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INTRODUCTION 

During the Fifth Session of the Aerodromes,  Air  Routes and Ground Aids 
Division, one day df the meeting (30 October 1952) was devoted to  Agenda 
I tem 6.  2 - Exchange of technical views on 'Strength of RunwaysI1. 

In accordance with Recommendation No. 6 of the Division, which was 
approved by the Council of ICAO, the following summary  of the discussions 
has  been prepared.  

The opinions expressed represent  the views of the speakers  and ' a re  not 
necessar i ly  those of their  States  o r  Organizations.  

Note. - & a lso  ICAO Circular  2 5 - ~ N / 2 2  I1Runway design methods for 
Multiple-Wheel Landing Gear 9".  
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CONDUCT OF THE MEETING 

The meeting was convened under the chairmanship of D r .  K.  N. E .  Bradfield 
of Austral ia ,  who called f i r s t  on M. G S.  Cooper of the United Kingdom to 
present  a paper (AGA 1'-WP/27). This paper is  reproduced in pages 5--12 of 
this  Ci rcular .  Dr .  F, L .  Meara of the United States  next addressed  the 
meeting and his statement was published la te r  as  AGA v - w P / ~ ~  and i s  reproduced 
in pages 13-27. Dr .  N.  McLeod of Canada did not come prepared to  make  a 
statement but kindly consented to  do so.  A summary  of his address  i s  given in 
pages 28-29. 

The Chairman then opened the meeting for discussion. General  considera- 
t ions applicable to both flexible and rigid pavements were  taken f i r s t .  A sum- . 
m a r y  is given in pages 30-34. This w a s  followed by a m o r e  detailed discussion 
of Flexible Pavements ,  summarized  in pages 34-36 and of Rigid Pavements, 
summarized  in pages 37-40. 

UNITED KINGDOM METHODS 

(Presented  by M r ,  G o  S, Cooper) 

DESTGN AND CONSTRUCTION 

Introduction 

Types of Pavement.  -. It i s  Br i t i sh  prac t ice  to build aerodrome pavements 
ei ther  in flexible o r  in rigid construction, Flexible pavements consis t  of layers  
of granular mater ia l  built up f r o m  the natural  subgrade, being finally provided 
with a bitumen-bound wearing coat o r  coats.  It m a y  be of considerable thick- 
ness  and depends on the load spreading effect to reduce the load f r o m  the a i r c ra f t  
wheels sufficiently to make it acceptable on the natural  surface.  Rigid pave- 
ments  consist  of concrete s labs laid on the natural  subgrade af te r  the la t ter  has  
been prepared to  receive the concrete.  It depends on the capacity of the concrete  
to ac t  as a raf t  to c a r r y  the load and spread it over  the actual soil  on which i t  
r e s t s .  Recently, a method of construction has  been developed in which concrete 
i s  laid a s  for  a rigid pavement, and this i s  then surfaced (o r  overlaid) with 
bitumen o r  t a r  bound base and wearing coats ,  In some cases  a cushion course  
of granular mater ia l  i s  laid between the concrete and the surfacing. Some- 
t imes  a two-layered sys tem of concrete  construction is  used. 

Choice of Type of Construction. - A number of f ac to r s  have to be con- 
s idered  when deciding whether to adopt flexible o r  rigid construction. Generally,  
a flexible pavement i s  the m o r e  suitable on a granular subgrade such a s  sand o r  
gravel  and a rigid pavement i s  the m o r e  suitable on clay, par t icular ly where the 
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latter i s  susceptible to considerable moisture movement. In some cases 
where i t  i s  not a t  once apparent that one or other form of construction i s  
preferable, alternative designs a r e  prepared before a decision i s  reached. 
Economic considerations and the availability of suitable materials may con- 
siderably influence the decision. The following design methods have been 
adopted both for military and civil aerodromes in the United Kingdom. 

Flexible Pavements 

CBR Design System. - The CBR ( or California Bearing Ratio) method 
of design, an empirical system based on experience and developed by the 
United States Corps of Engineers, i s  used in British practice with one or  
two detailed modifications. The CBR i s  a strength index figure which can 
be obtained for a particular soil on which the pavement i s  to be built by 
performing CBR tests .  In the tes t  the resistance given by the soil to the 
entry of a plunger i s  measured to give the CBR value. When the CBR value 
for the soil i s  known, the thickness of pavement construction required is 
read off directly from the Corps of Engineers design curves, which a r e  
available for single wheel loads a t  100 and 200 p. s. i. , and for dual and twin- 
tandem assemblies employing t i res  with constant contact areas .  

_British Modifications 

Subgrade Moisture Conditions. - The Corps of Engineers design method 
recommends that the CBR value on which the design'is based should be that 
which obtains when the soil is in a saturated condition. British practice is 
to estimate the ttequilibrium" moisture conditions which will obtain in the 
subgrade after the pavement has been constructed, and to measure the CBR 
value of soil samples, compacted at  that moisture content, for use a s  the 
basis  for design. 

T i re  pressure.  - The single wheel design curves for a t i re  pressure of 
100 p. s. i. only a r e  used in British practice. The reason for this is that the 
~ r i t i s h  loading cri teria for design is expressed in t e rms  of a Load Classifica- 
tion Number (LCN), which represents a combination of wheel load and t ire 
pressure .  The corresponding wheel load for the given LCN at  a t i re  pres-  
sure  of 100 p. s.i. is obtained from the LCN chart (Figure l ) ,  and this is 
applied to the 100 p. s. i. CBR design curves. As an example, the design LCN 
might be 65. Figure 1 shows that the wheel load for a t i re  pressure of 100 
p. s . i .  i s  66 000 lbs. and this figure i s  applied to the 100 p. s . i .  single wheel 
load CBR design curves. 

Rigid Pavements 

Westergaard's Theories. - Basically, the theories of concrete pavement 
design developed by H. M. Westergaard a r e  used in British practice. In the 
design method, the LCN figure to be used i s  converted to the load on a 12'' 
diameter contact circle (using Figure 1). Wlth this loading criterion, and 
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knowing the strength of the subgrade, a suitable thickness of concrete i s  
selected and the resulting concrete s t ress  calculated. This s t r e s s  i s  the 
mlnimum st+en$th to be achieved by the concrete at  a certain age, which 
it  must have reached before the pavement i s  opened to traffic. From this 
figure the required minimum 28-day strength i s  calculated, and the con- 
cre te  mix i s  designed which, allowing for all possible variations, will not 
give a strength less  than the minimum required. No factor of safety i s  
allowed in runways, but for runway ends and taxiways a factor of 1.25 i s  
included, However, in the runways, the average strength is about 30 per 
cent more than the minimum strength on account of the allowance made 
for variation in concrete quality, In addition, a s  in British practice a 
load-transfer device is not used to connect the slabs,  the design i s  based 
upon preventing corner cracking and full allowance i s  made for s t resses  
caused by temperature. As a result a pavement may have an actual 
strength a s  much a s  twice i ts  design strength when weather conditions 
a r e  favour able. 

Surfaced Rigid Pavements, - In the design of sutfaced rigid pavements, 
i .  e .  , pavements in which the concrete i s  covered with a bitumen-bound 
wearing coat, i t  is assumed that the additional s t resses  caused by tempera- 
ture in the concrete slab a r e  reduced or entirely eliminated, depending on 
the thickness of the surfacing, Also, a small relief of s t r e s s  i s  obtained 
through the load- spreading effects of the surfacing thickness. In general, 
i t  1s assumed that surfacings of 6" and over in thickness eliminate 
temperature stressing entirely, This method-leads to more economical 
design, since the strength of the concrete slab 1s almost doubled by the 
elimination of temperature stressing , Further,  the advantages gained 
from the better running surface and positive waterproofing, given by the 
bitumen-bound wearing coat, wlll at  once be apparent. 

Double s lab  Construction. - Sometimes, on a very bad site,  i t  i s  
necessary to provide a working course of dry lean-mix concrete, compacted 
by rolling. This can be regaFded a s  a structural slab in a two-layered 
system, and i t s  load-bearing capacity i s  considerable on account of the 
insulation from temperature effects given to i t  by the upper or surface 
slab, Joints in the upper and lower slabs a r e  staggered s o  that al l  major 
stressing in the lower slab i s  central, and the design of the a b l e  i s  done 
by applying Westergaard's theories to a consideration of the deflection of 
both slabs at  and under the corners of the top slab, The design system 
i s  of particular value where surfaced construction i s  unsuitable in a reas  
which may be subjected to fuel spillage from jet aircraft ,  and where the 
depth of concrete required for a single slab i s  too great for satisfactory 
and economical construction, 
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EVALUATION 

Introduction 

In Great Britain, it is the practice to tes t  and evaluate a l i  aerodrome 
pavements after construction. This is considered essential  to  prove that 
the design strength has been achieved, and also to benefit f rom any 
addit~onal  strength which may l ie  in the pavements over and above the 
design strength. The specification calls for certain minimum standards 
to be maintained, i t  almost invariably happens that these standards a r e  
~ m p r o v e d  upon in construction. Evaluation by "reverse  design" methods 
is considered to be neither accurate nor desirable,  and reliable evalua- 
tion can only be achleved by performing physlcal t e s t s  on the pavements 
themselves,  

General Principle.  - For  t e s t ~ n g ,  loads a r e  applied to  the pavements 
by means of a rigid s teel  plate,  26IP diameter. Different techniques, a s  
will be discussed l a t e r ,  a r e  used for different types of pavements. The 
reason for the adoption of a plate of this size was that, a t  the time 
testing was introduced, i t  represented the contact a r e a  of the single 
wheel employed on the majority of large four-engined a i rcraf t  in  opera- 
tion, The standard testing machine i s  capable of applying loads of up 
to 80 000 lbs.: a special large machine can apply loads of up to 
200 000 lbs. 

