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Highway building agencies in Great Britain and the coimtries of 
western Europe use a wide variety of concrete pavement designs 
as do the eng^eers from various highway departments in the United 
States. Concrete pavement thicknesses observed on a recent visit 
to five different countries ranged from 5 to 11 in. on a wide variety 
of subbase types and thicknesses. Jointing arrangements also varied 
from plain pavements with a short joint spacing of 15 f t to pavements 
containing distributed steel and expansion joints at approximately 
120 f t . 

Joints were formed by sawmg premolded fiber inserts and by 
hand-forming the plastic concrete. In addition, some agencies use 
a parting strip that is placed on the subgrade below the dummy groove. 
Practices with regard to distributed steel, load transfer devices, 
and tie bars are quite similar to those followed in this country. 

Al l countries visited have experimented much more extensively 
with prestressed pavement than the United States. Both highway and 
airfield pavements have been built imder a wide variety of service 
conditions. These include post-tensioned slabs that are prestressed 
in both directions and also in the longitudinal direction only. There 
are also a number of prestressed pavements in which longitudinal 
prestressing is accomplished by the use of flat jacks and end abut
ments, either fixed or elastic, with or without transverse steel. A 
review of the prestressed projects in Europe indicates a need for ad
ditional research on this type of construction in the United States. 

• TOO OFTEN there is a tendency to think that the United States leads the world in 
highway development and, of course, highway research and pavement engineering. 
Perhaps it does lead in total pavement mileage, dollars e3q}ended, rates of construction, 
and vehicle-miles driven on highways; however, a recent visit to England and several 
countries of Western Europe has convinced the author that the United States is not 
necessarily leading the world in amount of highway research, quality of construction, 
or ingenuity, or economy of construction. 

Although the Atlantic Ocean, the language barrier, and travel limitations imposed 
by many highway building agencies make a free interchange of highway research infor
mation difficult, the United States would profit by a closer knowledge of designs, re
search, and experience in other coimtries. This does not imply that the various countries 
in Europe have complete interchange of information on pavement research or that they 
have unanimity of opinion with regard to pavement design methods or details either. 
Rigid pavement design details in Europe vary almost as much from country to country 
as they do here from state to state. Pavement thicknesses, subbase design, joint 
spacing, and use of steel have changed over the years to give the best service for their 
individual conditions of climate, soil, traffic, and engineers' personal preferences 
much as they have in the United States. 

This paper covers some of the aspects of rigid pavement design. More details of 
the prestressed pavement projects wi l l be included in the report of the subcommittee 
on prestressed pavement of the Rigid Pavement Design Committee. A l l countries 
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visited in Europe have shown much more interest in prestressed pavement than this 
country and al l those visited have built experimental projects. 

UNITED KINGDOM 
In the United Kingdom, highway research is carried on by the Road Research Labo

ratory of the National Government at Harmondsworth and additional research on concrete 
and soil-cement by the laboratory of the Cement and Concrete Association at Wexriam 
Springs. Many of the large contractors in England have their own laboratories with 
well-equipped, well-staffed research organizations. One organization, the Pavings 
Development Group, made up of engmeers, contractors, equipment, and material 
people, has the specific function of studying design and construction techniques of other 
countries. This they accomplish through papers by engineers from other countries at 
their annual meeting and by sponsoring trips to other countries to inspect highway and 
airport facilities. 

The most common design m England is similar to that used m New Jersey. Trans
verse e;q)ansion joints are usually spaced at 80-ft intervals with iV^-in. diameter 
dowels at 12-in. centers. The grooves above the expansion joint fillers are sawed in 
the hardened concrete. Distributed steel for this design is welded wire fabric weighing 
111 lb per 100 sq f t . On the M-1, the London-to-Birmingham motorway (England's 
f i r s t real expressway) the concrete portion was 11 in. thick on a 7-in. subbase of gravel, 
cement-treated gravel, or crushed concrete choked with sand. On the M-1 slabs were 
80 f t long with expansion joints and contraction joints alternated at every other joint or 
120 f t with expansion joints only. 

The concrete, which was not air-entrained, had a compressive strength of over 4,000 
psi at 28 days. Water-cement ratios are usually less than 0. 5 by weight and slumps 
are very low, requiring heavy vibration or tamping to insure consolidation and permit 
finishing. 

Li England the legal wheel load is llV* tons. Total gross loads of 250 tons may be 
carried on selected routes controlled by the Ministry of Transport. The design life 
used on bridges is 100 years. 

