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INTRODUCTION
This study is

~or

the purpose of determining the most

economical design for the runways of the Yesilk oy airport
in Istanbul, Turkey.

The discussion will include dif£erent

design methods for the runways and the longitudinal and
transverse joints that will be used in each case to provide
crack control in the runway surfacing.
The city of Istanbul has a population of about one
million.

It is a growing city, being the industrial center

of Turkey, and it also serves as a terminal for transcontinental airway systems.

For these reasons it was decided to

construct a class 4 airport for the city.
Yesilkoy is 28 miles from the center of Istanbul, but
it is the only possible location for the airport because a
site suitable for the construction of an airport do e s not
exist any nearer to the city.
An obsolete airport in Yesilkoy now serving the city

of Istanbul will be abandoned as soon as the new airp ort is
ready.

A

~wo

lane hi ghway and a double track railroad p ro-

vide the communication between Yesilkoy and Ista nbul.
The site selected for the airport lies in th e center of
a level stretch of ground which extends to about 5 miles in
one and 8 miles in the other direction.

The g round slop e s

gently in a N-S direction but the slo pe do e s no t exceed l %.
~he

.

o~

site selected is c a pable of providing for the - expansion
the prop osed airport if this becomes necessary in the

2

future.

Another advantage of the site is the fact that

there are fields available for emergency landings immediately
adjacent to the proppaed landing fields.

This lessens the

danger of serious accidents in landing and in tak ing off.
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AIRCRAFT AND WHEEL LOADS

As stated before the airport und e r consideration is a
class 4 airport.

This airport is to serve a major indus-

trial center and is to be used as a terminal on an airways
system as well.

It is because of these facts that the

airport has to be designed to accomodat e the largest planes
now in use as well as those planned for the immediate future.
In view of the

c.A.A.

epecifioations, the airport must be

designed to accomodate the largest planes that can be expected to come into use in the next 10 year s .
Class 4 airports are being desi gned at the present time
for planes having a gross weight of 74,000 lbs and over, or
having a wing loading (lbs/sq. ft.) times power loading
(lba.jhp) of 230 and over.
Table I was compiled from a study of the largest commercial planes in use.

It is anticipated that a olass 4 airport

like the . one under consideration will not be called u p on to
accomodate any planes heavier than the Lockheed Constitution
(89} in the next 10 years.

The gross weight of this plane

is 184,000 lbs; h owever, the design of the runways have to
be made for a gross weight of 300,000 lbs in order to comp ly
1

with the Civil Aeronautics Administration standards.

This

load, if it is ever applied to the pavement, will be applied

(1} "Airport Design In:formationn, Airport Section Technical
Development Division, Civil Aeronautics Administration,

Washington, D.

c.
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through the wheels of the landing system of a plane.
~anding

The

systems of the largest pla nes must therefore be

investigated.
The Lockheed Constitution is equipped with a tricycle
landing system but this system consists of a g roup of four
wheels for each main wheel and two wheels on the nose.

That is to say the maximum static load, which is 81,500 lbs
(See Fig. I), will act on 4 wheels.

If the weight of the

300,000 lb imaginary plane is assumed to act through the
landing system of the Lockheed Constitution 89 we would have
132,000 lbs acting on each main wheel.

As each main wheel

consists of two dual tires, each dual tire would be subjected to a 66,000 lb load.

It is quite evident that this

assumption would give an underdesi gned pavement that would
fail if subjected to loads of present 140,000 lb planes
that have main wheels consisting of a single dual tire.
In designing the runways for a plane having a gross
weight of 300,000 lbs the load will be assumed to be transfer r ed to the runway through the landing system of the
Boeing Stratocruiser 377.

This type of loading will be used

to assure the greatest possible loading on the runway.

It

will be assumed however that the tires used in the landing
system will consist

o~

38 x 10 tires that have a footprint

area of 500 square inches.
It is assumed that the 300,000 lbs of the gross weight

of the imaginary p1ane which would be acoomodated by this
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airport in the near f uture will have a loading on the main
wheels directly p rop ortional to t he loadi ng p roduced b y the
Boeing Stratocruiser 377.

This would g ive 1 35 ,0 00 lbs on

the Main, and 30,000 lbs on the nose wheels.
There are three

~orces

that act on an airp ort pavement:

Impact, Dynamic and Static loads.

The load that acts on the

pavement when the airplane ·i s standing with its motors dead ,
is the static or g ross load.

