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All numerical data reported in this document are recorded in non-SI units
to accurately reflect the method of measurement. Non-SI units of
measurement used in this report can be converted to SI units as follows:

Multiply By To Obtain
inches {in.) 0.0254 meters (m)
faaot (ft) 0 2ANAR matare {m)
feet (ft) 0.3048 meters {m}

square inches (sq in.}

6.4516x10

square meters {m?)

square feet {sq ft) 0.0929 square meters (m?)
square yards (sq yd) 0.8361 square meters (m?)
cubic feet (cu ft) 0.0283 cubic meters (m?)

pounds {mass] (ib)

kiiograms {kg)

kips, {1,000 Ib)

0.4535924

1,000 kilograms (1,000 kg)

tons {mass)

0.9072

metric tons (tonnes)

pounds {force) per square inch {(psi)

6.894757x10°

pounds {force) per square foot (psf) | 47.88026 pascais (Pa}
pounds (mass) per cubic foot {pcf) 0.157 kilonewtons per cubic meter

(LN /m3;

AN/ I

square inches (sq in.)

square meters (m?)

square yards (sq yd) 0.8361 square meters {m?)

galions (gai) 3.785 liters {L}

gallons per square yard (gsy) 4.5273149 liters per square meter (L/m?)
miles per hour {mph) 1.6093 kilometers per hour (km/h)

PRI
(TT-1D/TT7)

degrees Fahrenheit (°F) Subtract 32 and degrees Celsius (°C)
multiply by 0.5556
foot pounds per cubic foot 0.0479 kilonewtons per square meter

I

v 2
(KN/m~)
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Executive Summary
The experiment evaluating the fiber stabilization of sands presented in this
report was composed of an extensive laboratory study and two field

experiment sections. The entire experiment was conducted during the period
May through November 1997 by the U.S. Army Engineer Waterways
Experiment Station (WES), Vicksburg, MS. The laboratory experiment was
designed to identify the effect of different variables on fiber-stabilized
specimens. The field experiment sections were constructed and trafficked to
verify the performance of each experiment item when subjected to wheeled
military vehicle traffic. A summary of each material investigated and its

o0 1313

formance is presented in this report. An analysis of the fieid data was

~es 2ntnd ¢~ Antnwmsniomn thhn smmdbnmiinl AL thana aveendinme Anmatesntiam caantaniala
COLIIUCLICU LU UCICIIIIIIC UIC POULCHItIdl U1 LHTSC CAPCUICIIL CONSUUCLIOVIL IIdLCT1d1S
nndar artinal lnad ~canditinng
ulliuTl atiudi 1Uau CULIUIUUILS.

a. All of the fibers effectively stabilized the six different sand materials in
the laboratory. The performance of the various fiber types from best
to worst was as follows: fibrillated, tape, monofilament, and mesh.
The field experiment sections demonstrated significant performance
enhancement in both concrete sand and Yuma sand. The field
experiment revealed that tape fibers were susceptible to being pulled
out of the stabilized layer.

h A V.in fFfihar lanagth vwao Aatarminad ac tha Antirmnmm lanagth fAar filar

174 L 4&~111. 11UCL ICLIE UL vWwad ULLLLLLILIIICU Ad LIV Uyuuuuu u;ugl.u 1UL 11UC1L
rainfarcamant nf cande in the Iaharatnrv  Qhnartar fihare wara
AWilliVUlwiwiliwiil VUl OQlIND 111 Uilw Auuulul\)l] - WILUVA WL 11UWVLID YYwiw
ineffective, and 3-in. fibers performed similar to the 2-in. fibers
Fiber denier had no significant effect on material performance. These
results were supported by the data from the field experiments.

c. The laboratory results indicated that a fiber content of 0.6 to 1.0
percent by dry weight of material would ensure that the stabilized
material exhibited strain hardening behavioral characteristics. The
field experiment demonstrated that 0.8-percent fibers provided
adequate structural support.

4 Tha lohaeatary dota indiaatad thot Shae ctahilicatinn Af cand matariale

da. 111C 1avVidluly uata lldivaiCu ilat 110C1 dlavlilZallvuil Ul >alilld 1liawcliiaid
wnnld ha affartiva in ciltvy cand matariale ac wall ae ~rlaan candc a
YWWUUIU Uw ViiIvuwlliY e 11 Ollly DAllu 111Aalviidlo Ao YYwilil Ao vivdall oaiiuo. 4 11w
data alen indicated that the fiher reinforcement of sands would bhe
data also indicated that the 11per reiniorcement of sands woulid de
beneficial in both dry and wet of optimum conditions
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keep the fibers from being “pulled out” of the stabilized surface

designing pav'ements with fiber-stabilized sand materials: an effective

California bearing ratio (CBR) of approximately 35 percent, a

e. The field experiment demonstrated the need for a surfacing that will

composite modulus of elasticity of approximately 50,000 psi, and a

Poisson’s ratio of 0.35.

f. The following material properties were identified for use when
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Chapter 1

| | [ N [ Ny
1 Inuroaucuon
Background

Military operations in remote locations around the world continue to
identify the requirements for improved infrastructure materials and
construction techniques. Military engineers are increasingly faced with the

task of quickiy constructing roads and airfields in remote locations with

' et

LS . | .~ o~ o~ b SR L Y o VN o o) R o ) VS BV o Ve o¥ o 2N L S - LY
minimai résources. L.OZISUCS-UVET-1Ne-5n0re (LU 1y) operauons nave aiso
iAdAamtzfiad tha sa~tiiessass 4+ frer avrnodiant rand Anncteintinm mmntoriale fAar 1108 1y
igémniinieda i€ réquirement 10r €Xpediciii roaa ConsSiruciion materiais 101 use iin
anrncc_tha_haarh annlicatinne Tha ahility Af tha militarv tA nraiant farrac
AViUvUdOoTUuIVTUVAwLL Q) Pll\.rallullo. A 1l aUlllI.y Ul uiv lllllllal] w PLUJU\II. AUVLIVLVD
into the theater of onerations is denendent unan itg ahilitv to ranidlv develon
Into the theater of operations 1s dependent upon 1(s ability to rapidly develop
infrastructure for the shipment of troops and supplies. Many regions of the

world do not possess adequate supplies of quality aggregates for constructing
these facilities. Importing quality construction materials into remote
locations, quarrying local material sources, or beneficiation of available
materials is both time consuming and costly. Furthermore, diminishing
supplies of obsolete, expedient road construction materials in the military’s
inventory has led to the investigation of new road construction materials.
The U. S. military requires a means of rapidly constructing roads and
airfields in the theater of operations in a cost-effective and timely manner.

Tha IT € Armu Enginaar Watarwave Fynarimant Qratinn fWEQY ag tha
111V U .o, Nalin LAl 1IIVVL Yy alvl WG]O LLAPUVLILIIVIIL Olallull \ YY Lo ), ad Ul
lead Denartment of Defenge lahoratorv for airfields and navements research
partment of Defense laboratory for airfields and pavements research,
was tasked to identify and evaluate potential construction materials for use in
remote regions of the world. Preliminary research efforts conducted by WES
j

under projects funded by both the U.S. Army and the U.S. Air Force have
identified discrete fibers as a potential material for the expedient construction
of roads and airfields. The stabilization of indigenous materials with discrete
fibers has indicated significant load-carrying capabilities in previous
research.

aboratory
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discrete synthetic fibers increases the load-bearing capacity of sands and
improves other engineering properties such as shear modulus, liquefaction
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resistance, and particle interlocking (Maher and Ho 1994, Arteaga 1989, and

Freitag 1986). Furthermore, the 1mprovement of the engmeermg properties

of sand materials was determined to be a function of fiber type, fiber iength,

Filanew nAsmtnmt ned Awismdadincc 0 laner am A A1 DAf~~: 100L A cdnn e 1TOONN L. ~
LIUCL CULICIIy allU ULICHdULL (Ulady ald Al-K€i€ai 1700, AIlCdgd 1¥07). 11lC
ranammoandatinne af thace laharatary etnndiag enncarning tha antimniim valnag
AVUVULlLIIVIIUALIVILD ULl UIVDOLV lavviawul DLUMIVO Uull\dclllllls ule vpiiiiuliil vaiuco
of the key variables are inconsistent

WES began investigating discrete fiber stabilization for road construction
in 1990. Early WES efforts indicated that fibrillated polypropylene fibers
could be effectively mixed with a high plasticity clay (CH) material using
standard field mixing equipment (Brabston 1991). This study also indicated
that smaller fibers (1 in.) were more effectively distributed by the rotary
mixer than were larger fibers (2 and 4 in.). A circular experiment track was
constructed in a joint research study between WES and Synthetic Industries
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neither fiber type successfully stabilized the clay materlal, but both fiber
types enhanced the properties of the sand material. A significant conclusion
of this study was that optimum performance in the sand material was
achieved with a 2-in. monofilament fiber at a dosage rate of 0.5 percent by
dry weight. In late 1994, WES conducted a laboratory test designed to
evaluate the rut resistance fiber-stabilized siit and high plasticity ciay

evice (DIIOCHDCI'gCl' et al. 1997 I) Resuits of
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stabihzatlon in 1996 when it conducted a laboratory experlment to determine
the optimum dosage rate for a 2-in. monofilament polypropylene fiber in a
typical concrete sand. The results of the laboratory investigation led to the
validation of results through full-scale field experiments (Webster and
Santoni 1997). The laboratory results indicated that 0.8-percent fibers by
dry weight of material was the optimum dosage rate for a 2-in. monofilament
p01ypropy1ene fiber. The ield experlments menunea Road Oyl, a by-

experiments also r Dorted that a 12 -in. l ayer of fiber- stablhzed sand in which
the Road Oyl was admixed into the top 4 in. could support up to 1,000 passes
of a C-130 aircraft. These experiments validated the field performance of
fiber stabilization, but they did not address the effects of varying sand types,
fiber types, and fiber lengths.

Chapter 1
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Chapter 1

Purpose

e laboratory experiments
C b) fy ct of numerous variables on the performance
of fiber- stablhzed salees (c) describe the field experiments conducted, (d)
verify the structural load-bearing capacity of fiber-stabilized materials under
actual traffic conditions, and (e) present guidance for implementing fiber

stabilization into the structural design of pavements.
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Scope
This investigation was limited to laboratory and field experiments
involving the stabilization of sand materials with discrete fibers. The

laboratory unconfined compression tests were conducted on samples derived
from a test matrix consisting of six different sand types, four fiber types, five
fiber lengths, six fiber deniers, at five different fiber dosage rates. The field
experiments consisted of the construction and trafficking of two full-scale
experiment sections, each containing seven experiment items. The
composition of the experiment items was based upon the results of the
iaboratory investigation The first experiment section provided a side-by-
side comparison of fibrillated and monofilament fibers at three different

Ancnoa vatne Dunarimant cantinn nne alan auyaliiatad tha masfamman oy
UOUBAEC 1d1CS. LEXAPCLUIICIL SCCLI0I1 OLIC d4IdU Cvdiudicu UIC peiloliiidiice ol
thraa Aiffarant anrav_nn enrfaringcg EFvnarimant cantinn ftwn ywae rnnmnnoad
tnréc Qirerent spray-on suriacings. eXperiment seCiion two was composea
of items degioned to evaluate the nerformance of tane. monofilament. and
gnega 10 evanuale i€ porioermance o1 iapl, monoinameni, ana
fibrillated fibers at a single dosage rate. Experiment section two also
included one lightweight mat section to provide a comparison of the

performance of fiber-stabilized sands to traditional expedient mat surfacings.
Traffic was applied using a 5-ton military truck (6-by-6, M923) loaded to a
gross vehicle weight of 41,600 1b. The truck tire pressure was 75 psi. A
total of 10,000 channelized truck passes were applied over the test road of
experiment section one. A total of 10,000 channelized truck passes were
applied over the test road of experiment section two. Initially, 5, OOO truck

PR Ik i, | NN 4 V. g o FAPSGRISIRENS Y P, M [ T i
aadiuonal o,Uuu truCK passes. 1€ resuits or e ldDUIdlUIy and field
experimeiits are ﬁi‘%S%’it“d in this report
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altered to quantify i
Each sample was evaluated by conducting unconfined compression tests.
These tests were not intended to simulate field conditions but to provide an
index for sample performance comparisons. The sample performance was
measured in terms of its load bearing capacity and deformation. Table 1
illustrates the laboratory test matrix. In addition to the test matrix, studies
regarding moisture content, compaction effort, and siit content were
conducted.
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the performance of four different types of fibers. Each material is described
and pertinent material properties are identified. Tables 2 and 3 identify the
specific material properties of the sands and fibers, respectively.

Test sands

xre ®__%______ &£ ___ ____ai_ _____1 La ) TR 1 | Y » I L i PR, R (Y, .

