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S U B - S E C T I O N  V III d

DESIGN AND CONSTRUCTION OF SOME BOADS AND AIRFIELDS

Y||| j  ̂ SOIL MECHANICS INVESTIGATIONS FOB THE DESIGN OF THE

RUNWAYS AT THE £LO^^N ATffPIELD - SlITZERT.AHn,

F. GEfiMANN and W. ENG 

Engeneera in the firm Locher & Co., Civil Engeneers and Contractors, Zurich.

In 1943 the firm Locher & Co. was asked by the 
Government of Zurich to project the Kloten air
field near Zurich (Fig. 1) and was confronted 
with the tasks to design runways for heavy 
aircraft up to 135 tons total weight. This had 
to be done without the knowledge of the progress 
that had taken place in construction of large 
runways during the last years, due to Switzer
land's isolation during the war.

The economic and technical requirements 
for airport construction were best met by the 
Kloten Plain located in the vicinity of Zurich. 
This location, a recent geological sea-filled 
area; presented in the point of view of soil 
mechanics exceptional and difficult circumstanc
es (irregularly settled strata of loamy sand 
and gravel, silt, clay, peat and lake marl len
ses - Fig. 2).

The necessary fundamental principles of 
soil mechanics and the test-methods were dev
eloped in collaboration with the Laboratory for 
Hydraulic Researches and Soil Mechanics, annex
ed to the Swiss Federal Institute of Technology, 
Zurich, as follows:

1. TEST RUNWAY.

The impossibility of solving this problem 
safely and economically merely by theory,lead 
to the construction of a test runway of approx
imately 600 m2 size. This test runway presented 
the following problems for clarification:
a. Depth of frost penetration in connection 

with the various pavements and gravel fil
lings as base.
b. The compatibility and qualification of the 

available gravel found near to the projected
airfield»
c. The collaboration of pavements, of bases and 

the subsoil under static and dynamic loads.
The observations of frost penetration over 

two winter periods, indicated 80 cm depth for 
the probable maximum of runway construction.
This measurement gave simultaneously the minim
um thickness of ¿ravel fillings consisting of 
material, not subject to frost action.

From tests carried out with an effective 
wheel load of 67,5 tons it was indicated that 
due to the existing subsoil of the test runway 
and the provided minimum thickness of gravel 
filling, a concrete section of 30 cm thickness 
would fie necessary. On condition that the char
acteristics of concrete are known and constant, 
and that the loads are the same in size and 
duration as they were on the test-runway, it 
has been proved that the "thickness of pavement 
depends only on the plastic deformation of the 
subbase.

2. MODULUS OP PT.ASTICITY Mg BY B. HAEFELI

In order to characterize the compressibil
ity of the subsoil and gravel materials, the 
modulus of plasticity fllg is used, analogous to

i S S I i 1

Longitudinal Section throug Runway.

FIG.2

the modulus of elasticity S. The ratio between 
the specific contraction (settlement of the 
soil Ay) and the vertical stress o', of a plate 
with the diameter D, acting upon the soil ma
terials, is expressed according to R. Haefeli 
1) in terms of the following equation:

ME = 'Alf ' D (kg/cm2) (1)
The simplifying of a complex matter to the 

equation of this linear function between stress 
and settlement for constant plaice is justified 
by the relatively small sphere of the produced 
stresses.

The modulus of plasticity of soils is act
ually rarely of constant size but normaly in
creases with the preconsoldation pressure,i.e. 
with the depth. However for use on the runways 
at Kloten a mean M^-value was accepted because

the soil-layer taking part in the settlement is 
very thin, as a result of the short load-dura- 
tion and slight permeability of the soil.
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Interkontinental-Flughafen Zürich 
Intercontinental Airport Zurich

FIG.1
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The whole compressibility of base and. sub
soil being decisive for the design of the con- ' 
crete slabs, an analytical settlement—equation 
was sought for which enables the calculation 
of the total settlement by means of the mea
sured Mg-values.

3. DESIGN OF RUNWAY-BASE ACCORDING TO W.SOHAAD

W. Schaad, collaborator of the Lab.f.Hydr. 
Res.a.Soil Mech., basing on the equation of 
O.K. Fröhlich for the axis-stress under as
sumption of a bell—shaped distributed load:

Oz~ ^max
1

M 2
with v- —  (fiS 3)(2) 

Zo
deduced the following equation for the settle
ment of two strata:

" ,  M* d 
k+--- z„

o(Zo+l<) Mr, Me U + al*Zo
(3)

In this equation qQ signifies the mean stress.