To improve surface riding qualities construction specifications now require the use 
of "articulated" fmishers. These are much the same as the long wheel-base, float-type 
finishing machines now used on many of U. S. projects. 

One full-scale test road, 27* mi long, has been built at Alconbury Hil l by the Road 
Research Laboratory to compare concrete of various designs and thicknesses with 
several different types and thicknesses of flexible base. This project, built in 1957, 
is subjected to normal traffic consisting of over 4,000 commercial vehicles per day. 

Several short sections (about 500 f t long) of prestressed pavements were built as 
experiments on various industrial driveways and access roads, but most did not carry 
heavy volumes of truck traffic. They al l contain internal prestressmg tendons in either 
both directions or diagonally. Al l have performed satisfactorily. 

At the Gatwick Airport near London, there are two prestressed concrete aprons and 
three prestressed taxiway slabs, two of them 970 f t long. They are 5 and 6 m. thick, 
carry heavy airline traffic, and are performing well with no signs of distress. Both 
transverse and longitudinal prestressing tendons are employed with the amount of pre-
stress varying from 100 to 300 psi. A l l were post-tensioned. It is doubtful whether 
this design was more economical than the conventional concrete design used elsewhere 
at the airport. 

FRANCE 
In France, highway research is carried on by the Central Laboratory of Bridges and 

Highways of the French Government Department of Public Transportation (Laboratoire 
Central de Ponts et Chaussees, Ministere des Travaux Publics et des Transports). 
Additional research on cement and concrete is carried on in the laboratory of the cement 
industry in Paris (Centre d'Etudes et de Recherches de L'Industrie des Liants Hydrau-
liques). M. A. Mayer, President of the latter institution, prepared a paper on pre
stressed pavement for the Highway Research Board in 1960. 
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Most concrete highways in France are plain concrete also without air-entrainment. 
The Paris Southern Motorway (L'Autoroute de Sud), a six-lane expressway, leading into 
Paris from the South for 26 mi, was built between 1956 and 1960. It is 10 in. thick on 

in. of sand base stabilized with cement on a 4-in. subbase of fine sand in some 
sections and on a 572-in. gravel subbase in others. Expansion joints were used at 
approximately 195 ft and sawed contraction joints at 15-ft intervals. Dowels were used 
in expansion joints but not in contraction joints. 

Concrete in this project had about S'A sacks per cu yd and a 28-day f lexural strength 
of 640 psi. A low-slump concrete was used and riding qualities are poor. In an effort 
to improve ridability the French have modified their specifications on one or two new 
experimental projects to permit a higher slump and the use of American-type equip
ment with some type of longitudinal float. 

The legal axle load in France is a 15,000-lb single axle. Most trucks have two 
single axles and pull a full trailer with two single axles. 

France has built several prestressed projects, first on the Orly Airport (Fig. 1) 
and an airfield near Algiers (Fig. 2) and later in 1960 on a highway near Paris. The 
highway project is an experimental road 1/̂ 2 mi long consisting of 38 demonstration 
or test sections. Five different contractors built prestressed pavements of their own 
design to provide a specified amount of prestress in the longitudinal direction. Slabs 
were built with both longitudinal and transverse prestress and with only longitudinal 
prestress. Prestressing was accomplished by various combinations of longitudinal, 
transverse, diagonal, and peripheral tendons and by longitudinal post-stressing ob
tained by applying external longitudinal compression against either fixed or elastic 
abutments without the use of internal longitudinal tendons. (Post-stressing is a term 

F i g u r e 1. T r a n s v e r s e wedge s e c t i o n f o r applying l o n g i t u d i n a l p r e s t r e s s to s e c t i o n of 
exper imental highway pavement near F o n t e n a y - T r e s i g n y , F r a n c e . 
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F i g u r e 2. D e t a i l s of anchorages f o r p r e s t r e s s e d runway under c o n s t r u c t i o n at Maison 
Blanche A i r p o r t near A l g i e r s during I 9 6 0 . L o n g i t u d i n a l w i r e s at l e f t are p a r t of 
e l a s t i c underground abutment which i s p o s t - t e n s i o n e d . The w i r e s i n foreground are 

t r a n s v e r s e p r e s t r e s s i n g f o r e l a s t i c abutment. 

developed by subcommittee on Prestressed Pavement in its report to describe pre
stressing accomplished without longitudinal steel by using flat jacks, wedges, or other 
means for placing pavement in compression against fixed or elastic abutments.) 

