
Culvert Design in Some European Countries 
GABOR M. KARADI, University of Wisconsin, Milwaukee, and 
RAYMOND J. KRIZEK, The Technological Institute, Northwestern University 

Current culvert design practices in several European countries 
are discussed; these practices include the hydraulic and struc
tural aspects as well as materials used, installation procedures, 
and durability considerations. The majority of the culverts in 
Europe are constructed of prefabricated unreinforced and rein
forced concrete sections. The design discharge is determined 
largely by empirical methods, and the culvert dimensions are 
often obtained from charts supplied by manufacturers. Except 
in the Soviet Union, structural design of culverts is based pri
marily on the Marston-Spangler theory; however, extensive re
search is under way in an effort to establish a more rational 
basisfor structural calculations. Concrete bedding for culverts 
is generally preferred and frequently used. Provided that the 
necessary protective measures are taken, the durability of con
cr.ete culverts is not of great concern in Europe; properly ap
plied bituminous coatings have been found to be very effective 
in reducing corrosion of steel culverts. The durability of a 
steel culvert has been observed to be influenced by the frequen
cy and intensity of applied dynamic loads. 

•IN RECENT years, both researchers and practicing engineers in the United States 
and abroad have been directing more attention to culvert design procedures. Theim
petus for this increasing interest lies in the introduction of new materials, the com
plete change in traffic loads, the improvement of construction methods, the economic 
advantage of culverts as compared to bridges, etc., all of which call for an extensive 
research effort with the aim of overcoming the technological and economic problems 
brought about by these new conditions. A number of European countries, including 
England, West and East Germany, the Soviet Union, Poland, and Czechoslovakia, have 
started research work in this field and have developed various standards, specifica
tions, and criteria for the design of highway culverts. It is the purpose of this paper 
to report the current state of the art and the trends in culvert design in these countries. 

GENERAL CONSIDERATIONS 

Procedure 

The culvert design procedure is controlled by different regulations that in general 
can be classified as national standards and individual design. 

National Standards-National standards are issued to specify the quality of materials 
and the size and quality of prefabricated elements to be used in culvert construction. 

Individual Design-The individual design of culverts must follow certain regulations 
and instructions stated in national specifications (1) or design codes (2). These in
structions give details as to the materials to be used, quality control,- and safety reg
ulations; in certain countries (Poland, the Soviet Union, and Hungary), the methods of 
structural calculations are also specified. In order to standardize and simplify the de
sign of culverts, consulting firms (3) and state agencies have prepared "standard proj
ects" for highway culverts (!, ~). Although many of these are "suggested" standard 
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pr ojects, the Soviet standard proj ects arc "compulsory," i.e., state-owned design of
fices are bound to adopt these projects if actual conditions permit their use. 

Materials 

The usual materials used in culvert construction are unreinforced concrete, rein
forced concrete, steel, cast iron, and plastic; in addition, stone culverts are often 
constructed in the Soviet Union. The most common culvert material is concrete; al
though no official statistics are available, it is believed that more than 85 percent of 
the culverts in Europe are built of unreinforced and reinforced concrete. Steel cul
verts are seldom used; in particular, they are strictly prohibited in many eastern 
European countries because of the shortage in steel. The use of plastic culverts is 
still in the experimental stage. 

Unreinforced Concrete-Unreinforced concrete is used primarily for prefabricated 
elements. In recent years, concrete pipes manufactured by special teehnological 
processes, sueh as cenll'ifugal pipes (Germany and England) and compressed pipes 
(Denmark), have gained a considerable portion of the market because their overall 
performance characteristics are better than those of regular concrete pipes. The size, 
shape, and quality of these pipes are specified by national standards. In general, cir
cular and oval elements are prefabricated (5, 6) in lengths of 1 meter. Their use is 
restricted to relatively simple situations where the loading conditions are favorable; 
the permissible loads are specified in the standards. 

