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Dual wheel landing gears first made t h e i r  appearance on c i v i l  a i r c r a f t  
follbwing the end of the second world war. Although t h i s  new type of under- 
carriage was introduced f o r  purely aeronautical reasons (decrease of total 
weight of wheels and reduction of the amount of space required i n  the fuselage 
o r  i n  the wings f o r  housing the undercar&.age), it a lso  proved of benefit  from 
the point of view of the problem of runway strength, Since t h a t  time, with the 
increasing weight of a i r c ra f t ,  main undercarriage legs  f i t t e d  with four, o r  
even eight-wheel bogies have been developed. During t h i s  period t i r e  pressures 
were a l so  increased f o r  the same purely aeronautical reasons. I n  the case of 
cer tain mi l i ta ry  a i rc raf t ,  pressures of over 200 p,s.f, (14 kg/sqeun)are now 
used. For c i v i l  a i r c r a f t ,  how eye^, t i r e  resaures f o r  prototypes under develop- 
ment do not yet  exceed UO p.8.i. (14 kgfbq.cm). This inorewe has made it 
necessary f o r  engineers of Public hlorks departments t o  draw new curves f o r  the 
design strength of runways, 

The first two sessions of the AGA Division of ICAO proposed Pules regard- 
ing runway strength requirements, using as a basis  the t o t a l  weight of a i r c ra f t .  
Thir value is  not s d f i c i e n t ,  however, for calculation of s t resses  i n  pavements, 
since it does not indicate the manner i n  whieh the load i s  dis t r ibuted,  I n  
1947, therefore, the Third Session of the Division proposed t h a t  runway strength 
should be defined i n  t e r m s  of single isolated wheel load, i, e e, i n  t e r m s  of a 
hypothetical single wheel which would produce the sane maximum s t resses  i n  the 
pavement as would a l l  the wheels of the a i r c ra f t ,  Knowing the single isolated 
wheel load and the tire pressurn, an aerodrome designer can eas i ly  calculate 
the required thickness f o r  the pavement of any aerodrome planned, This same 
datumwasfrequently used by ACA committees of regional a i r  navigation meetings 
i n  framing t h e i r  recommendations concerning development of aerodromes i n  the 
region concerned, Conversely, knowing the single isolated wheel load t h a t  aan 
be supported by the pavement of an existing aerodrome, it i s  possible, by means 
of cer ta in  calculatiocs,  t o  determine whether tha t  pavement can support a given 
a i r c ra f t ,  the wheel arrangement of which is  known, 

The object of t h i s  Circular i s  to  gather together information received 
from various S ta tes  o r  found i n  various technical reviews, on the landing gears 
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of various types of commercial aircraft  currently i n  use o r  which will be used 
within the next few years, and on runway design methods fo r  multiple wheel. 
landing gears, 

The Circular is divided in to  three PaPtso Part I cwers available data 
on a i rcraf t ,  Part  I1 explains design methods f o r  r igid pavements and Part  I11 
design methods fop flexible pavements, 

The Conclusion attempts to  outline the problem now facing the operators 
and considers possible solutions, 
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PART I 

TECHNICAL DATA ON THE LANDING CEZARS 
OF SOME COMMERCIAL AIRCRAFT 

1 . Table 1 provides information on the charac ter i s t ics  of cer ta in  
a i r c ra f t ,  but lists only those character is t ics  which have a bearing on runway 
design. Wheel-base and tread-width have not been included, since these dimen- 
sions i n  the case of the a i r c r a f t  types l i s t e d  a r e  such that there is no 
poss ib i l i ty  of interference between the s t resses  caused by each landing gear 
unit.  Data concerning the forward landing gear unit ,  which i s  not the one 
which causes the greatest  stresses,were nevertheless included, as it was f e l t  
tbt it might be in teres t ing  t o  show the trend of design i n  t h i s  par t icu lar  
f ie ld:  more widespread use of d u d  wheels and increases i n  t i r e  pressures, A l l  
the f igures i n  Table 1, except those m k e d  with an as ter i sk  and those under 
"load on forward gearN, "load on each main landing gear" a re  those provided by 
the States  of manufacture, e i the r  i n  reply t o  a l e t t e r  from the Secretar iat  on 
the subject o r  i n  t h e i r  preparatory documentation fo r  recent regional air  naviga- 
t ion meetings, Figures marked with an as ter i sk  a r e  taken from a pamphlet en- 
t i t l e d  "Design of Concrete Airport Pavementt1 published by the Portland Cement 
Association. 

