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Abstract 
Determining the structural type of a bridge is often a difficult task. The purpose of this thesis is to 
preliminary design three bridge alternatives. The bridge shall cross the fjord Þorskafjörður in Iceland. 
The goal is to determine the most favorable option. That decision will be based on economy, 
construction and aesthetics. Following that a more detailed design of the superstructure is performed 
for the chosen alternative. All calculations are performed according to Eurocode. 
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1 Introduction 

1.1 Background 
The motivation for writing this thesis is an interest in bridges that the author has acquired during his 
studies in structural engineering. Many people consider bridges to be state of the art of all civil 
structures. That can be for many reasons; f. ex. bridges sometimes cross a difficult passing or because 
of their aesthetic aspects. 

During the time the subject for this thesis was under consideration the author decided to contact the 
bridge division of the Icelandic Road Administration (ICERA). Einar Hafliðason, the head of the 
bridge division of ICERA, was contacted and he was more than willing to help. He came up with a 
few options to look into which were all considered. Following that, a decision was made and a bridge 
that is to be constructed to cross the fjord Þorskafjörður in Iceland was chosen as a subject for this 
thesis.  

1.2 Objectives 
The main purpose for a bridge over the fjord Þorskafjörður is to shorten the distance of the route on 
the way to the northwestern part of Iceland. With this bridge the route will shorten of about 10 km. 
Another purpose is to increase traffic security by eliminating all one-lane bridges on this 10 km sector. 

The main objective of this thesis is divided into two parts. First, a preliminary design of three bridge 
alternatives is made. A rough cost estimation and an estimation of quantity of materials is made based 
on the preliminary design for these three alternatives. Secondly, a more detailed design is made of the 
most appropriate bridge type. The choice of a bridge type is based on the conclusions from the first 
part. These conclusions will primarily be based on economy, aesthetics and construction method. 

1.3 Outline of the thesis 
Chapter 2 consists of a general discussion about aesthetics, advantages and disadvantages and other 
aspects for the three bridge types that are chosen to be analyzed. 

Chapter 3 displays the bridge location and describes the boundary conditions and geometry at the 
construction site. It also includes information about why this bridge is to be built. 

Chapter 4 includes preliminary design and cost estimations of the three chosen bridge alternatives 
with respect to the quantity of materials needed for each type. That chapter also includes conclusions 
of the preliminary design, that is, which type of bridge is chosen for a more detailed design with 
respect to the limits that are set. 

Chapter 5 includes more detailed structural analysis for the superstructure of the chosen bridge 
alternative.   
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4 Preliminary design 

4.1 Introduction 
This chapter contains preliminary design of the three bridge types, a concrete girder bridge, an arch 
bridge and a cable-stayed bridge. The aim of the preliminary design is to determine the most suitable 
bridge type for the purpose of crossing the fjord Þorskafjörður. The chapter is divided in to two 
different sections. The first sections (sections 4.2 and 4.3) treat factors that are common for all three 
bridge types, i.e. loads, load combinations and materials. Sections 4.4 to 4.6 treat the three different 
bridge types respectively. In these sections are sizes of important bridge elements for each bridge type 
estimated. These sections also contain rough cost estimations and construction methods for each 
bridge type. Finally, in the last section of this chapter, the most suitable bridge type is determined 
based on the preliminary design. 

4.2 Loads 
For the preliminary design of this project only three loads are considered. Two permanent loads, self-
weight and pavement, and one variable load, traffic load. The loads are determined according to 
Eurocode 1 (EC1). 

4.2.1 Permanent loads 
Self-weight for reinforced concrete is set to 25 kN/m3. The self-weight of pavement and structural 
steel are set to 2.1 kN/m2and 78.5 kN/m3 respectively. 

4.2.2 Variable loads 
The variable actions, which are taken into account in this thesis, are traffic loads in vertical direction. 
After some discussion with the head of the bridge division of ICERA it seemed reasonable to do this 
simplification in the preliminary analysis. 

Traffic Loads 
In EC1-2, chapter 4, there are defined four different load models for traffic loads. In this case Load 
Model 1 (LM1) is used with two partial systems, one including axle loads (Tandem system TS) and 
the other including uniformly distributed loads (UDL system), see figure 4-1. LM1 is considered to 
cover most of the effects from traffic of lorries and cars and should be used for general and local 
verifications while the other load models are considered for dynamic effects, special vehicles and 
other situations. LM1 should be applied on each notional lane and on the remaining areas. On notional 
lane number i, the load magnitudes are referred to as αQiQik and αqiqik, axle load and distributed load 
respectively. On the remaining areas, the load magnitude is referred to as αqrqrk. According to chapter 
4.3.2(3) in EC1-2 the recommended minimum values for the adjustment factors are: ≥ 0,8 ≥ 1,0 

The national annex for Sweden recommends the following minimum values for the adjustment factors: = 0,9 = 0,9 = 0 
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4.4.4 Construction 
The construction method of a concrete girder bridge is relatively easy to perform. Concrete girder 
bridges are one of the most common bridges in Iceland. This bridge alternative is often chosen for 
similar conditions as are in this case because of economic and constructional reasons, that is, when a 
shallow fjord is to be crossed. 

Supports and columns below the superstructure will be constructed first. They will be founded on 
piles. Since the level of sea depth at is shallow at the construction site the superstructure of the bridge 
will be casted in forms that are supported on a temporary filling under the bridge. The filling will 
finally be removed when the concrete has hardened and can then be used as road material. 

4.4.5 Cost estimation/conclusions 
To estimate the cost of this bridge type a method from Menn (1986) is used. The following is an 
explanation of this method. 

The superstructure’s costs can be reliably estimated with the help of the geometrical average span 
length, lm, defined as: 

= ∑∑  

where li is the length of span i. 

The empirical equations given below give the quantities of concrete, reinforcing steel, and 
prestressing steel as functions of lm and have been derived from samples of recently constructed 
bridges. 

By this method the volume of concrete in the whole superstructure is obtained by multiplying the total 
deck surface by the effective girder depth, hm, defined by the following expression: ℎ = 0.35 + 0.0045 ∙  

where hm and lm are in meters. This equation is valid provided the actual girder depth, h, satisfies the 
following inequality: 120 ≤ ℎ ≤ 116 

which fulfills the criteria used earlier, l/h=20. The quantity of reinforcing steel is obtained by 
multiplying the total volume of concrete by the mass of steel per unit volume of concrete, ms. The 
parameter ms is estimated using the equation: = 90 + 0.35 ∙  

where lm is in meters and ms is in kilograms per cubic meter of concrete (kg/m3). This expression is 
valid provided the deck slab is not transversely prestressed. Between 65 and 70 kg/m3 of 
reinforcement is required for stability during construction and crack control; this quantity is 
independent of span length, see Menn (1986). The transverse reinforcement required to resist loads is 
primarily a function of cross-section dimensions. An additional 20 to 25 kg/m3 is required for 
commonly used cross-sections, regardless of span length. Most of the steel required above the 
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Figure 4-10: Influence lines for various section forces at most critical placements. 

To calculate the important section forces for design of the cross section of the arch the traffic loads 
are placed on the most unfavorable position corresponding to these influence diagrams in a program 
called PCFrame. PCFrame is a commercial program for structural analysis of frames. 

Cross Section 
To design the arch in the ultimate limit state the section forces are required. The highest moment in 
the arch is reached when the traffic load is located in the middle of the span. The position of the point 
load at the first quarter of the span gave the highest normal force.  So these corresponding section 
forces are used to design the cross section and are shown in table 4-6. 

-1.00

-0.50

0.00

0.50

1.00

0.00 0.20 0.40 0.60 0.80 1.00

M

x/L

Influence Lines for Moment in the Arch

Abutment 1/4 of span

Middle of the span

-1.00

-0.50

0.00

0.50

1.00

0.00 0.20 0.40 0.60 0.80 1.00

V

x/L

Influence Lines for Shear Force in the Arch

Abutment 1/4 of span

Middle of the span

-1.00

-0.50

0.00

0.50

1.00

0.00 0.20 0.40 0.60 0.80 1.00

N

x/L

Influence Lines for Normal Force in the Arch

Abutment 1/4 of span

Middle of the span



 

 

The mat

The follo
direction

The cro
dimensio
A. 

Stability
To chec
well as w
load and

Des

terial qualitie

owing cross-
n and resistan

oss-section i
ons of the cr

y 
ck for stabili
with the help
d the maximu

ign of a 170 

T

es of the stee

-section was 
nce, see figu

F

s a welded 
ross section (

ity in longitu
p of PCFram
um normal f

m long bridg

Table 4-6: Des

el are given in

Table 4-7: 

determined
ure 4-11: 

Figure 4-11: Ch

box section
(moment of 

udinal direct
me. To fulfill
force needs to

ge over the f

19 

sign section for

n table 4-7.

Material quali

after few tria

hosen cross-sec

n with trape
inertia, secti

tion two inve
l the requirem
o be in the ra

fjord Þorskaf

rces in the arch

ities of steel. 

als with resp

ction of the arc

ezoidal stiffe
ion modulus 

estigations a
ments for sta
ange from 4 

fjörður in Ice

 

h. 

 

pect to stabili

 

ch. 

feners. Furth
etc.) can be 

are made; ca
ability the ra
to 5, see Lo

eland 

ity in the lon

her details a
seen in the a

alculation by
tio between 

oretsen and S

ngitudinal 

about the 
appendix 

y hand as 
buckling 

Sundquist 



 

 

(1995). 
critical b

where S 
case S is
determin

From an
well wi
determin

EC3 giv
is given 

with Nd 

Here χ is

with  e

and α, a
stronger

̅, the no

Des

To calculate
buckling load

S is the one-h
s 98525 mm 
ned to be 458

nalysis in PC
ith the calc
nation of the 

ves another m
in section 5.

as the design

s the reductio

equal to 

an imperfecti
r axis and a w

on-dimension

ign of a 170 

e the bucklin
d is given as

half length of
and k is 0.70

845 kN and t

CFrame for th
culations by

cross section

Fi

method to de
.5.1 in EC3. 

n normal forc

on factor for

ion factor, o
welded box s

nal slenderne

m long bridg

ng load by ha
: 

f the arch and
0 for a fixed
the ratio betw

his case this 
y hand. The
n. The buckl

igure 4-12: Bu

etermine the 
EC3 defines

ce and the ca

.
r the relevant

= +
= 0,5

obtained from
section with b

ess, is define

ge over the f

20 

and formulas

= ( )
d k is the effe
d arch with a 
ween the buc

= 4.8 

factor is dete
ese calculati
ling mode sh

uckling mode sh

buckling res
s the followin≤ .
apacity of the=
t buckling m1− ̅ ,

1 + ̅ − 0
m an approp
b/tf<30, α be= 0.49
ed as 

fjord Þorskaf

s presented b

)  

ective length
rise-span rat

ckling load an

ermined to b
ions were t

hape for this 

hape of the arc

sistance crite
ng criteria: 

 

e cross-sectio/  

ode and is de

   1
0,2 + ̅  

riate bucklin
comes 

fjörður in Ice

by Austin (1

h factor, see A
tio as 0.25. F
nd the maxim

be 5.0. That m
the most cr
arch is show

ch. 

eria for comp

on, Nb.Rd , as 

efined as 

ng curve. Fo

eland 

971) were u

Austin (1971
For these val
mum normal

matches cons
ritical ones 

wn in figure 4

 

pressed mem

or buckling a

used. The 

1). In this 
lues Pe is 
l force is 

siderably 
for the 

4-12. 

mbers and 

about the 



 

 

where βA

In this c

Table 4-

It can be
arch. 

