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Knowing the structural capacity of existing bridges is essential for road administra-
tions. This is equally true for flexible culverts as for any other type of bridge. 

For older structures all necessary data for a full detailed verification of the structural 
capacity may not be in place. In some instances the missing data may be possible to 
retrieve by different measurement and testing procedures in the field and in laboratory 
environment. However, for most of the structures one need to rely on database informa-
tion when estimating the structural capacity. In this paper the procedures for estimating 
the structural capacity of existing flexible culverts specific for Swedish conditions is 
described along with some technical aspects important for the structural capacity.  
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1. INTRODUCTION 

General 
The requirements for evaluating the structural capacity of bridges in Sweden 

are given in Ref. [1] published by the Swedish Transport Administration. This 
document in turn refers to Ref. [2] and [3] for evaluating the structural capacity 
of flexible culverts2 (in Sweden referred to as Soil-Steel Composite Bridges; in 
Swedish: Rörbroar (Pipe Bridges)). 

This paper 
This paper aims at giving some in-sight into the procedures adopted for 

evaluating the structural capacity of flexible culverts in Sweden. Also some 

                                                 
1 DOI 10.21008/j.1897-4007.2017.23.21 
2 In this paper the term ”flexible culvert” is used throughout. 
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technical aspects of the structural capacity are discussed. In should be noted that 
this paper describes procedures specific for Swedish conditions which may not 
be applicable elsewhere. 

In Sweden the design methodology in Ref. [2] is adopted for evaluating the 
structural capacity of existing flexible culverts. Requirements for existing struc-
tures specific for structures in Sweden need to be observed. Inspection and 
maintenance are crucial for the integrity of the structure and it is important that 
the estimation of the structural capacity is based on information from regular 
inspections. If such information is not available an estimation of the structural 
capacity is not possible. 

International knowledge 
An interesting example for evaluation of the structural capacity of existing 

flexible culverts is the load rating procedure used in Ohio, USA, Ref. [4]. 
Backed up by field measurements, see Ref. [5], it is an example of how rational 
methods can be developed based on today’s knowledge of the structural behav-
ior of flexible culverts. 

Paper out-line 
The paper has the following outline. A description of various technical as-

pects important for the structural evaluation of an existing flexible culvert is 
given in Section 2. The Swedish approach for evaluating the structural capacity 
is presented in Section 3. The paper is ended with conclusions in Section 4. 

2. TECHNICAL ASPECTS 

Several important technical aspects need to be considered when performing 
an estimation of the structural capacity of an existing flexible culvert. It is essen-
tial that the estimation is based on information from regular inspection of the 
structure including such information that is important for the structural capacity 
and the structural integrity. Knowing the structural capacity of existing bridges 
is essential for road administrations. This is equally true for flexible culverts as 
for any other type of bridge. 

For older structures all necessary data for a full detailed verification of the 
structural capacity may not be in place. In some instances the missing data may 
be possible to retrieve by different measurement and testing procedures in the 
field and in laboratory environment. However, since the number of structures is 
very big, for most of the structures one need to rely on database information 
when estimating the structural capacity. 

Below some of these technical aspects are discussed. 

Design plate thickness 
Due to corrosion, typically for structures used for conveying water under 

roads and railways, the plate thickness might be reduced in the lower part of the 
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conduit. Ref. [2] gives some guidelines for estimating the capacity in such cases. 
For corroded parts in the upper part of the conduit special investigations of the 
capacity must always be performed. 

Observe that there must not be any local holes due to corrosion that can 
cause the backfill to erode and thus reducing the stabilizing forces from the soil. 

Very small height of cover 
For analysis of existing structures with small height of covers the Swedish 

approach is to increase the load using a load concentration factor. This factor 
takes uncertainties in load distribution, soil stiffness and strength etc. into ac-
count. It is however, at very small heights of cover, recommended that the live 
load influence is checked by measurements used to back-calculate the soil 
modulus, see Ref. [2]. 

