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Task: Reinforced Concrete Bridge Project
Type of bridge: Overpass above motorway with two lanes carriageway
Design parameters:
-

a=………/cm/ - width of footway path of motorway

-

b=………/cm/ - width of lane carriageway of motorway

-

c=………/cm/ - width of central reserve

-

H=………/cm/ - clearance between central reserve and bottom of superstructure

-

n=………(n.75cm)-width of footway path of road

-

e=25-30cm – distance between center of bearing and face of support

-

f=35-40cm- distance between center of bearing and face of beam

Bridge slab- cast-in-place reinforced concrete
Bridge main longitudinal beam – prestressed precast reinforced concrete

Transversal cross section

1

Detail

Recommended dimensions:
d=140÷180 [cm]
dc=(0,4÷0,6)d [cm]
1

1

hf = (10 ÷ 9) d + (35 ÷ 40) [mm]
1

1

hc = (15 ÷ 12) l0 [cm]
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Seminar №1
General Plan of the Bridge

The task is to design a bridge above a motorway with 2 lane carriageways, 2 footing
sidewalks and central reserve. The bridge will have 2 equal spans and 3 supports – 2 abutments
and one central support, which is situated in the central reserve. This support is called a “pier”.
The bridge is situated in a straight lane. The bridge typology (classification) is given at the
lecture. The designed bridge is:
-

situated in a straight lane without skew

-

overpass

-

a reinforced concrete one with precast prestressed main beam and cast-in-situ-slab

-

a beam type

-

with carriageway above the structure.
The content of the project is:
1. Explanatory notes, static calculations and design checks for the main bridge structure
elements – bridge slab, main beam and elastomeric bearing.
2. Drawings - 3 or 4.
The drawings are:
1. General plan;
2. Formwork (shuttering) and reinforcement plan of the bridge slab;
3. Same for the main beam.
There are two main parts of the bridge structure:
1. Superstructure – the part above bearings;
2. Substructure – the part below bearings.
It is obvious that only the superstructure is designed.
Content of the general plan:
1. Longitudinal section – Fig. 1.1
2. Front view - Fig. 1.2
3. Transversal section- Fig. 1.3;
4. Support plan – Fig. 1.4 a);
5. Foundation plan – Fig. 1.4 b);
6. Formwork plan of the slab – Fig. 1.5 a);
7. View from above (a bird eye’s view) – Fig. 1.5 b);
8. Detail of the sidewalk – Fig 1.6.
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Fig. 1.1 Longitudinal section.

4

Fig. 1.2 Front view.
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Fig. 1.3 Transversal section.
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Fig. 1.4 a) Support plan

b) Foundation plan.
7

Fig. 1.5 a) Formwork plan of the slab b) View from above (a bird eye’s view).
8

Fig. 1.6 Detail of the sidewalk.
Definition: The general plan is the projection of the bridge structure on the main three
coordinate planes.
The scale is 1:50 except the detail which is on 1:10 scale.
Expansion joints are assumed at each support. The purpose of the joints is to allow the
differential movements between the adjacent parts of the bridge construction without creation of
internal forces. The modern bridge practice is to design expansion joints only at the ends of the
bridge. More about calculation and construction of the expansion is given at the lecture. The width
of the joint (4 to 6cm) will be assumed in the project without calculations.
The distances between the center of the bearing and the corner of the beam (f) and the end
of the supports (e) are assumed (Fig. 1.7).
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Fig. 1.7 Longitudinal section.
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Fig. 1.8 Transversal section.
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The beams are simply supported and at each support are placed elastomeric bearings. The
dimensions of the bearing will be determined after the detailed calculations. The first assumption
of the dimensions could be 200/300/52 mm.
There are two types of the abutment construction:
1. Type retaining wall. The construction is visible (Fig. 1.9 a));
2. Frame type. The construction is hidden within the embankment (Fig 1.9 b)).

Fig. 1.9 Types of the abutment construction: a) type retaining wall; b) frame type.
The second type will be assumed in the design.
The parts of the abutment are (Fig. 1.7):
1. Collar beam (girder)
2. Gardballast (guard) wall;
3. Wingwalls;
4. Approach slab.
The span of the beam will be calculated assuming that the distance between the beam corner
and the slope of the embankment is at least 50 cm. This is required at the bridge code for the
inspection and maintenance of the bearings. The width of the joint is assumed equal to 5 cm (Fig.
1.7).
𝒄

𝟓

Then the design span of the beam is 𝒍𝟎 = 𝒂 + 𝒃 + 𝟐 + (𝑯 − 𝟓𝟎). 𝟏, 𝟓 − 𝟐. 𝒇 − 𝟐.
The next step is to determine the number of the beams N and the distance d between them.
The typical distance d is between 140 and 180 cm.
The overall width W of the bridge superstructure can be calculated using the width of the
sidewalks and the width of the carriageway. The cantilever is approximately a half of the distance
between beams (Fig. 1.8).
Then 𝑑 =

𝑊
𝑁

(not rounded).

The overall height of the beam and the slab hc depends on the distance between beams and
1
1
the design beam span. It is assumed 15 from the design span if the distance d=140 cm and 12 if
d=180 cm. For the intermediate values linear interpolation is applied. The slab depth hf =
1
1
( ÷ ) d + (35 ÷ 40) [mm]. Please note that the bridge slab is one way slab and for the
10
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1

1

buildings the depth is ( ÷ ) d. The minimum depth is 16 cm. The rest is the height of the
25
30
beam. It must be divisible by 0 or 5. The other dimensions of the beam are given at the Fig. 1.10. It
is better to assume at least 55 cm width of the bottom flange and 20 cm width of the web.
Recommendation: Assume maximum 8 beams.

Fig. 1.10 Beam dimensions
The slab concrete grade is minimum C 30/37 and it depends on the environmental class
which is XC3 (outside concrete surfaces protected against rain). The beam concrete grade is
minimum C 35/45. The minimum concrete grades are given in the NA-National Annex of the
EUROCODE.
Next step is the arrangement of the shape of the main beam. It is necessary to increase the
beam web depth at the ends of the beam for the installation of the anchorage devices. This is
required also for the increasing the shear resistance. The transition length with the increased depth
is equal to the beam height. The length of transition is about 25-30 cm (Fig.1.11).

