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THE PROBLEM AND ITS SCOPE

Turkey in Asia Minor, about 1,000 miles long from east to west and a~
bout 300 miles wide, is a little larger than Texas.l It became a republic
in 1923. With one-eighth of the population and one-tenth of the area of the
United States, it has all-weather roads aggregating less than 1% of the milew
age of similar roads in the United States. It has a populatioen of 21,000,000,
about 50 people per square mile as compared with Ll people per square mile in
the United States.

Predominantly it is an agricultural nation. As lack of adequate highway
facilities is no reflection on the ability of the Turkish nation to visualize
and determine transportation needs, the first objective in transportation was
to finance and build a network of 6,900 kilometers of railroad to handle mass
transport. In the short space of 23 years this was accomplished except for a
few extengsions to be added in due course.

The determination of the Turkish nation to proceed in fulfilling its
highway needs in an orderly manner is both rational and timely. In such a
country of relatively short distances, in modern terms, highways can be built,
bettered, and maintained at low cost. Increased mobility is an economic ne-
cessity; expensive animal transportation can no longer be afforded. Agricule-
tural and industrial developments must not be retarded by lack of'madern high=-
way transportation. Fertile land too far removed from railroads to make prow-
ducts marketable, should be brought into agricultural production by tapping
these regions with farm-to-market highways. Improved highway transportation
will make it possible for farmers to grow wider varieties of products, market-

able ir new trade centers farther from home, and thus will reduce the risk in~

1 H. B. Bilts,"Highway Planning in Turkey’) Proceedings ASCE, February,

1951,



volved in relying on a single crop. Losses in weight of livestock caused by
driving the animals to market could be conserved by trucking, as in the Uni-
ted States. Just as in the case of agriculture, improvements would result in
all economic fields - mining, manufacturing, and fishing - as markets and
sources of the products are brought closer together by better tramspcrtation.

Another ruling factor is that the terrain is umusually difficult. The
approaches to the Amatolian Plateau, at an elevation of about 3,000 ft above
sea level, have made railroad location difficult and costs high.

The 1947 rural road mileage of Turkey was estimated as 41,800 km. This
total is divided into a proposed national system of 20,000 km and 21,800 km
of provincial roads. There are also about 100,000 km of city and village
streets and other rural roads. Although 11,000 km are classified as having
macadam surfaces, inspections have shown that the roads are deficient in width
and are not structurally sound enough te carry the increasing motor traffic.
Likewise most of the bridges are deficient in both width and strength. These
conditions lend themselves to revisions of both line and grade on practically
all the main routes of the systenm.

Total motor vehicles registration in Turkey in 1947 was 12,913 of which
two-thirds represented trucks and busses. In 1947 traffic counts showed that
vehicles were distributed as follows:

TABLE 1
Type %
;niul Drawm 70.7
assenger Automobiles 10.9
Trucks 18.4

100.0
The total traffic per day exceeded 1,000 vehicles at only seven stations
out of 190, whereas the total motor traffic exceeded 500 vehicles per day at
only five stations.



As Table 1 shows, 70.7% of the traffic is animal drawn, iron wheeled
coaches or two wheeled carriages.

The Public Roads Administration of Turkey is just starting to surface
the old or newly constructed macadam roads with the new methods which the U=
nited States is using. Although this problem does not exist in the United
States, other parts of the world must face the problems of iron wheeled, horse
drawn vehicles, The Public Roads Administration of Turkey has heretofore done
nothing concerning this problem. At this stage of highway construction, which
is the initial step in a ten year program, the effects of narrow iron wheel
loads must be taken into consideration and the different pavements in differ-
ent locations of the country be designed accordingly.

Problems of iron wheel loads vary. These are:

l. Contact area is very small when compared with the pneumatic tire.
This is an important factor in designing the thickness of the pavement.

2. Deformation of the flexible pavement under the sharp edged iron
wheel.

3. Contact of two hard surfaces (rim and concrete mat) and its effect
on the joints of rigid pavements.

The purpose of this report is to design satisfactory flexible and rigid
pavements and compare them, making actual laboratory tests under the worst
conditions. This report also describes the physical features of the test, the
testing equipment and also presents the results.