The ratio between q and the maximum ordinate ’■o
of the stress-bell qmax is to be deduced from

the following relation:

2 z/  P
S\------ qm«------ - wherein

v ro it r0

a) given and checked values:

P = wheel load in kg. 
y = total settlement in cm. 
k => required thickness of gravel 

filling in cm.

b) measured values:

Me = modulus of plasticity of gravel fil- 
1 lings in kg/cm2

Mg = modulus of plasticity of the subsoil 
in kg/cm2

c) estimated values:

V = factor of the stress distribution.'^ =3 
corresponds to a constant ME-modulus,
V = 4 to a Mw-modulus, which increases 
linearly with the depth). Under as
sumption of a mean modulus Me2 for the

layer sharing in the settlement  ̂= 3 
was introduced for the calculation.

d) d thickness of the soil-layer taking part 
in the settlement. This value depends 
on the duration of load, the compres
sibility and the permeability of the 
soil. Approximately d is:

d ru
't kgMfj

wherein

fa
(5)

t
kD

Jw

ro
z0

> duration of load in seconds.
» coefficient of permeability 
- (Darcy's Law) cm/sec.
= specific weight of water in 
kg/cm2

- effective slab-radius in cm 
m concentration-height in cm,ac

cording to O.K. Fröhlich. For 
homogeneous conditions it can 
be proved, that it must be:

r0. For Kloten in order to 
simplify

was introduced.o o
By checking the equation (3) it was shown that 
the uncertain values d, r0 and z0 , which are 
difficult to estimate, have a relatively small 
error influence on the result.

= r_

On the test-runway the settlement-equaticn 
was checked by several duration-load-tests on 
free-lying and on dowelled slabs. By these ex
periments the actual settlements y were mea
sured and thus - for known values of load and 
test duration - the vaguely estimated values 
for d, rQ , zQ fixed up.

The duration-load-tests on free-lying 
slabs gave the simplest conditions for the in
terpretation of the results, so this disposition 
was chosen for the calculation of the thickness 
of base by means of equation (.3)*

The settlement after 15 days was inserted 
as total settlement y, as from this moment the 
aettlement-curve in the time-settlement diagram 
is practically horizontal.

The compressibility of the subsoil was de
termined ME2 = 50 kg/cm2 by several tests, and

that of the gravelfillings Me ^ - 800 kg/cm2.

The coefficient of permeability of the subsoil 
was measured by ko = 2 ,7 5 • 10 ~7.
Therefrom results the layer thickness taking 
part in the settlement d, for t = 15 days and 
¡fw = 0,001 kg/cm3,__________

./L296-10-2,7510̂ 50 
dnM-------— ;---- 133,5/̂  130cm

ip o - io -5

For simplicity's saike the value d thus de
termined was maintained for the entire airport. 
Further field measurements gave no important 
deviations.

The effective slab-radius r0 which can ap
proximately be found by measuring the deflec
tion of the slab centre and the lifting-up of 
the slab edges, amounted to be about 100 cm and 
was stipulated for this size.
Therefore z is also fixed: z0 ~  ro = 100 cm

135 6 7,5 t results according to 

» 2,15 kg/cm2.

For P

equation (4)
67 500.

^  rr . 1002

The uniformity of the utilized gravel materials 
as well as the serious compacting of the base, 
prescribed to the contractors, justified the 
introduction of a modulus Mj^ required 800

kg/cm2 for the base, so that the equation of 
the settlement (3 ) can finally be written as
follows: 3

U‘
100* 2,15

2 100(100+10 S00

800 
k + ——--100- -

130

U + 130+100

0403

100+k
l< +

10 680000

ME2(k+230)

(6)

For a definite admissible settlement y thonce 
the necessary thickness of gravel fillings k 
is only a function of the measured compressib
ility of the subsoil MEg* Thereby it is pos

sible to determine the thickness of the gravel 
fillings and the depth of the excavation in ad
vance and to develop a uniform bearing surface 
for a determined size of the concrete slab.

The admissible settlement y is determined 
by the design of the slab. Nevertheless the 
deflection of the free-lying slab is not de
cisive but, according to the actual conditions 
the influence of the dowel-joints must be taken 
into consideration.

