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arrived at indicates the design curve to be
used. As conditions vary thruout a given pro-
ject changes from one curve to another may be
necessary. 4 study of the soll profile will

show just how the preliminary design is develop-
ed.

The design is then reviewed with the con-
struction engineer and if deemed necessary
thickness of base courses may be increased.
Rarely however, is the design reduced. If Fe-
deral funds are involved on the project the de-
sign is finally reviewed by a representative of
the Public Roads Administration before being
turned over to the plans division.

CONSTRUCTION DESIGN

More often than not, projects as awarded
in this State include grading, subbase, base
and surface course. In order for the plans di-
vision to arrive at proper quantities of mate-
rials as well as to insure correct grade widths

for the total surfacing sections it is, of course,

necessary to predicate the design on preliminary
samples of the soil to be used in the grade.

Due to unavoidable blending of soils on
actual construction a3 well as to some unfor-
seen Jjob conditions that develop changes in the
preliminary design are sometimes necessary. Usu-
ally such changes are not sufficient to cause
any difficulty as regards width of finished sur-
face and even if so, changes in the grade width
can be made if the necessary design change is
recognized before construction has progressed
too far. Samples of the finished grade are sud
mitted as construction proceeds. These samples
are taken for every apparent soil change thru-
out the project. Classification tests and Cali-
fornia Bearing Ratios are rerun and changes in
the preliminary design are made where necessary.
The engineer is kept fully informed of such
changes.

CONCLUSIONS

The design proceedure makes use of well
established data relative to the supporting va-

lue of the soils used in construction to which
has been added a method of evaluating job con-
ditions. It 1s, of course, based on the assump-
tion that the grade has been compacted to at
least 95% of A.A.S.H.O. density. With proper
control of moisture and rolling this degree of
compaction can readily be secured. The- sheeps-
foot roller unit used, and paid for by the unit
hour, consists of a double drum having a total
width of 10 feet and a ground pressure of 325
pounds per square inch.

The method 1s particularly adspted to la-
boratory control of design in that the prelimin-
ary design can be worked out previous to con-
struction and readily corrected wherever neces-
sary as construction progresses. As has been
stated the assigned values in the Supplemental
Data table are emperical and as further expe-
rience is gained changes in these values may
be indicated. The thoroughness of the field en-
gineer in furnishing information on job con-~
ditions is, of course, very essential if the
resulting design is to be reasonably accurate.
This design is a decided improvement over any
previously used in this State but with the in-
terest that is being shown in the matter of de-
sign it is reasonable to expect that new and
better methods will be evolved which may result
in a complete change in proceedure.
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EANSAS TRTIAXTAT METHOD OF FLEXTBLE PAVEMENT DESIGN x)

State Highway Commission of Kansas

The triaxial compression test provides
lateral support to a specimen while it is sub-
jected to a vertical load. Vater is expelled
during the progress of the test, simulating
field conditions. The stress coincident with
strain is obtained at regular intervals.This
data is used for determining the thickness of
flexible pavement required, using the modulus
of deformation., Proven formulas are correlated
with service records of specific conditions.
Variables affecting design are traffic,climate
and materials involved. All conditions existing
on each project are evaluated. The frequency of
sampling depends upon the topography. Prelimin-
ary investigation is made to determine the lo-
cations to be sampled. Usually an average of
three samples per mile are obtained on most pro-
jects in Kansas.

Subgrade soils are tested preferably with

their natural or existing structures in an un-
disturbed condition; they may be molded for es-
timating purposes. Undisturbed samples are ob-
tained by forcing a sampler into the subgrade
and pulling it out with the sample contained
therein. These samples are packed in damp saw
dust in boxes or in galvanized metal cans, using
a material similar to the sasmple for packing.
These cans are sealed with adhesive tape.

X) A complete report on this method of
design was published in September 1947
as Bulletin Number 8, Highway Research
Board, Netional Research Council, Nat-
ional Academy of Sciences, 2102 Con-
stitution Avenue, Washington 25, D.C.
The title is "Design of Flexible
Paveqent Using the Triaxial Compression
Test".
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PREPARATION OF SPECIMEN

An undisturbed sample is removed from the
container and the metal liner removed from
around the specimen. The sample is usually ap-
proximately 6 inches in diameter and 10 inches
in height. A specimen 2.8 inches in diameter by
8 inches in height is cut with knives and wire
saws. Highly plastic clays having high moisture
content are more readily cut with a wire saw
whereas most other materials, and those in a
drier condition, are more readily cut with
knives. A cutting tool having inside dimensions
equivalent to that desired for the specimen
enables the operator more easily to obtain a
gpecimen of the proper dimensions and shape.

The specimzen is encased in a rubber sleeve and
put on a base plate. Che base plate is connec-
ted to a water supply for saturation. Vacuum is
applied through a sample cap placed on the top
of the specimen. Saturation is obtained by pul-
ling water upwards through the specimen until

it collects in the water trap provided in the
section line. A multiple unit saturator upon
which 16 specimens may be saturated simultaneous
ly allows the prodiction of an average of one
test per hour. Jpecimens of disturbed material 3 .
may be prepared in a mold using either a static Triaxial equipuent assembled for test.
load or a compaction hammer. FIG.1

ilaterial for molding may be in a saturated
condition or it may be at a lower water content
and subsequently saturated.