2, The f igures indicating the d is t r ibut ion  of the w e r - d l  weight 
of the a i r c r a f t  over the different  uni ts  of the landing gear were determined as 
follows: only the s t a t i c  d is t r ibut ion  of the a i r c r a f t  load w a s  taken in to  
account; it is realized, however, t ha t  the t ransfer  of loads resul t ing from the 
dynamic ef fec t  due t o  braking tends t o  increase the load on the forward landing 
gear un i t  and decreases the load on the main uni t s  which transmit the heaviest 
load, I t  is known, morsover, t ha t  when an a i r c r a f t  i s  i n  motion the resul t ing 
s tresses  i n  the pavement a re  l e s s  than those caused by a stationary a i r c ra f t ,  
It i s  the s t a t i c  load, therefore, tha t  in t e res t s  us, 

The s t a t i c  dis tr ibut ion of the load between the forward un i t  and the 
main uni t  group i s  (see f igure 1): 

PlLl = P2L2 ; P2 being expressed i n  terms of the to@ load of the a i r  
craf t ,  P, and the r a t i o  L1 we obtain P2 = P LA - 

T T 
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5 generally falls between 0.85 and 0.90, hence 3 also falls between 
L P 

the same l imits ,  A fixed value of 0.9 was used for  a l l  the types of a i rc ra f t  
included i n  the table, thus allowing a safety margin i n  certain cases. 

I 

1 L1 geometric center L2 I 

3. Photographs of three of the most commonly used landing gear 
wheel arrangements are reproduced through the courtesy of the Portland Cement 
Association (see - figures 2, 3 and 4 ) .  
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Part I1 

R I G I D  PAVEMENTS 

1, Stress  calculations f o r  a concrete slab, and therefore the 
determination of the thickness of slabs are  a t  present based on two methods 
involving d i f ferent  assumptions, In the f i r s t  method, the runway subgrade i s  
considered as an e l a s t i c ,  isotropic and homogenous body of semi-infinite dimen- 
sions t o  which the theory of e l a s t i c i t y  i s  wholly applicable (Hogg, Burmister 
and ~e r~s t rZ im) ;  i n  the second, the runway subgrade is considered as  a dense 
liquid, deformation i n  which i s  proportional t o  pressures applied (Westergard 
and de l t ~ o r t e t ) .  It i s  not within the scope of t h i s  circular ,  however, t o  
discuss the advantages and disadvantages of e i the r  method, Naturally, i n  most 
cases the subgrade does not behave e i the r  i n  accordance with the f i r s t  o r  the 
second of these two hypothesis. Only the second method, however, has produced 
systematic calculations and generally applicable graphs and diagrams. It is 
therefore essent ia l ly  t h i s  second method tha t  i s  presented here. 

2 .- USE OF' THE WESTERGARD METHOP 

2.1 The Westergard formula appeared i n  the ICAO Secretar iat  
Doc ~'+209-~GA/509 of 22 April 1947, a t  the AGA Division's th i rd  session, This 
formula is d i f f i c u l t  enough t o  use i n  the case of a simple load and cannot be 
applied without the a id  of influence charts, i f  the problem becomes more com- 
plex. Two American engineers (Gerald Pickett  and G.K. ~ay**.) i n  the Proceedings 
of the American Society of Civi l  Engineers, s e t  up these influence charts f o r  
the following cases: 

a) load a t  the centre of a slab; 

b) load near the edge of a slab; 

* This portion of the c i rcular  was drafted through the courtesy of the 
Portland Cement Association, Chicago, I l l i no i s ,  who have authorized 
I C A O  to  use t h e i r  "Design of Concrete Airport Pavementn and t o  repro- 
duce excerpts therefrom. 

** Proceedings of the American Society of Civi l  Engineers, Vol. 76, No. 12, 
April: 50, Influence charts f o r  concrete pavements by Gerald Pickett  and 
G.K. Ray from ASCE, 
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c) load at  a distance from the edge approximately equal t o  half 
the radius of relat ive st iffness of the slab. 

These charts enable the mamer~ts and deflections of any wheel arrange- 
ment t o  be determined, provided that  the l a w  of superposition of stresses is 
accepted, 

2 ,2 Using the influence charts prepared by Pickett and Ray fo r  
loads a t  the centre of slabs, the Por t lad  Cement Association was recently 
able t o  publish three design charts which are shown i n  t h i s  circular i n  
figures 5, 6 and 7. The f i r s t  one applies t o  single wheel loads (figure 5); 
the second t o  dual wheel loads, the wheel spacing being the one moat currently 
used i n  the United States fop the various loads ( f igwe 6); the third t o  
loads produced by the dual tandem assembly of a B-36 (figure 7). The e charts 8 were determined fo r  concrete having a modulus of e las t i c i ty  E of 4d.  p.a.i, 
(280 000 kg/sq, em) and a Poisson's ratio./coof 0,15, According t o  the Port- 
land Cement Association booklet, the effects of varying t e values of E and ot: p are approximat l y  the following : a decrease from L + d  p .ad .  (280 000 
kg/sq.cm) t o  3x2& p.s.io (210 000 kg/sq.cm) i n  the value f E, produces a 5% 
decrease i n  the resses, while an increase i n  E from L + d O g  p.s.i. (280 000 
kg/sq,cm) t o  5x2 p ,s ,i, (350 000 kg/sqocm) produces a 4% increase i n  the 
stresses; an increase i n  the value of r&L from 0,15 t o  0,20 causes a 4% s t ress  
increase; an increase i n  p from 0 3 5  t o  0,25 raises the s t ress  values by 8% 