Fig. 1.11
The slope of the slab is achieved with small reinforced elements called ashlars. The slab slope
follows the slope of the carriageway. The minimum depth of the ashlars is 5 cm (Fig. 1.8). The
slab depth at the end of the beam is increased with the slope.
The height of the collar beam of the abutment can be determined assuming that it ends at
least 20 cm below the fill. The guard wall depth is 30-40 cm and it is connected with the wing
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walls. The end of the wing wall is 50-60 cm behind the intersection of the slope of the fill and the
top of the guard wall. The bottom part of the wing wall is parallel to the slope (Fig. 1.7).
The approach slabs are cast in place. They ensure the transition bridge-roadway. Its usual
length is 2-5 m. Its depth is 20-30 cm. The required slope for drainage is 1:10 (Fig. 1.7).
The abutment columns are with slope of the front side 10:1 or 5:1. Its depth is assumed 4050cm for minimizing the earth pressure. The top of the foundation should be about 80 cm below
the ground level (below frozen soil). Its depth is about 100-150 cm. The foundation extensions
are about 100-150 cm. The blinding concrete is with 10 cm depth and is usually made of concrete
grade C12/15 which is the minimum concrete grade for concrete w/o reinforcement (Fig. 1.7).
All abutment parts are cast in place reinforced concrete grade C 30/37.
The pier is frame type one or wall type one. Both decisions will be accepted. For lifting the
superstructure, when the bearings shall be replaced, it is required distance 25-30 cm between the
end of pier collar beam and the end main beam (Fig. 1.8). The concrete grade C30/37 is used for
the pier.
The short dimension of the bearing (200 mm) must be parallel to the bridge axis.
The sidewalk detail shows the position and the dimensions of parapet and cornice, safety
barrier and drainage, water proof and asphalt concrete, footway path and pipes for
communications.
The minimum height of the parapet is 110 cm. The typical parapets are made of steel. The
parapet is interrupted at the places of the expansion joints.
The safety barrier is assumed as elastic type. It has a base steel profile N10 and elastic barrier.
The profile is welded to the base slab.
The drainage is with iron pipes with 150 mm diameter which are placed 15 cm away from the
sidewalk. The bottom of the pipe should be at least 15 cm below the bottom of the beam.
The pavement is with total thickness 11cm – 1 cm of water proofing and 10cm of dense
asphalt concrete with 2 layers (5 cm each). Additional concrete layers for protecting and for slope
formation are not allowed.
For different communications (telephone, cable TV, lighting, electricity) several PVC pipes
with 110 mm diameter should be placed inside the sidewalk.
The cornice is cast in place element. The parapet base plate is anchored in the cornice.
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Seminar №2
Bridge Road Slab Design
The first designed element is the bridge road slab.
Schedule for the design:
1. Static model
2. Loading
3. Static calculation
4. Design checks
5. Detailing
1. Static model
When the ratio between the longer and the shorter span of the slab exceeds 2 then the slab is
assumed one way reinforced concrete slab (Fig. 2.1).

Fig. 2.1
We consider a strip in the short direction with unspecified width. It is assumed 1 m for
simplification. This strip is continuous and is supported by the beams. For one way building slabs,
the beams have been considered as stiff beams. For bridge road slabs, the beams are assumed as
deformed in the span (Fig. 2.2).

Fig. 2.2
For bending moment calculation “by hand”, it is assumed a basic simple span beam with
a span L equal to the sum of the clear short span of the slab and the slab depth (Fig. 2.3). The
bending moment in the middle of the span has been calculated. The bending moments in the
continuous one way slab are determined by multiplying this moment with relevant coefficients
(Fig. 2.2).
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For shear force calculation, it is assumed a simple span beam with a span equal to the
clear distance between the top flanges of the beams. The calculated shear forces are assumed as
final design forces (Fig. 2.4).
v

Fig.2.3. Static model for bending moments

Fig. 2.4 Static model for shear forces

1. Actions
1.1 Permanent actions (self weight of the slab and the pavement) gk.
-

slab self weight – hf*25=…[kN/m2]

-

pavement self weight –0.11*22=…[kN/m2]

1.2. Traffic action – the main traffic load model is LM1 - tandem system TS and uniformly
distributed action UDL (Fig. 2.5).

Fig. 2.5 Load model 1 (LM1)
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3. Static calculation
3.1. Bending moments
3.1.1. Bending moment at the basic beam due to the permanent characteristic actions (Fig.
2.6):
𝑀𝑔𝑘 =

𝑔𝑘 .𝐿2
8

[kNm/m]

3.1.2 Same due to the load model LM1
3.1.2.1 Bending moment caused by UDL at the first notional line q1k=9*0.8=7.2 kN/m2 (Fig.
2.7)
𝑀𝑈𝐷𝐿 =

7,2.𝐿2
8

[kNm/m}

Fig. 2.6

Fig. 2.7

3.1.2.2 Bending moment caused by TS1 at the first notional line
A part of the slab, which is called distribution length, is assumed to contribute for the
carrying of traffic loads. It depends on the position of the load (Fig. 2.8).

Fig. 2.8
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If it is in the middle of the span then:
𝑙

𝑎𝑒𝑓𝑓,𝑠𝑝𝑎𝑛 = 𝑎 + 4 [m].
For TS1 check for interaction between the adjacent forces must be carried out. If
aeff,span<1.20 m (Fig. 2.9 a)) then interaction does not exist and the equivalent UDL for TS1 is
𝑞𝑒𝑞 =

240
2

𝑏.𝑎𝑒𝑓𝑓,𝑠𝑝𝑎𝑛

[kN/m2].

Otherwise 𝑞𝑒𝑞 = 𝑏.(𝑎

2.

240
2

𝑒𝑓𝑓,𝑠𝑝𝑎𝑛 +1,2)

[kN/m2].

Fig. 2.9
a – dimension of the distributed contact support area in the direction of traffic;
b– dimension of the distributed contact support area in opposite direction (Fig. 2.10).
For TS a=b.

Fig. 2.10
If it is at the face of the support then: aeff,sup=a.
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The maximum moment may be calculated using the influence line for the bending moment
in the midspan caused by unit load at any position.
The value MTS1 is equal to the area of the influence line below the load multiplied with qeq
(Fig. 2.11).

Fig. 2.11
3.1.3

Combination of the design actions for ULS design g+LM1:

MEd=γg*Mgk+γq*(MUDL+MTS1)
The partial safety coefficients γg=γq=1.35
3.1.4 Bending moments at the basic construction (continuous beam) (Fig. 2.2)
-

bending moment at the middle of the span MEd,span=0.5MEd;

-

bending moment at the support MEd,sup=0.7MEd.

3.2 Shear force
d

The design shear force is at the section at the distance 2 from the support (face of the beam).
Here d is the effective slab depth d=hf - cnom -

∅
2

≈ hf - 4 /cm/.

The concrete cover cnom=cmin +Δcdev=20+10=30 [mm]
3.2.1 Shear force caused by permanent characteristic actions (Fig. 2.12)
𝑉𝑔𝑘 = 𝑔𝑘 .

𝑙−𝑑
2

[kN/m]

3.2.2. Shear force caused by LM1
3.2.2.1 Shear force caused by UDL at the first notional line q1k=9*0.8=7.2 [kN/m2] (Fig.
2.13)
𝑉𝑈𝐷𝐿 = 7,2.

𝑙−𝑑
2

[kN/m]
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Fig. 2.12

Fig. 2.13

3.2.2.2 Shear force caused by TS1
The contact surface area has been placed at the most unfavorable position according to the
influence line, i.e. close to section “d/2” (Fig. 2.14). For simplification the reduction of aeff close to
the support will not be taken into account. Then
𝑄𝑘1
.
2

𝑉𝑇𝑆1 = 𝑄𝑒𝑞 . 𝜂 = 𝑎

𝑒𝑓𝑓

.