The effect of live load on existing older flexible culverts was studied in a test 
series on three culverts in 2012. One of the culverts is shown in Figure 1. The 
culverts were built around 1970. The culvert span was approximately 4 m for all 
the culverts in the study. The height of cover varied between 0,28 m and 0,54 m. 
The tests are reported in Ref. [6]. 

 

Figure 1. Flexible culvert in northern Sweden built 1966. 
Measurements under live load were performed in 2012 recording 

crown deflections and steel strains. 

Both crown deflection and steel strain were recorded using a three axle 
Scania truck with a total weight of approximately 26 tons. 

 
 



232  

Soil para
Typic

ing structu
tive soil in

An im
measured 
height of 
the time o
to be a res

If how
tests and 
determini

Design tr
In Sw

pacity of 
are given
transform
pacity. Th
grams, giv
culverts. T
fined as a
added. 

Figure 2

    

ameters 
cally detailed
ures. The pri
nput data is u

mportant obs
steel strain

cover althou
of the test. A
sult of the so
wever better 

evaluations,
ng the chara

raffic load 
weden specia

existing brid
n in TDOK 

med into equi
he load patte
ving the env
The diagram
a static load

2. Envelope 

  Lars P

d information
inciple of cau
used. 
servation in 
ns were not 
ugh all three

After a visual
oil quality co

information
, the method
cteristic soil 

al traffic load
dges are defin
2013:0267 (
ivalent line l
erns, 14 in a 
velope of the 
ms are shown
d and dynam

of the maximu
2013:0

Pettersson, Am

n on soil par
utiousness is

tests reporte
recorded in

e culverts w
l inspection t
nfirming tha

n is at hand, 
dology prese
modulus. 

d patterns fo
ned in the br
(Ref. [1]). In
loads to be 
total, can be
maximum l

n in Figure 2
mic amplifica

um equivalen
0267, load cas

mer Wadi 

rameters is n
s thus recom

ed in Ref. [6
n the culver

were approxim
this interesti

at cautiousne
due to i.e. p
ented in Ref

or verificatio
ridge codes. 
n Ref. [2] th
used in the 

e combined i
oad effect in
 and Figure 
ation factors

nt line load cal
se a 

not available
mmended and

6] was that t
rt having th
mately 45 ye
ng result wa
ss should be 

performed ge
f. [2], can be

on of the stru
For road bri

hese load pa
verification 
n two design

n the design 
3. The live l

s therefore n

lculated for TD

e for exist-
d conserva-

the largest 
e smallest 
ears old at 
as believed 
 observed. 

eotechnical 
e used for 

uctural ca-
idges these 
atterns are 
of the ca-

n load dia-
of flexible 
load is de-
need to be 

 

DOK 



 Str

Figure

Cold form
Based

strength, 
be applied
used for 
similar siz

The in

tion (1) be

               

Where

is equival
*W  is th

bending, o
design co
taken as 
straight lin

ructural capac

e 3. Envelop

ming effect o
d on the pri
as a result o
d. Cold form
corrugations
ze) and shou
ncreased ave

elow, see Re

                 

e ya yb,f f  an

lent to n  in E

he ratio of ce
or of the enti

ore thickness 
the typical 
nes, compare

city of existing

pe of the maxi
20

on steel yield
inciples in 

of the cold fo
ming effects,
s 150×50 mm

uld be taken a
erage yield s

ef. [7], used a

     ya ybf f

nd uf  are th

EN 1993-1-3

enterline len
ire cross sect
( / )w t . In 

length of a 
e Figure 4. 

g buried flexib

imum equivale
13:0267, load

d strength 
the Eurocod
orming when
, calculated u
m and 200×
as an average
strength yaf

as basis for E

yb A u5 (D f

he same nota

3. 

ngth of a fla
tion of a tens
the case of t
section con

ble culverts sw

ent line load c
d cases b – n 

de an increa
n corrugating
using the eq

×55 mm (or 
e value for th

a  may be de

EN 1993-1-3 

*
yb) /f W  

ations as in E

ange cross-se
sile or compr
the corrugat
nsisting of t

wedish design

calculated for 

ase in the s
g the steel p

quation below
for corruga

he full steel s
etermined us

(Ref. [8]). 