VICKSDUrg Loncrete sana. 11nis sand, nereaiter reierréd 1o as concreic
cnnd ? wac iend fas tha mmainritv ~Ff tha lahasatney tocting diie +n jte Tanal
Sand, was usea 10r il€ majority O1 ul€ 1a00ratory tesiing aue io iis 10cCat
availahility in larca vnllimace Tha rancrata gand wace a laral Vinklchnra NCQ
avﬂ.llaullll] 11 Aaxsu YULUILLIVDO 411V VUILIVI VIV Ddllu YWwao a4 1vvdal v ivnouvul PY ].VIL,,
sand normallv nsed as fine asoreoate in concrete Its oradation curve is
sand normally used as Iine aggregate 1n concrete, 1s gragation curve Is
shown in Figure 1. The sand was a pit-run washed sand containing

approximately 4-percent gravel sizes and 2-percent minus No. 200
U.S. standard sieve size material. It was classified as a poorly graded sand
(SP). Additional material properties for the sand are provided in Table 2.

Chapter 2 Laboratory Experiment



CTD coarse sand This sand is specially blended by WES’s Concrete

Structure S,L boratory, for use as fine aggregate in high-strength concrete
ivan Tt wina aalantad A 1vnaliada o anmd cvvntanial twridhh lawan svnsnéinla cicona amAd
HIIACD 1 ad DUITLICU U HHILIUUCT a dallu 1liaiClildal Wil 1algC pdlucic S14C> allu
wvac Q]Qf\ rnor‘;lv ')‘IQ;")}\IP T“\A ﬂfﬂl"')f;l‘\ﬂ onrva FI\" fl’!;(‘ DO"I“ ;(‘ (‘I’\I\‘I’lﬂ 1m

YYao aiov i1vdaully avaliiauviv 1 31 slauauuu WU1L VL 1UL U110 Oallu 1O o1luvyvvil 11l
Figure 1 he sand contained anpnroximatelv no oravel sizes and onlv 1-
Figure 1. The sand contained approximately no gravel sizes and only 1
percent minus No. 200 U.S. standard sieve size material. It was classified as
a poorly graded sand (SP), ASTM D 2487 (1993b). Additional material
properties for the sand are also provided in Table 2

New Orleans filter sand. The New Orleans filter sand was a filter sand
obtained from the Mississippi River in New Orleans, LA. This sand is
obtained from a uniform deposit and is specially blended for use as a filter
media. The gradation curve for this sand is aiso shown in Figure 1. The

sand contained no gravel sizes and no minus No. 200 U.S. standard sieve
nnnnnnnnnn Yt vxrno alon Alacaifinad ac a maneler Awadad cnad 70N MNela oo
DILC llldu:lldl 1L Wad didU CLadSILICU dad 4 POULLY gldUucdl ddliud (Jr ). UuUICl
matarial nranartiag far tha Naw Nrlaang filtar gand ara nravidad in Tahla 9
iiiawviial PlU CALIVO 1UL LIV 1YL VWY Ulivallo 111Vl dallu alv PIUV 1UuLu 11l 1LaAuilv &

Holland L.Z sand. This sand was obtained from the Holland I anding
Zone at Fort Bragg, NC. This sand was selected due to its silt content and
availability. The gradatlon curve for this sand is shown in Figure 1. The
sand contained no gravel-size particles and approximately 18-percent minus
No. 200 U.S. standard sieve size material. It was classified as a silty sand

(SM). Table 2 lists additional material properties for the Holland LZ sand.

Tyndall AFB sand. This sand was obtained from Tyndall Air Force
Base, Panama City, FL. This sand is characterized as a typicai uniform
Ll need P | _"._. PSSP, PSP A - - YT .. 1 ML -~ che=d L1 1
DEdacClil sdnd, dnd IS graudtionl 1S Siilowil lIl rigurc 1 111€ SdId 11dd 110 gravel
qgizag and na minntge Nla 2NN TIT Q  atandard giava giza matarial Tt vxrag
DLLUD IU 11U HILIRD 1INV, LUV U .0, dldlluallu dIC VU DIZLC liialvllal 1L 'wad
claccified ac a noorlv oraded cand (SPY  Additinnal material nronartiec for
WwiCdAoOolliwuw AU 4 y\l\lll] 51““\1“ Jeiing \ul ,. 4ANALILIVIEIQLL LliQiLwi ialr PL\JHUL tivy 1Vl
the sand are provided in Table 2

Yuma sand. The Yuma sand was obtained from aeolian deposited dunes
near Yuma, Arizona. This sand was selected due to its small particle sizes
and the presence of a locally available stockpile. The gradation curve for
this sand is also shown in Figure 1. The sand contained no gravel-size
particles and 7-percent minus No. 200 U.S. standard sieve size material. It
was classified as a poorly graded silty sand (SP-SM). See Table 2 for
additional material properties for the Yuma sand.

investigation were made of polypropylene. The monofilament fibers were
tested at three deniers and four ﬁber lengths. A denier is defined as the mass
in grams of 9,000 m of a fiber, and it is used as a measure of fineness as
developed by the textile industry. Smaller denier fibers indicate finer
strands. Monofilament fiber deniers of 4, 15, and 20 were evaluated to
determine the effect of fiber denier on performance. Monofilament fiber
lengths of 0.5, 0.75, 1, and 2 in. were tested to determine the optimum
length for fiber stabilization. The monofilament fibers used in this

PRPAY: I S NP PN P ) B-PRP. PR Sy | PPy |

1€a Irom {two sources: 1Vllbblbblppl Materials, Jackson,

Monofilament fibers. The qymhetic monofilament fibers used in this

4~

experiment were obtai
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MS (0.5 and 0.75 in.), and Synthetic Industries, Chattanooga, TN (1 and 2
)

in.). Table 3 lists pertinent properties of the fibers evaluated.

T et llndnd ey Tha aurnthatin Sleillatnad Slanwn 11an A Sen thlis

rivriuatea 1ucod. 111C SYI1UICLIC 1101111dalCU [IUCIS usCU 11 UHDS
invacticatinn wara alea mada Af nalunranvliana Tha filhrillatad filhare wara
luvuousauuu YWuiL alov liiauv vl PUIyPlUP]lUllU. A1 1¢ livlilialvu 11UCl1ld wuelo
tested at two deniers and four fiber lengths. Fibrillated fiber deniers of 360
and 1,000 were evaluated to determine the effect of fiber denier on
performance. Fibrillated fiber lengths of 0.5, 1, 2, and 3 in. were tested to

determine the optimum length for ﬁber stablllzatlon The fibrillated fibers
used in this experiment were obtained from Synthetic Industries. Properties
of the fibers evaluated are listed in Table 3.

Tape fibers. The synthetic tape fibers used in this investigation were
made of polypropylene. The tape fibers were tested at only one denier and
two fiber lengths. The tape fibers used were 2 and 3 in. long, both at 448

denier. The tape fibers used in this experiment were obtained from Synthetic
Tndugtriaeg Tahla 2 lictg tha nranartiag Af tha filhare ayaliiatad
1LIUUDLLIUD 1Laulv O 1IDW UL PlUpLlLULd UL UL 1HIUL1D Cyvaluatvu.

Netlon mesh fibers. The synthetic mesh fibers used in this investigation
were made of polypropylene. These mesh fibers are typically used in

drainage and reinforcement applications for athletic fields. The mesh fibers
evaluated were composed of 2-in.-wide by 4-in.-long rectangular elements
each having open ribs extending from the full perimeter. The square
aperture between individual ribs of the extruded mesh was 0.4 in. The mesh
fibers used in this experiment were obtained from Grid Technologies Inc.,
Middletown, RI, a U.S. distributor for Netlon, Ltd, United Kingdom. Table
3 lists appropriate properties of the fibers evaiuated.
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m01sture control, mixing procedures, and ompactlon.
Moisture control

The cohesionless nature of sand materials dictates that some moisture is
required to adequateiy mix and mold the samples. Moisture is required to

prevent segreganon of the fiber and sand during t

ne leﬂg pI'OCCSS ana to

=
[}
H

T ven after dr r 0N
Thus, the moisture is reaulred more for the mixing and testm g processes than
for additional strength characterlstrcs A moisture control study was

performed on each test sand to determine the target moisture content for each
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sand. Moisture contents were selected so that small changes in sample
moisture did not significantiy affect the test results. The target moisture

2 4 Y - Fae } ~ %) . . . .1
content was selected to isolate the infiuence of other experiment variables;
thus, the optimum moisture content for a particular sample was not used
Fignra ) illnctratac tha nraliminary matohnira nnntrnal raciilie FAr tha ~rAannsata
rigure £ uusiraes ul€ préiiminary moiswire Conirod: réesuits ior uie concreie
sand. All moisture contents were calculated nrior to samnle mixture and

calcuiated prior 1o sampi€ mixwure and
verified after testing according to ASTM D 2216 (1992).

Mixing procedure

The following procedure was used to mix the individual fibers into the
sands for laboratory testing. First, an appropriate amount of sand was
weighed and placed in a mixing container. Then, the water was measured
according to the target moisture content and mixed into the sand in small
increments to ensure uniform coverage. The designated fibers were weighed
according to the dosage rat i d in small increme The

desired and mixed in smail increments. Th
« ~ Y 3

-
-
)
e

uniform sand-fiber mixture. The mixing of fibers into the sand material
increased in difficulty as the dosage rate increased. However, the sand-fiber
mixtures were relatively uniform for the dosage rates evaluated. Photo 3
shows the fibers mixed into the sand.

Compaction

MMha ~Ansmreenntians smeanadizweans Aacnwiland e tlan 1iénwmndizen sxrnsen Axrdmamaaler

1110 COHIPAattiull PIVCCUUITD UCDULIVCU 11 UIC 1Iiclalulc CIC CAXLIC umy
variahla Thna tn tha lanath Af tha fihare invalvad in thic avnarimant a A_in
yaiiauviv. AUV WU uiv lhllsl.ll Ul UiV 11UVID 1LV ULIVLUU 111 ULID VAPVLLLLIVIIL, a UTLLL.
dia 12-in -hioh cast iron mold wag selected The mold congisted of two
aiam, 1Z-1mm.-11gh cast 1ron molid was sciected. 1h€ moid consisied o1 (wo
cast iron halves which bolted together over a cast iron base plate. The

Ib hammer had an 18-in. drop with a modified 6-in. bottom plate. Each
sample was compacted in five layers also in accordance with modified
Proctor tests. However, prior to the preparation of the individual test
specimens, a limited compaction study was performed to determine the
optimum number of blows per layer to use in the experiment. The concrete
sand stabilized with 2-in. monofilament fibers at a dosage rate of 0.6 percent
of the dry weight of the material was used to determine the compaction

Lo cemdmcacr Amremscedcan ~an

]

a
(=%
(]

€nergy 1or e 1auurawr_y experiment. 1nis mixture w bas 1
araviang lnharatary aynarimants  Qnacimane wara nranarad at & 10 15 90
PlCVlUuD 1auu1atu1_y CAPVIIIIICIIED. uycvuucuo wuile ylcyau:u at v, 1V, 1J, 4Y,
and 25 blows per laver. Unconfined comnression tests were used to evaluate
per layer. Unconfined compression tests were used o evaluate
the load-bearing capacity of each specimen, and their densities were
calculated by dividing their mass by their volume and correcting with oven-

dried moisture contents. Figure 3 presents the results of the unconfined
compression tests. Based on these results, a compaction effort of 20 blows
per layer was selected. This compaction effort was selected as the minimum
effort required to minimize sample densification during testing. Compaction
efforts greater than 20 blows per layer resulted in negligible increases in
sample density and performance. The compaction energy associated with the
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selected effort is approximately 7,639 ft-Ib/ft’. Photo 2 illustrates the
specimen compaction.

rm 4 . a 2 . s . . o
Test equipmeni. The test equipment used in the iaboratory experiment
included the aforementioned compaction equipment, an Instron test machine,

an antamatad data ~rnallantinn Aavicra and tvwa linaar variahla Aiffarantial

all aulvliiaitvud uata VULRILVLLIVIL UL YILL, allu LWU 1llival valliaule ullivivliuiail

transformers (T VDT ocanoec) he mndel 420R Inctron tect device ic a earvn
(LVDT gauges). The model 4208 Instron test device is a servo

controlled universal testing machine. The Instron is equipped with

e §
pable of both tension and compression
testing. The Instron device has a maximum load potential of 60 kips with an
accuracy within 1 Ib. The device also measures vertical deformation with an
accuracy of 0.0001 in. The computerized control system controls the load
application rates and duration for a given test sequence. A WES fabricated
6-in.-dia. swivel load plate was used in the experiment to transfer the load
from the machine to the specimen. A WES fabricated automated data

collection system was used to capture loa

interchangeable load cells and is ca

d and deformation data at a rate of

10 points per second during testing. This information was transferred into a
anrandchoaat fAr analyroia Tha tuarna T UNT sangag wwara nalilhentad 4 on
apxcauaucct 101 aucu_yam. 1l WU LY/ 54[1555 WC1U Laliulaicu w all
accuracy of 0.001 in. and were used to measure the lateral deformation of
the test specimens. The data from the LVDT gauges were recorded in ASCII
text format and imported into a spreadsheet for analysis. Photo 4 presents