Vertical deformation of the pavement, caused by the passage of a simula-
ted iron wheel load was obtained after each 50 cycles of loading. From these
data pass-strain curves were drawn for each flexible pavement. For rigid
pavements special kinds of joints were constructed to support the worst con-
ditions and t he results were merely observed (not measured) after 500 and
1000 cycles.



The characteristics of materials used either were determined or were al-
ready known. They were given in the test procedures.

The primary purpose of this report is the design of flexible pavements
having high internal friction which can withstand severe conditions without
yielding and shearing.

The secondary objective was perfection of the techmique of operating the
laboratory roller, which had never been used prior to this project.

To make a good comparison, two bituminous concrete pavements and four ce-
ment concrete expansion joints were made and tested in the laboratory under
the heaviest load of 2000 1bs (500 lbs per wheel), smallest dismeter of wheel
of 36 inches, and the smallest width of 2 inches. Thus the conditions imposed

corresponded to the worst conditions which nay be sxpected in practice.









DESCRIPTION COF EQUIPMERT

Referring to figure 1:

Weights: 2 x L0O = 800 1bs
1 x 100 = 100 1bs (Roller, Rims)
1 x 100 = 100 1bs (Axle)
Total 1000 Ibs

1000 1bs of load is half of the maximum actuzl load, 2000 1lbs being the
maximum load on ) wheels. Since the tests were performed on two wheels only
half of this 2000 1lbs of load was needed.

Roller and rims were made from hard steel, weights from cast irom and
boxes were made of plywood (3/h in. thickness) and reinforced om the corners.
The table was hard stecl and about 3 feet in height so that the weights had
enough clearance from the ground shen they were attached to the axle just be-
fore the test was started.

Two jacks were used to lift the weights after each 50 cycles of loading.

Assembly has the following lettered items:

(4) Rims and their attachments.

(B) Axle which rolls freely by gravity. When it was desired to move the
axle to the left (==), it was necessary to hit the heads of jacks on Side 1 with
a hammer slowly as shown in figure 3. This was done by two blows for each head

alternately until the desired position was reached. For the opposite direction




Side 2 must be hii; with the hammer.

{C) Box with its sample pavement which can be slid under the roller al=-
ter raising the axle by jacks, with one man, using two hands, holding A as
high as possible.

(D) Hydrauiic jacks. Clearance betwcen the handles and the table, as
shown in figure 2, seeped to be too gmall. In some instances it became very
difficult to raise the Jacks because of this small clearance. Holes should
be opened on the tszble to increase the vertiecal movements of the handles in
order to operate jacks properly.

(E) Table with its shelves which were made to put sample pavoments on be=-
fore and after using and to support jacks.

(F) Weights. Fach one is 200 lbs.

(@) Weight attackments.

(H) Concrete blocks were used for safety measures.

(I) Long wooden blocks were uged for rcsting the axle and weights when the
asgerbly was not in operation. The main purpose of this was to relieve the
Jacks from pressure. The.se blocks would also prevent the axle from falling all
the way down should it ’Qe me vnbalanced while on the jacks. It was beliewved
that the work could be done morc safely by virtus of their use.

LETHOD OF TEST

Complete outfit is shown in figures 1 and 2. Before the pavement was olid
under the wheels, weights of LOO 1bs. werc attached on each end of the axle and
by the help of two jacks the axle was raised by two persons about L in. for 2
in, of pavement. Then one man raised the rcller while the other slid the box
under it and the roller was left resting on the pavement. The weights were
dropped on the rcller by slowly opening the needle valwes at the sides of Jacks

simultaneously. After this was done the next thing was a simple matter of pulle
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ing the handles by both hands to bring the roller to the first position as
shown in figure L. The axle rolled freely by gravity on the edges of the rol-
ler with this pull. After the first position was reached the handles were
pushed or left free to bring the roller to the second position. This complete
operation was counted as one cycle. Each fifty cycles the penetration of the
wheel on the pavement was measured and the average of four measurcments recorw
ded. Figure 5 shows where these measurements were taken. These passes were
repeated until a sufficient number of measurements were taken to construct a

pass=-penetration curve.
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TEST PROCEDURES

e ey T8 Fram e
_ngh EXEV Bltum;ngus Concrete

Introductory Remarks

By far the majority of the bituminous arterial highways in use at this
time are constructed of asphaltic concrote.l These are the roads that are de-
signed and construetsd to carry the heaviest traffic loads.