When the airplane is station-

ary but its prop ell e r s are op erating at hi gh speeds, or when
the plane is taxiing, landing, or taking off , the dynamic
and

impac~

loads that are p roduced on the p avement are always

less than the static or gross loads.
This is due to the

~act

that when the propellers are

operating, or when the plane is partially airborne, the aerodynamical

~orces

that act on it tend to lift the plane.

This makes the dynamic and impact loads les s critiyal than
the static load.

s-kri(.,

It is because of this fact thatAloads only

were taken into consideration in this desi gn .
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STRESS REPETITIONS ON RUNWAYS
In designing p avements for the runways fatigue under
flexural stress must be considered.

With a given load the

tensile and compressive stresses are equal, but the ultimate strength of concrete in flexure is much less than the
ultimate strength in comp ression.

The f a tigue behavior of

the concrete pavement is therefore very important in the
design of runways when no steel reinforcement is used.
An airport

hour.

c~n

handle only about 30 op erations per

It is an established fact that the maximum daily

traffic is less than ten times the maximum for a peak hour.
This assump tion gives us 300 scheduled operations per day.
As half of these operations will be landings, and the other
half will be take off s, we have 150 operations to be distributed between the three runways.

This gives 100 landings

per runway, if we assume that because of prevailing winds
one runway may have twice its share of scheduled flights.
It is quite evident that not all of the lOO planes will land
on the same spot.
The Civil Aeronautics Administration conducted a test
on this subject.

A highly skilled pilot flying a compara-

tively small plane, which was more maneuverable than a large
~ransport

plane, was able to hit the same spot on a runway

onl• once in a hundred attempts.
This is one repetition of stre ss per da y, or if the life
of the airport is taken as 30 years, 11,000 repitions in a

7

thirty-year life.

From Fig I it is evident that a factor

of safety of 1.60 is required to handle the 11,000 repetitions.
A higher factor of safety will not be used because all
of the planes accomodated by the airport will not be large
ones and because a long time will elapse between repetitions.
When there is a period of recovery between stress applications, the fatigue action is minimized.
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METEOROLOGICAL DATA
The site is located at an average elevation of 35
feet from mean sea level.

The temperature varies between

-15°C and 38°C. (5°F and 10l°F)

There is no visibility

data available on the country adjoining the site.

Bad

visibility however does not occur any oftener than about
3 cfo of the year.
The direction of the wind is:

DIRECTION FROM

1o

OF TIME
6.0

N
NE

34.6

E

10.6

SE

2.1

s

5.3

sw

22.7

w

13.5

NW

3.2

Calm

2.0

Figure II shows a wind rose constructed from the data
given above, and also shows the intensity of the wind.
The rainfall on the site is 29.5 inches per year.
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It can be seen from the wind rose in Figure II t hat
the p revailing winds are in an E-W. N-S and NE direction.
It is t he ref ore suggested t o build three runways parallel
to these directions.
According to t he specifications of the Civil Aeronautics Administration a runway can be used until crosS
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winds at 90 degrees to its direction exceed 12 miles per
hour.

It is therefore evident that a 60 degree patt e rn

will be advisable for the runways.
It is recommended that a runway length of 4510 feet
be ado p ted.
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DRAINAGE
In designing the drainage system of an airport the
exact location

o~

the runways, and the final layout of the

field must be known.

This is necessary in order to calcu-

late the acreage served by each drain, and consequently,
its capacity.

As this thesis is a survey to determine the

most economic design for the pavement of the runways, it
was only suggested that the 60 degree pattern be used for
the runways.

Whether this reconunendation will be followed

or not, has no bearing on the value of the thesis.

Evi-

dently the exact acreage served by each drain is not known.
The discussion on the drainage system will therefore be
limited to the load to which the drains will be subjected,
to the method used to compute the

~low

in the pipes, to the

depth below the surface where the drains are located, and to
a discussion of the type of soil and of the rainfall.
The average

of the ' soil are as follows:

~haracteristics

36 to 37 percent is retained on a No. 10 sieve.

Of the

material that is finer than a No. 10 sieve, 30 to 32 percent
is retained on a No . 60 sieve, and of the 68 to 70 per cent
that passes the No. 60 sieve, 10 to 12 per cent is clay and
silt and passes through a No. 270 sieve. (It is evident from
Table II that this soil can be classified as a E-2 soil in
the CAA classification of soils. )

This soil extends to a

depth of 3 to 5 meters from the surface.
J

of limestone is found at that depth.

