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 The paper presents foreign experience in the use of high–

strength expanded clay concrete in bridge structures, sets 

the average density ranges according to the European 

standard EN 206-1 for structural lightweight concrete, 

world experience in the development of lightweight 

concretes with increased strength and prospects for the 

development of high-strength lightweight concrete, the 

benefits of using lightweight concrete in bridge 

construction, a tendency to increase the proportion of 

structural lightweight concrete with a strength of 45 - 70 

MPa in bridge construction. Based on the analysis and 

generalization of a number of experimental and 

theoretical studies conducted by us and various authors 

devoted to the complex application of structural expanded 

clay concrete instead of equal-strength heavy concrete on 

natural dense aggregates, the advantages of structural 

expanded clay concrete of both technological and 

constructive nature are presented.  

KEY WORDS 

world experience in the use of 

expanded clay concrete, high-

strength lightweight concrete, 

strength of lightweight 

concrete, high-strength 

expanded clay concrete, 

reduction of the bulk mass of 

structures, savings in 

reinforcing steel, specific 

strength, average density, 

bridge span, roadway plate. 

 

CEBFIB information materials [3, 4] 

provide information on the effectiveness of 

using light concrete in sufficiently large 

volumes in the USA, Western Europe, 

Australia in the construction of vertical 

frames, prestressed trusses, cantilever roof 

elements with a span of up to 30 m, large-

span beams, ceilings, coating plates, large-

sized shells, coatings of various 

configurations, bridge spans. 

The long and positive experience in the 

operation of domestic bridges made of 

expanded clay concrete and sinter concrete 

in the absence of cracks and other defects 

in the superstructures makes it advisable 

to use such structures more widely in 

bridge construction. 

The benefit of using lightweight concrete in 

bridge construction boils down to one 

thing – reducing the own mass of the 

structure. Thus, light concrete gives the 

greater savings, the greater part of its own 

mass of the entire design load. The use of 

lightweight concrete of different systems 

allows bridges to reduce the own weight of 

superstructures by 20...30%; savings in 
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fittings in all cases, it turns out, from 6 to 

15% with a reduction in the total cost from 

7 to 12%, excluding transportation and 

installation costs. 

The economic and technical advantages of 

lightweight concrete in the construction of 

engineering structures were confirmed as 

early as 1937 during the construction of 

the roadway plate of the San Francisco-

Oakland Suspension Bridge. The more than 

36-year existence of the bridge plate has 

proved that such coatings withstand the 

effects of salts well during winter operation 

[1-5]. 

Improving the operational properties of 

lightweight concrete is an urgent task both 

from the standpoint of reliability of the 

operation of structures and for expanding 

the scope of application. The calculated 

justification for the development of such 

technological solutions is presented in [6, 

7]. In this work, it is shown that the 

introduction of a new technology "is 

advisable not only under the condition of 

superior performance characteristics, but 

also with a significant reduction in the 

volume of the product (structure). Also, an 

important factor that reduces the 

requirements for the geometry of the 

product is a decrease in the average 

density of the material." This is 

demonstrated by the data in Table 1.1 [8]. 

It follows from Table 1.1 that with a 

simultaneous reduction in the volume of 

the structure (the result is achieved with a 

given design scheme only by changing the 

geometry of the section, and, consequently, 

by increasing the strength of the material) 

and the density of the material from which 

it is made, the cost of a technological 

solution that provides these operational 

properties can be significantly increased. 

Essentially similar results were obtained 

by other authors [8, 9]). The use of 

lightweight structural materials allows you 

to reduce costs by 1.5...2.5 times compared 

to equally strong heavy analogues. 

Moreover, some architectural forms are 

structurally feasible only when using 

composite materials with a low average 

density [9]. 

The combination of the properties of 

structural lightweight concrete provides 

ample opportunities for design and 

economic efficiency by increasing the 

payload of structures, improving 

earthquake resistance, fire safety, the 

possibility of reducing the cross-section of 

structures, reducing material consumption 

(concrete and reinforcing steel), as well as 

additional advantages during 

transportation and installation of 

prefabricated elements. 