Experiment procedure. The following experiment procedure was used to
prepare and test the specimens. First, the contents of the specimens were
calculated and the selected proportions weighed. The specimen components
were then mixed according to the procedures described previously. Then,
each layer of material was placed in the moid and compacted in a steei

container according to the procedures described previously. Once the final
lasrnw svx100 Ansmmsmnnéad thn ¢nem ~AF thhn ansasnmla vxrnn $mizamaaand Mha nAanmtnsman
1ayTl wad Lulll LCLICU, UIC LWUP Ul UIC ddallipic dad Uicy.  1uc coulauicl,
mold, and sample were positioned on the Instron device prior to mold
removal. The container or pan was used to collect any loose particles during
testing. After the mold was removed, the swivel head was lowered onto the

test specimen. A 1-lb seating load was applied to the specimen to ensure
satisfactory seating of the compression piston. This seating load was
considered as the zero load for the determination of load-deformation
relationships. Once the seating load was satisfactorily applied, the Instron
device was set to initial conditions and the test sequence was initiated. The
load was applied at a constant rate of 0.10-in. per minute. Each specimen

collapse. Following the coliapse of the specimen or the preset deformation
ligaait tha anseemla sxv1an wamanstsrad and vwintahaoad ¢4 Antnsmminmg amanismrnn Aamoitéer
1L, UuIC >allipiC wad ICI11UvVCuU aliu WCIEUCU L UcCLCL1IIC bpcuuu‘:u UCllblLy.
Phntne & thranah 7 chnw calartad fact cnarimenc at varinne ctagec nf

4 1lUWO J lllLUU&ll I O11U VY Owivwivu tvOol \)P\/Ullll\'llo atL valiivuo omsua vi
compression. Moisture content samples were taken from the specimen to
determine the actual moisture content of the specimen. The specimens were

prepared and tested in accordance with the test matrix presented in Table 1.
The unconfined compression tests were performed in accordance with ASTM
D 2166 (1991b). The moisture contents were determined according to
ASTM D 2216 (1992).
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Analysis of Laboratory Test Results

The results of the laboratory experiment were analyzed to isolate the
effects of independent variables on the performance of fiber-stabilized
samples. The results of the unconfined compression tests were used as an
index of sample performance. The performance of test specimens relative to

h

of evaluating ects of each test varia e. A bri ation o
wainfAarnamant manhonicm 1o dagcnarihad in tha fAllAanring gcantinn Tha affantg
1CHIIULICLCILLICILIL 11ICU11allidlil 1d UldLIivuCU il UIC 1ULIUWL ls oCLLIVULL. 1110 CL11I0LLD
nf fihar tuna fiher lanoth fihar cantant fiher denier cand tune c<ilt cantent
Ui 1iUwvL thl\f’ L1UVL lvllsl’ll, 11UV1I vULILVILLYy 11UVLI Uvilivi,y OQlva LJPU, OL1Ib WUkt
and moisture content on the performance of fiber-stabilized samples are also
presented in the following sections. An optimum fiber-reinforcement
mixture is identified based upon the results of the laboratory experiment.

Reinforcement mechanism

An analysis of the available literature fails to reveal a complete description
of the reinforcing mechanisms by which discrete synthetic fibers stabilize
sand materials. The analysis of the resuits of this laboratory experiment
indicated that the primary source of reinforcement stems from the
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resulting in a particle-fiber interlocking mechanism. Fibrillated an

t p s
I d mesh
fibers also provide some aggregate interlock reinforcement when expanded.
Additional investigations are required to completely identify the
interrelationships between sand particles and synthetic fibers. Figure 4
attempts to illustrate the concepts of fiber reinforcement.
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capacity of all sand types evaluated. The fibrillated fibers performed best in
all sands except for the Yuma sand. Tape fibers were only tested in the
concrete sand and the Yuma sand due to the limited supply of fibers. The
tape fibers performed the best of all fiber types in the Yuma sand and were
only slightly outperformed by the fibrillated fibers in the concrete sand. The

Netlon mesh fibers provided relatively small increases in the load-bearing

capacity of test specimens over the controi test sampies. The performance
benefits of using the Netlon mesh fibers were relatively small compared to
tha hamafite AF 110inag tha Athar Ffilaaw trrmag Tahla A nragante tha narfAarmanra
UIT DUCLICLIW Ul udlll tIC ULlIC1 110UCI Lypca. 14ulvC PI.CDC.IJ.!.D uie lJCl 1vlllialivo
nf varinne fiher tynec in diffarant cand matariale in tahular faorm ionre §
Vi YALIUUD 11iUwL L PVO A1 WI1LIVIVILIL DAllu 111lAaltviidly 111 LAAUVuLIALs AV A A&uxv -
oranhicallv nresents each fiber tvne’s nerformance in the different sand

t—lhad wieinihbatein® B b b B VRAAL RAVMEL WPY VY YR AT SAARAITY 28 RASY Aefff TS TAst vmEAeAE

aterials
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4hn lamadle ~AF annle filanw s srnmind lcé a1l At new Qi ifinnmd $ané zrn s alalan
UIC ICIIgUl Ul-Catll 1IUDCL was vdliCu, Dul dll UUICT dIZHILICAlll IOdL vallavicd
wara rnntrallad Tha affart nf rhanaoace in fihar lanoth wag datarminad far
YWLuiv LuUllliviivua A1V Vi1IVLL UL \.ouaus\'o 111 L1UVL IViIZ UL WAoo UL iviiliiiiivyg 1uvl
the monofilament. fibrillated. and tane fiber tvnes in the concrete sand. Only
the monotiiament, noriliated, ang tape fper types n (he concrete sand. Only
one size mesh fiber was available, thus it was excluded from the lengtl

evaluated: 0.5, 0.75, 1.0, and 2.0 in. at deniers of 4, 15, and 20. The
following lengths of fibrillated fibers were used in the experiment: 0.5, 1.0,
2.0, and 3.0 in. at deniers of 360 and 1,000. Tape fibers were evaluated at
2.0- and 3.0-in. lengths at a denier of 448.

A denier is defined as the mass in grams o

used as a measure of fineness as developed
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00 m of a fiber, and it is
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that fibrillated fiber lengths up to 1 in. only slightly increased the
performance of the test specimens for the 1,000-denier fiber. These results
also indicated that 2-in. fibrillated fibers significantly increased the
performance of test specimens. The 3-in. fibrillated fibers slightly
outperformed the 2-in. fibrillated fibers at lower dosage rates. At higher

PR t]

dosage rates, the 2-in. fibrillated fibers slightly outper
£ 011 - Lo JIE I £ . IR R,

o PRTY

ormed the 3-in.
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IIDIr11141Cda 11DE€IS. 10€ o5-111 PC 110CIS OUlIpPCriormea uic Z-11. 1dpe 11ocers dl
all Ancnoca vratno ayugnliiatad Malla & caencnnta thaoca saociiléa 10v talirlaow fAven
ail aosage raics evaiuatea. 1avic S Preseiits nese resuits in taouiar 1011m.
n;n“rn A nronl’\ir‘a“‘r ocNamMmnaracg fl"ﬁ hnrfnrmonr\n r\f aar ﬁl’\ﬂ" Ip“"fl’l "\‘7 Ihﬂ"
i lsulU v slaylllvall] VUIIIP“IUD v l.l\dl 1Viilidlivey VUl vawvill 11Uwv1L l\dllsul v 11UNL
tvne and denier
type and denier.

Effect of fiber content

The effect of fiber content was evaluated by testing samples in which the
dosage rate of the fibers was varied, but all other significant test variables
were controlled. Previous investigations conducted by Webster and Santoni
(1997) indicated that the optimum dosage rate for fiber reinforcement of
concrete sand was between 0.6 and 1.0 percent. The investigation aiso

- - 2 a1 a 1 i . . PR o . Y o W S S SR e A
indicated that daosage rates 1n excess or 1.U percent tended 1o create a
Cgimmmvm affant? i ¢hn fact cammnlac 1n suhinkh avnroccitve dafrrmmating: xrac

pU 12C CLICCL 111 U1C LOSL balllplcb 111 WILICI1I CACCHHIVC UCIUILLLALIVIL Wad
ramiirad tn initinta tha davalanmant Af tha camnla’ec lnad ciinnart ranahilitiac
1CUUILILU LU 11liuialy Luiiv UUVDIUPIIIDIIL vl Ui Oallllll\- o 1vau Dul}yull yayauuxu\,n
For this investiogation. the followine dosage rates were selected to evaluat

gation, the 1oliowing 4osage rates were seiecied o evaluate

the effect of fiber content on sample performance: 0.2, 0.4, 0.6, 0.8, and

e
1.0 percent by dry weight of sand. The
fibers were evaluated in all sand types at the above dosage rates. The results
of the laboratory testing revealed that samples at dosage rates less than 0.6
percent exhibited strain softening characteristics. Specimens prepared at
dosage rates of 0.6 to 1.0 percent exhibited strain hardening characteristics.
Strain softening is characterized by decreasing load-bearing capabilities with
a corresponding increase in strain. Strain hardening is characterized by an
increase in load-bearing capability with a corresponding increase in strain.
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The optimum sample performance in terms of load-bearing capacity would lie
within the zone of strain hardening exhibited by the 0.6- to 1.0-percent test
specimens. The results of the laboratory investigation indicated that the
optimum dosage rate for stabilizing sands with synthetic fibers lies between
0.6 and 1.0 percent by dry weight of material. Figures 7 through 12 present
typical test results identifying the effect of fiber content on sample
performance for 2-in. monofilament (20-denier) fibers in each sand type
evaluated. Figures 13 through 18 present similar results for the 2-in.
fibrillated (1,000-denier) fibers. Figures 19 through 21 present the results
for the 2- and 3-in. tape fibers. Figures 22 and 23 show the results of the
mesh fiber performance. These figures indicate increasing specimen
performance with increasing fiber content up to a dosage rate of 1.0 percent.
Furthermore, these tests revealed that sample density decreased with
increasing fiber content, supporting the findings of the literature review.
Figure 24 indicates the effect of including discrete fibers in concrete sand on
the density of the composite material. However, the density of the fine
sands, Tyndall AFB sand and Yuma sand, was less affected than the coarse
sands. Figure 25 shows the effect on material density of increasing the
content of 2-in. monofilament (20-denier) fibers in different sand materials.

Effect of fiber denier

The effect of fiber denier was evaluated by conducting tests on samples in
which only the denier of each synthetic fiber was varied, but all other
significant test variables were controlled. The effect of fiber denier was
evaluated at each available fiber length, and the fiber dosage rate used was 1
percent by dry weight of material. The results of the tests indicated that the
load-bearing capacity of the test specimens increased slightly with decreasing
fiber denier. The load-bearing capacity of the monofilament specimens
decreased by approximately 175 Ib from the 4-denier sample to the 20-denier
sample, a decrease of approximately 13.5 percent. The load-bearing
capacity of the fibrillated specimens decreased by approximately 300 1b from
the 360-denier to the 1,000-denier fibers, a decrease in sample performance
of approximately 12.5 percent. Figure 6 graphically illustrates these test
results. The slight decrease in specimen performance does not appear
significant in the samples evaluated, and additional testing involving a
broader range of fiber deniers would be required to validate these findings.
The increase in performance with decreasing fiber denier may be attributed
to the slight increase in the number of fibers per sample due to using smaller
diameter fibers when dosage rates are calculated by dry weight.

Effect of sand type

The effect of sand type was evaluated by comparing the performance of
samples with similar characteristics in six different sand types. The fiber
length for these samples was set at 2 in. The results of the tests indicated
that the inclusion of synthetic fibers significantly improved the load-bearing
capacity of all sand types evaluated. Table 4 shows the effect of sand type
on specimen performance in tabular form. There was no distinguishable
difference between the performance of fibers in coarse and fine sands. At a
dosage rate of 1.0 percent with a sample deformation of 1 in., the
monofilament (20-denier) fibers performed worst in the New Orleans filter
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sand and best in the Holland LZ silty sand. Also at a dosage rate of 1.0

percent and 1-in. deformation, the fibrillated (1,000-denier) fibers performed
worst in the Yuma sand and best in the Holiand LZ siity sand. These resuits
indi tabilization of “dirty” sands is feasible and may enhance
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following section. Figure 5 graphically presents the
fiber in the different sand materials at a dosage rate of 1.0 percent. Similar
results were obtained at fiber contents of 0.6 and 0.8 percent.
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Effect of silt content

The effect of siit content was evaluated by testing samples in which the

amount of silt added to the CTD coarse sand was varied, but ali other
crirmensbr maad bt wromaes Llalan ssrnwmn Aremta~11..1 M. . Y .. emmmae L2V e 2 /AN
SIEIIIICAIIL IESL vdlldDICS WEIC Controncu 1I1€ Z-111. INONOLIdHICIL (LU~
Aaniar) fihar wag calarntad far thagca tagte and tha fihar Anagage rata 11oad wag
ULilIbl ) 11IUVL wad dUiLLiLU 1UL UILOL Loy, dliud Ul 1ivtl uudagc i1awv oCU wad
1 percent by dry weight of sand. The results of these tests are presented in
graphical form in Figure 26. The results of the tests indicated that the
inclusion of up to 8-percent silt is beneficial in terms of increased load-

bearing capabilities. These tests results also indicated that silt contents in

excess of 12 percent may degrade the performance of fiber-stabilized sand
materials. These data further indicate that a “dirty” sand can be stabilized
with synthetic fibers, and fiber stabilization in “dirty” sands may be more

effective than in clean sands.