Compre
To dete
determin

 In this c

The cros

Here, Np

and Wpl 
factor is
seen in a
force are

 

 

 

The resu

Des

A is dependin

ase βA is equ

-8 summarize

e seen in tabl

ession and 
ermine the c
ned. To decid

case the cros

ss-section ca

Npl.Rd is the pl
the plastic s
 defined as 
appendix A. 
e made accor

  

  

  

ults of this an

ign of a 170 

ng on the cro

ual to 1. For r

es the results

Table

le 4-8 that th

bending ca
compression 
de the cross 

s section cla

apacities are d

lastic design
section modu= 1,1 in
Next a chec

rding to secti

 

 

 

nalysis are su

m long bridg

̅ =
oss-section a= 1 for Cl= /
resistance of

s of this anal

e 4-8: Criteria 

he buckling re

pacities 
and bendin

section class

ass is determi

defined in EC

.
n resistance f
ulus. For res

n section 5.1.
ck for bendin
ion 5.4 in EC

 

 

 .
ummarized in

ge over the f

21 

= /
s below: 

lass 1, 2 or 3

for Class 4

f member to = 1,1
ysis. 

for buckling r

esistance is w

ng capacitie
s plastic stres

ined to be 1.

C3 in section

. = /= /
for compress
sistance of C
1 in EC3. Th

ng moment, c
C3. The follo≤ .≤ .+ .
n table 4-9.

fjord Þorskaf

,
 

 cross sectio

4 cross sectio

buckling the

resistance from

well above th

es the class 
ss distributio

ns 5.4.4 and 

 /  

sion, Mpl.Rd th
Class 1, 2 or 
he calculatio
compression 
owing design

 Ben

 Com

≤ 1 Com

fjörður in Ice

ons 

ons 

e safety facto

m EC3. 

he calculated

of the cros
on is assumed

5.4.5 respect

he plastic re
3 cross-sect

ons for Npl.Rd,
and combin

n criteria are 

nding 

mpression 

mbined bend

eland 

or is 

d normal forc

ss-section ha
d. 

tively as 

esistance for 
tion the parti
 Mpl.Rd and W

ned bending a
checked: 

ing and axia

ces in the 

as to be 

bending 
ial safety 

Wpl can be 
and axial 

l force 

 



 

 

All the c
so small

4.5.3 
The brid
work as
will only

Transve
The tran
loading 
them. Th
moment
cross-se

Figure 4

The high
these sec
given in

 

Des

criteria are fu
l and are ther

Bridge Dec
dge deck wi
 composite d
y make the st

ersal beams
nsversal beam
for these be
hese position
t and shear 
ction in the u

4-13: Positions

hest moment
ction forces 

n sections 5.4

  

ign of a 170 

Tabl

ulfilled. Also
refore neglec

ck 
ill consist of
deck with st
tructure mor

s 
ms will be m

eams will be
ns are show i
force in the 
ultimate limi

s of traffic load

t and shear fo
the cross-sec

4.5 and 5.4.6 ≤

m long bridg

le 4-9: Design v

o, the cross-s
cted. The arc

f main steel 
teel shear stu
re rigid. Estim

made of ste
e when the a
in figure 4-1
transversal 

it state. 

ds and shear- a

force are dete
ction can be 
in EC3 as 

. =

ge over the f

22 

values and resi

section is ass
ch is mostly i

girders, tran
uds. The com
mated thickn

el and will 
axle load fro
13. This locat

beams. The

and moment di
determined.

ermined to b
determined.

/

fjord Þorskaf

istance for the 

sumed to res
in compressi

nsversal beam
mposite effe
ness of the co

be placed w
om the traffic
tion of the ax

ese section f

iagrams when 

e 3025 kNm
 The design 

For class 1 o

fjörður in Ice

 

arch. 

ist the shear 
on. 

ms and conc
ct is not cal

oncrete slab i

with 5 m spa
c is placed e
xle load will
forces are us

the cross-secti

m and 1359 kN
criteria for s

or 2 cross sec

eland 

forces since

crete slab. T
culated here
is 200 mm. 

acing. Worst
exactly abov
l generate th
sed to determ

 

 

 

ions of cross be

N respective
shear- and m

ctions 

e they are 

They will 
e but that 

t case of 
ve one of 
e highest 
mine the 

eams are 

ely. From 
moment is 



 

 

 

where th
beams is

Main gi
The mai
hangers.
7241 kN
the tran
calculati

4.5.4 
The han
hangers 
ultimate
exactly 
carbon s

4.5.5 
The cho
the X-ty
analyzed

Des

  

he parameter
s shown in fi

rders 
in girders w
. The largest

Nm respectiv
nsversal bea
ions can be s

Hangers 
ngers are the 

are designe
e limit state. 
at hanger nu

steel with the

Transversa
oice of X-typ
ype, see Bun
d as a truss sy

ign of a 170 

 

rs are explain
igure 4-14. F

Fi

will be conne
t shear force

vely. Here the
ms. The de

seen in appen

Fig

elements th
ed to resist t

This force 
umber 1 clo
e design yield

al Bracing 
e bracing rat
nner and Wr
ystem. Later

m long bridg

 

ned in the las
For detailed c

igure 4-14: Est

ected to the t
e and momen
e same criter
etermined cr
ndix A. 

gure 4-15: Dete

hat connect th
he largest te
is acquired 

osest to the 
d strength as

ther than Vie
right (2006)
ral braces wi

ge over the f

23 

≤ . =
st section. Th
calculations, 

timated size of 

transversal b
nt in the mai
ria are check
ross-section

ermined size of

he bridge de
ension force,
when the ax
support. The

s 3605 kN. 

erendeel brac
, which resu
ll not be calc

fjord Þorskaf

(√ )/
he determine
see appendix

 

f the cross beam

beams which
in girders ar

ked, shear- an
can be see

 

f the main gird

eck to the arc
, which is d
xle force fro
e chosen ma

cing is that th
ults in less l
culated at thi

fjörður in Ice

 

ed cross-sect
x A. 

ms. 

h are hangin
re determined
nd moment r
en in figure

ders. 

ch. They are
determined to
om the traff
aterial of the

he system wi
lateral deflec
is time. 

eland 

tion of the tra

ng from the a
d to be 2087
resistance, as
e 4-15 and 

e vertical cab
o be 3393 k
fic load is po
ese hangers 

ill be more r
ctions and w

ansversal 

arches in 
7 kN and 
s was for 

detailed 

bles. The 
kN in the 
ositioned 
is M100 

igid with 
would be 



 

 

4.5.6 
The soil
concrete
(2010). 
length o
estimate

for each
be 35 pi
fundame
support 
direction

4.5.7 
My prop
First, fou
be place
segment
segment
placed in

Next the
beams th
welded 
casted. 

4.5.8 
In table 
quantitie
on the m

Des

Foundatio
l under the 
e piles that w
The piles wi

of the piles w
ed amount of

h arch. The sp
iles under eac
ent itself. Th
the fundam

n and the app

Constructi
posal of a co
undations fo
ed under the
ts, sizes that 
t at a time, su
n right positi

e deck is co
hat are hang
together and

Cost estim
4-10 the to

es are based 
method in sec

ign of a 170 

ns 
foundations

will be drive
ill have an in

will be 14 m.
f piles is 

pacing betwe
ch abutment
he filling beh

ments. A con
proximate siz

Fig

ion 
onstruction m
r the arches 

e bridge. The
are possible

upported by 
ions the temp

onstructed. T
ging in the ha
d finally, wh

mation/conc
tal quantity 
on the preli

ction 4.4.2 fo

m long bridg

s is sedimen
en down to 
nclination do
. The largest

124
een the piles
. The piles w
hind the brid

ntinuous foun
ze of it will b

gure 4-16: Plac

method for th
will be const
en the arche
e to transpor
falsework st
porary worki

The main gir
angers. The 

hen all the w

clusions 
of materials
minary calcu

or bridge type

ge over the f

24 

nt layers. Th
the ground. 

own in the di
t reaction for

60100 32 
 will be 1.2 

will also be a
dge will also
ndation is ch
be 7.2 x 4 x 1

cing of piles at 

his bridge typ
tructed and t

es will be ra
rt. These seg
tanding on th
ing plane is r

rders come 
hangers con

work with the

s for the arc
ulations. The
e one. These

fjord Þorskaf

he foundatio
Each pile r

irection to th
rce in the arc

 

m. The total
able to resist 
o be able to 
hosen under
16.8 m, see f

the arch suppo

pe is similar
then a tempo
aised. Each a
gments will b
he working p
removed and

in segments
nnect the arch
e structural s

hes and brid
e cost estima
e cost figures

fjörður in Ice

n will be fo
resists about 
he arch’s dire
ch’s direction

 number of p
the risk of tu
resist some 

r the whole 
figure 4-16.

orts. 

r to the meth
orary working
arch will be 
be welded to
plane. When 
d can be used

s and are co
hes to the de
steel is done

dge deck are
ation for the 
s are given in

eland 

ounded on p
400 kN, Ha

ection. The e
n is 12601 k

piles is deter
urning along
external act
bridge in th

hod for bridg
g plane of gr
divided into

ogether in ste
the arches h

d as a road fil

onnected to t
eck. Each se
, the concret

e summarize
foundations

n table 4-11. 

precasted 
afliðason 
estimated 
kN so the 

rmined to 
g with the 
tions and 
he lateral 

ge type 1. 
ravel will 
o several 
eps, each 

have been 
lling. 

the cross 
egment is 
te slab is 

ed. These 
 is based 



 

 

To get a

This brid
steel cos

 

Des

a total cost th

dge type is l
st and compl

ign of a 170 

Table 4-10:

he total mater

little less tha
exity of the s

F

m long bridg

 Quantities of 

rial cost is do

Table 4-11: 

an twice as ex
structure. An

Figure 4-17: An

 

ge over the f

25 

structural mat

oubled, whic

Total cost of b

xpensive as 
n overview o

n overview of t

fjord Þorskaf

terials for the 

ch is a rough 

bridge type 2.

the first brid
of the arch br

the arch bridg

fjörður in Ice

 

arch bridge. 

estimation.

