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CONCRETE BLOCK PAVING FOR AIRCRAFT HARDSTANDINGS 
AND TURNING AREAS 

by J.A. Emery 
Luton Borough Council, Bedfordshire, United Kingdom 

SUMMARY 

Trials have been carried out using concrete block. paving on an aircraft parking stand 
and on one of the runway end turning areas at Luton Airport in the U.K. The results 
indicate that concrete blocks may have certain advantages over the pavement quality 
concrete and Marshall asphal t traditionally used for surfacing aircraft pavements. 
Concrete block paving has, so far, been found to; (i) be a·ble to withstand the static 
loads of medium haul aircraft, (ii) be resistant to aviation fuel, hydraulic oils, 
anti-icing and de-icing fluids, (iii) withstand the effect of jet engine blast from 
aircraft at 'take-off' and (iv) be capable of rapid installation and repair. Further 
tests are to be carried out to determine what contribution the concrete block 
surfacing makes to the overall strength of the aircraft pavement. 

1. INTRODUCTION 
Engineers responsible for 
and maintenance of aircraft 
have, for many years, been 
for a surface wi th the 
properties:-

1. Durability 

the design 
pavements 
searching 
following 

2. Surface stability with t~re 
pressures up to 1.4 MN/m 

3. Good frictional characteristics 
4. Good standard of rideability 
5. Rapid removal of surface water 
6. Capability of rapid repair and 

maintenance 
7. Resistance to thermal movements 
8. Resistance to high jet engine 

exhaust velocites and to 
thermal shock 

9. Resistance to de-icing and 
anti~ icing agents, aviation 
fuels and hydraulic oils. 

Recent trials carried out at Luton 
Airport, using concrete block paving, 
suggest that it has certain advantages 
over the pavement quality concrete, and 
Marshall asphalt surfaces traditionally 
used. Work by Knapton (1) concludes 
that the friction generated by the sand 
vibrated into joints betwecn blocks 
permits them to interlock and 
distribute vertical loads over a wider 
area than that to which the load is 
applied. Further, interlock is 
improved as the applied load increases, 
indicating that concrete blocks may 
provide a suitable alternative 
surfacing for aircraft pavements. 
These, on the evidence so far gathered, 
appear to have most of the properties 
listed above. 
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2. DESIGN AND CONSTRUCTION OF 
AIRCRAFT PAVEMENTS 

Most Aircraft pavements in the United 
Kingdom have been designed and are 
assessed in accordance with the Load 
Classification Number (LCN}* system. 
The method was formulated by the Air 
Ministry Directorate-General of Works 
and adopted in 1956 by the International 
Civil Aviation Organisation (ICAO) as 
one of two methods advocated for the 
evaluation of the bearing capacity of 
aircraft pavements. In 1971, the 
Directorate of Civil Engineering 
Development, of the Department of the 
Environment (D.O.E.) produced a document 
(2) which modified the LCN system in the 
light of experience gained during a long 
period of designing and evaluating 
aircraft pavements. This document gives 
recommended thicknesses of rigid, 
composite and flexible pavements which 
have been based upon loading and stress 
considerations, with allowances made for 
the effect of varying number of 
applications. Because of many variables 
e.g. load on 'U11d'ercarriage gear, con­
figuration of wheels and tyre pressures, 
aircraft have been, classified on a 
numerical scale representing the severity 
of load, and a simila.rly related scale 
to represent the strength of the 
pavement. Thus, each' aircraft is given 
a range of LCNs (3) depending on its 

* A new method of pavement classification 
has now been adopted by the ICAO i.e. 
the ACN-PCN system, but this is not 
considered relevant to the content of 
this raper. 



loading, and the 
or assessed to 
aircraft typically 

pavement is designed 
be compatible with 
using it. (Figure 1). 
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Figure 1: Probab~~ mix or airuraft 

using Luton Airport in 1984. 