T~ Thicknem of Mat (C.* IS000 p» )} Reguired (incher)
CONDUCT OF TEST3 — 4
0 3 0 [ BB 3 L) k) | T ']

When a specimnen has been conditioned for ?”
testing, it is placed in a compression chamber. L
A plastic cylinder such as lucite permits the 30 =
specimen to be seen during the conduct of the
test. Glyserin is used around the specimen in [Ty 7
the compression chamber to provide lateral sup- =
port. In Kansas, 20 psi horizontal pressure is
used in testing specimens for flexible pavement
design. Load is applied at a rate of strain of
0.005 inch per minute on small specimens and C.Ol
inch per minute on large specimens. lLarge spe-
cimens 5 inches in dismeter by 14 inches in
height are prepared from materials having a max- 717
imum size greater than 3/8 inch. Vertical dial o ;
readings, time, vertical load and pipette read-
ings are taken at regular intervals of deforma- o = = -+
tion. The test is continued until the desired C-Madulus of Dafarmatian of Subgrade in Theusonds (54 1)
data has been obtained, usually for 0.2 inch de- THICKNESS™CHART. for Sni=ii0 5 SRADAEA
formation after the load begins to increase at
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its most rapid rate for the test. FIG. 2
APPLICATION Of TEST DATA .
T = Thicaness of Mot C,* 15000 23+ ) Reguirea (inches)

The method of applying test data used in ‘@ _ xa m o . 5. 3 s : {0
L{ansa,s follows a modification of the formula pre- s R R L Y N 3 2 T
sented by Palmer and Barber in "Proceedings", ™ § o, . 0. 876 3 1 3 z ¢ o
Highway Research Board, Vol.20 (1940). This §F—e 0878 3.4 3 § L2
modified formula is applicable to single wheel i =
loads and is as follows: ”_' A T R I,

t
Vzpm@ 5 = e
T - ) - ¢ - .
(ZKCS :SFMZZ = ]
< )
Where: é 2 i : T
T = Thickness required ed T 1T T 1
Cp= Modulus of deformation of pavement or sur- = A T

face course - - — A S — O
C = Modulus of deformation of subgrade or sub- L o L S 5 e .

base P S -
P = Base wheel load —EF= -

m = Traffic coefficient based on volume of 0 f e - [~ : -

traffic Cf:fc,;‘r:l[ ;es D.(:}:v:ﬂa;nn'or;c snu':a: ga. mS ?"sul'elﬁnac'h‘ b

n = Saturation coefficient based on rainfall ;
a = Hadius of area of tire contact correspond-

ing to Pm FIG. 3
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S = Permitted deflection of surface

T- Thickness af Mat (G, : .3,000 pi] Requirad (mchas) When the load is applied by dual -.vhee}s,
g T wl s 0 TR g s H H LG the effective radius of tire contact area 1is
3,30 20015, £o10 20 T H 2 T L not easily deterained. This difficulty is over
» §20|5“ 0 826 3 4 3 2 [l Q

) 8768 4 ¥ & Vi == = come by computing the stresses imposed by each
s - = tire separately and deriving charts.

s0 A Traffic coefficients. A state law in iansas
N S 3 - and laws 1n many otner states) limits vehicles
= . to an 18,000 pound axle loail. This results in
T a maxiaum wheel load of 9,000 pounds, usually
1 71/ | carried on dual tires. Ordinarily rigid pave-
. LAAA I | ments are designed for highways with less hea-
> : ' I vy traffic. The percentage of vehicles carry-
| ing maximum loads as related to the total num-
i == ! ber of vehicles is fairly constant over nost
; s = | 1 of the state's highways. lhe variation affect-
77 Hleai 4 | ing design occurs mostly in the total voluame
| | { of traffic. Coefficisnts have been deternined
’ - . - according to the volume of traffic, shown in
1 l == Table 1.
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C-Modulus of Deformation of Subgrade i Thousawds (p i) .I.‘ABLJ‘..; _];

E n=08, S=01ln —_— Sv-— n
R T i g Traffic 7heel Load lotal Iraffic
FIG.4 Coeificient " Ppa" {(Yehicles
] 't (1vs.) per day)

1 9,000 1500 - up
T~ Thicknass of Mat (C,= 15,000 p s..] Raquired (inchas) 5/ 6 7,500 200 - 1500
L T T A S 2/3 6,000 330 - 300
§2.58... 9,81 ¢ 8 ¢ ° £ L 9 1/2 4,500 50 - 330
"§{ ®5_ 0. 87¢ 3 ¢ 3 3 )
jo0_oeTe 3 ¢ 3 2 K] darea of Uontact
T : Dual wheel loads are trancmitted L) the
¥ { -+ pavement as one-hali the vheel loald on sach of
- tu> tirez. (he area of contact for cach of thnese
5 tires is detsreined from actual tire contact
7 data. For use in calculations, this area ix
A= ! considered ejuivalent to a circle of the sanme
LY | area.
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LIV ) Saturation Joefficients
/ Jervice racoris of highwvays which have