Reinforced Concrete-Reinforced concrete is used for individually designed cast-in
place culverts and for prefabricated culvert elements with normal or prestressed re
inforcement. In recent years, prestressed concrete and centrifugal reinforced con
crete pipes have gained in popularity because of their economy. The size, shape, and 
quality of these pipes are specified by standards (7). In general, circular sections 
with lengths of 4 to 5 meters are used; in the case of prestressed concrete elements, 
only circular sections are used. These pipes are designed to resist outside pressures, 
but they are not reinforced for inside pressures. In Germany, Denmark, Sweden, and 
Switzerland, so-called prestressed reinforced concrete pressure pipes are manufac
tured in lengths of 8 meters with maximum diameters of 1 meter ; these pipes can re
sist inside pressure, but they are rarely used for culverts. Cast-in-place culverts 
are individually designed according to specifications, and they are constructed with 
different shapes, including circular, oval, crescent, lemon, parabolic, quadratic, and 
rectangular cross sections. 

In western Europe (England, Germany, France, Denmark, etc.), culverts built of 
prefabricated elements (mostly reinforced concrete sections) are preferred to cast - in 
place culverts, which are designed only if local conditions do not permit the use of 
standard elements. As a rough estimate, about 80 percent of the concr ete culverts are 
built of prefabricated elements; this value is obtained by proportioning the cost of pre
fabricated culverts to the total cost of concrete culverts. In the Soviet Union, Poland, 
Hungar y, and Czechoslovakia, however, this percentage is somewhat lower, probably 
about 70 percent; this can be explained by the fact that the requirement for prefabricated 
culvert elements is far beyond the number produced. Efforts are being made to in
crease the production of prefabricated elements and to build cast-in-place culverts only 
if it is absolutely necessary. In the Soviet Union, for instance, highway culverts are 
often built of elements prefabricated at the construction site. In order to maintain the 
required quality of construction, the field-prefabricated reinforced concrete elements 
are manufactured according to standard project specifications. As an example, the 
drawings for a standard circular culvert are shown in Figure 1; this standard culvert 
is constructed with diameters of 0.50, 0.75, 1.00, 1.25, and 1.50 meters. 

Steel-Although steel culverts are highly elastic and have considerable structural 
strength, their use is limited because of their sensitivity to corrosion and abrasion; 
when they are used, it is necessary to apply a protective coating to resist these phe
nomena. The most common coating (8) is three layers of bitumen with two inter 
mediate layers of asbestos tape. The tOtal thickness of this protective layer is about 2 
to 3 inches. Experimental work is currently being conducted in most European countries 
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Figure l. Typical standard reinforced concrete culvert. 

to study the feasibility of replacing the bituminous coating with plastic sheets glued to 
the pipe by plastic glue; however, this latter process is presently too expensive. 

In western European countries, corrugated steel is used for culvert construction (8) 
more often than in eastern European countries. After the corrugated plates are bent To 
the required shape, a zinc coating is applied to provide corrosion protection; the min
imum amount of zinc to be applied is 500 grams per square meter (8, 9). Recently, an 
additional layer of epoxy-resin or plastic has sometimes been appliedto provide more 
protection. Thepipe cross section is usually circular or elliptical, with a maximum 
diameter of 6. 50 meters, or frogmouth-shaped, with a maximum span of 8 meters. 
The thickness of the corrugated steel plates varies from 2.7 to 7 .0 millimeters, de
pending on the loading conditions, and the plates are manufactured in different lengths 
(from 1.93 to 2.54 meters) and widths (from 0.85to1.83 meters). Corrugated steel 
plates are often used to repair old brick or stone arch culverts by replacing or strength
ening the vault. 

It might be of interest to mention that more than 5,000 corrugated steel plate cul
verts were built in Russia from 1887 to 1914 (10). In 1915, however, serious failures 
occurred along the Ohrenburg-Taskent railroad, and it was decided to abandon com
pletely the use of corrugated steel plates for culvert construction. Later it was dis
covered that these failures had been caused by negligence on the part of the contractor 
and by errors in the structural calculations. In 1950 the use of corrugated steel plates 
for culvert construction was reconsidered, and the Design Institute for Transportation 
in Leningrad prepared a set of drawings, as shown in Figure 2, for corrugated steel 
culverts with diameters of 1.00, 1.25, and 1.50 meters to be used under embankments 
with heights of 12 meters and less; no information is available regarding the use of 
these culverts. 