Aircraft pavements are generally 
limi ted to three types, each having a 
100mm sub- base layer of lean concrete, 
and are described in the D.O.E. 
document as follows:-

(i) 

(it ) 

Rigid pavements of unreinforced 
pavement quality Portland cement 
concrete which are usually 
selected for runway ends, runway 
and taxiway junctions, aprons, 
hardstandings and runway 
turning-circles, i.e. where 
aircraft will stand and where 
jet heat, blast and aviation 
fuel and hydraulic oil attack is 
likely. For design purposes, a 
minimum flexural strength of 3.5 
MN/m2 and compressive strength 
of 35 MN/m2 is assumed for 
pavement quality concrete, at 
the time the pavement is brought 
into use. Normally the sub­
grade is considered in two 
conditions only, i.e. 'good' and 
'bad' on the basis of 
traditional Westergaard 'k' 
values, which are determined 
using 762 mm diameter plate 
bearing tests. The range of 'k' 
values considered to apply for 
most UK soils being between 15 
and 200 MN/m 2 /m. 

'Composite pavments of 
continuously reinforced concrete 
with bituminous surfacing offer 
the best 'bump free' riding, and 
water free surfacing, which are 
preferred for those lengths of 
runways and taxiways along which 
aircraft travel at speed. 
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(iii) Flexible pavements, composed of 
bound granular materials with 
bituminous surfacing are not 
considered to be economical for 
heavy duty pavements. For light 
aircraft they provide an alter­
native to composite pavements and 
offer similar advantages. 

3. THE AIRCRAFT PAVEMENTS AT LUTON 
AIRPORT 

Lut'on Airport lies at 160.00 AOD, some 
3km east of the town centre of Luton. 
The geology of the airport area comprises 
a deposit of glacial clay between 7.5 m 
and 12 m thick over most of the runway 
si te, reducing to 2.5 mat the eastern 
extremity, all overlying chalk. The 
modulus of sub-grade reaction 'k' has 
been gi ven as 15 MN 1m2 1m at formati on 
level, i.e. equivalent to a CBR of 
approximately 2 per cent. 

The airfield at Luton was first licensed 
as a Municipal Airport in 1938, with 
grass runways and concrete aprons. In 
195'9 the Council commenced the 
construction of the east-west or 08-26 
runway (Figure 2) and after extensions 
added in 1964 and 1965, is now 2,160m in 
length and 46m wide. 

LUTON AIRPORT 

Figure 2: Luton Airport Layout 

The first 305m from the 26 end of the 
runway is of flexible construction, 
consisting of a 40mm rolled asphalt 
wearing course, on 75mm rolled asphalt 
base course, on 225mm layers of broken 
brick, blinded with hoggin, giving a 
total depth of construction of 665mm 
over-filling, forming .an embankment at 
this end of the runway. The remaining 
length of runway, taxiways and apron 
areas are generally of rigid con­
struction with 250mm unreinforced pave­
ment quality concrete, having no form of 
load transfer, laid in 4. 6m bays and 
having expansion joints at 25m centres, 
over 100mm dry lean concrete. During 
the winters of 1973/1974 and 1974/1975 
most of the a._ on ar- 'is, t}.e taxiways, 



and the runway were provided with a 
Marshall asphalt overlay, consisting of 
60mm base course overlain by 40mm 
wearing course. Additionally, the 
runway received a 20mm friction course, 
and the runway turning circles a 40mm 
layer of a surfacing made up of an 
open-graded bitumen macadam with a 
cement, p.f.a., epoxy grout vibrated 
into its voids. 

Before the Marshall asphalt overlay was 
added, the LCN of the pavement was 
calculated as 45. However, during 
1969, the then Ministry of Public 
Building and Works carried out load 
bearing tests which resulted in the 
pavements being upgraded to a published 
LCN of 60. 

4. PROBLEMS WITH EXISTING SURFACES 
The high shear stress and rhythmic 
vibration imposed by modern aircraft 
equipped with high pressure tyres had 
taken their toll, especially on the 
rigid pavements. The pavement quality 
concrete bays sustained considerable 
cracking and spalling failures, which, 
in some areas, led to mUd-pumping 
problems. Repairs to these surfaces 
had to be made during night closures of 
the runway, usually during mid-winter.' 
Most of the remedial work consisted of 
making good spalled areas with mastic 
asphalt, grouting under areas subject 
to mud-pumping, and in extreme cases, 
complete bay replacement using high 
alumina cement concrete. Repairs using 
epoxide mortars usually ended in 
failure, probably due to the extreme 
cold and damp conditions when they were 
being placed. It was also necessary to 
re-seal jOints in some areas where 
failure of the joint sealing compound 
had occurred. With the passage of 
time, reflective cracking has developed 
in the Marshall asphalt overlay and 
these cracks have been sealed by normal 
'banding' methods. A far more serious 
probl em exi s ts on the apron area, and 
the runway turning areas. Spillage of 
aviation fuels and hydraulic oils have 
attacked the bituminous surfaces lead­
ing to their progressive deterioration. 
Various proprietary 'fuel resistant' 
coatings have been applied to some of 
these surfaces, without success. 

