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at an Airport in Portugal 


BY GOSWIN MITTELMANN 

Describes the construction of a prestressed con­
crete runway and taxiway for an airport in Portu­
gal. The pavement was pretensioned longitudinally 
and post-tens ioned transversely. The runway is 
about 4000 m (13,100 ft) long and 60 m 1197 ft) 
wide while the taxiway is approximately 3200 m 
110,500 ft) long and 30 m 198 ft) wide. Each 
month about 270 tons (300 U.S. tons) of prestress­
ing steel was installed and nearly 5500 cu m (7200 
cu yd) of concrete was placed. The project was 
completed in 38 weeks. 

Keywords: airports; concrete construction; con· 
crete pavements; joints; post-ten,ioning; pre­
stressed concrete; pretensioning; runways; slabs 
(nonmetallic); taxiways. 

• TilE 16 CM (6 IN.) TH[CK prestressed pavement 
for this airport I consists of a 400 x 60 m (13 .100 
x 197 It) runway and a 3200 x :30 m (10,500 x 98 
ft) taxiway. See Fig. 1 for a typical cross section 
of the pavement. Altogether. about 53,800 cu m 
(70.400 cu yd) of concrete was used. The flexural 

..; trength of the concrete at 28 days was specified 
as ~5 kg per sq cm (786 psi). 

Following the common working width of finish­
ers, the runway and taxiway were cast in 7.5 m 
(24.6 ft) wide strips. The runway slabs were di­
vided into six 667 m (2180 ft) prestressing strips. 
The taxiway was divided into three strips 680 m 
(745 yd) long and two fields 580 m (634 yd) long. 
Each field was divided into sections 97.14 m 
(106 yd) long. Each runway field, in turn, was 
divided into seven 95.24 m (104 yd) sections. 

The above breakdown resulted in 68 prestress­
ing strips comprising about 5000 sq m (6000 sq 
yd) of concrete. The entire prestressing strip had 
to be placed in one operation. 

The paving equipment consisted of one spread­
er, t \va finishers, and one curing film sprayer. 
A total distance of 45 km (28 miles) had to be 
paved. A paper-laying machine (see Fig. 2) cov-
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ered this same distance on track forms. This ma­
chine placed the entire paper between slab and 
subbase for one strip in one operation (see Fig. 3). 

The prestressing strips are bordered at each 
end by concrete abutments which have to trans­
mit to the foundation the horizontal anchorage 
force for 15 tendons over a width of 7.5 m (24.6 ft). 
The tendons are spaced at 50 cm (1 ft 8 in.) and 
each tendon consists of six wires. An initial pre­
stress of 8800 kg per sq cm (126,000 psi) was 
used. Thus, the abutments have to resist a lateral 
force of 47.5 tons per m (15.9 U.S. tons per ft) 
with a safety factor of 1.2. The cross section of 
the abutment is 6.28 sq m (67.5 sq ft) and the 
total length of the abutment is 420 m (1380 ft) 
for the runway and 180 m (591 ft) for the taxi­
way. The abutment is assumed to act with a 
width of 18.75 m (61.5 ft) in resisting the anchor­
age forces of a 7.5 m (24.6 it) wide prestressing 
strip. 

At the abutments and between the 95.24 m 
(104 yd) long sections, steel joints are pro,,'ided 
to allow movements due to temperature, creep, 
and shrinkage changes. A total of 480 7.5 m 
(24.6 ft) long double joints were required (see 
Fig. 4). Along the border between the pre­
stressed concrete and unprestressed concrete areas 
(longitudinal joints), light steel angles were 
used to allow the large differential movements, 
since joint sealing compounds could not with­
stand the relatively large movements. 

LONCITUDINAL PRESTRESSINC 

To produce an initial longitudinal stress of 24 
kg per sq cm (341 psi), about 3.84 kg per sq m 
(0.8 lb per sq ft) of prestressing steel was re­
quired. The magnitude of the initial stress is de­
termined from the temperature gradient, E = 
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Fig . I-Longitudinal and transverse sections of prestressed concrete slab and notation used for prestressed concrete 
system 

Fig. 2-Paper.laying machine; running once over the 
prestressing strip 5000 sq m, this machine places the 
total quantity of paper for separating the slab and sub­
base; there are two layers of paper of 180 g per sq m 

(5.4 oz per sq yd) 