Effect of moisture content

MTha affant AF smrAictiisa Annmtant ssrnn avalitatad her AnmmAdrsnding tactka A
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Oalllyl\yo 111 VYV1liwil UiV 111VI0oWULI Vv VULILVIIL VUL WvOolL DP\v\tllll\rllD yao vailivu, vuL aii
other significant test variables were controlled. This investigation was
conducted using the same compaction equipment previously discussed, but
only five blows were used at each of the five layers. All specimens were

tested immediately after compaction. These tests were performed to provide
an index to determine the general effect of moisture on performance. The 2-
in. monofilament (20-denier) fiber was selected, and the fiber dosage rate
used was 0.6 percent by dry weight of material. The results of these tests
indicated that sample performance was enhanced by the inclusion of discrete
synthetic fibers at ail sample moisture contents evaluated. Figure 27 shows

n antmnla manfasnmaanne  Tha waciiléic chmtsr nan tmavancs t+ cnenla
UllL adlupu: pCl 1UIL11141ICC.  11IC 1ODUILS SIIUW dll LICITAdC 111 da. lll)lC
performance with increasing moisture content above a base moisture content
of 2.6 nercent un to annroximately 9 0 nercent. Bevond 9.0 nercent

f 2.6 percent up to approximately 9.0 percent. Beyond 9.0 percent
moisture, the sample’s load-bearing performance was progressively less
beneficial. However, all moisture contents evaluated above the base content

of 2.6 percent increased sample performance until a moisture content of
approximately 14.0 percent was attained (saturation). Saturation for this
experiment was defined as the point at which additional moisture was free
draining from the specimen. At 14.0-percent moisture or saturation, sample
performance was approximately equal to the sample performance at the base
moisture content (2.6 percent). These resuits indicate that fiber stabilization
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is more effective when some moisture is present than when the sample is
extremely dry of optimum Furthermore, the sampie remains effective at the
samrauon point of the sampie but its perrormance is less effective with
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Repeatability of laboratory tests
The ability to reproduce test results for specimens with similar

compositions was evaluated during the laboratory experiment. The purpose
of repeating the laboratory tests was to determine the variability of the test
procedures and materials. Two test series were conducted in concrete sand
in which 2-in. monofilament (20-denier) and 2-in. fibrillated (1,000-denier)
fibers were used to evaluate the repeatability of the test results. Three tests
were conducted at each fiber content for each fiber type at each individual
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aiil 1101114t IUoL SULILS dlv SIUWIL 1L DIgUIUS 40 allu 47, 1USpLtiively. 11
data indicate that the monofilament speci...er.s were slight!y less variabl

S

magmtudes. The average coefﬁcrent of variations for the monofilament and
fibrillated test series were 15.9 percent and 18.6 percent, respectively. The
combined average for both test series was 17.3 percent. The variability of
the monofilament fibers was slightly less at 0.5-in. deformation than at 1-in.
vertical deformation. The variability of the fibrillated fiber specimens at 0.5-
in. deformation was slightly higher than at 1-in. deformation. The variability
of the test results can be attributed to inconsistencies in the mixing and
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samnle. In general. however. the variability of the test results was similar to
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values for the coefficient of variation for various tests conducted on hme-
and cement-stabilized subbase and base course materials. A comparison of
the results presented in Table 6 and those reported by Freeman and Grogan
(1997) in Table 7 reveals that the repeatability of fiber-stabilized specimens
compares favorably to tests conducted on traditionally stabilized materials,
although the data in Table 6 are limited.

The results of the laboratory investigation indicated that the inclusion of
all of the fiber types evaluated in the six sand materials improved the load-
bearing capacity of the individual specimens. However, the laboratory

investigation indicated that several individual test specimens performed better
than others. The high performance of the individual specimens can be

- . attributed to the specimen’s composition of the key variables described
previously. From the analyses presented in the previous sections, optimum
parameters for the fiber reinforcement of sand materials were identified.

w
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monoﬁlament and m that nerformed oorlv was the
Netlon mesh fibers. The remammg ﬁber types would be approprrate for
stabilizing sand materials. The analysis revealed that the optimum fiber
length for discrete fiber reinforcement was 2 in. Significantly less
performance was obtained from specimens composed of the shorter fibers.
The 3-in. fibers were typically more difficult to mix and resulted in only
mmor pertormance ennancements over the 2-in. fibers. Since performance

IS we approxrmateiy the same the 2-in. fibers
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be selected. However, the 0.6- -percent dosage rate represents the division
between the strain hardening and softening performance characteristics.
Since strain hardening is the desired condition, 0.8-percent fibers by dry
weight of material should be used to ensure that the stabilized material will
exhibit strain hardening characteristics. The laboratory test results indicated
that fiber denier does not significantly affect the specimen performance but
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the ﬁne wind- blown Y ma sand The results of varying the s 1
coarse sand indicated that up to 8-percent silt is beneficial. Bevond 12
percent, the performance of the fiber stabilized material may degrade below
that of the fiber-stabilized clean sand. An analysis of the effects of varying
the moisture content of the materials revealed that moisture enhances the
composite materials performance. The performance of the fiber-stabilized
concrete sand showed enhanced performance in both “dry of optimum” and
“wet of optimum” conditions. Thus, mamtamrng opumum moisture is

beneficiai, but not essential for obtaining significant reinforcement properties
Fenm Filhan_srainfarnad caonda Ernm thioc Aigoriigginn Af tha lahAaratarg
11UILL 1IUCL-1CIIVILOU dDAllUd. 171UIlLLL ULLD UIdLUDDIVIL UL UV 1avuvlalul
invactigatinn’e recnlte the antimnm ecnnditinne far fiher reinfarcemant
peve ) \lotlsutlvll [~ lVOulI.D, AN Uylllllulll WULIUILIVLEIOD 1Vl 11UVl LlWwilllViwvwwiiiviiL
include: (a) a “dirty” sand with 1- to 4-percent silt, (b) the use of 2-in.-long
fibrillated 1b rs at the smallest available denrer (c) a dosage rate of 0.8

the optimum moisture

content of the composrte material i 2 percent.
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Table 3 ,
Fiber Properties -

Typical Values by Fiber Type

Property Monofilament Fibrillated Tape Mesh
Material Polypropylene Polypropylene Polypropylene | Polypropylene
Shape Round Flat-Narrow Flat-Wide Round Grid
Color White Beige Beige Brown
Moisture nil nil nil nil
Specific gravity, 0.91 0.91 0.91 0.91
g/cm
Tensile strength, psi 75,000 45,000 45,000 --
Z:i”"g's modulus, 500,000 700,000 700,000 -
Deniers evaluated 4,15, and 20 | 360 and 1,000 448 N/A
!_engths evaluated, 0.5, 0.75, 1, 05,1, 2, 2 and 3 2 x4
in. and 2 and 3

Data concerning fiber material properties were obtained from the manufacturers. The following test procedures are
referenced:
Polypropylene tested according to ASTM D 4101 (1996}, specific gravity tested according to ASTM D 792
(1991), tensile strength tested according to ASTM D 2256 (1997), and Young's Modulus tested according to ASTM
D 2101 (Discontinued 1995).

Table 4
Performance of Fiber Types in Different Sands
Performance by Fiber Type' (denier), Ib
Monofilament | Fibrillated | Tape?

Sand Type Control (20) {1,000) (448) | Mesh®
Concrete sand 15 1,110 2,115 1,811 423
CTD coarse sand 21 906 1,504 -- -
New Orleans filter sand 0* 411 1,832 -- --
Holland LZ sand 67 1,671 2,397 - -
Tyndall AFB sand 23 1,381 1,983 - -
Yuma sand 53 1,048 1,316 2,169 302

' The data listed are for specimens with 2-in. fibers at a dosage rate of 1.0% and 1-in. vertical deformation.
2 The tape fibers tested in the Yuma sand were 3 in. long.
3 The Netlon mesh fibers were 2 x 4 in. at a maximum dosage rate of 0.6%.
* Control sample of New Orleans filter sand could not be molded without fibers.

Chapter 2 Laboratory Experiment 17



Table 5
Fiber Performance in Concrete Sand
) Maximum Load prior to 1-in. Deformation, Ib’
at Fiber Content, %
Fiber
Length, in. Fiber Type, Denier || 0.6 0.8 1.0
0 Control 15 15 15
1/2 Monofilament (20) 46 60 89
Fibrillated (1,000) 47 71 92
3/4 Monofilament (4) 107 194 299
Monofilament (15) 131 195 228
1 Monofilament (20) 321 352 328
Fibrillated (1,000) 180 241 492
Monofilament (4) 490 835 1,315
Monofilament (15) 450 717 1,248
5 Monofilament (20) 483 647 1,110
Fibrillated (360) 1,169 1,848 2,406
Fibrillated (1,000) 618 1,401 2,115
Tape (448) 371 1,927 1,811
Fibrillated (360) 1,433 2,025 2,296
3 Fibrillated (1,000) 1,455 1,623 1,892
Tape (448) 1,247 2,304 2,169
2x4 Mesh 423 -2 —2
! Data represent the maximum load of each specimen during the unconfined compression testing up to a
eformation of 1:in.
Specimens were not tested at the 0.8- and 1.0-percent dosage rates due to an inability to uniformly mix
materials.
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Table 7 -
a

Lime- and Cement-Stabilized Subbase and

Standard

Property Deviation Normality
Unconfined compression strength, 840 15 Not Reported?
kPa
Comnraccinn maodithie APa 2 A00D AN Int Rannrtad?
\JUIII’JI\JOOI\JII THIVUUIUJUY, Vi1 U e ;TT\I\J AS A4 TN L I\ﬁ’.l\.ll o
Indirect tensile strength, kPa 340 35 Normal®
Tamaila mamaAd:iliian AADA ANN oY Almt D mom ma - 12
Lensiie 1mouuius, wird G LV TAY) NOL Repoiilea
California bearing ratio (field), an nn Ml ne D e 2

- IV SV NOT Reportea-

percent
Plate-ioad tests, MPa/mm N/A 70 Not Reported?
Dynaflect tests, Mpa N/A 20 Not Reported?

Vo e oo
2 Reports on variability did not address normality.
Based on the shapes of histograms.

N/A = Limited data or not reporied.
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The field experiment for this investigation was designed to validate the
results of the laboratory testing under actual field conditions. Two full-scale

experiment sections were constructed under sheiter in Hangar 4 on the WES

reservation. A plan and profile of each experiment section are shown in
Tigniernas 2N ond 21 T annh anntinem o 1) _F xrida gtenichst +0affin 1ona a0
'IZuUlTd JU daliud Ol1. 1l Talll dCLLUUL, a 1471-WIUC dlialglil Lallle lalic wad
deacionad far channalizad traffic aver a cand entharade Wahetar and
U\'Olslx\.«\l AV1 vildilllviiova uidQlililv Uvwir a vanvg ouuslauu. YY LVUOWL Aliu
Santoni’s (1997) research indicated that an 8-in.-thick stabilized layer was
sufficient to support military truck traffic. In addition, the required thickness

for an aggregate-surfaced road using Corps of Engineers’ (COE) criteria as
detailed in TM 5-822-12 (Headquarters, Department of the Army (HQDOA)
1990) given the traffic requirements and subgrade conditions, is
approximately 8 in. Thus, for the field experiment, each item was stabilized
to a depth of 8 in. Experiment section one was designed to evaluate the field
performance of 2-in. monofilament (20-denier) and fibrillated fibers (1,000-
denier) at fiber contents of 0.6 , 0.8, and 1.0 percent of the dry weight of

material. Section one also contained one iiem to evaluate the field

n tw so evalu f lier) and tape fibers (448-
denier). A plastic hexagonal mat surfacing was placed over 3-in. fibrillated
fibers (360-denier) in item 1 of experiment section two to evaluate the mat as
a potential surfacing for fiber-reinforced pavements. The fiber contents and
fiber lengths used in the field experiment were selected based upon the
results of the laboratory investigation. The fiber deniers and sand types used
in the field experiment were selected based upon the availability of sufficient
quantities of materials. The field investigation was designed to verify the
laboratory results while providing information concerning construction

2 Aa el sae o tadan i cme o P P

techqucs and mainténance proceéaures.

RAntnviala
) wviaileriais
Chamada
Kaliuo
The subgrade was composed of the concrete sand previously described
A sand subgrade was selected to simulate a beach environment to address
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LOTS issues. The concrete sand and Yuma sand used in the experiment
items are those described in Chapter 2. A typical gradation curve for each
sand material is shown in Figure 1, and a listing of each sand material’s

properties is presented in Table 2 in Chapter 2.