A rock formation
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"With respect to rigid p ave me n ts subgrades are divided
into two broad clas s es R1 and R2 , and each is subdivided
into five classes: a, b, c, d, and e.

Subgrades are placed

in the R1 class where the combination of soil, drainage and
climatic conditions are favorable; otherwise they are classed as R2 •

Subbase re quirements are the same for R1 and R2

aubgrades, but the R2 condition requires a concrete pavement
one inch thicker than the R1 ."

Airport Paving , CAA, May 1948, p. 16.
We have to determine the class to which the subgrade
b e longs, so that by using that on the chart in Fig. IV, we
can find the thickness that is required for the pavement and
the subbase.
In usi n g Table II we know that the soil under consider1 ...:~

..., .. "\

ation is aE-2 ' soil.

It is also necessary to know the drain-

age and frost conditions.
The drainage can be classified as good, because the
internal drainage characteristics are such that the subgrade
will not develop spongy areas because o:f accumulations of
water; the water table is not situated so as to cause percolation from above or excess ~ apillarity from below; the
topography is such that surface water will be removed rapidly.
Because the frost action does not exceed the combined
thickness of surfacing, base and subbase, it can be said that
17

no frost conditions exiat r'.
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The characteristics of an

~

E-~

soil where !Tgood drain-

age"and "no frost conditions"exist, are R a. (Table II)
1
Using these characteristics on the chart in Fig IV we find
that the thickness of the pavement must be 15 inches.
The thickness of the subbase is shown as zero because this
type of soil does not need a subbase.
Eight inches of compacted subgrade will be used below
the pavement.

This subgrade will consist of clean gravel,

sand, and soil taken from the excavations in the airport site.
A minimum of 6 inches of subgrade is specified by the CAA
for this type of soil.

Airport Paving, OAA, May 1948, p. 27.

Beoause of the fact that tile drains have to be imported
whereas concrete drains can be manufactured locally, it is
suggested that concrete pipes be used in parallel drains located at the sides of the runways.

These drains will be design-

ed for a direct load of 135,000 lbs.

The depth of the ditch

that will contain the drains will vary between 20 and 40
inches.

This will be decided by the sl ope and the direction

of the slope at each point on the runway.

Clay pipe surface

drains will be used at the edges of the pavement to collect
the surface water.

14

The formula

Q

= RiA

T=t

will be used to compute the

capacity of the drains, where:

Q • required capacity in ft. per secon d
R • Coefficient of run off for g round served by the drain
i

A

T

= rate of rainfall in inohes per hour
= Estimated area of ground s erved b y drai n in acres
= Duration of rai n fall in hours (It is usual to assume
1 hour in designing airports )

t

= Time

allowed for removal of rainfall after the end of
a storm

Sharp H. Oakley, Shaw G. Reed, Dunlop A . John, Airport
Engineering , p . 27.
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Joints are used to divide the pavement into slabs of
uniform size.

This is done to control the cracking of the

pavement by reducing the stresses from temperature warping
and other natural causes.
The classification of joints as transverse or longitudinal merely refers to the direction of the joint.
Joints can be classified accordi ng to their functions.
This method gives three types of

joints~

Contraction joints and warping joints.

EXpansion joints,
The purpose of

expansion joints is to provide a space that will close when
the adjoining slabs expand.

This type of joint must either

be covered to prevent incompressible material from filling
it up or the space between the faces of the joint must be
filled with a compressible material.

Bitumen, cork, rubber,

or treated wood can be used to fill the joint.

A metal

device can be used to keep out of the joint the incomp ressible material.

As the joint is not poured monolithically,

it is necessary to use some method to transfer the load from
one slab to the adjoining slab.
Contraction joints are used to relieve tensile stresses
that are produced when a decrease in length occurs in adjoining slabs.

Theoretically these joints are constructed

without any space being left between the joint faces.

An

arrangement has to be made so that the joint will open as the
adjoining slabs contract.

Instead of a full joint that would

16

extend through the whole depth of the slab, a dummy contraction joint can be used.

This tyr e of joint consists of a

groove in the pavement extending to a depth of about onethird of the

thic ¥~ess

of the pavement.

This groove is

sealed with a bituminous seal to keep off the water.

This

dummy joint constitutes a plane of weakness in the pavement.
Cracking of the pavement takes place along this plane, and
has no detrimental effect on the pavement.
A warping joint is a joint that acts as a hinge and
relieves the warp ing that occurs in the slab.