At one time, bituminous concrete was not the nost economical bituminous
surfacing materisl for main highway use due Yo a lack of sultsble mixing and
laying equipment. Where large, crushed rock was available, penetration maca-
dam was more economical. But the mocerm portable mixing plant and effective=
ness and speed of the mechanical finisher have contributed substantizlly to a
reduction in cost and the aceeptance of bituminous conecrete pavements over all
other types for primary highways.

Bituminous concrete is a stable mix due {0 the close gradation contrel of
the aggregate as well as the interlocking action of the individual particles.
This interlocking aection of the aggrepates gives high internal friction to the
pavement. It is needed for the most severe conditions, especially to resist
the effect of iron wheel load which is distributed over a very small area.
Desirm

General steps:

1. Determination of aggrsgate prading and calculation of the combination
of coarse aggregate, fine aggregate, and rdneral filler necessary to meet the
governing specifications for grading.© Tsble 2.

2. Preparation ané.moldlnv of mixes containing asphalt conbents on the

1 Barber=Gresne, Bitusinous Construction, Handbook, pp. 113-11k and p. 169

1951.

: 27, Rogers Partln, Some P qdamental Principles in Relation to Asphaltic
Concrete antgbni), ps 22, Volume 1C, November, 194U,
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CCMBINED GRADING OF AGCGRLGATES

5
Lab. No. | & B c Comb. | iia spec,'l
size |9 |5 T%’t 50 [T [ a5 | Gedee [Fores | Tamits
Pass. Ret.
an
1-1/28
1n
3/ 100 | 35]1200] 30200 | 15 | 200 | 200 100
1/2¥ 100 | 55f100| 30f100 [ 15 [ 100 | 97.5 | 95-100
e | |
o |38 | 21|00 30fr00 |15 | 86 | 67.5 | 5560
10 6 |3.3] 98| 30{00 [ 15 | k8.3 k7.5 | ho- 55
ko 3 11.6] sh) 16| 96 ma 32,8 28.5 | 20- 37
80 2 11| 27 8.0 56 | 8. 17.5 17.5 | 10- 25
20 | 1| 3| o z2| ng s2d 6 | w-s




TABLE 3
CHANDLER CRUSHED STONE
Weight of Sample 1515 g.

Size ' R&zgzgzd; % Rotained | # Passing
1-1/2% 0 0 100
1" 0 0 100
3/L* 0 0 100
1/2n 267 17.6 82.L
3/8" 533 35.2 71.6
L 1127 Thoy 25.6
10 - 1325 87.2 12.5
L0 11,26 9l.0 6.0
80 1£6h 96.7 3.3
200 191 98.L 1.6
P 200 2k 1.6
TABLE | TABLE S
COARSE SAND FINE SAND
Gréms : f Grams
| Botainad]| % Retained @ PagsinF Sizel Retained ' 4 Retained| £ Pass.
A 0.8 99.2 L 0 0 100
_ L8 1 9.0 21.0 | 10 1 0.2 99.8
303 | 60 29.6 § ho | 3.5 0.7 99.3
_boT | 99.0 1.0 | 89 10k .0 20.8 79.2
so1 99.8° 0.2 | 200 5.0 | 78.0 25.0
1 0.2 0.2 | p20g 125.0

Weight of Sample 502 g. Weight of Sample 500 g.



DATA ON MOLDED SPECIMERS

()

