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ORGANIZATION OF REPORT

This final report is divided into five sections:

A.

Introduction,

" Background Testing,

Soil Specimen Preparation, Testing and Resilient Modulus
Determination,

Application of Resilient Modulus to Flexible Pavement
Thickness Design, and

. Recommendations and References.

Sections C and D are specifica11y organized for practical implemen-

tation and may be copied and bound separately by the Idaho Division of

Highways if so desired.
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SECTION A

INTRODUCTION
" 'Background

Idaho's asphalt surfaced highways have shown a tendency to crack
prematurely in many locations around the State. This has been noticed
especially in the dense-graded asphalt concrete pavements that have been
built to take a lot of traffic. Although the cause may be due to c61d
weather thermal contraction or'stripping, many of the crack patterns
suggest fatigue cracking.

It is thought that the fatigue cracking was due to excessive pave-
ment deflection resulting from exgessive subgrade soil deformation. ft
is also thought that some or all of the fine-grained soils, comprising
the roadbed of most of the Idaho highway mileage, were resilient or lacked
stiffness. The problem was to determine'how resilient the subgrade soils
may be and to evaluate this reéi]ience on the basis of how it affects
pavément thickness designs.

In July 1974 the Idaho Tfansportation Department awarded an applied
research contract with the University of Idaho to evaluate the effects of
subgrade soil resilience and to develop a laboratory procedure that could
be used by the Department to provide data for future supplemental pavement
thickness design methods.

The resulting project's findings, contained in this Final Report, were
considered toAbe the third phase of projects carried out by -the Department.

The first two phases undertaken by the Department were concerned with
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Idaho R-value modification and measurement of pavement deflection on pave-

ments that showed premature cracking, and the analyses of the causes of

" cracking and high pavement deflection. The results of the first two phases

can be summarized as follows:

1. The Idaho laboratory determination of R-value of subgrade soils
was modified to measure R-value when the soil is Tess compacted
and wetter than in the previous Idaho method --- giving lower
R-values and hence thicker paveménts for some fine-grained soils,
and

2. Pavement deflection measurement and analysis were accomplished
on several pavements but, because of financial, time and manpower
restrictions imposed by tight budgets; the data that could be
gathered were not sufficient to specify definite pavement
deflection 1imits for various soils in order to minimize fatigue
cracking. ;Comp1ete sets of data for I-15 near Malad City were
obtained and were helpful. Subgrade soil changes and seasonal
pavement def]ectibns were not analyzed around the State to the .
extent désirab]e.

In 1974 when the University of Idaho started this project, measure-

ment of the engineering soil stiffness property (inverse of resiliency)

known as resilient modulus, MR, was underway here and there around the

,U'S' Several agencies were experimenting wifh the repeated load triaxial

test. The equipment was expensive and time consuming for routine use by
Taboratory personnel, but the procedures formed a basis for simp]ffication;
Unfversjty of I11inois had just developed a simpler repeatéd Toad device
and was finding MR of subgrade soils for the I11inois Highway Department.

The University of Idaho then developed a prototype device after the
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- I11inois device but modified it and the soil specimen preparation to coin-

_versity of Idaho project then consisted of finding MR’ modifying specimen

~ structures représentative of field conditions.

cide with current Idaho Division bf_Highways laboratory procedures as much

as possible.
The Idaho prototype device was put together during the winter of

1974-75 and the first MR determinations of Idaho soils began. The Uni-

preparation procedures, further testing of MR’ using MR results in pave-
ment thickness analytical approaches (elastic Tayer analysis) and,
finally, building a prototype devjcé for use by the Idaho Division of

Highways.

Assumptions Used in Project - Testing and Analysis

1. The resilient modulus, Mp, is an elastic rebound modulus of the
subgrade soil and is represéntative of the stiffness of the subgrade soil
under the pavement layers and under traffic loading after several hundred
cycles of repeated load. The use of MR in pavément thifkness design pro-
.cedures is:a growﬁng trend in the U.S., currently in the deve]opment-field
evaiuafion sfage. |

2. M, can vary over a pavement length depending on the normaT changes

R
of soil type, soil density and moisture content to at least the variation
amount shown for R-value and CBR.

3. The soil specimens used for MR testing are at Idaho "design"
water content, density and soil grain orientation as produced by the

R-value method at the specified current exudation pressure used in Idaho.

"4&_»The 7-day curing of soil specimens for MR produce internal soil
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5. The height of 4-inch diameter soil specimens for MR testing,
about 5 inches high, does not appreciably affect MR results from tegts
using 8-inch high specimens.

" 6. Soil specimen variations and test equipment variations do not
exceed 10%.

7. Elastic deformations in the subgrade soil occur in the pressure
bulb.or depth of significant stress: from the subgrade-base interface
downward to a depth where the stress is 1/10 of.the 1ﬁterfacia1 stress.
The average stresses in this depth occur at a distance of 1/3 of this
depth downward from the subgrade-base interface (ayerage depth); The !
vertical stress from traffic loading at this average depth is calculated
by elastic analysis and is called the deviator stress. The confining
stress produced at this average depih js calculated by pavement and soil
overburden weight and is called the confining stress. Mp is dependent
on the magnitude of these stresses.

8. Elastic layer theory is satisfactory for calculation of deviator
and confining stresses as we11 as for calculation of pavement deflection,
stresses and strains which affect pavemenf performance;

9." WASHO 15-kip deflection is equal to 1/2 Benkelman Beam 18-Kip

rebound deflection.
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SECTION B

e ——————

BACKGROUND OF TESTING

" This section briefly describes some of the procedures and analyses
that needed to ‘be evaluated before a test system procedure could be

specified for determinafion of MR'

The Soil Testing Device

Devité Improvements and Modifications

The original prototype test device shown in Figure 1 was designed
to transmit cyclic compressive loads ranging ffom 5-20 psi to test speci-
mens of various heights and to record the applied load and total specimen
deformation monitored by e]ectritéi]y operated measuring components.
foficu]ties in varying the loading frame height necessitated construction
of a more mechanically efficient one, which is ea§11y transportable. The
1mproved'test frame allows a technician to readily make changes in the
device to allow for various specimen heights if necessary.

The pressure solenoid which réqulates air pressure to the Bellofram
air cylinder was also replaced to provide lower driving pressures from

0 to 5 psi as well as the higher pressures to'60 psi.

Triaxial Test Equipment

A conventional triaxial cell was adapted to the resilient modulus
device to provide confining pressure to soil specimens during testing
for MR
the triaxial cell shaft with compressed air producing regulated confining

. The vertical stress applied to soil specimens is induced via

pressiure on the specimen.
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Figure ];

Resilient Modulus Test Device Showing Wavetek Generator
Signal Conditioners, and Visicorder.
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The triaxial cell cap limits the lateral movement of the cell shaft

that connects the Bellofram to the loading plate on the soil specimen.

This ensures that only a vertical force is transmitted to the soil speci-

men, eliminating non-uniform specimen creep that in previous unconfined

tests caused specimens to slant from horizontal.

Soil Testing

Only subgrade soils were tested since it appeared that 65-75 percent

of the total elastic deformatidn of a pavement surface is from subgrade

soil deflection. The soils used for this research project were sampled

from subgrades of existing pavéments in Idaho. Locations for each subgrade

soil are shown in Table 1.

TABLE 1

Subgrade Soil Locations

Soil - Location
B» U.S. 95, White Bird Area
C- I-15-W, 7 miles east of junction with
1-80 North
F U.S. 20, 8 miles east of Caldwell
G I-15, 4-9 miles north of Maiad City

County
Idaho

Cassia

Ada

Oneida

Table 2 1lists the Idaho R-Value water content and dry density of each

subgrade soil.
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TABLE 2

Water Content and Dry Density of Soil Used in Specimens with Idaho R-Value.

Soil

Water Content, % Dky‘Density, pcf - R;vélue

B
c
F
6

16.6 107 . 63
18.5 103 71
31.7 84 67
33.9 86 11

Table 3 identifies the subgrade soil by ASSHTO classification and .

Atterberg Limits.

TABLE 3

ASSHTO Classification and Atterberg Limits of Tested Soils

Soil L.L. P.L. P.I. ASSHTO Classification

B

e R

Ma

- - - A-3 Fine Sand
-- - - A-3 Fine Sand
37.3 33.1 4.2 A-4 Low Compr. Silt

58.5 29.2 29.3 A-7-5 High Compr.
‘ Si-Clay

of soil spebimens is affected conéiderab]y by one or more of the

following (1)(1)(19):*

1. Specimen dry density,
2. Specimen water content,

3. Specimen height,

* ) :
Note: Numbers underlined in parentheses refer to the References (Section E).
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4, Specimen curing time, and
5. Specimen disturbance during membrane placement and handling
before testihg.

The specimen density, water content, énd curing time are most critical
and therefore were closely watched to ensure that they remained relatively
constént for every specimen for each soil tested.

The deviator or cyclic pfessure and confining pressure greatly affect
s0it MR; the effect of confining pressure on MR becomes greatef_as clay
content of the soils deéreases (8)(10). Consequently testing pressures

were of primary concern and will be subsequently discussed in detail.

Soil Stress Analysis

In-Situ Subgrade Pressures

Pressures that-are present in a pavement structure occur in two forms;
1) static or gravity stress from the existing overburden pavement materials
and 2) dynamic stresses induced by cyclic loading of the'pavement by
vehicle traffic. Laboratory triaxial testing of soil specimens attempted
to reproduce the stress conditions by applying confining pressure on
all specimen surfaces to simulate gravity stresses and a cyclic, deviator

pressure on the specimen ends to reproduce the dynamic Toading.