 

dge type. Thi
ridge can be 

ge. 

eland 

is mainly dep
seen in figur

pends on 
re 4-17. 

 



 

 

4.6 T
Bridge t
pylons 
steel/con
about th
cable-sta

4.6.1 
Bridge t
cable st
configur
4-20. Th
stabilize

Nowada
orthotrop

Many co
for conc
construc
construc
yard. Th
weight o
because 

A prope
Howeve
except f
concrete

Althoug
composi
composi
Most po
Howeve
end span

In this 
conditio
there is 
transferr
and a co
cable sy

Des

The cable-
type no. 3 is
on each sid
ncrete deck. 

he choice of t
ayed bridges

Aesthetics
type no. 3 is
tayed bridge
rations, see f
he pylons ca
ed by the cab

ays the pylon
pic or as a co

oncrete cable
crete cable-st
ction is a f
ction it is po
he segments,
of the segme
it is stiffer a

erly designed
er, with incr
for very long
e. Thus the re

gh the steel or
ite deck wit
ite with the 
ortions of th
er, tensile str
ns. Post-tensi

a self-ancho
ons on site, th

a so called 
red to the su
ombination 

ystem can be 

ign of a 170 

-stayed b
s a back and 
de, similar 
The cross s

the superstru
s are discusse

s of cable-s
s a cable stay
 is to be de
figure 4-18. T
an either be 

bles that are a

Figure 4-18

ns are most 
omposite ste

e-stayed brid
tayed bridge

further deve
ossible to use
, however, sh
ent is limited
and easier to 

d and fabric
reasing labor
g spans. The
educed self-w

rthotropic de
th a concrete
steel girder 
he girder ar
resses may o
ioning is usu

oring system
he foundation
earth anchor

upports at th
of self-anch
seen on figu

m long bridg

bridge 
front cable-
to the Öres

section of th
ucture is in th
ed. 

stayed brid
yed bridge. T
esigned. The
The number 
rigid, work

anchored into

: Configuratio

often made
el/concrete d

dges have be
es: cast-in-pl
elopment of 
e a more com
hould all be 
d by the tran
erect.  

cated orthotr
r costs, the 
 use of steel
weight of the

eck is too exp
e slab on a 
by shear stu

re under hig
occur in the m
ually used in 

m is prefera
ns will be be
red system w
e ends of th
oring and ea

ure 4-19. 

ge over the f

26 

-stayed bridg
sund bridge

he deck is si
he next chap

dges 
There are se
e cables can
of spans can

k as a cantile
o the ground

ons of the cable

e of concrete
deck.  

een built. In 
lace construc

the free ca
mplicated cro
similar to av

nsportation c

ropic deck is
orthotropic 

l in the deck
e deck slab m

pensive for c
steel frame 

uds reduces 
gh compress
middle portio
these areas t

able, see fig
elow sea leve
where the ho

he bridge wh
arth anchorin

fjord Þorskaf

ge, see figure
e. The bridg
imilar to brid
pter where ae

everal types 
n be arrange
n either be tw
ever, or the 

d. 

es for cable-sta

e. The deck

general, the
ction or prec
antilever co
oss-section b
void adjustm
capability. B

s a good sol
deck becom

k is, today, tw
must result in

construction 
can be very

the steel qua
sion, which 
on of the cen
to keep the c

gure 4-19. T
el and sedim
orizontal com
hich requires
ng system. T

fjörður in Ice

e 4-21. This
ge will con
dge type 2. 
esthetics and

that can com
ed in a harp
wo or three, 
deck is stif

ayed bridges. 

k can be mad

ere are two c
cast construc
onstruction m
because prec

ment in the p
Box is the pr

lution for a 
mes less com
wo to four ti

n appreciable

in most coun
y competitiv
antity of the
is good for

nter span an
concrete unde

That depend
ment layers ar

mponents of
 favorable fo
The principl

eland 

 bridge type
sist of a co
A further di

d structural s

me into mind
p-, fan- or c

see figures 
ff and the py

 

de of concre

construction 
ction. A cast
method. For
casting is don
precasting for
referred cros

cable-stayed
mmercially a
imes as expe

e savings. 

ntries at this 
ve. Making 
e girder sign
r concrete m

nd at both en
er compressi

s on the fo
re the main s
f the cable fo
foundation co
le of a self-a

e has two 
omposite 
iscussion 

system of 

d when a 
combined 
4-19 and 
ylons are 

ete, steel 

methods 
t-in-place 
r precast 
ne in the 
rms. The 
s section 

d bridge. 
attractive 
ensive as 

time, the 
the deck 

nificantly. 
members. 
nds of the 
ion. 

oundation 
soil. Also 
orces are 
onditions 
anchored 



 

 

Let us co
be a goo
seen on 

But, an 
a self-an

4.6.2 
Based o
Here, a h
and deli
the view
in the py
The oute
stays wo
modelle
analysis 
two pyl
bridge d
horizont

4.6.3 
In this se

Des

onsider an as
od choice wit
figure 4-20. 

asymmetrica
nchoring syst

Geometry 
on the discus
harp shape c
cate appeara

wing angle. It
ylon begin a
er spans leng
on’t exceed 
d in SAP200
 of structures
ons are conn
deck to each
tal. 

Design 
ection the ele

ign of a 170 

symmetrical
th respect to 

al system ha
tem. 

for type 3 
ssion above 
configuration
ance because
t also allows

at a lower ele
gths should b
its limits. Fi

00 for 3D ana
s. The deck, 
nected toget
h pylon. Eac

ements in the

m long bridg

Figure 4-1

 system with
foundation c

Figure 4-2

s earth-anch

self-anchori
n of the cable
e an array of 
 an earlier st
evation so th
be around 30
igure 4-21 d
alysis. SAP2
see figure 4-

ther with on
ch cable wil

Figure 4-21

e following t

ge over the f

27 

19: Self anchor

h only one py
construction

20: Asymmetri

ored cables 

ing cable sy
es is chosen.
parallel cabl

tart of the de
hat fastening 
0-40% of the
isplays the g

2000 is a com
-26, is 10 m 

ne cross-beam
ll be connec

1: Model for br

table will be 

fjord Þorskaf

red system. 

ylon as can b
n. An exampl

ical system. 

and requires

ystem is pref
 Harp shape 
les will alwa

eck construct
of cables ca

e main span
geometry of
mmercial fini

wide with fo
m for stabil
cted to trans

ridge type 3. 

checked in t

fjörður in Ice

be seen in fig
le of that stru

s better found

ferable in th
configuratio

ays appear pa
tion because 
an start befor
length so the
the chosen m

ite element p
our pylons, tw
ity. Ten cab

sversal beam

the ultimate 

eland 

 

gure 4-19. Th
uctural system

 

dation condi

his specific s
on offers a ve
arallel irresp
the cable an

re the pylon 
e stresses in 
model. The 

program for s
wo on each s

bles will con
ms with 30° 

 

limit state. 

hat could 
m can be 

tion than 

situation. 
ery clean 

pective of 
nchorages 

is ready. 
the back 
bridge is 
structural 
side. The 
nnect the 
angle to 



 

 

To begi
elements
traffic lo
is move
displaye
indicate 

Des

in with the 
s of the brid
oads are plac
d in 5 m inc

ed for those 
the position 

ign of a 170 

Tab

necessary s
ge that are u

ced by using 
crements alon

parts of the
of the pylon

m long bridg

ble 4-12: Eleme

section force
under investi
these influen
ng the bridg
e bridge that
ns. 

ge over the f

28 

ents that will b

es and react
gation. SAP2
nce lines. To

ge deck. On f
t will be an

fjord Þorskaf

be checked in U

tions are de
2000 is used

o create influ
figures 4-22 

nalyzed at th

fjörður in Ice

 

ULS. 

etermined fo
d to create in
uence lines a 

to 4-24 are 
his stage. Th

eland 

or the corres
nfluence line
point load o
these influe

he dark verti

sponding 
s and the 
f 100 kN 
nce lines 
ical lines 



Design of a 170 m long bridge over the fjord Þorskafjörður in Iceland 
 

29 
 

 

Figure 4-22: Influence lines for moments in the deck and at pylon supports. 
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Figure 4-23: Influence lines for normal forces in pylon support and moment at 55% of the height of the pylons. 
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Figure 4-24: Influence lines for various parts of the structural system of the cable-stayed bridge. 

After the influence lines have been created the bridge is modeled as a 3D model in SAP2000 with the 
forces positioned at the corresponding positions. The slab is modeled as area section elements with a 
meshing of 0.5 m so that the axle traffic loads can be positioned right. Main girders and cross beams 
in the bridge deck are modeled as frame elements as well as the pylons. The cables are modeled as 
cable elements with high tensional stiffness. The only supports of the model are the fixed supports 
under the pylons because the pylons and cables should be able to carry its self-weight under 
construction. 
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4.7 Summary and choice of bridge type 
From the total cost estimations for the bridge types it is clear that the cable-stayed bridge is the most 
expensive one. Also the arch bridge is quite expensive compared to the prestressed concrete bridge 
that is the least expensive one. From a construction point of view the prestressed bridge is also the 
most favorable. From these perspectives a concrete girder bridge is the obvious choice. 