=

TARLE &
Spe gr'=d=b=c-ab-.a & =% wt. spec. in air
- b = wt. spec. vpar. in air
P ¢ = wte spec. par. in water
o 100 D = Theo. sp. gr. of spec.
b= W
00 = Ya + _jfg R=7% Density = d 160
S G, D <
Gp= 0.9
Gg= 1.00
Asph. | b-a # Density
Cont. FPECe| 4 b C b=c [be-a Gn a D
g  No. P Ind. | Ave,
1 |983.7 J019.0 (532.3 (487.3 |35.9 [39.32| 2.19]| 2.37| 92.5
500 92,5
5.5 | 1 |922.0 1960.0 |516.1 |bh3.9 30.0 h2.2 | 2.29] 2.36| 97.0 96.0
k5.0 |98L.1 519.0 Wi6B.1 139.2 3.5 | 2424 2,36 | 95.0
6.0 1 |951.5 |972.7 |531.2 |bh1.5 (23.2 [25.8 | 2,28 2.34 | 97.h 97.2
2 9h9.5 980.1 530.0 [15S0.1 |28.6 Po.7 | 2.27| 2.34 ] 97.0 |
L |952.0 |989.8 (533.4 k564 |37.6 [0.5 | 2.29 24325 | 98.5
6. 1 [952.0 {989.8 |533.4 105 9. 98.%
2 PL7.0 |978.0 [530.3 [L7.7 |31.0 [33.2 | 2.29 [2.325 | 98.5
7.0 L Phss 1992.9 |533.1 [59.8 |L6.3 Bo.7 | 2.3n) 2031 100.0 99.7
’ 2 [959.6 [012.9 [536.7 176.2 |53.3 Bo.2 | 2.31]2.31]99.5 o
Hvoen Stability
Asphalt Conmtent - 3 5.0 5.5 6.0 6.5 7.0
' Spec. No. 1 2 |1 2 |1 2 1 2 (1 12
Spec. Hbe=in. 125 1.57| 2406|1497 2,031 R.03L| 2.0 |1.97 R.0O
‘Gage Rage at S000f 62.5 54 4945 170.0| 60,0 { 70.0|68.0 |125 | 95
Final Disp.-in. .19 17814179 |16 | «145 | .171{.184 {.181 )1 78
Hveem Stability B5.6 L5 W7.0 |39.7| k6.6 |38 i1 21.3 £8.8
Ave. ivoen Stability  BS.6 hé h3.15 39.5 25.5
Relative Stability 31.0 Li.0 k7.5 3.5 20.0
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low side of t e specification, the high side, the middle, and the quarter
points. For instance, sinee the specific mtlnns define an asphalt content of
from 5 to 7 per cent, specimens were nade with 5.0, 5.5, 6.0, 6.5, and 7.0
per cent by we1ght. Table 6. '

3. Determination oi the speeific gravity of the molded specimen. Table

6.

}\,.9

L. Deternination of stability by the Hvoem Stabilomster. Table 6.

5. Determinaticn of the cptimur asphalt content by use of the data from

2, 3 and he TFizure D.
¥ £

The des -bn‘wab wade mﬁct¢ng hie specifications in the Oklzhoma Highway
Department stencil 411=5, 7=11-l7 for the Type B mix. The asphalt content is
from 5.0 to 7.0 per cent, with grading as shown in Tadle 2.

Haterials

Chandler crushed zione - aggrogeie retained on the Ho. 10 sleve. It was
clean and free from an exeess of dust and it was of reasonably uniform quality
The screen anslysis 1s shown in Tablp-j.

Coarse sand - material passing a Ho. 10 and retained on a Ho. 200 gieve,
It was clean, touch, rough surfapad grains, free f{rom clay, ioam and other for-
eign matters. Screen analysis shown in Table L.

Fine sand - stone dust passed the No. 200 sieve. It consisted of tho-
roughly dry lismestone dust. It was frse from lumps and loosely bonded aggre-
gitions. The screen analysis shown in Table 5.

Asphalt - asphelit cement wsed, manufactured by Anderson Pritchard Corp=
oration. It has 90 penctration.

These naterials conformed to standard Oklahoma Highway Departgent specifie=

cationes.

Sample Caloulation

Specific brav1tj of mix (¢) = 2.26 Table 6
Dencity = 2.26 x 624 = 141 1vs per cu £¢
11 x 27/36 <= 106 1bs per sq yd in.
Volune of Dox = 12 x 18 x 2 = 432 cu in.
L32/1720 = 0.28 cu £t

0.28 ® 141 = 35.3 lbs

35.3 x 5L = 16,000 grams required to £31171 hox
exactly at 965 density

[






TEST RIESULTS
bLeftv Wheel

Averags Vert.