5. CONCRETE BLOCK PAVING TRIALS 
During 1981, it was decided to carry 
out trials using concrete block paving, 
to determine whether they would be 
sui ta ble as an over lay on the apron 
stands, replacing the existing damaged 
asphaltic surfacing. Following the 
apparent success of the blocks in this 
situation, a further trial was carried 
out on the .eastern runway end turning-
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circle to prove their ability to 
withstand the turning action, and jet 
engine blast of aircraft at t~ke-off. 

6. DETAILS OF TRIALS 

(i) Apron Stand No.7. 

'[,e,j ! 0 = .. 
80.'"11 720B 
lWh ... , Conl,guf.ho" f 

~~n<,;:~: ~;~~~. ~ /- :g~::: '~:::':;,',m·I\:;h~I' 
i j \ ! \ Iii !! (! 

~~/." ::~-':?f= -250m," P.O.Cone.ele 

TYPICAL SECTION THROUGH 
TRIAL AREA 

--Sub9,.~e I C.B.R. 2".1 

Figure 3: Stand 7 Trial Areas. 

Figure 3 gives details of the two areas 
which formed this trial. They were 
selected to ensure that the main under­
carriages of aircraft using this stand 
occupied the trial areas. During 
October 1981 the 100mm thick asphaltic 
overlay was broken ou t. 65mm and 80mm 
rectangular blocks were bedded on a 
screeded layer of zone 2/3 sand (4) laid 
to a depth which ensured that the 
blocks, when compacted, were level with 
the surrounding asphaltic surfacing. A 
10: 1 mix of dry fine sand and lime was 
vibrated into the surface of the blocks 
to 'seal' the joints and minimise the 
ingress of water, aviation fuel and oils 
into the sand bed. 

To date, 
subjected 
movements, 

the trial areas have been 
to "mtlre than 4,000 aircraft 
with no apparent damage. , 

Some indication of :what is Axpected of 
the surfacing of apron stands can be 
gained from figure 4, in which an 
aircraft, a Boeil'l'g 720B, is shown 
jacked-up on the 65mm blocks to facili­
tate a wheel change, On this particular 
occasion a spreader plate is seen in 
use, but it is not uncommon for it to be 
discarded. It is estimated that without 
the plate a stress of approximately 
6.5MN/m2 is transmitted to the surface 
of the blocks; yet even after this abuse 
the blocks do not appear to have been 
damaged, or displaced. 



fi g ur e . : Whee l c ha ng . on Stand 7. 

(II) Runw ay Tu rn i n g Ci rc l e _ Ea,t End. 

Du~ing May, 1982, a trial a r ~a 
uuu~ing 10 ~ x 2." ,",a~ con ~ tru c ted o n 
t ne ea.te~n (26) ru n way tu rn i n g_circ l e 
u.ltli! 80 ~~ t h ick "S" ~ha p . d co ncret e 
bloc~~ . 

lhe a rea "a. cho . en beca u u : 

(a) tnh e nd of th e ru nway h u . ed foe 
approxl=ately 70 ~ o r aircea ft 
=ove ll e nt ~; 

(b) it 1, an a r oa aff e cted by a v ia t ion 
! n wl nt e e, 

.nd onti _ 

'" 
'" 

f u e l ~ pillag,," an d 
tr e ated wit h d e _iCi n g 
Ici n. g fl u id,; 

" '" traver~ed " <l oot 
U ~ I"g t h 1 ~ t u rning_circle; 

" r e c.,ivu " , IIUi <lUl' 
joe bl u t f ro " aircraft 
off. 

aircraft 
,00 

effe c t " " take_ 

1 0 date, th e ~ e ha v e boe n an e3 ti a a t e d 
36,000 A!r t ran,port ~ove <l ent , fro .. 
th! ~ end of the ru n way . in~e t he block, 
we r e laid. 