(𝑙−𝑥)
𝑙

[kN/m] where

aeff=a+0,5.x
Qk1=240 kN.

Fig. 2.14
3.2.3 Combination of the design actions for ULS design
g+LM1

VEd=γg*Vgk+γq*(VUDL+VTS1)

4 Design for bending and shear at ULS
4.1. Bending moment calculations
The procedure for the calculation of the required area for the tensile reinforcement is similar
as the procedure at the project on “Reinforced concrete”. The differences are as follows:
20

-higher concrete grade - minimum C30/37;
-minimum slab depth 160 mm;
- design concrete strength 𝑓𝑐𝑑 =

𝛼𝑐𝑐 .𝑓𝑐𝑘
𝛾𝑐

=

0,85.30
1,5

= 17 𝑀𝑃𝑎 .

The number of the bars for 1 linear meter is equal to the calculated area As1 divided to the
area of one bar. The steel class is B500B with 𝑓𝑦𝑑 =

𝑓𝑦𝑘
𝛾𝑠

500

= 1,15 = 435 𝑀𝑃𝑎 .

Minimum reinforcement:
𝐴𝑠,𝑚𝑖𝑛 = 0,26.

𝑓𝑐𝑡𝑚
𝑓𝑦𝑘

2,9

. 𝑏. 𝑑 = 0,26. 500 . 𝑏. 𝑑 = 0,0015. 𝑏. 𝑑 > 0,0013. 𝑏. 𝑑

The minimum number of bars is 6 and the minimum diameter is 10. The maximum number
of bars for 1 m is 14.
The calculation starts by determining of the reinforcement at the middle of the span. The
typical detailing is only with straight bars. The total number of the bars is equal to the number of
the bars for 1 meter multiplied by the longer span of the slab.
For the support design the procedure is repeated.
4.2 Shear force calculations
The procedure is the same as at the project on “Reinforced concrete”. The check is “design for
maximum shear without shear reinforcement”.
VEd≤max(VRd,c;Vmin)
Otherwise:
- the slab depth should be increased;
- tensile top reinforcement should be increased;
- the concrete class should be increased.
5. Detailing
The distribution reinforcement should be at least 20% from the bottom main reinforcement
and at least 4 bars with diameter 8 mm. It is placed at the bottom and at the top of the slab.
At the short sides of the slab at transversal beams are designed top bars without calculation
with minimum area 30%As1. The minimum number of the bars is 6 and the minimum diameter is 8
mm.
At the free edges of the slab w/o calculation “U” bars are placed with number and diameter
as the top reinforcement. The overlapping with the top bars is 50 times bar diameter.
The recommended scale of the slab reinforcement drawing is 1:25.
In the drawing remarks have been written for the concrete and steel grade, concrete cover,
splices and others.
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Seminar №3
Beam section properties

The next step is the section properties calculation for the beam and for the beam and slab.
The analysis shall account for the behavior of the bridge construction elements at all stages of
construction. The appropriate geometry and section properties for each stage should be used.
The first stage is the construction stage. It includes the following actions:
- beam self weight (g1);
- prestressing (P);
- slab self weight (g2).
At this stage the section properties for the beam, marked with “I”, should be calculated (Fig.
3.1). The first section property is the center of gravity of the beam. It is determined using the
formula:
𝑦𝑐𝐼 =

∑ 𝐴𝑖 .𝑦𝑖
∑ 𝐴𝑖

[cm], ∑Aj=AI [cm2].

The proposed unit is centimeter.
For calculation “by hand” the section has been divided into simple triangles and rectangles.
The second section property is the second moment of the beam cross section area. It is
determined using the formula 𝐽𝐼 = ∑ 𝐽𝑖 + ∑ 𝐴𝑖 . (𝑦𝑐𝐼 − 𝑦𝑖 )2 [cm4].
The first moment for the top and the bottom of the beam should be calculated using the
formulas:
𝐽𝐼

𝐼
𝑊𝑏𝐼 = 𝑦 𝐼 [cm3]; 𝑊𝑡𝑏
=ℎ
𝑐

𝐽𝐼

𝐼
𝑏 −𝑦𝑐

[cm3].

Fig. 3.1
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The second stage is the serviceability stage marked with “II” (Fig. 3.2). It includes the
following actions:
- pavement and sidewalk self weight (g3);
- traffic actions (q).
At this stage the section properties for the beam and the slab composite section should be
determined. The effective slab width is assumed equal to the distance between the beam axes. The
following section properties should be calculated:
- center of gravity (yCII);
- second moment of the composite section area JII;
- first moments for the bottom WbII and the top of the beam WtII and for the top of the slab
WtsII.

Fig. 3.2
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Seminar №4
Static calculation of the internal forces
The first end beam resists significant permanent actions. On the other hand, the internal
beams are subjected mainly to traffic actions. It is hardly to assume without precise calculation
which beam is the heaviest loaded beam.
In this case the internal forces at two main beams should be calculated – beam 1 and beam 2
(or beam 3).
For this beams the internal forces at three characteristic sections should be calculated as
follows (Fig. 4.1):
1. Section (c) at the middle of the span lo. This section is with the maximum bending
moment. The required prestressing force should be determined using the results for this section.
2. Section (b) at the quarter of the beam. This section is with significant bending moments
and shear forces. So, the checks for the principal stresses and checks for the shear reinforcement
should be completed.
3. Section (a) at the beginning of the transition length for thickening of the web. This is the
section with maximum shear and checks for the shear reinforcement should be completed.

Fig. 4.1
A. Permanent actions. Bending moments and shear forces caused by permanent
actions
For simplification it is assumed that each beam resists the permanent actions between the
centers of the adjacent spans of the beam (for the first beam between the center of the first internal
span and the cantilever end) – Fig. 4.2.
The beam self weight per 1 m g1k is calculated using the formula g1k=AI.25 [kN/m].
The slab self weight per 1 m for beam 1 g2k is calculated using the formula 𝑔2𝑘 =
𝑑
(𝑑𝑐 + ) . ℎ𝑓 . 25 [kN/m].
2

24

The pavement and sidewalk self weight g3k is calculated using the relevant areas and the
volume densities. For the water insulation and asphalt concrete the volume density is 22 kN/m3.
The parapet and safety barrier self weight is assumed 1 kN/m uniformly distributed action.

Fig. 4.2
The bending moments for each characteristic action gjk and for each section of the beams can
be easily calculated. The first way is using so called “ω”-values. The “ω”-value is the ratio
between the bending moments at the cross section considered and the maximum moment. The
second way is using the formula:
𝑀gi𝑘 (x) = 𝑔𝑖𝑘 . 𝑥.

𝑙0 −𝑥
2

[kN.m].