203 The charts have been established using as  t i r e  contact area 
a rectangle, such that  the width is equal t o  3/5 of the length, and with 
semi-circular ends, Its area is equal t o  the wheel load divided by the t i r e  
pressure, 

a A For the use of these charts, we quote the explanations given 
i n  the Portland Cement Association booklet: 

204.1 "The allowable uorking s t ress  i s  obtained by dividing the 
modulus of rupture of the concrete by appropriate safety factors as given 
below : 

Installation 

Aprons, taxiways, runway ends, 
hangar floors 

Saf e tv  Factor 

Runways (central portion) 1.3 - 105 
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On very busy aerodromes, safety factors  of 2 and 1.5 are used; on f i e l d s  
where operations are l e s s  frequent, values of 1.8 and 1.3 are adequate. 

2.4.2 The "kn value of the subgrade m u s t  be determined. 

2-4-3 The load and i t s  distribution, a s  w e l l  a s  the t i r e  pressure 
of the a i rc ra f t  f o r  which the required slab thickness must be designed, are 
naturally known beforehand, 

2e4.4 To use the chart, a point on the "allowable s t ressn  ordinate 
is selected, A s t ra ight  l i n e  is drawn through it, para l le l  t o  the x axis 
unt i l  it meets the "kW curve (existing o r  interpolated); from t h i s  point of 
intersection a para l le l  to  the y axis  is drawn u n t i l  it meets the s t ra ight  
l ine  (existing o r  interpolated) which represents the character is t ics  of the 
given aircraf t .  From t h i s  new point of intersection, a pa ra l l e l  to  the x 
axis i s  traced, giving the s lab thickness." 

2-4- 5 These charts may of course be used i n  reverse i.e., it i s  
possible t o  determine the s tresses produced i n  a given pavement due t o  a 
certain load, if the "kn value is also known. They therefore constitute a 
means of determining the strength of an exist ing mway. 

2.5 It must be noted tha t  these charts do not provide an 
accurate solution t o  every problem. They are f u l l y  applicable only t o  cer- 
tain loads and t o  specific wheel assemblies and t i r e  pressures. In other 
cases, it i s  necessary t o  interpolate i f  approximate resu l t s  are acceptable 
or, when accuracy i s  sought, t o  perfom calculations with the help of 
influence charts provided by Picket t and Ray i n  the af om-mentioned publi- 
cation, 

2.6 For dual wheel assemblies of other types, the Portland 
Cement Association booklet gives the following approximate correction factors: 

1)  For increases i n  t i r e  spacing of up t o  10  in. (25.1, a), the 
required thickness should be reduced by 0-6 per cent f o r  every inch 
(2.54 CEL) increase. 

2) For every inch (2.54 cm) decrease i n  t h i s  spacing, the 
required thickness should be increased by 0.6 per cent. 
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2.7 It is important t o  note tha t  these influence charts were 
successfully tested by the U.S. Corps of Engineers on both reduced and f u l l  
scale models. The re su l t s  obtained proved the  charts, and hence the Westergard 
formula, to be correct. 

2,8 Although the Portland Cement Associationqs design charts do 
not provide means of determining immediately the equivalent isolated wheel 
load, it i s  sometimes possible t o  do so indi rec t ly  as  shown by the following 
example : 

2.8-1 The subgrade reaction modulus k of a runway is 100 lbs, per 
cu. in. (2.77 kg/cu. cm) , the modulus of rupture of the concrete is 450 p. s. i. 
(31 kg/sq. cm) and the s lab thickness i s  12 inches (30.5 cm) . According t o  
the Portland Cement Associationfs @harts,and w i n g  a safety fac tor  of 1.3 
(maximum allowable s t r e s s  is 350 p, s. i .  (24.5 kg/sq cm) ) the runway could 
support a load of 45 000 lbs. (18 000 kg) per isolated wheel, 60 000 Ibs. 
(27 000 kg) per dual wheel, and 110 000 lbs  , ( 50 000 kg) per four wheel bogie, 
the t i r e  pressure i n  each case being LOO p, s.i. ( 7  kg/sq, cm) . Therefore, i n  
t h i s  part icular  case the i so la tsd  wheel load which is equivalent t o  tha t  of 
U O  000 lbs. (50 000 kg.) on a four wheel bogie o r  of 60 000 lbs.  (27 000 kg) 
on dual wheels, is 45 000 lbs. (18 000 kg), 