Traditionally, high-strength concrete (VPB) 

is understood as heavy concrete, the 

compressive strength of which is at least 

60 MPa [7]. However, this formulation does 

not take into account the weight 

characteristics of the material, which are 

estimated by specific properties, for 

example, average density. For heavy 

concrete, this property varies in the range 

of 2200...2500 kg/m3. As a unified 

parameter for the classification of both 

heavy and light concretes, the specific 

strength index Rsp is used: 

Rsp = Rcomp/rel                                         

 (1) 

where Rcomp is the compressive strength of 

concrete, MPa, rel  is the average density of 

concrete reduced to the true density of 

water. 

The use of lightweight composites in civil, 

marine or special construction has long 

been recognized as justified and reliable 
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[10-12]. For the first time, the use of such 

materials in civil engineering can be found 

more than 2000 years ago, for example, in 

ancient structures of the Roman Empire 

[13], in which light aggregates of volcanic 

origin were used [14] to produce light 

concretes. Currently, such concretes are 

produced using shale, expanded clay or 

expanded slag [15], and in recent years 

pumice, perlite, microspheres, diatomite, 

foamed glass and aerogel have become 

widespread [15]. 

Nevertheless, international experience 

shows the possibility of obtaining 

structural lightweight concrete with a 

strength of 57 to 102 MPa at an average 

density of 1600 to 1900 kg/m3 [17]. The 

introduction of pozzolan additives, such as 

silica, fly ash, metakaolin, volcanic dust, 

shale or calcined clay) into the composition 

of light concrete in combination with 

water-reducing additives allows for 

strength up to 35...70 MPa at an average 

density of 1500...1900 kg/m3 [18]. 

Improving the operational properties of 

lightweight concrete is an urgent task both 

from the standpoint of reliability of the 

operation of structures and for expanding 

the scope of application. The calculated 

justification for the development of such 

technological solutions is presented in [8]. 

In this work, it is shown that the 

introduction of a new technology "is 

advisable not only under the condition of 

superior performance characteristics, but 

also with a significant reduction in the 

volume of the product (structure). Also, an 

important factor that reduces the 

requirements for the geometry of the 

product is a decrease in the average 

density of the material." This is 

demonstrated by the data in Table 1 [8].

 

Table 1. - Dependence of с𝑐,𝑛
′ /с𝑐,𝑏

′  on С𝑐,𝑏/С𝑐,𝑛 , 𝜌𝑏/𝜌𝑛 and the ratio 𝑉𝑠𝑏/𝑉𝑠,𝑛 

Ratio 
𝜌𝑏/𝜌𝑛 

Ratio 𝑉𝑐,𝑏/𝑉𝑐,𝑛 

1,5 2,0 2,5 3,0 3,5 4,0 
 

0,9 0,81 0,89 0,96 1,04 1,11 1,48 
1,0 0,73 0,80 0,87 0,93 1,00 1,33 
1,1 0,67 0,73 0,79 0,85 0,91 1,21 

С𝑐,𝑏/С𝑐,𝑛=2,0 

0,9 0,61 0,67 0,72 0,78 0,83 1,11 
1,0 0,55 0,60 0,65 0,70 0,75 1,00 
1,1 0,5 0,55 0,59 0,64 0,68 0,91 

Notes: The indices "b" and "h" correspond to the "basic" and "new" variants, respectively; Vs - the 
volume of the structure  - the density of the material; Cs – the cost of the structure;      с𝑐

′  - the 
unit cost of the construction material. 

 

It follows from Table 1 that with a 

simultaneous decrease in the volume of the 

structure (the result is achieved with a 

given design scheme only by changing the 

geometry of the section, and, consequently, 

by increasing the strength of the material) 

and the density of the material from which 

it is made, the cost of a technological 

solution that provides these operational 

properties can be significantly increased. 

Essentially similar results were obtained 

by other authors [8, 9]). The use of 
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lightweight structural materials allows you 

to reduce costs by 1.5...2.5 times compared 

to equally strong heavy analogues. 

Moreover, some architectural forms are 

structurally feasible only when using 

composite materials with a low average 

density [9]. 