P la stic - The plastic pipes manufactured in Germany, Holland, France, England, 
and the Soviet Union consist mainly of polyvinylchlor ide (PVC) or polyethylene (PE). 
Because of the limited strength and the relatively high cost of plastic pipes, their use 
as culverts is not promising for the time being . In Germany, however, a new kind of 
plastic pipe, the so-called Wickelrohr, will soon be available in diameters up to 1.6 
meters. There is hope that this plastic pipe will be economically and structurally com
petitive with currently used concrete pipe. 

In the Soviet Union, attempts have been made to introduce plastic materials into cul
vert constructio1t as "plastic concrete" (11), which is a mixture of sand (80 to 90 per
cent), furfurol -acetone monomer (6 to 2opercent), hardening agent (benzo-sulphuric 
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Figure 4. Distribution of culverts according to 
height of cover. 

acid, 2.5 to 3.5 percent), and furfurol (0.2to1.5 percent). Experimental culverts with 
circular cross sections 1 meter in diameter were built, and simultaneous laboratory 
and field experiments were conducted to compare the plastic concrete culvert with an 
unreinforced concrete culvert. According to the results of these experiments, the 
plastic concrete culverts were superior in every respect to the concrete culverts. The 
only disadvantage of the plastic concrete appeared to be its sensitivity to water. If the 
mixture is allowed to absorb water, the hardening process is slowed down consider
ably, or the plastic concrete does not harden at all; this, of course, seriously limits 
its use as a culvert material. 

Miscellaneous-Cast iron and stone were the most common culvert materials before 
the introduction of plain and reinforced concrete. Although these materials have not 
been used in most European countries since the mid-1910's, stone culverts were still 
built to a limited extent in the Soviet Union in the late 1940's. 

Distribution 

In order to compare culverts with different cross-sectional shapes, their hydraulic 
radius, defined as the cross-sectional area divided by the wetted perimeter, was used 
as a characteristic dimension, and data from several European countries (Russia, 
Germany, Hungary, Czechoslovakia, etc.) are plotted in Figure 3. As can be seen, cul
verts with a hydraulic radius of 1 foot or less represent about 50 percent of the total 
number of culverts; this hydraulic radius corresponds to a diameter of 4 feet. Ap-
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Figure 5. Peak flows of the Buh lot River 0/'lest Germany). 

proximately 85 percent of the cul
verts have a hydraulic radius of 
2 feet or less, corresponding to 
a diameter of 8 feet. Statistical 
data on the height of cover above 
the culvert are shown in Figure 
4. Approximately 50 percent of 
the culverts have a height of cover 
less than 12.5 feet and only about 
10 percent have a height of cover 
greater than 35 feet. Although 
culverts with various different 
shapes (oval, crescent, lemon, 
parabolic, etc.) have been built, 
circular ones are most common; 
statistical data indicate that 9 5 
percent of the culverts built in the 
last 15 years have circular cross 
sections. 
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HYDRAULIC DESIGN 

The basic problem in the hydraulic design of culverts is to determine the design 
discharge. Because of the complexity of this problem and the lack of experimental 
data, there is no generally accepted method for making this determination. Usually, 
the local highway department specifies the spacing of culverts along a highway and the 
frequency of the flood the culverts must be designed to handle. In the eastern European 
countries (Hungary, the Soviet Union, Czechoslovakia, etc.), "suggested" standards 
are available to determine the design discharge; however, these standards are based 
on formulas that are practically the same as those used in other European countries. 
As soon as the frequency of the design discharge is specified (for example, the maxi
mum discharge occurring once in five years), the calculation of its actual value de
pends on data of actual discharge measurements and/or empirical procedures. 