Con~ truc t! on of ~he ~ela l area 
con~ l~t~d of br ea k ing out the asphaltic 
s urfacing to a depth of 1 20~ ,. a nd 
r eplacing it wlth t he o loc k paving 
bedded on 8 " Oa ~ layer of sc c .eded 
~ a nd. A 10 : 1 .Ix of dry f i ne sa nd a nd 
1 1= ~ wa s vIbrat e d Into the pave=en t .~ 

for th~ Sta n d 7 trial area. 

7 . DISCUSSION 
The d~ ~I rable p r op o r tle, for ai rcraft 
pave=e n t ~u~ fa c o . a, Iden t i fi ed I n 1 to 
9, i n th e int rodu~ti o n to thi s pa per , 
are oonsldgeed helow wit h respe c t to 
the co ncrete block paving tri s l s 
car~l.d out a t Luton Ai eport . 

1. Du ca b lllty : _ 

;. 

Of all the prODcrth~ l1 ~ t "d , thi ~ 
10 conside r ed t o ~e the ~ o ~ t 

l~ por tant , a nd ha~ an In fluen~ e on 
.. o . e of t h e ot her prope r ti e s . 
H rcr .ft pav . .. en t ~ ~u,t hav e long 
la.ting and hard w~a r l n g ,u rface. 
beca " se of t h e a bn ormally hea v y 
l oad~ t h e y are re q ui re<i to ca rry 
and b ec"~ s e o f ~~e d l r f i" ulq In 
gai n i n g a CC. S ' t o t h e . e $ u rface ~ 

fo r ma int e nanc e purpo .. es. f h e hi gh 
c o ~ pre ~3 iv e , t r e ngt h of conc~ete 
blo~k' ( generally i n e"Ces' of 
5 0MN / ., } co ~ p a r e d t o the 35 M N /~2 
~pec i f l.d for pav e~ ent Quali ty 
concrete) b~d ded on z on e 2.1 3 -a n d , 
whlc}l h confi ned at it, e dge 3 .nd 
co .. ~a c ted t o refu ~al , I~ t h ough t t o 
r rovlde a ~ urrac e g e e at e r i n 
.tee n g t h a nd <iurabllity than eithe r 
Ha r ~ h a ll aspha l t or pav. <le nt 
Qua l ity con~re t e. Experime nta l 
" ork b y A.J. Cla ck (5 ) h a ~ ~ hown 
that the ,",at.~/~e ~~n t r a tio u, e d in 
th e ~anufacture of concret e block' 
i~ 10'"', but ge n e r a l ly d i fficult t o 
ch e ck . Ho weve e, he con$id <l r~ ~ha t 

If t h e Ce~en ~ content do cs no t fall 
b~ l ow 380 ~ g/,,3 a g ood level of 
d urabilit y ~111 r e ~ u H. 

Sur fa c e Stab i l i ty:_ 

Mo d e rn Jet a ircraf t a~e . " ~~e Dt i ble 
to d a=age fro~ l oose =aterlal dr aw n 
in to e n g i n e i n t a k ~ • . It is . .. entlal, 
t h~ refor e , that any s u r faci ng ~e ~ain~ 
coheren t a nd do es not prO d uce 
pote n~lally d a:oagin g loo~e aebrl~. 

Pave ~c n t qual i t y co nC r e t e .lab~ a re 
p ron e to ~ palll n g, particu la rly 
alo n g j o int e dg e " and hav e led to 
e ngine i n ge ~ ti on prohle" . . It is 
t hou g h t t h a t concr e t e h lock. havi n g 
cha., fered e dg e . wi l l r ed~ce thl ~ 

th~ea t. 