Currently, structural lightweight concrete 

with compressive strength in the range 

from 35 to 41 MPa is successfully used for 

the production of precast and prestressed 

concrete structures in North America [19, 

20]. Due to the high consumption of 

Portland cement and the small size of the 

lightweight aggregate (9 or 13 mm), some 

enterprises produce concrete with a 

strength of 40...50 MPa [21]. 

In Russia, the experience is based mainly 

on theoretical developments of 

compositions based on ceramic fillers [22]. 

Depending on the size of the expanded clay 

aggregate, lightweight concretes with an 

average density of 1500 ...1600 kg/m3 and 

a compressive strength of 37 ...44 MPa can 

be obtained. 

The performance properties of lightweight 

concrete developed by research groups 

from different countries are presented in 

Table 2. 

 

Table 2. Operational properties of light concrete 

 
Year 

 
A country 

Compressive 
strength, MPa 

Average density, 
kg/m3 

Specific strength, 
MPa 

 
A 

source 

1999 Norway 65,0…70,0 1900…1930 25,0…27,0 

 
 
 

[23] 

2002 Germany 14,0…25,0 1800…1850 13,3…14,4 

2003 Turkey 30,0…40,0 1800…1860 16,1…22,2 

2004 Japan 47,0…54,0 1800…1860 27,5…30,0 

2007 Russia 46,0…48,0 1600…4650 25,4…28,7 

2010 Malaysia 43,0…48,0 1870…1990 22,9…24,1 

2011 Portugal 40,0…80,0 1500…2000 26,6…40,0 
 

2012 REC NT 40,0…70,0 1300…1500 30,0…50,0 

2014 Korea 40,6…50,7 1540…1670 26,4…30,4 [24] 

2015 Germany 64,0…67,8 1690…1695 37,9…40,0 [25] 

2016 Vietnam 30,0…44,0 1750…1900 17,1…23,2 [26] 

2019 Brazil 68,0…80,7 1487…1991 40,5…45,7 [27] 

 

A comparative analysis of the presented 

data shows that high-strength lightweight 

concretes developed by Russian 

researchers can compete with foreign 

analogues. However, in order to occupy a 

leading position, it is necessary to increase 

the specific strength of such concrete to 50 

MPa. 
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In Europe, the USA and a number of other 

countries, the use of structural lightweight 

concrete has a very wide practice [28]. For 

example, in Norway alone in 1989-1997, 

approximately 200 thousand m3 of such 

light concrete were laid. Among the unique 

structures built using reinforced concrete 

on expanded clay is the building at New 

York International Airport, in which four 

sections overlap the room with a side of 90 

and 60 meters (expanded clay concrete 

with a strength of 41 MPa, a density of 

1850 kg / m3), as well as the dome of the 

assembly hall of the University of Illinois, 

during the construction of which the 

replacement of heavy concrete with light it 

allowed to reduce the weight of the 

building by 6.8 thousand tons . 

More than 800 bridge structures in North 

America are built of lightweight concrete, 

for example, the Sebastian Inlet Bridge in 

1965 [29] (Figure 1). The Chesapeake Bay 

Bridge is an example of the reuse of 

standard solutions made of structural 

lightweight concrete in the construction of 

bridges. The first of the two structures was 

erected in 1953, and the second in 1975. 

The Oresund Bridge in Norway (Figure 2) 

with a maximum structural span of 298 m 

was the longest concrete cantilever span in 

the world in June 1998. The construction of 

this structure was carried out using 

concrete on a light aggregate with a 

strength of 60 MPa. 

  

  
Figure 1. Sebastian Inlet Bridge Figure 2. Raftsund Bridge 

 

In recent decades, there has been a 

tendency to increase the proportion of 

structural lightweight concrete with a 

strength of 45-70 MPa in vertical load–

bearing elements of high-rise buildings, 

prestressed prefabricated slabs of coatings 

and floors, structures of bridges and 

offshore structures (Norway, Holland, USA, 

Germany, Great Britain, Japan, etc.) [30-

35]. According to experts, the use of 

lightweight concrete reduces material costs 

by 1.5 – 2.5 times compared to 

conventional heavy concrete of a similar 

strength class. At the same time, some 

architectural design options are 

structurally feasible only when using high-

strength lightweight concrete [39]. 