Predicting Static and Dynamic Subgrade Stress

The deviator stress, Oy that a soil subgrade layer experiences from
dynamic 1oading of the pavement surface decfeases with. increasing 5011
depth as it distributes through the layer unti]Athe'influence of 94 be-
comes 0.1 of its original value (4). The péint where this occurs is termed

"The Depth of Significant Stress," h, as shown in Figure 2. The average
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depth of significant stress, A.D.S.S., is then found by dividing h by 3.
With respect to a road pavement surface, it is equal to H + h/3, where H.
is equal to the depth of the asphalt concrefe and base course layers and
h/3 is equal to the depth from the base-subgrade interface to A.D.S.S.
The estimated stress measured at the A.D.S.S._provides'gbod approximations
of the average pressure present from dynamic loading in the inf]uenced
subgrade layer. | »

Figure 3 shows deviator and confining stress definitions. i

With respect to confining stresses (or confining air pressures) used
on the test specimens in the triaxial cell, accurate simulation in testing
requires o1 to.be present on the specimen tép and oé to support or confine
its sides while o4 is applied in a cyclic manner. Triaxial testing used
in this project only supplied one pressure, that being o3» to test specimens
thereby éreating a deficiency in the required pressure balance (01—03) on
the vertical axis. However, it was thought that the application of a lower
than required o1 (= 03) will cause a specimen to be, perhaps, more resilient,
(MR is 1ower) which provides ah fmmediate factor of safety to test data that
are being used for design purposes. Also, the applied o4 Stresses are Tow
enough to perhaps minimize the actual vs. theoretical confining stress

differences.

Estimatihg Deviator Stress Intensities Using Chevron 5-L Program

The A.D.S.S. approach was used to approximate deviator stress inten-

sities and the depths where they occur using Chevron 5-L computer output
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(using information example of Table 5 from input data of Table 4). The

static stresses from overburden pavement materials at these depths were
then computed as shown in Figure 3, their range being the basis for
selection of the confining pressures, Gg = koc], used in repetitive load
triaxial testing.
| The Chevron 5-L program calculates stresses, strains, and deflections

for specified points in individual layers that compose an asphalt concrete
pavement system which is subjected to surface loading. The following
data are needed for analysis:

1. Thickness of the pavement system layers,

2. MR of the pavement system layers,

3. Poissons Ratio of the pavement system 1ayers, and

4, Tire load and preséure on the pavement surface.

Table 5 shows the variables that were input in various combinations

into Chevron 5-L to estimate the range of cyclic vertical and radial

stresses possible in pavement subgrade layers at average depths of signif-

icant stress.

TABLE 4

Chevron 5-L Data Input

Layer Thickness—(in.) Resilient Poissons
Modu]us Ratio

| (psi)

A.C. 3.6 - 10.0 : 150,000-750,000 0.35

Base Course 0 - 15 15,000 & 35,000 0.35

Subgrade semi-infinite 3,000-15,000 0.40




TABLE 5

le of Stkess Informat

from Chevron 5

on

~-L Computer Output

Examp

paxsgtxedtvkkxxkxekk  DAGE ]

M_!.!.!'_#*1?.!.#.?’!_!’5*#!.!.&..[5NAL)’.S[S._DF hoCo. PAVEMENT DESIGN LAYERED.SYSTEM

1 PARAMETERS ARE

e 9C00 .00 .- LBS

THE PRIPLE"

TCTAL LZAD e e

TIFE
e LOADLRADIUS 4 W

P51

70.00

PRLSSURE .

6be4) INe. -.

N
.
A

S TR A

"CISPLACEMENT
T'.

|
|

EEEXEEX NN N ]
nd

s
PALTITC ISR

ry

e
-
»

ey

B Taa Tag [AVTSaYTRT N E YO RaN TR abl iad o} DA N T M N

N SR ANR AR A RA TTAN DTN N0 00 O
OouoonooaooDOLJ:DGOUJL,)U'.)IOOOO
||=IIII»II|IIIIIIIII'II|I|IIII
W) ot U L 1 W Bl U U A G LS s W L
CRYa eV e P TN AN S L £ U0 e e DN (PN N et
MM G QP =P @ PN O N O D - o P
P AO T OC PN =M LT OO et 0
e $ 8 av e s s s qe st nvendessdeasy
O T TVl T EURS R S aa DA RAS D L R e L0a o2 Dl o ]
vt WIIDWIIIWII|IIIIIII|I

1 N U

U\\?‘\T\f@\f{\r U II\U\HL‘\U'.LT\U"U\U\U‘. nunnyy
uv:)uo’)nuounor'\n’.’.‘_)unq-;{)ul)c;‘ooo

REEEEE RN L U U

wiuluwiaau u‘hlululuuuu-IL'l;lu:xnun.]“-u'u-u (PLITRIVEN}
QUL T et = DS T P TS T LIsT S IO LT O U O
.--mv\v~:-;:~\c:-umt\ul--Pr«--rq‘l\-vr--ux-r.-vnrsrorsm
(Dﬂl"\NmU\PJ—-lLTNU‘l P A At a ST 1 Ta VAN TIS Al FANR Qi Tag T gV

) 4 ® o o n e s s 9 s @ ® e s a s o o de o s d

. . =
o~ "‘**"‘"1""‘“—"\‘”\“‘\1"' FNN'\]I\J;—!—-‘A]—-I.—A.-‘A

U'\d‘\f\”\’\?“\'f\fu\lﬂ.l.ﬂ mmnmmu‘\mmmu\mmmu‘\m
Oﬂf“o\:‘fJC‘CUCT)O(’UOOOOO(\.OO_OOOO
I|||||'I|l||||||I||||||'|ll|
WU LSt ] W i G U L dS u U Lun s s uiud
O NN T it £ LD = WA O T €01 P NI NN O
i = e 0 (A 0D 0 DAL L0 T Gt Pt DM 0 O )

. e 8 s a8 s 8 e s m a e a0y
o~ '*'-"—"-i"‘nml\mm\‘F‘MN(\INN-—Ir‘-—‘-—‘—‘—-l—i

|

Prar ey EFAR B KNIV N BB YRS
. .

t H
Nr\]f‘JNf\f\JquNr‘ﬂ'\r"\f‘“"\m“’\‘f‘rﬂm*‘:t"»rﬂ'("\tﬁtﬂﬂ
COO'ﬁoUOO:):)L‘oh')r):)Uu*g')L)ooooo
Illll|’l||ll||I|I|||ll|||ll
WLl o U (Lt b L s s LU s LU AL ), L Y
~ N L DO AT N T AN TN OO MU i
LCOUMOUR=M DO MR AT D0 LI O I
VALY & RN [ e O -3 T DN — HataaT®l- oot gt By
P L L R -

—t et e VT D N(n.‘)-c-u'\ﬂ‘_r\l:\\r‘rq-\f\f
i

*wanrmlpu{auwﬂnvyrrp’ﬁxii$

ANOOO(‘!‘OO’)"‘J""1'_‘_—4.—4-4—-«—-4—4—4—:—4—-4.—:--«—4
o0V ICVLOO DOCSC’ﬁﬁT}".ﬂ’:""(‘—’)"’CDC

: (O T T T T S O T I O
IUUIL-JuJu-u.l'ulllu!\u.nl.,',_ul'u:uunnL JU thstauatiineag gy
ol R S BT b oLl A R e Lt TN LW AN Al gy
o e A A RS Ll I A
bm:‘--rm»')~,..~-.¢Noﬂ-\,-ﬁ-rowﬂmmmo\ro
...;g-..------.-.-o.--o.-d
U\—‘—‘mur*.mnl:':—-a.—:—h.-d_hﬁ;,!s 0’““‘»‘"’\?""\4’“:"\(’1
t gt ll”“"“""' [ A I W |

. '!Iil
.

Pl Te = le e Yo [sinlotatatelololrlaliolalalaloloiats
ll.lI!I‘lll;'qu!.l....'.ll
O')’)"’JO’)O’J’D‘.‘)"“‘WQ’)J’l2'3’)"""""3")’_1
1 1 H : 1
1 ] i '
! ' : . i i
S DrIC A PIEIAI IR A IO 10 TATEN N 1P DD
CODL:!?")'JO’D.’""VD_’:CI’#(‘":‘. DT O0
Prp oyt [ I L |
Wi b, DL S B st e, G SIS SLFRVFLIPIEN
P PN I Rt P LT o N R BNl R ] IO L P AR St
PG T3 A F N TIG A 2T =T UVRIIC AT I
G DI MR T AL N ADLHA TP NN QRSO T
.p'.t.'-"-nl‘.-. @ a % a e s s ¢
I 0 T3 D 1S DT (MY AINO N TN O et
LI R SR A N R L R O B PO
i ; . : : }
O T O FIIONAIN IR, N NI NCIN DI I NN
DT IZCRDDOTTDT DT = =7 -
Illllllllllllllll!lll
YIRS SCUE I W T B PN oY PNt AOS I LN VRTINS FPITOL
e =T O D U3 S~ 0 AT T
AR, T N P RS IRI LT B
o T Taa FO AN UF ¥ SR oL I SR R NN DO
.‘l..ql'.qn--.--n\.'.qo.l
| aSv R oA TC VA w LTES. o o A OIS I EN NI — e
I‘ Illllllllll.llllllllglll’q

i : ! ! i

_—ACC DODC DN DAttt et A et A
OOCCOO’?C‘O’)C‘7':3‘.'_}(::")0"_‘037!033:
: ' ' y ottt
UL U U L T L b Uil il Y
D=~ O ACi—-TNF- T 0TI PRaAT-VEE MaHto IS N ol o 1opily
Nt L e O G G T Tt M e s MDY T AU N
NL‘)CU\.‘\‘U‘GDO-?‘HO?‘)l""’(_‘cr‘u'\--'nu‘ﬁ‘\""c'
-..t'l'D'lo‘o_..'o'.‘.l-.-
R N TN T TV e DR N T B S DA Lk s
R R IR T

)
©
[1-]
S
oD
=)
=
1%2]

Procedure to Compute A.D.S.S. and Vertical Cyclic Stress

1 Compressive Stress from Wheel Load at Base-Subgrade Interface (oI

.

