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ABSTRACT

Base course permeability plays an important role in many pavement failures

which are subjected to moisture-related problems. The Mack-Blackwell National Rural

Transportation Study Center and the Arkansas Highway and Transportation Department

(AHTD) sponsored the'Permeability of Pavement Base Course'research to measure the

permeability of some granular base course materials. Limestone, sandstone, igneous

rock, and Razorrock chert were the materials tested.

The permeameter, which was obtained from the U.S. Bureau of Reclarnation, was

used during the permeability test to contain a 19" diameter by 9" thick base course

specimen. A laboratory procedure was developed to build the specimen in 3 layers by

using a mechanical compactor. The AHTD Class-7 base course gradation was used to

construct the base course specimens. Specimens with3yo,6.5yo, and 10Yo fines were

tested to identifu the change in permeability due to the variation of fines.

Limestone is the most permeable aggregate tested for all gradations. The

permeability of limestone ranges from 5.52 x 10-3 cm/sec at 3% fines to 2.49 x l0-3

cm"/sec at l0% fines. The least permeable aggregate at3% fines content is Razorrock

chert which has a permeabilrty of 2.91 x 10-3 cm/sec . At l0% fines, sandstone has the

lowest permeability of 1.86 x 104 cm/sec. Samples with 3% fines has an average

decrease of 74Yo in permeability when fines were increased to llYo. For all gradations,

permeability results obtained from the DRAIMT spreadsheet progftlm are qpproximately

100 times less permeable than the results obtained from the permeability tests.
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CHAPTER I

Introduction

Because many pavement failures are subjected to moisture-related problems, the

Mack-Blackwell National Rural Transportation Study Center and the Arkansas Highway

and Transportation Department funded a research project to measure the permeability of

pavement base course materials. The research project, 'Pemreability of Pavement Base

Course' (AHTD No. TRC-9119 and MBTC No. 1010), was also to compare the measured

permeability with an often used empirical fonnula which is built into the 'DRAIMT'

spreadsheet program.

A positive drainage system to remove free water from pavement stnrctures is

necessary in order for the pavement to have a long service life. The presence of excessive

water in a paving system is known to be responsible for failures of both rigid pavement

and flexible pavement. Water can cause premature rutting, cracking, faulting, increased

roughness, and a decrease in the level of serviceability (Baldwin, 1987). Without a good

drainage system, the pavement may suffer rapid deterioration under the action of

pumping caused by dynamic taffrc loading, and face the risk of frost damage.

Subsurface drainage design is a part of the pavement structural design procedure

(Manual of Pavement Design Principles and Practices, 1987). Mostpavement design

procedures include sbme means of adjusting thickness or pavement life based unon 
1!e

pavement drainage system. If drainage is poor, the base or wearing course thickness must
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be increased, resulting in a more costly pavement.

One of the best methods to evaluate the internal drainage of pavement is to

measure the permeability of the least permeable layer. In a pavement, the least permeable

layer is most often the base course.

Base course permeability is dependent on the density, composition, and gradation

of the aggregates. However, there is no sufficiently reliable relationship for predicting

permeability from the grading characteristics. Therefore, it is necessary to understand the

effect of the mixture design and the construction variables on permeability in order to

select the best aggregate combination (Forsyth, wells, and Woodstorm, l9B7).

The U.S. Bureau of Reclamation has developed a procedure for preparing coarse

aggregate specimen like base course material and measuring the permeability. The

USBR permeameter, which is a 19 inches diameter by 16 inches deep steel cylinder, is

used to accommodate a specimen with particles up to 3 inches in diameter.

Objectives

The four major objectives of this study are:

r to develop a laboratory procedure for preparing base course specimens for
permeability testing,

r to determine the coefficient of permeability for bases made from limestone,
sandstone, igneous rock, and Razorrock (chert) aggregates,

r to find the changes in the permeability due to the variation of percent fines
used, and

I to compare laboratory results with the estimated values determined from the
empirical formula, which was built into the DRAIMT spreadsheet program.
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CHAPTER II

Literature Review

Permeabilitv

-

Permeability is a property of soil that permits the passage of fluid under a gradient

of force. The coefficient of permeability is defined as the rate of discharge of water at

20"C under conditions of laminar flow through a unit cross sectional area of a soil

medium under a unit hydraulic gradient (Parker and Thomton, 1977). The coeffrcient of

permeability, which is mostly used as hydraulic conductivity, has the sa6e units as

velocity. The units of the permeability coefficient are expressed in cm/sec and fl/day in

this thesis. The computation of the permeability coefficient is based on Darcy's Law,

which in turn, is derived from the velocity and flow rate equations introduced by H.

Darcy in 1856.

Darclt's Law

In Darcy's experiments in the 1850's, he found that for laminar flow, the quarrtity

of water flowing through the soil in a given period of time is proportional to the soil area

and the difference in piezometer levels, and inversely proportional to the length of soil

between piezometers (Darcy, I 856):

Q/t E (^h)(A)/L
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where, Q : flow volume
t : time offlow
a,h: head dffirence
A : area of soil
L : length ofJlow in soil

Darcy's equation for velocity (Dunn, Anderson, and Kiefer, 1980) is shown as:

v:k(ht/LS:1t,

where, v : Darcy velocity (superfictal velocity)
k = cofficient ofpermeability
hr: head loss
L :lengthof/low
i : hydraulic gradtent

In soil flow problems, the total cross-sectional area is most often used as the area

of flow. The volume flow rate equation is shown as:

(I:V A

wltere, q : volumeflow rate
v = Darcy velocity (superficial velocity)
A: orea oftotal cross section

Darcy's Law is valid for most types of fluid in soils except when the fluid flows at

high velocity. Also, Darcy's Law may not be valid when turbulent flow condition exists

in coarse sand and gravels. Therefore, with low hydraulic gradien! Darcy's Law is

bounded by the following assumptions (Leonards, 1962):

r laminar flow,
r steady-state flow condition,
I homogeneous porous medium,
. no change in voids of porous medium,
r homogeneous and incompressible fluid, and
r continuous (saturated), two dimensional flow
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Base Course Permeabiltt.v

In an article, Harry R. CedergrenQgg$ pointed out that the life of a poorly

drained pavement is reduced to one third or less of the life of a well-drained pavement.

He believes the permeability ofthe pavement base course should be between 10,000

ftlday (3.53 cm/sec) and 100,000 fttday (35.25 cmlsec). Cedergren also stated that the

permeability increases 40,000 times if the drainage layer material is coarse, open-graded

ag$egates of 0.5 to 1.0 inch instead of sand.

In another paper, Jones and Jones (1989) suggested that a granular sub-base or

capping layer which is to function as a drainage layer must have the following properties:

. stabili8,
r adequate stength and stiffiress,
r adequatepermeability,
r the ability to maintain its function throughout its service life, andr be non-frost susceptible.

Jones and Jones also stated that the method of test, state of compaction, and range of

hydraulic gradients should be included in any specification ofpermeability.