Fig. 3-Placing of paper; to protect the paper against 
wind, it is loaded with wood lathes 
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Goswin Mitt.lm.nn is design engineer, Phil ipp Holzmann 
Akli"ng e sells chafr , Frankfurr / Main , Wesl Germany, Dr. Millel · 
rnan n has had wide ex perien ce in the design of thin shells. 
prrstres sed pa vements for highways , and oThe r prestressed 
')t ructor.--. ':. He has also studied the stress ·sfr a in response of 
slru ( lu res In the f ield due fa !(,mper ature v ariations in IhC' 
~ on crete, v ih ratlons in rhe vic inity of pil e driv lny, and form­
work p r t:ssu res. Recentl y, he has userl ultrnsonic methods for 
lest inq the slre-nq,h of concr e l £: "l nd the compufer in con ­
jfr uct io llal engineer in g calculd t lOn~ 

J5(I,()01J kg per s q ern (5,OOU,U()() p:-; i ) . from th e g ivf'rI 
li\'l.~ ll ljld moment of 1.62 m tOI1 :-; pCt' m (J570 ft­
I b pe t It), and f1exu ra l sa ft'ty factor of 1 , ~;j . 

The \\'in' -I a~·in.~ machine pl ;Ic<'d six 6HO In 

(7':1J ~' d) wires simultan{'{lusl~' Iwt\\'een nuut­
tnl'll b (set:' Fig. 5 and 6) , The tendn t1 s were pn'­
tt- l1 s iun cd from (jill' l'nrl of the pn'st ress iIl g sl rir . 

TRANSVERSE POST-TENSIONING 

1.'''1 post-ll'nsioning in til!' tra ns\'{I,;{' rlircc ti on 
<.l il IJllt fi-J:j()l)l) I1l (70U .OnO yd) (If :;heathi n g haci to 

bl ' installe d . Thl' 7.:) In (24.b it) lon g shea t hs were 
fabl'il',lltd (In Ill(' sill' . At t he ends (d' the sheaths 
,lll!n~ th(· j()ints bel\\'ppn the 7 .~ m wide s trips. 
screwcd pi pl' joints wcre used for s!Jliling, Th(' 
above Ia~'(\ llt rl'slilted in abo ut 28.0UO t C' l1siuninL: 
po int s (:;('c F ig. 7). After post-tensiuni n g. the 
' ra n,.;\,{'/,:-;e tenc\uns w c n' grou ted in Ilwi t' s hed tlls . 
This n'qu in'd ;')I H.OOO 1 (I fU OO c u ft) "I (,( '111l'nl 

CONCRETING OPERATIONS 

Tfw l'(llll'l'(,tili .~ plant eompl'isL'd t \\ '11 I UOI) I (2fi4 
L;,l! . ) tllrbtl-pall mixers . EdCh lliJX{'t' had a rad in! 
;-;Udpe r pl<llll. two ~OO tun L':iP'H. i~v Cl'lllenl hup­
PC'!'S, ilnd radiill l ~' a r ran ged boxl 's \\ ' hicll wert: 
SUl pllPd h \ (lI in'('vor be lL;. Thl' bin ~ (IILl ld ~; t."r e 

cl t; ,gn ' ..: .. t l ',.; 1,,1' abl .ut 3~0 CLl III (4;')8 1.'11 \"(1) of con­

c n 't l'. TIll' !1I;! "i nIUm ou tput o f the p la nt w as 
'lJ.l\,!'flxilll(ltl'l~· I ii) ell m (7IL'l III \d) o f compacted 
('()IlCT'l'te p l' r hour, Within 15 ~() hl' thc plantt() 

p j,l ced ;1 bllu t 8()U cu m (1040 ('U \'d) ()r concret(' 
l'll lltinll llj,,,ly . Thl' enncn'tl' was Iransportcd to tll<' 

~ l~.' in l:'lght !ruck :-;. These trucks were eq uipped 
with stell tl'llughs If) insut't' propel' dumping in to 
tht: sprcader (sel' Fig . 8) . 

The pLJt:ilIg equiplnent cun sisted o f :1 cl{)sed 
h.)ppet'- type concrete s preade r a n d t \\'!.J fin ishers 
"'.'i th jOll1tcd fini s hin g units. 