Flexrble Pavements,  - In testing flexible pavements, a number of 
spots a r e  selected on which to  perform the tes ts .  So far  a s  is possible, 
the a r e a s  known to be the weakest par ts  of the pavementsras a whole a r e  
chosen so  that the resul t s  u r l d l  give the mlnsmum strength figure. 
Repetitive loading t e s t s  a r e  car r ied  out; five repetitions of each of several  
loads up to a selected maximum, The deflection and residual settlement 
under each application of load is noted, The resul t s  a r e  then plotted so 
that a figure can be obtained for the load which will resul t  in  a settle- 
ment of 0.2" after 1 000 repetitions in the case  of runways, and 10 000 
repe t~ t ions  in  the case  of taxiways, Allowance is made for settlement 
caused by the f i r s t  application of load, which represents  initial compac- 
tion, F r o m  the various loading figures obtained, a figure is selected to 
represent  the ruling load on a 26s1 diameter plate. 

Rigid Pavements. - In testing rigid pavements, the actual load on 
a 26" plate which causes cracking is measured,  and a ruling load figure 
selected, 
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Flexible Pavements. - The ruling load on a 26" plate, a s  obtained 
from the tests ,  i s  examined and adjusted to allow for the Yime nf year, 
and weather and temperature conditions obtaining, when the testing was 
performed. When the final figure is determined, the 'corresponding load 
classification number is obtained from the chart shown in  Figure 1. 

Rigid Pavements, - As in the case of flexible pavements, a final 
figure is determined for  rigid pavements after making allowance for 
temperature conditions, etc, The latter have a particularly marked 
effect on rigid pavements and, where the testing i s  performed in  midday 
heat in summer,  the measured failure load may 'be  as much a s  twice a s  
great a s  the minimum load which will cause failure under adverse condi- 
tions, . For runways the final selected figure i s  used to give the Load 
Classification Number; for taxiways it is reduced by applying a factor 
of 1,25 to allow for the additional fatigue effects, In the case of surfaced 
or  overlayed rigid pavements the allowance to be made for temperature 
effects is considerably reduced and may be eliminated entirely when the 
overlay thickness is 6" o r  over in thickness. 

The Load Classification. Number System 

Secretakiat Note, - This system was described fully in AGA V - W P / ~  
which has been revised by the United Kingdom and circulated to States, 
under cover of letter AN 4/5-604 dated 27 May 1953, for comment. The 
paper has not therefore been reproduced in this Circular except for Figure 
which is a copy of Figure 3 of the paper. 

Introduction. - Reference has been made sevexal times in this paper 
to Load Classification Numbers, The Load Classification Number System 
i s  the standard British method used in defining airfield loading capacities, 
both for military and civil use, It is also used by military organizations 
on the Continent of Europe. It i s  described in part  4.3 of ICAO Circular 
2 5 - ~ ~ / 2 2 ,  though i t  should be noted here that Load Glassification Numbers 
a r e  non-dimensional and so  the reference to metric units in par t  4, 3.1.1 
is incorrect.  Similarly, in Figure 16 of the same publication, no units 
should be shown against the central line and the figures on the right hand 
side of the central line should be ignored, 

Principle. - A large number of plate bearing tests  carried out in the 
British Isles with plates of different sizes have shown that a mathematical 
relationship exists between permissible load and plate size. A wheel- 
load/tiTe pressure  equation has been developed based on the results of 
many tests.  Accordingly, f f  a pair of figures for which load and t j r e  
pressure  a r e  known to represent the safe loading on a particular pavement 
the various combinations of wheel-load and t1r.e pressure  which will also 
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be safe may be determined by applying the equation. A numbering system 
was developed to give a yard-stick of LCN values combining the two 
variables of wheel load and ti-re. pressure;  this resembles closely the 
table in P a r t  7 of Attachment B to Annex 14 to the Convention. For 
example, Code No. 1 i s  exactly LCN 100, No. 3 i s  LCN 60 and No. 5 
i s  LCN 30, From the testing and evaluation of a pavement the LCN for 
that pavement i s  determined, using Figure 1 ,  or  the alignment chart in 
Figure 16 in Circular 25-AN/ZZ. The LCN for the aircraft to use the 
pavement 1s obtalned from the same diagrams, and, by a comparison of 
the two figures, it is a t  once possible to decide whether the a i rc ra f t  may 
be accepted on the pavement. 

' Mdtiple Wheel Under ca r r iages  

Application to the LCN System. - Where aircraft  with multiple-wheel 
undercarriages a r e  concerned it i s  necessary f i rs t  to obtain the Equivalent 
s i n g l e - ~ h e c  Load'ior .the aikcf aft for i8ppliica~fon .to the charts .  A major 
difficulty will be apparent at once; that is that the E.  S. W. L. for  any 
multiple-wheel undercarriage aircraft  varies with the construction of the 
pavement. Thus a multiple-wheel undercarriage aircraft  has a range of 
LCN values, but only one value for any particular aerodrome. In dealing 
with aircraft  of this type it  i s  therefore necessary to know not only the 
LCN of the aerodrome pavement but also i t s  construction. 

Calculation of E. S..W.. L ,  . 

Flexible Pavements. - The only variable i s  the thickness of the 
pavement, and the 33. S. W, L.  varies between the load on one individual 
wheel of the undercarriage on very thin pavements to the total load on 
the undercarriage on very thick pavements. The method described,  
while accurate, involves considerable calculation and i t  i s  British 
practice, for general use, to adopt C. R. Foster 's method a s  described 
in P a r t  2.1 of Circular 2 5 - ~ ~ / 2 2 .  Results given by the two methods 
show a very close measure of agreement. For E.S.W.L. calculation 
purposes reference i s  only made to the pavement thickness; 

Rigid Pavements. - It is necessary to know a value called the 
"radius of relative stiffness" of the concrete, For practical purposes 
i t  is reasonably accurate to assume that this is approximately equal to 
four times the thickness of the concrete. Knowing this value, the ratio 
of the E.  S. W. L. to the total load on the undercarriage i s  obtained and 
f r o m  this ratio the E.S. W. L, is obtained. 

D e s i ~ n .  - In the design methods described in the f i rs t  P a r t  of this 
paper i t  i s  necessary, i n  the case of multiple-wheel undercarriage a i r -  
craft,  f i rs t  to determine the equivalent single-wheel load. This neces- 
sitates a t r ia l  and e r r o r  process in which an E .S .  W . L .  value is taken 
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for design purposes for an assumed pavement thickness, and IS later 
checked for accuracy. The mast recent Corps of Engineers pavement 
design curves allow for direct abstraction of design thickness, both for 
flexible and rigid pavements, for  two typical multiple w k e l  under- 
carriages.  

Evaluation, - For  all  multiple-wheel undercarriage aircraft ,  charts 
have been prepared showing the LGN variation for different types and 
thickness of construction, It i s  therefore-possible to obtain a t  once the 
LCN for  any particular aircraft  on ahy particular aerodrome. Similarly, 
on any aerodrome, the LCN~S applicable for all  a i rcraf t  may be known 
and also, where this is possible, the reduced all-up weight figure which 
brings the a i rcraf t  L C N  to a figure less than the LGN of the aerodrome, 
Therefore, once the initial ca~culations a r e  made, applicatibn becomes 
P elatively simple, 

IGAO Method, - It will be appreciated that the arbitrary factors given 
i n  P a r t  7 of Attachment "Bit to Annex 14 to the Convention a r e  considered 
to be misleading and even dangerous in extreme cases. On thin pave- 
ments where the equivalent single-wheel load is little more than that of 
one wheel of the assembly, the arbitrary factors may impose an undue 
restriction, While the variation of E, S, W. L ,  may at  f i rs t  sight appear 
to be a complicated matter,  i t  i s  not difficult to apply in practice, 
particularly when linked to the LGN system. 

Secretariat Note, - Subsequent to the presentation of this paper the 
AGA Division, a t  i t s  Fifth Session, recommended the addition of the 
following note a t  the end of Section 7, after the second table: 

"It should be noted, however, that the equivalent single 
isolated wheel load for a given aircraft  will vary depending on 
the type, thickness and quality of the combination of pavement and 
subgrade encountered, 80 that the above assumptions give only 
approximate figures, " 

This amendment was approved by the Council of ICAO. 
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Fig. 3. - ABAQUE NUMERO L.C. N. /PRESSION DE GONFLAGE/SURFACE D~APPLICATION/CHARGE PAR ROUE 
Fig. 3. - DIAGRAMA CARGA RUEDA/AREA CONTACTO/PRESION NEUMATICO/N. C. C. 
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UNITED STATES METHOD 

(Presented by Dr.  F. L. Meara) 

DESIGN AND EVALUATION O F  RUNWAYS 

Introduction 

Types of pavements. - Two general types of airfield pavements a r e  
constructed namely, rigid pavement built of Portland cement concrete and - - 
flexible pavement having an  asphalt concrete surface. Either rigid or  
flexible pavement may have an overlay constructed to  increase  the strength 
of the existing pavement. This overlay will generally be of asphaltic concrete. 

Rigid Pavements. - The strength of rigid pavements depends primari ly 
on the soil constant of the subgrade and the flexural strength of the concrete. 
The strength of the subgrade, expressed a s  a soil modulus (K), is normally 
determined by means of the plate bearing test .  In this tes t  a 30-inch plate 
is jacked into the subgrade by applying successive loads of 5 p. s. i. , 10 p. s. i. , 
20 p. s .  i . ,  etc. A curve is then plotted between the deflection produced and 
the corresponding load. The p ressure  of 10 p. s.  i. is divided by the deflection 
produced by this same  load and the resul t ,  expressed i n  pounds per  cubic 
inch, is the soi l  modulus (K). A soil  having a (K) value of 40 to 50 is 
generally considered to be a weak soil whereas one having a (K) value of 400 
to 600 is considered to be a strong soil. 