An expansion

or contraction joint can also serve as a warping joint.
There is a divergence of opinion among engineers as to
the spacing and kind of joints to be used on concrete pavements.
The publication, nPrinciples of Highway Construction
as applied to Airports, Flight Strips and Other Landing
Areas for Aircraftrr, Public roads Administration, June 1943,
page 259, recommends the following spacing for transverse
joints:
Warping Joints--- -----------------15 feet
Contraction Joints---------- 30 or 45 feet
EXpansion Joints------------90 or 120 feet

A paragraph on the same page however reads as follows:
"It must be kept in mind that the design of concrete pavements is not an exact science and should be tempered with

engineering judgement."
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FIBS! ALTERNATIVE: PLAIN CONCRETE

RU~NWAYS

The Goldbeck theory modified to apply to dual tires will
be used in the design of the plain concrete pavements. (See
Fig. Y)
This theory states that the thickness required for the
pavements is given by the formula:

t = Thickness of pavement
W = Maximum wheel load on a pair of dual \vhe els
M

= Me:x:imum

p

= Caloulated

K =

subgrade resistance
equivalent uniform pressure on subgrade

Mjp

L l-- ~ the major axis of ellipse of tire contact area.
L2 = i

s =

the minor axis of ellipse of the tire contact area

Center to center spacing of dual tires

A - Area of equivalent subgrade pressure
Diagrams of the footprint areas of wheels show footprints to be elliptical in shape.

The major axis is almost

twice as long as the minor axis.
The F ootprint area of one wheel= 500 in 2 •

If we call

the minor axis b, and the major axis 2b, we have the relatio~
2

2b

= 500.

From this relation we get the major axis to be

17.82 in. and the minor axis 8.91 in.

18

L1

= 8.91

L2

= 4.46

S

= 58

K

=2

W

=

inches

135,000 lbs.
2

M • 3.45 tons/ft ~ 48 p. s. 1.

.
.
·2
t = (2}(135,QOOl-(2)(58)(8.91)-(77')(8.91)(4.464. (2)(58)+8.91+4.46
~

-

t

48

.

2

(2}(18~T8.91+4.46

.

= 10.51

2'

inches

It was shown before that by using the chart published by
the C.A.A. (Fig. IV) a thioknass of 15 inches was found to be
Golbeak's formula shows that a thickness of io.51

neoeaeary.
inches is

necessary~

Because of the fact that Goldbeck's

formula gives a close app roximation only of the required
thickness, and in order to comply with the C.A.A. specifications, a thickness of 15 inches will be used.
Investigations and tests conducted by various authori1
ties,
show that diagonal corner cracks de velop at a distance
of from 2 to 4 feet from the edges of concrete slabs.

In the

case of pavements where no reinforcement is used this oracking has to be prevented by a thickening of the edge.

The
2

following formulas can be used to comp ute t h is t h ickne ss:

(1) Sharp H. Oakley. Shaw G. Reed, Dunlap A. John, Airport
Engineering, 1944, p. 82.

1 Arthur

G. Bruce, John Clarkeson, Highway design and Construotion, 1950, p. 472
(2) Sharp H. Oakley, Shaw G. Reed, Dunlap A. John, Airport
Engineering, 1944, p. 85.
(L
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t

= 1.275

rl-~2 w'

In cases where there is some way of
transferr ing th e load to the
adjacent slab.

In cases of unprotected edges where
there is no load transfer.
Where :

= edge thickness of the pavement
W = Weight acting on a single wheel
t

S • Allowable Flexural stress in the concrete.
W will be taken as 135,000/2

= 67,5 0 0

1bs.

For a eonorete whose ultimate comp ressive strength at
the end of 28 days is 3,500 psi, the expected modulus of
under a steady load is about 700 psi.

rupt~re

Using a factor

of safety of 1.6 which was found to be necessary for the

11,000 repetitions that will oocur in 30 years (Fig 1), the
value of S c aan be taken as 438 psi .

The thickness at joints where there is some kind of device
to transfer the load to the adjacent slab will be:

t

48

= 1.275 Jl-92 ~ 67,500 = 21.9

22 inches will be used

The thickness at edges where there is

~o

load transfer

will be:

t

= 1.276

2.4 X 67,500: 24.3
438

25 inches will be used

In order to comp ly with the requirements of the C.A.A.
1

a width of 200 ft. will be used for the runways.