Coo d fricti on al ~ haract o ~ l ~ tic, : _ 

lhe f r ict i o na l Cha r acter istics of a 
ru nw a y ar e =e3~ ured ~ y nan. of a 
' lI u-meter ', a ~achl n . fitte d with a 
, elf_ve t t ing attac ll . ent capa ble of 
depo si t ing a pprox t=ately O.5~" 
d e pt h o f "at . r ~e neath t h e "ea~u­
rlns. wh e e lo . Th e ae v i c e is towed 
a t " ~t e a dy 3 p e ed of 130 ~ ~ /hc. 
Th e op e rational fr1~tional requ i ~o ­

~ en t i, O . 77~0.3 ba ~ed on '~u _ 

~ ete r' r eadi ng' . O b v i o u ~ \y thl~ 
cr l tee i on ,",ou ld no t a ppl y to ap r on 
sta nd ., out it wou l d app e ar to be 
desi r a ble, t hou g h not <l a ndsto r y , 
for r u nway en d ~. I n t hi s con_ 
nection I t is hoped tha t the 
D e p"~t=e nt of P ligh t , o f Cr a nfield 
ln~ t! tut e or Te c h nol ogy, wil l , o on 



4. 

5. 

6. 

be able to carry out friction 
measurements on concrete block 
paving to enable a comparison to 
be made between the runway 
friction course material and 
concrete block paving. 

Good Standard of rideability:-

This property is not considered 
essential for apron areas and 
runway turning areas, which are 
generally subjected to slow moving 
traffic only. It is unlikely that 
concrete blocks would be 
considered for use on runways, 
where aircraft speed on 240 km/hr 
are common. 

Rapid removal of surface water:-

Experience wi th concrete block 
paving at Luton Airport has shown 
that the rectangular blocks which 
have chamfered edges are capable 
of rapid removal of surface water. 
The shaped blocks on the runway 
turning circle are considered to 
be as good as, if not better, than 
the existing bituminous surfacing 
in the removal of surface water. 

A related problem, that of water 
penetrating through the jOints and 
into the sand laying-course, has 
been investigated by the Cement 
and Concrete Association. Their 
report (6) concludes that 
saturation of the sand layer is 
not detrimental to the concrete 
block paving. This remains true 
even when the water in the 
saturated sand laying-course 
freezes. The water content of the 
laying-course is unlikely to 
exceed 25% and if this water 
expands by 9% upon freezing, the 
movement of the blocks bedded on 
50mm sand, would be no more than 
lmm. Experience has shown that 
the joints in concrete block 
paving eventually become I sealed I 
wi th detritus, oil etc. In order 
to hasten this process lime was 
added to sand filling in the 
joints. It was decided to use 
lime rather than cement, as it was 
considered that the lime would not 
cause the blocks to become bonded 
together. 

Capability of rapid repair:-

The use of concrete block paving 
has one major advantage over the 
traditional sur facings of aircraft 
pavements; that is, it can be laid 
and repaired in sub-zero tempe-

7. 

8. 

9 • 

180 

ratures. Once laid and compacted 
it can be put into immediate use. 
This was well exemplified by the 
runway turning-circle trial area, 
which was constructed within one 
day, between aircraft movements, 
and traversed by aircraft 
immediately on completion. 

Resistance to thermal movements:-

Differential thermal movements in 
the underlying pavement quality 
concrete appear not to have pro­
duced any visible movement in the 
concrete block paving. This is 
considered to be due to the fact 
that the blocks act as a flexible 
surfacing and the individual blocks 
articulate without significant 
opening of the jOints. 

Resistance to high 
exhaust velocities 
shock:-

jet 
and 

engine 
thermal 

Concrete is generally preferred 
where jet efflux gases are likely 
to damage the pavement surfaces. 
On take-off, exhaust velocities can 
be in the order of 640 km/hour and 
exhaust temperatures of up to 93 0 C 
can occur approximately 10m beyond 
the rear of the aircraft where they 
impinge on the pavement surface. 

After two severe winters, no damage 
has been noted on the blocks used 
on the runway end turning circle 
and it seems safe to assume that 
damage is unlikely to occur as the 
result of jet blast at take-off. 