A s e r i e s  of design curves for rigid pavementshave been produced. In 
the se r i e s ,  attached (See Figures 2-11 inclusive), separate  curves have been 
drawn for single-wheel loads with 100 p . s . i .  t i r e  p ressure ,  single wheel loads 
with 200 p. s. i t i r e  p ressure ,  twin-wheel loads with 100 p. s. i. t i r e  p ressure ,  
twin-wheel and twin-tandem gear loads having a contact a r e a  on each t i r e  of 
267 square inches. Use of these curves permit  design of pavements to  meet 
requirements of existing a i rcraf t .  It will be noted f rom the curves that the 
variation and thickness of the pavement for any given wheel load such a s  
100 000 pounds on a dual wheel is only a few inches a s  we proceed f rom a 
weak subgrade with a (K) of 50 to a moderately strong subgrade with a (K) 
of 300. This  brings out the fact that when we have a weak subgrade, it is 
not economical to  build in a base course i n  order  to  increase  the strength 
because the base course would be more  costly than the smal l  number of 
additional inches of concrete. Base courses however may be economically 
dictated for such other purposes as the prevention of pumping, providing 
proper  drainage and because of climatological conditions. 

Flexible Pavements.  - Design of flexible pavement is predicated upon 
the use of subsoil strength in t e r m s  of California Bearing Ratio (CBR). This  
rat io is quite different f rom that used a s  the basis  for the design of rigid 



14 ICAO Circular  3 7 - ~ ~ / 3 2  s 

pavements. CBR i s  determined by forcing a piston 3 square inches in  a r ea  
into the soi l  a t  a uniform ra te  of 5/100 inch per minute. A curve is  
plotted between the penetration and the forces necessary to produce the 
severa l  penetrations of this plston. A similar  curve using well-graded 
crushed Gtone has  been prepared for use a s  a standard, the CBR of which 
i s  taken a s  100. By comparing the force necessary to produce a penetra- 
tion of 1/10 of an inch in the soil  under tes t  with the force necessary to 
produce the same penetration i n  the standard sample, we get a ratio which 
expressed in  number of percent,  is the CBR of the soil. For example, if 
the force of a 1/10 inch penetration of the soil  under tes t  i s  150 poui~ds and 
the force for the 1/10 inch penetration on the standard sample i s  1 000 
pounds, the rat io is 150/1 000 or  a CBR of 15. 

Flexible pavements a r e  usually constructed of layers  of granular 
mater ia l  and provided with a wearing-.or surface course of three o r  four 
inches of asphaltic concrete, The required strength of the base course 
material  i s  specified in t e r m s  of CBR. There a r e  attached five designs 
8or ' $ lhx ib td .~~ements ,  for.,the:saMb -wheel Joaliin$s,as 'those ps:exiously - 
given for rigid pavement. Relative to soil  strengths i t  should be noted that 
in t e rms  of CBR subgrade strengths generally range f rom 5 to 30 with very 
weak subgrades ranging f rom 3 to  5 while those above 60 a r e  unusually strong 
subgrades. Pavement thickness in  accordance wikh-&he design curves and for 
a wheel load of 100 000 pounds would vary f rom 45 inches on the soils of 
CBR 5 to  10 inches on the soi ls  of CBR 35. This  variation in thickness 
demonstrates that the effect of the subgrade on flexible pavement thickness 
is substantial whereas in  the case  of rigid pavements i t  i s  a question of 
economy a s  to whether o r  not a base course shall  be constructed. 

The above discussion re la tes  wheel load, thickness of pavement, and 
CBR of the subgrade. In thick pavements, say 45 inches i n  thickness, the 
mater ia ls  used may be of several  types having different CBR values. The 
mater ia l  in  the lower pa r t  of the pavement may have a CBR of 10 while in 
the central portion, up to within I 0  inches of the surface, i t  may be 35 o r  
40 while the upper portion must  have materials  of 80 o r  more.  These CBR 
values for the various pa r t s  of the pavement can be obtained f rom the same 
curves which give the total design thickness. This  denotes that l e s s  costly 
mater ia ls  can be used i n  the lower sections of the pavement. 

It was stated previously that we have design curve for five different 
gear  configurations. The question may a r i s e  a s  to why we do not use an 
equivalent single-wheel load and thus reduce the number of curves required. 
That approach was t r ied  some years  ago but i t  was found that the equ'iv- 
aL&nt:si$gle-'whdeL toad-ofamultiple-wheeled gear varied with the thickness 
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of the pavement and the spacing of the wheels. Another variable may 
occur when the base course i s  the controlling factor rather than the 
subgrade. 

The preceding discussions have been based upon permanent or  25 
year life pavements, An interesting variation in pavement construction 
i s  the pavement of limited life. Three different types of limited life 
airfield pavements have been proposed, namely, full operational, minimum 
operational and emergency. 

Limited Life Pavements 

Flexible Pavements. - The full operational pavement will have the 
same thickness a s  the permanent 'pavement. In the case of flexible pave- 
ments the minimum opirational will have 80 per cent of the 
thickness of the full operational pavement, an  assigned life of six months 
and will require extensive maintenance. The emergency pavement also 
in the case of the flexible type, will have 50 per cent of the thickness 
of the full operational pavement, a specified life of only 14 days and will 
require constant maintenance. In general, the flexible pavement of the 
limited life type will not have a formal surface a s  does the normal 
asphaltic concrete surfaced pavement. The surface ,411 generally be a 
tack coat or  a double surface treatment of asphaltic materials.  This 
surface i s  expected to provide moisture proofing and serve a s  a dust 
palliative. Design curves for the three types of limited life pavements 
have been prepared. 

The design of a flexible pavement without the usual three or  four 
inches of bituminous concrete to ca r ry  heavy aircraft  utilizing t i re  pressures  
from 175 to 195 p . s . i .  presents a special problem. In a theoretical study, 
a consultant for the Air Force found that such t i re  p z s s u r e s  would require 
CBR values of 125 to 150. Such high values can only be obtained when a 
well graded, high quality aggregate i s  compacted by means of a 50 to 60- 
ton roller with the t i res  inflated to 150 p, s. i. The above relationships 
were based on the shear s t resses  induced in the pavement and these 
s t resses  were correlated by mealts of some existing data with CBR values. 
Test  sections were also constructed and subjected to.traffic tests.  The test  
thus far  completed confirmed the principle that the higher t i re  pressures  
required high CBR values. 

Rigid Pavements, - Limited life type rigid pavements will not generally 
be constructed but i f  they a r e ,  there probably will be three types a s  in the 
case of flexible pavements. The full -operational rigid pavemii t  will be 
100 per cent of the thickness of the permanent pavement. The minimum 
operational pavement will be 90 per cent of the thickness of the full opera- 
tional pavement and the emer g.enc,y .pavedent will 88 per CetiY; of tb'ethickne s s of 
the full operational pavement. Design curves for these three types of rigid 
pavement a r e  now being prepared. 
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Landing Mats. - It is expkckkd: that many of the airfield pavements will 

be surfaced with landing mat _ where limited life pavements a r e  to be 
constructed. At we have three types of -landing mat for such use. 
All landing mat is of the pierced steel plank type but greatly improved over 
the type used in World War 11. The M-6 mat i s  a steel mat which weighs 
5.4 pounds per square foot; the M-8 mat is a steel mat which weighs 7. 3 
pounds per square foot; and the M-9 mat i s  an  aluminum mat which weighs 
3.7 pounds per square foot and has  about the same strength characteristics 
a s  the M-8 steel  mat. A landing mat,  in one sense, i s  similar to a layer 
of asphaltic concrete in that it cannot be laid on every soil and be expected 
to support al l  the different aircraft  loads. A landing mat like asphaltic 
concrete needs a base course. The thickness of the base course depends 
again on two factors, namely, the strength of the subgrade and the wheel 
load to be carried. Design curves for both the M-6 and the M-8 mat for  
both the emergency and minimum operational type of aiifields have been 
prepared for four different t i r e  p ressures  ranging f rom 40 p .s , i .  to 300 
p. s . i .  Since it  has been stated that a landing mat requires a base course, 
the question may a r i se  a s  to what advantages a r e  obtained from use of the 
mat. In general, the thickness of the base course, required with the use of 
a landing mat, i s  less  than required in a flexible pavement. The amount 
of reduction in thickness depends on the t i re  pressure. When the t i re  
pressures  a r e  low, say 40 pounds, the reduction may be a s  much a s  15 
inches, but when the t i re  pressure  i s  300, the reduction may be only 6 
inches, The second advantage of the landing mat is that the required 
quality or  -CBR of the upper layer of the base course i s  greatly reduced. 
If we had a 50 000 pound wheel load and a 40 p. s , i .  t i re  pressure ,  the 
M-6 mat requires only 8 inches of base course and a CBR of 6, If this 
same load i s  used a t  300 p. s . i .  t i re  pressure  the thickness required in 
the base course becomes 18 inches and the CBR required is 33. 

Surfacing Membrane. - Another type of surfacing that has been used 
is a membrane called prefabricated bituminous surfacing (PBS). Recently, 
a new membrane,,  a vinyl coated duck, has been developed. This is 
superior to the old PBS, particularly in heat resistant qualities and i t  is 
proposed to use this material a s  a surface for certain emergency runways. 
This material has no structural strength, and accordingly, the strength of 
the runway must be built into the base course. The principal mer i t  of 
the membrane cover i s  to serve for water proofing and a s  a dust palliative. 
Investigations under way a t  the present time indicate that this type of mem- 
brane also can be used under the landing mat for wheel loads in  the range 
f rom 25 000 pounds to LOO 000 pounds with t i re  pressures  ranging f rom 50 
to 180 p. s.  i. The twin-tandem gear l oad~va r i e s  f rom about 100 000 pounds 
to 160 000 pounds. 

Loads. - Recently, designing engineers for several  aircraft  companies 
have predicted that the bombers of the future will decrease in weight while 
the cargo ships will increase in  weight until they eventually reach 400 000 
pounds. Existing a i r  craft physical characteristics,  however, include: 
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t . . Single-wheel loads - 84000 to 45 000 pounds with t i r e  p ressures  
from 60 to 197 p. s, i. 