3 - THE HOGG - BURMISTER METHOD 

This runway design method, described i n  part icular  by Pk. N i l s  Wemark 
i n  h i s  work l l In~~es t iga t ions  as to the e l a s t i c  properties of s o i l s  and design 
of pavenents according to the theory of e l a s t i c i tyn ,  published i n  Swedish i n  
1949, enables, i n  each case, s t resseswi th in the  concrete tobe  determined. 
The s o i l  character is t ics  a re  not expressed i n  terms of the modulus of reaction k, 
but i n  terms of the modulus of e l a s t i c i t y  of the s o i l  when it i s  homogeneous, o r  
of the mean modulus of e l a s t i c i t y  of a homogeneous s o i l  equivalent t o  the one 
considered. The curves of f igures 11 and 12  i n  the above publication, which 
are not reproduced here, enable i n  each case, s t resses  t o  be determined for 
loads per single wheel o r  per multiple wheel assembly, 

* "Undersblming av elasticitetsegenskaperna hos o l ika  jordarter s a t  t e o r i  
fiir bereEikning av bel&gningar enl ig t  e last ic i te ts teorin".  Statens 
'TI'Zginstitut Stockholm, 1949. 
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1. Stress calculationsin flexible pavements have given r i se  t o  
much more need for study than thosse i n  rigid pavementej the c a m m t y  of the 
problem is increased by the fact  that s t m ~ e  analysig is  undertaken within a 
nedium usually made up of different layers of soil, i n  which the charaoteristics 
mgy not be determined aa eablily as i n  concreteo Our examination will b limited 
t o  the CBR ( C a l i f o ~ a . ~ a r i n g  ~ a t i o )  method given i n  the afore-mentioned 
Doc 420eW509,  and t o  the method developed i n  Canada by Dr. McLeodo 

2.1 It is  known that the CB(R method is purely a#rical, and was 
developed by the U.S, Corps of Engineera on the basi8 of studiee made by the 
California Division of S t a b  Bghwayso The f i r s t  curves eatabli&ed by the 
Corps of Engineers dealt only with single isolated whed lo& u t o  100 000 lbs 
(44 000 kg) and with tire p a s u r e e  of apprarinately 100 po s. f . 7 7 W d q  cm) , 
Later, curves for  tire pressures of 200 poso io  (14 kg/8qo cm) ware set  upo 

2,2 When the woblem of dual wheel landing gears aswe, an 
expsimental study of it was effected by the Corm of Engfmepp~~ i n  which the 
stresses and deflections for  single and d d  wheel assemblies were compared. 
It underlined the importance of two critesias 1) the maximum depth t o  which 
either wheel acts on the foundation iadegemntly of the other, 2) the depth 
a t  which the two wheela begin t o  act on the foundation i n  the same vay aa an 
isolated wheel carrging the same load, 

z03 When the cr i ter ia  were evaluated for  a B-29, the f i r a t  one 
was found t o  be 10 inoherr (25.4 cm) and the second, 75 inches (19005 cm) 
(figo 8). An empirical relationship was eestablierhed i n  this case, betwen 
these cr i ter ia  and the dual wheel aeambly characteristics; the 10 inch depth 
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(25.4 cm) is i n  fac t  half the clear distance between contact amas of tires 
spaced 20 inches (50.8 am) apart; the 75 inch (190,5 cm) depth is twice the 
distance between centres of contact amas of tims spaced 37 1/2 inches 
(95.25 om). For base and pavement thicknesses of 10 f nches (2504.fcm) and 
less  the curve giving pavement thidcmsses is  the same as that  fo r  a single 
isolated wheel, with a load equal, t o  half that of the aasembly (30 000 lbs  
or 13 50Q kg). For base and pavement thickneseer of 75 inches (19005 cm) and 
greater the pavement thickness c m e  i r  the sam alae that fo r  an isolated wheel 
carrying a load equal t o  the t o t a l  load oa the unit (60 000 lbs  or 27 000 kg). 
Between these above-men%ioned two thi-eess the values were interpolated by 
joining by a straight  l ine  the pointss ~howing these two limits on the CRR 
charto The order of aceuarsrcy of the results thuer obtained ma l a t e r  corrob- 
orated by testeo 

2.4 47 st-ng other dual wheel or dual tandem wheel asaseunblies 
and by mqtraplating the results obtained for  the E29, the Carps of Engineers 
arrived at  the following general. method: 

2 4.1 If d is the oleas distance between contact weas of dual or  
dual tandesn tirear, and s the dis$moe between oentres of contact areas of dual 
t i r e8  or the diagonal distance between centres of contact areas of dual tandem 
tires (figure 9), then 9 i a  the maximum thickness base and pavement at ~whiuh 
each wheel of a dual or dual tandem arrangement ,stresses the ksubgm.de a s  an 
independent unit, 28 is then the rdniwrm,base and pavement thickness a t  which 
a multiple wheel arrangement atreaerea the ~u@grade as one single wheel carrying 
the same load, 

2.4.2 The representative curve of the arrangement is 8hom on the 
CBR chart by hor isontd  Urns  up t o  an abscises of 9, and beyond an abscissa of 
2s, and by a sloping line joining these two points (figure lo) ,  Thi8 rather 
bold extrapolation from a specific cam t o  the general method seem t o  have 
been confinned ~~~per imental fy ,  at  l e a s t  with sufficient  aocttracy. Those who 
axe part icuhwly interested i n  this rstibjeot, axe r e f e m  t o  the work of 
Mesera Boyd and Fostsfl. 

