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c. CRANLAY, developed by the Commonwealth Scientific and Indus-
trial Research Organizution.3

Although only the BISTRO program in its original version will compute
the response parameters for multiple-wheel loadings, a number of
adaptions of the CHEVRON program have been aeveloped for multiple-wheel
loadings. One such version developed at the U. S. Army Engineer Vater—
ways Experiment Station (WES) was used in the development of this design

procedure.
PAVEMENT RUTTING

In the design procedure, rutting is considered to occur in the
subgrade and is controlled by limiting the value of the vertical com-
pressive strain at the top of the subgrade. This assumption implies
that the structural layers above the subgrade will be constructed such
that only negligible rutting will occur within them. The limiting sub-
grade strain criteria must be applied to the design of all three types

of flexible pavement.
CRACKING OF SURFACE COURSE

The design procedure treats only the load-associated cracking of
the bituminous concrete surface course. This, type of cracking is
treated as being the result of repeated flexural stresses and is con-
trolled by limiting the horizontal tensile strain at the bottom of the
surface course. The horizontal tensile strain in this layer is highly
dependent on its thickness and on the modulus of the layer immediately
beneath it. In order to minimize the required thickness of ilis layer,
the highest possible modulus should be specified for the underlying
layer. Present indications are thai, for pavements having the minimum
surface course thickness specified by FAA and CE criteria and having
base course modulus values greater than approximately 70,000 psi, fatigue
cracking of the surface course should not be a problem. For all but con-
ventional flexible pavements, it would be rare that the horizontal ten-
sile strain of the surface course would control, as illustrated by the

design procedure presented in Izatt, Lettier, and Taylor.1 The sources
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Figure B2. CRREL freezing cabinet (from Kapla.r“‘)

specimen. This material is preferable to polystyrene foam beads because
of the clinging nature of statically charged foam beads.

9. A thermoelectric cooling unit (Peltier battery) has been used
at the University of New Hampshire as an alternative to freezing cabi-
nets. This unit, which provides unidirectional freezing and thawing,
is described by Leary et a.l.m) Figure B3 shows a cross section of the
unit. (The Lucite rings shown in the figure should be replaced with
the tapered Plexiglas mold as previousl, described.) All of the
freezing cylinder except for the upper surface is fully encased in rigid
foam insulation. The Peltier battery is placed on a cold plate in di-
rect contact with the upper surface of the specimen. The thermoelectric
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letting the specimen consolidate. When consolidation
is completed, close the drainage lines end permit no

further consolidation under applications of deviator

stress.

€. Apply 200 repetitions of a deviator stress giving a
principul stress ratio of 2. Stop the loading. Apply
200 repetitions, successively, of deviator stresses
giving principal stress ratios of 4 and 6. Stop the
loading. Reduce the confining pressure to zero, and
dismantle the triaxiel cell. Remove the LVDT's and
load cell. Use the entire specimen for the purpose

of determining the moisture ccatent. o

The results of these resilience tests can be presented in the form of
a summary table, such as Table B2, and graphically as shown in Fig-
ure B8,

COHESIONLESS SOILS AND CLEAN

GRANULAR BASE COURSE MATERIALS

27. The resilient modulus MR of cohesionless soils ahd granu-
lar base materials is dependent upon the magnitude of the confining
pressure 03 and varies only slightly with changes in the magnitude of
the repeated axial stress. Therefore, it is necessary to test cohe-
sionless soils and granular materials over the range of confining
stresses expected to exist in the pavement substructure. (The con-
fining pressure is equal to the chamber pressﬁre for dry and wet
specimens and is equal to the chamber pressure less the initial back
pressure, if any, for saturated specimens.) Accordingly, confining .
pressures of 1, 2, 4, 10, and 20 psi are suggested. A%t each confining
pressure, tests should be performed at three values of deviator stress
corresponding to 1-, 3-, and 5-fold multiples of the confining pressure,
giving principel ciress ratios of 2, 4, and 6.

28. The procedures for Series I tests are as follows:

&. Close all drainage lines and apply a confining stress -
03 of 1 psi. ©Set the axial load generator to apply a
deviator stress of 1 psi (i.e., a stress ratio 01/03
equal to 2), Activate the load generator and apply
200 repetitions of this load. Stop the loading.

o

Increase 03 to 2 psi (no drainage permitted) and set
the axial load generator to apply a deviator stress of
2 psi (i.e., maintain a stress ratio of 2). Activate

110
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€. Recording equipment for monitoring deflection, strain,
and load.

f. Miscellaneous pins and yokes, as described in the equip-
ment setup below, for mounting the LVDT's.

