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IMPLEMENTATION

Ihe rapid shear test is a dSmamic triaxial test which can be used to

measure the relative strength of unbound granular base uaterial. Because

the strength is relative, a roadway designer, if given a choice of aggre-

gates, can select the stronget a1gtegate for the base. rn addition, the

curves provided on the eight Arkansas aggregates tested (Figures 13

through 20) can be used as a relative indicator of nlevel of performance,

for these aggregates.

' Ttre size range of fines which adversely affected rapid shear strength

was found to extend to the No. 40 sieve (0.a25)nn). This fact should be

considered if and when specifications for SB-2 aggregate base material are

reviewed for change.
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GAINS, FINDINGS, AtrID CONCLUSIONS

The following list includes the prinary gains and conclusions of this

study.

1. Fine grained material decreases the rapid shear strength of

aggregate base material. A11 material fines through the No. 40

sieve (0.425 m) affected the strength with strength decreasing

as fines content inereases.

Angular particles hawe higher rapid shear strength than rounded

particles. Crushed stone is stronger than crushed gravel.

Uncrushed gravel is weakest.

Base material is stronger when density is high and moisture con-

tent is low.

2

3

i;
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Practical Applieation :

Recommended Procedure :

Benefits

SUI,I},TARY OF IMPLEUENTATION

Relative values of rapid shear strength give

engineers a basis for evaluating aggregates for

use in a highway base. TLre curves produeed in

this report (Figures 13 through 20) can be used as

a relative "level of performance" for the aggte-

gates.

a) Aggregate Evaluation - Compare the rapid shear

strengths of possible aggregate sources for base

materiaL. Select the aggregate with the highest

rapid shear strength.

b) Level of Perforuance: Compare the rapid shear

strengths of an aggregate at maximum density,

optinum water content and maximum allowed fines

content Eo the material provided.

Rapid shear strength is a dynamic test which

approximates a "failure" traffic condition. Use

of rapid shear strength may result in better

pavement design.

l-v
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CHAPTER I

INTRODUCTION

A base course is the layer of material that lies inmediately below

the wearing surface of a pavenent. Since the base course is close to the

surface, it must possess high resistance to defornation in order to with-

stand the pressures imposed upon it.

Over the years, highway engineers have devoted considerable effort

toward inproving the pavement design process. The adverse effect of high

fines content (percent passing the No. 200 sieve) in base course materials

has long been recognized but is not well defined.

The objective of this study, "Fines in Base Course Materials

TRC-8703", is to determine the effect of fines on the dynamic load behav-

ior of aggregate sources fron throughout Arkansas. The study results are

expected to improve understanding of the behavior of road base materials.

In turn, better and more economical road bases night be constructed.

In the research, the "rapid shear test'r was used as a measure of the

dynarnic load behavior. The rapid shear test is a triaxial test in which a

5 inches dianeter and 12 inches long sample is deformed tvo inehes in one

second. A five psi chanber pressure was used to simulate the confining

pressure which typically exists in a highway base course.

Since the rapid shear test is not a standard test, the research was

accouplished in three phases: Sarnple Preparation; Test Developuent and

Production Testing. The Granite Mountain aggregate was tested to estab-

lish testing techniques and to find the effects of moisture, fines and

dust ratio on rapid shear strength. Later, seven other aggregates were

tested to find the effeet of aggregate shape and stone type for typical

Arkansas aggregates.

I
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CHAPTER II

BACKGROI'ND

Ihe literature review is separated into two parts for convenience.

The Vibratory Compaction section covers the background for sample prepar-

ation. The Sanple Variable section covers the effect of variables on the

base material.

Vibratorv Compaction

Two methods of vibratory coupaetion have been used to compact granu-

lar rnaterial (Forssba1d, L957): (a) vibrating in an open nold fixed on a

vibrating table; (b) vibrating in a nold fixed on a vibrating tabIe, with

a loading weight on top of the material.

Vibrating devices for granular material conpaction were developed at

the Concrete and Soil Lab of AB Vibro-Verlcen, Solna, Sweden (Forssbald,

L967). The Concrete and Soil Lab of AB Vibro-Verlcen conducted a study on

the use of vibrating tanpers for granular material compaction. The study

used two different ta^Epers.

A11 samples in the Forssbald study were compacted in two lifts and

vibrated for 2 mirrutes. Densities obtained in the study had good agree-

ment with densities obtained by the AASHTO nodified nethod (AASHTO T 180).

Ihe use of a hearry tamper (L00 1b.) proved to be difficult to handle.

Iherefore, the light tanper (77 Lb.) was reco'nmended for compaction.

In che United States, the Bureau of Reclamation was the leading

agency to use vibratory compaction in the laboratory (Pettibone and Har-

din, 1955). The Bureau of Reclaroation conducted an i.nvestigation to det-

ermine the factors affecting the maximun density of samples compacted by

vibration. The investigation was conducted using two vibration tables

with different mold sizes. The majority oi the tests \{ere run using
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oven-dried soil, but a few were performed with the soil initially satu-

rated. A11 samples rsere compacted in one 1ift.