Twin-wheel loads - 25 000 to 100 000 pounds with t i r e  pressures  
from 60 to 180 p, s.i, 

Twin-tandem gear load - 100 000 pounds to 160 000 pounds with 
t i r e  pressures  corresponding to the twin wheel loads, 

F rom the above discussion, i t  can be seen that we have f i rm cri ter ia  
for the design of pavementsfoE.al1 existing a i rcraf t  and the cr i ter ia  could 
readily be extended i f  the need ar ises ,  
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CALIFORNII, BEIRfNG-RATIO C B A  INDICE PORTAPT CALIEDRNIE3 

R 

C I )  LlEPAISSEUR SERA REDUITE DE 10 POUR CENT 
EN LA PARTE CENTRAL DE U S  PISTAS (ZONA ENTRE 
SCCIONES A ~ O O O  PIES DE IDS EXTWS). EL 
ESPESOR SE REIXJCIFU EN UN 10 FOR CIENTO- 

267 SQ ,IN. COWACT A E U  UCEI WHEEL 
SURFACE DE CONTACT: 267 POUCES CARRES PAR .F?W 
AREA J1E CONTACT13 POR RUEnB' 267 PUU. CUACIRAUS. 

(TENTATIVE) (PROVISOIRE) (PROVISIONAL) 

FLEXIBLE PAVEMENT W I G N  CURVES FOR TAXIWAYS ETC, 
COURBES DE CALCUL DE REVETEMEEf SOUPU POUR VOIES DE CIRCULATION ETCe 
CURVAS DE CAUULO DE PAVIMEmTO F'IEXIBLE PAM C A U S  DE RODAJE, ETCa 

Revi 7-21-50 
Rev, 6-13-50 
Rev, 3-27-50 

R-19-49 
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THE TH 
(BI(EA BETWEEN 1000 FT SECTION AT EACH END) 
FOUR LA PARTIE CENTRALE DE LA n S T E  (COMPRISE ENTRE: DEUX PA~&U&ES AUX 
-TES, TRACEES A 1000 PI= DE CHACUNE DE CELLESCI,  L'EPAISSEUR SERA 
REIXITE E 10 POUR CENT 
EN LA PARTE CENTRAL DE L.43 PISTAS ( ~ N A  ENTRE SECCTOEES A 1000 PIES DE IDS 
ExTRPXlS) EL ESPESOR SE REUUCIR.4 EN UN 10 FOR CIENTO 
P'AVBENT DESIGIJ CUFUES POR CONCRETE TAXIWAYS ETC. SINGLE WHEEL 100 - PSI. 
C m S  IE CALCUL DU REXETEMENT EN BETON POUR VOIES I83 CIRCULATION, ETC. 
.ROUE SIMPLE - PRESSION DE GONFLAGE; 100 UVRES PAR POUCE CARRE 
CURVAS. DE GALCUI.0 DE .PAVIMENTOS DE ~IORPJLGON PBRA CALLES DE RODAJE, ETC. 
RUEDA SIMPLE: - I ~ / ~ I C I A M ~  
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3-7-50, 6-13-50 REV. 
?: .r: 

I\ \\ ?. * 

THE THICKNESS WILL BE REDUCED 10 PERCBiT FOR C m R A L  PORTION OF RUNWAYS (AREA 
BETWEEN 1000 SECTION AT EACH END) 
POUR LA PARTIE CENTRALE DE LA PISTE (COMPRISE ENTRE IEUX PARALLZIES AUX XXTHE- 
KITES, TUCEES A 1000 P~EDs D6 CUCUNE DE CELLES-CI,LsEPAISSEUR S3.U RERlITE 
a lo FOUR CENT 
EN LA PARTE CENTRAL DE LAS PJSTAS (ZONA ENTRE SECCIONES A 1000 PIES DE IDS 
E??l'REbDS) EL ESPESOR SE .REDUCIRB EN UN' 10 POR CIENTO 
PA- IlESIGN CURVES FOR CONCRETE TAXIWAYS ETC. SINGLE WHEEL 200 - PSI 
COUR8ES DE CALCUL W REV2TEM3NT EN BETON POUR M I E S  DE CIRCULATION, ETCe 
ROUE SIMPLE - PRESSION aE .GONFLACE: 200 UVReS PAR POUCE CARRE 
CURVAS DE CALCUID RE PAVIbIENTOS DE HOMGON PARA C A U S  DE RODAJE, WC- 
RUEM SIMPLE - 2b/PUU2ADAP 

FIGURE 7 
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THE THICKNESS WILL BE REWCED 10 PERCENT FOR CENTFUL PORTION OF RUNWAYS 
(AREA BETWEEN 1000 Fl' SECTION AT EACH END) 
POUR LA PdRTIE CENTRALE DE LA PISTE ( C O ~ S E  ENTRE DEUX PllRhLLEIES AUX 
EXTRPIITES, TRACEES A 1000 PIEIS DE C H A C U ~  DE CELLES-CI) L'EPAISSEUR 
SERA REUUITE DE 10 POUR CENT 
EN LA PARTE CENTRAL DE U S  PISTAS (ZONA EHTRE SECCIONES A 1000 PIES DE 
ID5 EXT~EMOS) EL ESPESOR B REDUCIM EN UN 10 POR CIENTO 
PAVEMENT DESIGN CURVES FOR CONCRETE TAMWAYS ET.C. DUAL WEEELS SPACED 
37m CoCo CONTACT AREX 267 Se IN, EACH 1-L 
COURBES DE CALCUL DU REVJ3TR4ENT EN BETON POUR VOIES DE CIRCUUTION, m. 
DUBOLOS, ECARTEMENT : 37 POUCES DE C, AC. SURFACE DE CONTACT: 267 
FClUCES CARRES PAR PNEU 
CURVAS DE CALCULO DE PAVIMENTOS DE HORMICON PAM CALLES DE RODAJE, ETC. 
RUEIULS CE%lEUS - DISTANCIA ENTRE CENTROS 37 PULG. AREA DE CONTACT0 267 
PULGAIlAS CUADRAUS POR RUEDA 

FICLRE E 
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6-13-50 REV. 

TIB TIIICKNESS WILL BE REDUCED 10 PERCE;-IT FOR CENTRAL PORTJOIJ W RUIJrJAYS 
(AREA BETWEEIT 1000 F T  SECTIOII AT EACH Elm) 
POUR WL PARTI3  CEYI'RALE DE LA P I S T E  (CO~4PRISE EXlW3 DEUX PBRALLEUS AUX 
~ - n m ,  TRACEXS A 1000 PIEDS DE CriAcrna DE CECUS-CI) L~PAISSEUR 
SERA R E D U I ~  DE 10 mUR CEITT 
Ell tb PARTE CENTRAL DE U S  PISTAS (zOi?A QZRE 8 E C C I O I W  A 1000 PIES DE 
LOS EXTREI*BOS) EL ESPESOR S E  RFDUClRA E B  UN 10 POR CIENTO 
PAVDENT D E I G N  CURVES FOR CONCRETE TAXIWAYS ETC. DUAL W 1 E E l . S  SPACED 
37" CoC* TIRE IliESSURE 100 PSI 
COURBES DE C A U U L  DU REVETElEIiT EN BETON POUR VOIES DE CIRCULATION. En;, 
DIABOLDS, E C A R ~ M E I ~ :  37 POUCES DE C. A C. PRESSIOIJ DE GO~IEUGE:- 
100 LIVRES PAR WUCE CARRE 
CURVAS DE CALCm.  Dl3 PAVnIENTQS DE HON.IIGON PARA CALLES DE RCDAJE, ETC. 
RUEDAS W-IELAS - DISTAIICIA E I J m  CEFlTROS 37 mnG* F'RESIOEJ DE N E @ f A T I C S  
loo I~/PULGADA~ 

FIGuaE 9 



26 I r A O  Circular 3 7 - ~ ~ / 3 2  

PAVEMENT DESIGN CURVES FOR CONCFUCTE TAXIWAYS M'C. TWIN TANDEM GEAR - 
SPACING 31"X6O" CONTACT AREA 267 SQ. IN, EACH WHEEL 
COU- DE CALCUL DU REVETEEIENT EN BETON POUR Y O I E S  DE CIRCULATIONy ETC., 
BOCGIE - ECARTEMEIRS: ' 31 POUCES X 60 POUCES SURFACE DE COWACT: 267 
POUCES CgRRES PAR PNEU 
CURVAS aE CALCUILI DE PAVIEMENTOS DE' HORMGOI? PARA CALLES IIE RADAJEy ETC. 
BOGIE DJ3 4 RUEDAS - S P A R A D A S  3U60 P U L G a  AREA DE CONTACT0 267 PULGAMS 
CUAMUDAS POR RUEDA 
THE THICKNESS WILL BE REDUCED 10 P E R C E I n  FOR CENTRAL FORTION O F  RUNWAYS 
(NG.4 BETWEEN 1OOO IT SECTION AT EACH END) 
FOUR LA PARTIE CENTRALE DE LA P I S T E  (COblPRlSE E N T W  DEUX PARALLEXES AUX 
EXTREMITES, TRACEES A 1000 P I E D S  DE CHACUNE DE CELLES-CI) L 'EPAISSXJR 
F R A  R E W I T E  DE 10 POUR C D l T  
EN LA PARTE CENTRAL DE U S  PIS ' iAS  (ZOMA ENTRE SECCIONES h 1000 PIES IE 
US EXTiZEbDS) E L  ESPESOR SE REWCIRA Eli UI? 10 FOR CIEIITO 

F I G L Y E  10 
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CANADIAN METHODS 

(Presented by Dr.  N. McLeod) 

General 

Dr.  McLeod stated that both flexible and rigid types of pavement were 
used In Canada. To ass i s t  in  determining the type of pavement best suited to 
a particular location, design studies were normally made for both types of 
pavement on the basis  of the anticipated loads and the subgrade conditions at 
the site.  If the estimated difference in cost was slight, alternative bids were 
requested f rom contractors.  