This is a daring research project employing many different ideas in a thin (4. 7-in.) 
slab on a regular highway carrying rather large volumes of heavy commercial traffic. 
Much should be learned from the careful observation being carried out by the Central 
Laboratory of Bridges and Highways. 

At Orly Field near Paris there is a 1, 400- by 82-ft. , 7-in. thick prestressed taxi-
way built in 1953 by the post-stressing method. This project with transverse pre
stressing tendons for post-tensioning and with elastic abutments and flat jacks for post-
stressing in the longitudinal direction was the pioneer in this type of prestressing 
without internal longitudinal steel tendons. It is performing well under heavy aircraft 
loads with no serious distress although some transverse cracks are apparent. These 
cracks reportedly developed during a cold spell the first winter after construction, be
fore the slab was subjected to loading. There was an earlier prestressed runway at 
Orly built in 1947 of precast slabs with diagonal joints and rollers. It was overlayed 
some years ago. It was reported to be quite rough. 

Using the Orly taxiway as a model, the French later built a taxiway and two runways 
at Algiers on a large civil airport. These were an 8,000- by 197-ft runway and 6,700-
by 82-ft taxiway in 1954, both 7.1 in. thick in 1960 and 1961. All three were placed 
on a 12-in. gravel subbase and had an initial longitudinal prestress of about 240 psi. 
Transverse prestressing was obtained by post-tensioning internal steel tendons. Longi
tudinal prestressing was by flat jacks in transverse joints jacking against elastic-type 
abutments consisting of underground prestressed slabs anchored beneath the main slab. 
Engineers claim this method of construction in Algiers was cheaper than the conventional 
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concrete design at the same airport. For aprons, 12 m. of plain concrete was used, 
and curved taxiways for the same traffic. There was no evidence of distress or failure 
in any of the prestressed pavement built in 1954. The 1960 runway was not yet com
plete. 

SWITZERLAND 
Switzerland has a rather unique organization, Betonstrassen, Wildegg (Concrete 

Roads Association), which is unlike anything in the United States. This organization, 
supported by cement manufacturers in Switzerland, is responsible for the many miles 
of smooth-riding, durable, quality concrete roads. Betonstrassen designs all concrete 
for the various state (canton) construction agencies determinmg thickness, jointing 
arrangement, steel quantities, and mix design. It also writes the specifications and 
supervises al l construction, providmg engineers and mspectors. After the pavements 
are completed Betonstrassen maintains nearly a l l concrete on a service contract basis 
($0.01 per sq yd per yr for roads that are 10 to 30 years old, $0.005 for new roads) 
with small teams of experienced, qualified maintenance personnel. It also maintains 
a research laboratory. 

Concrete pavements are used extensively in Switzerland on their two-lane primary 
highways, rural farm highways, village streets, and mountain and forest roads. Current 
as well as al l planned projects for "Autobahnen" (Switzerland's express highway or 
motorways system) w i l l also be largely concrete. In a l l cases the pavement is designed 
for the anticipated conditions of soil and traffic. Farm roads may be only 8 f t wide and 
5 in. thick, Autobahns are about 8 in. thick, and other classes of pavements fa l l some
what m between. 

Expansion joints are usually omitted and contraction jomt spacings vary from 15 to 
about 35 f t . A l l the concrete roads in Switzerland are doweled. Mesh is used on most 
pavements (4 to 5 lb per sq yd) except on some farm or forest roads where edge or 
corner bars are used. On some recent projects doweled contraction joints are used 
at every third joint interval and intermediate joints are simply warpmg joints tied with 
deformed hook bars. Most joints are machine vibrated with mserts or sawed, except 
on farm or forest roads where they are hand formed. 

Concrete pavement is air entrained and all no-slump central mix concrete placed 
with tampers and heavy vibrating beams. It is finished with longitudinal floats imported 
from the United States and riding qualities are the best in Europe. Incidentally, the 
surface left by the longitudinal float is the final surface finish. No handwork or burlap 
drag is necessary except on steep grades where the surface is scored transversely at 
close intervals. Recently on such grades they have accomplished a special surface by 
using an upper layer of concrete without sand to form a rough texture. 