3.446 psi
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The fange of computed deviator stresses varied from approximately
0.5 psi to 6.0 psi while radial stresses were never larger than 0.06 psi. .
Figure 4 shows the rahge§ obtained. Consequently the cyclic deviator
stress, 0gs during repeated load triaxial testing varied in increments
from 0.5 to 6.5 psi.; cyclic rédia] stresses, being small in relation to

the static confining pressures, were considered to be zero for testing

purposes.

Poissons ratio was not varied because: 1) pavement response gppeared
comparatively insensitive to small changes in this parameter, and 2) it

is relatively constant for the range of triaxial cell test pressures that

were used (10) (11).

Test Pressures and Their Sequence

Results of triaxial testing projects described in the literature show
thét the testing pressure sequence of cyclic or deviator stress, dys and
confining pressure (stress), 03» does not affect soil MR values, especially
at low testing stresses (2) (11). Since small dynamic and confining
strésses were used during this test program, test stresses could be
applied in any sequence which simplified and reduced the running time of

tests. The following testing stress sequence was used:

R

1.0, 2.0, 3.5, 4.5, 6.5 psi
2. 03 = 0.0, 1.0, 2.0, 3.0 psi
Each specimen's testing was initiated at a confining stress of 3 psi, and

a series of deviator stresses then applied in the sequence shown above,
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i.e. 1.0 to 6.5 psi. (The number of load cycles and testing procedures
are discussed in Section 3). Next, the confining stress was decreased
to 2.0 psi and another sequence of deviator stresses applied. Confining
stress was subsequently decfeased to 1.0 and then to 0.0 psi, with the

sequence of applied 94 maintained at each confining stress.

Specimen Size

Four-inch diémeter specimens were compacted to approximately 5 inches
high since the Idaho kneading compactor usedvfor 4-inch diameter specimens
cannot fabricate specimens higher than Six inches without modification.

R. A. B]oomfieid (1), using lubricated loading plates.at the ends of each
test specimén to eliminate orAminimize end friction, concluded that soil
specimens of height > 5.0 inches with a diameter of 4.0 inches could be
used in MR tests without appreciéb]e effect on a soil'’s MR value, whereas
some other research programs, probably not using lubricated end plates,
have required that a specimen height to diameter ratio be > 2.0. The
height to diameter ratio of > 2.0 has been required primarily to eliminate

specimen end effects that are caused by friction between specimen ends

and unlubricated loading plates. The result of end effects is the alter-
ation of values of dynamic Poissons ratio and soil shear strength. Con-
sequently the practice of testing specimens of height around 5.0 inches

was continued since only Mp was being evaluated. Specimen size is also

discussed later in Section C.




* SECTION C

SOIL SPECIMEN PREPARATION, TESTING AND RESILIENT MODULUS DETERMINATION

Resilient Modulus Device and Equipment Calibration

Thé prototype resilient modulus device as shown in Figure 5, has a
Bellofram air cylinder mounted to it that applies the deviator stress .
pulses to soil specimens. The air cy]fnder is triggered by the use of
a solenoid valve and triac switch; air pressure is controlled by an air
regulating valve. -Laboratory Tine air pressure is used.

Specimen total deformation is measured by an LVDT. Since specimen
deformation is small, an LVDT that must be calibrated in a travel range
of 0.25 inches wii] provide accurate readings.

The load cei], which measures the load applied to a specimen, is
located between the Bellofram and triaxial cell shaft.

Figure 6 shows‘a Wavetek signal generator used to control the Tloading
duration and frequency. With this generator, the ‘loading time and no-1oad
time are dependent. Calculations of vehicie load times at soil A.D.S.S.
and consultation in the Titerature gave some average values. Therefore,
the 1oad duration time aﬁd no-load time per cycle for the project was set

at 0.15 seconds and 1.85 seconds, respective1y.

Differential alternating current signals from the load cell and LVDT
are fed into signal conditioners, shown in Figure 7, and Tinearly trans-
.fdrmed to differential dc signals that are transmitted to a Visicorder.

The signal conditioners should be checked periodically for signal Tinearity

and calibration drift to prevent erroneous data.
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Figure 5. Resilient Modulus Test Device with Adjustable Loading Plate
Showing Bellofram, LVDT, and Load Cell. |
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Wavetek Generator for Producing Load Pulses.

Figure 6.




Figure 7. Signal Conditioners Which Convert Signals from the LVDT
and Load Cell from ac to dc for Oscillograph Recordings.
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The Tinear dc Toad and deflection signals are traced by means of

a Visicorder 1ight beam on 1ight sensitive tracing paper-as shown in

Figure 8.
1.

The trace lights are calibrated as follows:

A proving ring with a dial gage reading to 10'4 in. is placed

" in the device, and a repeated Toad is applied as in Figure.9.

The maximum amount of deformation (dial reading) is read from

the dial gage at the full magnitude of the repeated load pulse.

A desirab]e scale is chosen for the deformafion trace on the chart

_ paper in the Visicorder. (Example: 1 vertical div. = 0.0002 in.)

The number of diyisions‘needed on the chart paper is found

by dividing the dia] reading by 0.0002 in. Example: 0.010 in/
0.0002 = SQ'divisions,

The gain control on the signal amplifier is adjusted such that
the Visicorder traces the desired number of divisions for the
deflection trace, eq. 50 divisions.

Next, the maximum amplitude of the repeated load is then deter-
mined from the calibration éurve for the proving ring, the 16ad
being a funqtion of deforhation obtained 1n'Step 2.

Steps 3, 4, and 5 are carried out for the Toad trace calibration

on the chart paper. Periodic calibration checks should be run

on the device to ensure accuracy over a testing period, and they

should be done at different repeated Toad magnitudes in order to

establish a calibration curve.

Since reading accuracy of tracings is important a scale for deformation

traces should be chosen that considerably augments the specimen deformation

and at the same time will not exceed the tracing paper width-at the highest

Tdeformatibn expected.




Figure
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8. Load and Deflection Amplitudes Printed by Visicorder Oscillograph.




Figure 9. Calibration of Test Device for Load and Deflection Using
Proving Ring.
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Specimen Preparation

A newly attained sample of subgrade soil should be "room dried".

Since specimens 5 in. high and 4 in. diameter are required, the total

weight of soil required to produce a specimen this size can be calculated

for each soil using data from Table 2 and the following relationship,

Tot. Wet Wt. of Soil Required = (Vol. of mold) X (R-Value Wet Density of Soil).

Preparing soiT for compaction should be similar to the following:

1.

Select a batch of "room-dried" wet weight of soil and determine

the amount of water contained in it.

Select the required R—Vaiue water content.

The percent water to be added to the soil in (1) to achieve R-Value

water content (2) is determined.

Add the water content determined in (3) to the soil in (1), and

mix:

(a) for low plasticity soil - use an electric mixer. The mixing
should be performed quickly (abproximate1y 45 seconds) to
prevent drying of the soil.

(b) for high plasticity soil - the soil should be mixed as well
as possible by hand, adding the water in increments. (Mixing
time should be short.) Highly plastic soils are mixed by
hand because their cohesiVe characteristics prevent efficient

" mixing of water and soil using an electric mixer.

After mixing is complete a damp cloth can be placed over the wet

soil in the mixing bowl to prevent water evaporation prior to

compaction.

Batch out enough of the soil mix in (4) to be equal to the
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total wet weight of soil required for a specimen. Note: The
soil batch weight should be adequate to fil11 the 4-inch diameter
soil compaction mold to the 5-inch net height after gompacted to

the R-Value density by kneading compactor.
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Fabrication of Soil Specimens

Compaction of Soil

To compact the soil, a split mold (6 in. high and 4 in. in diameter),
shown in Figure 10, is coated with a spray lubricant or Tight 0il on its

inside surface. The mold is placed on two 1/4 in. spacers, centered under

a kneading compactor, and bolted in to place to prevent movement during

compaction, as shown in Figure 11. The procedure to use for compaction
is then as follows: |
1. place approximately 1/2 of the prepared soil 1in the tray next
to the compactor and cover the remainder. |
2. the soil is added, as in Figure 12, to the mold in small increments
while compacting until a total of 75 blows at 75 psi. are reached.
This process is refefred\to as "precompaction".
3. add the last half of prepared soil to the tray and repeat step 2.
4. the spacers are then removed aﬁd the sample is compacted for.
50 blows at 75 psi. With the spaceks removed the mold will
remain approximately 1/4 in. above the base of the compacfor »
due to internal pressure being applied both from the compaction
foot and the reaction at the base of the machine. This helps
to produce a fairly constant density throughout the height of
the sample. This is referred to as the “compaction” stage.
The compaction process should yield specimens after extraction with densities
within 2.0 pcf of the target required R;Value density. Specimens that do
not meet this requirement and whose water contents are not within 0.3%

should not be used for MR testing.
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Figure 12. Soi1 Beihg Added to the‘Split Mold During the Compaction
Process.
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Specimen Extraction

Speqimeﬁ extraction from the mold may be accomplished in one of two

ways depending on the plasticity of the soil:

1. for non plastic soil - the split mold is loosened and the sample
is tapped loose from the sides of the mold by tapping the mold
ends on a table top. The mold can then be easily pulied apart.