Measurements taken on the test runway re
sulted in the ratio betweentthe settlements of 
free-lying slabs and the settlements of the 
dowelled slabs, under the assumption that the 
load is acting in the centre of the slab

/>,— 2,9
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Distribution of Pressure.

FIG.3
furthermore it is possible to bring in a fur
ther reduction because a load duration of 15 
days will rarely occur on runways. For Kloten 
the total effect of the individual landings 
was limited to and fixed at 0,5 days load-dur- 
ation.

From the time-settlement diagram the ratio 
of the 1 5-days settlement to the 0,5-day sett
lement was determined to be:

The settlement y allow decisive for the base 
design can be deduced from the admissible set
tlement y 1 = the effective deflection of doweH- 

ed slabs. 1 W = V ,2.̂ 2 , 9 1 8 - 2 2  .j'

Through numerous experiments carried out on the 
test runway the Federal Materials Testing and 
Reserch Institute, EMPA, Zurich, developed the 
guiding principles for the design of concrete 
pavements. The results of these teats cannot 
be discussed in this paper. A connection has 
been found between the admissible settlement 
y' and the necessary thickness of the concrete 
slab, as well as the size of the slabs. E.g. 
for a slab 5»5 x 7,0 m large 30 cm thick an 
admissible settlement y' » 0,384 cm has been 
prescribed. Thereby follows for the design of

t h e  b a SB iW - 5 , 2 2 .Q 3 f l 4 = 2 p c m

Having fixed up the alab-size and the admis
sible y a diagram could be designed by means 
of equation (6). This diagram permits the im
mediate reading of the necessary gravel fil
ling thickness k on the bases of a measured 
Mg2-modulus* (Fig. 4)..

For the design of taxiways, aprons and by
passes the bases of calculation are adapted to 
the special conditions with consideration of 
the longer-load-duration.

4. FIELD TESTS FOR DETERMINATION 0F ME-MODULI.

a. °f the subsoil.

The theoretical development of the runwey- 
design stipulates^ that .clear material coeffic
ients can be found through fieldtests. The 
changing subsoil, conditions required numerous 
te6t-spots (about every 25 to 50 m in the axis 
and on both sides of the runway).

For this purpose a mobile load-test ap
paratus was constructed (Fig. 5) (proposed by 
the Lab.f.Hydr.Res. and Soil :vlech.)
It can be drawn and served by one man (Phot.l).
A chassis with a shaft bears a trestle, which

N E C E S S A R Y

R E IN F O R C E M E N T

C E X R M P L E  T O .  6 )

10 2 0  3 0  1 0  50  

H £ t C M E D U IM > 0 F T H E  S U B S O I L  IN  K 6 / C„ J

Diagram for Design.

FIG.4

MOBILE TREST LE 

LEAD  WEIGHTS 

GAUGE 

AUGER HOLE 

STAMP

LOAD ING PLATE

SCALE
J

Apparatus for Loading Tests on Subsoil.

FIG. 5

guides the load-stamp and can be placed horiz
ontally by three screwplates. By the removal of 
the shaft the trestle is put down on the soil.
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M E A S U R E D  V A L U E S

T I M E  IN M IN U T E S
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1“
1
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TEST

No.

PRESS 

S , 
Kq/an

TIME

I
mm.

smi.

y
mm

i 0.90

2 0.92

0.25 ♦ a  93

8 0 94

1 L97

1 2 n 1.99

4 2.01

8 2.03

t 3.07

0.75
2 3.12

4 3.13

6 313

1 0.74

0.25

2 0.73

4 0.7C

S Q76

1 155

ill
0.50

2 1.56

4 1.56

8 158

1 2.40

0.75
I 2.42

4 2. *3

8 2-43

M r -  A L  . 0  W IT H  D  -  16 cm d  
a y

TEST I NOTTO BE CONSIDERED CTHIS LAYER WILL BE 
EXCAVATED)

TEST T M. ■ 0 5<1'18 — —— - 3« kg/un Et D3I3-0JJS*. oni — —

T E S T S  M r . -  ------------- 2--------- t j j a j g t

1 azw-iwe 0.187 --

M e , ( M E D IU M )  M k ilm  ( S E E R S . * )

Example of Subsoil Test (Pr. 450 in fig. 2)

FIG.6

is not too sensitive in view of test-errors.
It ia not necessary to wait for the end of the 
settlements. As it is shown in the tizne-settle- 
ment curves of Fig. 6, the singular loading 
steps are left for the same time period. Now 
when the settlement of two loading steps are 
compared at the same time after their beginning 
we see, that the differences of the two settle- 
ment-curves remain nearly constant.