2.403 It may be noted tbt the q u i  d thickness is not affected 
appreciably by minor variations i n  the v d s  of? Lnd 2s. Variations of the 
order of 10$ bring about changes i n  t b i b s s  of about 1 inch (2,5 cm), 

2,404 Figures U., U and l.3 show the l a t e s t  curvea published by 
Massrs. Wadden and Aringle, By means of these curves and the assooiated 

I nDesign curves for  very heavy multiple, wheels assemblies@ by Meesars, Boyd 
and Foeter, Transactions of the American Society of Cf vil Engineersr, 
Volume l l .5 ,  pp. 53.6-546. 
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method it is possible t o  design f lexible vement thicknesaes for  certain 
specific wheel assemblies (B-29 and B-36)$ and t o  determine appraximately, 
the single isolated wheel which would be aquivalent t o  wheel assemblies other 
than those considered, rovided the t i r e  pressure i s  of the same order (about 
175 p.s.i (12 kg/sq. cm f' f o r  figures 12 and 13)- 

3 .- DR, MCLEOD ?S METHOP 

3.1 Based on numerous tests on existing runways i n  Canada, 
Dr .  Mchod evolved the following empirical formula: i n  the design of the 
thickness of a pavement supporting a single fsolated wheel load, 

P T = K log - 
S 

where T i s  the t o t a l  pavement th ickne~s ,  P the single wheel load, S the value 
of subgrade support with .a 0 3  inohdeflection (0.5 cm) f o r  10 repet i t ions 
of loading, the contact area being tha t  of the simple isolated wheel P; K i s  
the pavement character is t ic  and i s  the reciprocal of the load supported by 
this pavement per centimetre thickness; its value falls with decrease i n  
diameter of the contact area (supposedly circular) ,  Dr .  McLeodgs method pro- 
vides pavement thicknesses which a m  generally less than those of the CBR 
method. 

3.2 Dr.  McLeod has drawn curves (figures Ir: and 15) giving the 
thicknesses T a s  a function of the load j?er single isolated wheel. The f i r s t  
graph re fe r s  t o  a t i r e  pressure of 100 p, s.i. (7  kg/sq, cm) and the second t o  
a pressure of 200 p.s.i. (16. kg/sq. cm). 

W l e  wheel landinsz P e w  

3.3.1 For calculations associated with multiple wheel landing 
gears Dr, McLeod based these on the work of the U.S. Corps of Engineers. On 
his charts he plotted the two points on the abscissa and 25 f o r  the E36, the 4 Stratocruiser and the Canadair North Star  (figure U), and the two points f o r  
the B-36 alone, on figure 15; he then joined each s e t  of two points by s t ra ight  
l ines.  The Corps of Engineers used a s t ra ight  l i n e  on a logarithmic co-ordinate 
system, while Dr. McLeod used the same form of curve with semi-logarithmic 

~t McFadden and Pringle, Recent developents of the Corps of Engineers i n  
airport pavement design, Proceedings of the Conference on ground faci l -  
i t i e s  f o r  Air Transportation, September 129l4, 1950, Massachusetts 
Ins t i tu te  of Technology, Cambridge, Mass. 

** This portion of the circular  has been prepared through the courtesy of 
Dr.  McLeod who presented t o  ICAO a very comprehensive paper explaining 
his method, 
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co-ordinates, According t o  Dr. Mohod, the ~ ~ ) a u l t i n g  error is  not greater than 
1% and it is doubtfuZ whether any current method associated with flexible 
pavements is of comparable accuracy. 

3.3.2 For a given multiple wheel assembly, Dr. McLeodDs charts 
provide not only the required pavement thickness, but also the equivabnt 
isolated wheel load. 

3.303 By means of these charts it is also  possible t o  determine the 
maxirmun load that  a given wheel assembly may support for  a pavement thiokness of 
known charaoteristics, e.g. the load on the four wheel dual tandem aseembly of 
E-36 is 150 0001bs,(68 000 kg); the sulgrade has an S value o f  10 000 lbtie 
(4 50Q kg). Therefore the required pavement thickness is 34 inohes (86.4 cm). 
Assume now that  the pavemarat thickness is only 26 inches (66 cm); according t o  
figure 14 this p a m e n t  may carry an isolated wheel load of only 30 000 lbs  
(13 500 kg). Draw a l ine  B-36 s t r 4 g h t  line through the 
interseotion of the 10 000 subgrad0 q h a r a ~ t e r i r t i c  u m e  with 
the straight  h n e  x . =  26 t h i e  r t r s igh t  Une, shown i n  figure Lb 
by a broken l h e ,  out8 (346 cm) a t  a point of ordinate 
equal t o  100 000 lbu (45 000 kg). T h i s  means tha t  tho pavement ooncridererd may 
support a %oad of only 100 000 l b r  (45 000 kg) on the B-36 wheel wrombly. 
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CONCLUSION 