Factors Affecting Permeability

The coefficient of permeability of soil is mostly dependent on the hydrautic

gradient, grain size distribution, fluid viscosity, void ratio, and degree of saturation @as,

tee4).
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Hltdraulic Gradient

In Darcy's equation, the head loss used to calculate the hydraulic gradient,

i : hx/L, includes the loss of pressure head, elevation head, and velocity head. The flow

rate, q, in a given sand is directly related to the hydraulic gradient when the flow is

laminar. When the velocity is high and the flow is turbulent, the flow rate is no longer

varying in direct proportion with the hydraulic gradient; the flow rate is increased by

about 1.5 times when the hydraulic gradient is doubled @dward E. Johnson, Inc., 1966).

In 1989, C. J. Baker emphasized that Darcy's Law is only valid at low hydraulic

gradient (less than 0.05) for base course material. Baker also pointed out that it is not

suffrcient to assume that permeability can be specified simply by a characteristic value of

particle size, usually Drc, (the diameter in the particle size distribution curve

corresponding to 10% finer). In reality, perrreability is a function of grad.ing, moisture

content, compaction and flow direction as well as particle size. The results from Bake,fs

study indicated that Darcy's Law is invalid at high hydraulic gradients, and there was a

variability in closely controlled laboratory test results for &due to variations in porosity

and degree of safuration.

Grain Size

An increase in grain size increases the coefficient of permeability. However, the

relationship between permeability and grain size only exists for fairly coarse soils with

rounded grains (Hazen in Das, 1994). Hazen's experiment proposed an empirical

relationship for the coefficient of permeability for fairly uniform saud:

k(cnt/sec):c(Dn)2
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where, c : a constant that variesfrom 1.0 to 1.5
D1o: diameter of l}%finer (mm)

Because the formula does not include other factors like grading, moisture content,

compaction, and flow direction, it is simplistic and does not accurately predict

permeability (Baker, 1 989).

Fluid Viscositv

From the Kozeny-Carmen @arker and Thonrtorl,lgTT) equation, the permeability

is directly proportional to the unit weight of water, y,, ffid inversely proportional to the

viscosity of soil water, p:

k = D! (y*/p) (e3/1+e) C

where, k : coeficient ofpermeabiltty
D,= diameter of sphertcal grain
ny * :. unit wetght of water
p = vtscostty of water
e = votd ratio of soil
C = a composite shape factor

The above formula, which includes the parameter of sphericat grain diameter, is

not appropriate for determining the coefficient of permeability for open well-graded base

course material.

Temperature

Water viscosity changes primarily with temperature because unit weight and other

properties remain constant. Since permeability is inversely proportional to viscosity,

permeability increases when the temperature is higher (Parker and Thornt oa 1977).
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Twenty degrees Celsius is the most convenient temperature for laboratory

permeability tests:

wltere,

kzo.c = k, (pr/pr"r)

kro"r: permeability at temperature 20oC
kr : permeability at temperature T"C during test
Itr : viscosity of water at temperature ToC during test
pzo"c: viscosity of water at temperature 20"C

Votd Ratio

A decrease in void ratio decreases the permeability of soil. An equation which

gives the relationship between void ratio and permeability is suggested by Casagrande as

(Terzaghi and Peck, 1968):

k= 1.4 (e') (k rr)

where, k : coeficient ofpermeability
e : void ratio
ko.ts = cofficient of permeabtltty at votd ratio of 0.g5

Degree of Saturation

A decrease in the degree of saturation, .S, of soil decreases the permeabilify.

Darcy's Law is valid when the degree of saturation is 85% and higher because much of

the air in soil is held in the form of small occluded bubbles @arker and Thornton, 197e.

The permeability is significantly decreased when the degree of saturation is less than g5%

because the bubbles block some of the pores and much of the air is continuous through
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McEnroe (1994) emphasized that the best measure of the granular base of a

pavement is the minimum degree of saturation that can be achieved through gravity

drainage in the field.

Measurements of Permeability

The permeability of soil can be measured in either the laboratory or the field. The

laboratory permeability test is much easier to conduct and is most commonly used.

However, the field test is necessary for in-situ soil because the laboratory test may be

inadequate as a result of differences in soil structure and stess conditions between the

laboratory and the field (Fang, 1991).

There are two direct methods to conduct permeability test in the laboratory:

constant head permeability test and falling head permeability test.

Constant Head Permeability Test

Figure 1(a) shows the set-up of a constant head permeability test. The coefEcient

of permeability may be found by applying Darcy's Law a.s:

k:QL/thLA

where, k : cofficient of permeabtltty
Q:flow volume in time t
L : length offlow
t : time offlow
hr: head loss
A = area of total cross section
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FIGURE 1. Constant Head Permeability Test and Falling Head Permeability Tesr
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Falling Head Permeabiliq,t Test

Figure 1(b) shows the set-up of a falling head permeability test. The coefficient

of permeability may again be computed from Darcy's equation as:

k: 2.i}i (aUAt) log,o (h,/hr)

where, k: coeffctent of permeability
a: areo of graduated cylinder
L: length offlow
A : area oftotal cross section
t : time ofJlow
h = initial head
hr:final head

Empirical Formulas

Inl974, Amer and Awad introduced an empirical formula to estimate the

coefficient of permeability by including the effective grain size, uniformity coefficien!

and the void ratio:

k: C, D,o''t' C,o6 (e3/I+e)

where, Cz =aconstant,3r5xIF
Dro: diameter of |0%finer
Cu : untformity cofficient, D6o/ Dro
Dco: diameter of 60%ofiner
e = void ratto

Another empirical formula presented in the Highway Subdrainage Design (1980)

was developed from data on granular basses and subbases:

Permeabiltty Coeficient, k (ft/day) : [(6.214x14)(Dilt'478Q-yo/62.4xG"f:95aJ
- (Pr*)o't"
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where, Dto: diameter of l0%finer (mm)
,{a: dr! unit weight (lb/fis)
G" : specific gravity
Prst: percent passing #200 steve (%o)

This formula was then used in the DRAINIT spreadsheet program to estimate the

permeability of base course material.

A report from the Federal Highway Administration (Longitudinal Edge Drains in

Rigid Pavement Systems, 1986) illustrated the effect of fines variation on permeability.

The permeabilities of limestone, silica, siflt, and clay were determined to be 0.07, 0.085,

0.001, and 0.0006 ftlday respectively.
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CHAPTER III

Permeability Testing

Eouioment

The following equipment was used for specimen preparation and permeability

testing:

Permeabilitu Aonaratus

The permeability apparatus consist of the penneameter, the head tank, and the

porous disk. The permeability apparatus was obtained from the Bureau of Reclamation,

United States Departnent of The Interior. T'he permeameter(Figure 2) is a 19 inches

diameter by 16 inches deep steel cylinder designed to contain a 9 inches thick base course

specimen. The head tank(Figrxe 3) is a 6 inches diameter by 40 inches long ptexiglas

cylinder which contained water of 425.85 cm3/in. Theporous diskwas placed at the

inside bottom of the permeameter. The disk is made of a 19 inches diameter by 2 inches

thick coarse grade carborundum porous material.