Itre a^nplitude of vibration was the nost significant factor affecting

soil density in the Bureau of Reclanation Study (Pettibone and Hardin,

1955) . Maximr:n densities were generalLy obtained at higher amplitudes.

The increase in density was not significant for times of vibration greater

than 6 minutes. Both oven-dry and initially saturated soils had the same

densities. When the surcharge load was applied by adding dead weight,

soil density decreased when the total load (dead weight + soil + mold) on

the vibrating table exceeded 200 lb.

Vibratory compaction was used to compaet samples in a study conducted

by Pappin (Lg7g) at the University of Nottingham, England. Pappin antici-

pated fines migration during sanple compaction. To compensate for the

expected migration, the samples in the Pappin study rrere compacted in

seven layers using three different gradations. The bottom layer contained

nainly coarse aggregate, while the top layer contained nainly fines. Each

layer rras compacted for 90 seconds with a nominal surcharge on top to keep

the surface level. The vibration for each layer was done in six consecu-

tive periods of L5 seconds each, starting with the largest anplitude and

decreasing to the smallest. Pappin did not report how effective this

uethod was in compensating for the expected migration of fines.

Sample Variables

Moisture sensitivity is basically controlLed by the quantity and

characteristics of the fines and plasticity. Yoder and Wi.tczak (1975)

suggested that use of a more open-graded aggregate base would decrease

moisture sensitivity and would drain water at a quicker rate (increased

permeability). Krebs and Wa1ker (p. 1-37) found that the presence of water



4

in the base course Inay decrease the strength by reducing the cohesive

properties of the fines and by reducing the friction between aggregate

particles.

A base course naterial that contains little or no fines has stability

fron grain-to-grain interlock. An aggregate that contains no fines usu-

ally has a relatively low density but is perrzious and non-frost suscep-

tible. 0n the other hand, a base course material that contains a great

amount of fines has no grain-to-grain interlock, and the aggregates merely

"float" (dispersed matric orientation) in the soil (Yoder and Witczak,

L975). The aggregate has low density and is practically impervious, frost

susceptible and greatly affected by adverse water conditions. A base

course material- that contains sufficient fines to fill all- the voids

beuween the aggregates grains will still gain strength from grain inter-

lock which will increase shear resistance. The aggregate density will be

high and permeability wi1L be low but the material may be frost suseep-

tible. This material is ideal from the standpoint of stability but is

moderately difficult to compact.

Base course strength is important to pavement performance. Nichols

(p. 58) indicates that flexible pavement performance is affected to a

great extent by the degree of support offered by the underlying layers

rather than by the thickness of asphaltic concrete in the upper portion of

the structure.

According to Barksdale (p. 2), base course materials compacted to low

densities will undergo more rutting than the well eompacted sample.

Furthermore, rutting is related to density but the mechanisn which

accounts for rutting appears to be shear distortion not densification.



5

Yoder and l.Iitczak (L975) noted that pavement deformation is a manif-

estation of two different mechanisms and is a combination of densification

(voh:me change) and repeated shear deformation (plastic flow with no voL-

r.rme change). Protection against exeessive deformation, resulti-ng from

densification, is insured by proper compaction. The second mechanism,

plastic f1ow, is one of the basic distress modes upon which pavemenE

designs are based.

Under fixed conditions (density and moisture content), a given gran-

ular material tested for the permanent deformation response will be con-

trolled by the magnitude of the repeated stress state (confining pressure

and deviacor stress). The factors (particularly increased density) that

decrease pertrarent defornation accumulation will increase granular mate-

rial shear strength. I'loisture content is also an important factor rela-

tive to the shear strength and permanent deformation behavior of granular

materials. Yoder and l{itczak (1975) also noted that Ehe shear strength of

dense-graded base nateri.al cannot be maintained throughout the various

seasons of the year in many cliuatic zones. Pavement sections generally

experienced significant distress during those periods when base course

moisture content is high and the subgrade is weak due to freeze-thaw

softening.

Marshall Thompson (L984) suggested that the shear strength and per-

manent defornation behavior of dense-graded granular base materials with

high fines eontent are strongly influenced by noisture content. Haynes

and Yoder (l-953) denonstrated that the crushed stone base used in the

AASHO Road Test was quite sensitive to moisture content. Moisture

sensitivity increased as the fines content increased fron 5.2t to 11.5t.

Moreover, peruanent strain accumuLated rapidly (Table 1) as the fines con-

tent increased.



6

Thompson (1984) found the strength of higher moisture content speei-

mens to be less than the strength of the lower noisture content specimens

at a 6.9t of fines. For example the rapid shear strength (confining

pressure - 5 psi, dry density : 140.2 pcf) of a crushed stone base mate-

rial at 4.6t noisture was approximately 222 psi (stress at failure). Fgr

the same crushed stone base uaterial at 7.0t noisture (confining pressure

:5 psi, dry density - 140.3 pcf), the rapld shear strength was approxi-

Dately 79 psi (Table 2). Marshall Thompson suggested that the moisture

sensitivity of a granular base can be determined using the rapid shear

strength as an indicator. Iherefore, the rapid shear test, was used to

investigate the effects of fines of base course aggregates in this study.