(1) It is required that a 200ft. width be adopted for paved
runways to be used for day and night operations, as well
as instrument landings. Airport design Information,
Teohnioal development d i vision, C.A.A.
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In determining the kind of joint to be used, it is
necessary to determine the length, width, and the stresses
that act on the slabs.
The width o:f the slabs is generally determined by the
method used in pouring the slabs.

In this case a width of

slab o:f 12k :feet is recommended, and it also recommended
that two lanes at a time be poured .

The outer edges as well

as the edges at the joints are to be thickened.

Transverse
1

expansion joints will be constructed every lOO :ft.

Four

transverse contraction joints will be used at twenty feet
intervals between these contraction joints.

As the expansion and contraction joints can also act to
D

-

·~

~-

relieve the warping stresses,~special ·~)warping joints will

be used.

A warping joint essentially is a joint that will

relieve the stresses that tend to curl the pavement.

Any

joint that can act as a hinge can function as a warping joint.

{1) "It has been common practice to space transverse expansion
joints at intervals of 90 to 120 feet.

It is believed that a

minimum of 120 feet and a maximum of 400 feet is a satisfactory range to meet normal req_uirements.rr

u. s.

Depa~tment

"Airport P&vingn,

of Commerce, C.A.A. 1948, p. 3Q.
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Data on the amount of linear elongation and cont raction

-1-o

of concrete agree very closely on the figures given b el ow.
The factors that cause expansion or contraction are listed in
1

their degree of imp ortance:
Linear Elongation due to
temperature changes --- - ----~-0.000005~

I

degree F. (tor-)

Linea·r Elongation due to seasonal
change in moisture content of the
pavement (max. ) --------------------0. 00011~- (+or -}
Linear shrinkage due to hardening ------0.000115% (-j
Unit plastic flow strain (AverageJ------o.oool% (-j
In a slab 100 ft long there will be a contraction or
expansion equal to 100 x

.ooooo55 x 50 x 12

due to temperature changes.

=

.33 inches

A contraction or expansion due to

seasonal changes in moisture content of the pavement equal
to .000118 x 100 x 12

= .143

inches.

A contraction due to

hardening equal to .000115 x 100 x 12

= .ili38

inches; and a

contraction equal to .0001 x 100 x 12

= .l20

inches due to the

plastic flow strains.
Most of the time stresses will act all at one time, so
that the total possible elongation or contraction must be
investigated.

The total possible contraction or elongation

must be investigated.
equal to .143+.33

The total possible expansion will be

= .473

inches.

The total possible

copt~ac

sion will be equal to .330+.143+.1 38 +.120 = .731 inches.

(1) Introduction to Reinforced Concrete Design, H. Sutherland,

R.

c.

Reece, 1947, p. 28.
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It was stated under the heading of meteorological data
t h at the temp erature varies between 5°F and 101° degrees F.
In the above computations however a

di~ f erence

in te mpera-

ture of 50 degrees was used because no concret e will be poured
at temp eratures below 50°B.
It is not necessary to provide any space in the contraction joints.

A slot, which will eventually be filled

with some kind of p lastic material, is provided at the joint
to prevent the spaoe leTt when the slabs contract from being
filled with incompressible ma terial, and to keep water out
o~

the joint.
It is not necessary to use any longitudinal expansion

joints in the runways as the runways are only 200 ft wide and
the pavement is free to expand sideways.

Runways up to 250 ft

width have been found to give satisfactory service without any
longitudinal expansion joints.
It was stated before that pavements develop diagonal
corner crac k s at a distance of 2 to 4 feet fro m t h e edg e s.
The pavement is therefore desi gned with a thickened edge at
the end of the slab and at the joints.

There is a straigh t

slope up to a distance of 5 ft from the edge of the slab.
It is proposed to pour two 12 } ft wide slabs at a time,
with a dummy groove longitudinal joint at the center, and a
keyed

longitudina~

construction joint at the ends where there

is an adjoining slab. (See Fig. VI)
inches thick.

The slabs will be 15

The ends of the slabs where there is no load

transfer are to be 25 inches thick, the thickened part to
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have a straight slope up to a point 5 feet from the end of
the slab.
well.

The slabs are to be thickened at the joints as

The thickness at the joints is 22 inches.

The tongue

at the joint will have a thickness of eight inches.
In checking the shear developed at a longitudinal construction joint, use will be made of Fig.

v.