Compaction Machine

A vibratory hammer (Figure 4), made by Wacker Corporation in Wisconsin

(Model E}IB l0/110), was modified and used for compacting 1[e 5ample aggregates. The

compactor was fitted with a 4 inches diameter compaction head and operated at60Hz

frequency.
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F'IGIIRE 2. Permeameter for Containing Base Course Specimen.

FIGURE 3. Head Tank.
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F'IGURE 4. WACKER Mechanical Compactor

FIGURE 5. Sponge Rubber Liner Attached to
Inside Wall of Permeameter.
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Sponge Rubber Sheet and Rubber Cement

Atlrinchthick closed cell medium density sponge rubber sheet was used as a

liner for the inside wall of the permeability cylinder to prevent flow between the sample

and cylinder wall. A rubber cement adhesive was used for attaching the sponge rubber

liner to the inside wall of the permearneter (Figure 5).

Geofilter Fabric

A geofilter fabric, made by Phillips Fibers Corporation (Tpe SUPAC 5-p), was

placed between the base course specimen and the porous disk for preventing the fines

from clogging the porous disk.

Tubing and Connector

Tubing was needed to connect water from the water supply to the head tank, from

the head tank to the permeameter, and from the permeameter to a drain. The clear plastic

tubing used was 5( inch diarneter and approximately 20 feet long. A T-connector was

used to inflow water from the head tank to both sides of the bottom of the permeameter.

Mixing Pan

A mixing pan (Figure 6) with asiznof approximately 3 feet by 2 f*tby 6 inches

deep was used to mix the aggregates.

Steves and Sieve Machine

The sieve machine (Figure 7), made by Gilson screen company,Inc. in ohio

(Model TS-l), was used to separate the soil aggregates into the desired gradations. Sieve

screens lr/r",3/n",#4,#40, and #200 were used to meet the AHTD specification for Class-

7 base course grading. 
. :
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F'IGURE 6. Mixing Pan for Mixing Aggregates

FIGURE 7. Sieve Machine for Separating Soil
Aggregates into Desired Gradations.
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FIGURE 8. Rock Grinder for Grinding Soil Aggregates into Fines.

provided was not sufficient. The rock grinder used was Model 103675(RA224) afimade

by the Denver Fire Clay Company in Colorado. It generated 2 horse power at 1725RPM.

Oven

A fan circulated oven, made by Blue-M Company in Itlinois (Model OV-490A-

3), was used to oven-dry the aggregates before they were sieved. The drying temperature

was l00oC (212'F). Aggregates were dried at least l2 hours.

Materials

Four cohesionless aggregates were provided by Mr. David W. Lumbert (1994) of

the AHTD:

r Limestone - the limestone aggregates was obtained from McClinton Anchor
quarry near West Fork. It is a bedded sedimentary deposit
consisting mainly of calcium carbonate (CaCOr).
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r Limestone - the limestone aggregates were obtained from McClinton Anchor

quarry near West Fork. It is a bedded sedimentary deposit
consisting mainly of calcium carbonate (CaCOr).

r Sandstone - the sandstone aggregates were obtained from the area near
Russellville. It is a cemented or otherwise compacted detrital
sediment composed predominantly of quartz grains.

r Igneous Rock - the igneous rock aggregates were obtained from Granite
Mountain. It is also called plutonic rock because it was
formed by solidification of hot mobile material (magma)

r Razorrock - the Razorrock aggregates were obtained from whitehall at a
quaternary deposit which composed of crypto-chrystaline chert.
These aggregates are crushed gravel having smooth faces and
fractured sides.

A hydrometer analysis test was conducted on fines of limestone (selected as an

example). Eighty five percent, by weight, of the fines were silt size particles (Appendix

C). The fines for all four aggregates by inspection were determined as rock flour.

The aggregate samples were received wet in open/mix gradation. They were

oven-dried and sieved in order to construct a sample that meets the AIITD Class-7

specification for base course grading.

Sample Preparation

Sample aggregates were oven-dried for at least 12 hours and then sieved using the

sievesizes of 111r",3/0",#4,#40,and#200accordingtotheAHTDclass-7basecourse

grading (Table l).
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TABLE 1. AHTD class-7 Base course Grading (standard Specifications

for HIGHWAY CONSTRUCTION, 1993).

The base course specimens were built with t}ree gradations in which the content

of the fines (-#200) were varied from3o/oto l|Yo by weight in order to find the effect of

fines on the permeability. For construction of the 9 inch thick specimen, the sarrrple was

divided into three layers (Earth Manual Part II, 1990). Calculation of the specimen

weight is shown below:

specimen votume 

=:ii i'{;" 
x e" ) x e"

Target Dry Untt Weight: 140\b/ff

Total Specimen Weightfor Layers : 140 lb x 1.3 j ff: 186.2\b

Weight of Each Layer = 186.2 + 3
= 62.07 lb

Table 2 contains the specimen weight, according to sieve sizes, for the three gradations.

The plots of the Class-7 gradation limits and the mid-point grain size curve are shown in

Figure 9.

l2I
1 100

3t n
t4 s0-90

#4 25-55

#40 10-30

#200 3-10
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TABLE 2. weight Distribution of Aggregate Gradations for A Base
Course (l Layer).

Each layer of the specimen was prepared separately. The addition of 4Yowater by

weight was necessary in order to prevent segregation during the compaction process.

Trial mixe s of 2Yo, 4Yo, arrd 6Yo water were added to the aggregates to develop the sample

preparation procedure. At a water content of 2Yo, the aggregates were too dry, causing

segregation. The addition of 6Yo water caused the fines to flow. No segregation was

observed when the aggregates containe d 4Yo water.

Before compaction, ttre permeameter cylinder was cleaned and dried. Then, a

closed cell sponge rubber liner was attached with a rubber cement adhesive to the inside

wall of the permeameter to prevent segregation, and the geofilter fabric was placed on the

porous disk inside the bottom of the permeameter.

The mixed aggregates for the first layer were placed in the permeameter and

carefully leveled in a loose state. Then, the aggregates were compacted by using the

mechanical compactor so that the 4 inches diameter compaction head moved along the

lt/r" 0 0 0 0 0

3t nt4 31.12 t9.32 30 18.62 28.9 17.92

#4 3t.t2 19.32 30 18.62 28.9 17.92

#40 20.75 20 12.41 19.3 11.95

#200 14.01 8.69 r3.5 8.38 t2.9 8.07

-#200 3 1.86 6.5 4.03 10 6.21

0

12.88
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perimeter from the edge towards the center of the specimen. This process continued until

the specimen reached the required density (a 3 inch line marked on the sponge rubber

liner). The second and third layers of the specimen were constructed in the same manner.

Testing Procedures

The air cock at the top of the head tank was opened to allow air (atuospheric

pressure) to escape while the head tank was filled through the inlet valve from the

bottom. After the head tank was filled, the inlet valve was closed and the valve to inflow

water to the permezrmeter was opened. The drain cock at the bottom of the permeameter

was opened to let the air to escape while water was let into the permeemeter at low

hydraulic gradient from both side inlets at the bottom of the permeameter @igure l0).