                    

EN 1993-1-3

ection of a m
ressive mem
ed section, w
two full arcs

n …       233 

 

TDOK 

steel yield 
plates, may 
w, may be 

ations with 
section. 
sing Equa-

           (1) 

, while DA 

member in 
mber, to the 
w , can be 
s and two 



234  

Figu

If the 
of an exi
maximum
ment ukf

Using
rugation f

Fig
stee

Capacity 
Accor

structures
[9], and B
sion for N

    

ure 4. A typica
steel wal

cold formin
sting flexibl

m allowed yie

ya,k/ 1,20f 

g Equation (1
for some com

gure 5. Averag
el types, calcul

 in the ultim
rding to Swe
s should be d
BSK94/BSK
N/M interactio

  Lars P

al centerline le
ll consisting o

ng effect is u
le culvert (S
eld strength 
0 . 

1), Figure 5 
mmonly used

ge yield streng
lated using Eq

mate state 
edish regulat
done using ea

K07, Ref. [10
on should th

Pettersson, Am

ength w of a s
of two full arcs

used in the ev
SSCB) in Sw

used in the 

below show 
d steel grades

gth fya to basic
quation (E1) f

tions verifyi
arlier Swedis
] etc.). For t
erefore be ta

mer Wadi 

section of the 
s and two stra

valuation of 
weden it sho
evaluation s

some result
s. 

c yield strengt
for corrugation

ng the capac
sh standards 
the ultimate 
aken as: 

 

corrugated cu
aight lines 

the structura
ould be note
shall fulfil th

ts for 150×50

th fyb for comm
n size 150×50

city of exist
(BBK94/BB
limit state th

ulvert  

al capacity 
ed that the 
he require-

0 mm cor-

 

mon  
0 mm 

ting bridge 
BK04, Ref. 
he expres-



 Structural capacity of existing buried flexible culverts swedish design …       235 

                                           
c

d,u d,u

yd u
1,0

N M

f A M





   
        

                              (2) 

where Af yd   is the buckling capacity of the conduit corrugated wall. 

Details regarding this interaction equation N/M and its use in estimating the 
capacity of an existing flexible culvert can be found in Ref. [2], appendix 7. 

3. SWEDISH REGULATIONS 

The methodology for estimating the structural capacity of a bridge structure 
in Sweden include, as mentioned above, 14 live load patterns. The axle and bo-
gie loads in these load patterns are denoted A and B respectively. The bogies 
have different number of axles, different distances between the axles etc. The 
methodology include increasing A and B until the design requirement being 
most critical is met. The structural capacity is described using the A and B val-
ues calculated this way. 

The evaluation of the structural capacity is done with purpose made software 
developed by the Swedish Transport Administration, structural data and infor-
mation from regular inspections in the Swedish Transport Administrations data-
bases. 

4. SUMMARY 

This paper describes the Swedish Transportation Administration’s approach 
for evaluating the structural capacity of existing flexible culverts. Using the de-
sign methodology presented in Ref. [2] as the basic design strategy, the struc-
tural capacity is, in the general case, estimated using data for a particular struc-
ture available in the Transport Administration’s databases. This is done using 
live load specifically developed for estimating the structural capacity of road 
bridges, conservative assumptions regarding the backfill soil and an evaluation 
of the structural integrity gathered at regular inspections. 

It should be noted that special cases do occur having for example non-
standard designs, extremely low height of cover, severe corrosion damage and 
other types of structural damages where special investigations are necessary. 
However, since standard designs meeting specific code requirements have nor-
mally been used when designing flexible culverts in Sweden, the approach used 
by the Swedish Transport Administration has proven to be an effective and vi-
able approach for most of the structures in Sweden. 
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