Befornation in,.

chles Line Ho,
) 5 L
2
3
L
= 00,1172/}
102 i
2
3
ko
= 0,160/4
153 1
2
3
b
= 0.2268/L
20k 1
2
3
L
= 0,2733/h
25} 1
2
3
L
= 0.37h6/k
305

0.03125
0.02345
0.03125
0.03125
= 0.0293

0.0459
0.0390
0,0390

0,160
= 0.0410

0,062}
0.062L
0.0547
0.0486
0.2268
2 0.0567

0,0780
0.0780
0.0547
0.0625
| 0.2733
0.0663

15

0.1092
0.1092
0.0761
0.0761
0.0936

0.1092
0.0761
0.0781
0.37L6
0.0935

113

i

i

14

n

Right Wheel

Average Vert.
Deformation in.

0.023L3
0.02313
0.03125
0.01562
0.0937

00937/ = 0,023k

0.,0273h
0.0273k
0.03125
0.03206
0.1250

0.1250/h = 0,0312k

0.0581
0.0703
0.039¢

0.0L86

0.2143

0.2143/L = 0.0536

0.0831
0.00859
0.0L66
0.05L7

0.2706

02706/l = 0.0676

0.0781
0.0751
0.0312
0:0625
0,250

0.25/l = 0,0625

00,0625
00,0761
0.,0625
0.0625
0.2656



L

356

P R SR

FwroHE FwuwiopR

Oe.
= 0.37h6/h = 0.0936

Same as

= 0.328/4 = 0.082

Same as
above

1
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6.0% Asphalt

156,000 x 0.06 = 960 ¢
hzgrecate #1 (16000 - 960) x .55 = 8270 g.
+h 8270 x 0.38 = 3142.5 g
- b 270 = 0.62 = 5127.5 ¢
Agrregate #2 16000 - 960) x n.,q = 1250 ¢
femregate #3 (16000 - 960) x C1E = 2250 g

Discussion of Resulis

Pl

Goscrve tion of figure 7 reveals thét after 300 passes the curves level
off. This mecans that the deformation of the emont was due to compaction
ornly. It ig self-evident that if an appreciable portion of the deformation
had been dus to plastie flow or shear, the curves would not have leveled off
in this manner.

Penetration of 3/L inch is cormonly used as a criterion for complete
failure of a {lexible pavement. In this respect it is highly significant that

the meximun penetration cbtained in the pavement under test was less than 0.1

It is alse a safe conclusion that this experiment was made in the worsi
condition in that the wheels were confined over a two inch width of the pave-
ment for 500 times. In practice this cannot exist. It appears to be a safe
assumption that the wheel pusses would actually be distributed over a path
with a width of at least 20 inches. This reduces the maximum penetration

for 300 passes.
ixamination and test resulls indiceted that z2ll of the deformation was
due to compaction and soms crushing of stone and nod plagtic flow.

Recommendations

1. The gradation of the aggregate is important as it determines, for tle
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mest part, the mechanieal stability of

f the blituninous mix.
2.

96-98 density is necessary.

3.

Sub~base with CBR (Califormia Besring Ratio) at least 60 with good
compactlon.

L. If possible, tough crushed stone will zive better r

oy
o

practice to blend three separate asggregates mad

RS nale up Of

two types of sand one of crushed ctone as in the sample mix under consider-

¥
£

atiocn.

5. The resulte of thiz test show that sulficient shearing resistance will

be present if the Hveem Stobility is at least LB7.
%

T. This is & satiasfactory pavement for withstanding the punishing effect
of iron wheel loads.



<¥]

Sheet Aspholt

Introductory Remarks

Althouzh sheet asphalt surfaces are not ordinarily used on highways be-
cause of their higher cost, it iz general practice to use them in the cities.
Since iron wheeled carbs carmmot be preventod Irom entering the cidties, this
kind of pavement was also tosted under the roller. Another reason for this
testing was purely mechanical. It was felt that some of the defornation obe
tained with the high type asphaltic conerete may have caused erushing in the
large aggregate. Therefore by using sheet asphalt {top size 10 mesh) it was
thought this might be eliminated.

The grading was formulated by the writer and Professor J. Rogers Martin

as sbown in the tebles.