I
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Table 1

Total deflection crushed stone specimen
(Haynes & Yoder 1953)

Fines t

Degree of saturation

Air dry density, pcf

Confining pressure, psi

DeviaEor stress, psi

Relative density, t

Total- defleetion, in.

Fines, *

Moisture content, I

Densicy, pcf

Confining pressure, psi

Shear strength at failure, psi

*Deformation rate - 2"/sec

Table 2

Rapid shear strength*, crushed stone specimen
(Thonpson 1984)

5.2

81

L4L

15

70

80

0.24

9.1

81

L4L

t5

70

80

0.23

11. s

81

l-41

15

70

80

0. 55

5.9

4.6

L40.2

5

222

6.9

7.0

140. 3

5

79

I



CHAPTER III

SAI{PLE PPJPAXATION

The aggregate material used to develop a sample preparation method

was obtained from Granite Mountain Quarries at Granite Mountain, Arkansas.

The gradation for SB-2 was nodified because the maximum density of 135 pcf

could not be achieved due to the large size and shape of the aggregate in

relation to the size of the nold used for conpaction. The nodificaEion

was in accordance with procedures prescribed for maximrrm density deterni-

nation in the Arkansas Standard Specifications for Highway Construction.

Figure 1 and Table 3 contain the SB-2 gradation and rnodified gradation for

the Granite Mountain Aggregate. The optinr:m rnoisture content provided by

the AI{TD is 6.7t, as determined by AASHTO T180.

TABLE 3, SB-2 gradation and the nodified gradation.

Crushed Stone Base Course
Total Retained Percent by Weight

SlEVE sB-2 MODIFIED GRADATION
(5t fines content)

L L/2"

1tr

3/4"

3/8"

No. 4

No. 40

No. 200

0 0

0

0

34. 5

50.0

85.0

94.0

10-50

50-7s

70- 90

9A-97

8
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Sample llixine

The aggregate used in the research was sieved to various size frae-

tions. The sieved aggregate was then recombined for each layer separately

to maintain uniform gradation.

MTS Operation

Details of the MTS operation can be found in the M.S. thesis by Mr.

Bashar Qedan (1987).

The MTS machine was chosen as a vibration source in order to elimi-

nate the need to move the specimen for testing. Use of the machine

required a speciaL mechanical device to fit on the MTS Loading frame (Fig-

ure 2). The mechanical device was rotated by hand during compacti.on.

Number of Lavers

To determine the influence of the number of layers used in prepara-

tion samples were prepared using one, three and five layers. The one

layer sample had serious migration of fines and moisture and the target

density could not be achieved. The target dry density (l-33 pcf) also was

not achieved with the three-Iayer samples, but density was achieved with

the five-Iayer samples (Table 4). A11 subsequent samples were prepared

using five layers.

TABLE 4 Effect of nr-rmber of layers on dry density

Number of
Layers

Number of
Sanples

Dry Density (pcf)

First Sample Second Saruple

2

2

3

5

L26.3

L33.2

L27 .t+

133. 5
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Fines Content

Different sa^uples having fines contents (percent by weight passing

the No. 2oo sieve) of 3.0t, 5t and l-0* were prepared. Each tesr was con-

ducted with the following constants: (1) Moisture Conrent - 7.5t; (Z)

Number of Layers : 5; (3) Frequency : L0 HZ.

Target density was not achieved hrith 3* fines content, but was

achieved with 5* and 10t fines contenrs. rhe nigration of fines and

moisture was not significant at any of the three fines contents.

Moisture Content

Samples having moisture contents of 0*, 5.0*, 7.5* and l_Ot were

prepared. In each test the following variables were held constant: (1)

Fines Content:5*; (2) Nunber of Layers - 5; (3) Frequency - LO HZ.

Dry density inereased with the increase of uoisture contsent. How-

ever, samples with rnoisture contents of 08 and 5* could not be compacted

to target density. The dry saople had a serious nigration of fines. The

sample with l-0t moisture content had a serious migration of both fines

and moisture.

Freouencv

Ihree vibration frequencies, 5 HZ., L0 HZ. and 30 HZ. \rere used to

comPact three different samples. The samples were constructed with the

following constants: (1) Fines content - 5.09; (2) Moisture content -
7.5t; (3) Nr.unber of Layers - 5

The 5 HZ. and the 30 HZ. frequencies did not compact the samples to

the target density. No further testing was done on the samples compacted

using the 5 HZ and the 30 HZ frequencies.
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For the sample compacted using L0 HZ. vibration frequency, the target

dry density was achieved and the migration of fines and moi.sture was

insignificanc.

Number of C]zcles

Ihe nr.mber of cycles used for each layer was varied fron 120

cycLes/Layex (2 rninutes/layer) to 350 cycLes/Layer (5 ninutes/layer).

Ihe increase in density was not significant for times of vibration greater

than 2 minutes per layer (120 cycles/Layer).