The total test duration for cohesive soils 
could be limited to 3 x 8 » 24 minutes, ahd 
that for non-cohesive soils to 3 x 4 = 12 min
utes. The checks follow from equation (1).
The following data give an average view of the 
size of the ME2~values measured in Kloten:

Me 2 = 1
= 20 
= 40

" = 80
= 200

Peat, lake marl 
loam, clay 
silt
loamy gravel-sand 
gravel, sand

20 kg/cm2 
90 
120 
200 "
500 and more.

PHOT. 1

A circular load-plate of 200 cm2 (D = 16 cm 0) 
outfitted with cutting edges;is on the lower end 
of the loading-stamp.By turning the plate the soil 
is smoothed by the cutting edges;it allows a good 
conn'ection with the undisturbed subsoil, the 
stamp is now loaded with lead weights step by 
step and the settlements can be read on the 
gauge, Normally two tests were carried out.The 
first in the depth of the projected gravel base 
(80 cm under concrete surface;, the second ap
prox. 30 cm deeper - to obtain a mean modulus 
of plasticity

The small size of the loading plate en
ables a quick depression of the pore-water in 
the stressed-soil zone, this yields a corres
ponding quick decrease of the settlements and

b. ME^-modul of the base.

The possibility of a premature design of 
the base thickness requires a constant

value. (For Kloten = 800 kg/cm2). There

fore the produced work of compaction must be 
controlled. This called for the construction 
of a corresponding loading truck (Fig. 7).

FIG.7
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A movable frame is placed on a truck chas
sis, on which by means of a small chain-drawn a 
mobile loading trolley can be shifted back 
and forth. One side of the frame is supported 
on the chassis, while the other by means of a 
hand-jack transfers the weight to the loading 
plate. By shifting the trolley weighing about 
3400 kg on the frame, where equal distances 
are indicated by marks, the pressure under the 
loading plate can be increased from 0,6 to 3i4 
kg/cm2. This loading sphere corresponds to the 
actual originated pressure under the concrete 
slab exercised by aircraft upon the base.

By means of a circular ring which lays 
on three points and bears the gauges (Phot.2) 
the settlement of the plate at the different 
loading-steps is measured. The loading plate 
shall not react too sensitively to the indiv
idual grains of gravel. When necessary the 
plate should be laid upon a thin layer of sand. 
The influence of the plate must reach as much 
as possible the thickness of the base, without 
however take effect on the subsoil. Taking 
these conditions into consideration an area of 
1000 cm2 (D = 35,6 cm 0) was chosen for the 
plate and the loading duration was establish
ed of 1 minute for one loading step.

PHOT. 2

The effective Mj^-value is derived from

the settlements under the loading steps ofcr= 
1,30 to 3,40 kg/cm2. The settlement of the 
first stepsCo-« 0,6 kg/cm2) has not been con
sidered because it has been influenced by the 
initial adaption of the plate to the gravel 
surface. The ring which bears the gauges has 
a diameter of 100 cm and lays practically be
yond the zone of influence of the stresses and 
settlements.

If the tests yield smaller values than 
required, the contractor must continue to com
pact the gravel filling until the desired val
ues are attained.

5. CONTROL TESTS ON THE FINISHED RUMWAY.

As soon as it was possible control tests 
were started on the runway (Phot. 3)« These 
tests were necessary to control the designed 
method and the assumed factors from the test 
runway as well as their transferability to the 
runway area.

The results of these tests have yielded 
smaller settlements than expected. These dif
ferences originate in the fact that the sub-

PHOT. 3

soil has consolidated in the time between soil 
investigations and control tests.

Thanks to these results the thickness of 
the pavement wa3 reduced from 30 to 27 cm for 
the rest of the runways to be built.