EQUIPMENT SETUP

L. Details of the equipment setup are shown in Figures H1-H3.
The beam should be positioned so that the molding laminations are hori-
zontal. The three yokes are positioned over the top of the beam and
held in place by threaded pins positioned along the neutral axis. The
end pins, Pins A and C, are positioned directly over the end reaction
points, and the middle pin, Pin B, is positioned at the center of the
beam. A metal bar rests on top of the pins. At the A position, the
bar is equipped with a lower vertical tab having a hole that slips
loosely over the pin. A nut is placed on the end of the pin %o prevent
the bar from slipping. At the center or B position, the bar is equipped
with a vertical tab onto which an LVDT is cemented in a vertical posi-
tion. At this position on the bar, there is a hole through which the
LVDT core pin falls to rest on the B Pin. This pin must be fabricated
with flat sides on the shaft to provide a horizontal surface on which
the LVDT core pin rests. At the C position, the end of the bar simply
rests on the unthreaded portion of the C pin. A nut is placed on the
end of the C pin to prevent excessive side movement of the bar end.
This type of bar, pin, and LVDT arrangement is provided on both sides
of the beam. Although no dimensions are provided in Figures H1-HR,
this type of equipment can easily be dimensioned and fabricated to fit
any size beam. Either steel or aluminuﬁ may be used. The beam should
be positioned and arranged to accommodate third-point loading as indi-
cated in Figure H2. As the beam bends under loading, deflection at the
center is measured by determining the movement of the LVDT stems from
their original positions. The LVDT's are connected to the monitoring
system to give an average deflection reading. Since it is also desired
to determine the maximum tensile strain of the beam under loading, an
SR-4 strain gage should be attached to the lower beam surface with

€poxy or some other suitable cement and should also be connected to the

152







dnjss quswdnbs o sTreysq *2y 2un3 Ty

SNid 3A1323¥ 01
“ON3 3LISO4dO NO LNN FAIFI3Y 0L  G3ddvi ANV C377180 SITOH T7v-
Q3QV3I¥HL ANV ONJ 3 LNIOd NO ) -
INOA L1 OL A3AYIYHL NId
(O % ¥ SNId) SON3 HL08
TRl Y NId

@D e =

EX

NO 153¥ 01 Pl
NId 3402 10A7 404 3DV4¥NS LV14 Nid LAAT 304 310H ﬁ -
3QIAO¥d OL NCILD3IS SSOND J¥VNOS
L14VHS 40 ¥3IANIVWIY “2:10A ¥3LN3D
114 OL Q3AVI¥HL NId ¥3LN3D \ﬂn“.ﬂ.s-

$3dIS HLO8 NO Q3LNNOW LQAT] —®— )
\
O Nid
© S \

\
15



















T it i PR Sp—

pressure system with similar loading capabilities is also suitable.
Third-point loading, i.e., loads applied at distances of L/3 from the
reaction points, produces an approximately constant bending moment over
the center 4 in. of a 15-in.-long beam specimen with widths and depths
not exceeding 3 in. A sufficient load, approximately 10 percent of the
load deflecting the beam upward, is applied in the oppeosite direction
forcing the beam to return to its original horizontal position and
holding it at that position during the rest period. Adjustable stop
nuts installed on the flexure apparatus loading rod prevent the beam
from bending below the initial horizontal position during the rest
period.

5. The dynamic deflection of the beam's center is measured with
a linear variable differential transformer (LVDT). An LVDT that has been
found suitable for this purpose is the Shaevitz type 100 M-L. The LVDT
core is attached to a nut bonded with epoxy cement to the center of the
specimen. Outputs of the LVDT and the electrohydraulic testing
machine's load cell, through which loads are applied and controlled,
can be fed to any suitable recorder. The repeated flexure apparatus
is enclosed in a controlled-temperature cabinet capable of controlling

temperatures within * 1/2° F. A Missimer's model 100 x 500 CO, plug-in

2
temperature conditioner has been found to provide suitable temperature

control.

SPECIMEN PREPARATION

6. Beam specimens 15 in. long with 3-1/2 in. depths and 3-1/L-in.
widths are prepared according to American Society for Testing and Mate-
rials (ASTM) Method D 3202.26 If there is undue movement of the mixture
under the compactor foot during beam compaction, the temperature, foot
pressure, and number of tamping blows should be reduced. Similar modi-
fications to compaction procedures should be made if specimens with less
density are desired. A diamond-blade masonry saw is used to cut 3-in.
or slightly less deep by 3-in. or slightly less wide test specimens from
the 15-in.-long beams. Specimens with suitable dimensions can also be

cut from pavement samples. The widths and depths of the specimens are

161
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INPUT GUIDE

8.
b.