-

to stabilize the experiment items for the field investigation

are those previously described in Chapter 2. Only the following fibers were
selected for use in the field investigation: 2-in. monofilament (20-denier), 2-
in. fibrillated (360- and 1,000-denier), 3-in. fibrillated (360-denier), and both
the 2- and 3-in. tape (448-denier) fibers. Table 3 in Chapter 2 lists the

properties of the individual fibers used in the experiment.
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use in navement annlications. dust control treatment_ soil stabilization. and

pavement appicaions, qust conirol réatment, sou stapuization, and

2rosion control. It contains selected fractions of natural tree resins combined

materials or diluted with water and sprayed on for surface penetration. It is
petroleum-free and can be cold-applied. Road Oyl is environmentally
friendly and available for bulk shipments, 55-gal drums and 275-gal
pelletized bulk container packaging. The Road Oyl used in the field
experiments was purchased in 55-gal drums from Road Products
Corporation, Knoxville, TN, for $4.20 per gallon. The bulk price was
approximately $1.79 per gaiion plus $2.00 per mile per 6,000-gal truck load.
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Pertinent material properties are identified in Table 8.

Pennzsuppress D. Pennzsuppress D is a water-emulsified resin base
composed of strong bonding agents specifically formulated for dust control
applications. In addition, Pennzsuppress D is reported to be an effective

emulsifiers, and dispersants to enhance product penetration into the soil.
Pennzsuppress D is supplied in either a 4:1 water to concentrate solution or a
concentrated form. It can be further diluted with water depending upon soil
conditions and application methods. The product contains no asphalt or
solvent and is reported to be noncorrosive, nonhazardous, nontoxic, and
noncarcinogenic. The quantities used in the field investigation were obtained
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biodegradable emulsion composed of tree sap, surfactants, and water.
Cousins Pine Sap Emulsion was designed for use as a dust suppressant,
hydroseeding agent, erosion control media, or as a soil stabilizer. The
product can be diluted with water to produce the desired concentration
required for various pavement applications. The emulsion is biodegradable,
noncorrosive, nonflammable, noncarcinogenic, environmentally safe, and
ecologically safe. The quantities used in the field investigation were obtained
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in 55-gal drums from Cousins Dust Control, Toledo, OH, at a cost of
approximately $2.70 per gallon. The bulk price was not identified. Table 8
lists material properties.

vaannal ot Thic miat e i)

t agonai mat. 11118 Imat was proaucea umiéeln-Lcoiogicai
Tarhnalnoy O amnanuy Ine Munirh (Garmanvyu NMat nanale wara nurrhacad
l\r\allllulus_y \/Ullltlall 'Y lll\d., lvlulll\dll, U\tllllall.y. iviQan Pall\dlﬂ Ywwiw Pul\tllaﬂ\du
rom the UJ.S. distributor, Grid Tech. Middletown. RI. These lishtweight
rom th . QIsin r, Grid 1ech, Miadietown, K1, 1hese lightweight
interlocking mat panels were designed for quick installation to create parking

from recycled high density polyethylene (HDPE). Each panel weighs 7.05 1b
and has a surface area of approximately 2.9 sq ft, resulting in a unit weight
of 2.43 psf. The hexagonal form permits road angles of 30, 60, and 90 deg
to be created. The cost of test quantities of the mat was $6.00 per square
foot. Pertinent information concerning this mat is also presented in Table 8.
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1own in Figures 30 and : X; 1 One wa !
trafficked in the test area first. Experiment section one was then removed,
and experiment section two was constructed and trafficked. The test items
were constructed over a 28-in.-thick by 20-ft-wide concrete sand subgrade.
The concrete sand subgrade was installed over a firm low plasticity clay (CL)
soil (California bearing ratio (CBR) > 10) floor in Hangar 4. The sand
subgrade material was leveled and compacted with a D4 bulldozer, and each
traffic lane was outlined prior to item installation. A sand control item

nly of the concrete sand subgrade mate
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Preparation of materials

The stabilized materials for each experiment item were prepared in a
staging area prior to installation. Moisture content samples were taken from
the sand stockpiles to calculate the dry weight of the sand and to determine
the quantity of water required to obtain the target moisture content. The

" target moisture content for the concrete sand and Yuma sand mixtures was 8
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weighed and uniformly spread across the surface of the moist sand. A self-
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propelled rotary mixer was used to mix the fibers into the sand. The rotary
mixer made four initial passes across the materials. Then, the material was
piled and releveled with a front-end loader. Following the releveling, four
additional passes of the rotary mixer were made to mix the fibers into the
sand. Photos 8 and 9 illustrate the mixing process. The material was then
piled and ready for installation into the experiment sections. Photo 10 shows
a uniform mixture of tape fibers and concrete sand.

Experiment section one: Item installation

Prior to the installation of the fiber-stabilized materials into the experiment
section, each item was separated using string lines. Within each test item,
grade stakes were placed so that a depth of approximately 10 in. of loose
composite material could be leveled across the item. The fiber-stabilized
sand materials were dumped in place using a front-end loader. Two to four
laborers were required to level the loose material in the experiment item to
the tops of the grade stakes or 10 in. Photo 11 shows a leveled experiment
item prior to compaction. Following the installation of all items in the
section, rod and level measurements were used to level the entire section.
The grade stakes were then removed, and each item was compacted using
five coverages of a vibratory roller. The final compacted layer depth was 8
in. Photo 12 illustrates the compaction of an experiment item.

Item 1 of section one consisted of a mixture of 10 Ib of Netlon mesh fibers
per cubic yard of concrete sand. This was the maximum amount of mesh
recommended by the manufacturer for load support in sand. Items 2 and 3
were composed of a mixture of 0.6 percent 2-in. fibrillated (1,000-denier)
fibers and 2-in. monofilament (20-denier) fibers, respectively. The
composition of item 4 included 0.8 percent 2-in. fibrillated (1,000-denier)
fibers, while item S contained a mixture of 0.8 percent 2-in. monofilament
(20-denier) fibers. Items 6 and 7 were constructed using mixtures of 1.0
percent 2-in. fibrillated (1,000-denier) fibers and 2-in. monofilament (20-
denier) fibers, respectively.

Several lessons were learned during the construction of experiment section
one. First, the water required to obtain the target moisture content should be
added prior to placing the fibers on the sand. If additional water is added
after the fibers are placed, the fibers will tend to stick together during
mixing. Secondly, in order to obtain an 8-in. compacted layer of fiber-
stabilized material, the grade stakes should be placed at 10 in. of loose
material. Additionally, a front-end loader was more effective in mixing the
Netlon mesh fibers than was the rotary mixer.

. Experiment section one: Surfacing application

Following the compaction of the entire experiment section, the surface
was prewet using 1 gsy of water. The spray-on surfacings were then applied
using a 50-percent solids solution. The spray-on surfacings were allowed to
cure for 24 hours before traffic was applied. Items 1, 2, 3, and 6 were
surfaced with Road Oyl which was applied at a rate of 1 gsy. Road Oyl was
also applied to the eastern halves of items 4, 5, and 6 at a rate of 1 gsy. The
western halves of items 4 and 7 were surfaced with Pennzsuppress D at a
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rate of 1 gsy. The Pennzsuppress D surfacing did not set up as firmly as did
the Road Oyl Surfacing, but its penetration was sufficient. The western half
of item 5 was surfaced with Cousins Pine Sap Emulsion also at a rate of 1
gsy. The Cousins Pine Sap Emulsion broke in the drum and did not
penetrate the surface sufficiently. The material tended to form a 1/4-in.
layer of sticky black residue which required extensive sand blotting prior to
the initiation of traffic on the experiment item. Each surfacing was sprayed
onto the compacted fiber-stabilized surface using a 35-gal paint tank filled
with 26 gal of material. The material was sprayed through a 5/8-in., 75-ft-
long garden hose equipped with a brass nozzle using an air pressure of 20
psi. Photo 13 illustrates the application of a spray-on surfacing.

Experiment section two: Item installation

Following the completion of the traffic application period on experiment
section one, each item’s materials were removed from the test area. The
subgrade material was releveled using the D4 bulldozer. The second 12-ft-
wide roadway was divided into seven items using string lines. Grade stakes
were then installed to allow a loose layer depth of 10 in. The material
mixing and installation procedures described for experiment section one were
repeated for the installation of experiment section two’s items. The only
exception was that Yuma sand was mixed with the fibers for item 7 instead of
concrete sand.

All experiment items in section two were constructed at a fiber content of
0.8 percent of the dry weight of the material. Item 1 was composed of a
mixture of 3-in. fibrillated (360-denier) fibers and concrete sand. Items 2
and 3 included a mixture of concrete sand and 2- and 3-in. tape fibers,
respectively. Items 4 and 5 were constructed using a mixture of concrete
sand and 3- and 2-in. fibrillated (360-denier) fibers, respectively. Item 6
incorporated 2-in. monofilament (20-denier) fibers into concrete sand, while
item 7 was composed of a mixture of 2-in. monofilament (20-denier) fibers
in Yuma sand.

Several additional lessons were learned during the construction of
experiment section two. It was observed that some of the fibers did not
separate following the mixing process in the Yuma sand. It should be noted
that fine sands may require more than four passes per side of the rotary
mixer to completely mix the fibers into the sand materials. Additionally, it
was observed that the fiber-Yuma sand mixture was more difficult to spread
using the front-end loader than the other mixtures. Increased “hand-work”
may be required when stabilizing fine sands.

Experiment section two: Surfacing application and installation

Following the compaction of experiment section two, the surface was
prewet using 1 gsy of water. The spray-on surfacing was then applied to
items 2 through 7 using a 50-percent solids solution of Road Oyl. The spray-
on surfacing was applied at a rate of 1 gsy and allowed to cure before traffic
was applied. The surfacing material was sprayed onto the compacted fiber-
stabilized surface using the same equipment as described in experiment
section one.
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The piastic hexagonal mat was installed in item 1 directly on the stabilized
ayer of the traffic iane usmg two to four laborers. The plastic hexagonal

E._.
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mat required no specialized tools or skills, and it was easily handied by
ArAngtriiAtian narconnnal Mha wnta AFf Annsmadsmrndine 10 cteindlsy Tncann Tacad z2em van
LCULIDU UL UIULL PUISULLICE. 11O 14alC UL COLBUUCLIVIL IS SULICLY UCPC IUCIIL upuu
the number of available construction personnel. During construction, a crew
p 2
of four installed the panels at a rate of 900 ft* of roadway per man-hour

Completed experiment sections one and two

Selected items of the completed experiment sections are shown in Photos
14 and 15. Concrete sand was used as the shoulder material for both
experiment sections. All shoulders were 4 ft wide and were used to resist the
lateral movement of the experiment items during traffic testing. The final
surfaces of both sections were level and smooth prior to the initiation of
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Traffic was applied using 2 M923 5-ton military truck loaded to a gross
vehicle weight of 41,600 1b. The individual truck tires were inflated to a
75-psi tire pressure with a contact area of approximately 55.5 in>. Figure 32

illustrates the load condltlons of the test vehicle. Photo 16 shows the test
vehicle operating on the experiment section. A total of 10,000 channelized
truck passes was applied to items 2 through 7 of experiment section one.
Only 2,200 truck passes were applied to item 1 of experiment section one
due to the rapid deterioration of the originally constructed roadway. Items 1
through 7 of experiment section two were subjected to 5,000 channelized
truck passes with minor rutting resulting Maintenance was then performed
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Failure criteria for truck traffic

The failure criteria for unsurfaced or gravel surfaced pavements is 3 in. of
permanent deformation or rutting. When the measured rut depth using a
straightedge exceeded 3 in., the item was considered failed due to rutting.
For this experiment, maintenance was performed when rut depth

- measurements reached approximately 3 to 4 in.

LY. PR Y N Y. P-4
wialnilerialive

No maintenance was performed on experiment section one. Traffic was
halt 2d on item 1 of se ctinn one due to its rapid dgterinraﬁnn Photo 17

was continuously releveled after 2,200 truck passes so that trafﬁc could be
continued on the remaining experiment items. Maintenance was performed
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on all items of experiment section two to evaluate the effectiveness of the

devised procedures. Maintenance on item 1 of section two consisted only of

8

nemsnlardon o P P e Y S R, s T
applying five coverages of a roller in an attempt to relevel the mat
onirfanri H wnrach T AF cantinn tr7n nancictad AL sl
suliaci 1LOUEIl /7 U1 SCLLUIL tWU CUISISICU U1 UIC
followi ting riite ware fillad with fihar_ctahilizad
ANJALU VY 4, 115 AUl YLl 1111V VWil L1vuvilToLtaviiioeug
material enerated during the construction phase of the

the entire surface of each item. Five coverages of the vibratory roller were
used to compact the surface. Following compaction, an additional
application of Road Oyl was applied at a rate of 1 gsy to provide a wearing
surface. The surfacing was allowed to cure for 24 hrs before traffic was
resumed on items 1 through 7 of experiment section two.