Degign
General Steps
The method of procedure was the same as that gziven for the high type as-
phaltic concrete pavement previously deseribed.
Liaterials
Coarse sand - passing No. 10 and retained Wo. LO laboratory sieves.
It consists of stone sereening, composed of clean, tough, rough surfaeed
grains, free from clay, loam and other foreign matter. Table T.
Fine sand - same meterial used for asphalitic concrete pavement. Table 8.
Winerel filler - passing No. 200 laboratory siewe. It consists of tho=-
roughiy dyy limestone dust. It is free from lumps and locsely bonded aggre-
gations. Table %.
Asphalt - same asphali cement used for asphaltic concrete pavement.
These materials conform to siendard Cklahosnae Highway Department speciiie

cations.



TABLE 7

SCREEN ANALYSIS |
Weight of Sample 1000 g.

Grams

21

Size Retained %4 Retained |% Passing
b 0.0 0.0 100
10 0.0 0.0 100
Lo 676.5 67.65 32.5
80 98L.0 98,40 1.6
200 997.5 99.75 0.25
P 200 2.5
'TABLE 8 TABIE 9
SCRESHN ANALYSIS
Regzzﬁgd Retgined ?zéﬁing éiz;l Beggiggd Retained Pas%ing
0 0 w0 | lj 0 0 100
0 o 100 14 0 0 100
2L7 2447 75.3 L 0 0.0 100
82l s2.n | 17.6] 8] e 29.1 70.9
958 95.8 L2l 20d 835 83.5 16.5
L2 P20q 165

Weight of Sample 1000 g.

Woight of Sample 1

000 g.



TABLIE 10

a = wt, spec. in air

22

b ® wte. spec. par, in air
P ¢ = wt. gpec. par. in water
- - D = Theo. 38p. gre. of spec.
Gp = 0.7 Gy = 1.00 R = (d/D) x 100 = % Density
Asph. |, be. . s
Cont. ‘sﬁic' a b c bec | b-a T; d D % Density
% ’ Ind. Ave,
1 [878.5 |90k.5 | LLL.O | L60.5| 26.0| 28.9| 2.02 2.23| 90.7 ;
7 : 91.0
2 [880.5 |906.0 |Lhh.5 | k61.5] 25.5] 28.34 2.0% 2.23] 91.k
8 ' 92.8
2 1882.5 |906.0 | Lh5.5 | k60.5| 23.5] 26.1] 2.0} 2.20| 92.k
1 |894.5 [922.0 | L4650 U57.01 27.5| 30.6| 2.10 2.18] 96.L g
9 95.7
2 88700 91805 L&SI.L-O héhos 3105 3;-0 2.0” 2018 9500
1 [901,0 {939.0 | b65.0| 47h.0| 38.0| h2.2| 2.09 2.145 97.5
10 97.9
9040 [929.5 | 472.0| 457.5| 25.5| 28.3% 2.11 2.1h3 9$8.3
11 1 |909.0 |937.0 | 477.0| L60.0| 28.0| 31.1] 2.1% 2,12| 100.0 100 )
2 909-0 93805 h??.o hélos 2905 32.6 20143 2012 lOOoO .O
| Hveem Stebility
Asphalt Content -~ % T 8 9 10 11
| Spec. No. 1 21 1| 2 1] 2 1 2 1| 2
Spec. Ht.-in. 2,031 2.06] 2,06] 2,08 2,031 2,061 2.0 2,042 0612 03
Gage Rage at 5000# 123| 12 3121 32 330! 1221 110l 316 110/ ;gd
Final Digp.=in. 159 | L1631 .159] .169 .157] .158] .166] .1L9| .156].153
Hveem Stability 2l | 23.k) 2. 23.9 27.5] 2L.2] 26.2| 27.0027.5(2k.2
Ave. Hveem Stability ‘ - .
Ave. Hveen Stability 237 23.6 25.85 26.6 25,85
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Specification

1 Pass“iﬁg ’
0
#hﬁ
SQ
#200

or

2 Passing

#10
#10
#80
#200

Spec. Limits

90 = 100

50 « 70

30w- 2

2 -1k

Retained

#40
#80
#200
P200

-y

Hid-Point

95
&0
36
12

Per Cent

Lo
2k
24
12

No. 2 was used. In this specification percentages were calculated by

Sauple Calculation

Specific gravity of mix {G) = 2.005
=2, 085 X 62.).& =
= 130 x 27/36 =
Volume of box = 12 x 18 x 2 2 132 en in.
432/1728 = 0.25 cu 7%
0.25 x 130 = 32.5 1lbs
32.5” X J—Lbn‘w =