2. for plastic soils - the mold is Toosened and the specimen is
hydraulically jacked out of the mold as shown in Figure 13.

The 1ightweight oil or spray 1Ubricant which is applied to the inside
surface of the mold before a specimen is made will provide for smoother

specimen extraction as evidenced by the smoothness of the specimen in

Figure 14.

Preparation for Curing

The soil specimen, shown in Figure 15, is immediately weighed and
measured, and its density calculated. If RQValue target density is met,
the specimen is then prepared immediate1y for curing by wrapping it in a
double layer of saran wrap and placing it in 2 to 3 plastic bags, shown

in Figure 16, and sealing each bag.

Curing Specimens

The curing or "aging" of specimens is a simple but necessary procedure.
Two processes may occuf during.the curing -period:
1. The water content stabilizes throughout the sample. Although
tﬁe soil and water are thought to be well mixed before compaction,
there may be areas of the sample containing more moisture than
other areas. The sample should have a homogeneous water content

at the time of testing.
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Figure 13. Extraction of a Compacted Soil Specimen from thé Mold Using
" a Hydraulic Jack.
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.

1 Specimen Before its Complete Extraction.

.i

Compacted So

Figure 14.
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Compacted Soil Specimen Immediately After Extraction

-the Sp1it Mold.
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Compacted Soil Specimen Wrapped in Saran Wrap Showing
One of the Bags it is to be placed in and Sealed for

Curing.

Figure 16.
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2. Soils which show plastic characteristics (P.I. > 0) exhibit
a thixotropic stkength gain. Duringikneading compaction soil
particles are strained into a dispersed configuration. With
time, soil particles reorient and regain a portion of the strength
that was Tost from compaction.

Wrapped specimens are placed horizontally on a soft pad in a concrete
moisture room for at least one week before testing. A curing period of
one week is thought to be sufficient to develop most of the thixotropic
strength gain effects on the resilient modulus for plastic soils and will

allow for most of the water dispérsion through specimens (1) (9).
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Testing Procedure

Specimen Preparation for Testing

When the cur1ng period is complete, the specimen should be unwrapped
we1ghed to ensure there was no moisture loss, and its ends trimmed to 1eve1
as shown in Figure 17.

Figure 18 shows the attachment pieces used to prepare a specimen for
repeated load triaxial testing. The loading caps are lubricated with a
thin film of silicone grease and a thin rubber membrane is placed bewteen
the specimen and each of the lubricated ends of the loading caps. This is
done to minimize the effect of end friction on the specimen during test.

A .0014 1in. thick4rubber membrane coated with talc powder is pulled
over the specimen (Figure 19) without damaging the specimen ends. If
the specimen has Tittle plasticity, a load cap should be placed on it and-
the membrane pulled over fhe specimen and‘cap to prevent specimen end damage.

The membrane is pulled down to where its end is only an inch above
the cap surface and two "O" nings are then stretched around the cap. The
cap and specimen are turned over as in Figure 20, and the membrane is then
pulled tightly over a second cap placed on top of the specimen, with "0"
rings being placed as before. Figure 21 demonstrates how a specimen
prepared for testing should appear. Excess 1engths'of membrane are folded
back over the "0" rings and along the specimen sides.

Placing the membrane over the specimen prevents air migration through
it»during testing to prevent moisture loss, and allows the compressed air

surrounding it to provide the required triaxial cell confining pressure.
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Leveling of the Compacted Soil Specimen Ends After Being

Trimmed for Level.

Figure 17.
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Placing the Membrane Over ‘the Compacted
Showing Minimum Disturbance of Specimen

Soi1 Specimen,
Ends.
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. Enclosing the Specimen in the Triaxial Cell

The prepared specimen is placed on the triaxial cell base and a
flexible tube is connected to the top loading cap as shown in Figure 22.
A small hole (1/32" diameter) has been drilled through the cap, the flexible
hose connected to a fitting that is countersunk around the hole, and the
hose is then attached to a fittihg in the cell base which is'connected by a

reamed crosscut to a turnstop. This provides an open lifte from the specimen

interior to atmosphere and serves two purposes:

1. to determine if there is an air Teak from the triaxial chamber
through the specimen. |
2. to eliminate any internal pressures which could develop from
comnression by the confining cell pressure.
An air leak can be a result of any one of the following:
1. a hole in the membrane caused from previous testing or simply
a defect.
2. improper placement of the "0" rings. They should be approx-
imately 1/4 in. apart.
3. voids between the Tload cap éides and the membrane that éannot‘be
e]imina?ed by the "O" rings because of trapped soil particles.
After each test the loading caps sides should be cleaned and a
sma]] amdunt of silicone grease applied to them to ensure a
tight fit of the membrane to the caps sides.
A steel ball is.p1aced in an indent reamed into the top load cap.
Its function is to provide a strictly vertical transfer of load from
the triaxial cell rod to the load cap. .

The plastic triaxial cylinder (Figure 23) is lowered on to the base,
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Compacted Soil Specimen on the Triaxial Apparatus Base Showing
the Tube That Connects the Base to the Specimen and Atmosphere
" for Detecting Membrane Leaks.
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the cé]] cap placed on it, and secured by bolted rods as shown in Figure
24. A centering plate is located between the ball and triaxial cell rod.
It provides a vertical load transfer between the bq11'and loading rod

when one is not centered to the other. The triaxial rod,is.a1so Tubricated

with a Tight oil to keep friction between the rod and its bushing at a

minimal, thereby providing accurate specimen load readings.

The specimen is now ready for testing and may be placed in the resilient

modulus test device and connected to it.

Testing Pressures

Figure 25 shows the triaxial apparatus, specimen, and test device

prepared for testing. First, air pressure into the triaxial cell is regu- .

lated to produce 3 psi, then all connections and joints are checked for

leakage. The confining pressure, os, of 3 psi is maintained and a series

of deviator stresses, oy of approximately 1.0, 2.0, 3.5, 4.5, and 6.5 psi
are applied to the specimen in ascending order. The confining pressure '
is then decreased systematically to 2, 1, and 0 psi when a complete series

of deviator stresses, o has been.run for each confining pressure, oj.

For each 04703 combination, a prescribed number of loading cycles must
be applied to the specimen before My readings can be obtained. Resilient
modulus may increase as the number of load cycles increases, MR becoming

constant after a certain number of cycles have been applied. It is there-

o e e W e

.fore recommended that the following number of cycles be applied before

readings are taken:

1. high to medium plastic soils - 600 cycles

v
—

2. 1ow and non-plastic soils - 400 cycles

|
1
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Triaxial CeT]-ApparétuS with a Compacted Soil Specimen
at Beginning of Resilient Modulus Testing.
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Load and deformation readings are first taken when the recommended
number of cyc]és are reached, and My is then éa]cu1ated. After an |
additional 200 cycles, readings are then taken again to verify that MR
is not changihg appreciably. If change is sti]i occurring, an additional
200 cycles 5hoﬁ1d again be added and readings taken, the process contin-
uing until MR is constant for the particular 0403 combination.

The load pulse duration time and total individual cycle time should
be characteristic of the actual expectéd conditions._ For this project,
a pulse time of 0.15 seconds and a cycle time of 2.0 seconds was used
(with approximately 1.85 seconds at no load or rgét).

| To record data, the Visicorder chart drive is turned on and three or
more deformation and deviator load pulse cycles are recorded. The pulse
amplitudes are averaged for deformation and for deviator load for the

cycle set, and are used to calculate MR at the particular 04-03 combination.

Averaging a pulse amplitude cycle set minimizes any errors present from

data acquisition.
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Calculation of Resilient Modulus, MR

From each combination of %Y and 03> @ set of load and deformafion
readings is taken. A sample trace of one sef is shown in Figure 26.
In this example, the load trace has been ca1{brated sﬁch that each
vertical division is équa] to 5 1bs. The actué] specimen deformation has
‘been calibrated to the curve shown in Figure 27 and is a function of
measured deformation read from Visicorder traces. (Figﬁre 27 will be

discussed later).

M. = Stress Amplitude
R Strain Amplitude

where,

stress amplitude = load/cross sectional area of specimen

.strain amplitude = actual specimen deformation/original speﬁimen
height'(aqtda] deformation is read from Figure 27).
From the sample trace:
load = 46 1bs.
measured deformatibn = .00125 in.
actual deformation (from Figure 27) = .0018 in.
thus, |

46 1bs./13.156 in2

stress amplitude 3.50 1bs/1'n2 (= cd)

)\

1}
n

strain amplitude = .0018 in./4.94 in. = 3.64 x 107

MR = _jiﬁﬂllﬁiiji = 9607 psi.
3.64 x 10- ’

Note: These data are for a 4-inch diameter x'4.94—inch'high specimen tested

at a eonfining pressure bfvc3 = 3.0 psi.
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“Fiqure 26. Visicorder Trace Showing the Measured Magnitudes of Load,

P, and Deflection,8.
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The calculated MR is plotted as a point corresponding to the 04703 test

conditions in order to develop a plot such as the ones shown in Figures

30, 31, 32, and 33 (shown later).
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MP Determination: Test System Characteristics and Findings

Test System Inconsistencies

Test system inconsistencies were a primary source of MR fluctuation.