Different computer programs could be used.
The shear forces for each action gi and for each section of the beams are calculated in the
same way (Fig. 4.3).
𝑙

𝑉gi𝑘 (x) = 𝑔𝑖𝑘 . ( 20 − 𝑥) [kN].

Fig. 4.3
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B.

Bending moments caused by traffic actions.

There are two main approaches for calculations:
1.

Calculations “by hand”.

2.

Calculations using computer program.

The first approach can be used only for simple bridge structures. The following assumptions
for the bridge structure must be valid:
- equal distance between beams;
- the bridge must be situated in a straight line;
- the bridge is without skew;
- the second moment of cross section area for the end beam and for the internal beams are
approximately equal;
- the beams are simply supported;
- the base case is with one transversal beam at the middle of the span and two transversal
beams at the supports of the beams.
The following assumptions for further simplification are assumed (Fig. 4.4 and Fig. 4.5):
a.

The main beams are spring supports of the central transversal beam.

b.

The end transversal beams are continuous beams at stiff supports.

c.

The slab is infinitely stiff at its own plane.

d.
beams
e.

The slab is replaced by its contribution to the stiffness of the main and the transversal
The torsional stiffness of the main beam and of the transversal beam is neglected.

Fig. 4.4
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Fig. 4.5
In this case it is assumed hinge connection between the main beams and the transversal
beams and only one vertical unknown force at the hinge - Rz (Fig. 4.6).

Fig. 4.6
The calculation is conducted through two stages:
A. At transversal direction.
The following scheme for the calculation must be applied:
- Determination of the influence lines for the vertical force at the hinges;
-Loading of the influence lines with the nominal traffic action. For simplification the value
of the action is assumed equal to unity. The place of the actions must be at the most unfavorable
condition. The calculated force is called “transversal distribution coefficient”.
The influence lines for the reactions at main beam “j” at the middle of the span “Rj,span”are
straight or curved lines. The criterion is the ratio “main beam static span length”/”width of the
27

bridge structure” (the distance between the end beams). It is assumed that for ratio more than 2
(long and narrow bridges) the transversal beam is infinitely stiff and the influence lines are straight
lines. Only two points are required for the influence lines determination. The values depend on the
number of the beams and the bridge geometry at transverse direction.
Otherwise (ratio less than 2) the influence lines are curved lines. The values at the beams
depend on:
- number of the main beams;
- stiffness factor coefficient z, calculated using formula (1)
J

0,5.l0 3

z = i. JtrII . (

d

)

(1)

The case with more than one transversal beam is reduced to a base case assuming:
- i=1.0 for 0, 1 and 2 internal(w/o end beams) transversal beams (Fig. 4.7 a));
- i=1.6 for 3 and 4 internal(w/o end beams) transversal beams (Fig. 4.7 b));
- i=2 for 5.6….internal(w/o end beams) transversal beams (Fig. 4.7 c)).

Fig. 4.7
Here Jtr is the second moment of the transversal beam cross section including the effective
l

ℎ3

slab depth beff=lo/2 (Fig. 4.8 a)). In case of missing internal beams Jtr = 20 . 12𝑓 (Fig. 4.8 b)). In case
of more than one internal transversal beam see Fig. 4.8 c) and Fig. 4.8 d).

Fig. 4.8
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The sum of the values Rji for one beam must be equal to unity. At the cantilever parts of the
bridge it is assumed linear distribution of the influence line. The tangent line at the end might be
used. The intermediate values may be calculated by linear interpolation (Fig. 4.9).

Fig. 4.9
In case of ratio “static span lo/width of the bridge structure (distance b1 between end
beams)” more or equal to 2 we will assume straight line for “Rj,span” (Fig. 4.10).
The line is determined using values Rjj and Rjn according formulas (2) and (3)
𝑏2

1

R11 = n + 2.(𝑏2+𝑏1 2+⋯ )
1

𝑏2

1

R1n = n − 2.(𝑏2+𝑏1 2+⋯ )
1

1

1

𝑏 .𝑏

(2)

2

𝑏 .𝑏

1 2
R 2𝑛 = n − 2.(𝑏2+𝑏
2 +⋯ )
1

(3)

2

1 2
R 21 = n + 2.(𝑏2+𝑏
2 +⋯ )
1

(2)

2

(3)

2
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Here b1 is the distance between the beams 1 and n, b2 is the distance between the beams 2
and n-1 and etc. (Fig. 4.11).

Fig. 4.10

Fig. 4.11
The influence lines for the forces at the end of the span are influence lines for the reaction
at the continuous beam. For simplification it is assumed triangle distribution of the influence line
(Fig. 4.12).
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Fig. 4.12
The influence lines are loaded using the following rules:
- the nominal value is 1 kN/m2 for UDL at first notional line and 2.5/7.2=0.35 kN/m2 for the
other notional lines. For the sidewalk the nominal value is 3/7.2=0.42 kN/m2 (Fig. 4.13);
- For UDL only positive part of the influence line has been loaded. The reaction for the beam
1 (called notionally TDC – transversal distribution coefficient) is
TDC1,UDL=∑(nominal values)*(area of the influence line below the UDL position)
TDCUDL diagram is given in Fig. 4.14.
- the nominal value is 1 kN/axis for TS1 at first notional line (2*0.5 kN for each wheel ) and
200/240=0.833 kN for the second notional line TS2 (2*0.417 kN for each wheel) and
100/240=0.417 kN for the second notional line TS2 (2*0.209 kN for each wheel) – Fig. 4.15.
- The minimum distance between the kerb and the first TS1 wheel is 50 cm;
- The distance between each TS wheel is 200 cm;
- The minimum distance between the adjacent TS wheels is 100 cm;
- The TS are applied since the reaction is increased. Otherwise, the TS is omitted!
TDC1,TS=∑(nominal value)*(value of the influence line below the wheel position)
TDCTS diagram is given in Fig. 4.16.
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Fig. 4.13

Fig. 4.14
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Fig. 4.15

Fig. 4.16
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B.

At longitudinal direction

The schedule is as follows:
a.
The influence lines for the internal forces (bending moments at sections b and c and
shear forces at sections a and b) should be determined and drawn;
b.
The transversal distribution for the each traffic load should be considered. It is
assumed constant transversal distribution for the middle one half of the bridge l0/2. The relevant
TDC coefficients for the “span” and for the “support” are used;
c.

The influence lines should be loaded at the most unfavorable condition.

For TS
Bending moment (or shear force)=∑240*(value from the influence line below the
force)*(value from the TDC diagram line below the force) – Fig. 4.17.