Rigid Pavements 

Design. - Rigid pavement design in Canada was commonly based on 
methods described in a booklet entitled "Design of Concrete Airport Pave- 
ment" published by the Portland Cement Association, 1950. In those design 
specifications, i t  i s  assumed that the concrete itself has  a certain structural 
strength and calculations of the thickness required a r e  based on Westergaardls 
formula. The subgrade modulus is determined by means of the common plate 
bearing test  using a 30-inch diameter plate. 

Later  experience in Canada has seemedto indicate, however, that the 
required thickness of rigid pavement, i f  determined on the basis  of this 
pubhcat~on was greater  than was thought necessary in practice. The thick- 
nesses  have therefore been scaled down to conform more  closely with ear l ier  
specifications recommended by the Portland Cement Association (1942). The 
reduction in  thickness is roughly 5 crns (2 inches) for pavements designed for 
lighter wheel loadings and may be a s  much a s  7.5 c m s  (3 inches) for heavier 
wheel loadings. 

Evaluation. - For the evaluation of rigid pavements of existing runways, 
taxiways o r  aprons,  the following procedure i s  followed: a section of pave- 
ment i s  cut out and used a s  a standard beam for determining the structural  
strength of the concrete. Enough concrete pavement i s  removed to make a 
plate-bfaring test  with a 30-inch diameter plate on the underlying subgrade. 
F rom this test  the subgrade modulus K ,  required by the Westergaard analysis, 
can be calculated. F rom the subgrade modulus K and from the actual 
s tructural  strength of the concrete that has been cut out, i t  i s  then possible 
by using curves given in  the above-mentioned specifications to determine the 
wheel load that i t  will support. 
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Flexible Pavements 

Desirrn. - In 1945, the Department of Transport  s tar ted an  extensive 
load-testing programme of existing flexible runway pavements. Plate-  
bearing tes ts  were made with bearing plates of various diameiers .  The 
load-test data obtained was carefully analyzed and from i t  an ' loverall  
perimeter  a r ea  ratio diagram" was developed. Using this diagram and a 
single-load test  on a given subgrade i t  i s  now possible to calculate the 
subgrade strength for any other size of bearing plate and for any deflec- 
tion from 0 .13  crns (0.05 inch) to about 1. 78 crns ( 0 . 7  inch). The 
diagram i s  useful since i t  would be a difficult procedure to make plate- 
bearing tests  corresponding to every size of contact a r ea  of a l rcraf t  
t i r e s  that might possibly be used on the runways. On the basis  of these 
load-test data a design formula has been derived, which i s  the basis  of 
the design charts  used in Canada. The original design chart was 
established for single isolated wheel loads on flexible pavement but has 
been changed, a s  proposed by the U.S. Corps of Engineers,  so  that the 
equivalent single -wheel load for any desired multiple t i re  assembly arrange- 
ment can be determined (= diagrams on pages 45 and 47 of ICAO 
Circular  2 5 - ~ ~ / 2 2 .  

Evaluation 

To determine the strength of existing pavements, the Department of 
Transport  uses the following tes t  procedure: Plate-bearing tes ts  a r e  f i rs t  
made on the pavement surface. By using the perimeter  a r ea  ratio diagram 
i t  i s  possible to establish the slngle isolated wheel load that the pavement 
will ca r ry  and by means of the two dlagrams in ICAO Circular  2 5 - A ~ / 2 2  
i t  i s  possible to determine the total wheel load, for either a dual t i r e  
assembly o r  a dual tandem t i r e  assembly that the pavement will support. 

During the past three years ,  the Department of Transport  has  been 
designing flexible pavements for a minimum t i re  pressure  of 14 kgs. /sq. cm 
(200 p. s . i . ) .  The gross  weights of a i rcraf t  were increasing and runways 
built in the ear ly  1940s were too weak to ca r ry  present-day aircraft .  The 
Department of Transport  has therefore strengthened many of these runways 
utilizing the existing flexible pavement a s  a subgrade and treating i t  a s  such 
in the design equation to determine the additional thickness of flexible 
pavement required to c a r ry  greater  wheel loads. 

In conclusion, D r .  McLeod said that while Canada has available a t  
the present t ime methods for designing and evaluating rigid and flexible 
pavements for both single isolated wheel loads and multiple wheel landing 
gears  these solutions were not considered to be final. The Department 
of Transport intends to modify, a s  necessary,  the present findings a s  
further  tes t  data a r e  obtained. 
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SUMMARY O F  DISCUSSIONS 

The meetlng was then opened for d~scussaon .  

GENERAL CONSIDERAT IONS 

The effect of weather on pavement. - The question was asked i f  weather 
condzt~ons might Influence the cholce of the type of pavement to  be adopted. 
Both Mr , cooper  and Dr .  McLeod expressed  the opznion that economid 
consideratloras such a s  the availability and cost of mater ia l s  and the quallty 
of the subgrade were the predominant factors  effecting the choice of the 
pavement to  be used. In Canada, where rhe temperature ranges f r o m  50" 
Centigrade (60' F) below z e r o  in  winter to  a maxlmum of 43-45" Centigrade 
(110"-115°F) above In summert ime,  the only major  consideration in the 
choice of eather flex] ble o r  r i g ~ d  pavement 1s an  economic one i. e .  , which 
can be built and maintained to  c a r r y  the load most  economically. 

Wheel loads. - It was questioned whether an equ~valent  single isolated 
wheel load of 45 000 kgs (100 000 pounds) which was the maximum indicated in 
the present  ICAO Annex 14 and whach has  been regarded a s  the limiting load 
for  the past  few yea r s ,  was likely to be exceeded with future types of a i r c ra f t .  
Dr .  Meara suggested that a g r o s s  weight of approximately 180 000 kgs 
(400 000 pounds) might be anticipated for a i r  cargo a i r c ra f t  within a few yea r s  
but that as f a r  a s  he could determine ths load was likely to be distributed i n  
such a manner that the equivalent slngle isolated wheel load would not exceed 
45 000 kgs (100 000 pounds). 

T i r e  P r e s s u r e s .  - The Chairman noted that mention had been made of 
I-lre p r e s s u r e s  of 14 kgs/sq. cm. (200 lbs/sq. rn) and pointed out that the 
maximum p r e s s u r e  indicated in Annex 14, Attachment "B", Page  76 was 
8 . 5  kgs/sq. c m ,  (120 lbs/sq. ~n), He asked for mews a s  to whether o r  not 
there  was any possibility or  thought of going beyond the l imit  of 14 kgs/sq. cm.  
(200 lbs/sq,  In). Dr.  McLeod stated that in Canada they were using this 
flgure for  design purposes on the assumption that i t  would be the normal  
maximum for the immediate future.  He had noted, however, that a t  a U, S. 
Navy Symposium i n  1952 there  was an indication that t i r e  p r e s s u r e  may  reach  
higher values.  M r .  Cooper thought i t  was important to  differentiate between 
civil and mil i tary requirements .  He felt  that manufacturers  of civil a i r c ra f t  
would attempt to find the widest possible market  for their  products and would 
t r y  to avoid excluding potentlial purchasers  by keeping t i r e  p r e s s u r e s  and 
equivalent single isolated wheel loads within acceptable l imits  for a large 
number of aerodromes .  He added that i n  the United Kingdom there  was ve ry  
close liaison between the a i r c ra f t  manufacturer and the aerodrome constructor 
through the medium of the Mnnistries of Supply and Civil Aviation. They had 
found it possible to  keep t i r e  p res su re  down and a lso  to Increase the number 
of wheels per  undercarr iage leg s7r?ce the la test  azrcraft  including both the 
Comet and Delta wing a i rc raf t  provzded ample stowage spa ce for accommodating 
bogey-type wheel a r rangements .  He merit-sned that the t i r e  p r e s s u r e  of the 
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Comet was not likely to go above 10 kgs/sq, c m  (1 40 lbs/sq. in), Mr. Pasca l  
stated that this was the figure used for design purposes fo r  major aerodromes in  
France, Dr. Meara stated that several  years  ago there had been talk of tyre  
p ressure  mkkheedtng ,kl.kgs/sq. c m  (300 lbs/sq. in) but that during the war when 
a proposal was made to Increase tyre pressure  by 3.5 kgs/sq. crn (50 lbs/sq, in). 
to 7 kgsfsq. c m  (1 00 lbs/sq. in), it was found that this change would have added 
many weeks, or  even months, to the time required to construct aerodromes,  He 
believed, therefore, that although i t  was possible and perhaps desirable f r o m  
the aircraft  manufacturers point of view to construct tyres  with higher p ressures ,  
considerations such a s  those mentioned by Mr. Cooper may mitigate against this. 

The question was then asked a s  to what was meant by l l tyrepressure ' l ,  
whether i t  was the actual pressure  on the pavement o r  the p ressure  i n  the tyre  
itself,  and how the pressure  was affected by the tyre becoming hot due to rolling, 
Replies indicated that the pressure  on the pavement varied f rom ze ro  a t  the edge 
of the tyre  t read to a maximum a short distance fn f rom the edge and decreased 
toward the centre of the contact a rea .  It appeared to be general practice, how- 
ever ,  to assume for design purposes, that the tyre;pressure a s  measured by a 
tyre gauge represented the average pressure  on the pavement. No data was 
available on the changes i n  p ressure  due to heating but the apiniori *as ex- . 
pressed that the rolling time was normally of sufficiently short  duration not to 
cause any appreciable increase in pressure .  