But, there are also other aspects that need to be taken into consideration when choosing a bridge type; 
aesthetics, method of construction and construction time are obvious factors that can affect which 
choice is made. The author will leave those decisions for others to make at later stages but chooses to 
design the concrete beam bridge in a more detailed manner. In the following chapter more detailed 
calculations will be performed for the superstructure of bridge type 1. Calculations of the post-
tensioned cables are performed where the prestress force and eccentricity of the cable profile are 
determined. Following that all cable losses are determined and then the secondary effects of prestress. 
Finally the ultimate moment capacity is determined for relevant members of the superstructure. 
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5 Final design 

5.1 Introduction 
Prestressed concrete structures, using high-strength materials to improve serviceability and durability, 
are an attractive alternative for long-span bridges, and have been used worldwide since the 1950s. The 
presence of cracks that can develop in tensile members can lead to corrosion of the reinforcement due 
to its exposure to water and chemical contaminants. Corrosion is generally only a problem for 
structures in aggressive exterior environments (bridges, marine structures, etc.) and is not critical in 
the majority of buildings. The effect of cracking of members can lead to substantial loss in stiffness 
which occurs after cracking and the second moment of area of the cracked section is far less than the 
second moment of area before cracking. Thus, allowing cracks to develop can cause a large increase 
in the deformation of the member. For prestressed concrete, compressive stresses are introduced into a 
member to reduce or nullify the tensile stresses which result from bending due to the applied loads. 
The compressive stresses are generated in a member by tensioned steel anchored at the ends of the 
members and/or bonded to the concrete. 

There are two types of prestressing systems: pre-tensioning and post-tensioning systems. Pre-
tensioning systems are methods in which the strands are tensioned before the concrete is placed. This 
method is generally used for mass production of prefabricated members. Post-tensioning systems are 
methods in which the tendons are tensioned after concrete has reached a specified strength. This 
technique is often used in projects with very large elements. The main advantage of post-tensioning is 
its ability to post-tension cast-in-place members. Mechanical prestressing jacking is the most common 
method used in bridge structures. 

The post-tensioning process involves three fundamental stages. In the first stage of the process, the 
concrete is cast around a hollow duct. After the concrete has set or hardened, a tendon, consisting of a 
number of strands, is pushed through the duct (alternatively, the tendon can be placed in the duct 
before casting). Thus, the tendon can be fixed in any desired linear or curved profile along the 
member. By varying the eccentricity of the tendon from the centroid, the maximum effectiveness of a 
constant prestressing force can be utilized by applying the prestress only where it is required. Once 
the concrete has achieved sufficient strength in compression, the tendon is jacked from one or both 
ends using hydraulic jacks, thus putting the concrete into compression. When the required level of 
prestress is achieved, the tendon is anchored at the ends of the member. After anchorage, the ducts are 
usually filled with grout under pressure. The grout is provided mainly to prevent corrosion of the 
tendon but it also forms a bond between the tendon and the concrete which reduces the dependence of 
the beam on the integrity of the anchor and hence improves its robustness. 

When prestressed concrete elements are designed the following factors need to be considered: 

• The prestressing reinforcement is determined by concrete stress limits under service load. 
• Bending and shear capacities are determined for the ultimate limit state 
• Deformations are determined in the serviceability limit state. 

  



 

 

5.2 D
Through
loads ar
the girde
mm. 

5.2.1 
The brid

• 
• 

5.2.2 
Self-wei
the load 

5.2.3 
In this se

5.2.3.1 
High str
concrete
concrete

The effe
definitio
constant
Ecm, is re

where φ

In this c
concrete

Des

Design 
hout the desi
e calculated 
ers is change

Building c
dge shall be d

FS ENV 199
FS ENV 199

Loading 
ight and traf
generated by

Materials 
ection the m

Concrete
rength concr
e quality is 
e compressio

fects of cree
on of creep 
t stress. To ta
educed to an

 is the creep 

case, there is
e is loaded is

ign of a 170 

ign process, 
with respect

ed from what

odes 
designed acc

91  
92  

ffic loads are
y prestressin

ost common

e 
rete is alway
C45/55. For

on strength is

ep need to b
is that unde
ake account 

n effective ela

coefficient. 

Table 5-

s a humid at
 28 days. Th

m long bridg

one girder i
t to that. Aft
t was chosen

cording to the

Eurocode 1 
Eurocode 2 

e the same as
ng is taken in

n physical pro

ys used in po
r this quality
s fck=45 MPa

be taken int
er compressi
for creep in t
astic modulu

 φ is taken fr

-1: Creep coeff

tmospheric c
he circumfere

ge over the f

39 

is designed w
fter iteration 
n in chapter 4

e following s

(Loading) 
(Concrete D

s in the pre-d
nto account.

operties of al

ost-tensioned
y the modul
. The self-we

to account f
on the conc
the design of

us, Ec,eff. Ec,eff

, = 1 +
rom EC2 and

ficient, φ, for n

condition at t
ence of the se= 27700 

fjord Þorskaf

with properti
of the calcu

4.4 with a he

standards: 

Design) 

design phase

ll materials u

d structural m
lus of elasti
eight of reinf

for calculatio
rete membe
f concrete m
f is determine

 

d shown in ta

normal weight 

the bridge si
ection, u, is:

 

fjörður in Ice

ies of half th
lations in th

eight of 1800

e. But in this

used are sum

members. In 
city is Ecm=
forced concr

on of long-t
r will contra

members the m
ed with the f

able 5-1. 

concrete. 

ite of 80% a

eland 

he cross-sect
is chapter th

0 mm instead

s detailed de

mmarized. 

this case th
=36000 MPa
rete is 25 kN/

term deflect
act with tim
modulus of e
following for

 

and the age w

tion. The 
he size of 
d of 2400 

sign also 

he chosen 
a and the 
/m3. 

tion. The 
me due to 
elasticity, 
rmula: 

when the 



Design of a 170 m long bridge over the fjord Þorskafjörður in Iceland 
 

40 
 

The cross sectional area of the concrete is: = 6460000  

The notional size is calculated to be: 2 = 466 

which gives after interpolation the creep coefficient as φ =1.56, see table 5-1, and the effective 
modulus of elasticity is determined to Ec,eff=14066 MPa. 

5.2.3.2 Reinforcement 
The quality of the reinforcement is chosen to be B500B with characteristic yield strength fyk=500 MPa. 

5.2.3.3 Prestress system 
As mentioned in chapter 4 for bridge type 1, the prestressing system is VSL 6-31. All technical 
information concerning VSL systems are acquired from technical brochures published by VSL 
International Ltd. (2010). Each tendon consists of 28 strands each consisting of 7 wires with a 
diameter of 15.7 mm with a total nominal cross-section Ap=4200 mm2, where each strand has a 
nominal cross section of 150 mm2. The steel quality of the wires is fp0,1k/fpk=1640/1860 MPa. The 
breaking load of each tendon is 7812 kN. The cables will be placed before casting in a group around a 
centerline that counteracts the moment from the self-weight of the bridge. The cables will be anchored 
individually with conical devices at each end of the bridge. When the concrete has achieved sufficient 
strength large multi-cable hydraulic jacks are used at both ends of the bridge to prestress the structure. 
When the required level of prestress is achieved the tendons are anchored at each end of the member. 
After anchorage, the ducts around the tendons are filled with cement grout under pressure, called 
bonded tendons. The cement grout is provided mainly to prevent corrosion of the tendons, but also it 
forms bond in the integrity of the anchor and hence improves its robustness. The prestressing process 
will be done in that manner that first the two internal spans will be constructed and prestressed and 
then finally the two external spans will be constructed and prestressed. To simplify the calculations it 
is assumed that the cables are calculated as one element, stressed from both ends of the bridge. 

5.2.4 Exposure classes and service life 
According to Eurocode 2 (EN 1992-1-1) a structure should be classified after environmental 
conditions, chemical and physical. This structure will be classified in the following classes: 

• Corrosion induced by carbonation: XC4 
• Corrosion induced by chlorides: XD3 
• Corrosion induced by chlorides from sea water: XS3 
• Freeze/Thaw Attack: XF4 

These classifications give a structural class of S4 according to table 4.3N in EC2. For that class the 
minimum concrete cover for reinforcement steel is cmin,dur=45 mm and for prestressing steel cmin,dur=55 
mm. Also, for post-tensioned members, the concrete cover should not be less than the diameter of the 
duct. In this case the external diameter of the duct is 117 mm. According to EC0, table 2.1, the service 
life (indicative design working life) for bridges is 100 years. 

5.2.5 Tendon alignment and prestress force 
The position of the centroid of the tendons should be chosen to give the highest effective depth. The 
alignment is based on concrete cover, the number and size of the tendons, the size of the cable ducts 
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fcm(t) is estimated from the following expressions: ( ) = ( )  

With βcc(t) as: 

( ) = exp 1 − 28 = exp 0.25 1 − 2810 = 0.85 

where s is chosen to 0.25 which is valid for cement of strength classes CEM Class N at 10 days and 
fcm is 53 MPa. From this fcm(t) is determined to 44.79 MPa and fck(t) to 36.79 MPa. Hence, the 
compressive strength at transfer becomes: ≤ 0.6 ( ) = 0.6 ∙ 36.79 = 22.07  

And the concrete strength at service time is: ≤ 0.6 = 0.6 ∙ 45 = 27  

EC2 does not lay down any compulsory permissible tension stresses so the choice of concrete tension 
stress limits is left to the discretion of the designer. Hence the design is restricted by not allowing high 
tensile stresses to develop at service and only the concrete tensile strength at transfer: 

. , ≤ 2.7  

And at service the maximum tensile stress is chosen to: ≤ 2.0  

The stresses in the cross-section are calculated according to Navier’s formula: 

= − + −
 

where P is the normal force, A is the area of the cross-section and I is the moment of inertia. Mg is the 
moment generated by self-weight, es is the eccentricity of the normal force and y is the location in the 
section where the stresses are calculated. In this equation P and es are unknown and have to be 
determined. The prestress force and eccentricity will be determined by developing a Magnel diagram, 
a method to determine a Magnel diagram is descriped in O’Brien (1999). Magnel diagrams are 
determined for the critical sections where the maximum transfer- and service moments occur. An 
estimation of the ratio between the prestress force at service and the prestress force at transfer, ρ, is 
made (generally from 0.75-0.90) and is chosen here to be 0.75. The critical sections that will be 
checked are external and internal spans and supports B and C. Figure 5-2 displays the load 
arrangements to establish the largest moments at each section at service stage. These load 
arrangements are determined based on influence lines that are created by the same method as in 
section 4 and can be seen in appendix B. 
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1 + ≤ 1            2 1 ≤ 1 +            3 1 + ≤ 1            4 

These inequalities represent half-planes bounded by the line on which the stress limits are just 
satisfied. To determine which half-plane represents the inequality, the origin of the Magnel diagram is 
substituted into inequality 1, 1/P=0 and e=0, and gives the following: 

0 ≤ 1            1 

If this is true (A is positive), the correct half-plane is the one containing the origin and the same 
procedure is done for the three remaining inequalities. 1 ≤ 0           2 

0 ≤ 1            3 1  ≤ 0          4 

Thus, for inequality 1 the half-plane contains the origin, for inequality 2 it doesn’t, for inequality 3 the 
half-plane contains the origin and for inequality 4 it doesn’t. For further information see appendix B 
and O’Brien (1999). 