The European standard EN 206-1 for 

structural lightweight concretes sets the 

ranges of average density from 1.1 to 2.0 

kg/dm3, compressive strength – classes 

from LC8/9 to LC 80/88. 
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Modern structural lightweight concretes 

are mainly produced using artificial porous 

aggregates in the form of fractionated 

expanded clay gravel (Liapor 3, Liapor 8 – 

Germany; Leca 670, Leca 800 – Denmark, 

Italy, Norway); ash gravel (Lytag – Holland, 

Great Britain), as well as porous rocks, for 

example, pumice, volcanic tufa (Pumice – 

Iceland) [39]. 

There is a well–known foreign experience 

of using high-strength lightweight concrete 

in the construction and reconstruction of 

roads, bridges and overpasses in the USA, 

Japan, Norway, Germany, Finland and other 

countries [3 - 5, 36-38]. The effectiveness 

of the use of lightweight concrete in bridge 

spans is determined primarily by the ratio 

of the own weight of these structures to the 

total calculated constant and temporary 

loads. For the last 20-30 years, light 

concrete has been used mainly in the world 

practice of bridge construction in most 

countries. 

The most interesting is the use of 

lightweight reinforced concrete in the 

construction of the San Francisco - Oakland 

Bridge. The clothing of the six-lane 

roadway of this bridge with a length of 6.43 

km is made of lightweight reinforced 

concrete. Previously, the issue related to 

the abrasion index of light concrete was 

studied. It was found that after five years of 

operation, the abrasion rates of concrete 

were within the normative values [38]. 

Concrete with a cement consumption of 

362 kg /m3 is characterized by a 

compressive strength of 25 MPa at the age 

of 28 days, an average density in the air-

dry state of 1520 kg/m3. 

Russia also has experience in the use of 

high-strength expanded clay concrete in 

the construction of road bridges, airfield 

coatings (light concrete with compressive 

strength from 30 to 50 MPa), prefabricated 

slabs for highways, which gives an 

economic effect of 12-15% [38, 39]. 

Since 1954, Prof. I. G. Ivanov-Dyatlov began 

work on the research and implementation 

of concrete on expanded clay in bridge 

construction. In 1958, a road bridge was 

constructed in the Moscow Region from 7.5 

m span beams made of expanded clay 

concrete with a strength of 28.2 MPa and a 

density of 1670 kg/m3. 

In 1959, a road bridge with spans of 7.5 

and 10.5 m of class B25 expanded clay 

concrete with a density of 1850 kg/m3 was 

built on the Ryazan Highway near Moscow. 

The bridge structures were found in good 

condition during the survey. Piles were 

also made of expanded clay concrete there. 

The advantages of expanded clay concrete 

were revealed especially vividly when it 

was used for slabs of the roadway of 

bridges with steel and prestressed 

reinforced concrete main beams. Bridge 

train No. 426 together with MADI produced 

and tested expanded clay concrete slabs for 

four overpasses on the Volokolamsk 

Highway. Tests have shown that structures 

made of expanded clay-reinforced concrete 

of classes B15-B25 worked for strength 

and crack resistance better than structures 

made of heavy iron-concrete. 

In 1961, Volgogradgidrostroy, according to 

the MADI project (RF), built the first 

prestressed five-span road bridge in 

Europe with a length of 102 m and design 

spans of 15.2+3x21.9+ 15.2 m across the 

Akhtuba River with prefabricated 

prestressed box-section beams of 

expanded clay concrete of class B30 and a 

monolithic slab of expanded clay concrete 

of class B25. Compared with the heavy 

concrete bridge variant, the total weight of 

http://universalimpactfactor.com/wp-content/uploads/2022/02/EURASIAN_JOURNAL_OF_ACADEMIC_RESEARCH.jpg
http://sjifactor.com/passport.php?id=21990
file:///D:/Work/Innovative%20Academy/Innovative%20Academy%20journals/EJAR/Main%20documents%20-%20Asosiy%20fayllar/www.in-academy.uz


EURASIAN JOURNAL OF ACADEMIC RESEARCH 
Innovative Academy Research Support Center 

UIF = 8.1 | SJIF = 5.685 www.in-academy.uz 

Volume 2 Issue 10, September 2022                       ISSN 2181-2020  Page 131 

the superstructures decreased by 27%, the 

consumption of working fittings – by 18%, 

and the cost – by 11% [45]. 