Fig. 4.17
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For UDL
Bending moment (or shear force) =7.2x∫(influence line diagram)x(TDC diagram below
the UDL position) – Fig. 4.18

Fig. 4.18

Table for the bending moment and shear forces at different stages and for the different
actions for the two beams has been filled. The heaviest loaded beam is selected from the table.
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Bending moments Table

#

Actions and combinations

1

Beam self weight g1

2

Slab self weight g2

∑1

g1+g2

3

Pavement self weight g3

4

Tandem System (TS)

5

Uniformly distributed action (UDL)

∑2

Section b-b

Section c-c

Characteristic combination
g1+g2+g3+1*TS+1*UDL

∑3

Non frequent combination
g1+g2+g3+0.8*TS+0.8*UDL

∑4

Frequent combination
g1+g2+ g3+0.75*TS+0.40*UDL

∑5

Quasi permanent
combination
g1+g2+g3+0*TS+0*UDL
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Seminar №5
Initial prestressing force
There are two main ways for prestressing of simple span bridge beams:
-

only straight prestressing tendons at the bottom of the beam (Fig. 5.1 a));

-

only curved tendons (Fig. 5.1 b));

-

combination of straight and curved tendons (Fig. 5.1 c)).

The disadvantage of the first option is the possibility of appearance of tensile stresses at the top
of the beam near the supports caused by the prestressing force.
The third option is assumed at the project.

Fig. 5.1
The required prestressing force is determined according to the bending moments at the middle
of the span - section c-c (Fig. 5.2).

Fig. 5.2
The normal stresses at the cross section of the beam at each stage are as follows:
A. First stage (construction stage), noted with (I)
1.

Beam self weight (g1) -bending;

2.

Prestressing (P) – eccentric compression;

3.

Slab self weight (g2) – bending.

B. Second stage (serviceability stage), noted with (II)
1.

Pavement self weight (g3) – bending;

2.

Traffic loads (q) – bending.
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There are three prestressing force values:
- Pmax – prestressing force which the press transfers to the tendons;
- Pm0 – prestressing force at the end of prestressing process (after immediate losses of
prestress);
- P∞ - prestressing force after time t=∞ (after time depending losses – creep, shrinkage and
slow relaxation).
Two limits for the prestressing force have been defined at EC2:
1. Upper limit Psup=rsup*P
2. Lower limit Pinf=rinf*P,
where rsup=1.10 and rinf=0.9 for post tensioning.
The time dependent losses Δσp,s+c+r are assumed 15% from Pmo
Then the final prestressing force is P∞=0.9*0.85*Pm0.
The required prestressing force is calculated for SLS check, called “’decompression” (only
compressive stresses 100 mm away from each tendon). As some of the tendons are within 100 mm
of the concrete surface, the decompression must be checked at the extreme fiber – bottom of the
beam (Fig. 5.3). According to EC2-2 decompression should be checked in the frequent load
combination.

Fig. 5.3
The stresses could be calculated for the overall section because tensile stresses do not appear
for this combination. The sum of the stresses for the bottom fiber is:
∑𝟏

𝝈𝒃 = 𝑾𝑰 −
𝒃

𝑷∞
𝑨𝑰

−

𝑷∞ .𝒆
𝑾𝑰𝒃

+

∑ 𝟒−∑ 𝟏
𝑾𝑰𝑰
𝒃

≤𝟎

The smallest value P∞ is the solution of the equation. The first assumption for the point of
application of the prestressing force is the center of the bottom flange.
ep=ycI-0,5.hbf.
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The prestressing force 𝑃𝑚0 =

𝑃∞
0,9.0,85

= 1,31. 𝑃∞ is called initial prestressing force. This force

is the transferred force to the concrete cross section.
𝑷

The required cross section area of the prestressing tendons is 𝑨𝒑 = 𝝈 𝒎𝟎 [mm2].
𝒑𝒎𝟎

The prestressing system is “Freyssinet”. This is a system for post tensioning.
Steel grade Y1770 -S7 is used in the design (Fig. 5.4). For this steel grade:
- fp,0.1k=1520 MPa is the steel yielding (conditional) stress limit;
- fpk=1770 MPa is the characteristic steel strength.

Fig. 5.4
The stress σpm0 depends on these stresses. It is taken the minimum value between
0,85.fp,0.1k=0,85.1520=1292 MPa and 0,75.fpk=0,75.1770=1327,5 MPa.
Wires with area a1=150 mm2 and diameter 16 mm are used for this prestressing system.
There are two main possibilities for the cable arrangement:
1. 3C15 – three wires with total area A1=3a1=450 mm2 and Φ =45 mm duct diameter (Fig.
5.5 a));
2. 4C15 – four wires with total area A1=4a1=600 mm2 and Φ =50 mm duct diameter (Fig.
5.5 b)).

Fig. 5.5
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The number of the cables is 𝑵𝒄 =

𝑨𝒑
𝑨𝟏

.

The rules for the tendon arrangement at the bottom flange are (Fig. 5.6):
1. Minimum concrete cover for the ducts – Φ+15 mm;
2. Minimum clear distance between the ducts – Φ mm;
3. “Chess” shape arrangement is not allowed.

Fig. 5.6
The actual initial prestressing force is Pm0=Nc.A1.σpm0. The exact center of gravity of the
prestressing tendons should be determined. The center of gravity is the application point for the
prestressing forces (Fig. 5.7).

Fig. 5.7

40

Seminar №6
Normal stress check for section c-c at SLS
Because of the decompression for frequent combination at SLS it is allowed to calculate
the stresses using the section properties for the overall concrete cross section using the
formulas:
𝑀

𝜎𝑖 = ± 𝑊𝑖

𝑖

𝑃

𝑃.𝑒

𝜎𝑖 = − 𝐴 ± 𝑊 where
𝑖

i=b (bottom of the beam), t (top of the beam), ts (top of the slab);
j=type of the action;
The first moments of the concrete cross section area must be for the relevant stage (I construction or II – serviceability). The section properties for the construction stage (I) apply for
the action g1, g2, Pmo and P∞ and the same for the serviceability stage (II) apply for the actions g3
and traffic actions.
The time dependent losses Δσp,s+c+r are assumed 15% from Pmo.
Then the final prestressing force is P∞=0,85.Pm0.
The design stress combinations are:
1. Construction stage – beam self weight (g1) plus initial prestressing force 1,10.Pm0
because prestressing force is unfavorable at this stage (Fig. 6.1).