Discharge Measw·ements-lf eta.ta of ael1ia.l discharge measurements are available, 
which is usually not the case, the evaluation of the design discharge employs various 
statistical methods that are well known in the field of hydrology. One of the methods 
often used in Europe to establish the .flood frequency is that suggested by Powell (12)· 
according to this method, the maximum discharge, Qmax• during a period of T years 
can be calculated from the relationship 

Qmax = Qavg + a (0. 780 y - 0. 450) (1) 

where Qavg is the average discharge for a period of n years, a is the standard devia
tion of the maximum discharge for a period of n years, and y is given by 

(2) 

The standard deviation, a, is obtained from 

O' = (3) 

where n is the number of years of observation and Qi is the maximum yearly discharge. 
As an example oI this technique, the frequency of the maximum yearly discharge of the 
Blihlot River (West Germany) is shown in Figure 5. The standa1·d deviation is 9.186, 
so that for a p riod of five years, we have y equal to 1.5 and Qmax equal to 19 .9 cubic 
meters per second. 

Since the recordin~ gage is normally located at some point away from the culvert, 
the corresponding catchment areas will usually not be the same. The discharge, Q, 
for the actual catchment area o! the culvert, Aa, can be calculated from data obtained 
from the catchment area of the recording gage, Ag, by use of the formula 

(4) 

where Qg is the discharge determined for the catchment area of the recording gage. 

Empirical Methods-Since actual discharge measurements are seldom available, the 
design discharge must be calculated by other methods, most of which are empirical . 
One of the best known procedures is the isochrone method, whereby the runoff is pre
dicted from the genetic runoff formula using data on precipitation in the catchment 
basin. However, this method is generally not used in culvert design because a number 
of factors, such as the runoff coefficient and characteristic precipitation, cause calcu
lated results to be completely unreliable. For this reason, empirical methods are 
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TABLE 1 

TYPICAL VALUES FOR SPECIFIC DISCHARGE 

Specific Discharge 
(liters per second per square kilometer) 

Catchment Area 
(square kilometers) Lowland Hills 

Bare Wooded Bare Wooded 

1 5000 3000 10000 6000 
5 3700 2400 6000 3800 

10 2900 1700 4000 2500 
50 1500 700 2000 1300 

100 600 400 1000 600 
200 300 160 800 400 

usually used in practice to give guidance in choosing a design discharge . In Germany, 
for example, Table 1, given by Kirwald (13), is often used to estimate the "average 
maximum discharge." The main weakness of this method is that it gives little allow
ance to the actual geographical and meteorological conditions, and it does not specify 
the meaning of the "average maximum discharge." The eastern European countries 
generally follow the practice of the Soviet Union, whereby the maximum discharge of 
3 percent probability is calculated by the simple formula 

(5) 

where a is a factor that depends on the climatic and geographical conditions and A is 
the catchment area. Values for a are specified according to geography and are usually 

Figure 6. Typical designation for specific discharge factor Q'.. 
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Figure 7. Chart for hydraulic design of rectangular culverts. 

given in a map, as shown in Figure 6, which illustrates isochrones established by the 
Water Resources Research fustitute of Hungary. 

As soon as the design discharge has been determined, the dimensions of the culvert 
can be individually designed according to the hydraulic conditions of its operation. The 
criterion for the hydraulic design is based on providing free-surface flow conditions in 
the culvert at the given design discharge; and allowable design velocity and an allow
able head loss are specified along the culvert. The manufacturer usually provides 
charts or tables to determine the required dimensions of the culvert; one typical chart 
for a rectangular culvert produced by the Wiweg firm (14) is shown in Figure 7. For 
example, if the design discharge is 4 cubic meters per second and the total head loss 
must not exceed 10 centimeters, culvert sections 1.5 meters deep and 2.2 meters wide 
must be installed to provide a clearance of about 17 centimeters between the water sur
face and crown of the section. These curves were constructed by assuming a mean ve
locity of 1 meter per second. Besides this chart, other similar ones, such as that sug
gested by Rowe (15), are also used in Germany, England, Holland, and elsewhere. Sim
ilar practices are-followed in eastern Europe except that the charts and tables are 
specified in national standards. 

There is a definite trend favoring the installation of a single culvert unit at a partic
ular location; multiple unit culverts account for not more than 5 percent of the total 
number of culverts constructed. fu addition to minimum height of cover requirements, 
the basis for this trend can readily be explained by the fact that the discharge capacity 
of a given culvert varies approximately as the 8/3 power of the diameter; therefore, it 
is more economical to use one culvert unit instead of two or more to convey a given 
rate of flow. 