On al l roads a granular subbase sometimes stabilized with cement is used. On peat 
deposits, and there are many in Switzerland, concrete is used frequently. Here granular 
subbases and concrete pavement thickness are reduced to eliminate unnecessary weight. 
Joint spacings are shortened to about 15 f t and a l l joints are doweled and al l slabs con-
tam distributed steel. This design has worked excellently. Although the pavements 
may settle over a period of time, there is no cracking, and riding qualities are mam-
tamed except for the gradual depression. On one 23-year-old project, total settlement 
has been approximately 2 f t without pavement failure. 

On mam roads red, white, and black concrete are used to designate acceleration 
and deceleration lanes, road edges, and foot paths or cycle lanes which are frequently 
placed immediately adjacent to roadway slabs. 

Switzerland has also built several prestressed pavements. Two of these are post-
stressed without longitudinal steel tendons. The f irs t , built in 1956, is iV* nu long and 
includes a horizontal curve. Prestressing was obtained by means of large transverse 
wedges that were jacked horizontally to impart the longitudmal prestress against fixed 
end abutments. Transversely the slab is reinforced with deformed bars. Another 
pavement, built in 1960, is 0.8 mi long, 5. 9 in. thick, and 34 f t wide. To msure ade
quate longitudinal prestress during cold winter weather on this project, and to prevent 
loss of prestress due to creep and to prevent buckling due to high temperature expansion. 
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F i g u r e 3. Concrete runway, Z u r i c h A i r p o r t , S w i t z e r l a n d , i l l u s t r a t i n g use of c o l o r e d 
concrete to form runway numbers. T h i s e l i m i n a t e s need f o r s p e c i a l t r a f f i c p a i n t . 

the flat jacks were left in the ioints and 
connected with automatic hydraulic pumps 
in a roadside building to insure a uniform 
amount of prestress over a period of about 
two years, when jacks will be removed 
and joints filled with concrete and immo
bilized. Both of these prestressed proj
ects are serving normal mixed traffic and 
both are in excellent condition with no de
fects or failures. 

The concrete pavement in Switzerland 
is excellent in all details, justifying its 
use on all classes of Swiss roads (Figs. 3 
and 4). 

FEDERAL REPUBLIC OF GERMANY 
In Germany there are several organi

zations interested in research on concrete 
pavement. The Forschungsgesellschaft 
fur das Strassenwesen E. V. Koeln (a high
way research corporation similar to the 
Highway Research Board), the Forschungs-
institut der Zement Industrie (the technical 
research organization of the cement in
dustry in Germany) and the Deutsche 
Beton-Verein E . V. (The German Concrete 
Contractors Association). 

Concrete is used in Germany primarily 
on the autobahn system. All of the original 

F i g u r e h. F l a t j a c k s used f o r p o s t - s t r e s s 
i n g runway pavement at Maison B lanche . 
J a c k s a c t i v a t e d by h y d r a u l i c f l u i d through 
tubing system from l a r g e h y d r a u l i c pumps 
are used i n combination w i t h f l a t s t e e l 
p l a t e s to obta in d e s i r e d amount of J o i n t 
opening and s lab compression. Round dowels 
between jacks are used to prevent buckling 

at j o i n t s . 
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system was concrete, but inasmuch as most of it was built without granular subbase 
and without air entrainment, much of the 20-27-year-old pavement is showing distress 
from scaling or pumping. 

New autobahn concrete is 8. 5 to 10 in. thick but it is all air entrained and all placed 
on substantial subbase, usually a 2/^4-in. bituminous stabilized base on a sand gravel 
subbase about 12 in. thick. On most projects contraction joints are spaced at 40 to 60 
ft with expansion joints at 180 ft, all doweled. The recent trends seem to be toward 
shorter contraction joint and longer expansion joint spacings. All slabs contain mesh 
weighing about 62 lb per 100 sq ft. The longitudinal wires are spaced more closely 
together along slab edges. On one experimental project near Baden-Baden they used a 
30-ft contraction joint spacing and built sections with expansion joints at 300, 600, and 
900 ft (Fig. 5). On this same project they also built test sections with three types of 
subbase, cement-treated, asphalt-stabilized and tar-stabilized. 

Joints in Germany are sawed and final surface texture is obtained by brooming. 
Germany also uses no-slump concrete usually mixed in traveling mixers riding on the 
forms. All concrete is placed under roofs riding on the forms which keep the slab pro
tected from sun and rain for 24 hr. 

Germany has not yet adopted a longitudinal-type float but the riding qualities of recent 
projects are excellent. On all autobahns a strip of white concrete is built along both 
edges about 18 in. wide along the median and 24 in. along the outside edge. Shoulders 
are sometimes black concrete and sometimes the reverse is true with a darkened road
way with normal grey concrete shoulders. 