Fig. 6.1
2. Serviceability stage
At this stage prestressing action is favorable and P∞ is multiplied with rinf=0,9 (Fig. 6.2).
2.1. Characteristic combination
g1+g2+ P∞*0.9+g3+1*TS+1*UDL
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2.2. Non frequent combination
g1+g2+ P∞*0.9+g3+0.8*TS+0.8*UDL
2.3. Frequent combination
g1+g2+ P∞*0.9+g3+0.75*TS+0.40*UDL
2.4. Quasi permanent combination
g1+g2+ P∞*0.9+g3+0*TS+0*UDL

Fig. 6.2
The stresses should not exceed the admissible stress limits as follows:
1. Construction stage
Maximum compressive stress (at the bottom extreme fiber) – 0.6fck=0.6*35=21MPa
Maximum tensile compressive stress (at the top extreme fiber) – fctm=3.2MPa
2. Serviceability stage
2.1 Decompression for the frequent combination – tension 100 mm away from each tendon
is not allowed!
2.2 Maximum tensile stress at the non frequent combination (at the bottom extreme fiber) –
fctm=3.2MPa
2.3 Maximum compressive stress at the characteristic combination (at the top extreme
fiber) – 0,6.fck=0,6.35=21MPa
2.4 Maximum compressive stress at the frequent and quasi static combinations (at the top
extreme fiber) – 0,45.fck=0,45.35=15,75 MPa
If some of the stresses do not meet these requirements the following measures apply:
- increasing the prestressing force (adding cable);
- rearrangement of the cables;
- changing the beam cross section (increasing beam height);
- increasing the concrete grade.
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Table of the normal stresses at section c-c

#

Actions and combinations

1

Beam self weight g1

2

Initial prestressing force Pmo

A

Bottom of Top of the Top of the
the beam
beam
slab

Construction stage

M

σb

σt

σts

[kNm]

[MPa]

[MPa]

[MPa]

+

-

NO

NO

-

+

NO

NO

-(check 1)

+(check 2)

NO

NO

-

+

NO

(1)+rsup(2) = (1)+1.10(2)
3

Final prestressing force P∞
0.85*(2)

4

Slab self weight g2

+

-

NO

5

Pavement self weight g3

+

-

-

6

Tandem System (TS)

+

-

-

7

Uniformly distributed action (UDL)

+

-

-

Frequent combination
B

g1+rinf*P∞+ g2+g3+0.75*TS+0.40*UDL=

N0

- (check 3)

= (1)+0.90(3)+(4)+(5)+0.75*(6)+0.40*(7)
Characteristic combination
C

g1+rinf*P∞+ g2+g3+TS+UDL=

N0

- (check 4) - (check 4)

=(1)+0.90*(3)+(4)+(5)+(6)+(7)
Non frequent combination
D

g1+rinf*P∞+ g2+g3+0.80*TS+0.80*UDL=

N0

+ OR (check 5)

=(1)+0.90(3)+(4)+(5)+0.80*(6)+0.80*(7)
Quasi permanent combination
E

g1+rinf*P∞+ g2+g3=

N0

-(check 6)

-(check 6)

=(1)+0.90(3)+(4)+(5)
Note: For the rows 1-4 use the characteristics for stage (I) and characteristics for stage (II)
for the rows 5-7!
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CHECKS:
I. Construction stage
1 - Maximum compressive stress σb <0.6*fck=0.6*35=21 MPa.
2- Maximum tensile stress σt < fctm=3.2 MPa.
II. Serviceability stage
3 - Decompression for the frequent combination – tension 100 mm away from each
tendon is not allowed! In case at the project σb<0!
4 - Maximum compressive stress at the characteristic combination – σt OR σts less then
0.6fck=0.6*35=21 MPa.
5 - Maximum tensile stress at the non frequent combination – σb <fctm=3.2 MPa.
6 - Maximum compressive stress at quasi-permanent combination – σt OR σts less then
0.45fck=0.45*35=15.75 MPa.
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Seminar №7
Cable layout
The cable layout is the first half of the beam plan. The scale of the drawing is 1 to 20 or 1 to
25 (which is more convenient).
The cable layout plan includes following parts:
- front view;
- view from above;
- table of the cable ordinates measured from the bottom of the beam;
- sections at the middle of the beam and at the “face” of the beam;
- detail of the beam “face”.
The “face” of the beam is the section situated 20 cm away from the beam end. This space is
necessary for the placement of the anchor devices.
The cable arrangement at the “face” depends on the trumbplate, which is with 150/110 mm
size for 3C15 (Fig. 7.1 a)) and 150/120 for 4C15 (Fig. 7.1 b)) - sizes A/B. The cables should be
placed at the “face” in such way that the center of gravity of the cables is at the section core. In
this case tensile stresses at the section do not exist. Without significant mistake it might be
assumed that the beam cross section is rectangular (Fig. 7.2).

Fig. 7.1

Fig. 7.2
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The cables are three types – straight, curved and straight and curved.
The following rules for cable layout determination should be applied:
1. The distances between the cable centers X and Y at the “face” cross section must be at
least A+30mm, respectively B+30 mm.
2. The distances between the cable center and the beam cross section end at the “face” cross
section X’ and Y’ must be at least 0.5X+concrete cover-10 mm, respectively 0.5Y+concrete
cover-10 mm (Fig. 7.3).

Fig. 7.3
3. The distance between the cable centers at each beam cross section must be 2*duct
diameter=2*45 mm=90 mm for 3C15 and 2*50 mm=100 mm for 4C15.
4. The cable layout for curved cables should be in the form of parabola. Its equation for
cable j is yj=ajxj2+cj. In this case the first derivative at the middle of the beam is equal to zero.
5. There is different co-ordinate system for each cable and for each parabola. The beginning
of the co-ordinate system for each cable is at the beginning of the each parabola (Fig. 7.4).

Fig. 7.4
6. The cable “slope” could be 1:20 or in the form of two circles with R≥400 cm and point of
inflection at the middle of “slope” length (Fig. 7.5).
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Fig. 7.5
For design purposes the ordinates at sections a-a and b-b must be calculated. In addition,
ordinates at characteristic sections must be determined.
The normal stresses at the design section b-b should be determined and checked. The
calculated values are used for the principal stresses calculation later in the design.
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Seminar №8
Principal stress check at section b-b for SLS
This check is conducted for the frequent combination. Because of the decompression the
shear stresses and the principal stresses can be calculated using formulas for elastic
materials and for overall cross section.
The shear stresses are calculated for the relevant stages – construction stage (I) and
serviceability stage (II). The respective section properties should be applied. For each section (a, b
and c) shear stresses at the following levels should be calculated (Fig. 8.1):
- top end of the bottom flange (1);
- bottom end of the web (2);
- center of gravity of the beam section (3);
- middle level between the two centers of gravity (4);
- center of gravity of the slab and beam section (5);
- top end of web (6);
- bottom end of the top flange (7);
- top end of the beam (8);
- bottom end of the slab (9).

Fig. 8.1
The second moments of area above or below each level about centroidal axis must be
calculated. The second moments for the level at centroidal axis and for the areas above and below
it must be equal. Otherwise, the center of gravity of the beam section or center of gravity of the
slab and beam section is not correctly calculated.
The shear force VI at first stage include:
- beam self weight shear force Vg1;
- slab self weight shear force Vg2;
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- vertical components of the prestressing forces for each prestressing tendons (with negative
sign).
These components should be calculated using the formula for each tendon parabola at each
section (Fig. 8.2). The prestressing force for each tendon at the section considered b-b is assumed
to be equal and is calculated as follows:
𝑷𝟏 =

𝑷∞
𝑵𝒄

, where Nc is the number of cables.

The total shear force at first stage VI could be positive or negative.