- been under traffic ©>r a nuuber of years wvere
- studied to arrive at valucs of the saturatitcn
7P coefficients vhich are used in zvaluatins thici-
ness Jf flexible pavements., Valuss ol the satu-
A raticn coefficisnts are based on averase znni-
al rainfall, shown in lable 2.
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C-Modulus of Detormetion of Subgrode in Thousonds (p s.1)

THICKNESS CHART for n=0.7, S+0. inch I'ABLE 2.

saturation Coefficient average annual Jainfall
FIG. 5 --n (Inches)
1.C 35.0 - 45.0
0.9 30.0 - 34,9
T- Thickness of Mal {C_+15000p s i) Rsguirad (Iinchas) 0.8 25.0 - 29.9
¢ 3 0 0.7 20.0 - 24.9
0.6 15.0 - 19.9

9 8 Permitted Deflection

‘ The permitted deflection of the surface is
T Z ‘ 0.1 inch for flexible pavements in Kansas. This
G value was determired from measurements of flex-
A - ible pavements in various conditions anid corre-
B T L e ! lated wxith other values in the formulae,.

\
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Z 1 ! Modulus of Teformation
rAY A A, 0 1 A U . The stress-strain curve obtained from a

i triaxial compression test is used for determin-
ing the moldulus of ieformation of the material
tested for certain conditions of stress. lhe
modulus of deformation is the secant moiul:s
A7 = between the two points on the stress strain
-~ curve limiting the range of stress determined,
" ] or the stress difference divided by the net
o= I T strain.

] B
C-Modulun of Deformation of Subgrade in Thousands (p s.i)

THICKNESS CHART for n=06. S=0. inch. Thickness Rejuired
The thickness of any desir=4 type of sur-
FIG. 6 face course, hase course, or s‘lbbase upon a
subgrade may be deteramined from charts more
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FIG.7

easily than by the use of a formula alone. Fi-
gures 2 to 6 show a set of thickness charts.

Sample Calculations

In order to demonstrate the practical ap-
+lication of the method, a specific example is
given in which a base course and surface course
are to be placed upon a subgrade. Figure 7 giv-
es a stress-strain curve for this subgrade.
Iraffic is expected to increase so that in 10
t0 15 years, it will be approximately %20 ve-
hicles per day on this project. Therefore,from
Table 1 the traffic coefficient m is 2/3. The
average annual rainfall at the location of this
project is 26 inches. The saturation coeffi-
cient n is 0.8 from Table 2. The thickness
chart Tor these coefficients is plotted sepa-
rately in tigure 8. The modulus of deformation
of the subgrade is desired for stress differ-
ences corresponding with the curve of the thick-
ness chart. For a stress difference of 10 pounds
per square inch, the modulus of deformation is
1520 pounds per square.inch and for a stress
difference of 12 p.s.i. the modulus of deforma-
tion if 1460 p.s.i. A line connecting these two
points intersects the curve at "A"™ on figure 8.
A vertical line drawn to the scale at the top
of the chart falls at the poirnt "B". This in-
dicates a thickness of 6 inches of a flexible
pavement having a moijulus of deformation of
15,000 p.s.i. is required over this subgrade.
It is desirable to place a bituminous mat sur-
face course 2 inches thick over a base course
having 2 modulus of deformation of 6,000 p.s.i.
The thickness of base course required is deter-
mined from the following formula:

el
‘here:

tt = thickness of base

test 29565.

course or subbase
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T Thickness of Mat (C‘,-IS,OOO p.s.i.) Required (Inches)
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Thickness chart for m=2/3, n=08, S=0.1 inch

FIG. 8

tg = thickness of flexible pavement required
directly on the subgrade

t_ = thickness of flexible pavement desired in

p the combination

C_. = modulus of deformation of flexible pave-

P ment;

= modulus of deformation of base course or
subbase

Substituting in the formula

15000\
(6 - 2) = 6 inches

t, =
60&3/

t

Therefore the combined design over this
subgrade will be a six-inch base course and a
two-inch bituminous mat.

CONCLU3 [ON

Over 7,000 triaxial compression tests have
been conducted in the 3o0ils Laboratory of the
Kansas Highway Commission during the past seven
years. Jost of these tests have been in connec-
tion with flexible pavement studies. These have
included several hundred tests of samples pro-
cured from highways which have been in service
with flexible pavements for a number of years.
Considerable research has been conducted to
correlate test results with service conditions.
The two coefficients for traffic and rainfall
make this method of design adaptable to many
conditions. rhis method of design is nowx the
basis upon wshich the Fublic Hoads Administra-
tion of the Iederal government approves all pro-
Jjects for flexible pavements in Kansas which
are deemed eligitle for dederal aid. The flex-
ibility of this method of design makes it adapt-
able to other conditions which may be found
elsewehre.
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