STRUCTURAL DESIGN 

fu most European countries, there are no special standards or regulations for the 
structural design of culverts.; such design procedures are usually included in general 
specifications and standards for roads, bridges, reinforced concrete and steel struc
tures, etc. fu Germany, however, the load on a pipe, installed as shown in Figure 8, 
is specified by a standard (16). The dead and live loads are usually determined by the 
methods of Fruhling (17) orMarston (18). Although the Marston method is almost uni
versally used, some doubts have arisen as to the acceptability of this method in view 
of changing construction methods, the complete change in live loads, etc. Recognizing 
the needs in this field, studies have been undertaken in England, Germany, Czechoslo
vakia, and several other European countries. 
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Figure 8. Classes of conduits according to DIN 4033. 

Rigid Culverts 

After performing a series of experiments under field conditions, Wetzorke (19) con
cluded that the earth load at the level of the pipe crown can be calculated with sufficient 
accuracy by the silo theory of Janssen (20). Instead of employing the active earth pres
sure to compute the frictional force, as suggested by Marston, an at-rest coefficient Of 
0.5 is used. The vehicle wheel (live) loads are determined from the well-known Bous
sinesq theory (21) for an elastic, isotropic, semi-infinite body. The results of these 
experiments have verified that, in the case of rigid pipes, consideration must be given 
to a load concentration factor. Also, from the stress analysis point of view, these re
sults indicate that the cracking resistance of the pipe, instead of the crushing load, 
should be used as the design criterion. 

In the Soviet Union, the Norms and Technical Conditions NiTu-57 (2) and the Stan
dard SN-200-62 specify the load conditions and the method of structural calculations. 
Circular culvert sections are designed for bending moment (without considering the nor
mal and tangential forces) by the formula 

M = v r
2 (p + q) [ 1 - tan

2 
(45° - ;a)] (6) 

where p and q are the vertical pressures due to permanent (dead) and temporary (live) 
loading, respectively, r is the average radius of the section, and v is a coefficient de
termined by the type of foundation. Values for v are not specified in the standard, but 
Artamonov et al (22) have proposed a chart, shown in Figure 9, which gives v as a func
tion of the angle oTbedding, a. The values of p and q are given by 

p = C Ys H (7) 

and 

19 
q = H + 3 (H > 1 meter) (8) 

where, in Eq. 8, H is expressed in meters and q in metric tons per square meter, and 
in Eq. 7, 

c 1 + A tan <bs tan2 
( 45° - ¢:) (9) 

and 

A = mhH- 3 (2H2 
- mBch) (10) 

H is the height of the embankment measured from the crown of the culvert to the top of 
the pavement; h is the distance between the plane of the foundation and the crown of the 
culvert; Be is the outer width of the culvert; m is a coefficient to be determined from 
soil characteristics; and <bs and Ys are the standard values for the angle of internal 
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friction and the weight density of soil, re
spectively. These latter values are deter
mined by test if the culvert is individually 
designed, but, in lieu of this, values of 3 5 
degrees and 1800 kilograms/meter3

, re
spectively, are used if standard projects 
are adopted. Values for m are chosen 
according to the type of soil; some typical 
values are 15 for very hard soil, 10 for 

compacted soil (medium to dense sand, sandy clay, and hard clay), and 5 for loose soil 
(loose sand and clay with low plasticity). According to the Soviet standard, culverts of 
rectangular cross section are designed as closed frames, and the walls are checked as 
frames with rigidly embedded supports . 

Flexible Culverts 

Although flexible culverts are not currently common in Europe, especially in the 
eastern countries, increasing attention is being devoted to their design. The distinc
tion between flexible and rigid pipes is usually made by use of the following criterion 
proposed by Klein (23) and substantiated experimentally by Wetzorke (!~): 

3 

Ep (!) = k (11) 
Es r 

where Ep is the modulus of elasticit y of the pipe material, Es is the modulus of elas
ticity of1he soil, t is the wall thickness of the pipe, and r is the average radius of the 
pipe. If k is less than 1, the pipe is termed flexible, while k values greater than 1 
characterize rigid pipes. 