Water was allowed to permeate slowly upward through the specimen without damaging

the specimen. The flow of water was stopped after the specimen was saturated and the

water level reached the outlet tube. Before the perrneability test was started., the elevation

of the head tank was adjusted and recorded to obtain the headwater and tailwater

elevations at the start of the test.

To begin the permeability test the timer was started at the same t'me the valve at

the head tank was opened to allow water into ttre permeameter. After the water level in

the head tank dropped to a predetermined level, the timer was stopped. The elapsed time

of this process and the volume of water dispensed from the head tank was used to

calculate the permeability coeffrcient, k. The flow chart of sample preparation and

permeability testing procedures is shown in Figure I 1. .:;
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Alr lntake Tube

AlrCod<
(open when flUlng

wlftwaler)

Water tsvel lndlcabf
(gradu6d lnbnthr
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l'leadTank

WdorOvorflourand
OrtletTube

Permearneter
Sponge Rubbor
Uner

Clamp

PorouE Dlsk

lnletTube

lntake Plpe Drain Cock

\

L

FIGURE 10. The Set-up of Penneability Apparatus.



26

r
I

I

I

I

g,
E
ooF

=.cl
(E
o
Eo
IL

t-

Oven-Dry

Sample Aggregates

Sieve Sample Aggregates

(AHTD Class-7 Gradations)

Weigh Sample Aggregates

According to Particle Size

for I Layer

CompadAggregates in
Permeameter to 3" Thlck

MkAggrcgateswifr
4o/oWater

Fill Head Tankwith Water
Satunate Porous Disk and

Base Course Specimen

Record Water Level in Head Tank

lnflow Water Slovly to
Permeameter and Start Timer

Stop Timer at Predetermined

Water Level and Record

Elapsed Time

F'IGURE 11. The Flow Chart oggample preparation and permeability Testing
Procedures.

I

II

I

C
.9
Eo
o.o
L(L
co
E
oo
CL
U)
o
g,
:loo
oo
(U

dl

I

I

t_



27

CHAPTER IV

Results and Analysis

Permeabililv Test Results

The permeability test was conducted with three different gradations on each base

course material type. A minimum of nine permeability tests were conducted on each

specimen, three each at head differences of 3,6, and l0 inches. Additional tests were

conducted when the results were not consistent. The three best results for head

differences of 3, 6, and l0 inches were averaged for all tests. The fafling head

permeability formula @as, 1994) was used to calculate the coeffrcient of permeability:

Permeability Cofficient, k (cm/sec) : 2.303 x [ (a)(L)/(A)(t) J x log(fu /h2)

where, a = cross-sectional area of head tanh.167.5 cm2
L = height of base course specime4 *22.86 cm
A: cross-sectional area ofpermeameter, I64I cnl
t : time recorded (sec)

h, = inttial head (in)
h2:final head (in)

The calculation of /c value for the limestone specimen ,Ntth3% fines is an example:

Obtainedfrom permeability test: t : 118 sec
h,: i,3.25 in
h2: 10.25 in

Permeability Cofficient, k: 2.303 x [ (]67.5)(22.23)/(1641)e IS) l
x log(13.25/10.25)

: 0.005 5 2 cm/sec (I 5.7 ft/dry)



The results for all permeability tests are shown in Table 3(a) for SI units and 3@)

for US units. The permeability for limestone is 5.52 x 10-3 cmlsec for 3yo fines and 2.49

x l0-3 cm,/sec for l0o/o fines. The decrease in permeability due to the increase in fines is

54.9%. For sandstone, the permeability decreased from 4.34 x 10-3 cm/sec for 3oZ fines

to 1.86 x l0a cm/sec for l\Yo fines, a 95.7% decrease. For igneous rock, the decrease is

81.5% due to the change in permeability from 4.53 x l0-3 cm/sec for 3Yo fines to 8.36 x

lOa cm/sec for l}Yo fines. Also, for Razorock cher! the permeabitity has dropped from

2.91 x I 0-3 cm/sec for 3Yo fines to I .05 x I 0a cm/sec for lTYo fines, a 63 .9Yo decrease.

Table Permeability Test Results ).

Table 3(b). Test Results

Limestone 5.52 x l0-3 3.48 x l0-3 2.49 xl0-3

Sandstone 4.34 x l0-3 1.66 x l0-3 1.86 x 104

Igneous Rock 4.53 x 10'3 1.57 x 10-3 8.36 x 104

Razorrock 2.91xl0'3 1.76 x l0'3 1.05 x 10-3

Limestone 15.70 9.87 7.05

Sandstone 12.30 4.70 0.53

Igneous Rock 12.80 4.45 2.37

Razorrock 8.26 5.00 2.96

28
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Permeability results and best fit straight lines, which were generated by using the

least square best fit method, were plotted on a semiJog graph (Figure 12(a) and l2(b)).

The form of the semi-log equation of a best fit line is shown as:

where,

log,o k: m Proo+ C

k : permeabiltty coeficient
Proo: percentfines used
m = slope
C : constant (k-tntercept)

Best fit equations are contained in Table 5.

Limestone is the most permeable aggregate tested for all gradations. Razorrock

chert is the least permeable aggregate when the specimen contained 3% fines; igneous

rock is least permeable when the specimen contained 6.5% fines, and sandstone is least

permeable when the specimen contained l0% fines.

When samples contained 10%o fines, there was more variation in permeability than

when they contained3%o fines. For3o/o fines, the permeability ranges from 2.91 x l0-3

cm./sec to 5.52 x 10'3 cm/sec, whichyields a60.30/o change. For 6.5yofines, the

difference is 90.1% due to the change in permeability from 1.57 x 10t cm/sec to 3.4g x

10-3 cm/sec. Also, the percent changes of permeability for 10% fines is l45.lyodue to

the change in permeability from 1.86 x lOa cm/sec to 2.49 x l0'3 cm./sec.