9.1,‘ 913}1 21t

15000 x 0.091 = 136l

Welight of aggregates

#10 - #o

(15000 - 136L) x

11

ik P a (]
Fho - #8680

OJ1

"
A
&
ASxY

(15000 - 136k) x 0.2 = 3272

#80 = 7200

(15000 = 134L) x 0.2k = 3272 &

17 " + .
7200 passing

(15000 - 136k) x 0.12 = 1637

130 lbs ver cu £t
97.6 1bs per sq yd in.

g

341

B

i8]

taking the diflferences of mid=points of Fo. 1 specilication of each mesh.

Teble 10

1750 grams required to fill box exactly
at 96% density
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TEST RESULTS

- Left Bight
Line Ho. Whaal Wheel
1 0.0781 0.0781
2 0.0938 0.0781
3 - 9.0938 0,0938
' 0.26587 0.2500
=® 02657/ = 0.0663 = 0.25/k = 0.0625
101 i 0.125 0.125
2 0.140 0.125
3 0,156 0.156
= 0.0121/h = 0,105 = 0, hoé/i; = 00,1015
152 1 0.1560 0.1560
2 0.1875 041560
3 - 0.1875 0.1875
| 0.5310 . O.h995
= 0.531/h = 0,133 = 0.1995/lh = 0.125
203 1 0.1875 0.1875
2 0.2190 0.1875
3 0,2030 . 0.2190
- 0.6095 - 0.59L0
0.6095/h = 0,1520 = 0.59/h = 0.1L:85
253 i 0,250 0.219
2 6.280 0.219
3 - 0.280 04250
- - 0.810 0,688
= 0.8/ = 0.202 = 0,668/ = 0.172
30k 1 0.200 0.25
2 0.312 0.25
3 0,312 | 0,28
, 0.90k 0.78
= 0.90L/l = 0.223 = 0,78/ = 0,195
355 1 0,312 0.2800
2 0.375 0,2985
3 O'D?S "}'3120
) 1.062 ' 0. 890;
= 1. 662/L = 0.266 = 0. 8905/1; = 0.223

Definite evidence showed that plastie flow was taking place.
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Discusion of Result

Tt is understood that the deformation which occurred in this test was
plastic deformation. This is the major cause of deformation of the flexible
pavement. It occurs when the vore pressure and other horizontal forces pro-
duced by the lozd are encugh to dis@lace the meterial, As the pere pressure
greatly reduces the frictional resistance of the matefial and also, at the
same time, greatly increases the shearing stresses by acting equally in all
directions, it is the principle cause of lateral displacement and failura
of pavements under dynamic load repetitions. In this case, the paveﬁent
does not return to its original position after the load is removed. Although,
under rapid moving wheel loads, the time of 1oéding ngy not be enough to cause
excessive deformations in a few repetitions, the movement is progressive, and
rutting, cracking and complete failure result after a sufficiently large nume
ber of load repetitions.

Plastic defcrmation is even mofe seriocus as the magnitude of the deflec=-
tion rapidly increases with the wheel load intensity. Disintegraticn of the
pavement socn occurs if its thickness and strength are not sufficient to -
duce to an extremely small amount the plastic deformation resulting from a
single applicstion of a woving wheel load. In addition tc causing rutting,
plastic deformation also causes flexible.pavementé and bases to weave and
crack; thus progressively reducing their strength which in turn increases the
magritude of the deflection. This completes a vicious circle which rapidly
destroys the pavement.

Recommendaticns

1. Either a small excess or deficiency of any zggregate size, or of the
bitumen content, reduces the pavement stability. Therefore great care must
be given to gradation.

2. For colder climates and for little traffic softer asphal£ cement must
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3. It must be used only fér top surface course.
54 The durability of the pavenent is dependent upon the lagying temper=
ature so that it must be controllicd.