Traffic. - It was asked whether the advice given i n  Annex 14 to  design 
taxiways and aprons to accommodate a single isolated wheel load equal to 125% 
of that used in designing the main runway was stil l  applicable, The repl ies  
indicated that i t  was, but that States employed different design methods that 
achieved approximately s imilar  resul ts ,  Guidance was sought regarding the 
margin of overload that could be accepted with safety on both flexible and rigid 
pavements and whether there was any pbjnt beyond which a i rcraf t  imposing 
greater  s t r e s s e s  should not be accepted, Mr. Hargraves said that, in  answer to 
the last  par t  of the question, it had been decided in the U., K, that under no circum- 
stances should an  a i rc ra f t  in flight be prevented f r o m  landing, (irrespective of 
i t s  weight) and that Air Traffic Control Officers had received instructions to this 
effect, He said that no attempt had been made to indicate any sor t  of margin 
over the declared strength of a runway, Dr. Meara said that some indication of 
the overload capacity of a runway might be gained f rom their experience in  
mil i tary airfield construction. It had been found that i f  a pavement withstood 
6 000 specified coverages of the cr i t ical  a i rcraf t  for which it was designed i t  
would stand up indefinitely and was regarded a s  a permanent pavement. In the 
case of a flexible pavement, i f  the thickness is reduced to 80% of the full design 
thickness i t  will stand up to approximately 700 coverages. If i t  i s  reduced to  50% 
it will stand 50 coverages and in  this case would be regarded a s  a n  emergency 
airfield only, 

The t e r m  "coverage" was not used to refer  to a single operation but 
r epre sented the following: 

4 operations of a large dual tandem wheel heavy bomber 
8 operations of a medium bomber 
16 operations of a light bomber 
25 operations of a light fighter 
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Mr. Cooper said that in England a flexible pavement that could withstand 
1 000 repetitions of the equivalent single isolated wheel load of a particular 
a i rcraf t  was regarded a s  having unlimited life for all  a i rc ra f t  up to and 
Including that a i r  craft. 

Since the movement of aircraft  i s  spread to some extent over the 
pavement, the figure of 1 000 could be multiplied by a certain factor to 
a r r ive  a t  the probable number of aircraft movements that could be 
accepted. For example, a factor of about 20 might be applied in  the 
case of an average transport aircraft  giving a figure of approximately 
20 000 movements for that type of aircraft .  

Tests  had indicated that higher loads could be accepted for a lower 
number of repetitions of that load, As an example the U . K ,  Handbook on 
the subject indicated that a pavement assessed a s  LCN 27 i . e . ,  27 000 pounds 
E. S. W.  L. for unlimited use, wo.uld take an aircraft  of LCN 72 for a very - 
limited number of applications. In the case of rigid pavements i t  was a 
different matter a s  it  was a question of whether the ccncrete wodrd break 
or  not. It was asked whether any indication could be given of the cri teria 
that could be used to indicate the point at  which a runway wauld become 
unsuitable for the traffic intending to use i t  i. e . ,  when the degreeA.of 
maintenance would becane unacceptable. Dr. McLeod said that he was 
unable to give any quantitative information on the subject but that a t  a 
limited number of aerodromes in Canada some difficulties had been 
encountered- during the Spring "break-up" period when the loss of pave- 
ment strength was a s  high a s  50% of the normal late Summer or  Fall 
strength. Pending strengthening of the runway, in cases where this was 
found to be necessary, certain load limitations had been established but 
i t  was not the policy of the Canadian Government to impose load limita- 
tions. Every effort was made to meet the requirements of year-round 
operations for al l  types of aircraft l the aerodromes were intended to serve. 
In the isolated cases wher-e load restrictions had been applied two cri teria 
were used to determine the maximum load that should be permitted on the 
runway. The f i rs t  was to prev<nt the .'pavement being seriously damaged 
or  destroyed and the second was to avoid danger to aircraft  that might 
break through the surface. 

Testing.- It was asked whether any States had deveLoped a very simple 
method of testing subgrade strength that gave good correlation with the 
standard but more elaborate tests .  Dr. McLeod said that. the Canadian 
Department of Transport had been particularly concerned with the dif- 
ficulty of transporting heavy testing equipment to aer.odromes in inacces- 
sible areas .  ' It therefore decided that, wherever subgrade strength was 
measured by means of a plate bearing test,four other tests, of the same 
subgrade w'ould,l!ze-made wiih .li&hter equipment in an attempt to establish 
some correlation between these tests .  The four tests were: 

(a) The in-place value of the California bearing ratio. 
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(b) The North Dakota cone bearing test,  in which the 
penetration of a cone into the subgrade, was measured for a 
ser ies  of smaller loads. 

(c) The House1 penetrometer tes t  which is based on the load 
required to drive a sharpened pipe 3.2 centimetres (1-1/4") in 
diameter,  15. 2 centimetre s (6°') into the subgrade. 

(d) The triaxial test made on specimen$ ffarn the subgrade., 

The results showed that a reasonable correlation did exist between al l  
these tests  particularly in the case of fine textured soils of the silt  and 
clay types and fine sandy loam types of ,soil. The correlation was not 
good in gravel or very stony types of soil. Me believed that any of these 
alternatives could be used in the former types of soils but that the accuracy 
for a given number of tests  would be considerably l e s s  thali that achieved 
by a plate-bearing test. 

Mr. Cooper said that similar tes ts  had been carried out in England 
using: 

(a) A plate-bearing test  with a 66 centimetre (26 inches) 
diameter plate. 

(b) A CBR test. 

(c) A small plate-bearing test using a 7.6 centimetre (3  inches) 
diameter plate, 

(d) A cow penetrometer test  similar to the North Dakota 
type 

It had been found, a s  might be expected, that many mare tes ts  were neces- 
sa ry  with the smaller equipment to achieve satisfactory mean values. Good 
correlation had been found between plate-bearing tes ts  and cone penetro- 
meter tests  a t  certain fixed deflections, but a s  plate-bearing tes ts  were 
normally carried to failure, i t  was difficult to establish any correlation 
between these two tests .  Similarly, little correlation could be found be- 
tween the CBR tes ts  which were made for a fixed penetration value and 
plate-bearing tes ts  carried to failure. More recent experiments had 
indicated, however, that there appeared to be a close correlation between 
these two types of tes ts  when both were carried to failure but further 
testing was being carried out in an attempt to confirm this, 

Subgrade Water Content. - An enquiry was made a s  to whether measure- 
ments had been taken of the water pressure  in subgrades a t  various sites.  
Mr , Cooper replied that one of the most difficult problems in runway 
design was to estimate- the moisture content likely to exist in the subgrade 
when the pavement was built. He said that a method had been developed 
in the U. K. whereby the moisture content of the soil was measured at  



intervals  of 15 .2  ceu?.t~rne?.res (6 at l rFes) from ?he natcral, surface down to 
approximately 3 m e t r e s  ( I0  feet) ana after taking into account the water 
table Bevel it was possible to estimate both the rfis?sture content and the 
water p r e s s u r e  in  the subgrade whet the pavement was built. He indicated 
that the method was extremely i n t r ~ c a t e  and that further str;dy of this 
subject was necessary.  He added that some aoils were relatively unaf- 
fected by changes i? moa~t l r re  content ar,d others  - notably of the clay 
type - were  considerably affected. In the case of the lat ter  a very smal l  
change in  r n o i s t ~ ~ e  content would produce barge variations En the CBR 
value, Mr, P a s c a b a i d  that lir* a limited number of t e s t s  in France,  it 
had been found that with subgr~ades having a hZgh proportion of clay the 
subgrade appeared to  be a t  o r  near i t s  plastic limit under pavements that 
ranged in age f rom a few months to 18 years ,  He wondered whether these 
findings had been confirmed elsewhere. M r o  Cooper replied that this 
conditron had been foand i n  many cases  but that further investigation had 
shown that t h ~ s  was generally due to  a break-down in  the water proofing 
of the pavement. He s t ressed  the importance of maintaining a n  effective 
sea l  and indicated that where th~w had been ach?.eved the estimate of the 
equilibrium moisture content had been found to be reasonably accurate.  
The Chairman indicated that tes ts  conducted in Australia had given resul t s  

' s imilar  to those found In France ,  Dr,  McLeod said that t e s t s  on a number 
of a i rpor ts  in  Canada had rndicated a range of moisture content in  the sub- 
grade f rom 65% to 114% of  he plast" limit, Of P 1 a i rpor ts  tested 2 of 
them were above the P 00% and the other a were 100% o r  less .  

FLEX?BLE PAVEMENTS 

California Bearang Ratlo. - Tett ntng to the subject of flexible pavements 
it was noted that the CBR method was used ,in the design of flexible pave- 
ments  in Australia,  Canada, France.  the ~ h i t e d  ~ i n g d i m  and the united 
States and that apparerrtly i n  Aus t ra l ia ,  Canada and the Uclted Kingdom i t  
had been found that this method had lead to slaghtly generous resul t s  for 
pavement thickness. M r ,  Cooper was asked whether he could indicate 
what percentage of saturation had been found in subgrades under existing 
runways i n  England. MP, Cooper repBled that 'it varied greatly and was 
particularly cr i t ical  sn the case of clay, Small variations in  the type of 
clay appeared to have a greater  effect than did the height of the water 
table,  Dr.  Meara stated that in recent yea r s  iK the United States 
thorough investagations had been made to determine the actual water con- 
tent of subsoils under runways and that partfccrla.r',y in the case of a r id  
regions, full saturation was no longer assumed. 