Rut depth measurements

Rut depth measurements were recorded at intervals throughout the traffic
tact narind Moacniramante wara mada hy nlaring a matal gtraichtadaa arnrnce
v oL PULIU\J 1VivAaoulviliviilo Ywulu liiauw UJ Pla\.«llls a 11ivialx oualsulcusc aviudd
the traffic lane at three locations in each item (item quarter points) and
measuring the maximum rut depth using a folding ruler. The measured rut
depth included both the permanent deformation and the upheaval within the

traffic lane. Photo 17 shows the measurement of rut depths on experiment
section one. The average rut depth of each location consisted of the average
of the maximum rut depth values from each wheel path. The average of the
three locations within each item was recorded as the average rut depth for a
given traffic pass level for the entire item. The cross section data were
normalized (each subsequent measurement was subtracted from baseline data
taken at zero passes) to ciearly identify the damage due to the applied traffic.
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summarizes the detailed rut depth data.
Moisture and density measurements

Moisture and density measurements were recorded for experiment section

two foliowing the termination of the traffic test period. Measurements were
X s
d 2

made using a Troxier 3430 nuciear gauge according to the manufacturer’s
ranammandatinng huy rastifiad narannnal MTagtge twara rnandiintad ey 110ing tha
1CLUlLLICIIUaAliULLD Uy Leltlilicu pClbUllllCl. PRTAIN] C10 Luliuuvicu Uy usl 15 Lic
ceranar nlata tn laval tha tact area ammarino tha drill rad inta the oronnd
D\dlutlvl yu.u.v U Iv Vvl uiv Lol arva, llallllll\vllllé Uil UL 1Ll LVUM LAWYV W EAUUIAU,
removing the scraper plate, positioning the gauge over the rod hole, and
xtending the probe to various depths. A 6-in. probe depth was selected for

reporting the material properties of experiment section two. The moisture
and density data for section two and the calculated densities of the
corresponding laboratory specimens are presented in Table 10 for
comparison. A discussion of these results is presented in the following text.
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Dynamic cone penetrometer (DCP) measurements

o~ P A . . N L. N '
DCP measurements were conducted in experiment section two according

tn tha nracadiira Aagneilaad 30 Malicdan £lanzz o YIZIIS . 71002 o
WU e proceuulc ucstiucd m vweosier, urau, anda vviliams (1¥52). 1ne
DCP had a AN_deo rane tin with a haca Aiamatar Af N 7O $n  Tha +océ
A/ A GU A UUTULE VULV LY Wil a Uady ulalliCiCl Ul V. /7 11, 1100 1051
procedure involved placing the DCP cone point on the surface and driving
the cone into the ground until the base of the cone was flush with the surface.
Then, a baseline measurement was recorded to the nearest 5 mm. The 17.6-

[
[

Ib hammer was then raised and dropped 22.6 in. onto an anvil which drov
the penetrometer rod and cone into the soil. Measurements of the cone’s
penetration and the corresponding number of hammer blows were recorded
approximately every inch (25 mm) or whenever any noticeable change in
penetration rate occurred. Photo 18 illustrates the measurement of pavement
strength with depth using a DCP. A DCP strength index in terms of
penetration per hammer biow was caiculated for each measurement interval.

Mha MOOD 2adae sxrna 4hhnee mmeecrac VPR RVUISY 4.1 ¢} o NPT UL L SRS DL
1LIC DL HIUCA wWad UICH CONVEICU 10 UDK PCICentage using tne€ corréiation:
CRR — 2702/NCDLIL2 whara MOD ic in mm/hlawy DOD Anén Ffar thic ramme .
AN T Ll LI X WILILVIC L0 T D 1 LU UIUW, LU T JUadla 101 Ui ICPUIL
were nroceceed neino a icrnenft EXCERT enreadcheat Hawavar a NOD
TTWAIV PLVVVOLOVU Wollig @ LVIIVIUODVIL A/ iviy SPIVAULiIVVL. LIV WVYLL, a4 1/ d
program developed at WES is available for downloading from the internet at
http://pavement.wes.army.mil. Table 11 summarizes the results of the DCP

readings taken from experiment section two. Figures 36 and 37 illustrate the
results of a DCP test in the sand shoulder material and the wheelpath,
respectively. A discussion of the DCP test results is presented in the
following text.

Failling weight deflectometer (FWD) measurements

Experiment section two was nondestructively evaiuated by conducting
T tacto nm annlh $tant itaen avnaosmt sbass 1 Thas XTI 24 nem feemsecmmd 1and
LI'VV L7 OO ULl Calldl oedL 1Cill, TAU Pl ICILIL 1., 11IC VYW 15 dll llllpdbl 10dU
device that applies a single-impulse transient load of approximately a 25- to
30-millis uration. With this trailer mounted device, a dynamic force is
applied to the pavement which results in an impulse loading on an underlying
17.9-in. plate. The applied force and pavement deflections are measured

with load cells and velocity transducers, respectively. The drop height of the
weights can be varied from 0 to 15.7 in. to produce a force from 6,500 to
54,000 Ib. The system is controlled by a microcomputer which also records
the output data. Velocities are measured and deflections computed at the
center of the load plate and at 1-ft intervals up to 72 in.

The output from the FWD tests was then input into a WES designed
T axvrovra A DLClactin Dernlivntinm Dounscvase T DD ¢4 ianlnéa annlh Avsmanieant 1édama’o
LayClCu LladutL Cvaluauul rivgiaill \Loer) U pulalc ©alldl CAPCILILICIIL TG >
representative deflection basin and average impulse stiffness modulus (ISM)
The average ISM for the experiment items were lower than typical evaluation
limits for LEEP. These data were input into another program, Low Volume,

to compute the subgrade CBR for each experiment item. The resulting
subgrade CBRs were then compared to DCP data to identify a representative
subgrade strength. The representative subgrade strength for experiment
section two was determined to be a CBR of approximately 10 percent which
was converted to a modulus value of 15,000 psi using a simple conversion
relationship of E=1500 * CBR. The subgrade modulus represents the
composite material modulus of all materials below the stabilized pavement

IR T

layer. Thus, it represents the composite moduius value of the ciean concrete
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of the clean concrete sand and the low-plasticity clay below it. This
subgrade modulus along with the pavement structurai configuration data for

1 L N 21

annl daas o : e T
€4cil et 1icn weIc 1put 1mto e Leer program to dbackcdiculate e
mndinhic A€ tha fhae ctohilicad anil Taver A +tamniad honbaalaiilatinm ~F
11IUUUIUD Ul LHU 11UCL- UH14CU dUILL 1ayCI. ALCIIPICU Ddl. daitulauloln Ul
additinnal navemant lavare wae nnnradnctive hnt did nravida camnngita
auuiuiviial payuiliviit ia vxov Waos UulpiuuduviiyL Uut UlU Pluvilde VULLIPUDILIC
modulus values for the suborade similar to the selected value. Settino the
MOCUIUS valucs I0r U1C SUDZraqae Simiiar 1o g SCieCied vaue, oSetling e
subgrade modulus at a value of 15,000 psi provided better correlation

between the measured and computed deflections which reduced the overall
error of the computed modulus value. The results of the FWD tests are
shown in Table 12. A discussion of the FWD test results is presented in the
following text.

Posttraffic condition
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Photo 19 shows the postiraffic condition of item i
as i

fibers in the surfaces of the fibrillated fiber items (items 2, 4, and 6) tended
to “pull out” under traffic. Photos 26 through 32 show the posttest condition
of items 1 through 7 of experiment section two after the application of 5,000
truck passes following the maintenance of the experiment section. The tape
fibers (items 2 and 3) were extremely vulnerable to the “pull out”
phenomena. Generaily, with the exception of item one of experiment section

A1 oLy . S o A

one, ail of the experiment items performed adequately.
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Experiment item performance

Experiment section one. The Netlon mesh fibers in item 1 averaged 3.6
in. of rutting after only 2,200 truck passes. The material did provide
improvement over the control item (concrete sand from Webster and Tingle
(1998) which exhibited 8-in. ruts after only 25 truck passes. However, as
predicted by the laboratory test results, the field performance of the mesh
- fibers was substantiaily iess than that of the other fibers evaiuated. Figure
daep
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0.6- and 0.8-percent fiber contents. The laboratory results indicated that the
1.0-percent item should perform the best, followed by the 0.8-percent item,
and then the 0.6-percent item. Figure 34 shows the average rut depth values
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comparison of the monofilament (20-denier) and fibrillated (1,000-denier)
test results indicates that the fibrillated fibers outperformed the monofilament
at all fiber contents except the 0.6-percent dosage rate. All of the
monofilament and fibrillated fiber items performed significantly better than
the Netlon mesh fibers in item 1. Both figures clearly illustrate substantial
rutting early in the traffic period which continued at a much reduced rate as

traffic progressed. This indicates that the section couid have been compacted

g . Ada ALt Rl P TR,

betier o eliminate this initial densification of the experiment items.

lightweight plastic hexagonal mats as a potential
roads. A comparison of item 1 to item 4 reveals no significant structural
benefit was obtained by using the mat surfacing. Furthermore, a comparison
of the performance of item 1 to a previous investigation is shown in Figure
38 in which the same plastic hexagonal mat was placed over a nonstabilized
concrete sand. The figure indicates that the mat performed almost identically
with or without stabilization of the material. Thus, confinement of the sand
can be achieved by using either the piastic hexagonal mat or fiber
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no distinguishable difference between the field performances of the 3- and 2-
in. fibrillated (360-denier) fiber-stabilized materials. Comparing items 6 and
7 shows that the performance of 2-in. monofilament (20-denier) fibers in
Yuma sand drastically outperformed the same fibers in concrete sand as
shown in Figure 39. These results for monofilament (20-denier) fibers
support the laboratory findings shown in Figures 7 and 12. A comparison

between the fiber types used in experiment section two indicates that the
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1.000-denier fibrillated fibers in section one indicates that there is no
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distinguishable difference in the field performance of the two fiber deniers as
shown in Figure 40. Figure 35 also verifies the results obtained in

experiment section one which indicated inadequate compaction of the
experiment items. The figure shows rapid rutting under minimal traffic
followed by continued rutting at a much reduced rate of deterioration.

Figures 41 through 43 compare the performance of items of experiment
section two before and after the maintenance was performed. Figure 41
compares the average rut depths of items 1, 6, and 7 before and after the

PR R

maintenance of the section. The figure indicates significantly less rutting in
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maintenance procedures were successful in terms of' providing continued load

oearmg support. rlgure 42 shows similar resuits for items 2 and 3. 1gure
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densification of the items du
effort applied to the experim

Experiment section two structural characterization

Moisture and density data. Moisture and density data were collected
from the sand shoulder, the centerline, and the wheelpaths. These data are
presented in Tabie 10 The resuits of the density tests on the sand shoulder

Py .S DN [ DR YL a1 X .. oY a1 /L 1%\ ___
stabilized layer. 1ne reporied density of the concrete sand (Shouider) was
lanoca than that avhilhitad ey tha Anmtsnnl csmanitaan v tha lalawnt o Alilh ~vs vl
ICDD tllall uiat CAlLLIUILICU Uy LT CUILILLUL SpPCCLILLICIT 111 LT ldUUldlUly. nuuuugu
the manictnre ic factnrad At hy rcalenlating the Arv dancitiae nf tha matariale
UiV 11IVIOWML YV 10 14avivivua vuL v waivuiauiil i \-ll.] UWwiioitivo Ul uIv 1uau.11¢uo,
the added moisture in the laboratory aided in the compaction of the test
samn]es thereby givi g them a rea er dry density. A gomparisnn of the

o those measured in the center-line
indicate that the stabllized layer expernenced significant densification under
the applied traffic. These results support the densification shown in Figures
33 through 35 where the initial rutting of the items occurred quickly due to
densification. Additional compaction may reduce the initial densification of
the material and thus reduce the overall depth of the rutting. However,
further testing may reveai that the inciusion of discrete ﬁbers actuaiiy inhibits

DCP data. DCP measurements were made in the sand shoulder, the
centerline, and the wheelnaths These data were converted to CBR as
described prevnously, and the average CBRs for selected pavement layers are
presented in Table 11. The DCPs conducted in the sand shoulder were used
to identify the strength properties of the concrete sand subgrade without
confinement. A comparison of the DCP values of the centerline
measurements and the wheelpath measurements also indicates that

densification occurred during traffic. The DCP resuits indicate a significant

el 533} A
increase in CBR due to the stabilization of the upper in. of material. An
AAdA i i nal lane A L20 21T ndbaantnd Llac. dlan TSI cannn sz semcemmanda oo dlan mmea e nee nan s AL
dUdliliolldl DCIICLIL 11Iustidicd Uy Uic U r Illcdbu[clllclllb lb tn€ ComImement o1
tha lnurar gand lavvare hanaath tha gtahilirad lavar TITndar canfinamant thaga
uiC 1IOWET 5anG 1ayCers ofneaul i StacuizZea 1ayer. undalr Connnement, nese
materials exhibited gionificantlv oreater CRRs than those shown from the

gnicantiy greater C oS than those snown irom tne
tests conducted on the shoulder sections at the same depths.