Recorrrrnendations

fhis phase of the study showed that the MTS rnachine can be used to

compact test specimens to the target density without serious migration of

fines or moisture. To accomplish this, the following requirements should

be met:

1. Fines content should range between 5.0t and 15.0t.

2. Moisture content should be between 5.0t and 8.5t.

3. Number of layers should be five.

4. Vibration frequency should be l0 HZ.

5. Each layer should be vibrated 2 minutes (120 cycles).
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CHAPTER IV

TEST DEVEIOPMENT

Ihe Granite ltlountain aggregate vas Eested extensively to establish

rapid shear procedures and define relationships between moisture, the

amount of fines and strength.

Rapid Shear

The rapid shear test is conducted by deforming the specimen 2 inches

in one second and measuring the load generated. The MTS machine plots the

load (stress) applied versus deformation (strain) graph during the test

Figure 3). Ttre rapid shear strength nornally is defined as the maximqm

load divided by the initial cross sectional area.

Two cornmon t)rpes of failure were noted during the testing--shear and

tension failure. Samples which failed on a diagonal plane (shear failure)

were found to have a stress-strain relationship similar to that shown in

Figure 4a with the peak load oceurring at about 0.75 to 1.0 inches of

deformation. samples which failed by bulging (tension failure) have a

shear strain relationship sinilar to that shown in Figure 4b with an

increasing load throughout the test. Because of bulging, tension failure

sa:nples have a larger effective cross seetion (area) at the end of a test.

Ihe normal definition of shear strength seemed questionable for the ten-

sion failure samples due to the cross section i.ncreases and the fact that

a peak load was not identified. To compensate for this effect, the test

findings are rePorted both as uaximuu load at 0.75 inch vertical deforma-

tion.

fhe test results are also reported (Tabre 8) as the apparent inter-
naI friction angle. A vacurrm gauge was used to measure the pressure

during the testing at the base of the sample. This internal (vacur:m)
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pressure was included in determination of the apparent friction angle.

The friction angle is the line drawn tangent to the Mohr effective sEress

cirele (Figure 5). A high friction angle means the soil has a larger

shearing strength (Table 8).

Effect of Fines

F'ines are normally defined as that fraction of uaterial finer than

0.075 rom (No. 200 sieve). Test results on the Granite Mountain ag1re3axe

show that an increase in fines content decreases the rapid shear strength

(Figure 5). The maximum rapid shear load (average) drops from 3095 lb. ar

5t fines xo 2520 rb. at l-2t fines. For rapid shear loads ar 0.75 inch

deflection, the rapid shear load (average) drops from 2947 Lb. ar Gt fines
to 2413 1b. ar 12t fines.

A statistical analysis of the dara (Table 5) was made using rhe

Statistieal Analysis Systern (SAS). Ihe relation befiseen the load and

fines conEent was found to be statisticalry significant, having an R

square of 0.72 (Tab1e 5 and Figure 7).

Particles that are between the #40 and #200 sieves (O.t+25 nm and

0.075 nm) also were found to have an effect on the rapid shear strength.

An increase from 10t to 20* in the :mount of material between the #40 and

#200 sieves vras found to reduce the rapid shear load (Figure g).

Effect of Moisture

An increase in fines content decreases the rapid shear strength of
saturated sanples (Figure 10) and partialry saturated samples (Figure 5).

However, for 5t fines content, shear strength was found to be higher at
saturation than when partiatly saturated. The higher strength at low

fines content is believed to be due Eo the higher negative pressure
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It

Table 5. Statistical Analysis Data

5.L
5.5
5.8
6.5
6.8
6.7

5.2
5.5
5.7
5.8

5.3
5.8
5.8
7.0

11.9
L2.L
11.4
10.4
L0.2
il-.4

7.5
8.9
7.5
7.5

' 
,.,

11 .4
10. 9
9.4

SAT
r
n

n

SAT

326s
3243
32L9
2820
2730
25LL

3060
3155
29L6
2521-

2959
2697
2s01
23L7

3408
3028
2640
2606
2427

3265
3243
3150
2820
2700
2450

2975
3025
2885
2300

2600
2s30
2500
2200

3408
3000
2640
2500
2350

5

5

L4
L4
13
11
10
L3

L2
L4
L4
L2

5
8

5

5

6
8

10
11
L2
L2

6
8

10
L2

6
8

l_0

L2

10.9
11. 9
11. 9
10.9

6
8

10
L1
L2

i;
1"3

L2
9

Water !.tax. load 0.75n load Fines Vac Net Press.
.t lb Ib t in. osi
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Table 6. Statistical Analysis of Fines Data

Ilode'l: l10DEL1

Dep Variable: I'IAXL()AD

Source 0F

AnalYsis of Variance

Sum of Hean

Squares Square

1140678.4390 228135.68780
439652.11099 31403.7?221
1580330.5500

l,lode'l
Error
C Tota'l

5

14
19

Root MSE

[)ep l{ean
c. v.