Fig. 8.2
The shear force VII at second stage include:
- pavement self weight shear force;
- traffic action shear force.
The normal stress at each level is calculated using linear interpolation. The normal stress at
𝑀(𝐼𝐼)
the bottom of the slab is 𝜎 = 𝑊 𝐼𝐼 , where M(II)=Mg3+MLM1.
𝑡𝑏

The principal stress at each level is then calculated using the formula (Fig. 8.3):
𝜎

𝜎 2

𝑚𝑎𝑥𝜎1 = 2 + √( 2 ) + 𝜏 2
The maximum principal stress should be less than the characteristic concrete tensile strength
for concrete grade C35/45 – fctk,0.05=2.2 MPa.
Otherwise the following measures are applied:
- increasing normal stresses (adding cable);
- changing cable layout;
- increasing web depth or/and beam height.
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Fig. 8.3
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Seminar №9
Shear design at ULS. Shear reinforcement (stirrups) design
Truss model has been applied at ULS for the shear reinforcement design and check for the
compressive struts. The design is applied for the sections a-a and b-b (Fig. 9.1). The design shear
forces for the relevant stages at ULS are as follows:
- construction stage VEd,I=1.35(Vg1+Vg2)-0.9VP∞;
- serviceability stage VEd,II=1.35(Vg1+Vg2)-0.9VP∞+1.35(Vg3+VLM1).

Fig. 9.1
The relevant effective depths dI and dII should be used (Fig. 9.2).

Fig. 9.2
The checks are as follows:
1. Maximum resistance of the compressive struts is:
𝑉𝑅𝑑,𝑚𝑎𝑥 =

𝛼𝑐𝑤 .𝑏𝑤,𝑛𝑜𝑚 .𝑧𝑗 .𝜈1 .𝑓𝑐𝑑
𝑡𝑔𝜃+𝑐𝑜𝑡𝑔𝜃

, where αcw takes into account the favorable contribution of the

prestressing and is assumed equal to:
1+σcp/fcd if 0≤ σcp ≤ 0.25fcd
1.25 if 0.25fcd ≤ σcp ≤ 0.5 fcd
2.5(1-σcp/fcd) if 0.5fcd≤ σcp ≤ fcd
bw,nom=bw-0.5∑ф for post tensioning with bonded prestressed reinforcement, where ф is the
diameter of the duct.
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zj=0.9dj is the lever arm for the relevant section. The effective depth is determined using the
table from the main beam drawing.
𝑓
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𝑐𝑘
𝜈1 = 0,6. (1 − 250
) = 0,6. (1 − 250) = 0,516 takes into account the reduced compressive
strength of the compressive struts subjected to tension.

Angle θ=300-450 for prestressed members. The minimum resistance is if the angle is 300.
In this case tgθ+cotgθ= 1.732+0.577=2.309.
If VEd≥VRd,max then the following measures apply:
- increasing concrete grade;
- increasing cross section dimensions.
2. For members not requiring design shear reinforcement VEd≤ VRd,c where
VRd,c=[0.12k(100ρlfck)1/3 + 0.15σcp]bd .
The determination of VRd,c in the design is difficult because ρl depends on both
reinforcements – prestressed and not prestressed. So the check is VEd≤Vmin
Vmin=0.035k3/2 fck ½ + 0.15σcp.
In this case minimum shear reinforcement is provided with:
1/2

𝑓𝑐𝑘

𝜌𝑚𝑖𝑛 = 0,1. 𝑓

𝑦𝑘

= 0,1.

351/2
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𝐴𝑠𝑤

= 0,00118 ≤ 𝜌 = 𝑏

𝑤 .𝑠𝑤

.

For members requiring design shear reinforcement VEd≥ Vmin:
𝐴𝑠𝑤
𝑠𝑤

=𝑧

𝑉𝐸𝑑
𝑗 .𝑓𝑦𝑑 .𝑐𝑜𝑡𝑔𝜃

and angle θ=300

Asw=n.As1 where n=2 is the number of the stirrup legs and As1 is the cross section of one leg
(Fig. 9.3).

Fig. 9.3
Longitudinal reinforcement:
The longitudinal reinforcement is required to resist other general and additional actions that
are not included in the design (transversal wind action, shrinkage, creep, small torsional moments,
etc). In the design it is assumed minimum reinforcement at the stirrup corners and at the web. The
maximum distance between bars is 300 mm and the minimum diameter is 12 mm.
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Seminar №10
Check for bending at ULS
This check shall be provided only for section c-c in case of simple span main beam (Fig.
10.1). For continuous beams the check must be provided for the section with maximum moment at
the span and the section with minimum moment at the support.

Fig. 10.1
The check is MEd≤ MRd.
MEd =1.35(Mg1+Mg2+Mg3+MTS+MUDL).
The moment of resistance MRd is calculated according to the defined damage criterion for
damage of the concrete or damage of the steel – see general assumptions below.
The following general equilibrium equations must be satisfied:
MRd=Fc*z=Fp*z
Fc=Fp
The design assumptions for the calculation are as follows:
1. The cross sections remain plain during the application of the actions;
2. The appearance of the cracks at the tensile zone is possible. The concrete at the tensile
zone is ignored;
3. The strain in bonded reinforcement is the same as the strain in the concrete at the same
level;
4. The stress-strain relation for concrete is linear and parabolic with εc2=2‰ (point C)( Fig.
10.2 a)) or bilinear with εc3=1.75‰ (Fig. 10.2 b)). For both diagrams εcu2=εcu3=3.5‰ (point B).

Fig. 10.2
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5. The stresses in the prestressed steel are given by the stress-strain relationship. Two
bilinear relationships are given. In the design is used the relationship with horizontal top branch
(Fig. 10.3);

Fig. 10.3
6. The criterions for “damage” of the concrete are:
6.1. “Maximum compressive concrete strain is 3.5%” (maximum value from the stress-strain
relation);
6.2. “Compressive concrete strain at the level of the center of the slab is εc2=2‰ (or
εc3=1.75‰);
The criterion for “damage” of the steel is “the maximum tensile strain caused by all permanent and
traffic actions and prestressing force after losses 20‰”. The strain caused by prestressing force
after time depending losses P∞ is determined using Hook law as follows:
𝑃∞

𝜀𝑠𝑝 = 𝐴

𝑝 .𝐸𝑝

.