The most striking example of the use of 

structural expanded clay concrete in bridge 

construction is the Stolma Bridge in 

Norway, built in 1998. This bridge is the 

world's longest multi-span segmental 

bridge with box-section beams. The main 

span of the bridge is 301 m . This span is 

mounted from several elements, the 

longest of which is an element with a 

nominal length of 184 m, and it is he who is 

made of structural expanded clay concrete. 

The technical justification for the use of 

expanded clay concrete in this bridge was 

the need to compensate for the significant 

difference between the weight of the 

structures of the main span and the weight 

of the structures of shorter bridge spans 

[39]. 

Other examples of the use of expanded clay 

concrete in bridge construction are the 

Sunday Bridge and the Raftsund Bridge. In 

both bridges, the length of the main span is 

298 m . 

Bridge construction is one of the most 

conservative areas of the construction 

industry. It usually takes many years to 

agree on any changes in the bridge design 

concerning building materials. The 

exception to this rule was the 

reconstruction of the bridge over the Volga 

River near the city of Kimry, which ended 

in November 2007 [40]. 

In the USA, extensive experience has been 

accumulated in the use of high-strength 

lightweight concrete on aggregates such as 

expanded clay for the construction of 

bridge spans. A characteristic feature of 

bridges being built in the USA is the use of 

lightweight concrete for the construction of 

the roadway, while other, less material-

intensive bridge elements are made of steel 

or heavy concrete. At the same time, the 

light concrete of the roadway, designed for 

very intensive traffic (4 or more thousand 

cars per day), on some bridges is protected 

from abrasion by a layer of concrete on 

granite, asphalt, or polymers. On many 

bridges, there is no protective layer on the 

light concrete roadway at all. Due to the 

use of light concrete, significant savings are 

achieved in weight (up to 30% of the 

weight of the heavy concrete slab) and in 

cost (up to 4% of the total cost of the 

bridge). After 17 and 35 years of operation 

of light concrete roadway slabs, a survey 

was conducted on a number of bridges, 

which did not reveal any cases of 

destruction or serious defects of the slabs, 

despite the use of salt to remove ice from 

the roadway [40]. 

There are 150 bridges in the USA and 

Canada, the roadway slabs of which are 

made of lightweight concrete. In the USA, 

more than half of the roadway plates of 86 

bridges were examined. After 12 years of 

operation, the plates are well preserved 

with a few exceptions, where damage can 

be attributed to technical defects. 

Currently, the bridges are in good 

condition, which is confirmed by surveys of 

bridge elements and, in particular, sinter 

concrete and expanded clay concrete slabs 

of the roadway. 

A bridge has been built on the Tohoku 

railway line, including 6 steel spans of 62 m 

long and 4 spans of 40 m on approaches 

covered with split beams of prestressed 

lightweight concrete. Research and 

experimental construction of bridges in 

Japan revealed a minimum economical 

span of 40 m.  

In Japan, lightweight concrete has found 
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wide application due to its high seismicity. 

Under these conditions, its increased 

impact strength and reduced bulk mass 

contribute to the creation of earthquake-

resistant structures.   Research on the use 

of lightweight concrete as a structural 

material has been conducted in Japan since 

the early 60s of the last century. As a filler, 

"mazalite" was used – expanded clay shale. 

It was found that with a strength class of 

B30–B40, the density of light concrete is 

20-30% less than heavy concrete, and the 

modulus of elasticity is 40-50% less. 

According to Japanese experts, laying light 

concrete requires more precautions than 

heavy concrete, since the concrete mixture 

is easier to segregate, the filler can float, 

and other things being equal, a more rigid 

concrete mixture is obtained. 

A bridge was built on the Tohoku railway 

line, including 6 steel spans of 62 m long 

and 4 spans of 40 m on approaches covered 

with split beams of prestressed lightweight 

concrete [45]. 

A bridge over the Arakava River has been 

built on the Sobi-Main railway line. The 

flyovers on the approaches to the bridge 

with a length of 105 and 98 m, consisting of 

spans from 15 to 32 m, are made of light 

concrete, and not only superstructures, but 

also columns of supports and foundation 

grillages were erected from light concrete. 