1, Having discussed the different  runway design methods f o r  
multiple wheel landing gear assemblies used a t  present, it now seems appropriate 
t o  consider the mattep from a broader point of view, The problem of sunway 
stmnght may indeed be examined from very different  angles, according t o  the 
objectives of those dealing with it, 

20 - THE DESIGNERg S POINT OF VIEW 

2,1 Those who fix aerodrome design character is t ics  must express 
i n  s t ra ight  foarard manner, the desired runway strength whioh mst not only 
take in to  account the c h a r a c t e ~ i s t i c s  of a i r c r a f t  tha t  are  t o  use the aerodrome 
now and i n  the near future, but a l so  those of possible future a i r c r a f t ,  There- 
fore the selection of t h i s  strength may have an ef fec t  upon the design of new 
a i r c r a f t  destined t o  use the aerodrome i n  question, 

2,2 It seems t h a t  the best c r i t e r i a  f o r  t h i s  purpose are the 
data on single isolated wheel load and t i r e  pressure, They are moreover, the 
ones given i n  Annex 14 ( cf , paragraph 101O'i' of Part 111 ) This paragraph 
requires tha t  calculation of the single isolated wheel load be made t o  eorrsp 
spondwiththe type of a i r c r a f t  f o r  which the aerodrome is designed, and tha t  
the single isolated wheel load selected from table 3,1,2 of the Annex be a t  
l e a s t  equivalent t o  tha t  effect ively used a t  the aerodrome, A rough estimate 
i s  adequate enough f o r  t h i s  purposeo The information i n  section 7 of 
Attachment B t o  Annex 111 may t h e ~ e f o r e  be taken as adequate, provided it is 
kept up t o  date from time t o  time, 

30- THE CONSTRZTCTORDS POINT OF VIEW 

3 o1 The design charts  and diagrams included i n  t h i s  c i rcular  ape 
of l i t t l e  use t o  the constructor as they p~ovide  only an approximate idea of 
the thickness of pavement tha t  i s  t o  be constructedo A competent constructor 
has t o  examine closely a se r i e s  of factors  which may not be incorporated i n  
necessarily simplified formulae; f o r  instance the s o i l g s  water content pr ior  
t o  laying the pavement, the adequacy of the proposed drainage system, the 
organic and decomposable matter content of the s o i l ,  e t c ,  In  cer ta in  eases 
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he must check whether the designelros rough estimate of the single isolated 
wheel load is appropriate t o  the aharacter is t ics  of a given suhqrade and 
proposed pavement- 

To sum up, he must combine science and art  i n  engineering, and t h i s  i s  
a f i e l d  i n  which no standardization is possibleo 

4.- THE -OPERATOR3S POINT OF VIEW 

401 A s  regards the operator, the problem is simple: taking in to  
account the a i r  routes along which he i s  f lying o r  intends t o  f l y ,  and the air- 
c r a f t  which are o r  w i l l  be a t  h i s  disposal, w i l l  he be able t o  use the runways 
of the aerodromes along such routes? 

402 A t  present, the strength sharacter is t ica  of runways which he 
may be l i k e l y  t o  use are expressed by States  i n  three di f ferent  ways: the 
total weight of the a i r c ra f t ,  the type of a i r c r a f t  t h a t  w i l l  lmpose the highest 
runway strength requirements, o r  the single isolated wheel load associated with 
a. cer ta in  tire ppessupe, 

4,2,1 The f i r s t  method becomes usefbl only when a brief  description 
of the wheel assembly i s  included, FOP instance i n  Sweden two strength values 
f o r  each a@z-odmme are quoted: the f i r s t  i s  the t o t a l  weight of the aircraf t  
with single wheel main landing gear, the second i s  the t o t a l  weight of the air- 
c r a f t  with dual wheel main landing gear, 

4,2,2 The second method i s  very inadequate and may be applied only  
t o  aerodromes used by a l imited range of a i r c r a f t  types of known characteris- 
t i e s ,  I t  does not enable an operator t o  determine eas i ly  whether a cer ta in  new 
type of a i r c r a f t  is acceptable, I 