CONSTRUCTION PROCEDURES 

vVhen the soil cement fou ndat ion was s tab ilized 
il tvpical 5000 sq m (6000 sq yd) prestressing stri p 
\\'as constructed as follo ws: 

First. the track forms were installed. Befo re 
th e p3per was laid. a smooth 2 cm (3 " in.) special 
l'f)llcrcte layer was cast using a shovel-type 
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Fig. 4-lnstallation of steel joints; these steel joints are 
installed after plac ing the wires; while tensioning the 
tendons in the prestressing field they serve as protec­
tion against an upward movement of the wires (which 
eve ntually break) ; later, the lashes of the steel joints are 
cl umped to the tensioned wires so that after concreting 
of the prestressing strip (when the wires in the joint are 
cut through), the prestressing force of the tendons can 
be transmitted to the front surface of each section 

Fig. 5-lnstallation of prestressing steel ; the wire-laying 
machine places about 20 tons (22 US tons) of pre­
stressing steel in the longitudinal direction when running 

between two abutments of a prestressing strip 

Fig. 6-Prestressing arrangement prior to concreting 
(note protective tents at left) 

395 

http:Mitt.lm.nn


• 
'­" 

Fig. 7-Built-in tensioning joint; this type of joint is 
placed between two prestressing fields; it is installed on 
the abutment; the steel plates situated vertically be· 
tween the angles transmit the anchorage force of the 
tensioned wires in the prestressing field (not yet in­
stalled in the photograph) from the joints to the abut­

ment 

spn'ader and finisher. About 20 ton;; (22 U.S. 
luns) of prestressing st eel was placed longi­
tudinally (see Fig. 5). Each of the 15 tendons had 
six wires . Prior to tens ioning thp tendons. six 
steel construction joints for the tran~verse .iDints 
between the sections and two safety beams per 
section were placed by ,\ moving crane. A safety 
device was mounted at each end (see Fig. 9). The 
tensi oning was done by a newly-developed hy­
draulic m achine which s lrl'tched th e tendons 
about :~ m (10 ft) in on e o peration . The tensioned 
wires were separated by space rs and clamped to 
th e lashings of the intermediate .ioints. Sheaths 
(about 1330 units) , each stiffened with three 12 
mm (0.5 in .) di ameter ba rs and one 8 mm (0.3 
in.) diametel ' bar , were placed 011 the longitudinal 
te ndons. Then the connett' was placed. Working 
tl'nl s, 150 m (500 ft) lon g. wcre installed to pro­
tect the fresh concrete. The t ents also avoided in­
terruptions due to bad wea ther. To prevent dry­
ing shrinkage cracks a curing film was applied . 
Curing was also aided by covering the fresh con­
crete with straw mats. When the concrete reached 
its specified strength it was stressed longitudinal­
ly by separating the tendons from the abutments 
and by cutting the wires between the two parts 

Fig. 8-Concreting of a prestressing strip 

Fig. 9-l ongitudinal prestressing jacks with safety de· 
vice at right; before installation of the sheaths (i.e., 
before concreting a prestressing strip) the 15 tendons 
of the longitudinal prestressing are tensioned by these 
tensioning devices in less than I hr; the tendons are 

stretched by more than 3 m (about 10ft) 

'1t~ -­ .;! - " ""-- .
• =7-. 

Fig. IO--Application of transverse prestress 
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of each steel joint. After this, the covering was 
removed from the pavement. The threading and 
tensioning of the 1300 transverse tendons could 
be done only after the full width of the runway 
was completed . Fig. 10 shows the application of 
transverse prestr<'ss. Altogether there were 2600 
t('nsioni ng poin ts pcr prest ressi ng field. Four 
units of <. special tensioning device .. which could 
stretch the tendons aCl:lIrately' ill a singl e op­
('ration, \l."l'I'(' lIsed . 

The tendnn forcl's w e re con truller! by a d.vna­
1n(.nlcter. The fit' lei rc-adings showed that friction 
['lrCf'S agreed with tho::(' assumed in the stress 
(,;lkulations. 

It is expected that the (' ntll"C area uf 3:5t.i.OOO 
sq nl (400.000 sq ~'d) constrlll:U·ei with thp pre­
'" rc·ss ing field s\'stpm : \\' ill be com plet cd (In 
sc hedul e and will b without cr;lCks. 