According to Darcy's law, the flow rate (for a laminar flow) in a saturated sand

varies directly with the hydraulic gradient @dward E. Johnson, Inc., 1966). The

existence of laminar flow was confirmed by comparing the ratio of selected flow rates to

the ratio of selected hydraulic gradients obtained from the permeability test results: ,
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Qt /Qz * dht /ohz

Darcy's Law, Qt: &t) @) (ah1/L)

Qz: &z) @) (ahr/L)

stnce, A: constant and L: constant

8t: (h)(&r)
Qz: (kz)(rhz)

wltere, q:flow rate
k = coeficient ofpermeability
A : area oftotal cross section
ah : average head, (h,+h2 /2)
L = length offlow

The permeability result of sandstone with3% fines is used as an example:

q, : (1 1.9) (29.85) : 355.16
qr: (11.9) (18.42) : 219.14

thus, gt /Qz: 1.62

^h 
/^It2 = I.6I - Iaminarflow

In order to eliminate the random testing errors and the inaccuracies of the average

heads in a falling head permeabitity tes! the ratios of q and ah of 3o/o,6.5yo,and l0%

fines for all tested aggregates were summed:

Total ratto of q = 19.56
Total ratio of ah: 19.98 - laminojlow

DRAIMT Results

The DRAIMT spreadsheet program, developed by Carpenter (1986) from the

University of Illinois at Urbana-Champaign, estimates the drainage time of a given,,

thus,
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pavement base course. only the fust portion of the program, 'PAVEMENT SECTI9N

PROPERTIES', was used in this research to estimate the permeability for the tested base

course aggregates (Appendix B). The empirical fonnula used in DRAINIT, which was

developed from data on granular bases and subbases (Highway Subdrainage Design,

1980), is as follows:

Permeability Cofficient, k (ft/day) : [(6.214x]ff)(Dr)t'478(1-yo/62.4xc"f *oJ

(Pr*)o't"

where, Dro: diameter of L0%finer (mm)

Ta: dr! unit weight (lb/ff)
G" = specific grovity
P2oo = percent passing #200 sieve (%o)

The material properties, which were entered in DRAINIT, are shown below:

Diameter of 10% Ftner, Dro: 0.18 mm (3%fines)
:0.14 mm (6.5%fines)
:0.075 mm (10%fines)

Dry Unit Weight, ya : I40lb/ff (assumedfor all samples)

Specific Gravity, G, :2.65 (assumedfor all samples)

Percent Passing #200 Sieve, Proo: 3 %o

:6.5 ot5

: 10 oz5

Table 4 contains the permeability results obtained from DRAINIT.

TABLE 4. DRAIMT Results.

J 3.44 x l}-s 9.76x10'2

6.5 1.50 x 10-5 4.24x104

10 4.60 x 104 1.30 x 10-2



34

The DRAINIT results and a straight line, which was generated by using the least

square best fit method, are shown in Figure 13(a) and 13(b). The DRAINIT results show

a decreased of 86.6% due to the change of fines from 3Yo to l\Yo.

Figure l4(a) and 14(b) compare the results from the permeability tests to the

results from DRAINIT. Figure 15(a) and l5(b) compare the resulting slopes of the

averaged permeability test results and the DRAIMT results. The linear equations of the

best fit lines are listed in Table 5(a) and 5(b).

TABLE Best Fit for Permeability Coeffrcients, & cm/sec).

TABLE Best Fit Equations for Permeability Coefficients, &

Limestone

Sandstone log,ok: -(1.96x10-') Pr* - 1.69

Igneous Rock 1o9,6k: -(1.06x10't) Pr* -2.05

Razorrock log,ek: -(6.29x10'') Pr* -2.35

AVERAGE log,ok: -(8.28x10-') Pr* -2.12

DRAINIT log,ok: -(1.25x10-') Pr* - 4.06

Limestone log,ok: -(5.03x10-') Pr* + 1.34

Sandstone log,ok: -(1.95x10-') Pr* + 1.77

Igneous Rock log,ok: -(1.05x10'') Pr* + 1.39

Razorrock log,ok: -(6.37x10-') Pr* + 1.11

AVERAGE log,ok: -(8.30x10'') Pr* + 1.33

DRAINIT log,ok = -(1.25x10-t) Pr* - 0.61

log,ok: -(4.86x10-') Pr* -2.12
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DRAINIT predicts significantly lower permeabilities than the test results. For all

3yo,6.5yo, arrd I0%o fines, the DRAINIT results are approximately 100 times less

permeable compared to the average permeability obtained from the permeability tests.

These results are not so suprising because the empirical formula used in DRAINIT may

consider clay as fines instead of rock flour. The comparison of permeability between

limestone and clay shows an approximately 117 times difference (Longitudinal Edge

Drains in Rigid Pavement Systems, 1936). The comparison between the slopes of the

DRAINIT results and the averaged permeability test results has not shown a significant

difference.

Coefficients of permeability were also calculated by using the empirical

formula introduced by Amer and Awad (1974) in Chapter II. The permeability obtained

for 3Yo,6.5yo, arrd 10% fines are 4.68 x lO-?cm/sec,2.92 x l0-7 cm./sec, and 9.53 x 10-s

cm,/sec respectively. Further consideration is not given to these results because they are

much lower compared to the results obtained from the permeability tests.
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CHAPTER V

Conclusions

A laboratory procedure was developed for testing the base course permeability

of a simulated field sample. The permeability test using the 19' penneameter was

experimentally proven operational. Several minor considerations are necessary to

avoid segregation and to achieve the required density.

Limestone is the most permeabte aggregate tested for all gradations. The

permeability of limestone ranges from 5 .52 x 10-3 cm/sec at 3% fines to 2.49 x lOa

cm/sec at lO% fines. The least permeable aggregate at3%fiaescontent is Razorrock

chert which has a permeability of 2.91x 10-3cm/sec, atllVo fines. At l0% fines,

sandstone has the lowest permeability of 1.86 x 10a cm/sec. Samples with 3% fines

has an average decrease of 74% in permeability when fines were increased to lO%.

The DRAINTT spreadsheet program does not accurately predict the permeability

of base course materials. The permeability predicted by DRAINIT is 99.4% lower

than the averaged permeability test results. The empirical formula used in DRAINIT

depends only on effective grain size, dry unit weight, specific gravit5r, and percent

fines. As a result, DRAINIT predicts the same permeability for all aggregate types. In

order to modify the empirical forrnula (DRAINIT) to predict perrneability for each type

of aggregate, soil classification (involving plasticity), uniformity coefficient, and

coefficient of gradation may need to be considered.
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APPENDIX A

Data Sheets of Permeability Test Results
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SUMMARY OF RESULTS

Permeabilit!, k :2.303 t(a)(L)/(A)(t) I log(h1/h2)

where o : €lI€E of head tank, 167.5 cm sq.
L : height of sample,22.86 cm
A : ?Ie? of permeability cylinder, 1641 cm sq.
t : time (sec)

h1 : initial head
h2 : final head

TYPE OF
AGGREGATES

PERCENT FINES USED
3% 6.5 o/o 10 o/o

k (cm/sec) k (cm/sec) k (cm/sec)

Limestone

Sandstone

lgneous Rock

Razorrock Chert

5.52E-03

4.34E-03

4.53E-03

2.91E-03

3.48E-03

1.66E-03

1.57E-03

1.76E-03

2.49E-03

1.86E-04

8.36E-04

1.05E-03

ryPE OF
AGGREGATES

PERCENT FINES USED
3 o/o 6.5 "/" 10 o/o

k (ft/day) k (ft/day) k (ft/day)

Limestone

Sandstone

lgneous Rock

Razorrock Chert

1.57E+01

1.23E+01

1.28E+01

8.26E+00

9.87E+00

4.70E+00

4.45E+00

5.00E+00

7.05E+00

5.27E-O1

2.37E+00

2.96E+00
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PROPERTIES OF BASE COURSE SAMPLES

Volume = 3.1416 (9 x 9) x9 = 2290.22cu.in = 1.3€t cu.ft
Dry Unit Weight (without voids) = 62.4 (2.65) = 165.36 lb/cu.ft