FWD data. The results of the FWD tests were used to backcalculate
stiffness modulus values for the stabilized pavement layer of each test item.
These data are presented in Table 12. The backcalculated modulus values
- indicated that the pavement performed similar to a weak flexible pavement.
A CBR of 10 percent was assigned to the subgrade to accurately
backcalculate the modulus values for the the stabiiized pavement iayers. This
procedure produces the composu modulius

ciihorads Tha avsraco ranlazilassd Ao sraliia fae a1l cialallio o1 Toconno
SULEIAUC. 11IC avCldagc Udb CaicCuliated modauius vaiu€ 10r ail Staoviizea 1aycIs
avaminad wag annravimataly 82 NN nei TTging tha gimnla rarralatian
CAAQUICU wad applUAllllaivly JJ,UUV pPdl.  UdIE UIC J1IPIC LulliTialiull

-—3

w

Chapter 3 Field Experiments



w
N

examined was approximately 53,000 psi. Using the simple correlation

converted to a CBR of approximately 35 percent. These data agree with the
nrTAroaoA e Y bnsennd Foumes thhn T D cnnnarrsmameae o e 2 MAall. 11
vliagcl 1 U 1101 UIC DI 1LCAadUIClIICT 1dDIC 11

Analysis of surfacing materials

The stabilization of cohesionless materials such as sands with discrete
fibers requires that some form of surfacing be used to prevent the fibers from
being pulled out of the sand during trafficking. The friction forces imparted
on the surface of the road by the vehicle tires tends to pull the individual
fibers from the sand. The fibers continue to be drawn to the surface under
continuous traffic creating a “cotton-iike” surface. As the fibers are drawn
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In experiment section one, three spray-on surfacings were evaluated: Road
Oyl, Pennzsuppress D, and Cousins Pine Sap Emulsion. A lightweight
plastic mat was evaluated as a potential surfacing in experiment section two.
Figure 44 presents a comparison between the performance of items surfaced

with Road Oyl and Pennzsuppress D under identical subsurface conditions.
at the Road Oyl surfaces of item I
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Construction procedures

o

he construction of the field experiment sections in this investigation and

_ _ _ - oz at P T _ a 1 R R o R Y o . Y o
previous investigations has led to the development of a set of procedures for
thhn nAamateindinn ~f filhae qtnlailicad qnemAd crmndawminls Mhha €iuat atam ~F tlaa
UIC COLDLIUCLIUL Ul 11UCI-dUAdUIIIZLZCU ddIIU 111dLlCIian. 111C 11IOL ble Ul UuIC
ranctriinrtinn nrarace 1ic tn antline tha raasdway neing a marlbino cucteam
VU110ouUL UL Livil PLUUUDD 10 WU UuULllLLIV UV IUauWGJ uDllls a lllﬂll\llls QYoiviil
nictnre camnleg of the cand material chonld he taken in order to calculate
Moisture samples of the sand material should be taken in order to calculate
the desired weights of materials required to produce the desired fiber-sand

mixture. Mixing of the materials can be accomplished either in-place or

HUALWULLC. 1V11A & LG W ald wc L

using a staging area as in this investigation.

If a staging area is to be used for mixing, the materials should be weighed
using portable scales. The weight of the sand material can be calculated
from its density and the volume of the loader’s bucket. The sand should be
leveled to a depth of approximately 1 ft. If water is available, add water to
obtain a moisture content of pius or minus 2 percent of optimum. The fibers
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should then be spread evenly across the surface of the sand. Once the fibers
are distributed, the fibers should be mixed using four passes of a rotary-

Lrnixer me mater1a1 should then be piled and spread again to a depth of 1 ft.
i the rotary-mixer shouid be made. Additional

.':r'
=}
T e

nagga n‘F tho ratarv_miv ha ramiirad tn nravida nnifarmm miving in fina
passes Of inc rotary-mixer may o réquired to proviae uniiorm mixing in Iin

sands e material should then be stockniled for installation. Grade stakes

Oliaane i A AR ARA WVAAV/ AN LVIAWIEL Uw \Jl.\.l\-rl.\tlll\'\‘ AVUL LilUDwAiiQvIVALR. NJiduw oranwvy

should be placcd in the traffic lane at ta depth 2 in. gre ater than the desired

be used to dump the material into the traffic lane and back blade the materlal
to the desired level. Hand leveling may be required for accurate grade
control. Once the material is level, the grade stakes should be removed, and
the material should be compacted using five to eight coverages of a vibratory
roller. Following the compaction of the material, the “spray-on” surfacing
should be applied at a rate of 1 gsy. The surfacing should be allowed to cure
accoramg to manufacturer’s recommendations prior to opening the road to

of fihare can he calenlatad fraom the
Vil 11UWVID VUil Uvw valvuildatvu 11V11L il
e traffic lane. The fibers should be evenly

e e
1ted u ine, and a minimum of four passes of a
rotarv mixer should be made to mix the fibers into the sand. Samples from
the traffic lane should be evaluated to verify adequate mixture at depth.
Remember to add 2 in. to the desired layer depth to provide for compaction
of the loose material. The rotary mixer’s depth guides may have to be
adjusted to obtain the proper mixing depth. Once the material has been
uniformly mixed, the traffic lane should be leveled using a bulldozer or
motor grader. Five to eight coverages of a vibratory roller should be used to

»

compact the material. Pneumatic tired cornpacrors or loaded dump trucks
nnn lha s1and FAre adAditinmnl Annemmennndine 4 samiarieseiira rees ¢...1 ar e bt o YV

Cdll UC udCU 11Ul daulllivlial LUulpdbuUll LV 1L llllllluLC lll ldl 1 Llllg. UIICC
ramnactinn ic nnmnlata tha “anrav_nn® cnrfqn-nn chanld ha annliad at a rata
UU.lllyﬂ\tl.lUll 10 w111 l\.rl\', i O la] il oulrliawviii QUIVUIU UV GPPIIUU aL a i1awv
of 1ogv. and it shonld be allowed to cure accordine to manufacturer’s

of 1gsy, and 1t should be allowed to cure according to manufacturer’s
recommendations prior to the initiation of traffic.

Design requirements

The mixture design for stabilization of sands should consist of selecting
the type and length of fiber to be used, identifying an appropriate fiber
content, and the selection of a surfacing if applicable. The results of the
laboratory and field investigations indicate that a 2-in. monofilament or

fibrillated fiber will provide the desired strength and operational
characteristics. The laboratory resuiis indicaie that a fiber content between

N AL and 1 N narnant chAnnld lha v1aad Mha Fiald avenaritvmant racniléa oviaanno ¢ thnat
v.U aliu 1.V PCI. C1It dDIIVUUIU UC UudCuUu 111C 1ICI1U CAPClllllCllL LoODUuIL busgcat tiiat
a fihar cantent af N R nercent ic enfficiant tn enenre that the matarial avhihite
G LiIUWl WwUIILlwiIlL VUL V.U l}\dl\.«\vll! 10 OUWUlliwviviil WU VviIDUL W U1IALl v 1A lvi il v AALILuUAW
a strain hardening behavior

The thickness of stabilized material used in this investigation was based on
the aggregate-surfaced road design as described in Technical Manual 5-822-
- 12 (HQDOA 1990). The inputs for the design procedure included road
geometry, design traffic, and material properties. The roadway was
designed as a category “IVA”, class “F” road using a design sand subgrade
CBR of 10 percent. The Corps’ criteria indicates that 4 in. of material is
required to protect the design subgrade. However, the C‘orps’ thickness

Pat sl )

criteria are based upon pI'OVlClll'lg an aggregate surface with CBR values of

)
)
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approximately 80 percent. Since the reported CBR values from the DCP
measurements for the stabilized sands in this investigation are somewhat

VL Y~¢

lower than. the values used to (lCVClOp the OCSIgIl curves (35 percent < 80

nnnnn AL Al A e A ammnbnlal cormn A AN s abe s At aL ST
pClellL), l adadiiionial 4 ifi. O1 maiérialr was aadaed to tn UCblg 1 U1ICKIICSS.
Thic racaarrh varifiad that Q in Af ctahilirad matarial Avar tha cnnharadas txraa
L 111D 1vdLaivil vyullilivu uiat 0 111. Ul SlauvlllLd llialvliial vvel ule buuglauc wad
aenfficient to cunnort the decion traffic dditionallv C'aornce decion coriteria ic
NG AAAWAWILAL VWS U\-‘tlt}\lAl; VAL \LVUA&II CAGRALLLAIW 4 l“ulllullull] ’ \/ULPD uvolsxn Wwilltwiiadh 1O
typically based upon the development of a 3-in. rut upon completion of the
design traffic. The amount of rutting (2.5 to 3.5 in.) exhibited by the field

) e t
sections indicates that the design thickness of 8 in. was a propriate for the
design traffic.

Incorporating the fiber-stabilization technology into the design of flexible
pavement systems can be accomplished using either the Corps of Engineers’
CBR design procedure or a layered elastic design procedure. For the CBR

N

e51gn proceaure, a composue materiai 0e51gn CBR of 35 percent shouid be

PIUen. | L <.l Lo~ . il . T

sand materials. This value is based on the DCP
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was obtamed from the FWD data presented i in Table 12. A suitable design
modulus can also be determined from laboratory testing. A design modulus
value of 50,000 psi was selected as an input value for a layered elastic design
using the FWD data on selected fiber-stabilized sand items from experiment
section two. This value is reasonable given that Yoder and Witczak (1975)
reported typical resilient moduius values for granuiar materiais ranging from

18 NNN 4. 1NN NNN 0 A i1 a PRI L L A iase Top admlalll_ 3
1J5,U0U 10 1UU,UUV pSI. AS Stated in the literature I'CVICW, fiber-stabilized
anndo avhilhit crantar cteancth it vt crtanifinnntler cnantas atiffamana
DAlIUDd TALIIUIL BiTalCl >UCTlIEUl, Uul UL dIEILLLICAlllly g1CalCl dUILLIICdSD
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ratio versus the axial load of the laboratory test spec1mens reveal an 1nelast1c
behavior. The Poisson’s ratio of the fiber-stabilized sands continues to
increase with increasing axial load beyond the accepted material limit of 0.5
as shown in Figure 46. Figure 46 indicates that dilation of the specimen
occurred during testing. A plot of the mean normal stress versus the
volumetric strain verifies the dilation ot tne material durmg the test penod as

1 (ol TR S T P - Amtamn 2l ad

shown in mgure 47
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Given the inability to calculate a design Poisson’s ratio from the
laboratory data, a suitable design value of Poisson’s ratio was assumed based
on engineering judgement. Yoder and Witczak (1975) noted that most
layered-elastic design procedures are relatively insensitive to changes in
Poisson’s ratio. They identified typical values of the ratio for various
materials: 0.5 for saturated cohesive materials, 0.4 for unsaturated cohesive
materials, 0.3 for cohesionless materials, and 0.2 for cement-stabilized
materials. However, they note that the lowest Poisson’s ratio used by several
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agencies is 0.35. From this information, a suitable Poisson’s ratio for fiber-
stabilized sands shouid lie between 0.3 for cohesioniess materials (sands) and

hus, an actuai Poisson’s ratio between 0.2 and

H A

a0 OO
: CD . .
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—

various values of Poisson’s ratio. The results of the analysis revealed that
increasing Poisson’s ratio from 0.2 to 0.35 only resulted in an increase in the
design thickness of approximately 0.51 in.

Surfacing requirements

&l
gl

The requirement for a surfacing for fiber-stabilized roads is attributed to
the tendency of the individual fibers to puli-out of the stabilized materiai
under traffic. If no surfacing is provided, the fibers will accumulate on the
surface of the stabilized layer resulting in a weakened pavement structure.
Two types of surfacings were investigated in the field experiment: a
lightweight mat and three spray-on emulsions. The results of the field

experiment indicate that the mat surfacing will hold the fibers in the
stabilized layer by separating its surface from contact with the vehicle’s tire.
However, no additional structural benefit should be expected from using the
mat surfacing since the sand has already been confined by the fibers. Road
Oyl performed the best among the three spray-on emulsions evaluated. The
application problems associated with the Cousins Pine Sap Emulsion reduced

blotted with sand.
Material costs

The material costs include the purchase of the fibers and the the surfacing
materials. The costs reported in this investigation are based on limited

11

quantities of materiais. The buik price for most of the materiais would

typically be much cheaper. The costs for the various fibers are reported in
Table 13 in dollars per pound. The costs of the various surfacings are also
reported in Table 13 in dollars per gallon and converted to dollars per square
yard for comparison purposes. The material costs associated with using new
fibers makes this construction technique applicable only under specialized

circumstances. If material costs could be reduced by either using recycled
materials or negotiating lower costs for bulk purchases, the costs of fiber
- stabilization would be comparable to the costs of crushed stone.

(V]
[$)]
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Tallla O
1Aulit O
Properties of Surfacing Materials
i Spray-On Surfacings
Cousins Pine
Pennzsuppress Sap

Property Road Oyi D Emulsion
Stability Stable Stable Stable
Annaaranco Rrawn Rrawn Rrawn
I_\'.IP\JUIUIIUU LIINIVY IR I VYVIL] IV VVID
Solubility in water Dispersible Dispersible Dispersible
Specific gravity, Not 4 A~ ~ aao

P ’ . 1.025 0.998
g/cm Determined
Rnilina naint °F 219 2192 2192
UUIIIII& P\lllll.’ L] — ) L — ) L 1 L
Freezing point, °F 33 40 Unknown
Flash point, °F 400 None 550

Plastic Hexagonal Mat

Panels consisted of 2.9 ft? hexagonal panels weighing 2.43 psf.
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Table 10

Summary of Experiment Section Two Density Measurements’
- Avarana Avarana Calanllatad
I A GHV [ A-d] asv walvuiIialtcu
Center-line Wheelpath Laboratory
Experiment Dry Density Dry Density Dry Density?
Item pcf pcf pcf
Concrete Sand 104.6° 110.4
1 108.4 111.5 104.7
2 108.4 111.0 103.1
3 107.7 112.2 107.6
4 108.4 111.5 104.7
5 107.9 110.6 105.2
6 108.6 112.6 105.1
7 103.4 109.3 97.9
Average: 107.5 111.2 104.0

' Field densities were measured using a Troxler 3430 nuclear gauge.