h02,3 The th i rd  method i s  best from the theoret ical  point of view, 
However, the a b i l i t y  of the runways t o  stand up t o  d t i p l e  wheel landing gears 
must be c lear ly  indicated, A good example of information provided i n  accordance 
with t h i s  method is the MOTAM published by Southern Rhodesia, and reproduced i n  
the Attachment t o  this circular ,  I n  it, the value f o r  the single isolated 
wheel load (unfortunately without tire pressure) i s  accompanied by the maximum 
permrissible a i r c r a f t  weigbt i n  terns  of the landing gear wheel arrangement, 
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4. 3 Publication of runway bearing strength values could perhaps, 
be undertaken i n  aacordance with the above example. I n  view of the very 
relative accuracy of runway design methods, it should be possible t o  come t o  
an agreement on conversion factors that  could be applied t o  the majority of 
runways and a i rc ra f t  now i n  operation. Exceptional cases of a i rc ra f t  with 
wheel assemblies differing substantially from those in common use, or  of 
runways with extraordinary characteristics due t o  the special nature of thei r  
subgrade, would be dealt with separately, If th i s  proposal were considered 
favourably, it would be possible, t o  se t  up a more comprehensive runway and 
aircraft  load classification than the one provided i n  Annex ll+, This 
classification could perhaps be iafluenced by the United Kingdom A i r  Ministry's 
"Load classification of runways and aircraftw.* 

403.1 It seems appropriate that  t h i s  publicationts summary and the 
proposed classification chart ( f igum 16) be reproduced hereunder. 

4,3.1.1 "For the purpose of classification it is shown that  the 
failure load-contact area curve for  a runway offers a useful criterion and when 
referred t o  a standard curve enables a load classification ntnnber t o  be 
obtained on a scale of whole numbers ranging from 100 - 10 (English units) or 
45 - 4.5 (metric units),  

40301,2 Over the range of t i r e  contact areas of modern a i rc ra f t  both 
i n  use and projected and having isolated single wheel loads of PO 000 lbso (4500 kg) 
andupwards % t i 8  foundthatconcretje,tarmacadam and asphalt surfaces behave i n  
a similar way and an average load-contact area cume has been deduced by means 
of which a i rc ra f t  wheel characteristics can also be referred t o  the standard 
.curve and given a load classification number* 

4=.301.3 In practice it would be arranged that the operation of an 
a i rcraf t  would only be permitted from runways bearing an equal or greater 
classification number, 

4030104 An alignment chart has been prepared which se ts  out the 
relationship between the load, the load classification number and the pressure 
and enables a classification number to.be given t o  any a i rc ra f t  when 
wheel load and tire pressure are known, Alternatively the classification 

* "Load claesification of runways and aircraftn.  Directory General of Works, 
A i r  Ministry, Technical Publication 102/48, London, April 1948. 
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number of a runway can be determined from the  load bearing capacity on a 
single contact area," 

4.3.2 If a classif icat ion of t h i s  kind were adopted, the operator's 
problem would be simplified considerably. Each type of a i r c r a f t  and each 
runway would have a number assigned to  it, and comparison of these two numbers 
would determine immediately whether a certain a i r c r a f t  may land on a certain 
runway. 

Without wishing t o  prejudice any action t h a t  might be taken i n  respect 
of runway strength by the AGA Division a t  future meetings, it seems tha t  its 
primary e f fo r t s  should be devoted t o  the evaluation of the load bearing 
capacity of runways and t o  the  publication of available data i n  this respect. 
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SOUTHLTJ IIODESIA 
NOi?THEPJq %ODE SIX 

Belevedere Ainor t :  Weirrht i testrictions and ITichL Flvin< 

1. The following weight r e s t r i c t ions  have been imposed a t  
, Belvedere Airport: 

DURING DRY SUXllJ 

(~pproxima t e ly  
15th April t o  
1st llovember) 

(Approximately 
1st November t o  
15th ~ p r j . 1 )  

A single isolated wheel load not 
exceeding 29 000 l b s o  

A single isolated wheel load not 
exceedin- 18 OGO Ibs. 

2 , The method of  calculating the single isolated wheel load 
will be as follows: 

MAIN UNDERCARnUGE TYPE SINGLE ISOLATED WHEZL LOAD 

0.45 x Aircraft weight 
0.30 x Aircraft  weight 

0.30 x Aircraf t  weight 

0.25 x Aircraf t  weight 

the above allows the following maximum all-up-weights: 
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SIBLE &UP - WEIGHT NOT TO FX CEED 

MIN UNQERGARRIAGE TYPE 

64 500 lb s  
96 650 lb s  

RAINY SEASON 

4.0 000 lbs 
&I 000 lbs 

96 650 lbs  60 000 l b s  

116 000 lb s  72 000 l b s  



Fig. 2 

Single wheel undercarriage 
Train d'atterrissage L roue unique 
Tren de aterrizaje con rueda simple 

Fig. 3 

Dual wheel undercarriage 
Train d'atterrissage L roues jumelees 
Tren de aterrizaje con ruedas gemelas 

Fig. 4 

Dual-tandem wheels undercarriage 
Train d'atterrissage 5. boggie de quatre roues 
Tren de aterrizaje con bogie de cuatro ruedas 
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267 pouces c a r r k s  - 

Area  de contact0 por neumAtico, 
267 pulgadas cuadradas.  
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Fig. 8 Schematic diagram of B-29 dual wheel assembly 
Diagramme schematique des roues jumelees du B-29 
Dibujo esquem5tico de las  ruedas gemelas del B-29 