Th e cunstruction ot this runway anr! taxi\Va~' 

\\"as lIndertaken in 1965. Alth( ,ugh the first ap­
p\il'i-Iti(ln of prestressing to hi .~I 1\\"a\· p:wernents 
\\ ' (-1 .-; hegun in 1958. the> litc-rature on this suhject 
IS scan t. It is hoped that the following references l - , 

wIll s(' r\'e as a start in this irnpur tant field. 
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Sinopsis-Resume-Zusammenfassung 

Construccion de Pavimento Presforzado en el 

Aeropuerto en Portugal 


Se describe la cunstrucciim de ulla pista y antepista 
de concreto presforzado para eJ aeropuer·to en Portugal. 
EI pH\'i mento fue prelensado longitudinaJment~ y 
pOi' tensado transversalm€'nte . La pista tiene cerca de 
4000 metros (13100) pies) d e largo y 60 metros (197 pies) 
de ancho mi€'ntras la antepista tien€' apl'oxirnadamente 
3200 metros (10500 pies) de largo y 30 m (98 pies) de 
anchu. Se instal (lI"IJn aproximadamente 270 toneladas de 
acero de pr . fu rzo y rasi 5500 m:1 (noo yd.:I ) de 
concreto POl' m€' s. EI proyecl0 fue completado en 38 
semanas. 

Construction d 'une 	piste precontrainte a I'aeroport 
en Portugal 

Cet article decrit la construction de pistes d'atterrissage 
et de degagement pour I'aeroport en Portugal. La dalle 
a ete precontrainte par fils adherents dans la direction 
longitudinale et post-cuntrainte dans la direction 
transversa le. La piste d'atterrissage fait environ 4000 m 
de longueur et 60 m de largeur. Quant a la piste de 
degagement, elle fait environ 3200 m de longueur et 
30 m de largeul'. Chaque mois, environ 270 tonnes 
d'acier de pr~'contrainte et pres de 5500 ml'tres cubes 
dC' beton etaient mis en place. La cunstruction a ete 
realisee en 38 semaines. 

Herstellung 	von Spannbetondecken fur einen 
Flugplatz in Portugal 

Belichte uber die Herstellung von Spannbetondecken 
fLir die Startbahn und die Rollbahn eines Flugplatzes 
in Portugal. In Langsrichtung wurde ein Verfahrcn mit 
sufortigem Verbund angewendet. in Querrichtung ein 
sulches mit nacht"aglichem Verbund. Die Startbahn ist 
4000 m lang und 60 m bl·eit. wahrend die Rollbahn 
ungefiihr 3200 m lang und 30 m breit is!. Jeden Monat 
wurden etwa 270 t Spannstahl und 5500 m~ Beton 
eingebau!. Das Projekt wurde innerhalb von 38 Wochen 
im Jahre 1965 ausgefuhrt. 
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Hanrahan Honored 
Frank J. Hanrahan, executive 

vice-president, American Institute of 
Timber Construction, has been 
named recipient of the American 
Society for Testing and Materials' 
Walter C. Voss Award for 1967. 

Mr. Hanrahan received the award 
"for his lifelong efforts in the pro­
motion of research and education on 
the structural use of wood, his active 
participation in the formulations of 
standards and codes for wood and 
wood-base materials, and especially 
for his leadership in the advance­
ment of glued-laminated timber to 
its present status as an engineered 
construction material." 

In addition to ASTM, Mr. Hanra­
han is a member of ACI, and a Fel­
low of the American Society of Me­
chanical Engineers. He is also active 
in many other professional societies. 

General Portland Cement 
locates in Dallas 

The corporate offices of the 
General Portland Cement Co., for­
merly in Chicago, are now located 
in Dallas, Tex. 

Proceedings of USU concrete 
conference now available 

Proceedings of the Ninth Annual 
Concrete Conference held at Utah 
State University, March 2-3, are 
now available. The conference 
featured papers on a variety of 
subjects from "Diagnosing Concrete 
Failure" to "Concrete in the Fu­
ture." Further information is avail ­
able from J. Derle Thorpe, executive 
secretary, Concrete Conference 
Committee, Utah State University, 
Logan, Utah. 

Errata 
corrections should 

p. 393-Line change "400" to 
"4000." 

p. 397-Line 17 of the left hand 
column change the reference cita­
tion to "3." 

p. 397-change the sentence be­
ginning on Line 20 of the left hand 
column to read "Although the first 
application of the field system of 
prestressing to runway and high­
way pavements was begun in 1958, 
the literature on this subject is 
scant." 
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