been performed using the linear
elastic, anisotropic model for pavement sections having geometrics that
might be used in practice. The problem of realistically modeling the
reinforced granular base has proved far harder than originally anticipated.
Good progress has been made which, based on preliminary observations,
appears to explain the observed performance of the reinforced, nonprerutted

sections in Test Series 1 and 2.

Task 3 - Laboratory Experimental Study

During this quarter the second series of tests were completed. The

second series of tests consisted of a 1.5 inch thick asphalt concrete



surfacing over an 8 inch thick crushed limestone base. Sections tested
consisted of (1) a control, (2) Tensar 58-1 placed between the base and
subgrade, and (3) a similar sections to (2) except it was prerutted. About
70,000 applications of a uniform 1.5 kip wheel load was applied to these
sections.

A detailed description of these tests and the results are given in
Appendix A. The test results are summarized in Figures 1 through 7
(Appendix A). Preliminary conclusions are as follow: (1) The presence of
the geogrid in the non-prerutted section does not provide any appreciable
benefit to the overall performance of the pavement. (2) The prerutted
section showed significantly better performance than the other sections.
Prerutting helps to densify the granular base material. Whether the same
beneficial effect can be achieved in the absence of the geosynthetic
inclusion is still uncertain at this time. (3) Prerutting appears to be
material dependent. For the natural sand and gravel used in the first test

series, prerutting did not improve performance.

Proposed Changes to Testing Program

Test Series 1 and 2 have now been completed. Construction on Test
Series 3 will begin in about two weeks. The proposal is made that Test
Series 3 be constructed using the same materials and geometry as Test Series
2: (1) A 1.5 inch thick asphalt concrete surfacing, (2) 8 inch thick crushed
limestone base, and (3) a weak subgrade having a CBR of about 3. Specific
proposed sections are as follows:

Section 1. Control - no geosynthetic reinforcement.

A supplementary test will be included involving prerutting
the base along the edge of this test section. The center
portion of Section 1 will not be prerutted. By testing both
areas an indication will be obtained of the effectiveness of

prerutting the base without the presence of a geosynthetic.
Recall that for Test Series 2 the best performing section was



both reinforced and prerutted. The proposed testing will
permit determining whether the prerutting and accompanying
densification of the stone base or prerutting together with
the reinforcement was responsible for the good performance of
the prerutted section in Test Series 2.

Section 2. Woven Nicolon geosynthetic (S, = 4000 1lbs./in.)
placed on top of the subgrade. The Nicolon geosynthetic is
the same as used in Test Series 1.

Section 3. Woven Nicolon geosynthetic (Sg = 4000 1bs./in.) placed
in the middle of the base.

It is felt that an additional series of tests involving basic
geosynthetic reinforcement of a reasonably strong section is needed. Also,
the results of Test Series 2 indicates most of the rutting developed in the
granular base. The possibility therefore exists that reinforcement placed
in the middle of the granular base might result in better performance than
when placed in the bottom of the base (refer to Section 4.3 of Appendix A).
Although conflicting evidence exists concerning the optimum location of the
reinforcement, varying the location of the reinforcement in Test Series 3 is

felt to be desirable.

Task 4 - Engineering Feasibility

During the past quarter work continued on the separation aspects of the
use of geosynthetics. Work on writing these findings up was begun.
Durability aspects were also considered, and these findings are being
translated into the current state-of-the-art including engineering practice
aspects. As has been the case throughout the project, emphasis was placed
on translating the reinforcement considerations into practical engineering

recommendations.



WORK PLANNED FOR NEXT QUARTER

During the next quarter additional computer runs will be performed
under Task 2 to thoroughly investigate reinforcement aspects. Some
verification of the theory should be possible using the results from Test
Series 1 and 2. Under Task 3, the third test series will be constructed and
tested. Hopefully, construction of the fourth test series will be underway
by the end of the quarter. Work on Task 4, engineering feasibility of using

geosynthetics within granular bases, will be intensified.



APPENDIX A

PRELTMINARY RESULTS OF LABORATORY TEST SERTES 2



2.1

Introduction

This report outlines the work carried out during the three
month period starting from March 21, 1987.

The second series of tests which involve the use of Tensar
SS-1 geogrid under prerutted and non-prerutted conditions
has been completed. The revised pavement structure in this
series of consists of an 8-inch (200mm) thick layer of
crushed dolomitic limestone and 1.5-inch (37.5mm) of
asphaltic concrete. The results of the test, obtained after
about 70,000 passes of wheel loading, indicate that the
prefutted section performed best. Details of the second
series of testing, together with discussion of the test

results are presented in the following sections.

Sub~-task 3b(ii) : Large Scale Laboratory Test

Revised Pavement Material

Following the results from the first series of tests, the
pavement structure has been revised to consist of 1.5 inches
(37.5mm) of specially mixed asphaltic concret