The LVDT signal conditioners that were used exhibited non-linear,
inconsistent response. Therefore a calibration chart (Figure 27), was
graphed to correct test data and average calibration fluctuation. Any
error from signa] Conditioner éa]ibration was increased by 1) error in
plotting and then reading the chart, and 2) constant fluctuation of the
graph between the dashed 1lines, altering readings as much as + 10%. Points
in the curve shown in Figure 27, wefe found by: 1) inducing a small Toad
and reading the deformation on the dial gage shown in Figure 9, 2) setting
the deformation s1gna1 conditioner to produce a V1s1corder trace amplitude

equal to the deformation shown on the dial gage. (At completion of 2 do

not readjust signal'cqnditioner); 3) picking various loads to produce

sets of dial gage deformations and Visicorder traces and, 4) graphing the

measured deformation from the Visicorder trace (ALM) versus the dial gage

~ reading (ALC) for each set. A similar procedure was used for load cali-

bration, however, ﬁhe'signa1 conditioner that was used showed linear
response for the range of applied loads, enabling actual load readings
to be read directly from the Visicorder tracer using the Tinear calibration
factor. ' .

System response during preliminary tésting altered specimen deformation
data. It is required that conditioner response from LVDT signals must
be immediate of complete measurements of deformatioﬁ (and load) will not

be transmitted to the Visicorder.
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Incorrect positioning of the LVDT post in its core causes non-linear

- LVDT 0utput§ it therefore should be centered or "nulied" with respect

to the core center when measurements are made, the nulling to be performed

by measuring the point at which the LVDT indicates zero voltage output on

a voltmeter.

Pulse Duration Time

The duration.of the Qertica] stress pulse can greatly effect MR values.
The Transportation Research Board (2) and Thé Asphalt Institute (3) recom-
mend puise times of 0.1 seconds while Thompson and Allen (11) have used
0.15 second stress pulses. This project used 0;15 seconds fdr a load pulse
time to simulate the traffic loading reaction fime periods for the subgrade
soil at depth A.D.S.S. |

The effect of varying the load duration pulse for the Idaho soils
tested is disp]ayed in Figuke 28. MR increases rapidly as the load dur-
ation pulse becomes increasingly smaller than 0.25 seconds, but shows no
éppreciab]e.change at time durations from 0.25 to 0.50 seconds. The -effect
of load duration d]so’doesn't appear to favor one particular soil type. V
Also, Figure 28 only reflects soil response for o4 = 4.5 psi and o3 = 1.5 psi,
the same response trends in each curve could be expected using other load-

confining pressure combinations.

- Effect of Sample Height

As previously discussed, sample height -of 5 inches or more was deter-
mined as not greatly affecting MR. This is demonstrated for a soil B
specimen, reduced from 7.3 to 5.3 inches, and tested at o3 = 2 and O psi

for values of 9y ranging from 1.0 to 6.5 psi. Figure 29 shows there was
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1ittle effect on MR when the specimen's height was reduced.

Resilient Modulus Data

The range of MR for soils B, C, F and G are shown respective}y'in
Figures 30, 31, 32, 33. MR is dependent on the intensity of repeated
deviator stress, a4 = 1.0 to 6.5 psi, and constant confining pressure,

oy = 3,2,1,0 psi.

Dependence of MR on o4

The plastic soils, F and G, are influenced more by changes in 04
than the cohesionless soils B and C.

Each graph of MR'in Figdres 32 and 33 spans a range of approxihate]y
3000 psi, whi]e MR for each graph in Figures 30 and 31 spans a range of
only 1000 psi. Each soil shows an increase in MR as oy decreases; MR
of soi}s F and G increases at a morehrapid rate than for soils B and C.
For deviator stresses less than 0.75 psi., each graph of MR exhibits a
drastic upward trend. This appears to be common in the literature for
similar test data, éomewhatAdue to the limitations of output of the test
device or may be due to thé relatively small strain of the soil specimens.
The sma]i deviator stress results from Very thick paveménts and/or small

wheel Tloads.

Dependence of MR on gq

Each graph in Figures 30 - 33 indicates that the cohesive and cohesion-
less soi]s»tested are influenced by confining pressure. Decreasing O3 from
3to0 psi decreases MR of soils B and C by 4500 psi consistently across

the range of deviator stresses, while My for soils F and G decreases by 2000
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psi at oy = 6.5 psi, and 3700 psi at 04 = 1.5 psi. Cohesive soils become
more»dependent on O3 as deviator stress decreases, while cohesionless soils
are predominantly dependent on o33 this appears to be a trait that could
possibly control a major portion of a pavement system's deformation char-

acteristics.

Final Considerations

MR of each soil progressively decreases with increasing Ogs in the
range tested, but 1ncreasés with increasing O3 A

The va]idity‘of the gréphical.trends of MR is supported by the fact
that the curves are consistent with data obtained by other researchers (12).

One overall observation is that the general MR magnitude is about the
same for all the sof]s in the G4 range tested. This illustrates the high

probability that cohesionless soils can exhibit as much resilient defor-

mation as the cohesive soils. -

Statistical Analysis

The standard deviation, the mean, and the coefficient of variation
of individual MR curves for each soil were calculated and are listed in
Table 6. The data ref]ec% how closely specimen fabrication and test con-
ditions were reproduced, and the repeatibility and accuracy of theAtest"
system. ‘

S, N, and.V havé been calculated from data‘acquired at g4 = 1.75
and 4.0 psi for o3 = 3, 2, 1, and 0 psi. '

The tfends are(summarized as follows:

1. The standard deviétion, S, for all analysis points are generally

within + 10% of their respective means, and are substantially

‘ Tower at o4 = 4.0 psi.
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TABLE 6
Standard Deviation, Mean, & Coefficient of Variation of Soil Data
Standard - Mean MR Coefficient
Deviation N (psi) or Variation
S(psi) P V(%)
. I
'03—psi " od-psi cd-psi od-psi
L 1.75 4.0 1.75 4.0 1.75 4.0
Soil B: 3.0 1175 - 750 9225 8750 ]%.7 8.6
2.0 1025 375 7825 7475 13.1 5.0
1.0 300 225 6650 5875 4.5 3.8
0.0 375 0 4625 4400 8.1 0.0
Soil C: 3.0 703 544 10,616 9933 6.6 5.5
2.0 1082 754 . 9266 8466 11.7 8.9
1.0 - 1115 517 7816 6983 14.3 7.4
0.0 813 263 6083 5433 13.4 4.8
Soil F: 3.0 557 85 9416 7883 5.9 1.1
‘ 2.0 517 671 7866 6516 .6 10.3
1.0 616 696 6600 5366 .3 13.0
0.0 1063 826 : 5250 4333 , 20.3 18.6
Soil G: 3.0 525 150 9025 7250 5.8 2.1
2.0 650 50 7450 6600 8.7 0.8
1.0 175 25 7375 6075 2.4 0.4
0.0 375 100 6225 5000 6.0 2.0
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2. The coefficients of variation, V, range from 2.4% to 20.3% at
04 = 1.75 psi and 0.4% to 18.6% at o4 = 4.0 psi, the majority
of coefffcients-being less fhan 14%.
3. V is generally a smaller value at 04 = 4.0 than at gy = 1.75
psi. As confining pressure is reduced, V for all soils decreases.
Larger coefficients of variation, eg. tests of Soil F at oy = 0, are ex-
ceptions to the data trehds observediand are possibly results of inaccurate
testing techniques or data acquisition.

The statistical data do not evaluate resilient modulus corresponding
to 9y greater than 4.0 psi or Tess than 1.75 psi. It was felt that the
majority of MR lab test measurements will occur in a region between 1.75
and 4.0 psi. in.order to match the expected 04 levels at A.D.S.S. for most

pavements.
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List of Parts Used in Resilient Modulus Testing System

1. Wavetek Signal Generator =

2. Honeywell Visicorder®

3. Bellofram Air Cyclinder *

4. Schaevitz Load Cell™

5. Schaevitz Signal Amplifier

6. Schaevitz Signé] Amplifier™

7. ASCO Solenoid Valve™

8. Fisher Governor Regulator

9. Karol Warner Pressure Gage

10. Relay Switch * |

11. Triac Switch *

12. Threaded Rods (4)

13. Frame End Plates (2)

14. Loading Plates (2)

15. Proving Ring ( for
calibration) ‘

16. Triaxial Cell Apparatus

17. Karol Warner Pressure Gage

18. Conflow Air Pressure
Regulator

19.  Mercury Counter *

20.  Schaevitz LVDT *

* Note:

*

Triggered VCG Model 112
Model 906C
D-4-F-SM-0012
MFTA-1U-500 s/n1927

SCM 025 (LVDT)

CAS 025 (Load CeTll)
Catalog No. 8300C76F

‘Type 64
60 psi.

Elec-trol 602-3
6 amps *
3/4 in. x 3 ft.

12" x 6" x 2" - bottom
12" x 6" x 1" - top

4 in. Diameter
Karol Warner 500r
10" High

6" Diameter
30psi.

50psi.

Catalog No. BS462UB06
500 MHR, SN 334

Asterisks denote equ1pment shown in the Schemat1c of Equipment
and Wiring on the next page.
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SECTION D

APPLICATION OF RESILIENT MODULUS TO FLEXIBLE PAVEMENT THICKNESS DESIGN

.....

Thickness design of flexible pavements using resilient modulus is
current]y.baséd on limiting surface or vertical subgrade deflection, or
1imiting subgrade vertical compressive strain and asphalt concrete tensile
strain. Thiéknesseé of asphalt éoncrete and/or base.layers are increased
until the magnitudes of the above criteria are equal or below a]]owab]e,
specified values.

Predicting def]ection, stress, or strain in a pavement requires all
the pavement materials' stiffnesses and Poisson's ratios to be known. The
resilient modulus test ines specific data concerning pavement support

material stiffness and is therefore essential for these computations.