In contrast with many others, Yaroshenko et al (10) emphasize that the structural 
design of a flexible pipe must not be based on conditions that exist after all deforma
tions have taken place; in addition, they do not accept the assumptions that the bending 
moments in the cross section of a corrugated steel culvert are negligibly small or that 
a uniform distribution of normal forces exists initially around the perimeter of a cul
vert. In fact, they contend that the unequal horizontal and vertical pressures existing 
soon after completion of a culvert cause large bending moments that ultimately lead to 
the development of plastic hinges; following the formation of these plastic hinges, the 
pressure distribution around the perimeter gradually equalizes to an approximately 
hydrostatic one. Figure 10 shows experimental data representing the shortening of the 
vertical diameter of a culvert with time. The ratio between the horizontal and vertical 
pressures changes sharply with the rigidity of the culvert and the mechanical properties 
of the surrounding soil. 

The theoretical and experimental evidence supporting the existence of plastic hinges 
in flexible culverts led to the idea of designing plastic hinges in rigid culverts to mo
bilize more lateral earth support. Tests on 30 pipe sections were conducted in the 
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Central Research Institute for Transportation in the Soviet Union during the period 
from 1949 to 1951 to compare the behavior of reinforced concrete cross sections with 
and without built-in plastic hinges; the diameters of the experimental sections varied 
between 1.0 and 2.0 meters and the wall thicknesses were 8 to 11 centimeters. For the 
pipe sections with built-in plastic hinges (these were produced by considerably weaken 
ing the reinforcement of the cross section at that point), it was found that the horizontal 
to vertical pressure ratio rapidly approached 1, indicating that the expected lateral 
support and the corresponding uniform pressul'e distribution around the pipe did develop. 
The rigid culvert models failed at a unit ve1'tical load of 2.0 kg/cm2

, while those with 
built -in plastic hinges sustained a load of 3.5 to 5.0 kg/cm2

• Initially, no destruction 
of the concrete was noticed, except for cracks of 1 to 3 millimeters at the plastic hinges; 
these cracks closed by the time the deformations had developed completely, and the 
width of the remaining fine cracks did not exceed 0.10 to 0.15 millimeters, which was 
considered as safe for corrosion. The results of these experiments led to the conclu
sion that built-in plastic hinges considerably increase the structural strength of rein
forced concrete culverts. However, there is currently no available information as to 
how many culverts with plastic hinges have actually been built in the Soviet Union or 
what practical advantages have been experienced. 

INSTALLATION 

Bedding 

Since the structural behavior of a culvert is greatly affected by bedding conditions, 
these are often specified in standards (16, 24). According to German standa1·d DIN 
4033 (16), six different types of beddingaresuggested, as s hown in Figure 11, but con
crete beddings are generally preferred. Five years ago, a survey in Hungary led to 
the conclusion that 60 percent of the pipe culverts laid directly on natural soil or on 
non-concrete bedding suffered failure to some extent. Even in cases where the pipes 
were bedded on compacted soil, no definite improvement in structural performance was 
noticed; this may be attributed to the difficulty in achieving uniform compaction in the 
field in order to prevent irregular settlements. Concrete bedding, however, has proved 
to be very effective; this has also been emphasized by Wetzorke (19). If the pipe is 
laid on a concrete base, the angle of support is usually taken to be-90 degrees, as shown 
in DIN 4033. For pipe culverts of large diameter, definite angles of support are often 
prescribed. Various formulas, such as that of Marquardt (25), for the bedding of pipes 
on preformed beds with various angles of support are basedon the assumption that the 
supporting forces are distributed uniformly or according to the cosine law. In the Soviet 
Union, the structural calculations take into account the different angles of bedding, but 
they do not assume a uniformly distributed r eaction (22). The experiments by Wetzorke 
(19) showed that considerable setflements of culverts can occur due to a fluctuatingwater 
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TABLE 2 

THICKNESS OF COVER FOR 
VARIOUS COMPACTORS 

Compactor 

1500 kg vibro-plate 
1700 vibro-roller 
100 kg rammer 
500 kg rammer 
1000 kg rammer 

Thickness of Cover 
(cm) 

120 
50 
60 

120 
200 

table. In order to avoid this problem, he sug
gests that the drain area be covered with con
crete and the lower part of the pipe be bedded 
in concrete. Similar suggestions are found in 
certain standard projects (24). 