T. The use of sheet acphalt iz ropidly declining in favor of asphaltic

concrete, because the latber is much more resistant to heavy tralfic and is,

i+

¢

in general, lese expensive., &b shonld be used only whez it is impossible or

impractical to employ asphsitic concrete.
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High Type Concrete Pavement

Introductor" Remariks

Since concrate pavement is also used in Turkey, it was fellt that we
should maks tests to ascertain, if possible, a neans of reducing the detri-
mentél effect of iron wheel loads at the pavenent Joints as this is the
point at which the major portion of the troubls occuwrs. Wearing starts at
the joints and progresses outward.

Four different joints were congtructed in the hope that one or more
would withstand the iron wheel action.

1. In this joint a2 2% 2 2" hard wooden block {oak) was nped as shown

2. This is an crdinary 3/L in. expansion joint as commonly used on
concrete highways ot the present time.

3. Iron angle is used with dimensions and placements as shown in fig=

ure 10.

L. TNeat cement was used in the other side as indicated in figure 10.

Besign

Requirements
_ Unit Weight
Material Specific Gravity (SSD) (1b per cu £t loose demsity)
Rock 2.58 95
Sand 2.61 105
Cement 3.12 9k

Cement factor - 6.0
Water cement ratio - 6.0 pgals per sack

b/bc - -75

1. Solid volumes of materials

Density of cement = 3.12 x 62.L = 19} 1bs per cu £t
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2.51 x 62.k

2.58 x 62.L

163 1bs per cu £t

Dencsity of sand

162 1lbs per cu ft

1]

Density of rock
Since the cement factor is 6.0, for 1 cu yd batech sacks cf cement -
required.are 6.
6 x 9 = 576 1bs cement
Solid volume of gement = 576/19h = 2.97 cu ft
b/by = cu £t loose rock/cu ft of concrete T 0.75
cu £t loose rock = 0.75 x 95 x 27 = 1922 1bs per cu yd

Solid volume of rock = 1922/162 = 11,88 cu ft

(%2

x 6 = 36 gals of water in the batch
Solid velume of water = 36/7.5 = L.8 cu ft
2697 4 11.88 + L0 = 19465 cu £t
Solid volume of sand = 27 = 19,65 = 7,35 cu £t
2. TWeights of materials in 1 cu yd
Cement - 194 x 2.97 = 576 1bs
Rock - 162 x 11.88 = 1922 1bs
Sand - 163 x 7.35 = 1200 1bs
Water - by voluae
3. Weights to give size of batch designed

Volume of box = 12 x 18 x L = 864 cu in.

Ul
-3
o
N
o
O
=
()
NSt
1

Cenent -

35.557 1bs

Rock - 1922 x 0.OLES

Send - 120C x C.CLlES = 22.Z2 1bs

tsex g PV e -
Weter = 36 x 0.0105 = 0.665 gal
1 galliom = 3705 cu cm



Test Results

In this experiment it was impractical to attempt to obtain numerical
data, Henece the resulis of the tests were jJudged by visual cbservation.

Discussion _g_x: Results

Joint #1 was unsatisfactory as expected. Failure began at 500 cytles
and continued for the rest of the test. However, it was observed that a
portion of the area which became accidentally coated with asphalt from the
joint did not show spalling. This lends strong evidence to the fact that
the asphalt exerts a protective action by a padding effect, and shows ex-
cellent promise as a possible means of reducing or eliminating spalling at
the joints.

Joint #2 showed considerable improvement over Joint #1 in that spalling
occurred only on ome side of the joint and at one edge of the riﬁ. Spalled
area was much smaller than that in Joint #1. |

Joint #3 showed improvement over Joint #2. Like Joint #2 failure oce
curred on only one gide of the joint and ome side of the rim. Spalled area
was considerably smaller than that in Joint #2.

Joint #l performed in an excellent manner. As with Joint #1 both sides
of the joint became coated with asphalt from the joint seal. It is, there-
fore, difficult to say whether the excellent results were obtained by vir-
tue of asphalt coating or the neat cement (water, cement ratio is equal to
5.0).

Recommendations

1. By giving careful attention to proportioning neat cement concrete is
advisable: for experinental purposes until fﬁrther definite results are ob-
tained.

2. Coating the joints thinly for 2 inches on either side with asphsalt



S

take the shoek of two hard surfaces as the test results showed. There-
it could be ussd for erperimental purposcs until further definite re-

ars obtained.
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