Variab'lo DF

INTERCEP
FINES
FINE52
NETPRESS
NET2
NETF I NE

Oep Variable: 10A075

Source

ltodel
Error
C Tota'l

Root ltlSE

Dep Hean
c. v.

Variab]e 0F

INTERCEP I
FINES 1

FINESz 1

NETPRESS 1

NETz 1

NETFINE 1

Parameter Estimates

Parameter Standard
Estimate Error

2573.0 748093.
231.89626499

12. r 884 5183
459.69314914

22.1 9539838
13.31278743

177.21095
2749.35000

6.44556

R- Square
Adj R-Sq

R-Square
Adj R-Sq

F Va'l ue

7 .265

0 .7 ?LA
0.6??4

T for H0:
Parameter=0

0.182
0.780

-1.050
0.757

-0 .523
-0.376

F Va'lue

7.044

Prob>F

0.0015

Prob > lTl

Pro b> F

0.0017

Prob > lTl

0.4747
0.0843
0.1160
0.275L
0 .4 960
0.3101

1

I
1

1

1

1

467.563606
180 .926826
-12 .793039
348.184186
-1i.613648
-5.001083

0 .8 584
0.4483
0.31 17
0.4614
0 .6090
0.7128

AnalYsis of Variance

Sum of llean
DF Squares Square

5 1224145.3939 244829.07878
t4 486599.40612 34757 .10044
19 1710744.8000

186.43256
2666.40000

6.99192

0 .7156
0.6140

Para,neter Estimates

Parameter Standard
Estimate Error

T for H0:
Parameter=0

-1988.565558
453.330758
-21.486168
s49.251900
-16.322204
-14.749598

?706.9710982
243.96355863

L2.82210796
483.61441504

23.35039063
14.00555113

-0 .7 35
1.858

-1.676
1.136

-0 .6 99
-1.053
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t (vacur:.u) created in the saturated sample during the rapid shear. The neg-

ative Pressure increases the effective confining pressure thereby increas-

ing the vertical stress needed to cause shear.

Effect of Density

From time to time, a sample was prepared which did not neet target

unit weight. Ihese low rrnit weight sanples were tested anyoay to find the

effect of not neeting target unit weight (Figure L1-). The tests show Ehat

strength is reduced when r.rnit weight is not achieved. The influence of

unit weight appears to be greater as the amount of fines increases.

Effect of Net Pressure

At high net confining pressure (chauber pressure plus vacuum pres-

sure), the shear strength is higher (Figure 12). The vacuum in the sampl-e

helps the aggregate to interlock more, acting in the srne way as chamber

pressure. This effect is shoun at both maximun load (Figure 1-2) and load

at 0.75 inches deflection.

The statistical anaLysis shows that the rapid shear strength is
higher at low fines content and high vacuum pressure as compared to the

1ow vacuum and high fines conLent (Figure 7). As expected, at low ner

confining pressure, Ehe rapid shear strength is lower than at high net

confining pressure. The influence of net confining pressure on rapid

shear strength decreases as the fines content i.ncreases.

Because the wacuum is a part of the net confining pressure, a rera-

tionship also exists between vacuum and 1oad. The R square between the

variables is 0.72.
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CHAPTER V

PRODUCTION TESTING

Granular material from seven additional sources in Arkansas were

tested to determine whether Ehe findings from testing the Granite l{ountain

aggregate could be generally applied. Ihe specific gravity, maximun den-

sity and optimr.rn water content for each material are tabulated in Table 9.

The dry density and the percent of maximun dry density achieved in uhe

testing are also tabulated in Tab1e 7. A sr:mmary of the data coLlected

from the tescing on all- eight aggregates is given in Table 8.

Rapid shear strengths were plotted against the corresponding speci-

Eens' percent of fines and final water content. Then, contours of con-

stant water contents were drawn to il"lustrate the trend or pattern of the

effects of the variables. This was done because the data points are aE

different water contents.

Effect of fines

Ihe rapid shear sErengths of the granular base uaterials, are

strongly infl,uenced by the percent passing the No. 2OO sieve (Figures 1-3

through 21). The Duffield sandstone (Figure 15) and the Delta #3 crushed

gravel (Figure 19) have a significant drop in strength (steeper slope) as

the percent of fines increased from 5 to 8t. Ihe strength decreased a

snall ,mount as the percent of fines increased fron 5 to 88 for the

remaining materials.