!

stresses and strains to the gear coordinete system, and superimposes the
response parameters for the different tires. The particular system for
computing pavement response parameters for multiple-wheel gears was devel-
oped as an economical means for determining tue response parameters at a
large number of points for a given depth. The economy of the procedure
over other procedures is realized when the number of computational pcints
at a given depth times the number of tires in a gear is ten or greater and

increases as the number of tires and/or computational points increases.

3. The following are general notes on the input guide:

All data are input in a floating point format of F10.0.

It should be noted that when a multiple-wheel gear is to
be input it is necessary to input a zero for the number
of radial offsets. This is necessary because the radiel
cffsets are preset in the program for establishing the
function relating the response parameters to offset dis-
tances. For this case, the input table for inputting
the radiel offsets is bypassed.

For a single-wheel gear problem, the response parameters
may be computed for up to 99 different depths (each inter-
face will be considered as 2 depths). For a multiple-
wheel gear problem, the number of depths is limited to 15
(again, each interface is considered 2 depths). If the
alloweble number of depths is exceeded, the program will
terminate.

The input guide is listed in Tables J1-J1L, and each table
represents a specific load statement, All protlems must
start with the word START in the first five columns of
the first card. The word END in the first three columns
terminates the run and is used to end the run after all
problems have been completed.
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EXAMPLE COMPUTATION
INPUT

Se 'lb‘ illustrate the use of the program, response parameters will
be computed for the idealized pavement section shown in Figure J1, The

-
DEPTH
IN.
0
E = 200,000 PS!I (FOR COMPUTING CJ. v=0.5 &
STFNIE ST E = 1,200,000 PSI (FOR COMPUTING G.). v=0.5
5
BASE COURSE E = 66,000 PSI, v=0.3
16
E =31,000 PSI, v = 0.3
22 ———————————————
SUBBASE COURSE E = 24,500 PSI, v = 0.3
2B e e o —— —— ——
E = 16,300 PSI, v = 0.3
O g el HRE

SUBGRADE E =9,000 PSI, ¥=0.4

Figure Jl, Idealized pavement section

gross aircraft loading is 200,000 1b on a dual~-tandem assembly having a 21-
by 46-in. spacing and a 160-psi tire contact pressure. The gear coordinate
system shown in Figure J2 is the reference coordinate system. For the

(=10.8", 29 O oS, as

-l

el

o o O O -t

Figure J2. Geer coordinates and guide
for computational points

computational points, a grid is used which encompasses one quadrant from
the origin to the tire. The computational points are the intersections of

v ‘!. o

—
L Lo YR
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DEPTH, IN.

BITUMINOUS CONCRETE
SURFACE COURSE
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BASE COURSE
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SUBBASE COURSE

33

SUBGRADE

234

MODULUS, PSI

POISSON'S RATIO

E, VARIES

E, = 77,000
E3 = 57,000
E, = 31,000
Ee = 24,500
Eg = 16,400
E, = 9,000

¥y = 0.3 0R 0.5

vV, =0.3
V3 = 0.3
Vg =0.2
Vg =73
Vg = 0.3
vy =0.45

Figure K13, Estimated 39-in. conventicnal flexible pavement section
with 9-in. bituminous concrete surface course
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Table Kk

Bituminous Concrete Moduli for Each Month
For ABC Pavement Design Based on Bituminous Concrete Strain

Average

A < Dynamic
Dally.Mean Design Modulus
Air Pavement *‘
Temperature Temperature |E
3
Month °F °F 10~ psi
Jen 47.5 5k 1600
Feb 50.7 2 f 1400
Mar 58.0 6L 1060
Apr 66.1 T2 T00
May 13:3 80 L60
Jun 80.5 88 280
Jul 83.1 91 230
Aug 82.7 91 230
Sep 7.3 85 3k0
Oct 672 73 670
Nov 56.2 61 1200
Dec 49,3 56 1500
Table K5

Bituminous Concrete Moduli for Each Month
For ABC Pavement Design Based on Subgrade Strain

Average Average 5

Daily Mean Daily Design gﬁgﬁ?ﬁ:
Air Maximum Air Design Air Pavement IE*l

Temperature  Temperature Temperature Temperature 3

Month oF oF OF - 10~ psi
Jan 47.5 56.4 52 5T 1400
Feb 50T 60.1 59 62 1150
Mar 58.0 68.0 63 70 T90
Apr 66.1 76.0 1 T7 54O
May 73.3 83.2 T8 86 320
Jun 80.5 90.4 85 95 180
Jul 83.1 92.9 88 97 160
Aug 82.7 92.8 88 97 160
Sep 7.3 87.4 82 91 230
Oct 67.2 78.1 73 82 Loo
Nov 56.2 66.L 61 69 830
Dec 49.3 58.3 5k 61 1200
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