Resilient Modulus Data Development

A procedure to utilize resilient modulus data for pavement design was
developed in conjunétion with existing pavement thickness trends furnished
by the Idaho Division of Highways. These pavement thicknesses (and base
course depths) were used with the Chevron 5-L elastic layer program output
to estimate the range of exbected in-situ stresses that would be required
for MR testing (see'a1so Section B). The standard Idaho.pavement profile
(with constant asphalt concrete thicknesses) was used in the calculation

of these in-situ stresses and is shown below.
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Interstate Primary-Secondary
9.6 in: A.C. 3.6 in.
Base Depth Base Depth
Contingent on Base . Contingent on
Structura} Ramt's Structural Rgmt's

Semi-Infinite .
Subgrade

Table 7 Tists the in-situ stresses from the Chevron 5-L computer output
and data calculated from A.D.S.S. 94 and o5 are the subgrade stresses that
were calculated and are assumed to exist in-situ for any given base depth

and subgrade resilient modulus.

General Base Thickness Design Iteration Procedure

After a subgrade soil has been tested and graphed, as in Figures 30 -
33, its average MR may be picked with the anticipated base depth that
would be required to fulfill the pavement system structural ;riteria. To
do this, a 9y and a 03-15 sé]ected from Table 7, and a corresponding MR
is read from a graph, eg. Figures 30, 31, 32 or 33. An iteration procedure
then follows: assume a base thickness -- find the compatible 9y and 03
from Table 7 --- find the compatible MR for the 04 - O3 combination ---
then back to cé]cu]ating a newbbase thickness and repeating unfi]vthe
calculated base thickness gives'a compatible g4 - O3 combination for the

MR used in the calculation procedure.
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Pavement Thickness Results for Soils G, B, C and F

Purpose and-Scope

The purpose of this subsection is to compare the required base thick-
nesses as determined by four independent methods for Interstate and Primary-
Secondary highways in Idaho using MR test data and Idaho R-values. for the
Idaho subgrade soils G, B, C and F. |

The Idaho R-vé1ue method of thickness design (the method commonly used)
was compared to three other 1ndepéndent design methods which use MR to
determine if there is a significant difference in thickness requirements.

The four independent methods used in this project to determine required
base thicknesses were: |

1. Idaho R-value

2. Odemark elastic layer

3. Ontario modified Odemark

4. Chevron 5-layer

" Design Information

The following constants and assumptions were used in the comparative

thickness design methods:
1. Traffic index (Idaho current method only)

-

(a) Interstate = 10.5

(b) Primary-Secondary = 9.5
2. Asphalt concrete thickness (a11 methods)

(a) Interstdte = 4.8 in.

(b) Primary-Secondary = 3.6 in.
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3. Asphalt treated base (all methods)
(a) Interstate = 4.8 in.
(b) Primary-Secondary = 0 in.

4. Soil R-values (Idaho current method)

(a) Soil F = 67

" (b) soil C=T71
(c) Soil B =163 |
(d) Soil 6 =11 | -

5. Resilient Modu]us‘(a11 methods except Idaho)

(a) AsphaTt'concrete and aspha]t'treated base = 400,000 psi
(approx. average in Idaho mixes)

(b) Crushed stone base = 25,000 psi (assumed, from literature
values)

(c) Subgrade soil resilient modulus (Figures 30, 31, 32 and 33)

6. Poisson's ratio (assumed, from literature values) (all methods
except Idaho)

(a) asphalt concrete, asphalt treated base and crushed stone
base = .35

(b) subgrade soil = .40

7. Subgrade soil depth is greater than depth of significant stress
(a1l methods)

8. Truck wheel design loadings are assumed to be a single, 9000 1b.
Joad with 70 psi tire pressure for the Odemark and Ontario modified
Odemark methods.

9. Truck wheel design loadings are assumed to be duals 4500 1b. each,
80 psi tire pressure with 13" center-to-center wheel spacing:
for the Chevron 5-L program only.

10. No modifications for climate or environment were made. (all methods).

Idaho R-Value Thickness Design

The Idaho R-value method is based on a gravel equivalence which is

determined by taking a given R-value and a traffic index and reading a
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gravel equivalency thickness (in feet) from Fig. 16-231.3 of the Materials
and Research Manual (Part 16) (14). From this thickness the adjusted
vaTue fof,asphalt concrete and asphalt traated base is subtracted to
determiné the granular base requirement. These adjusted values are deter-

mined by multiplying the surface layer and base layer thicknesses by

'appropriate‘substitution ratios.

SUBSTITUTION RATIOS FOR SURFACING AND TREATED BASE
FOR AGGREGATE BASE MATERIALS

Plant Mix Plant Mix Road Mix Pavement (Cold)

Traffic Pavement Base Cement Treat Base Granular
Index (Hot) (Hot) Road Mix Base (Cold) Borrow*
Cover 7.0 -+ 2.0:1 1.75:1 1.50:1 0.75:1
5.5-6;9 2.5:1 2.00:1 1.75:1 0.75:1
Less 5.4 - 3.0:1 2.5:1 ©2.00:1 1.00:1

* o .
May include cinder aggregate and selected granular excavation if quality
is adequate. ' -

The calculated results for the granular base thickness were:

Idaho Soil Interstate " Primary-Secondary
Soil G - 18 in. . 25.2 in.
Soil B - -3.6 in. (0) 6 i
Soil C - : 6.6 in. _ 3.6 in.
Soil F ~4.8 in. (0) 4.8 in.

Odémark Elastic Layer Method

The Odemark design method is based on allowable surface deflection

of the pavement. The mathematical computations for the solution of the
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Odemark method are outlined in research done by Johnnie Sue Green (15), .
but for the purpose of this project a Fortran computer program was written

to solve the equations for base thickness (see Appendix). This program

e T L T T

Overlay Thickness, Ft.

.
[Sa)

INia /
0~ "/‘%%“%4‘.J

is suitable for any three layer system (or less) and will accommodate

various Tayer moduli and thicknesses.

The design Benkelman Beam (Canadian) rebound surface deflection was

determined by assuming a zero overlay thickness and appropriate traffic

index in the figure below.

Adapted from Asphalt Institute MS-17
Figure IV-3 and Asph. Inst. Res'h. Report 70-1
Assuming WASHO 15 Kip Deflection is One-Half

the 18 Kip Caqadian Rerund Deflection
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The deflection read from the graph is the WASHO mean plus two standard

‘deviations. This deflection was converted. to Benkelman Beam rebound

deflection by the fb]]owing relationship: WASHO Mean x 2 = Benkelman Beam

Rebound (Canadian).

Note: two standard deviations, equal to 2 x 10% = 20% of the graph reading,

were subtracted from the value obtained from the graph.
Using the above method, allowable deflections weré: Interstate = .016 in.

and Primary-Secondary = .023 in.

The calculated base thickness results were:

Idaho Soil Iinterstate ‘ Primary-Secondary
Soil G : 3.5 in. 16.0 1in. .
Soil B 4.5 1in. 17.0 1in.
Soil C 0 in. 15.5 1in.
Soil F 3.5 in. 17.0 in.

A sensitivity analysis indicated that the base thickness determined
by the Odemark method is most sensitive to radical variances in the sub-

grade modulus and the specified surface deflection.

Ontario Modified Odemark Method

This method uses the basic relationships developed in the original

" Odemark method with the exception that the design criterion is based on

subgrade surface deflection rather than the pavement surface deflection.
The following relationship was developed by the Ontario Dept. of Trans-

portation to correlate the Benkelman Beam rebound (surface) deflection to
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subgrade deflection (16):

_ 2
s = .01 +87 ws
where & = B.B. rebound deflection
ws = subgrade deflection

This gave the following allowable subgrade def]ectioné: Interstate = .008 in., |

Primary-Secondary = ,012 1in.
A Fortran computer program was developed to determine the design

thicknesses for the base (see Appendix).

Primary-Secondary

Idaho Soil Interstate
Soil G 20.1 n. 23.5 in.
Soil B 20.4 in. 24.3 1in.
Soil C 19.3 in. 22.3 1in.
Soil F 21.0 in. 23.2 in.

The program was adjusted for a more relaxed subgrade deflection of

.011 in. for Interstate and .014 in. for Primary-Secondary, and the base

thicknesses for these higher subgrade deflections were:

Idaho Soil Interstate Primary-Secondary
Soil G 11.69 in. 21.63 in.
Soil B 13.45 1in. 21.36 in.

- Soil C 9.63 in. 18.94 in.

12.54 in. 21.36 in.

Soil F

A significant reduction of the base thickness requirement was calcu-

Tated for the Interstate pavement, but a small, perhaps insignificant
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reduction was calculated for the Primary-Secondary pavement.

Chevron 5-Layer Method

“which was used to calculate the stresses and strains in the layers.

strains are determined on the basis of number of load repetitions which

The Chevron 5-layer method treats the pavement as semi-infinite layers
of different materials which interact elastically. The Chevron Research

Company of Richmond, California supplied a Fortran program (see Appendix)

Two strains wree used for design criteria: the vertical strain on

the subgrade and the tensile strain in the asphalt concrete. The criteria

were calculated using the relationship below (17):

.. 8.403
_ T1
Mg = 365 [375
where: w18 = total number of 18 kip single axle loads planned for the
design 1ife, and
TI = traffic index

This relationship gave total 18 kip single axle repetitions of:

1. Interstate‘ = 3.7 X ]06

2. Primary-Secondary = 1.6 X 106

The strain graphs in Figures 34 and 35 (17) gave the following maximum

allowable strains for the design 18-kip axle repetitions:

Strain Criterion Failure Prevention Interstate Primary-Secondary

tensile strain in tensile fatigue

bottom of lower cracking of ' 150 pe 205 e
asphalt treated asphalt concrete

layer

vertical strain rutting of pavemént ~ 350 pe 430 pe

on top of subgrade
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After running the Chevron 5-layer program, the following strains were
calculated from the computer output data for the dual wheel Toading (see
Appendix): _ ,

. 1. Tensile strajn in AC = (R€r=0) + (R€r=13)
where Re = radia] strain measured at appropriate load radius (r)
from centerr of tire print to horizontal stress point of interest
and at the interface between the lowest asphalt treated (AC) Tayer
and the top of the granular base layer.