It can be seen

from this figure that when one tire of the dual wheel is
over the joint, 67,500 lbs will act on an area whose greatest
dimension in the direction of the joint will be 2(Ll t).
Actually much less weight will act on the joint, because the
67,500 lbs do not act on a straight line over the joint, but
are distributed over an area equal to
As L 1

·=

8.91 inches, t

= 15

i A.

(See Fig. V)

inches, and the thickness of the

tongue in the joint (Fig. VI a) is equal to 8 inches, the
shear developed in the concrete at the joint will be equal to

67,500
21'8.91+15)

X

8

=

177 psi

This much shear is allowable in concrete such as the one that
1

is to be used in this project. (3500 psi compre s sive strength)

(l)"Test results reported by professors Talbot and Spoff ord
indicate that the shear strength of concrete is a least
50 percent of the compressive strength."
to Reinforced Concrete Design,
1947, p. 28

rr .

Introduction

Sutherland, R . C. Reece
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Actually much less stress will be develop ed in the concrete
because in comp uting the shear it was

ass1~ed

that t h e sub-

grade does not give any supp ort.
There will be one transverse expansion joint e very
100 ft.

Load transfer at these joints will be accomplished

through a device similar to the one shown in Fig. VII b.
There will be four transverse g roove joints situated
between two consecutive transverse joints. (Fig. VII)
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~~OND

ALTERNATIVE : REINFORCED CONCRET E RUNWAYS

Steel reinforcing is usually p laced with the aim of
preventing crack formation in the pavement and control of
the cracks once they are formed.

A crack can be caused

eith er by the expansion or contraction of the concrete, or
as most often is the case, b e cause there is p oor subgrade
supp ort at one spot in the pavement.

Reinforce me nt in the

slab will reduce pro g ressive deterioration due to traffic,
as well as infiltration of dirt into the cracks.

Welded wire

fabric will be used in this design, because it is much more
efficient than bar reinforceme nt in redu cing the rate of
cracking in the concrete slab.

The great number of small

closely s p aced members in welded wire fabric serve to distribute and equalize the stresses that occur at crack s.

The

advantages of using welded wire will be disc u ssed in a later
part of this study.

As failure in airp ort p avement

is caused

by the shearing forces due to the load of the planes t hat u se
the runways, reinforcement will be designed to resist shear.
In doing this the worst p ossible case will be investigat e d.
It will be supp osed t h at the subgra de under the whole of area
A (Fig. VO has failed comp letely to give any support to the
pavement.

In that case the area over the subgra de will act

as a flat slab.

The allowable unit shear stress for this
1

slab is 106 psi.

(lJ Reinforced Conorete S tructures, Dean Peabody, 1 946, p. 466.
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The

rein~orced

concrete p ave me nt will t h er ef ore be d e si gned

so that the s h ear will not exceed 1 06 p si.

As the steel

reinforce ment in this case will tak e some str e ss, th e t hickness of the pavement will be reduced to 10 inches.
The area A (Fig. V) which is the area of uniform p r e ssure on the subgrade will be assumed to constitute a two way
l

with dimensions (2L 2t2t+Sj by (2L1+2t). Substituting
the values from page 1~, the slab is seen to have a length
slab

of 7'- 0.91" by 2 '-11.82n.

W,

the total load per square foot is:

9 (15 0 )

~
m,

= 6500

135,000

\7 • os ) ( 2 • 9 9 )

the ratio of the long span to the short s p an is e qual to
2.99

r.oo
f~

..f-

= .423

which is the ultimate compressive strength of the concrete
at the end of 28 days is equal to 3500 psi . ( j

= 7/8

d,

the depth of the slab is 9 inches

F8 ,

the allowable unit tensile stre ss in the we lded wire

)

fabric is 28,000 psi
The Moment coefficients C for the above value of mare:
Positive
Midspan

l~oment

at

Negative Moment at
continuous edge

Short Span •••••• (.062) •••••..••••..•••••. (.083)
Long Span

•••••• (.025) ••••••..••.•.•..... (.033)

(1) Reinforced Concrete Structures: by Dean Peabody, :'Design
of a Joint Committee Two Way Slab 7' , 1946, p. 22 6
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By the use of the formula:
Area of steel A8

=C

W_ (l2J ~2

f 8 J (d-2 J .

it is found that the

following reinforcement is necessary in the slab:
Longitudinal positive reinforcement ••••••.• (0.251 in2 )
Longitudinal negative reinforcement •••.•••• (0.337 in2)
Transverse positive reinforcement ••••..•.•. (0.513 1n2)
Transverse negative reinforcement •••••••••• (0.725 in2)
For the positive reinforcement in the pavement a welded
wire fabric having gauge No. 1 wires spaced at 3 inches
center to center longitudinally and gauge No. 00 transverse
wires spaced at 2 inches center to center will be used.
This gives an area of . 252 square inc h es per foot of longitudinal section.
were required.
.516 inches.