Effect of moisture content

Ttre effect of moisture on rapid shear strength depends on the amount

of fines present. For some Eaterial, moisture content is not so important

as the percent of fines are at the low end (88 moisture or less); but as

I
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Table 8

Rapid Shear Streugth Data Summary

Granite Mountain Syenite

5
8

10
72

6
8

10
t2

3265
3245
3219
27 30
3408
3028
2640
2606

115.48
]-74.77
113. 85
95.55

L20.53
107.09
93.37
92.L1

148.47
106.95
101.15

79 .47
111. 58
100.97

7 4.80
56.53

83.11
81.24
75.09
51.89
76.47
54.51
61.08
45.59

13
].4.5

13
11

10
13
\2

t2
11
t4
t4

6
14
74
13

10
10
10

8.0
8.0
8.0
8.0

10.0
10.0
10.0
L0.2

8.1
8.4
8.5
8.5

10.2
10.5
10.3
10.4

8.0
7.8
8.0
8.0

10.0
11.5
10.6
10.7

55.5
55.5
56.4
55.4

57.5
53.5
54.0

55.4
56. 8
54.1
50.3
61.1
54.0
49.A
48.2

59 .2
50.5
54.8
50. 8
53.5
53. 1
40.7
38.9

5!.7
52.8
53.5
53.7
61.0
s5.3
49.8
52.4

5.1
5.5
5.8
5.5

10

Freshour Sandst^one

6
8

10
L2

6
8

10
t2

5
8

10
L2

5
I

10
L2

b
8

10
L2

6
8

10
72

3067
3024
2860
2247
3155
2855
2155
1881

1895
1433
L267
1153
1158
LL29

531
478

Duffield Sandstone

67 .06
50.58
44.87
41.13
40.95
39.93
18.78
15.91

Hid State [ovaculite

1
5
0
2
0
0
0
0

2350
2297
2t23
1750
2t62
L824
1727
1-289

13
11

8.5
5
1
4
9
2

I tFines Maxload(1b) MaxStress(psi) Vac(in) *Water Phi anqle

t
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Tab1e 8 (contrd)

McClinton Anchor Linestone

6
8

10
12

6
8

10
t2

6
8

10
t2

6
8

10
t2

10
t2

6
8

10
t2

6
8

10
t2

27 56
2582
26t9
1908
27 48
25tL
1815
114 I

2703
1519
1610
]-527
2409
2285
2057
1272

97.47
94.86
92.62
67.48
97 .19
88.81
64.L9
40.50

ltidwest Linestone

95.50
57 .26
55.94
54.01
85.20
80.82
72.75
45.00

Delta *3 Crushed GraveL

35.08
27 .00
24.37
18 .78
23.38
20.73
]-4.22
11.35

Boorhem Fields Bank Gravel

4L.91
38.13
33.81
24.01
14.51
15.91
]-6.94
18.57

6.7
6.9
5.9
7.1
9.5
9.4

1-0.2
9.3

11
l2

4
9
0

11
8
0

9
6
4
6
0
7
8
7

53.4.3
4.9
4.5
5.2
6.3
5.8
7.9
5.5

13
7
6
7
9

11
10

6
0
0
0
1
1
0
0

5
5
3
4
0
6
7
z

6
5
6
7
9
8
8
8

2
1

2.5
0
0
0
0
0

8.2
8.8
8.5
8.4

10.7
10.4
10.3
9.5

s5.5
54.4
6A .4
51. 4
of.J.
s4. 1
51.5
53.4

50.
51.
49.

az-
51.
48.

44.0
46.9
45.2
40.7
42,9
40.8
36.0
32.L

51.1
50. 9
46.9
44.9
36.4
37 .9
39.0
40.5

6
8

10
t2

6
8

1020
763
589
531
651
s85
402
321-

1185
L07 8

955
679
413
450
479
525

tFines Maxl,oad (1b) MaxStress (psi.) Vac (in) tWater Phi anqle

l
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the fines are increased, added moisture has a greater impact on strength

reduction. This effeet is shown in the Freshour sandstone (Figure 14),

Granite Mountain syenite (Figure 13) McClinton Anchor limestone (Figure

L7), and Midwest limestone (Figure 18). For the other materials moisture

increases reduce the rapid shear strength about the same throughout the

range of fines included in the test.

Figures L3 through 20 each show the relation between the strength and

fines for two different rrater contents (interpolated data). The 1ow water

content was selected to be near the optinum water content for ease of com-

paction. In general the 1ow water contents resulted in degrees of satura-

tion of about 70* in the compacted specimens. The higher water content

specimens were near 100t saturation. These two rrater contents were

selected beeause they were, practically, the only water contents at which

target unit weight could be attained.

Aggregate base material was stronger in rapid shear in the following

order (Figure 2L):

Crushed stone - strongest

Grushed gravel - nedium

Uncrushed gravel - least strength

A direet comparison of one crushed stone (Freshour sandstone) and a

crushed gravel (Delta #3) is given in lab1e 9. The crushed stone was

found to be about three times as strong in rapid shear as the crushed

gravel at both nedirlm and high levels of fines and moisture content.

Table 10 shows a sinilar direct comparison between a crushed gravel

(Delta #3) and a bank gravel (Boorhen Fields). Ihe crushed gravel is

approximately twice as strong as the uncrushed gravel. However, the

uncrushed gravel shows less effect due to increased fines content.
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Table 9

Rapid shear strength data of Freshour sandstone
and Delta #3 crushed gravel

Freshour Delta #3

Dry density, pef 135 135 135 135

Relative density, pcf 100.0 100.0 98.0 98.0

Water content, t 9.0 L0.2 8.2 9.5

Fines,t 5 12 6 12

Shear strength, Ib. 3067 1881 1020 32L

Table 10

Rapid shear strength data of De1ta #3 crushed
and Boorheu Fields bank gravel

Delta #3 Boorhen Fields

Dry density, pcf

Relative density, t

Fines, t

Water content, 3

Shear strength, Ib.

l-35

98 .0

5

8.2

1020

13s

98 .0

8

8.8

763

13s

99.4

6

9.0

4L3

13s

99.4

8

8.6

450
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CHAPTER VI

DUST RATIO

. Dust ratio is the ratio of the anount of aggregate passing the No.