2. Vertical Strain on the tob of the Subgrade = _(R€r=0) - (Tef=0)

-.(R€r=13) ) (T€r=13) ¥ (B€r=0) * (B€r=13)

'

Radial Strain

where: Re =
Te = Tangential Strain
Be = Bulk Strain

These subgrade strains were calculated at the appropriate load radius
(r) and at the 1nterface.betweeﬁ the bottom of the base layer and the top
of the subgfade Tayer.

The horizontal point of interest is selected where the critical strains
occur with respect to the dual wheels and interface depths. For this pro-
ject, the point was chosen under the center of one of the dual tire prints
(r=0). For the second dual tire influence. the point was 13 inches from
its tire print center to the center of the other dual tire print (r=13).

The strains from both r's (both duals) were added to obtain the total
strain. ' » _

‘The base thicknesses determined by this method vary depending on which |

strain criterion is used for design. The results are listed as follows.
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Base thickness determined by

Tensile Strain in AC

‘Idaho Soil - Interstate " Primary-Secondary
Soil G 0 in. 35 in.
Soil B 0 in. 32 in.
Soil € 0 in. 32 in.
Soil F - 0 in. o " 32 in.

Base thickness determined by

Vertical Strain on Subgrade

Idaho Soil Intérstate Primary-Secondary
5611 G 4 din. 18 in.
Soil B 5 1in. 18.5 in.
Soil C 3v1n. 17 1in.

Soil F 3.5 1in. 18 in.

The base thickhegs selection can be interpreted as the thickness which
satisfies both strain cr%teria for a given subgrade soil and pavement type.
For example, vertical strain on subgrade was found to govern Interstate
pavement and tensile strain in the asphalt concrete was found to govern

Primary-Secondary pavement thickness.

Comparisons and Implications

The granular (untreated) base thicknesses determined previously by

the different methods were compared to each other and.are shown in Figures

36 and 37.
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Although strain criteria were used in the Chevron 5-L method of design,
the pavement surface def]ection that resulted is shown in parentheses in
the Figures. |

For the Prima%y—Secondary pavement (3.6 inches of asphalt concrete),
Figure 36, the current Idaho R-value design appears to give adequate base
depth for the more plastic subgrade soil G with, perhaps, some premature
tensile fatique cracking as shown by the greater base depth required for
the Chevron 5-L tensile strain in the asphalt concrete. For the other,
less plastic fine-grained subgrade soils B, C and F, the current Idaho
R-value design gives lTower base thicknesses thah the other methods.
According to theory, both premature tensile fatigue cracking and rutting
would result.

For the Interstate pavement (9;6 inches of asphalt concrete), Figure 37,
the current Idaho R-value design appears to giye adequate base depth for
the plastic subgrade soil G with no premature tensile cracking or rutting.
For the less plastic fine-grained soils, B, C and F, the current Idaho
R-value design gives no base reqUirement at all. Most of the other methods

give some base requirement of at least a few inches. The Chevron 5-L

strain criteria (and the Odemark Method) indicate some premature pavement

rutting could occur if a base depth less than 4 inches was used. The

Ontario methods require even greater base depths.
The thicker asphalt concrete pavement of 9.6 inches (Interstate) should

minimize or eliminate premature fatigue cracking although some rutting

. may occur as the accumulated traffic builds up.

The thinner asphalt concrete pavement of 3.6 inches (Primary-Secondary)
appears to be damaged primarily by fatigue cracking as the accumulated

traffic builds up unless greater base depths (or equivalent structural
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requirement) are used, especially for the fine-grained s]ight]& plastic
to nonplastic soil subérades.' The Chevron 5-L program showed that the
untreated base depth for the 3.6 inch asphalt concrete pavement would
become very large, out of practical reason, for a traffic .index greater
than 9.5. If these data are reasonably accurate and higher traffic
index is predicted, the Pfimary—Secondary bavements on these soils would
need "beefing up" by either increasing the asphalt concrete'debth or by

treating the base material to increase its structural equivalency.
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APPENDIX

SECTION D

This appendix gives the instructions for running computer programs
(Odemark, Onta}io Modified Odemark and Chevron 5-L), an example of
computer output data for each program and the proéedure for finding the
base thickness forbeach program,

- The Research.Enginéer will also receive a separate attachment contain-
ing one each of the following:

1. Odemark computer program card deck and program printout,

2. Ontario Modified Odemark computer program card deck:and program

pr#ntodt, and

3. Chevron 5-Layer computer p}ogram card deck and program printout.

These programs are Fortran anq have been set-up for terminal usage
with the U. of Idaho IBM 370 computer. It is hoped that only minor
modifications will be required by the State computer personnel for adapt-
ing the programs to the computer available to the Idaho Transportation

Department.
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Odemark Computer Program

The elastic, equivalent Tayer thickness equations developed by Ode-
mark ahd listed by Green'(lg) were progrémmed for the IBM 370 with termfna]
usage. The program is called fodemark 1.

The object of the program is to determine the required base thickness
(or other layer thicknesSes) to satisfy a specified pavement rebound
deflection. |

To use the program for this project, specified déf]ectﬁons are deter-
mined that cannot be exceeded for the pavement surface, moduli and Poisson
ratios of the pavement layers are assumed. or determined,_and the asphalt
concrete thickness* is specified. MR graphs of the subgrade. soils are
used (MR VSs. cd—q3) along with a table such as Table 7. The program uses
a single tire Toad. : .

Refer to Table 8 as an example of the procedure and output for a

typical run. The operator loads the program and calls for "run". The

computer terminal typewriter then types statements and questions. After
each question** the operator types in the correct parameters. After this

is comp]eted the computef will calculate the untreated granular base

thickness for the parameters used. AThe typewriter will type a question

asking for further runs if desired. Usually one or more additional runs
will be necessary until the computed base thicknesses gives 0403 at

ADSS compatible with the subgrade MR chosen. The subgrade soil's MR Vs.

' 0403 graph (eg. Figures 30, 31, 32, 33) is used with Table 7 for this iteration.

Aspha]t'concrete thickness can be used as a variable in which base the
base thickness, if any, becomes a constant.

**k . .
Note: The computer terminal typewriter prints "?" after each question.




89

*$93S T AMIL
d40LS

: oug
S ON/S3A NIVHY WVYH0Ud SIHL NNY OL HSIM NOA 04
NAY LS3IL dITIVI NNY 04 SIHINI 8720°=N0O1L231743a 1vLOL aQNV S3IHONI CS°7T=SSINNIIHL JSVE

€20°’9°6¢
NOT1LD31430 30V4unNS J1EVMOTTV WAWIXVYY FHL ANV H3AVT L1TVHISY m:b 30 SSIMNNJIHL FHL ¥ILNT

0£‘0006¢
JUYNSSIUd IUIL ANV avol IMIL 3L St LVHM

: 000$ ‘00052 °00000HE
SATNAOW JAVHHENS aNY SNTNAOW 3SvE‘SnTnaoil LTVHASY ¥0d4 SANTVA ¥3ILN3

‘unJ 3sS93¢
NNY SITHL 40 3181 IHL Y3LNT
SYIi00 A9 Q3LVHVd3S 34V wu_mhzm 71V LVHL OGNV ¥0d4 @3NSV Y3ad0 m:h M1 JIY¥ILNT FYY viva 17V LypL 2HNSHI

Avdsant 9L/L0/60 91:6 TYuvK3Iae

und

.>cmm;
I3dewapo peroj -

LNd1N0 ONY.3¥Na3d0ud 1 HdvW3ao

g 31dvL o .

GH SN ER SH OB S BR G SR GE OGS B NA Gu G 66 N BN en




_ . ) : _
1 g .
TN oS 09 SN SE WU s au e .

e N BNy "N S .

90

Ontario Modified Odemark Computer Program

The elastic, equivalent layer thickness equations deveioped by Odemark
were modified by the Ontario Dept. of Transportation (1§) to reflect sub-
grade deflection rather than pavement surface deflection. Ontario's re-
search has claimed that subgrade deflection is more of an -indicator of
pavement structural performance than sﬁrface deflection. Their subgrade
deflection relatidnships were progbammed for the IBM 370 with tefmina]
usage. The program is called "Ontmode".

The procedures and output_aré the same as "Odemark 1"; the only
difference is that allowable subgrade deflection is used instead of allow-
able pavement surface deflection.

Table 9 shows an example of a run. For the parameters used, including
a low allowable subgrade deflection, a high untreated base thickness of

78.6 inches 1is computed. Higher allowable subgrade deflections of .01-.04

~inches Have been used by Ontario (with resulting greater surface deflections).
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Chevron 5-Layer Computer Program

Elastic layer interactive relationships were computerized a number
of years ago by Chevron Research Company. One of the programs is a ffve
pavement layer (or less) program. This program was put on the IBM 370 with
terminal usage. The program is called "Pavement".