Mr. Hogan said that i n  Ireland the CBR method had been used for road 
work, but not for a i rpor ts  since rigid pavements were normally used in  h i s  
country. He thought the sys tem was originally developed fo r  highway 
design purposes a s  a resul t  of a correlation between these t e s t s  and of 
a s sessments  of highway failures with different subgrades in  California. 
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He believed that at  that stage i t  was valid for loads up to about 3 600 
kgms. (8 000 pounds), but that during the war the curves were extended 
on the basis of accelerated traffic tests  tc:, permit of i t s  application to 
very much larger aircraft  loads. He asked whether the curves had been 
modified since that time or  whether, a s  a result of further experience, 
i t  was likely that they may be modified. Dr. Meara said that the curves 
had been modified a s  a result of tes ts  carried out subsequent to 1941. 
Mr. Haan added that in recent years in the United States more  attention 
was being given to soil analysis and particularly to mechanical analysis 
and to the determination of the plastic index and liquid limits. Separate 
curves had been developed for subgrade, base and surface design. An 
evaluation survey of many airports  in the United States has recently been 
completed and i t  had been found that the curves showed close correlation 
with the tests.  He believed that, a s  a result of this work, i t  may be 
possible in future to reduce sub-base amd pavement thicknesses. Mr. 
Cooper said that in the United Kingdom they had not found the CBR method 
of design to be unduly conservative provided that the equilibrium moisture 
content was used. It was standard practice to ca r ry  out plate-bearing 
tes ts  on every new runway constructed in order to measure load classifica- 
tion numbers and the tes ts  had shown a very high measure of agreement 
with the design figures. 

Overlays. - Information was sought on the experience gained with the 
use of asphaltic concrete a s  an overlay on existing flexible and rigid pave- - - 
ments. Dr. Meara said that overlay requiremen& for increasing the bearing 
capacity of old pavements were being studied in the United States with the 
intention of developing design curves for this particular application. The 
new curves would probably be similar to the existing flexible pavem.ent 
design curves and it  was to be expected that the required overlay tbick- 
ness would vary between 5 crns and 38 crns (2  inches and 15 inched). 
Tes t s  indicated that, even i f  the underlying concrete slab was loaded to 
failure, the top surface may still  be in reasonably good condition and able 
to withstand traffic. This phenomena may result from the decrease i n  
temperature effect on underlying pavement or  from the fact that asphalt 
concrete may, in some cases,  have a surprisingly high modulus of 
elasticity. However, i t  was not advisable to use very thin overlays, 
since a gravel base of a certain thickness with a 5 crns to 7 .6  cmg 
(2  inches to 3 inches) thick asphaltic concrete layer on the top has better 
ability to increase the bearing strength of the pavement. It was possible 
to strengthen even a flexible type of pavement by use of a top layer. For 
instance, a hot mixed asphaltic concrete layer 5 cm (2 inches) thick will 
considerably increase the bearing strength of an old 10 cm (4 inches) 
thick Itmixed in place" pavement. 

M r .  Cooper said that investigations over the past two years in the 
United Kingdom had revealed that an overlay of approximately 15 crns 
(6 inches) practically ehminated temperature effect on the underlying 
slab, but i f  the overlay was only 2. 5 crns (if inch) thick, the heat 
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absorbing properties of the black surface increased temperature s t resses  
in  the slab. If the overlay was too thin (7.6 crns - 3 inches) or less ,  
thermal expansion and contraction can cause cracking in the overlay 
surface. This had been significant especially over joints in the under- 
lying pavement. To avoid this a separating layer of 0. 3 crns (1/8 inch) 
of sand o r  roofing material  between the surface itself and the overlay and 
wide enough to provide isolation for 30 crns (12 inches) on either side of 
the joint had been used wth success. 

Permeability. - Information was requested regarding permeability 
tes ts  on bituminous concrete and whether specifications for bituminous 
concrete in various countries set  limits for permeability or  whether it  
was considered sufficient to specify the degree of compaction. Dr.  Meara 
said that in the United States specifications do not cover permeability, but 
from experience it had been found that, i f  the voids can be kept down to 
about 5% asphaltic concrete was very impermeable and seemed to provide 
a large measure of protection from the penetration of jet fuel. In the 
United States stability tes ts  were made to determine strength and density 
measurements, the degree of impermeability. Mr. Cooper said that from 
his experience only sand mixes provided a completely impermeable or  
waterproof asphalt surfacing, but since ~t was necessary to. use a propor- 
tion of stone to achieve stability and an acceptable coefficient of surface 
friction, i t  was not reasonable to expect 100% impermeability in practice. 
He added that experiments were being conducted in  the United Kingdom with 
a view to defining a standara degree of perrneab~lity which would in fact  
give a measure of the compaction achieved. Mr. Pascal  said that tes ts  in 
France had indicated that some samples of bituminous concrete with less  
than 4 %  of. voids had been found to possess a high degree of permeability. 
Mr. Cooper said that this had also been found to be the case in the United 
Kingdom in tes ts  made on new surfaces, but that with the kneading action 
of traffic coupled with particles of clay and dirt being worked into the 
surface, i t  had been found that the pavement became much more imper- 
meable after use. There was thus a critical period with a new pavement 
when there was a possibility of water seeping through it .  He believed 
that the best method of avoiding this was to use a heavy pneumatic-tired 
rol ler .  Good results had been achieved in the United Kingdom with a 
60-ton roller with a tire, pressure of 7 kgs/sq. cm (100 lbs/sq.in). 

Torsional effects. - It was .asked whether aircraft  with multi-wheeled 
under carriages caused damage to flexible surfaces when such a i rcraf t  were 
turned sharply. M r .  Cooper said that some "gouging-uptt of surfaces up 
to 6-weeks old had occurred with aircraft  with undercarriages with four 
o r  more wheels, but that the r isk  of damage from torsional effects seemed 
to disappear when the surface was more ihan 3--4 months old. 
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RIGID PAVEMENTS 

Westergaardts Method. - Values o f J f fEnf  and "kU. It was asked whether 
the Westkrgaard's M4ithod:fa~pavement design was more  o r  l e s s  i n  general - 
use. Replies indicated that Canada, France ,  Ireland, Spain, the United 
Kingdom and the United States used this method with certain modifications. 
In reply to an enquiry a s  to whether determination of the "k" value used in  
this  formula was based on a particular moisture content value of the soil ,  
Dr. Meara said that field tes ts  were necessarily carr ied  out a t  the Ifin- 
placef1 moisture content but that further laboratory t e s t s  were made on 
soaked samples of the soil and the determination of the "kff value took into 
consideration the selected moisture content of the soil, Mr. Cooper sug- 
gested that the Ilkn value obtained from tes t s  in  the United Kingdom normally 
ranged between 100 and 200 and that this variation had l ess  effect on the 
final thickness to be chosen for the pavement than did the width of the 
standard fo rms  available, Mr. Mazen noted that the IlkH value was 
associated with the value of "Eft  - the modulus of elasticity in Westergaardts 
formula. He asked for information regarding the values selected for "Elf 
in  various countries. Mr. Cooper said that the value of i fE t l  generally 
varied between 3 x lo6  and 6 x lo6  pounds per  square inch and that very 
great  ca re  was taken in designing the mix to ensure that i t s  strength was 
a t  least  equal to the design strength based on the assumed value of "E". 
Dr. Meara felt that the "k" value a t  t imes  could be significant. Since with 
a Ifk" value of 50 and a load of 45 000 kgs (100 000 pounds) on dual wheels 
43 crns (17 inches.) of concrete would be required and that with a value 
of 300 and a s imilar  load only 37 crns (14-1/2 inches) of concrete would be 
needed, Mr. Cooper agreed that the Ifktf value might be significant in  , - 
extreme cases  but sti l l  felt that in general i t  was relatively insignificarit, '. - 
coinpared .&'ith other factors.  * 

Design cases.- Information was sought regarding which of the 
following three design cases  were normally used (a) the wheel load a t  the 
centre of the s lab (b) the wheel load a t  the edge of the s lab (c) the wheel 
load a t  the to rner  of the s lab and whether any provision was made for the 
t ransfer  of s t r e s s  f rom one slab to the next. Mr,  Cooper said that in the 
United Kingdom the corner  case was used and that Tether  and Sutherland4s 
modification of Westergaardls formula had been found by t es t s  to give 
good resul ts ,  Dr. Meara noted that the United Kingdom used the corner  
case,  the United States Corps of engineers used the edge case and 
the Portland Cement Association the centre case and that a s  far  a s  he 
could determine each of these methods produced f rom similar  resul ts .  
When asked whether, in  the United States,  load t ransfer  devices were 
stil l  used between pavement slabs, Dr. Meara said that they were using 
them less  and l ess  a s  tes ts  seemed to indicate that most  of these devices 
gave only about a 25% transfer  of load which was of the same order  a s  
that given by projecting stones e tc . ,  normally present  in  the joints. 
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Temperature.  - Mr. Hogan noted that in  W-ester-gaardts thegm3, the, - 
distribution of temperature s t r e s s  was assumed to be linear and that in 
certain cases  this gave very high values of s t r ess .  He asked whether 
States were using this o r  some other assumption for the distribution of 
temperature s t resses .  Mr. Cooper said that a considerable number of 
t e s t s  had been carr ied  out in the United Kingdom to determine the tempera- 
tur e gradient through concrete pavements under different temperature condi- 
tions and to determine the magnitude of deflection of the corners  of slabs 
under such conditions. It had been found that for the temperature conditions 
in the United Kingdom the maximum temperature gradient f rom the top to 
the" bottom of the pavement was 1°C per 4.5 crns ( 1 ° F  per  1 inch) of thick- 
ness.  The maximum deflection or  curling up of the corners  of a s lab was 
0 ,18  crns (0.07 inch). When a load was applied to a curled up corner of a 
s lab,  deflection was considered to occur in two stages. In the f i r s t  stage, 
no subbase support was assumed and the slab was considered to act  a s  a 
pure cantilever. The load necessary to res tore  i t  to  a level condition was 
calculated on this basis .  The second stage was to calculate, using 
Westergaardts theory a s  modified by Tether and Sutherland, the load neces- 
s a ry  to deflect the slab to the limitlng s t r e s s  condition assuming i t  received 
the full support of the subbase. It had been found that the slab corners  
normally break a t  a deflection of about 0 .3  crns (0.12 inch). Tes ts  per-  
formed in  the midday, heat of summer (i. e . ,  when the top of the pavement 
was hottest and the cortlers had curled down) had indicated load bearing 
capacities up to twice that obtained under l e ss  favourable conditions (i. e . ,  
on a cool night after the pavement had been hot and the. top had cooled 
rapidly causing the corners  of the s lab to curl  upwards). In the United 
Kingdom the bearing values quoted for pavements were normally based on 
the minimum value assuming the worst combination of temperature and sub- 
grade conditions. 