Wearing course  
Couche d 'usure  

eve stimiento Wearing course  
Couche d lusu re  
Reve stimiento 

Shallow base 

(capa de  asiento) 

Fig. B SOUS-sol ~ o n d a t i o n  Cpaisse 
Terreno de Base de gran espesor  
fundaci6n 
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2. - s = Distance between centres 
of contact a reas  of dual 
t i res  

s = Distance eritre centres de 
symdtrie des empreintes 
du jurnelage 

+ 

Fig. 9 

1,- d = Minimum clear distance 
between contact a reas  of 
dual or  dual tandem t i res  

d = Distance intdrieure entre 
empreintes des  pneus 

d = Distancia interior entre 3.- s = Diagonal distance between 
huellas de neurndticos centres of contact a r ea s  of 

dual tandem t i res  

s = Longueur de la diagonale du 
rectangle constitud par les 
centres de symdtrie des 
empreinte s du jumelage 

s = Longitud de la diagonal del 
rectingulo formado por 10s 
centros de las huellas de 
10s neumdticos 

s = Distancia entre centros 
de figura de las huellas 
de 10s neu-niticos 
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Fig. 10 California bearing-ratio 
Indice portant californien 
Indice CBR de resistencia de terrenos 

Thickness of base and pavement - inches 
Epaisseur de la fondation et du revttement en pouces 
Espesor de la base mas e l  revestimiento en pulgadas 
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Fig. 12 California bearing-ratio 
Indice portant californien 
Indice CBR de resistencia de terrenos 

Corps  of Engineers 
Corps  d e s  Ingdnieurs 
Cuerpo de  Ingenieros 

U.S .  A r m y  
Armde  d e s  E .  U. 
EjCrcito de 10s E. U.A. 
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Fig. 14 Flexible pavement design and evaluation chart for  sinple-wheel and 
muitiple-wheel landing gear assemblies (tire pressure 100 p.s.i.) 

Courbes de determination de l'epaisseur des pistes pour roue isolee 
ou pour roues multiples (pression de gonflage des pneus 7kg/cm2 (100 p.s.i.) 

Curvas para determinar espesores de pista para rueda aislada o ruedas 
mCltiples con presibn de neumiticos de 7kg/cm2 (100 lbs/pulgada cuadrada) 

r I I I I I I I I I I I 1 I I I i 

I I I 1 I 
- V A L U E S  O F  S U B G R A D E  S U P P O R T  IN  LBS. 3 0 "  PLATE 0.2" D E F L .  10 R E P E T I T I O N S  - 

V A L E U R S  DE L A  R E S I S T A N C E  D U  S O U S - S O L  E N  L I V R E S  - M E S U R E  P A R  P L A Q U E  D E  30" DE D I A M E T R E  AVEC, - T A S S E M E N T  DE 0.2" A P R E S  D I X  R E P E T I T I O N S  DE CHARGE 
- V A L O R E S  DE L A  R E S I S T E N C I A  D E L  S U B S U E L O .  E N  L I B R A S .  M E D l D A  CON UNA P L A C A  DE 30 P U L G A D A S  D E  - 

D I A M E T R O .  PENETRACION:  0 . 2  P U L G A D A S  CON 1 0  R E P E T I C I O N E S  D E  C A R G A  

Thickness in inches 
Epaisseur  en  pouces 
Espesor  en pulgadas 
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c i rca& irculaire 2 5 ~ ~ / 2 2  47 - 

Fig. 15 Flexible pavement design and evaluation chart for single-wheel and 
multiple-wheel landing gear assemblies (tire pressure 200 p.s.i.) 

Courbes de determination de lt6paisseur des pistes pour roue isolee ou 
pour roues multiples (pression de gonflage des pneus 14kg /cm2 (200 p.s.i.) 

Curvas para determinar espesores de pista para rueda aislada o ruedas 
mtiltiples con presi6n de neumiiticos de 14kg/cm2 (200 lbs/pulgada cuadrada) 

I I I I I I I I I I I I I I I 
I I I 1 I 

I I 

- V A L U E S  OF S U B G R A D E  S U P P O R T  I N  LEIS. 3 0 "  P L A T E  0.2". D E F L .  1 0  R E P E T I T I O N S  - 
,VACEURS OE LA R E S I S T A N C E  DU SOUS-SOL EN L l V R E S  - MESURE PAR PLAQUE DE 30' DE D I A M E T R E  AVEC 

TASSEMENT DE 0 . 2 '  APRES O I X  R E P E T I T I O N S  OE CHARGE 
V A L O R E S  DE LA R E S I S T E N C I A  D E L  SUBSUELO.  EN L I B R A S .  M E O I D A  CON UNA P L A C A  DE 30 PULGADAS D E  

Thickness in  inches 
Epaisseur  en  pouces 
Espesor  en  pulgadas 
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