After some calculation the Magnel diagrams are established (Appendix B) and the appropriate 
prestress force and eccentricity are chosen. The chosen prestress force is 46.512 kN (1/P=2.15 x 10-8 
N-1) which is based on the maximum allowable eccentricity that is at supports B and C. That requires 
approximately 8 tendons each with a breaking load of 7812 kN. The eccentricity limits at each section 
are given below, based on these Magnel diagrams. 

Section at support A: -180 mm ≤ e ≤ 283.6 mm 

Section at span 1: -210 mm ≤ e ≤ -410 mm 

Section at support B: 200 mm ≤ e ≤ 283.6 mm 

Section at span 2: -300 mm ≤ e ≤ -420 mm 

Section at support C: 250 mm ≤ e ≤ 283.6 mm 

On figure 5-3 is the longitudinal feasible zone and the cable layout displayed. That zone is based on 
the calculations above. 
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because of friction, this loss decreases along the length of the member to zero at a distance Ld from the 
jack. The extent of draw-in losses is determined with the following equation: 

= ∆( − )/  

where (Pjack-PL)/L is the slope of the distribution of prestress force if the friction loss is assumed to 
vary linearly. Δs is the total shortening of the tendon. The magnitude of the draw-in loss at the 
anchorage is then given by the following equation: 

∆ = 2 ( − )
 

where ΔP is the draw-in loss. The distribution of the prestress force after the draw-in loss is displayed 
in figure 5-6 where the decrease of this loss along the length of the member becomes zero at distance 
Ld approximately 15 m from the jack. 

 

Figure 5-6: Distribution of the prestress force after the draw-in loss for half of the total span. 

5.2.6.4 Time-dependent losses 
Losses in prestress which occur gradually over time are caused by shortening of the concrete due to 
creep and shrinkage and due to relaxation of the prestressing steel. Shrinkage is a time-dependent 
strain which occurs as the concrete sets and for a period after setting. The shrinkage strain approaches 
final value at infinite time. When maintained at a constant tensile strain, steel gradually loses its stress 
with time due to relaxation. The extent of the loss of stress in prestressing strands due to relaxation is 
determined by the stress to which the steel is tensioned, the ambient temperature and the class of steel. 
Maximum allowable value for relaxation losses of the prestressing steel are specified by the 
manufacturer as 2.5% for 15 mm strands. To determine the loss EC2 suggests that it should be based 
on the 1000 hour values given in figure 5-7. These values should be trebled to determine the final 
relaxation losses. 
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5.3 Ultimate moment capacity 
When the member has been designed to satisfy the transfer and service stress limits it is necessary to 
check for moment capacity in the ultimate limit state. As for ordinary reinforced concrete, the ultimate 
moment capacity of a prestressed section is calculated by equilibrium of forces at the corresponding 
section. The compressive strain in the concrete due to prestress, εce, at the level of the prestressing 
tendon is given with the following formula: 

= 1 +  

where Mp is the moment due to prestress and P is the prestress force, both after all losses, at the 
section that is calculated. The tendon strain is defined as (contraction positive): 

= − + −  

where Ap is the area of the prestress reinforcement and Ep is its modulus of elasticity. εct is the total 
ultimate strain in the concrete and is found with the following equation: 

 = −  ( − )
 

EC2 recommends that εult should be taken as 0.0035. Here d is the effective depth, distance from 
extreme fibre in compression to the center of tension reinforcement, and x is the distance from 
extreme fibre in compression to neutral axis. To calculate the equilibrium of forces the force in the 
steel, Fp, and the compressive force acting on the concrete in compression, Fc, are required: = (  ) 

= 0.8  

Here b is the width of the section which Fc is acting on. α is a coefficient which takes into account the 
long-term effects on the compressive strength and is 1.0. γc is the partial safety factor for concrete 
strength and is equal to 1.5 according to EC2. Now the following equation for equilibrium of forces is 
established and solved to find x: + = 0 

When x is found a check is made to see if the steel has yielded by substituting x into the equation for 
the tendon strain defined above. The initial yield strain for prestressing steel is ⁄  where γp is 
the partial safety factor for reinforcement strength and is equal to 1.15 according to EC2. εpu cannot 
exceed the initial strain, otherwise the steel has yielded. Finally the ultimate moment capacity can be 
determined with the following formula: = =  

with z as: = ( − 0.4 ) 
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Q1k= 300 αQ1= 0,9 αQ1∙Q1k= 270 kN

Q2k= 200 αQ2= 0,9 αQ2∙Q2k= 180 kN

q1k= 9 αq1= 1 αq1∙q1k= 9 kN/m2

q2k= 2,5 αq2= 1 αq2∙q2k= 2,5 kN/m2

q3k= 2,5 αq3= 1 αq3∙q3k= 2,5 kN/m2

F z M q l z M
For Q For q

CALCULATIONS OF GDF FOR BRIDGE TYPE 1

F z M q l z M
RA 5,6 RA∙x 5,6 RA∙x

135 6,8 918 9 3 5,8 156,6
135 4,8 648 2,5 3 2,8 21
90 3,8 342 2,5 3 ‐0,2 ‐1,5
90 1,8 162 ∑M= 176,1

∑M= 2070 RA= 31,45
RA= 369,64 GDFq= 1,16

GDFQ= 1,37 RB= 10,55

RB= 80,36

Total actions on half of the cross section for traffic loads in the length direction
1012 kN

37 kN/mq=GDFq*RA=

RA

Q=2*GDFQ*RA=
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Part b h A y0 S=Ay0 y‐y0 I0 A(y‐y0)
2 Ix

nr. mm mm mm2 mm mm3 mm mm4 mm4 mm4

1 1080 2400 2592000 1200 3,11E+09 431,1 1,24E+12 4,82E+11 1,73E+12
2 1080 2400 2592000 1200 3,11E+09 431,1 1,24E+12 4,82E+11 1,73E+12
3 10000 250 2500000 2525 6,31E+09 ‐893,9 1,30E+10 2,00E+12 2,01E+12

∑ 7684000 1,25E+10 5,46E+12

y= 1631,1 mm WTop= mm3

h= 2650 mm WBottom= mm3

u= 30100 mm
2A/u= 511 mm
φ= 1,54
Ec,eff= 14175 N/mm2

Part b h A y0 S=Ay0 y‐y0 I0 A(y‐y0)
2 Ix

nr. mm mm mm2 mm mm3 mm mm4 mm4 mm4

1 5000 250 1250000 2525 3,16E+09 ‐893,9 6,51E+09 9,99E+11 1,01E+12
2 1080 2400 2592000 1200 3,11E+09 431,1 1,24E+12 4,82E+11 1,73E+12

∑ 3842000 6,27E+09 2,73E+12

y= 1631,1 mm WTop= 2,68E+09 mm3

h= 2650 mm WBottom= 1,67E+09 mm3

In the middle of the span ‐ Half cross section

In the middle of the span

5,36E+09

3,35E+09

Perimeter:
Notional size:
Creep coefficient:

Effective elastic modulus:

Creep ‐ Effective elastic modulus

Note: All cross‐section calculations are done from the bottom fibre
Calculations for Area, Moment of Inertia and Section Modulus for Bridge Type 1
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Part b h A y0 S=Ay0 y‐y0 I0 A(y‐y0)
2 Ix

nr. mm mm mm2 mm mm3 mm mm4 mm4 mm4

1 1380 2400 3312000 1200 3,97E+09 363,1 1,59E+12 4,36548E+11 2,03E+12
2 1380 2400 3312000 1200 3,97E+09 363,1 1,59E+12 4,36548E+11 2,03E+12
3 10000 250 2500000 2525 6,31E+09 ‐961,9 1,30E+10 2,31335E+12 2,33E+12

∑ 9124000 1,43E+10 6,38E+12

y= 1563,1 mm WTop= 5,87E+09 mm3

h= 2650 mm WBottom= 4,08E+09 mm3

Part b h A y0 S=Ay0 y‐y0 I0 A(y‐y0)
2 Ix

nr. mm mm mm2 mm mm3 mm mm4 mm4 mm4

1 5000 250 1250000 2525 3,16E+09 ‐961,9 6,51E+09 1,16E+12 1,16E+12
2 1380 2400 3312000 1200 3,97E+09 363,1 1,59E+12 4,37E+11 2,03E+12

∑ 4562000 7,13E+09 3,19E+12

y= 1563,1 mm WTop= 2,51E+09 mm3

h= 2650 mm WBottom= 2,04E+09 mm3

u= 30100 mm
2A/u= 606 mm
φ= 1,50
Ec,eff= 14416 N/mm2

A W,Top W,Bottom I Weight

mm2 mm3 mm3 mm4 kN/m
7684000 5,36E+09 3,35E+09 5,46E+12 192,1
3842000 2,68E+09 1,67E+09 2,73E+12 96,05
9124000 5,87E+09 4,08E+09 6,38E+12 228,1
4562000 2,51E+09 2,04E+09 3,19E+12 114,05

25 kN/m3

2,1 kN/m2

Self weight of concrete for half of the bridge section
96,1 kN/m

10,5 kN/m

106,6 kN/m

36000 N/mm2

In the Middle of the Span

Over a support

Over a support

Summary

Ec=

Perimeter:
Notional size:
Creep coefficient:

Effective elastic modulus:

Creep ‐ Effective elastic modulus

Over a support ‐ Half cross section

Over a support ‐ half

In the middle of the Span ‐ half

γconcrete=

γpavement=

gconcrete=

gpavement=

gtot=
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Q1k= 300 αQ1= 0,9 αQ1∙Q1k= 270 kN

Q2k= 200 αQ2= 0,9 αQ2∙Q2k= 180 kN

q1k= 9 αq1= 1 αq1∙q1k= 9 kN/m2

q2k= 2,5 αq2= 1 αq2∙q2k= 2,5 kN/m2

q3k= 2,5 αq3= 1 αq3∙q3k= 2,5 kN/m2

F z M q l z M
For Q For q

CALCULATIONS OF GDF FOR BRIDGE TYPE 2

F z M q l z M
RA 10 RA∙x 10 RA∙x

135 9 1215 9 3 8 216
135 7 945 2,5 3 5 37,5
90 6 540 2,5 3 2 15
90 4 360 ∑M 268,5

∑M= 3060 RA 26,85
RA= 306,00 GDFq= 0,99

GDFQ= 1,13 RB= 15,15

RB= 144,00

Total actions on half of the cross section for traffic loads in the length direction
694 kN