Resistance to de-icing 
icing agents; aviation 
hydraulic oils:-

and anti­
fuels and 

Aircraft pavements, perhaps more 
than any others must be capable of 
surviving an exceptionally harsh 
environment. Runways in particular 
are generally located in exposed 
areas and sl'lbject to extreme low 
temperatures, down to say -30o C: 
Because of its cprrosive effect on 
aluminium surfa~es, sait is not 
used for the rerilOval of ice. At 
Luton Airport urea is used as an 
anti-icing agent; and glycol mix­
tures for de-icing purposes. Glycol 
is known to have a damaging effect 
upon concrete owing to the very 
rapid cooling effect within the 
surface of the pavement which can 
freeze any moisture present. An 
immediate volume increase of 
approximately 9% in the interstices 
holding moisture can lead to an 
almost immediate disintegration of 



~h" 3 u rhce. !t is th ough t , '' '' 
uc~ ' doe, not p r e,en t 
prO~l e~ ~ u Gu ncr"~e 

a $e~ i ou, 

~urface~ . 
Te, t, ore in progres3 to v~ ~iry 
t h i , Stole~e nt. co rt la nd ce nen t 
concrete h a ~ genera ll y ~ee n roun~ 

to be res i,la nt to oviHion fuel ~ 

"nd h ydr~ulie o i L>, b u t th ",e 
n " i d , ~av " bee n fo und to hav e a 
d e l e teriou, ef f e ct on jOi nt 
, ea l i n g co"pou n d s , even 00 thos e 
wh ich are c la h ed t.o bo r e. hta"t 
to tho> .o catoria).. 1 " i 5 ~"nge r 

i ~ a~o d ed b y u,i n g concr e te 
bloc k s , whl~h do oo~ requIre t. he 
US e of £6a!. n t s. 

Pears of conc e n t r a~i o n o f aviation 
fu e l a ccu~ula ,jng I n ~ h e 3an~ layer 
und or t he bloe k ~ a p pea r unfounded. 
1es t 3 oa~ rl ed o u t, under t ho 
,up~~ vI 3I o n of the Co unty P"tro _ 
leu. Officer, I n ~i c al ed t.hat n o 
e xplos ive vapo ur s were pt'ose n t . 
when ~. ~ pl e block ~ were t·e,"ov~d 

f~o ~ the "pron tr ia l a ro a . 

ngur e 5: S t and 8 In u"o.(80." blo<>b). 

, .. 

8. CONCLUSION 
H I. t hough t t hat ~o n Crete ~locb , once 
hid and vibrateJ ln~o ~h" Mn~ hylng­
cour,e, a n d the jOln~. filled a. 
pr eviou ~l y de ,cri ~ed, for " a dura b l e , 
f l e xibl e 3u r Cacing th,t appear3 t o 
,atl,fy lO o3l of the propertie, reCerr e d 
to I n t h e In t roduc tion . They are 
con3idered to ~e 3 uit a ble for all 
alrcraCl pave~en~3 w~lc h are 3 u b je c t to 
,low_Boving alrcra rt . 

It 10 hoped tha~ ir t he ~on cr .te b lO CK ' 
continue to perfoe" oat1, ra~to~ll y, It 
~ay be po~~lb, e to carry ou t pl ate 
buring t~s t g t o det~r~l~e ~hct her the 
conc~ete bl OCK $u r f ac i ng u~e" any 
~ont~ lbu tlon to t h e overal l t.CN or t ne 
total a lrcrart paye ~~nt . 

Du ring Peb~~ary 198}, it wao decided to 
p roceed wi th r o. urfac l ng Ap ron HM"ld. 1 
to 9 at Luton Airpor t u.ing rect a ngu la r 
Co~crete ~lo<>b a total area oc 2700 
.q. ~ . and the .e are ~een to be 
perCor ~ ing 3ati3fac to rily ( F igure 5 ). 
It. I ~ al,o hoped to com~enc e in t h e n e ar 
fu ture th e " urfacing of th e two r u nway 
e nd t urni ng circl e , u . ing concr ete b l ock 
pav i ng _ to t~ l area 10,0 00 ' q. ~ . 

There ha , be en a con31 d erabl e I n t e r_ 
natio nal intere , t I n th e u.e of oone~e t e 

b lO CK. ror the .urCaoing of alre~aft 

pave " en t , . Enquir1e."o Ca e, ha ve b~~n 

rec e ived rro~ Au.tralia, Belg! u~ a n d 
Bra~ l l. I n ~h. United ~ingdo~, tntere.t 
ha. been . hown by Brltt oh Ai rport. 
Authority, Ml ni, try or Defence a nd 
Pr O D.~ty Service . Agen cy. 
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