The use of precast reinforced concrete 

structures has reduced the construction 

time. 

During the construction of the Sobi-Main 

railway, over 50 bridges were built of 

lightweight concrete. 

Research and experimental construction of 

bridges in Japan revealed a minimum 

economical span of 40 m. The efficiency 

calculation was performed for prestressed 

girder superstructures in accordance with 

the conditions and prices existing in Japan. 

Extensive studies of lightweight concrete 

have been conducted in Germany, in terms 

of its use as a structural material. As a 

result of the research, we came to the 

conclusion that lightweight concrete can 

also be used for bridge structures, but it is 

necessary to take into account some of its 

features. Such features include a smaller 

modulus of elasticity, which determines the 

increased deformability of structures made 

of light concrete, a reduced frequency of 

natural vibrations of structures made of 

light concrete, which must be taken into 

account in dynamic calculations, increased 

shrinkage and some other properties. For 

structural lightweight concretes in 

Germany, a durable porous filler "Korlin" 

was created, which also has a low water 

absorption. Now it is used for structural 

lightweight concrete in other countries of 

Western Europe [40]. Corlin is a granular 

expanded clay. In the manufacture of 

corlin, clay is crushed and mixed with 

additives. Then the mass is fed into a 

vacuum press, formed in the form of bars, 

passing which through the rollers, granules 

are obtained. The raw granules are dried, 

then fired in a rotary kiln at a temperature 

of 1300- 1400 ° C, while the granules swell. 

After cooling, the resulting filler is divided 

into fractions. 

In the 70s, several large road bridges were 

built in Germany according to a three-span 

scheme using light concrete in the central 

span, similar to a number of bridges in the 

Netherlands, Such is the Fulingen Bridge 

near Kolon with a full length of 242.4 m, it 

has spans 53,2+136,0+53,2 M. The middle 

part in the central span with a length of 84 

m is made of light concrete. The use of such 

a combination of light and heavy concrete 

in different spans affected the 
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redistribution of moments from external 

loads and gave a reduction of moments in 

the middle of the span by 50%, on supports 

by 12%, with a density of light concrete 

1800 kg / m3 and a strength of 45 MPa. 

The advantages of such a design were 

discussed above in connection with bridges 

built in the Netherlands. Then a road 

bridge was built across the Rhine River in 

Wiesbaden according to the scheme 

65+105+65 m is already entirely made of 

lightweight concrete. Of interest is the use 

of a new type of lightweight concrete, 

which is becoming widespread in Germany 

for prefabricated bridges called light - 

ordinary concrete "Leichter – 

Normalbeton"). It is similar to heavy 

concrete, but 20% of the medium fractions 

of a large dense aggregate is replaced by a 

light porous one, which provides a concrete 

density of about 2000 kg/m3 and reduces 

its own mass by 10-15%, and the modulus 

of elasticity up to 25%. 

Based on the practical experience of using 

light concrete, French specialists have 

made a technical and economic analysis of 

the feasibility of using it in bridges of 

various systems and believe that many 

factors affect the technical and economic 

indicators when comparing bridges made 

of heavy and light concrete: the type of 

structure, the share of the cost of 

foundations from the cost of the entire 

structure, the gain that can give weight 

reduction in the reduction of the 

foundation, the conditions of work, the 

equipment that the construction company 

has, the distance of the porous aggregate 

transportation and some other 

circumstances [40]. 

Such a building material is in great demand 

in Germany, the Netherlands, the Czech 

Republic and other countries where 

expanded clay is spoken of as an 

environmentally friendly material, since it 

contains only environmentally friendly 

products, and blocks of expanded clay are 

called "bioblocks". In Europe, expanded 

clay is used in 40% of construction sites.  

There are examples of the construction of 

bridges made of light concrete in Germany, 

Denmark, Australia, Austria, Switzerland, 

Belgium, France and other countries [41]. 

The above indicates the obvious prospects 

of structural lightweight concrete for use in 

modern structural systems of buildings and 

engineering structures. Currently, this is 

one of the most important tasks of the 

development of the country's construction 

complex [3 – 5]. 