The German highway departments are trying some novel maintenance methods to 
retain some of the older prewar autobahns. On one project near Bad Nauheim they 
were rebuilding only the outer 12-ft lane on each side of a four-lane divided roadway. 
The new lane was 10-in. mesh pavement with contraction joints at 26 ft and expansion 
joints at 105 ft to match the joints in the original inner lane. Subbase was being used 
under the new outer lane which is separated from the inner lane by a longitudinal wood 
board expansion joint. Finally, the inner lane was mudjacked with a sand cement 
slurry to correct for any settlements and match the elevations of the new outer lane. 
In other areas where the old original autobahn has only isolated slab failures these are 

F i g u r e 5. Concrete Autobahn near Baden-Baden, Germany, showing use of b l a c k concrete 
shoulder , white concrete s t r i p f o r edge marking, and normal co lored concrete roadway. 
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sometimes replaced with precast, prestressed slabs, 40 ft long, produced in a pre
stressing plant and placed in one quick operation, reopening to traffic in a short period. 

In Germany, too, they are building prestressed pavement, but they no longer con
sider it experimental on airports (Fig. 6). There are several airfield and highway 
projects all prestressed in both the longitudinal and transverse directions using internal 
steel tendons and post-tensioning. So far there are about 1, 500,000 sq yd of air-field 
pavement all built on a competitive basis with conventional concrete. Slabs are usually 
about 500 ft long and steel bridge type of expansion joints or rubber and steel plate 
combinations (similar to those used on the Jones and Laughlin experimental project 
near Pittsburgh) are used at each joint. Near Bingen they built a prestressed highway 
pavement 2, 950 ft long, 25 ft wide, and 6. 4 in. thick in 1958, made up of six 492-ft 
slabs. These were on a 6-in. bituminous stabilized base on 16 to 24 in. of gravel 
subbase. This project also contains precast concrete curb and gutter, concrete 
shoulders and precast concrete guard rails (Fig. 7). 

BELGIUM 
There was no opportunity to observe normal highway pavements in Belgium, but in

spections were made of prestressed highway and airport pavement. The airport at 
Brussels has two projects. One is a taxiway made up of pretensioned, precast trape
zoids only 4 in. thick. Although this is carrying aircraft traffic with no indications of 

F i g u r e 6. D e t a i l s of s lab end r e i n f o r c i n g and conduit placement f o r p o s t - t e n s i o n i n g 
tendons i n runway slab under construction at new Wahn A i r p o r t s e r v i n g Cologne and Bonn. 
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failure, it is quite rough and uneven. The 10, 800-ft runway and a 2-mi highway proj
ect, both built in 1960, employ the French method of post-stressing using fixed abut
ments and flat jacks in transverse joints at 350- to 450-ft intervals. Transverse 
prestressing is provided by post-tensioned wires. On both projects, tunnels are pro
vided under every second or third joint and some of the flat jacks are left in so that 
additional compression can be applied, after slab creep and contraction due to lower 
temperatures, without interruptions to traffic. These tunnels also serve as tie downs 
or anchors to prevent buckling at these joints. 

F i g u r e 7. P r e c a s t concrete curb and gu t t er s e c t i o n s and p r e c a s t conc re t e g u a r d r a i l s 
used adjacent to prestressed highway section near Bingen, Germany. 
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This method of correctmg the amount of prestress during the early life of the pave
ment is considered necessary in slabs without internal longitudinal tendons unless an 
excessively high amount of prestress is applied initially. The highway project is defi
nitely experimental mcluding 3. 2-, 3.9-, and 4. 2-in. pavement thicknesses, three 
different levels of prestress, transverse prestressing in some sections and transverse 
reinforcing in others, and two horizontal curves with transverse abutments outside the 
curves. 

SUMMARY 
It is apparent from this brief description of projects in these five countries that the 

United States is not the only country havmg engmeers interested in concrete pavement 
design. 

In spite of the many prestressed projects described, it is not intended to infer that 
these are standard designs or that they are more economical than conventional pave
ments for highways. They are really experiments to investigate construction methods 
and to determine performance characteristics. 

It is not claimed that their designs are better than those in the U. S, or that they 
have necessarily advanced further or faster. However, closer study by American 
engineers of research and development in al l foreign countries is recommended. 