Dry Unit Weight (attempted) = 14O lb/cu.ft
Total Sample Weight (3 layers) = 14O x 1.33 = 186.2 lb
Sample Weight (1 layer) = 186.213 = 62.O7lb

S]EVE #

BASE COURSE GRAD
3% 6.5 % 10 o/o

% RETAINED wt.0b) % RETAINED wt.0b) % RETA]NED wt. (rb)

1-112'

314'

#4

#40

#200

-#200

0

31.12

31.12

20.75

14.01

3

0.00

19.32

19.32

12.88

1.86

0

30

30

20

13.5

6.5

0.00

18.62

18.62

12.41

8.38

4.03

0

28.9

28.9

19.3

12.9

10

o.o0

17.92

17.92

11.95

8.O7

6.21

Total(1 layer) 100 62.O7 100 62.O7 100 62.O7

8.69
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LTMESTONE (LOW LrMrT PERCENT FINES)

Sample Weight = 186.2 lb
Sample Volume : 3.14159 (9 x 9) (8.75) : 2226.60 cu.in : 1 .29 cu.ft
Dry Unit Weight : 186.211.29 = 144.34lblcu.ft

d : 167.5 cm sq.
A: 1641 cm sq.
L: 2..23 cm

Permeabilit!, k: 2.303 t (aXl-)/(n)(t) I log(h1/h2)

where, d = ?tad of head tank (cm sq.)
L : height of sample (cm)
A : ?rB? of permeability cylinder (cm sq.)
t = time (sec)

h1 : initial head
h2 : final head

Delta h t kh1

13.25
13.25
10.25
13.25
13.25
10.25
15.25
15.25
13.25

10.25
10.25
7.25
7.25
7.25
4.25
5.25
5.25
3.25

3
3
3
6
b
6
10
10
10

118
114
149
261
260
359
416
397
498

4.94E-03
5.11E-03
5.27E-O3
5.24E-03
5.26E-03
5.57E-03
s.82E-03
6.10E-03
6.40E-03

1.40E+01
1.45E+01
1.50E+01
1.49E+01
1.49E+01
1.58E+01
1.65E+01
1.73E+01
1.82E+01

Average Permeability 5.s2E-03 1.57E+01

n2
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LIMESTONE (MID RANGE PERCENT FINES)

Sample Weight : 186.2 lb
Sample Volume = 3.14159 (9 x 9) (9) = ?290.22 cu.in = 1 .33 cu.ft
Dry Unit Weight : 186.211.33 : 140lb/cu.ft

? : 167.5 cm sq.
A : '1641 cm sq.
L : 22.86 cm

Permeabilit!, k : 2.303 t (aXl)/(fl(t) I log(h1/h2)

where, ? : ?r€o of head tank (cm sq.)
L : height of sample (cm)
A : ?reEl of permeability cylinder (cm sq.)
t = time (sec)

h1 = initiat head
h2 = final head

h1 n2 Delta h t (sec) k cm/sec k (tVday)

5.25
10.25
13.25
13.25
13.25
10.25
15.25
15.25
13.25

2.25
7.25
10.25
7.25
7.25
4.25
5.25
5.25
3.25

3
3
3
6
6
o
10
10
10

523
250
195
390
378
513
798
785
902

3.78E-03
3.23E-03
3.07E-03
3.61E-03
3.72E-03
4.01E-03
3.12E-03
3.17E-03
3.64E-03

1.07E+01
9.16E+00
8.71E+00
1.02E+01
1.06E+01
1.14E+01
8.84E+00
8.99E+00
1.03E+01

Average Permeability 3.48E-03 9.87E+00
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LTMESTONE (H|GH LtMtT PERCENT FrNES)

Sample Weight = 186.2 lb
sample Volume : 3.14159 (9 x 9) (8.75) : 2226.60 cu.in : 1.29 cu.ft
Dry Unit Weight = 186.211.29 : 144.34|blcu.ft

€l : 167.5 Cm Sq.

A: 1641 cm sq.
L: 2..23 cm

Permeability, k = 2.303 t (a)(t-)/(A)(t) I log(h1/h2)

where, ? : ole? of head tank (cm sq.)
L : height of sample (cm)
A = ?r€3 of permeability cylinder (cm sq.)
t = time (sec)

h1 = initial head
h2 : final head

h1 n2 Delta h t (sec) kr cm/sec k (fUday)

13.25
13.25
11.25
13.25
13.25
10.25
15"25
15.25
13.25

10.25
10.25
8.25
7.25
7.25
4.25
5.25
5.25
3.25

3
3
3
6
6
6
10
10
10

221
251
288
s98
614
698
988
994
1170

2.64E-03
2.32E-O3
2.44E-03
2.29E-O3
2.23E-O3
2.86E-03
2.45E-O3
2.43E-03
2.73E-O3

7.47E+OO
6.58E+00
6.93E+00
6.49E+00
6.32E+00
8.11E+00
6.94E+00
6.90E+00
7.73E+00

Average Permeability 2.49E-03 7.05E+00
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SANDSTONE (LOW LtMtT PERCENT FTNES)

Sample Weight : 186.2 lb
sample Volume : 3.14159 (9 x 9) (9) = 2290.22 cu.in : 1.33 cu.tt
Dry Unit Weight -- 186.211.33 = 140 lb/cu.ft

? : 167.5 cm sq.
A: 1641 cm sq.
L : 22.86 cm

Permeabilit!, k = 2.303 t (aXL)/({(t) I log(h1/h2)

where, d: alfaa. of head tank (cm sq.)
L : height of sample (cm)
A : ?r€3 of permeability cylinder (cm sq.)
t - time (sec)

h1 = initial head
h2 : final head

h1 n2 Delta h tl sec k cm/sec) kt ft/day)

13.25
13.25
10.25
13.25
13.25
10.25
15.25
15.25
12.25

10.25
10.25
7.25
7.25
7.25
4.25
5.25
5.25
2.25

3
3
3
6
6
6
10
10
10

143
138
212
352
346
490
572
556
702

4.19E-03
4.34E-03
3.81E-03
4.00E-03
4.07E-03
4.19E-03
4.35E-03
4.48E-03
5.63E-03

1.19E+01
1.23E+01
1.08E+01
1.13E+01
1.15E+01
1.19E+01
1.23E+01
1.27E+O1
1.60E+01

Average Permeability 4.34E-03 1.23E+01
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SANDSTONE (MID RANGE PERCENT FINES)

Sample Weight : 186.2lb
sample volume = 3.14159 (9 x 9) (9) : 2290.2. cu.in : 1.33 cu.ft
Dry Unit weight : 186.211.33 : 140lb/cu.ft

o : 167.5 cm sq.
A: 1641 cm sq.
L : 22.86 cm

Permeabilit!, k : 2.303 t (aXl-)/({(t) I log(hl/h2)

where, ? : Eres 0f head tank (cm sq.)
L : height of sample (cm)
A : ?rB? of permeability cylinder (cm sq.)
t: time (sec)

h1 : initial head
h2 : final head

h1 n2 Delta h t (sec k cm/sec) k (ft/day)