6. RESUME.

This can be given as follows:
a. A proceeding of design has been worked out 

which enables the engineer by simple and
quickly carried out field tests to find out the 
right thickness of the base with regard to the 
compressibility of the subsoil. By these means 
a uniform bearing surface can be created for the 
concrete pavement which size of slabs and their 
admissible deflection have previously been fix
ed up.
b. The proceeding presents a combination of 

theory and experiences made on the test run
way. These experiences permitted a comparison 
of certain experimental deficiencies by means 
of estimation.
c. The design of the runways is based on a re

lative transmission of relations, found by
calculations and experiments on a test runway.
It is rendered possible by the introduction of 
the Mjj-modulus. Due to its definition and the 
adapted testing-method its character of a mate
rial-coefficient is attained for the necessary 
sphere of validity.
d. The acceptance of a uniform gravel filling 

quality enables an anticipated project of
the subconstruction. The necessary testing of 
the compressibility of the gravel layers serves 
at the same time as a valuable control of the 
compaction-work done by the contractors.
e. Gontrol-tests gave a satisfactory agreement 

between theory and experiment. They proved
that the doubtful and difficult estimations are 
made in general so, that the safer part is ob
tained.
f. The proceeding developed during the construc

tion of the Kloten airport can be transferr
ed to the construction of other airports or 
roads, when corresponding experiences of pre
tests are available. When significant differenc
es of subsoil conditions arise or other types 
of load are to be handled, new experiences 
must be attained by similar pre-tests. For cor
responding large projects the financial expens
es are however for the latter not too high.
For Kloten e.g. the costs for pre-tests, the 
real determination of base and the control- 
tests amount to about 0,5 % of the total costs



263

for construction.
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V III d 2
Alf -RTAMPLE OF CONCRETE RUNWAY DESIGN WITH CRITICAL COMMENTS 

DOuKEk. C.E. and McFEETERS. J.N.

1. INTRODUCTION.

Paper No. VIII c 2 deals with the prin
ciples of runway design and in this paper these 
principles are applied to a particular case. 
All the necessary curves and computations are 
given to enable a choice of design to be made, 
taking into account thickness of concrete, 
provision of base course, preparation of sub- 
grade, use of dowels, and spacing of joints.

0«*)

2. NOTATION.

See paper No. VIII c 2.

3. ASSUMED DESIGN CONDITIONS.

It is desired to design a concrete run
way for an aircraft of all-up weight 200,000 
lbs, having two main wheels with tyre pressure 
100 lbs/sq. in.

The following information is available: 
300 lbs. per sq.in. per in. (Modulus of 
Subgrade Reaction)
1,000,000 lbs. per sq. in. per in. (Modu- 

“ lus of Dowel Reaction) 15) 16) 
Particulars of soil are given in Table I.

TABLE 3.

k =

RESULTS OF IDENTIFICATION TESTS ON SOIL.

Liquid limit 
Plastic limit 
Elasticity index 
Proctor density

Per cent 
24-29 
19-2'7 
0-10 

107 lb. per 
cubic foot.

Mechanical Analysis< 2.0 mm. Per cent 
2-8 
54-64 
18-26 
10-17

Coarse sand 2.0-0.2 mm 
Fine " 0.2-0.02 mm 
Silt 0.02-0.002 mm 
Clay <  0.002 mm

Soil type (U.S. engineers' clas
sification) CL

VALUES OF ¿On * )

Mechanical vibration plant capable com
paction of widths of 20 to 25 ft. is available.

Laboratory tests on the concrete to be 
used give minimum modulus of rupture at 28 
days of 550 lbs./sq. in.
E = Young's Modulus » 5*000,000 lbs./sq.in.

(concrete)
=28,000.000 lbs./sq.in. 
(steel)

e = Thermal Coefficient = .000005 i>er degree
Fahrenheit.

4. LOAD STRESSES.

Wheel load = 100,000 lbs.

FIG.16
Tyre pressure » 100 lbs./sq.in.
Contact pressure » 110 lbs/sq.in (allowing for 

stiffness of tyre walls) 
Contact area » 908 sq. ins.
Radius of circular contact area =■ 17 ins.
I - Radius of Relative stiffness can be read 

from Fig. XVI.
Using Fig.x)II the interior load stresses 

have been computed for values of k * 300, 600.

x) Figures numbered I - XV, tables 1 and
2 and formulas 1 - 2 7  refer to the paper 
VIII c 2 entitled "Principles on Concrete 
Runway Design" by Docker and McFeeters.