It was determined that . 251 square inches
The area per foot of transverse section is

It was found that .513 inches were required.

For the negative reinforcement in the pavement, a welded
wire fabric having gauge No 00 longitudinal wires spaced at
3 inches center to center, and gauge No. 0000 transverse wire
spaced at 2 inches center to center be used.

This gives an

area of .344 square inches per foot of longitudinal section
where it was determined that . 337 square inc h es were necessary.
inohes.

The area per foot of transverse section is .7 31 square
It was found that .725 square inch es p e r foot of

section were required.
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Weight of p ositive reinforcement / 100 s q .
ft. of fabric - - - - - - - - - - - - - -

-270.87 lbs.

Weight of negative reinforcement / 100 sq.
ft. of fabric - - - - - - - - - - - - - - - - -379.15 lbs.
Total weight of reinforcement / 100
ft.2 of pavement - - - - - - - - - - - - - - - 65Q.Q2 lbs.

From: nDesign Manual for Airport Pavements .- ' Wire reinf'orc e ment Institute Inc., p. 22.

Positive reinforcement will be placed at a distance o f two
i n ches from the bottom of the pavement.

Negative r e inforce-

ment will be p laced at a depth of two inches from the surface
of the pavement . The spacing of the joints will be the same as
in the case of the plain reinforced runways. (Fig. VIII) and
Fig . IX)

Each 100 feet of longitudinal length of the runway

will contain three transverse expansion joints.

The ~ third

transverse expansion joint will divide the 100 ft. long slab
into lengths of 60 and 40 feet respectively. (Fig. IX)

These

length s will be divided into 20 ft lengths by the use of trans verse Dummy Joints. (Fig. IX b)

C.A.A . Specifications allow

the use of three consecutive slabs with dummy transverse
joints with reinforcing continuous across the joint.

The use

of slabs so connected however is res t ricted to three slabs, and
1

the length of each slab is not ·to exc e ed 25 feet •

(1) Design Manual for Airport Pavements, Wire r e inforcemen t
Institut e Ino., p . 23.
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Doweled longitudinal contraction joints will divide the
pavement into 25ft. slabs. (Fig VIII)

Each 2 5ft. slab will

have a longitudinal Dummy joint with reinforcement continous
through the joint.
o~

This joint will be situated at the cent e r

the slab as shown in Fig. VIII .

space

o~

It was calculated that a

.47 3 inches must be pr ovided for the expansion of a

length of 100 ft . of the pavement .

However, as C.A.A. speci-

fications re quire each expansion joint to have a 3 / 4 inch
width , it is obvious that the pavement is safe .
Although much smaller dowels are ·needed to transfer the
load from one slab to the ne x t one, in order to conform to
1

the C.A.A. specifications , dowels 1
~d

20 inches long will be used.

t

inches in diamete r

The maximum spacing is 15

inches.

(1) ''Airport Paving" u.s. Department of Commerce, C.A.A.
May 1948, p. 37.
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As this is a study to determine the most economical design only and is not a complete cost analysis, items that are
identical in both alternatives will be left out.

The airport

whose runways are being discussed will be built in Turkey.
It is therefore evident that this comparison must be based on
the cost o£ materials in Turkey.
in Turkish money.

The lira is the basic unit

It is divided into hundreths.

The value

of one lira in American money is 0.353 dollars.
It is easier to construct the joints in reinforced pavement however the placing of the r e inforcement takes time.
It will therefore be assumed that although the plain concrete
is mueh thicker than the reinforced concrete pavement, the
pouring of both pavements will require the same workmanship.
Items required for 100 ft of the reinforced pavement
in excess of those required for the plain concrete pavement:

Steel

2 X 86.5 X 650.02

Steel Dowels

8Q

Total:

X

8

X

4.172

X

= 112,400
20

~

1bs

4,450 1bs

116,85o lbs @ .18
21,000 Liras

Items required for 100 ft of the plain concrete pavement in excess of those required for reinforced concrete
pavement:
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Plain Concrete:
( 200 x

6 +7(527) +5 x 10) 100

12'

l:

12

-z7

= 461

cu yds @ 38

17,550 Liras

Additional excavation of 461 cu yds, a n d
compacting and sloping the g round to
form the thickened edges, to be done
mostly by manual work:

461 cu yds @ 4

1,844 Liras

19,394 Liras

Total:

It ia seen from the preceding figures that the reinforced concrete pavement will oost about 1,606 Liraa more per
100 feet of length.