Backfilling 

As with bedding conditions, the structural 
performance of a pipe culvert is significantly 
influenced by the method of backfilling. A def
inite distinction is made between embedding the 
culvert and refilling the pit. Embedding is the 

first part of the backfilling operation and it generally includes filling the space between 
the pipe and the sides of the trench up to 30 centimeters above the crown of the pipe. It 
is universally accepted that only approved material containing nu large stones can be 
used. Different standards and specifications allow the embedding work to be placed in 
layers not exceeding 15 to 20 centimeters in loose depth; according to the English spec
ification, the maximum loose depth is 9 inches. The compaction of this material must 
be very carefully controlled because this soil adjacent to the pipe greatly affects the 
pressure distribution on the pipe, as shown by experiments (19). If the soil in this zone 
is well-compacted, the_ pipe will carry less vertical load. Proper compaction is most 
important in the case of corrugated steel culverts. Although the second part of the back
filling operation is less sensitive, proper precautions associated with each particular 
item of compaction equipment must be taken. DIN 4033 specifies that a minimum soil 
cover above the crown of the pipe must be reached before a certain type of compaction 
equipment may be used; some typical values are given in Table 2. 

DURABILITY 

Concrete 

Measures to be taken in order to enhance the durability of unreinforced and rein
forced concrete culverts are specified in national standards. It is generally accepted 
that special protective measures are needed if the sulfate content of the water exceeds 
0.1 percent. Depending on the actual amount of sulfate present, different methods of 
protection are specified; in the order of increasing effectiveness, some of the com
monly used methods in Europe are (a) use of a sulfate-resisting (high alumina) cement, 
SU<'.h as bauxite cement; (b) admixing sulfate-resisting ingredients, such as sodium 
silicate in the amount of 5 to 10 percent; (~) decreasing the porosity of the concrete by 
special methods (centrifugal pipes); and (d) applying a protective bituminous or epoxy
tar coating. A multilayered plaster protective coating is still commonly used in many 
countries (Hungary, Poland), while it is almost completely unknown in western European 
countries. Bonded-type coatings are common in culvert construction; the application 
of 3 or 4 hot t>itumi11011i;: layP.rs is a standard procedure, but cold bituminous surface 
treatment is also used. PVC sheets have been successfully used in Czechoslovakia and 
are considered promising. Concrete used for culverts must possess high abrasion re
sistance; to achieve this, the mix is usually designed for high compressive strength. 
A low water/cement ratio is also very important; this has even more effect on abrasion 
resistance than on the compressive strength. The use of tough aggregate, such as 
crushed igneous rock, gives good results; flint aggregates are too brittle and are gen
erally ineffective. Good densification of the concrete improves its resistance to abra
sion. Experience (8) indicates that few durability problems arise if appropriate pro
tective measures corresponding to the activity of the water and soil are taken. The 
lifetime of a concrete culvert is considered to be about 90 years. 

Steel 

The deterioration of steel culverts due to corrosion has reached alarming propor
tions in many European countries and very intensive research activity was started about 



TABLE 3 

CORROSIVITY-RESISTANCE RELATIONSHIP 
FOR SOIL 

Corrosivity 

Low 
Normal 
Aggressive 
High 
Very high 

Resistance 
(ohm-cm) 

>10000 
2000 to 10000 
1000 to 2000 

500 to 1000 
0 to 500 

Time To Achieve 
Total Corrosion of 

a !-Centimeter 
Thick Plate 

(years) 