Bridge construction is one of the most 

conservative areas of the construction 

industry. It usually takes many years to 

agree on any changes in the bridge design 

concerning building materials. An 

exception to this rule was the 

reconstruction of the bridge over the Volga 

River near the city of Kimry, which ended 

in November 2007 [42]. 

In Japan [43], due to the growth of 

automobile traffic, the bridge was 

reconstructed in order to reduce the load 

on metal structures, using road slabs with a 

specific strength of 27.1...30.3 MPa 

(average density of 1810-1850 kg/m3). 

In 1999, the largest bridge "Stolma bridge" 

of a free cantilever structure with a length 

of the main span of 301 m was built in the 

south of Norway (Figure 3) [44].
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Figure 3. Stolma bridge in 
Norway, built of high-strength 

lightweight concrete 

 

 

A feature of the Stolma bridge design is the 

use of lightweight concrete with a density 

of 1931 kg/m3 and a strength of 70 MPa 

when concreting 182 meters of the central 

part of the bridge. Reducing the weight of 

the central element of the structure made it 

possible to distribute the loads on the 

columns, the bearing capacity of which 

perceives only 90% of the mass of the 

surface part. The composition of the 

concrete used in the construction used 

high–quality cement (420 kg/m3), silica 

(35 kg/ m3), sand (700 kg/ m3), light filler 

Leca-800 (600 kg/m3) and water in the 

amount of 208 l/m3. Due to the use of a 

porous filler In / C, the ratio was 0.495, 

which made it possible to obtain LC60 

concrete with a specific strength of 36.5 

MPa. 

 

 

 

 

 

 
Figure 4. Stavset expanded clay concrete 

bridge in Norway (span between 
supports 150m) [44] 

 
Expanded clay concrete is ideal for the 

construction of bridges. Because it has not 

only the strength of ordinary concrete with 

significantly less weight, but also provides 
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a reduction in the cost of constructing a 

bridge. The peculiarity of expanded clay 

concrete when used in bridge construction 

opens up a lot of creative freedom, without 

the need to compromise on static stability. 

Due to the low density of expanded clay 

concrete from 0.8 to 2.0 kg / m3, it has a 

significantly lower weight than 

conventional concrete and allows it to 

reach a strength of 65 MPa, in particular for 

thin load-bearing structures (Fig. 4) [44]. 

The most widely used lightweight concrete 

on artificial porous aggregates is used in 

the UK, USA, Japan, the Netherlands, 

Germany, since the 30s [45-47]. In bridge 

construction in the USA, light concrete is 

used mainly for small and medium spans, 

as well as slabs of the roadway of large 

girder and suspension bridges. 

An example of such bridges is the 

Verrazano Narrows suspension Bridge in 

New York, the largest in the world by span 

(1,298 m). The bridge is two–tiered, each 

level has a roadway with a width of 6 lanes 

for motor transport. Despite heavy traffic, 

after 7 years of operation, the wear of the 

lightweight concrete slab of this bridge was 

no more than 1 sm from the original 

thickness [45]. 

For the first time, lightweight concrete was 

used in the construction of two bridges 

over the Cape Cod Canal (Massachusetts) 

with a length of 700 m with four traffic 

lanes, the main span of 185 m is made in 

the form of a steel through arch, the 

superstructure is suspended. The roadway 

is made of 18 cm thick slabs of prestressed 

lightweight concrete, the surface of which 

is covered with a 5 sm thick layer of 

asphalt. In 1964, the traffic intensity 

reached 50 thousand cars per day. By that 

time, the asphalt concrete pavement was 

badly damaged and, in addition, due to the 

frequent use of salts as an anti-icer, the 

concrete in the drainage system collapsed. 

In 1981, the roadway of both bridges was 

replaced with slabs of light concrete. Thus, 

the use of lightweight concrete in the 

structures of bridges across the Kane-Cod 

Canal has ensured more than 45 years of 

their operation with only one major repair. 

In the UK , the first road bridge made of 

prestressed lightweight concrete was built 

in 1969 . The bridge over the river Reed in 

Northumberland County had a span of 17 

m with a roadway width of 3.6 m . The 

cross section consisted of eight 

prefabricated prestressed beams united by 

a monolithic slab of the roadway. For light 

concrete, a filler "Litag" (a type of 

expanded clay) was used. The concrete 

density of the main beams was 1890 

kg/m3, the concrete strength on the 28th 

day was 49.0 MPa. Then several more road 

bridges were built in England from similar 

lightweight concrete /85/. 