2
“ The laboratory densities were obtained by dividing the specimen mass by its volume.

w

The density measurements for the concrete sand in the field were taken from the shoulders

of the traffic lane
o7 the raitic ane.

W
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Table 11
Summary of Experiment Section Two DCP Measurements’

Arviavarsna MDD Aviavnra PDD Avsnvarma DD
AVerage von AvVeérage von AvVeérage von
Fvnarimant Qtahilizad | avar 192. +a1.in | avar 1Q_ ¢t~ 2A_in
Lalad S Ad LR R ASd LA WLV h“,vl 1 W IS hu,vl I TV LTI
Item % % Layer %
M acmmnrntn CamAl a2 a4 4
COINereLe odiu O 1< IS
1 30 31 41
2 2K 2 20
4 J \v . &) o
3 40 40 58
4 39 38 46
5 34 33 50
6 31 40 b2
7 31 27 43
Average: 34 35 47

(1992).

U g e bbb el a4 L
Ine concrele sana measurement wds conauciea on tne snouiaers or tne trarrtic 1ane ana represents tne

upper 12 in. of material.

Table 12
Summary of Experiment Section Two FWD Measurements
Backcaicuiated Moduius’, psi
Experiment Load Error?
Item Stabilized Layer Subgrade 1h %
2 395,888 15,000 7,982 17.5
3 28,392 15,000 7,517 13.2
4 21,927 15,000 7,611 10.3
5 24,713 15,000 7,550 11.6
6 113,202 15,000 8,093 24.3
7 89,6562 15,000 7,694 17.4
Average: 52,945 15,000 7,741 15.7

! Modulus values were assigned to the subgrade using the Low Volume program and backcalculated for
the stabilized layer using the LEEP program.
2 Typical values of error for a weak flexible pavement are 7 to 15 percent.




Table 13 - -

Summary of Material Costs'

Synthetic Fibers? Surfacings
Cost Cost Cost
Material $/lb Surfacing Material $/gal $/yd?
Monofilament 1.44 Road Oyl 4.23 4.23
Fibrillated 1.44 Pennzsuppress D 1.93 1.93
Tape 1.44 Cousins Pine Sap Emulsion 2.70 2.70
Netlon Mesh 9.09 Plastic Hexagonal Mat $6.00/ft | 54.00

! Material costs based upon the limited amount purchased for this investigation.
2 The synthetic fiber costs are based upon a 2-in. fiber length.
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4 Conclusions and
Recommendations

Conclusions
Laboratory

The results of the laboratory investigation yielded several conclusions
concerning the effects of changes in the selected variables on the
performance of fiber-stabilized sand materials. These conclusions are listed
below.

a. The inclusion of all of the fiber types evaluated in the six sand
materials improved the load-bearing capacity of the individual
specimens. The performance of the various fiber types from best
to worst was: fibrillated, tape, monofilament, and mesh.

b. The optimum fiber length for fiber reinforcement of sand materials
is 2 in.
c. The optimum fiber content lies between 0.6 and 1.0 percent by dry

weight of material. This range is based upon the development of
a strain hardening condition in the test specimen. Below 0.6
percent fiber content, the composite materials evaluated exhibited
strain softening characteristics.

d. The fiber denier does not significantly affect the specimen
performance. However, the data indicated that smaller-denier
fibers appear to slightly outperform larger-denier fibers.

e. All of the fibers successfully reinforced each of the sand materials.
However, the stabilization of sands with fibers was more effective
in the silty sand. Further investigation revealed that up to 8-
percent silt content will increase the effectiveness of the fiber
reinforcement.

f. An investigation of the effects of moisture on the fiber

reinforcement of sands indicated increased performance with
increasing moisture content until saturation is attained. Thus,

Chapter 4 Conclusions and Recommendations



specimen performance was enhanced in both “wet and dry of
optimum” conditions.

o ~animman dangityy Aanrancad s innrancing filhas Anmbant T A
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sands

Field experiment

The construction and trafficking of the field experiment sections resulted
in several conclusions concerning the validation of the laboratory results, the
practicality of the construction procedures, the effectiveness of the
maintenance procedures, and the effective structural strength of the stabilized
material. These conclusions are listed below.

b. The field test results indicated that the fibrillated fibers performed
the best, followed by the monofilament, and the tape. The tape
fibers performed worse in the field than indicated by the
laboratory investigation, but the degradation of performance may
be due to the fibers being “pulled out” of the sand during traffic.
Furthermore, the Netlon mesh fibers did provide some increased
bearing capacity but rutted much more quickiy than did the other
fiber items.

d. The fiber denier did not significantly affect the performance of the
experiment items as indicated by the laboratory results.

e. No significant benefit was obtained by using 3-in. fibers instead of
the 2-in. fibers. Additionally, 3-in. fibers tended to be slightly
more difficult to mix properly.

Fa J. N P PO My R . S . W . S S SRR em A el

J- Alnougi oy 1€ CXPCIIIICIIL 1CII1 COIILdHICU X Ullld S4Ild 14iler
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ffective in hoth sand types. The fiber-reinforced Yuma san
AWNWLL Y W Akl UULLL CALAING LJPVO. A liw 11UWl 1lwilliViwwua 4 uiiiaa oaixzvg

o 0

g. The construction procedures used were extremely practical and
effective. The rut depth and density data indicated that the
experiment sections experienced densification under traffic. The

- densification of the experiment items indicates inadequate
compaction. Additional passes of a vibratory roller may be
required. The use of a pneumatic tired roller should also be
considered.
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h. A surfacing is required to reduce the amount of fibers “pulled out”
under traffic if the fiber-stabilized material is the surface material.

were as effective as a mat surfacing. Of the spray-on surfacings,
Dnaad Nyl narfarmad tha lhhaaot fAllamrad ey Damsmeroiismssracss T
NUau vyl peiivilivu uiv veost, lvuuvwoeud Uy L CIL ILBUPPICDD L,
while Concing Pine San Fmulcinn avhihited a variaty nf

YV ALAAW \UWOLLILD 1 lilw uuy AsILIUAVIVAL wAldlLULILVAL QA Vﬂll\ftj vi
application problems. The plastic hexagonal mat can be used as a
surfacing but will not provide any added structural support to

i. The maintenance procedures used to repair experiment section two
were effective in maintaining the performance of the test items.

J. The effective CBR for design purposes, as determined from DCP
measurements, is approximately 35 percent. The composite

UG N NERERY L [ . £ L2 . a1 1 _ 1 . ~1 2
modauius O1 €1astiCIity OI i€ I1DCI-StdDI1IIZEd Imateriai 18
annravimatalyy &0 NNN o A Dhnicann’®a watin AnfN 28 30 o
appluAlidllialvly JuU,UUV pPdl. N TUIDDUILL d 1AV UL V. oJ Id a
reasonable estimate for design purposes

Fiber stabilization of sand materials was confirmed as a legitimate
alternative to traditional road construction techniques. The laboratory results
revealed the effects of various parameters on performance, and the field

experiment verified these results.

Recommendations

The results of the investigation indicate the potential for excellent field
performance of fiber-stabilized sands. However, several additional questions
need to be answered.

3
"

-]

a.

ot

laboratory to the warfighter while monitoring material
performance under field test conditions.

b. The following conditions are recommended for stabilizing sands

with discrete fibers: (1) a “dirty” sand with 1- to 4-percent siit,
(2) the use of 2-in.-long fibrillated fibers at the smallest available
Aaniar 2\ ot o0 Ancaca rata AFN Q ;mavnant ey Awxr mraioht AF
Ucellicl, (I} at a uudagt 1ac Ul V.o pcu.,cm vy u y WCIE1IL Ul
matarial and (4) mivad at tha antimuim maictnire cantant nf the
i11aitviiar, aixag \“l'l ALlANAWM ALl Lv Utlbllllulll 411V10WUL WV WULLILLWILAL VL v
composite material + 2 percent. Road Oyl or Pennzsuppress D
should be applied as a surfacing at a rate of 1 gsy using a 50-
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The following properties for fiber-stabilized sand materials can be
used to design fiber-stabilized pavements using either the Corps’
- CBR design procedure or a iayered elastic design procedure: an
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The feasibility of using fiber-stabilized materials as subsurface
layers in a flexible pavement system should be investigated.

Chapter 4 Conclusions and Recommendations
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COMPACTION CURVE FOR FIBER-REINFORCED CONCRETE SAND
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Comparison of Fiber Type, Length, and Denier in Concrete Sand
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REPEATABILITY TESTS IN CONCRETE SAND
2" Monofilament Fiber (20 Denier)

2500
2000 -

o 1500 4------- AR Broreneereseeees Pertrnbeeneeses Femtetelroreresesrn o

<L : : . . . : : : . 1.0%

O :
1000 +------- RS e SEELEL

P ©0.8%

/’ﬁ:”r -

' ¢ . —— Jp—
- - -
I - O 2 daded

. 4 el e i s U T e e e 4

' o -
o A o Y o . -
WO, i 8 -
’ o R R e '

500 - --ehe e oo ?gﬁ-‘:r:ﬂ'ffﬂf“"‘"-‘ """"" i wen mmmikan i miae Se bR
; A e AT s A R SR ARSI = TUT0.6%
: ’ﬁr‘ﬂﬂ:ﬂ . .

ﬁﬁ éﬁ‘;wmmn:;mmnﬁﬁmfﬁﬂémmm&jﬂamﬁﬁﬂﬁi

5 o
y B e | . . : 0.2%
0 ‘_!!—? Il i 2 I 1 i Il 2 g i I 1 4 : Il 4 2 N L 1 é: N M r i 4 N 2 5 ) ] :

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
VERTICAL DEFORMATION, in.

Figure 28. Repeatability tests for 2-in. monofilament (20 denier) fibers in concrete sand
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REPEATABILITY TESTS IN CONCRETE SAND
2 in. Fibrillated Fiber (1000 Denier)
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Figure 29. Repeatability tests for 2-in. fibrillated (1,000 denier) fibers in concrete sand
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EXPERIMENT SECTION 1
2 in. Monofilament Fibers (20 Denier) in Concrete Sand
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Figure 33. Rut depth measurements for the monofilament fiber items 1, 3, 5, and 7 of experiment section one




EXPERIMENT SECTION 1
2 in. Fibrillated Fibers (1,000 Denier) in Concrete Sand
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Figure 34. Rut depth measurements for the fibrillated fiber items 2, 4, and 6 of experiment section one




EXPERIMENT SECTION 2: BEFORE MAINTENANCE
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Figure 35. Rut depth measurements for all items of experiment section two before maintenance
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Figure 37. DCP measurement in item 2 of experiment section two
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Photo 1. Mixing fibers into the sand in the laboratory Photo 2. Compacting laboratory test specimens



Photo 3. Fibers mixed in concrete sand in the laboratory
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Photo 4. Laboratory unconfined compression test setup



Photo 5. 2-in. Fibrillated fibers at 1.0 % fiber content in Holland LZ silty sand prior to testing

Photo 6. Test on 2-in. Monofilament (4 denier) fibers at 1.0 % fiber content in concrete sand



Photo 7. 2-in. Fibrillated fibers at 1.0 % fiber content in Tyndall AFB sand during testing

Photo 8. Sand and monofilament fibers prior to mixing in the staging area



Photo 9. Field mixing of monofilament fibers and concrete sand

Photo 10. Uniform mixture of tape fibers in concrete sand



Photo 11. Leveled experiment item prior to compaction

Photo 12. Field compaction of experiment item



Photo 14. Completed experiment section one



Photo 16. M923 5-ton military truck trafficking experiment section one



Photo 18. Typical DCP measurements on experiment sections



Photo 19.

Photo 20.

Item 1 of experiment section one after 10,000 truck passes

Item 2 of experiment section one after 10,000 truck passes



Photo 21.

Photo 22.

Item 3 of experiment section one after 10,000 truck passes

Item 4 of experiment section one after 10,000 truck passes



Photo 23.

Photo 24.

Item 5 of experiment section one after 10,000 truck passes
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Item 6 of experiment section one after 10,000 truck passes
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Photo 25. Item 7 of experiment section one after 10,000 truck passes

Photo 26. Item 1 of experiment section two — 5,000 passes after maintenance




Photo 27.

Photo 28.

Item 2 of section two — 5,000 truck passes after maintenance

Item 3 of section two — 5,000 passes after maintenance



Photo 29. Item 4 of section two — 5,000 truck passes after maintenance

Photo 30. Item 5 of section two — 5,000 passes before maintenance




Photo 31.

Photo 32.

yatits FEBER
(T
o oy ST E
‘W oam 57
e MuinE

ais 7

Item 6 of section two — 5,000 truck passes after maintenance

Item 7 of section two — 5,000 passes after maintenance
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