200 sieve to the :mount passing No. 40 (D.R. - Weight Passing No. 2OO /
Weight Passing No. 40). To find the effect of dust ratio on rapid shear

strength, the Granite Mountain sample was first tested and analyzed.

then all eight samples were tested to see if trends were consistent in the

aggregates.

Granite Mountain

To exnmine the effect of dust ratio, fines content (passing No. 200

sieve) was held constant and percentages of the other size fractions were

varied. Dust ratios tested ranged fron 0.2 xo 0.75. Ihe test results

relative to dust ratio are suunarized in Table 11.

Except at the highest dust ratio (0.75), an increase in dust ratio is

seen to increase the rapid shear strength (Figure 22). However, the high-

est dust ratio (0.75) resul-ted in a9 appreciable strength decrease. A

complicating factor relative to the 0.75 dust ratio is the fact that tar-

get unit weight eoul-d not be achieved with that gradation. It is not

clear whether the lower strength is the result of lower density, higher

dust ratio, or both. Ihe higher dust ratio rnay be responsible for both

the lower density and the lower strength.

Eieht AEEreeates

A11 eight of the aggtegaxe sources were tested at eight percent fines

for rapid shear strength at dust ratios up to 0.75. Table 12 contains the

results for the samples. Target unit weight could not be achieved at the
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Dust

Tab1e 11

Laboratory data for the rapid shear test
Water Max.Ioad 0.7sr'Ioad Fines Vac Net Press

o.2

0.3

0.4

0.27

0.4

0.48

o.75

0.33

0.4

0.55

6.4

5.72

5.L

6.4

5.6

5.5

5.4

6.45

5.94

5.8

2346

2909

3265

2053

2893

3243

1982

2303

2875

3279

2L87

2850

3265

2 000

27 80

3243

19 00

2303

27 65

3 L50

9.5

l2

13

9

t2

L4 .5

13

l_l_.5

t2

o1

L0. 9

11.4

9.4

10. 9

t2. t

1l_. 4

L0. 9

10. 6

10. 9

6

6

6

I

o

8

8

L0

L0

L0

1,2
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TABLE 12

Rapid shear strength data fron the
dust ratio testing

Sample

Syenite, Granite Mountain

Sandstone, Freshour

Sandstone, Duffield

Novaculite, Midstate

Limestone, Midwest

Crushed Gravel, Detta #3

Gravel, Boorham Field

Dust Ratio Max Load, LB Max Stress, PSI

0.27
0.40
0.48
0.75

0.48
0.60
0.75

0.48
0. 50
0.75

0.48
0. 50
0.75

0.48
0.50
0.75

20s3
2893
3243
L982

72.6
L02.3
tL4.7
70.L

90.2
58.4

3100
2550
1550

L440
L520
L520

2300
2070
1870

2682
2947
1910

8L.4
73.2
55.1

94.9
L04.2
67.6

80.8
58.4
39.2

s0. 9

s3.8
s3.8

27.O
42.7
50.2

5.110

0.48
0.50
0.7s

0.48
0. 50
o.7s

Limestone, MeClinton Anchor

2285
L652
1107

0.
0.
0.
0.

40
48
50
75

763
L207
L420

1051
1078
L4L6
1003

37 .5
38. L
s0.1
35.5
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0.75 dust ratio except in the McClinton Anchor limestone. Plots of the

results are contained in Flgure 23 thru 30.

The test results show no consistent trend. Ihe shear strength of

sotne aggregates are seen to generally inerease with increasing dust ratio

while others generally decrease. The most consistent result is that for

six (6) of the eight (8) aggregates shear strength is lowest at the high-

est dust ratio (0.75). However, Ehe inability to achieve target unit

weight at the 0.75 dust ratio makes it unelear as to whether the lower

strength is a result of lower density, higher dust ratio, or both.



49
lp
.!'' go0)
=Eo.to
t-
=P o

+C
a)
cI)
!-
oF

o,
rJ

o
?h

t
ri(t

H

o

o
TJ

t
(0
tr
Cj

o
o
i
IJ
d
&

U'

r+{

.lJ
o
o

l+{
l1-l
tll

(.)
N
o
tr
a
@

E

00-
o \l--

-+H

o_\
O

O
COO
dN

Z.