27 kN/mq=GDFq*RA=

RA

Q=2*GDFQ*RA=

Appendix A

63



Re
le
va
nt
 d
is
ta
nc
es
 fo

r 
cr
os
s‐
se
ct
io
n 
ca
lc
ul
at
io
ns
 o
f t
he

 a
rc
h

Appendix A

64



Pa
rt

b
h

t
A

y 0
S=
A
y 0

y‐
y 0

I 0
A
(y
‐y

0)
2

I x

nr
.

m
m

m
m

m
m

m
m

2
m
m

m
m

3
m
m

m
m

4
m
m

4
m
m

4

Bo
x 
Se
ct
io
n

90
0

17
00

50
25

0.
00

0
85

0,
00

2,
13

E+
08

0,
0

9,
54

E+
10

0,
00

E+
00

9,
54

E+
10

St
iff
en

er
s 
N
r.
 1

‐
‐

‐
3.
90

0
11

8,
69

4,
63

E+
05

73
1,
3

5,
60

E+
06

2,
09

E+
09

2,
09

E+
09

St
iff
en

er
s 
N
r.
 2

‐
‐

‐
3.
90

0
17

5,
00

6,
82

E+
05

67
5,
0

1,
34

E+
07

1,
78

E+
09

1,
79

E+
09

St
iff
en

er
s 
N
r.
 3

‐
‐

‐
3.
90

0
40

0,
00

1,
56

E+
06

45
0,
0

1,
34

E+
07

7,
90

E+
08

8,
03

E+
08

St
iff
en

er
s 
N
r.
 4

‐
‐

‐
3.
90

0
62

5,
00

2,
44

E+
06

22
5,
0

1,
34

E+
07

1,
97

E+
08

2,
11

E+
08

St
iff
en

er
s 
N
r.
 5

‐
‐

‐
3.
90

0
85

0,
00

3,
31

E+
06

0,
0

1,
34

E+
07

0,
00

E+
00

1,
34

E+
07

A
19

49
,8

m
m

2
St
iff
en

er
s 
N
r.
 6

‐
‐

‐
3.
90

0
10

75
,0
0

4,
19

E+
06

‐2
25

,0
1,
34

E+
07

1,
97

E+
08

2,
11

E+
08

I x
2,
80

E+
06

m
m

4
St
iff
en

er
s 
N
r.
 7

‐
‐

‐
3.
90

0
13

00
,0
0

5,
07

E+
06

‐4
50

,0
1,
34

E+
07

7,
90

E+
08

8,
03

E+
08

I y
6,
70

E+
06

m
m

4
St
iff
en

er
s 
N
r.
 8

‐
‐

‐
3.
90

0
15

25
,0
0

5,
95

E+
06

‐6
75

,0
1,
34

E+
07

1,
78

E+
09

1,
79

E+
09

St
iff
en

er
s 
N
r.
 9

‐
‐

‐
3.
90

0
15

81
,3
1

6,
17

E+
06

‐7
31

,3
5,
60

E+
06

2,
09

E+
09

2,
09

E+
09

∑
28

5.
09

7
2,
42

E+
08

1,
05

E+
11

y=
85

0,
0

m
m

h=
17

00
m
m

W
el
=

1,
24

E+
08

m
m

3

St
iff
en

er
s

Ca
lc
ul
at
io
ns
 fo

r 
A
re
a,
 M

om
en

t o
f I
ne

rt
ia
 a
nd

 S
ec
tio

n 
M
od

ul
us
 F
or
 th

e 
St
ro
ng
er
 A
xi
s

Appendix A

65



Pa
rt

A
y

n
W

xi
Ty
pe

nr
.

m
m

2
m
m

m
m

3

1
19

49
,8

73
1,
31

4
57

03
69

0
St
iff
en

er
2

19
49

,8
67

5,
00

4
52

64
51

8
St
iff
en

er
3

19
49

,8
45

0,
00

4
35

09
67

9
St
iff
en

er
4

19
49

,8
22

5
4

17
54

83
9

St
iff
en

er
5

80
00

0
53

,0
0

4
1,
7E
+0
7

St
iff
en

er
6

45
00

0
82

5,
00

2
7,
4E
+0
7

Fl
an
ge

7
80

00
0

40
0

4
1,
3E
+0
8

W
eb

2,
35

E+
08

EN
V
 1
99

3‐
1‐
1

5.
4.
5 
an

d 
5.
4.
5.
2 
Be

nd
in
g 
M
om

en
t (
pa

ge
 6
5)

5.
4.
4 
Co

m
pr
es
si
on

 ((
1)
 a
nd

 (2
))
 (p

ag
e 
65

)

M
sd
=

15
87

5
kN

m
‐1
09

01
kN

a)
 D
es
ig
n 
pl
as
tic

 r
es
is
ta
nc
e 
co
m
pr
es
si
on

f y
=

35
5
M
Pa

92
00

9
kN

a)
 D
es
ig
n 
pl
as
tic

 r
es
is
ta
nc
e 
m
om

en
t

Ca
lc
ul
at
io
ns
 o
f p

la
st
ic
 s
ec
tio

n 
m
od

ul
us
 o
f t
he

 s
ec
tio

n

W
xp
l=

N
Sd
=

N
pl
.R
d=

.
Sd

c
Rd

M
M

≤ p
l,
R
d

p
l

y
M
0

M
=
W

f
/γ

⋅

.
Sd

c
Rd

N
N

≤

.
0

/
pl

Rd
y

M
N

Af
γ

=

2

p
l,
R
d

.

1
M

S
d

S
d

p
l

R
d

M
N

N
⎡

⎤
+

≤
⎢

⎥
⎢

⎥
⎣

⎦

y
35

5
M
Pa

9
00

9
kN

γ M
0=

1,
1

M
pl
.R
d=

75
98

4
kN

m

5.
4.
8.
1 
Be

nd
in
g 
an

d 
ax
ia
l f
or
ce

D
es
ig
n

15
87

5
O
K!

0,
22

10
90

1
O
K!

0,
21

0,
22

O
K!

@
 1
/4
 o
f a
rc
h:

@
 c
en

te
r 
of
 a
rc
h:

Co
m
pr
es
si
on

 [k
N
]

Be
nd

in
g 
[k
N
m
]

Co
m
bi
ne

d

Re
si
st
an

ce
75

98
4

92
00

9
1,
00

N
pl
.R
d

.
Sd

c
Rd

M
M

≤ p
l,
R
d

p
l

y
M
0

M
=
W

f
/γ

⋅

.
Sd

c
Rd

N
N

≤

.
0

/
pl

Rd
y

M
N

Af
γ

=

2

p
l,
R
d

.

1
M

S
d

S
d

p
l

R
d

M
N

N
⎡

⎤
+

≤
⎢

⎥
⎢

⎥
⎣

⎦

Appendix A

66



Part b h A y0 S=Ay0 y‐y0 I0 A(y‐y0)
2 Iy

[mm2] [mm2] [mm2] [mm] [mm2] [mm] [mm4] [mm4] [mm4]
Top Flange 300 40 12000 1160 1,39E+07 ‐570 1,60E+06 3,90E+09 3,90E+09

Web 40 1100 44000 590 2,60E+07 0 4,44E+09 0,00E+00 4,44E+09
Bottom Flange 300 40 12000 20 2,40E+05 570 1,60E+06 3,90E+09 3,90E+09

∑ 68000 4,01E+07 1,22E+10

y= 590 [mm]
h= 1180 [mm]
Wel= 2,07E+07 [mm3]

Part y A Wpl

2 3

5.4 Restistance of cross‐sections in EC3

Main girders ‐ Bridge type 2

[mm] [mm2] [mm3]
Top Flange 570 12000 6,84E+06 γM0= 1,1 fy= 355 MPa

Web 1 275 22000 6,05E+06
Web 2 275 22000 6,05E+06

Bottom Flange 570 12000 6,84E+06

∑ 2,58E+07 Where

44000 mm2

MSd,max= ‐7241 kNm

ε 0,81 VSd,max= 2087 kN

d 1100
tw 40

α 0,5 8320 kNm OK!
d/tw 27,5 8198 kN OK!
Class Class 1 →d/tw ≤ 33ε No reduction needed!
c 150
tf 40

c/tf 3,75
Class Class 1 →c/tf ≤ 9ε

Design values:

W
eb

Fl
an

ge

Cross Section Class, table 5.3.1 in EC3

Wpl=

Combined

Provided that the design value of the shear force 
V sd  does not exceed 50% of the design plastic 
shear resistance V pl.Rd  no reduction need be 

made

Shear
Moment

Resistance:

Shear area: Av=Σ(dtw)=

.Sd c RdM M≤

.Sd pl RdV V≤

. 0( / 3) /Sd pl Rd v y MV V A f γ≤ =
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Part b h A y0 S=Ay0 y‐y0 I0 A(y‐y0)
2 Iy

[mm2] [mm2] [mm2] [mm] [mm2] [mm] [mm4] [mm4] [mm4]
Top Flange 200 30 6000 845 5,07E+06 ‐415 4,50E+05 1,03E+09 1,03E+09

Web 30 800 24000 430 1,03E+07 0 1,28E+09 0,00E+00 1,28E+09
Bottom Flange 200 30 6000 15 9,00E+04 415 4,50E+05 1,03E+09 1,03E+09

∑ 36000 1,55E+07 3,35E+09

y= 430 [mm]
h= 860 [mm]
Wel= 7,79E+06 [mm3]

Part y A Wpl 5.4 Restistance of cross‐sections in EC3

Cross‐beams ‐ Bridge type 2

[mm] [mm2] [mm3]

Top Flange 415 6000 2,49E+06 γM0= 1,1 fy= 355 MPa

Web 1 200 12000 2,40E+06
Web 2 200 12000 2,40E+06

Bottom Flange 415 6000 2,49E+06

∑ 9,78E+06 Where

24000 mm2

MSd,max= 3025 kNm

ε 0,81 VSd,max= 1359 kN

d 800
tw 30

α 0,5 3156 kNm OK!
d/tw 26,67 4472 kN OK!
Class Class 1 No reduction needed!
c 100
tf 30

c/tf 3,333
Class Class 1

Design values:

Wpl=

Moment
Shear

Combined

Resistance:

Provided that the design value of the shear force 
V sd  does not exceed 50% of the design plastic 
shear resistance V pl.Rd  no reduction need be 

made

Fl
an

ge
W
eb

Cross Section Class, table 5.3.1 in EC3

Shear area: Av=Σ(dtw)=

.Sd c RdM M≤

.Sd pl RdV V≤

. 0( / 3) /Sd pl Rd v y MV V A f γ≤ =
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Q1k= 300 αQ1= 0,9 αQ1∙Q1k= 270 kN

Q2k= 200 αQ2= 0,9 αQ2∙Q2k= 180 kN

q1k= 9 αq1= 1 αq1∙q1k= 9 kN/m2

q2k= 2,5 αq2= 1 αq2∙q2k= 2,5 kN/m2

q3k= 2,5 αq3= 1 αq3∙q3k= 2,5 kN/m2

F z M q l z M

CALCULATIONS OF GDF FOR BRIDGE TYPE 3

For Q For q
F z M q l z M
RA 10 RA∙x 10 RA∙x

135 9 1215 9 3 8 216
135 7 945 2,5 3 5 37,5
90 6 540 2,5 3 2 15
90 4 360 ∑M 268,5

∑M= 3060 RA 26,85
RA= 306,00 GDFq= 0,99

GDFQ= 1,13 RB= 15,15

RB= 144,00

Total actions on half of the cross section for traffic loads in the length direction
694 kN

27 kN/m

Q=2*GDFQ*RA=

q=GDFq*RA=

RA
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Mmax

Vmax

Part b h A y0 S=Ay0 y‐y0 I0 A(y‐y0)
2 Iy

[mm2] [mm2] [mm2] [mm] [mm2] [mm] [mm4] [mm4] [mm4]
Top Flange 300 30 9000 845 7,61E+06 ‐415 6,75E+05 1,55E+09 1,55E+09

Web 30 800 24000 430 1,03E+07 0 1,28E+09 0,00E+00 1,28E+09
Bottom Flange 300 30 9000 15 1,35E+05 415 6,75E+05 1,55E+09 1,55E+09

∑ 42000 1,81E+07 4,38E+09

y= 430 [mm]
h= 860 [mm]
Wel= 1,02E+07 [mm3]

Part y A Wpl 5.4 Restistance of cross‐sections in EC3

Cross‐beams ‐ Bridge type 3

Part y A Wpl

[mm] [mm2] [mm3]

Top Flange 415 9000 3,74E+06 γM0= 1,1 fy= 355 MPa

Web 1 200 12000 2,40E+06
Web 2 200 12000 2,40E+06

Bottom Flange 415 9000 3,74E+06
∑ 1,23E+07 Where

24000 mm2

Cross Section Class MSd,max= 3237 kNm
ε 0,81 VSd,max= 672 kN

d 800
tw 30

α 0,5 3960 kNm OK!
d/tw 26,67 4472 kN OK!
Class Class 1 →d/tw ≤ 33ε No reduction needed!
c 150
tf 30

c/tf 5
Class Class 1 →c/tf ≤ 9ε

5.4 Restistance of cross sections in EC3

Provided that the design value of the shear force V sd 

does not exceed 50% of the design plastic shear 
resistance V pl.Rd  no reduction need be made

Moment
Shear

Combined

Resistance:

Design values:

W
eb

Shear area: Av=Σ(dtw)=

Fl
an

ge

Wpl=

.Sd c RdM M≤

.Sd pl RdV V≤

. 0( / 3) /Sd pl Rd v y MV V A f γ≤ =
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Part b h A y0 S=Ay0 y‐y0 I0 A(y‐y0)
2 Iy

[mm2] [mm2] [mm2] [mm] [mm2] [mm] [mm4] [mm4] [mm4]
Top Flange 400 30 12000 1185 1,42E+07 ‐585 9,00E+05 4,11E+09 4,11E+09

Web 30 1140 34200 600 2,05E+07 0 3,70E+09 0,00E+00 3,70E+09
Bottom Flange 400 30 12000 15 1,80E+05 585 9,00E+05 4,11E+09 4,11E+09

∑ 58200 3,49E+07 1,19E+10

y= 600 [mm]
h= 1200 [mm]
Wel= 1,99E+07 [mm3]

Part y A Wpl 5.4 Restistance of cross‐sections in EC3

Main girder ‐ Bridge type 3

[mm] [mm2] [mm3]

Top Flange 585 12000 7,02E+06 γM0= 1,1 fy= 355 MPa

Web 1 285 17100 4,87E+06
Web 2 285 17100 4,87E+06

Bottom Flange 585 12000 7,02E+06

∑ 2,38E+07 Where

34200 mm2

MSd,max= 7311 kNm

ε 0,81 VSd,max= 1247 kN

d 1140
tw 30

α 0,5 7677 kNm OK!
d/tw 38 6372 kN OK!
Class Class 1 →d/tw ≤ 33ε Combined No reduction needed!
c 200
tf 30

c/tf 6,67
Class Class 1 →c/tf ≤ 9ε

Provided that the design value of the shear force 
V sd  does not exceed 50% of the design plastic 

shear resistance V pl.Rd  no reduction need be made

Wpl=

Design values:

Shear area: Av=Σ(dtw)=

Resistance

Moment
Shear

W
eb

Fl
an

ge

Cross Section Class

.Sd c RdM M≤

.Sd pl RdV V≤

. 0( / 3) /Sd pl Rd v y MV V A f γ≤ =
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Column

tx L l ty B b
mm 300 1500 900 300 2300 1700

A 1920000 mm2

Reinforcement

Cover x (Pcs.) Sox y (Pcs.) Soy x (Pcs.) Sox y (Pcs.) Soy
mm 50 18 80,9 26 80,6 13 85,4 21 83,0
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Materials

Safety Class 3 ⇒ γn 1,2
Concrete C40/50

Outside Bars 1 ∅ 25 ⇒ Aslo 490,9 mm2/Bar
2

Inside Bars 1 ∅ 25 ⇒ Aslo 490,9 mm2/Bar

Stirrups 2 ∅ 10 ⇒ Asv 78,5 mm2/Bar

Creep, RH % 95 φ 1

Reinforcement #
Ks40 1 55
Ks60 2 Normalt utomhus samt inomhus i icke

Creep, RH %
Innomhus i uppvärmde lokaler

Ks60 2
Ss260S 3
B500B 4 ⩾ 95
Ks600S 5
Ns500 6
Nps500 7

Mycket fuktig miljö

75Normalt utomhus samt inomhus i icke 
uppvärmde lokaler

fcck fcc fctk fct Eck Ec Ec,eff εcu

MPa MPa MPa MPa MPa MPa MPa -
38 19,8 2,4 1,33 35.000 24.306 12.153 0,0035

fyk fst Esk Es εsy

MPa MPa MPa MPa -
O id B 500 435 200 000 200 000 0 00217

Rebars

Concrete

Outside Bars 500 435 200.000 200.000 0,00217
Inside Bars 500 435 200.000 200.000 0,00217
Stirrups 500 435 200.000 200.000 0,00217

Load

k 60.000

70.000

X‐Axis

NSd= 5121 kN
MSd= 27292 kNm

10.000

20.000

30.000

40.000

50.000

60.000

70.000

N
 (k
N
)

X‐Axis

‐30.000

‐20.000

‐10.000

0

10.000

20.000

30.000

40.000

50.000

60.000

70.000

0 5.000 10.000 15.000 20.000 25.000 30.000 35.000

N
 (k
N
)

M (kNm)

X‐Axis

‐30.000

‐20.000

‐10.000

0

10.000

20.000

30.000

40.000

50.000

60.000

70.000

0 5.000 10.000 15.000 20.000 25.000 30.000 35.000

N
 (k
N
)

M (kNm)

X‐Axis

Appendix A

73



Appendix B 

Appendix B

74



‐1.00

‐0.80

‐0.60

‐0.40

‐0.20

0.00

0.20

0.40

0.60

0.80

1.00

0.00 0.20 0.40 0.60 0.80 1.00M
/M

m
ax

x/Ltot

Influence Lines for Moment in External 
Spans

0.2*37 0.4*37 0.6*37 0.8*37 1.0*37

‐1.00

‐0.80

‐0.60

‐0.40

‐0.20

0.00

0.20

0.40

0.60

0.80

1.00

0.00 0.20 0.40 0.60 0.80 1.00M
/M

m
ax

x/Ltot

Influence Lines for Moment in Internal 
spans

0.2*48 0.4*48 0.6*48 0.8*48 1.0*48

Appendix B

75



‐1.00

‐0.80

‐0.60

‐0.40

‐0.20

0.00

0.20

0.40

0.60

0.80

1.00

0.00 0.20 0.40 0.60 0.80 1.00R/
Rm

ax

x/L

Influence Lines for Reaction Forces at 
Supports

RA RB RC

Appendix B

76



 

Appendix B

77



 

Appendix B

78



Appendix B

79



Appendix B

80



Appendix B

81



Calculations of secondary moment with the three-moment
equation

w1 99.023−
kN
m

:= w2 79.685−
kN
m

:=

Span lengths:

L1 37m:= L2 48m:=

L4 L1:= L3 L2:=

MA 0kN m⋅:= ME 0kN m⋅:=

MB 1kN m⋅:=

MC 1kN m⋅:=

MD 1kN m⋅:=

EIθ1
w1 L1

3
⋅

24
:= EIθ2

w2 L2
3

⋅

24
:=

EIθ4 EIθ1:= EIθ3 EIθ2:=

Given

MA L1⋅ 2 MB⋅ L1 L2+( )⋅+ MC L2⋅+ 6− EIθ1 EIθ2+( )⋅=

MB L2⋅ 2 MC⋅ L2 L3+( )⋅+ MD L3⋅+ 6− EIθ2 EIθ3+( )⋅=

MC L3⋅ 2 MD⋅ L3 L4+( )⋅+ ME L4⋅+ 6− EIθ3 EIθ4+( )⋅=

Thus, solving these equations, the total moment, with primary and secondary effects, are:

MB

MC

MD

⎛
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎠

Find MB MC, MD, ( )
16134

14882

16134

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

kN m⋅⋅=:=
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Secondary moment from prestress

Prestress forces at service and eccentrities at corresponding positions after losses:

PsupportA 35890kN:= eA 0mm:= MprimaryA PsupportA eA⋅ 0 kN m⋅⋅=:=

Pspan1 36875kN:= e1 410− mm:= Mprimaryspan1 Pspan1 e1⋅ 15119− kN m⋅⋅=:=

PsupportB 37441kN:= eB 283.6mm:= MprimaryB PsupportB eB⋅ 10618 kN m⋅⋅=:=

Pspan2 35482kN:= e2 420− mm:= Mprimaryspan2 Pspan2 e2⋅ 14902− kN m⋅⋅=:=

PsupportC 34795kN:= eC 283.6mm:= MprimaryC PsupportC eC⋅ 9868 kN m⋅⋅=:=

Hence the secondary moments become:

MsecondaryA 0kN m⋅:=

MsecondaryB MB MprimaryB− 5515 kN m⋅⋅=:=

Msecondaryspan1
13875
37000

MsecondaryB⋅ 2068 kN m⋅⋅=:=

MsecondaryC MC MprimaryC− 5015 kN m⋅⋅=:=

Msecondaryspan2 MsecondaryB
MsecondaryC MsecondaryB−

2
+ 5265 kN m⋅⋅=:=

Total bending from prestress:

MpA MsecondaryA MprimaryA+ 0 kN m⋅⋅=:=

Mp1 Msecondaryspan1 Mprimaryspan1+ 13050− kN m⋅⋅=:=

MpB MsecondaryB MprimaryB+ 16134 kN m⋅⋅=:=

Mp2 Msecondaryspan2 Mprimaryspan2+ 9637− kN m⋅⋅=:=

MpC MsecondaryC MprimaryC+ 14882 kN m⋅⋅=:=
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Calculations of ultimate moment capacity

Ap1 4200mm2
:= Ep 195000MPa:=

Ap 8 Ap1⋅:= Ec 36000MPa:=

Igsupport 1.5648 1012
⋅ mm4

:= Agsupport 3770000mm2
:=

Igspan 1.3462 1012
⋅ mm4

:= Agspan 3230000mm2
:=

Bending from self-weight and traffic loads in ULS:

MsupportA1 0kN m⋅:=

Mspan11 30314kN m⋅:=

MsupportB1 40838− kN m⋅:=

Mspan21 31954kN m⋅:=

MsupportC1 43737− kN m⋅:=

Bending in ULS with prestress:

MA.ULS MsupportA1 MA+ 0 kN m⋅⋅=:=

M1.ULS Mspan11 Msecondaryspan1+ Mprimaryspan1+ 17264 kN m⋅⋅=:=

MB.ULS MsupportB1 MsecondaryB+ MprimaryB+ 24704− kN m⋅⋅=:=

M2.ULS Mspan21 Msecondaryspan2+ Mprimaryspan2+ 22317 kN m⋅⋅=:=

MC.ULS MsupportC1 MsecondaryC+ MprimaryC+ 28855− kN m⋅⋅=:=
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Effective depth, d: Width of the girder:

d1 1163.3mm:= bspan 1100mm:=

dB 1523.5mm:= bsupport 1400mm:=

Allowable yield strength of the steel (figure 3.10 in EC2):
d2 1173.3mm:=

fpk 1860MPa:= fp0.1k 1640MPa:=

dC 1523.5mm:=
γp 1.15:=

fck 45MPa:= fpd
fp0.1k

γp
1426 MPa⋅=:=

fpd
Ep

0.007313=

γc 1.5:=
εud 0.02:= Strain limit recommended by EC2.

α 1:=
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Ultimate moment capacity at span 1:
Ultimate compressive strain in concrete:

εult 0.0035:=

Concrete strain due to prestress at the level of the tendon:

εce.1
1
Ec

Pspan1
Agspan

Mp1 e1⋅

Igspan
+

⎛
⎜
⎝

⎞
⎟
⎠

⋅ 0.000428=:=

Total ultimate strain in concrete at the level of the tendons:

εct.1
εult− d1 x1−( )⋅

x1
=

Tendon strain:

εpu.1
Pspan1−

Ap Ep⋅
εct.1+ εce.1−=

Concrete compressive force:

Fc.1 0.8 x1⋅ bspan⋅
α fck⋅

γc
⋅=

Total force in tendon:

Fp.1 Ap Ep εpu.1⋅( )⋅=

Equilibrium of forces:

Fp.1 Fc.1+ 0=

Which leads to:

x1 1mm:=

Given

Ap Ep
Pspan1−

Ap Ep⋅

εult− d1 x1−( )⋅

x1
+ εce.1−

⎡
⎢
⎣

⎤
⎥
⎦

⋅
⎡
⎢
⎣

⎤
⎥
⎦

⋅ 0.8 bspan⋅ x1⋅
α fck⋅

γc
⋅+ 0=

x1 Find x1( ) 1.371 m=:=

Check if steel stress is ok:

εct.1
εult− d1 x1−( )⋅

x1
0.000531=:=

εpu.1
Pspan1−

Ap Ep⋅
εct.1+ εce.1− 0.005525−=:= Less than fpd/Ep=0.007313
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Ultimate moment capacity:

z1 d1 0.4 x1⋅−( ) 0.615 m⋅=:=

Fc1 0.8 bspan⋅ x1⋅
α fck⋅

γc
⋅ 36199 kN⋅=:=

Mult1 Fc1 z1⋅ 22256 kN m⋅⋅=:=
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Ultimate moment capacity at support B:
Ultimate compressive strain in concrete:

εult 0.0035=

Concrete strain due to prestress at the level of the tendon:

εce.B
1
Ec

PsupportB
Agsupport

MpB eB⋅

Igsupport
+

⎛
⎜
⎝

⎞
⎟
⎠

⋅ 0.000357=:=

Total ultimate strain in concrete at the level of the tendons:

εct.B
εult− dB xB−( )⋅

xB
=

Tendon strain:

εpu.B
PsupportB−

Ap Ep⋅
εct.B+ εce.B−=

Concrete compressive force:

Fc.B 0.8 xB⋅ bsupport⋅
α fck⋅

γc
⋅=

Total force in tendon:

Fp.B Ap Ep εpu.B⋅( )⋅=

Equilibrium of forces:

Fp.B Fc.B+ 0=

Which leads to:

xB 1mm:=

Given

Ap Ep
PsupportB−

Ap Ep⋅

εult− dB xB−( )⋅

xB
+ εce.B−

⎡
⎢
⎣

⎤
⎥
⎦

⋅
⎡
⎢
⎣

⎤
⎥
⎦

⋅ 0.8 bsupport⋅ xB⋅
α fck⋅

γc
⋅+ 0=

xB Find xB( ) 1.301 m=:=

Check if steel stress is ok:

εct.B
εult− dB xB−( )⋅

xB
0.000599−=:=

εpu.B
PsupportB−

Ap Ep⋅
εct.B+ εce.B− 0.006671−=:= Less than fpd/Ep=0.007313
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Ultimate moment capacity:

zB dB 0.4 xB⋅−( ) 1.003 m⋅=:=

FcB 0.8 bsupport⋅ xB⋅
α fck⋅

γc
⋅ 43707 kN⋅=:=

MultB FcB zB⋅ 43846 kN m⋅⋅=:=
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Ultimate moment capacity at span 2:
Ultimate compressive strain in concrete:

εult 0.0035=

Concrete strain due to prestress at the level of the tendon:

εce.2
1
Ec

Pspan2
Agspan

Mp2 e2⋅

Igspan
+

⎛
⎜
⎝

⎞
⎟
⎠

⋅ 0.000389=:=

Total ultimate strain in concrete at the level of the tendons:

εct.2
εult− d2 x2−( )⋅

x2
=

Tendon strain:

εpu.2
Pspan2−

Ap Ep⋅
εct.2+ εce.2−=

Concrete compressive force:

Fc.2 0.8 x2⋅ bspan⋅
α fck⋅

γc
⋅=

Total force in tendon:

Fp.2 Ap Ep εpu.2⋅( )⋅=

Equilibrium of forces:

Fp.2 Fc.2+ 0=

Which leads to:

x2 1mm:=

Given

Ap Ep
Pspan2−

Ap Ep⋅

εult− d2 x2−( )⋅

x2
+ εce.2−

⎡
⎢
⎣

⎤
⎥
⎦

⋅
⎡
⎢
⎣

⎤
⎥
⎦

⋅ 0.8 bspan⋅ x2⋅
α fck⋅

γc
⋅+ 0=

x2 Find x2( ) 1.335 m=:=

Check if steel stress is ok:

εct.2
εult− d2 x2−( )⋅

x2
0.000424=:=

εpu.2
Pspan2−

Ap Ep⋅
εct.2+ εce.2− 0.00538−=:= Less than fpd/Ep=0.007313
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Ultimate moment capacity:

z2 d2 0.4 x2⋅−( ) 0.639 m⋅=:=

Fc2 0.8 bspan⋅ x2⋅
α fck⋅

γc
⋅ 35248 kN⋅=:=

Mult2 Fc2 z2⋅ 22532 kN m⋅⋅=:=
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Ultimate moment capacity at support C:
Ultimate compressive strain in concrete:

εult 0.0035=

Concrete strain due to prestress at the level of the tendon:

εce.C
1
Ec

PsupportC
Agsupport

MpC eC⋅

Igsupport
+

⎛
⎜
⎝

⎞
⎟
⎠

⋅ =:=

Total ultimate strain in concrete at the level of the tendons:

εct.C
εult− dC xC−( )⋅

xC
=

Tendon strain:

εpu.C
PsupportC−

Ap Ep⋅
εct.C+ εce.C−=

Concrete compressive force:

Fc.C 0.8 xC⋅ bsupport⋅
α fck⋅

γc
⋅=

Total force in tendon:

Fp.C Ap Ep εpu.C⋅( )⋅=

Equilibrium of forces:

Fp.C Fc.C+ 0=

Which leads to:

xC 1mm:=

Given

Ap Ep
PsupportC−

Ap Ep⋅

εult− dC xC−( )⋅

xC
+ εce.C−

⎡
⎢
⎣

⎤
⎥
⎦

⋅
⎡
⎢
⎣

⎤
⎥
⎦

⋅ 0.8 bsupport⋅ xC⋅
α fck⋅

γc
⋅+ 0=

xC Find xC( ) 1.25 m=:=

Check if steel stress is ok:

εct.C
εult− dC xC−( )⋅

xC
0.000767−=:=

εpu.C
PsupportC−

Ap Ep⋅
εct.C+ εce.C− 0.006409−=:= Less than fpd/Ep=0.007313
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Ultimate moment capacity:

zC dC 0.4 xC⋅−( ) 1.024 m⋅=:=

FcC 0.8 bsupport⋅ xC⋅
α fck⋅

γc
⋅ 41990 kN⋅=:=

MultC FcC zC⋅ 42982 kN m⋅⋅=:=
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