The experience of using lightweight 

concrete in civil construction in the 

Netherlands and specially conducted 

studies allowed it to be recognized as 

suitable for bridge construction. The first 

bridge made of light concrete, which is 

experimental, was built in 1968 on the 

Buiten-Laide canal. With a total length of 

49 m, it included 3 spans of 15.5 m each, 

covered with split beam superstructures. 

In each span, 16 factory-made beams were 

installed, prestressed according to the 

Dividag system. In the manufacture of 

beams, a light filler berwilite was used, 

obtained by swelling from shale. The actual 

strength of concrete was obtained 32.0-

35.0 MPa, density 1660 – 1690 kg / m3, 

tensile strength determined by splitting 

2.5–3.0 MPa. Depending on the age of the 

concrete, the stress state and the loading 
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speed, the modulus of elasticity varied 

from 16500 to 21700 MPa. 

The new superstructure was designed with 

continuous beams according to the scheme 

2x13.4+16.0+2x13.4+10.5 m. It was built 

on a scaffolding of monolithic concrete 

with prestressed beams according to the 

Freissinet system. Carlin was used as a 

placeholder.  Later, light concrete was used 

to plate the roadway in the steel-reinforced 

concrete bridge "Tolen" on the Eastern 

Schel-da-Rhine Canal. Bridge diagram 

49,9+140,0+49,9 M. The central span is 

reinforced with a flexible arch. The use of 

light concrete in the slab instead of heavy 

made it possible to reduce the constant 

load by 680 tons . We used lightweight 

concrete of class B40–B45 with corlin filler, 

which, as it became known by this time, 

gives the best performance in structures. 

As a result of the use of light concrete 

instead of heavy, significant savings in the 

cost of construction were obtained. 

The experience of constructing bridges 

described above in the Netherlands made it 

possible to use light concrete in larger and 

more complex structures. So, 3 bridges 

were built on the Maas-Waal canal 

according to the scheme 38,3+112,2+38,3 

M. Several variants of these bridges were 

compared, the cheapest was a variant of a 

girder box-shaped superstructure made of 

light concrete in the central span. The 

height of the beams is variable, from 2.0 m 

in the middle of the central span to 4.5 m 

above the intermediate supports. In the 

coastal spans, concreting was carried out 

on scaffolding, and in the central span – by 

a hinged method from two sides. Corlin 

was used as a filler for concrete. The 

calculation was based on concrete class 

B40, modulus of elasticity 21,000 MPa, 

density 1900 kg/m3, allowable 

compressive stress at bending 13.0 MPa, 

tensile strength - 0.5 MPa, shrinkage and 

creep – 20% more than that of heavy 

concrete. The use of lightweight concrete in 

the central span made it possible to reduce 

the weight by 26% and reduce the length of 

the coastal spans from 47 to 37 m and thus 

reduce the total length of the bridge and, 

accordingly, its cost [45-47]. 

In the following years, lightweight concrete 

was used in the Netherlands on a number 

of other major bridges. So, on the Vaal 

River near the city of Thiel, light concrete 

was used to manufacture a suspended span 

structure with a length of 65.0 m of a 

girder-cable-stayed bridge made according 

to the scheme 77,5+95,0+267,0+95,0+ 77,5 

Light concrete is also used in the central 

spans of large bridges, similar to those 

described above on the Maas-Waal canal. 

These are the Zutphen Bridges on the Issel 

(78,2+125,8+74,8 m), Ravensway on the 

Amsterdam Canal (78,75+150,5+78,75 m), 

Houten on the Amsterdam–Rhine canal 

(75+143+75m), Zoolen on the same canal 

(78.75+4x150,5+78.75 m) and Arnhem 

(73,6+136,5+73,6 m) [45-47]. Thus, great 

strides have been made in the Netherlands 

in the use of lightweight concrete in bridge 

construction and 

 currently it is used in any spans 

overlapped by reinforced concrete 

superstructures.
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