It was also shown t h at the items re-

quired for 100 feet of the reinforced paveme nt in excess of
those required for the plain concrete pavement were worth
about 21,000

L~ras.

As this amount is only half of the total

oost of the pavement, items identical to both alt e rna tives
having heen left out o:f the cost comparison, it can be seen
that by aiopting a reinforced pavement the initial cost is
augmented by only about 3.8%.

The low maintenance cost a nd

the better service afforded by the

rei~orced

concrete pave-

ment make it more economical in the long run to ado p t a
reinforced concre·te pavement for the runway s.
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SUMMARY

This study is for the purpose of determining the moat
economical design for the runways of a Class 4 Airport to be
constructed in Yesilkoy, Turkey.
Two alternatives were considered in this study; a design
for plain concrete runways and a desi g n for runways reinforced
with welded wire fabric.

In order to oonform to the speci-

fications of the Civil Aeronautics Administration, the pavements were designed with a view of acoomodating a plane with
a gross weight of 300 , 000 lbs in the very near future .
In designing the runways for the 300 ,000 lbe plane the
weight was assumed to be transferred to the runway through the
landing system of a Boeing Stratocruiser 377 .

This type of

loading was used because it assures the greatest p ossible
loading on the runways.

Had a landing system that has main

wheels ' with four tires each been used , a much lighter loading
would result.

The weight of the imaginary 300,000 lb plane

for which this design was made was assumed to be divided a mong
the two main wheels and the nose wheel in the same pro p ortion
that the weight is distributed in the Boeing Stratocruiser 377 .
The Civil Aeronautics Administration specifications were
used in the design of the plain concrete runways.

They were

also used in determining the thickness of the subgrade and the
spacing and type of contraction, expansion and warping join ts.
In moat conventional designs, the thickness of the
pavement is determined as if no reinforcement would be used,
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and the steel is put in only to assure crack control.
cause

the

o~

~act

Be-

that this is a pavement designed for a

very heavy load, and in order to economize on the concrete,
a different approach was used.

It was assumed that the sub-

grade under the whole of the assumed area of uniform pressure
on the subgrade has failed to give any support to the pavement.

The part of the pavement above this area was then

assumed to aot as a two way slab, and was designed as a two
way slab.
While in a regular two way slab some of the positive
steel oan be bent up, this was not possible in this case;
beoause the exact place the subgrade will fail and the pavement will be called upon to act as a two way slab was not
known.

It was therefore necessary to furnish both positive

and negative steel all through the pavement.

It is evident

that the subgrade, even under the worst conditions, will
give some support to the pavement, and that the pavement will
always be subjected to stresses lower than the ones it was
designed for.
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CONC LUSIONS
Although the initial cost of the reinforced concrete
pavement is slightly higher than the cost of a plai n c oncrete pavement it is advisable to use a reinforced concrete
pavement, because lower maintenance cost and better service
make it cheaper in the long run.

It is recommended t ha t

welded wire fabric be used because this kind of reinforcement will reduce the rate · of crack ing of the concrete.

The

small and closely spaced members of the fabric distribute
and equalize the stresses and by so doing keep the ed g es of
cracks that may form close together, thus p reventing any
incompressible material from getting into the cracks.
It is advisable to p our the concrete in 25 ft lanes.
A longitudinal Dummy joint with reinforcement continuous
through the joint must divide this 25 ft slab into two.
Doweled aonstruction joints are to be provided to connect
the slabs together.

It is necess a ry to have one transve r se

expansion joint every 100 feet and transverse dummy joints
every twenty feet.

Doweled cons truction joints are to act

as expansion joints as well as warp ing joints.
Should the pavement be designed as a p lain concrete
pavement, even though the proper number and spacing of joints
be provided, cracks would occur.

The crac k s thus formed

always tend to open and mak e the surface of the pavement uneven.

How soon this hap pens depends on the traff ic and the

kind o£ aggregate that was used in making the eonerete.

The
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use of a welded wire fabric reinforced concrete pavement desi gned to withstand the worst possible conditions, as shown in the
second alternative in this study, will assure long life, low
maintenance and satisfactory service of the pavement .
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