15.25
13.25
10.25
16.25
15.25
10.25
15.25
15.25
12.25

12.25
10.25
7.25
10.25
9.25
4.25
5.25
5.25
2.25

3
3
3
o
6
6
10
10
10

300
361

397
701
722
1212
1836
1850
1985

1.70E-03
1.66E-03
2.04E-03
1.53E-03
1.62E-03
1.70E-03
1.36E-03
1.35E-03
1.99E-03

4.83E+00
4.70E+00
5.77E+OO
4.35E+00
4.58E+00
4.81E+00
3.84E+00
3.81E+00
5.65E+00

Average Permeability 1.66E-03 4.70E+00
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SANDSTONE (HrGH LrMrT PERCENT FINES)

Sample Weight : 186.2 lb
Sample Volume : 3.14159 (9 x 9) (9) : 2290.22 cu.in : 1.33 cu.ft
Dry Unit Weight : 186.211.33 : 140 lb/cu.ft

o : 167.5 cm sq
A: 1641 cm sq.
L : 22.86 cm

Permeability, k:2.303 t (aXL)/(n)(t) I log(h1/h2)

where, ? : 3rB? of head tank (cm sq.)
L : height of sample (cm)
A : ?r@3 of permeability cylinder (cm sq.)
t : time (sec)

h1 : initial head
h2: final head

h1 h2 Delta h t (sec) k cm/sec k (fUday)

13.25
9.25
13.25
10.25
13.25
15.25
10.25
15.25
15.25

12.25
8.25
10.25
7.25
9.25
9.25
4.25
5.25
5.25

1

1

3
3
4
6
6
10
10

962
1442
3391
4350
4322
7566
8941
14322
13502

1.90E-04
1.85E-04
1.77E-O4
1.86E-04
1.94E-04
1.54E-04
2.30E-04
1.74E-04
1.84E-04

5.40E-01
5.25E-01
5.01E-01
5.27E-O1
5.50E-01
4.37E-O1
6.51E-01
4.93E-01
5.22E-O1

Average Permeability 1.86E-04 5.27E-O1
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TGNEOUS ROCK (LOW LIMIT PERCENT FTNES)

Sample Weight = 186.2 lb
sample volume = 3.14159 (9 x g) (g) = 22go.22cu.in : 1.33 cu.ft
Dry Unit Weight = 186.211.33 = 140|b/cu.ft

? : 167.5 cm sq.
A: 1641 cm sq.
L : 22.86 cm

Permeability, k = 2.s03 t (aXI_)/(A)(t) I tog(hUh2)

where, ? = ?re? of head tank (cm sq.)
L : height of sample (cm)
A = Br€? of permeability cylinder (cm sq.)
t: time (sec)

h1 : initial head
h2 : final head

h1 h2 Delta h t (sec) kr cm/sec k( tVday)

13.25
13.25
11.25
13.25
10.25
8.25
15.25
15.25
13.25

10.25
10.25
8.25
7.25
4.25
2.25
5.25
5.25
3.25

3
o
3
6
6
6
10
't0

10

141
136
157
309
477
713
500
542
681

4.2sE-03
4.41E-03
4.61E-03
4.5sE-03
4.31E-03
4.25E-03
4.98E-03
4.59E-03
4.82E-03

1.208+01
1.25E+01
1.31E+01
1.29E+01
1.22E+O1
1.21E+01
1.41E+01
1.30E+01
1.37E+01

Average Permeability 4.53E-03 1.28E+01
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TGNEOUS ROCK (MtD RANGE PERCENT FTNES)

Sample Weight = 186.2 lb
sample volume = 3.14159 (9 x 9) (9.25) : 2353.84 cu.in = 1 .36 cu.ft
Dry Unit Weight : 186.211.36 : 190.91 lb/cu.ft

? : 167.5 cm sq
A: 1641 cm sq.
L : 23.50 cm

Permeability, k : 2.303 I (aXl_)/(n)(t) I tog(h1/h2)

where, ? : or€? of head tank (cm sq.)
L = height of sample (cm)
A = dr€? of permeability cylinder (cm sq.)
t = time (sec)

h1 : initial head
h2 : final head

h1 n2 Delta h t (sec) k cm/sec krItVday)

13.25
13.25
10.25
13.25
13.25
10.25
15.25
15.25
13.25

10.25
10.25
7.25
7.25
7.25
4.25
5.25
s.25
3.25

3
3
3
o
6
6
10
10
10

388
389
519
941
943
1307
1658
1792
1992

1.59E-03
1.s8E-03
1.60E-03
1.54E-03
1.53E-03
1.62E-03
1.54E-03
1.43E-03
1.69E-03

4.50E+00
4.49E+00
4.54E+00
4.36E+00
4.35E+00
4.58E+00
4.37E+00
4.05E+00
4.80E+00

Average Permeability 1.57E-03 4.45E+00
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TGNEOUS ROCK (H!GH LIMIT PERCENT FINES)

Sample Weight : 186.2|b
sample Volume : 3.14159 (9 x 9) (9) = 2290.22 cu.in : 1 .33 cu.ft
Dry Unit Weight = 186.211.33 = 140|b/cu.ft

d : 167.5 cm sq.
A: 1641 cm sq.
L : 22.86 cm

Permeabilit!, k : 2.303 t (a)(t-)/(n)(t) I log(hl/h2)

where, I = ar€it 0f head tank (cm sq.)
L : height of sample (cm)
A : ?r€? of permeability cylinder (cm sq.)
t : time (sec)

h1 : initial head
h2 : final head

h1 n2 t (sec) kr cm/sec, k (ft/day)

13.25
13.25
8.25
13.25
10.25
8.25
15.25
15.25
13.25

10.25
10.25
5.25
7.25
4.25
2.25
5.25
5.25
3.25

3
3
3
6
6
6
10
10
10

744
752
1254
1701
2553
3103
3168
2997
3821

8.05E-04
7.97E-O4
8.41E-04
8.27E-O4
8.05E-04
9.77E-O4
7.86E-04
8.30E-04
8.58E-04

2.28E+OO
2.26E+OO
2.38E+00
2.35E+00
2.28E+OO
2.77E+OO
2.23E+00
2.35E+00
2.43E+00

Average Permeability 8.36E-04 2.37E+OO

Delta h
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RAZORROCK (LOW LrMrT PERCENT FTNES)

Sample Weight = 186.2 lb
Sample Volume : 3.14159 (9 x 9) (9) : 2290.2. cu.in : 1.33 cu.ft
Dry Unit Weight : 186.211.33 : 140lb/cu.ft

? : 167.5 cm sq.
A : 1641 cm sq.
L : 22.86 cm

Permeability, k : 2.303 t (aXL)/($(t) I log(h1/h2)

where, o : ?r€? of head tank (cm sq.)
L : height of sample (cm)
A = dre? of permeability cylinder (cm sq.)
t : time (sec)

h1 = initial head
h2 : final head

h1 n2 Delta h t (sec) k cm/sec) k (ft/day)