Testing. - In reply to a question regarding the number of i e s t s  con- 
sidered necessary to detrermine the bearing value of a runway, Mr. Cooper 
said that in the case of a new pavement where i t  was known that the control 
had been good, i t  was only necessary to ca r ry  out t e s t s  a t  intervals  of 300 
to 400 met res  (1 000 to 1 300 feet) along a runway together with additional 
tes ts  on a r e a s  which, for some reason, were suspkicted of i being, weak,._ In 
the case of older pavementg, i bests' &are .usually .car r ied  .nut ~n .all areas. 
where there were any indications of cracking, a s  these a r e a s  were usually 
found to be weakest. 

Di'fferential movement of stabs. - Information was sought a s  to whether 
States had experienced difficulties due to the differential movement of slabs 
and whether this had given r i s e  to complaints. Replies indicated that, 
although a certain amount of differential movement between slabs was 
relatively common, no complaints had been received. This  was probably 
due to the fact that a i rcraf t  were not affected to the same extent by 
pavement i rregulari t ies  a s  were automobiles. 
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Transfer of stresses. - M r .  Weibel said that in Switzerland every 
effort was made to transfer loads by means of dowels from one slab to 
another to prevent differential movement of the slabs. He was interested 
to know whether experience in other countries ,had indicated a reduction 
in the efficiency of the dowels with the passing of time and rusting of the 
dowels. Dr. Meara said that no such cases had come to his notice. 
Mr. Cooper said that the main reason why dowels were not used in con- 
crete pavements in the United Kingdom was that concrete was cheaper than 
steel and i t  was, therefore, more economical to achieve the acquired 
strength by increasing the thickness of the slab than to use dowels. It 
was asked whether any experience had been obtained with special types of 
joints designed to transfer stresses and whether such devices tended to 
cause cracking of the slabs with temperature changes. Dr. Meara said 
that his experience had been limited to highway practice. He had found 
that it was possible to design a joint which was 100% effective in 
transfering stresses but that i t  tended to introduce high s t resses  due to 
the restraint imposed against warping, 

Prestressing. - Information was sought regarding experiments with 
prestressed concrete pavement. Mr. Pascal described briefly tests 
that had been undertaken several years previously at  Orly, France, but 
a s  full details of these tests have been widely published they have not 
been repeated in this Circular. Mr. Mazen added that the main object 
of the tests was to attempt to achieve greater economies by developing 
a material which was more susceptible to deformation than ordinary 
concrete and which could, therefore, make greater use of the bearing 
capacity of the subgrade. He believed that i t  was a first step towards 
finding new materials which would solve some of the problems associated 
with ordinary concrete pavements. Mr. Cooper said that with ordinary 
concrete pavements he believed thete was little purpose in constructing 
elaborate granular base courses since, to develop its maximum strength, 
the flexible base course had to be deflected a s  much a s  1.25 cm (112 inch) 
while the concrete slab would break i f  i t  was deflected more than about 1/5 
of that amount. 

Double slab construction. - Reference was made to the double slab 
construction mentioned by Mr. Cooper in his paper and further information 
was requested on this type of construction. Mr. Cooper said that i t  was 
more expensive than single slab construction and that it was only used in 
special cases such a s  where concrete had to be used and where more than 
30 cms (12 inches) of concrete were needed and existitlg forms were not 
suita.ble. He pointed out that it did not eliminate the problem of joints 
and that, under certain conditions, such a s  in the heat of midday whera 
the top slab was arched upwards in the centre and rested on i ts  four 
corners on the rigid baee, loads applied to the centre of the top slab 
tended to break it into four quarters. A method of overcoming this was 
to provide dummy joints of the contraction type to allow cracks to form 
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naturally. Mr. Cooper added that i t  had been found necessary, in  order 
to avoid sympathetic cracking of the top slab over joints i n  the lower slab, 
to separate the top slab f rom the bottom slab by means of building paper 
in addition to a layer of bitumen, This provided for the necessary free- 
dom of movement between the slabs. Mr. Pascal added that this type of 
construction had alsobeen used with success on two runways in France. 

T i re  wear and co-efficient of friction. - Information was sought 
regarding any special measures that had been taken to reduce t i re  wear. 
Mr .  Meara said that experience in the United States had indicated that 
coarse aggregate in  the surface tended to cause rapid t i re  wear but that 
moderately smooth surfaces did not create this problem. Mr. Mazen said 
that experience in  France had iddicated that, provided that the runway 
surface was not exceptionally rough, the greatest cause of t i re  wear was 
loose debris on the runway and differences in elevations of adjoining 
slabs in rigid pavements. Mr. Cooper added that experience in the United 
Kingdom was very similar and that the majority of t i res  became unservice- 
able due to cuts rather than to wear, He believed, that runways should be 
a s  rough a s  practidable, consistent with not causing excessive t i re  wear, 
in order to provide an adequate co-efficient of friction for braking purposes. 
The minimum co-efficient of friction accepted in the United Kingdom was 
0 . 5 %  under wet conditions. This was achieved with a standard t q  -wearing 
coat 2.5 crns (1 inch) thick and composed of 50% of stone aggregate 
ranging from 1.25 crns to 0.47 crns (172 to 3/16 inch), and the remainder 
of sand from 0.41 crns (3116 inch)down. With concrete the same 
co-etficient of friction was achieved by allowing the surface to remain a s  
i t  was left behind the finishing screed. Dr. Meara asked whether any 
equipment had been dev.eloped in the United Kingdom for measuring the co- 
efficient of friction of the surface of runways, Mr. Cooper said that there 
was a large amount of data available from tests  made on highways by means 
of a motor bicycle with a side-car attachment in which the wheel of the side 
car  was se t  a t  a slight angle to the direction of travel and the skidding 
resistance was measured. This machine was, however, only capable of 
travelling a t  speeds up to 48 kilometres per hour (30 miles per hour). 
Mr. Cooper was of the opinion that the co-efficient of friction might de- 
crease a t  higher speeds particularly under wet conditions due to planing 
action over the water. A form of motor car  with a central offset wheel 
was being developed and i t  b a s  hoped that data would soon be available 
indicating the effect, i f  any, of speed on the co-efficient of .friction. Mr. 
Weibel enquired about the practice usdd in Canada to reduce the &angers of 
skidding on frozen surfaces. Dr. McLeod replied that the normal practice 
was to apply sand to the centre third of the runway throughout i t s  length 
and that no sal ts  were used. 

In closing the meeting the Chairman expressed his thanks to all  who 
participated in the meeting and in  particular to Mr. Cooper, Dr. Meara 
and Dr. McLeod. He felt that, despite early opposition to a discussion 
of this type a t  a Divisional Meeting, this experiment had proved success- 
full. 

- E N D  .a 



ICAO TECHNICAL PUBLICATIONS 

The following summary gives the statw, and also describes 
in general term the contents of the various series of technical 
publications issued by the International Civil Aviation 
Organization. It does not include specialized publications 
that do not fall specifically within one of the series, such as 
the ICAO Aeronautical Chart Catalogue or the Combined 
Meteorological Tables for International Air Navigation. 

INTERNATIONAL STANDARDS AND RECOM- 
MENDED PRACTICES are adopted by the Council in 
accordance with Articles 54, 37 and 90 of the Convention 
on International Civil Aviation and are designated, for 
convenience, as Annexes to the Convention. The uniform 
application by Contracting States of the specifications 
comprised in the International Standards is recognized 
as necessary for the safety or regularity of international 
air navigation while the uniform application of the speci- 
fications in the Recommended Practices is regarded as 
desirable in the interest of safety, regularity or efficiency 
of international air navigation. Knowledge of any dif- 
ferences between the national regulations or practices of 
a State and those established by an International Stand- 
ard is essential to the safety or regularity of international 
air navigation. In the event of non-compliance with an 
International Standard, a State has, in fact, an obligation, 
under Article 38 of the Convention, to notify the Council 
of any differences. Knowledge of differences from 
Recommended F'ractices may also be important for the 
safety of air navigation and, although the Convention 
does not impose any obligation with regard thereto, the 
Council has invited Contracting States to notify such 
differences in addition to those relating to International 
Standards. 

PROCEDURES FOR A I R  NAVIGATION SERV- 
ICES (PANS) are approved by the Council for world- 
wide application. They comprise, for the most part, 
operating procedures regarded as not yet having attained 
a sufficient degree of maturity for adoption as Inter- 

national Standards and Recommended Practices, as well 
as material of a more permanent character which is con- 
sidered too detailed for incorporation in an Annex, or is 
susceptible to frequent amendment, for which the pro- 
cesses of the Convention would be too cumbersome. As 
in the case of Recommended Practices, the Council has 
invited Contracting States to notify any differences be- 
tween their national practices and the PANS when the 
knowledge of such differences is important for the 
safety of air navigation. 

REGIONAL SUPPLEMENTARY PROCEDURES 
(SUPPS) have a status similar to that of PANS in that they 
are approved by the Council, but only for application in 
the respective regions. They are prepared in consolidated 
form, since certain of the procedures apply to overlapping 
regions or are common to two or more regions. 

The following publications are prepared by authority 
of the Secretary General in accordance with the principles 
and policies approved by the Council. 

ICAO FIELD MANUALS have no status in them- 
selves but derive their status from the International 
Standards, Recommended Practices and PANS from 
which they are compiled. They are prepared primarily 
for the use of personnel engaged in operations in the 
field, as a service to those Contracting States who do not 
find it practicable, for various reasons, to prepare them 
for their own use. 

TECHNICAL MANUALS provide guidance and in- 
formation in amplification of the International Standards, 
Recommended Practices and PANS, the implementation 
of which they are designed to facilitate. 

ICAO CIRCULARS make available specialized in- 
formation of interest to Contracting States. 
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