F
Z-
_)o

l-rlt
Z-

V.
O

LO O-
qi r--'

Ca,-ok
V-

l.O

o-a
n-
O

-t'h

Oo
N

C)
$

O(oO
m

C)
O

tsc cvot /\nntxvm

O
N



50

Ld
Zc
a
O
Z
U)

tr
:f
C
I
(n
LJ
M.
LL

6 r-r
O\f,

0)
tr
o
rJ
tA

d
rn

tr

o
o
o
lr

Ft{

o
o

d&
!
o
a.
q
o
!
o
o

l+{
t+{

$
N
o
l.{

60

E

-t'h
n-

t--\:O"o
N
-+h

co o-j:--,

o
Fro{

dM.
Fa
lTn

OOO
N

o
$

O
(.O

O
m

Oo
-

rsd cvot nnntxvr

O
N



51

c,

o
rJ
oE
tr
(d

U)

FI
o

rt-.t
r+{

k
o

tl
(!
il
IJ
o
a
t+{
o

o
o

t+{
l+{
frl

lr1
N
cl
lr
60

E

C
=t-
-rh
n_

O
O
N
-r'E

o_

o
F
u.

F
U)
:)
O

O
_l
L-J

L-
Li-
_)
O

6
C)

N
O

CO

O

q
O

+
O

OO
N

O.f,O(oO
rc

Oo
t_

ISd CVCI ANAIXV[\

O
N



52

6rr
o <- o

l.)
?{
Fl
(.)
q,

z
o
IJ
d
(n

E

tr
o
o
rJ
(E*
+J
o
a

t+.{

1.,
o
q,

l+{
ll
rI]

\o
N

c)
l.{

00

fr<

>rtr

N
O

o_

O
O
N-th

(oo_
gi t--'

t-LJ
F
J
_f
O

o
Z.

C
F

Ln<
3l-t--

Fa
:lYn

OOO
N

O.f,O(oO
00

O
O

rsc cvot n n l.\ txvm

O
N
\_



53

o)

r)
U)
o

il
FI

,r
o
U
H

tr
or,
rl
()
o
E
d
o
o
t,
d
d
IJ
o

q-{
o
p
c)
o

|+{
(l-{

E]

N
N

o
tr

o0rl
fr{

m-r
O\f,

-1-f

n_
t\\

"o
N
>tE

co o_
6i r--'

o
F

ro{
dM.

-a
,]Yo

O

IJ
Z.
CFa
LiJ

_J

v.
Cr
O
Z.

Z.oF
Z.
J
O
O

C)O
N

O
$

O(oO
rc

O
N O

O

rsd cvot nn/\txvt



54

c,

o
o
o
i
Fl

IJ
o
o
F
'oT{
E

o

I'
tU
&
r.l
o
o
r+r
o
!
o
o)

tl.{
r,Ll

rJl

a
N

o
t{
@
r{

6rr
ott

o_

".-\:O-o
N
-+tr

co O_
6i t--'

C

=rn{
dv.

L-LJ

Z.oFa
[J

J

F(n
t!
=o
=

F
U)

.:fTo
OoO

N
o+O

(.O
O
m

Oo
-

rsd cvot nnL/\txvt

O
N
-



55

o
(!
h

'oq,

@

lr()
<o+
(d
u
F,{
o

L
o

!J
(0
&
u
o

r+.{

o
r,
o
o

+{
l+.l
f:l

o\
N
q,
tr
60
Tl
fr{

6-r
osf,

-th
n-

d8
N
-+tr

(o0-
o \r/

O
F

tf)<
dE-

J
Ir-J

tr
O
o
IJ
Ia
:ftr
O
r.o
-+h

F
_J
lrJ
O

(-r)

.:f=ro
OoO

N
O
-f,

O(oO
@

Oo
-

rsd cvol /\ n n txvr\

O
N
-



56

FI
o
d
t{
L)

'ji
(U

FE

Fl
o
T{
h
Eo
tr
o
o

Fq

o
o
d
IJ
(d
&
u
TD

a
|+r
o
rJ
o
0,

(.-l
(+.{

IEI

cf)

o
H

o0
il
E

J
[J

M.
O

)<
Z-

m

O
J
l-LJ

L-

Lrj
I
v.oo
m

m l-)
o$

-+tr

o-
f'-\d3

N
-+h

co o-
qj'---'

()

=Lo<
dv-

Fa
fao

c)
c)O

N
O
<-

O
(o6O

O\-

ISd CVCI /\ N ru IXYTA

O
N
r



57

CHAPTER VII

CONCLUSIONS

Ttre following conclusions are based on the findings of the rapid

shear strength study of Arkansas aggregates. Other studies are needed to

relate rapid shear strength to pavetrent performance in order to incorpo-

rate the findings into pavement design and material specifications.

1. The strength of granular base materials, as measured in rapid

shear, decreases with increases in the anount passing the #200 sieve.

2. Decreasing the \rater content from very wet (near saturation) co

optimr:m water content significantly increases the strength.

3. The relative effect of fines and moisture content is not the same

for all materials. For equal strengths, the fines content and noisture

content differs from one naterial to another.

4. The rapid shear strength of 5 of the 8 a11regaxes was lowest at

the highest dust ratio (0.75). However, the significance of this is

affected by two facts: 1) thaE the other 2 aggregates exhibited their

highest shear strength at this dust ratio and 2) uhat target unit weight

could not be achieved at this dust ratio.
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