>25 
10 to 25 
5 to 10 
3 to 5 
1 to 2 
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ten years ago. Although much work to find 
more reliable methods of protection is cur
rently going on, no definite results have 
been reported so far. Strong emphasis is 
placed on the problem of errant currents, 
which are often considered to be the main 
reason for steel corrosion. In general, 
corrosion of steel culverts is caused by 
both the soil and the groundwater; the ac
tion of the soil in the corrosion process is 
accelerated by the water because it stimu
lates the exchange of ions induced by the 
electric potential gradient (26). Since wet 
soil is a heterogeneous, colloidal system, 
it may be considered an electrolyte, and 

corrosion is primarily an electrochemical process. It has long been believed that the 
corrosivity of the soil is characterized by its resistance, as indicated in Table 3 (27). 
Recent investigations, however, have shown that the corrosion process is much more 
complicated. According to Tomashov (28), ohmic resistivity of soil is not a principal 
factor except for very dry soils. Although the majority of soils have a predominantly 
cathodic control, the anodic process may become predominant in dry soils. As shown 
in Table 4, however, no relationship exists between soil resistance and corrosivity. 

Bituminous coatings, if properly applied, provide the necessary protection for steel 
culverts; however, dynamic loads may cause cracks to develop in the coating, and cor
rosion is initiated at these cracks. Somewhat related to this situation, it was noted in 
Hungary that the durability of a steel culvert is related to the frequency of its dynamic 
loading; pipes exposed to frequent dynamic loads corroded much faster than those acted 
upon by infrequent dynamic loads. It is generally accepted in Europe that the lifetime 
of a properly coated steel or corrugated steel culvert is about 50 years, while an un
coated culvert or one exposed to frequent dynamic loads may last for only 10 to 15years. 
Abrasion of a culvert is not serious compared with corrosion, but it ruins the protective 
coating, which in turn results in excessive corrosion. 

SUMMARY 

The general trend in culvert construction in Europe is to use prefabricated elements, 
especially unreinforced and reinforced concrete pipe sections. Steel pipes ai·e not 

TABLE 4 

ANODIC AND CATHODIC POLARIZATION AND CONTROL FOR CORROSION OF 
STEEL IN VARIOUS SOILS 

Portion of Portion of 
Anodic Anodic Cathodic Cathodic Rate of Specific Polar- Control, Polar- Control, 

No. Soil Characteristic ization, 100 x PA ization , 100 x Pc 
Steel Resistance 

PA Pc Corrosion of the Soil 

(V/ a) PA+ Pc 
(V/a) PA+ Pc (g-yr/ m2

) (ohm-cm) 

(percent) (percent) 

Very wet sand-clay 
base 10 4 220 96 252 900 

2 Salty wet sand 3.3 6 50 94 1, 572 1,800 
3 Gray clay, with 7 to 

10 percent moisture 50 9 500 91 120 40,800 
4 Very wet clayey-sandy 

soil with pebbles 40 12 300 88 345 180,000 
5 Very wet gray clay 36 13 235 87 252 720 
6 Slime from a sewer 

ditch 40 19 170 81 270 30, 000 
7 Dry sand-clay base 125 53 110 47 92.5 240,000 
8 Dry loam with lime 500 56 380 44 26 3, 900 
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common because of their sensitivity to corrosion and because of the shortage in steel 
production in many European countries. Corrugated steel plates are sometimes used 
for repairing old culverts . Although plastic pipes are being used on an experimental 
basis, they are not economically competitive at the present time. 

The calculation of the design discharge of culverts is based primarily on empirical 
methods, the reliability of which is questionable. The dimensions of the culverts are 
determined individually according to local hydraulic conditions. If prefabricated sec
tions are adopted, charts supplied by manufacturing firms are used. 

The structural design of culverts in most European countries is based primarily on 
the Marston method, but a different approach is followed in the Soviet Union. Research 
work has been started in many countries in an effort to establish a rational basis for 
structural calculations that would take into account the changing conditions of operation 
and installation. Concrete bedding for culverts is generally preferred and frequently 
used. 

Durability of unreinforced or reinforced concrete culverts is not of great concern in 
Europe, provided the necessary protective measul'es are taken . Steel culverts are 
much more sensitive to corrosion, as well as abrasion, even if a protective coating is 
applied; however, bituminous coatings have been found to be very effective in reducing 
corrosion and prolonging the life of steel culverts. A relationship has been observed 
between the frequency and intensity of dynamic loadings and the durability of steel cul
verts; intensive dynamic loads significantly shorten the life of steel culverts. 
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