Thelprocedure for using the program on the terminal was set up to be
basically the samé as Odemark 1 and Ontmode: the computer asking for
values of the parameters and the operator entering them, with finally the

main computation and output display being printed. The main exception is

- that an assumed base thickness is used. An example run is shown in

Table 10.

The entering of parameters differs from the Odemark 1 and Ontmode
programs in that the operator must enter the following additional parameters:
number of layers, (including the base, if any, and thicknesses), Poisson's
Ratio for each Tlayer (in addition to MR), number and magnitude of "r-values"
(horizontal distance from tire print center to point of interest), and
number and magnitude of “z-values" (vertical distance downward from pave-
ment surface to points of interest). Points of interest are where stressés
and strains in the pavement are desired, and the operator will have
determined these distances beforehand.

Table 10 shows an output disb]ay for two r's and three z;s. The two
r's are necessary for dual tires, each 4500 1b and 70 psi in this éxamp]e,*
in order to-calculate stresses and strains under sne tire plus using the
supérposition influence of the other tire 13 inches horizontally ‘distant.

The three z's in this example are: 0 inches in order to calculate surface

~ deflection (as an optidna1 choice), 9.6 inches in order to calculate the

{

* Note: The Chevron 5-L program was run with .tire pressures of 80 psi in the

base thickness comparisons of this sectijon D: 80 psi is perhaps better

than 70 psi, but it is a variable.
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stresses and strains at the bottom "fiber" of the asphalt concrete, and
27.6 inches in order to calculate the stresses and strains on top of the
subgrade.

The computer typewriter will first print a display of the problem
parameters, followed by a computation pause, and'finally followed by the
computational output display. |

Using the example output of Table 10, the following criteria can be
determined (in addition to others not listed below), and then compared to
the specified allowable criteria for the base thickness assumed:

1. Surface Deflection: 1.461 x 1072 + 1.141 x 1072 = .026 in.

(The computer prints "SLOW" for z = 0 because of slow convergence
of elastic relationship at z = 0).
- 2. Tensile Stress at Bottom of Asphalt Concrete:

4.652 x 10! + 6.450 = 53 psi

(Note:' the computer prints two z depths: -9.6 and 9.6 inches.
The -9.6 inch depth denoting a depth just in the Tower "fiber"
of asphalt concrete and not in the base).

3. Tensile Strain at Bottom of Asphalt Concrete:

The radial strain is used at -9.6 inches depth.

5 4 2.315 x 10°° 6

7.964 x 10~ = 81.96'x 10", or 82 ue.

This va]ué is compared to the allowable asphalt-concrete tensile
strain (eg. Figure 34) in order to provide adequate fatigue 1ife
for the design number of 18-kip single axle repetitions.

4. \Vertical Strain on the Subgrade

The vertical strain on the subgrade needs to be calculated from

“the stkain output display at the z depfh éorresponding to the
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top of the subgrade.* For this example in Table 10, the z = 27.6

inches. (not z = -27.6).

(-4.151 x 107°) - (6.665 x 107 + 6.665 x 107°) +
(-3.095 x 1075) - (6.143 x 1072 + 4.770 x 107°)
= -31.489 x 1075 = -314.89 x 1070, or - 315 pe.

The negative sign means compression.
The value is compared to the allowable vertical strain on
the subgrade (eg. Figure 35) in order to provide minimum acceptable

rutting for the design number of 18-kip single axle repetitions.

Iteration of Chevron 5-|:

Any calculated design criterion from the program output can be compared

to a spicified allowable criterion. If the ca1cu1ated criterion is less

“than the allowable, for example, base thickness (or whatever) can be re-

duced and a-second run performed with the new subgrade MR compatible to
0403 in the subgrade. This procedure is repeated until the layer thickness
becomes thé minimym acceptable.**

“In this project, both tensile strain in a.c. and vertical strain on

the subgrades were used as design criteria. A usual procedure would be

~to accept the minimum 1ayer~thicknéss design (based on an economical layer

*

combination) that would satisfy both design criteria.

*Note: Bulk strain - (tangential strain + radial strain), calculate for
v =0and r = 13, and sum algebraically (this is the same relation-
ship as the "multiplied out" relationship shown previously in
Section D).

. _

Note: If the calculated criterion is greater than the allowable, then
layer thicknesses need to be increased for the second run, at
least. ' : '
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It is necessary to use a MR VS. 04-03 graph for the subgrade soil as

well as a table of depths and 0403 (eg. Table 7) in order to enter a sub-

grade MR parameter that is compatible to the 0403 existing for the new

trial layer(s) depth in each new run.

Flexibility of the Computer Programs

1; Odemark 1 and Ontmode

Almost any type and quality of surface layer can be used, eg. asphalt
emulsion concrete, etc.{ as long as the spegified.MR and thickness for this
layer is used. The thickness of this layer can also be varied, but a new
run is required for each variable.

The cbmputed base thickness is in terms of unt}eated quality granular
material. Structural edUivalencies‘can then be used to determine thicknesses
of treated base materials. | |

- Fuli-depth asphalt concrete thicknesses can be determined by making

‘computer runs with anwn asphalt concrete MR and trial thicknesses until

the base thickness finally is computed as 0 inches.
For the above, a maximum surface deflection needs to be specified, ie. -

Benkelman Beam Rebound (Canadian or simi]ak)..

2. Chevron 5-lLayer

The flexibility of the Odemérk 1 and'Ontmode programs also apply to
the Chevron 5-L. In a&ditibn, the Chevron 5-L can accommodate two addi-
tional pavement Tayers, eg. the ihvestigation of asphalt concrete sur-
facing which has a different MR and Poisson's Ratio than the asphalt con-
crete Tower layer(s) with the addition of a treated or nontreated base

Tayer(s) on the subgrade..
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More variation of design criteria can be used with Chevron 5-L be-

- cause of ifs stress-strain output. Besides the strain criteria example

previously shown, for example, allowable tensile spiit strengths for the
pavement can be compared to the calculated tensile stresses at the bottom

of the critical layer(s).




SECTION E

RECOMMENDATIONS AND REFERENCES

The results of this project indicate that the fine-grained subgrade
sbi]s tested at the Idaho R-va]ue_water contents and densities give
resiliencies, ie. resilient moduli (MR), that, when used with the elastic
1ayéred computational methods and reasonable design criteria, produce
base thickness requirements which can be larger than the requirements
from the Idaho R-value method. Especiaily for the lower plastic, fine-
grained soils, the thicknesses appear greater for the MR method and,
unfortunately, would result in greater pavement costs. However, since
resi]iency methods using MR are relatively new, their adaption for‘pave—
ment thickness design would first require careful correlation to test
pavement performance in the State in order to evaluate their accuracy and
acceptability to warrant the additional costs related to them. Additional
costs result from the more elaborate laboratory testing and probable
thicker sections that are stipulated. These costs may be offsét, however,
by more accurate thickness.designs and evaluation of éontemp]ated pavement
materials and could, on occasions, also give lower thicknesses for some |
of the coarser materials as compared‘to the Idaho R-value method. Accord-
ingly, it is suggested that the fo]]owing_cou]d be some of the research'
and implementation topics that could be pursued by the Divfsion of_High-
ways: | | |

1. Develop laboratory test fahiTarity with the Mp device sent to the

Boise Laboratory, and put a computational program on the State computer,
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such as Chevron 5-L, for terminal usage'from the Boise Labofatory.

2. Obtain MR data qh Idaho subgrade soils and determine locations
where pavement thickness requirements by MR are greater or Tlower than
with the Idaho R-value method.

An evaluation of the design water content and density for MR subgrade
soil speciméns needs to be made if it is thought that resiliency design
should be done with water contents and densities different than determined
by Idaho R-value.

Also, to supplement phis step, Idaho wouid need to determine the

kind of design criteria to be used: vertical strain on subgrade, tensile

strain in asphalt concrete, surface deflection, etc. (Nationally, the

strain criteria are currently popular, perhaps more rational than the sur-
face def]ectfon, but surface deflection is also being used.) |

3. Evaluate the field performance results of pavements designed By
MR and elastic layer Eomputation from other recent agency experience, such
as Colorado, Il11inois, Minnesota, Asphalt Institute, etc.

4, Determfne if a "resi]iency factor" can be épp]ied (from MR test
data on subgrade soils) to R-values so that the Idaho R-value thickness
design method is modified to produce more desired results for certain
troub]esdhe fine-grained soils, and if this factor has promise as an iterim
procedure.

5. Determine.if the thickness requirement using MR and elastic layer
computation is a better overall procedure than the Idaho R-value method and
it the computational effort can be reduced by nomographs or graphs such
as included in the newest edition of rational thickness design printed by
the Asphalt Institute.

Some pavements with test sections coﬂ]d be constructed around the




100

State designed by both Idaho R-value and MR methods, where the MR method
section involves about 1000 ft. of pavement. Traffic accumulation, pave-
ment deflection, and current serviceability index, would need to be care-
fully and continuously monitored over the years of accumulated traffic to
the design traffic value in order to ascertain the advantages and dis-
advantages of the probab]e additional costs of thé thicker MR sections.

6. Supplemental to above, the 1abokatory MQ dévice could be modified
to be more versatile. For example, a Statham gage horizontal displacement
yoke couia be made so that 4 inch x 2.5 inch laboratory specimens of

asphalt concrete and other cohesive materials could be tested in the

~device by indirect tension to find their MR' The advantage would be that

the MR device would be capable of MR determination for all kinds of pave-

ment materials.

The University of Idaho would be happy te assist in most of the above

recommendations as part of its graduate program when it appears to the

Division of Highways that the type-of task can best be accomplished at

U. of Idaho as a supplement to the larger, overall project at the Division

of Highways or the Transportation Department.
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