1

1

1

1

1

1

1

1

1

3.25
3.25
o.25
3.25
3.25
o.25
5.25
5.25
3.25

10.25
10.25
7.25
7.25
7.25
4,25
5.25
5.25
3.25

3
3
3
6
6
6
10
10
10

208
210
268
519
511

706
821
816
1083

2.88E-03
2.85E-03
3.02E-03
2.71E-Os
2.75E-03
2.91E-03
3.03E-03
3.05E-03
3.03E-03

8.16E+00
8.09E+00
8.55E+00
7.69E+00
7.81E+00
8.25E+00
8.59E+00
8.65E+00
8.58E+00

Average Permeability 2.91E-03 8.26E+00
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RAZORROCK (MtD RANGE PERCENT FTNES)

Sample Weight : 186.2|b
sample volume = 3.14159 (9 x 9) (9) : 2290.22 cu.in : 1.33 cu.ft
Dry Unit Weight = 186.211.33 : 140 lb/cu.ft

o : 167.5 cm sq
A: 1641 cm sq.
L : 22.86 cm

Permeabilit!, k = 2.303 t (aXL)/($(t) I tog(h1/h2)

where, ? = ?rea 0f head tank (cm sq.)
L : height of sample (cm)
A = 3r€? of permeability cylinder (cm sq.)
t = time (sec)

h1 : initial head
h2 = final head

h1 h2 Delta h tr sec) k( cm/sec) k (ft/day)

13.25
13.25
10.25
13.25
13.25
10.25
15.25
1s.2s
13.25

10.25
10.25
7.25
7.25
7.25
4.25
5.25
5.25
3.25

3
3
3
6
6
6
10
10
10

339
340
447
802
816
1221
1350
1341

1949

1.77E-O3
1.76E-03
1.81E-03
1.75E-03
1.72E-O3
1.68E-03
1.84E-03
1.86E-03
1.68E-03

5.01E+00
5.00E+00
5.12E+00
4.97E+00
4.89E+00
4.77E+00
5.23E+00
5.26E+00
4.77E+00

Average Permeability 1.76E-03 5.00E+00
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RAZORROCK (HtcH LtMtT PERCENT FrNES)

Sample Weight = 1g6.2 lb
Sample Volume = 3.141 59 (g x g) (9) = Z2g}.22cu.in : 1 .33 cu.ft
Dry Unit Weight : 186.211.33 : 140lb/cu.ft

? : 167.5 cm sq.
A = 1641 cm sq.
L : 22.86 cm

Permeabilit!, k:2.gos t (aXL)/(A)(t) I tog(h1/h2)

where, E : ?r€o of head tank (cm sq.)
L : height of sample (cm)
A : ?r€o of permeability cylinder (cm sq.)t: time (sec)

h1 : initial head
h2 = final head

1 t

13.25
13.25
10.25
13.25
13.25
10.25
15.25
15.25
13.25

10.25
10.25
7.25
7.25
7.25
4.25
5.25
5.25
3.25

3
3
3
6
o
6

10
10
10

587
561

781
1314
1296
1864
2368
2543
3296

1.02E-03
1.07E-03
1.03E-03
1.07E-03
1.09E-03
1.10E-03
1.05E-03
9.79E-04
9.95E-04

2.89E+00
3.03E+00
2.93E+00
3.04E+00
3.08E+00
3.12E+00
2.98E+00
2.77E+00
2.82E+oo

Average Permeability 1.05E-03 2.96E+00

h2 Delta h k (fVday)
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APPENDIX B

Data Sheets of DRAINIT Results
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**************** ********* ********* ********* ********* ********* *********
DRAINAGE TIME ANALYSIS oF GRANULAR MATERIALS = AASHTO CRITER|A =

TITLE: 3 Percent Fines

PERCENT FINES:

TYPE OF FINES:

D 10 EFF. SIZE:
MATERIAL TYPE:

DENSITY
SPEC. GRAVIry
PERMEABILITY:

PAVEMENT SECT]ON PROPERTIES
<< INDICATES INPUT

3 INERT=3 SILT=4 CI-AY=S
0.18 mm <<

1 GRAVEL=1,SAND=2. <<
14O pcf <<

0.097633 fVday Figure 43.24
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**************** !t******** ********* ********* ********* ********* *********
DRAINAGE TIME ANALYSIS OF GRANUI.AR MATERIALS = AASHTO CRITERIA =

TITLE: 6.5 percent Fines

<< INDICATES INPUT

INERT=3 SILT=4 Cl-Ay=S
mm <<
GRAVEL=I,SAND=2. <<
pcf <<

ftlday Figure 45.24

PERCENT FINES:
WPE OF FINES:
D 1O EFF. SIZE:
MATERIAL TYPE:
DENSITY
SPEC. GRAMry
PERMEABILITY:

6.5
3

o.14

1

140
2.65

o.042444
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**************** ********* ********* ********* ********* ********* *******:r*
DRA]NAGE TIME ANALYSIS OF GRANULAR MATERIALS = AASHTO GRITERIA =

TITLE: 10 percent Fines

PERCENT FINES:
TYPE OF FINES:

D 1O EFF. SIZE:
MATERIALTYPE:
DENSIry
SPEC. GRAVITY
PERMEABILITY:

ffiErlrffilr pRotrERnES-
<< INDICATES INPUT

0.075 mm <<
1 GHAVEL=1, SAND=2. <<

. 14O pcf <<

0.0130a6 fVday Figure 45.24
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APPENDIX C

Data Sheet of Hydrometer Analysis
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Sample: Limestone (-#2OO)
Specific Gravity: 2,65
Hydrometer Type: ASTM 1s2H (89_5964)
Oven Dry Weight of Soil: S0 g

Test Date: Feb 11, 1995
Tested By: Toh

Temperature:22C
Temp. Correction: 0.65
Zero Correction: +7
Meniscus Correction: 1

A = 0.01332
o=1

Time
(min)

Hydrometer
Reading

R

Corrected
Reading

Rcp

Percent
Finer Reading

Rcl
L

(cm)
D

(mm)
o.25 47 40.65 81.3 48 8.5 o.0777
0.5 45 38.65 77.3 46 8.8 0.0ss9

1 42 35.65 71.3 43 9.3 0.0406
2 39 32.65 65.3 40 9.8 0.0295
4 35 28.6s 57.3 10.4 0.0215I 30 23.65 47.3 31 11.2 0.01s8

15 26 19.65 39.3 27 11.8 0.0118
30 23 16.65 33.3 24 12.4 0.0086
60 20 13.65 27.3 21 12.9 0.0062
120 18 11.6s 23.3 19 13.2 o.oo44
240 17 10.65 21.3 18 13.4 0.0031
480 15 8.65 17.3 16 13.7 0.0023
1440 14 7.65 1s.3 15 13.8 0.0013

,/ a
J

,/
T

a

€ <-

o
.c
tL
coo
(D
(L

Grain Size, D (mm)
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