For wires Ep=195 000 MPa.
The neutral axis depth x should be determined to satisfy the equilibrium equation Fc=Fsp
Two methods have been used:
1. Strain compatibility method – see the lecture;
2. Iteration method – used in the design and at the exam task (Fig. 10.4).
The first assumption is “damage” of the concrete (εc=3.5‰) at the extreme compressive fiber
(top of slab) and “damage” of the steel simultaneously - εp=20‰ - εsp. Using similar triangles the
stress εcf at the center of gravity of the slab is calculated. If εcf≥ εc2=2‰ (or εc3=1.75‰) then is
assumed εcf = εc2=2‰ (or εc3=1.75‰) and the strain εc at the top of the slab is adjusted.
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Then the

neutral axis depth x1 is 𝑥1 =

𝑑.𝜀𝑐
𝜀𝑐 +𝜀𝑝

, where d is the effective depth. Without

significant mistake equivalent rectangular block with 0.8x1 is determined. If 0.8x1≤hf then
Fc=(0.8x1) *fcd * beff. Here fcd is the slab concrete grade C 30/37.
If 0.8x1 ≥ hf then the beam top flange and the beam concrete grade should be taken into
account - pages 179 and 180 from D. Dimitrov, Design of Prestressed Reinforced Concrete
according to EC2.
The force at the steel is determined according εp. The strain at yielding is
εpd=fpd/Ep=(1520/1.15)/195000=6.78%0 If εp≥ εpd then σp=fpd=1520/1.15=1322 MPa .
Fp= σp * Asp
If Fc=Fp then the moment resistance could be calculated taking moment according any point
at the cross section. The most convenient point is the top of the slab. The moment resistance is
MRd=Fp*d-∑(Fcj * acj)
If Fc ≥ Fp (typical case) then new neutral axis depth x2≤x1 is assumed and the design steps
from the first iteration are repeated until Fc=Fp. Obviously this is the case “damage of the steel”.
If Fc ≤ Fp then new neutral axis depth x3≥x1 is assumed and the design steps from the first
iteration are repeated until Fc=Fp. Obviously this is the case “damage of the concrete”.

Fig. 10.4
If MEd≥MRd then the following measures apply:
1. Cross section dimensions must be increased;
2. Prestressing force (if possible) must be increased;
3. The slab concrete grade must be increased.
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Seminar №11
Check of the shear at the joint between the “old” (beam concrete) and the
“new” one (slab concrete)
The check is performed at ULS according to the following assumptions:
- slab concrete grade is С30/37 - fcd=0.85*fck/γc=0.85*30/1.5=17MPa
- the beam top surface is rough without additional treatment;
- the reinforcement (stirrups) at the beam web is known;
- the width of the joint bj is equal to the top flange width (Fig. 11.1);
- the effective depth is d [mm].

Fig. 11.1
The check of the shear is according to the formula (6.25) from ЕN 1992-1-1:
vEd,j≤vRd,j=vRd,c +vRd,s <0.3fcd, where:
vRd,c=cfctd+μσn is the concrete resistance expressed by the bond coefficient с (c-cohesion )
and the friction coefficient μ between the “old” concrete and the “new” one;
vRd,s=ρ.fyd.(μ.sinα+cosα) is the resistance of the reinforcement that crosses the joint. Only the
well anchored reinforcement is taken into account (Fig. 11.2). The angle α is between the joint and
the reinforcement.

Fig. 11.2
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The model is a “local truss” with:
- tensile bars “the reinforcement”. If the angle α=900 we have tensile verticals;
- diagonals at angle θ - cotgθ=μ. If μ=0.5-0.9 then θ=480-63.50.
The stress vEd,j =

β.VEd
z.bj

where β≤1 is the ratio “compressive force at the “new”

concrete/”total compressive force”. The assumption β=1 (neutral axis at the slab) is allowed and
conservative!
The lever arm z=0.9d [mm].
If α=900 then the right hand side of the check is:
vRd,j=c.fctd+μ.σn+ρ.fyd.(μ.sinα+cosα)=c.fctd+μ.σn+ρ.fyd.(μ.sin900+cos900)=
=c.fctd+μ.σn+ρ.fyd.(μ+0)=c.fctd+μ.(σn+ρ.fyd), where:
- c and μ are coefficients that depend on the shape of the joint surface. They are given at
6.2.5(2) from EN 1992-1-1. In case of rough beam top surface without additional treatment, for
instance dowels, c=0.35 and μ=0.60;
- σn is the minimum compressive stress at the joint (Fig. 11.3). This stress is small and could
be neglected, i.e. σn=0. The right hand side of the resistance is:
vRd,j= c.fctd+μ.(σn+ρ.fyd)=c.fctd+μ.(0+ρ.fyd)=c.fctd+μ.ρ.fyd
fctd=fctk,0.05/γc=2/1.5=1.333MPa за бетон клас С30/37
fyd=435MPa (steel class B500)

Fig. 11.3
The reinforcement ratio is:
ρ=Asw/(bj*sw), where Asw is the area of the reinforcement that crosses the joint (Fig.11.2).
According to EN 1992-1-1 the maximum resistance is vRd,j<0.3fcd
If the check is not satisfied then the following measures apply:
1. Design additional reinforcement at the top flange.
2. Increase the width of the joint.
3. Increase the roughness of the joint.
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Seminar №12
Elastomeric bearing design
The elastomeric bearing is type B one under beam 1 – reinforced not anchored with flat
outside rubber layers. The first assumption of the bearing are 200/300/52 mm.
The following initial data for the design are used:
- reaction from the all characteristic actions Rgk [kN] (Fig. 12.1);

Fig. 12.1
- maximum reaction from the load model LM1 Rqк[kN], distributed between reaction
from RTS [kN] (Fig. 12.2) and reaction from UDL RUDL [kN] (Fig. 12.3);

Fig. 12.2

Fig. 12.3
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- static span l0 [m]
- Air temperature at the time of the bridge construction T0=100C and temperature
difference 350C. This assumption is reliable because the extreme temperature in Bulgaria is
+450С and negative temperatures -250 С are very rare case;
- The shrinkage could be replaced by equivalent temperature -150С, which correspond
approximately to shrinkage strain εsh= - 150*10-6. The total equivalent temperature difference is
Δt = - 350 С - 150 C= - 50 0 С.
- Shear modulus of the elastomer G=0.9 MPa
The design of the bearing is according to:
- EN 1337 “Structural Bearings” – Part 3 “Elastomeric Bearings”
- Company “GUMBA” Catalogue.
Design checks:
1. Stress checks and determination of the bearing dimensions (a,b) in plan
2. Shear check
3. Check against sliding
4. Rotation check
5. Check of the steel plate’s depth
6. Stability check
1. Stress checks and determination of the bearing dimensions (a,b) in plan
The maximum reaction is:
REd=Rgk+ Rqк≤Rmax from Company “GUMBA” Catalogue.
The minimum stress from the permanent actions against sliding is:
𝜎𝑚𝑖𝑛 =

𝑅𝑔𝑘
𝐴𝑟

≥ 3 𝑀𝑃𝑎 , where the reduced bearing area is:
𝑣

𝑣𝑦

𝐴𝑟 = 𝐴′ . (1 − 𝑎𝑥′ − 𝑏′ ), where:
- a’ and b’are the dimensions in plan of the steel plates, i.e. the dimensions (a,b) in plan
minus 2 rubber cover. According to EN 1337 the minimum side cover of the steel plates is 4mm
(Fig. 12.4).
- A’=a’.b’ is the effective area.
- vx and vy are the horizontal longitudinal displacement along the direction а, resp. the
transversal one along the direction b.
The elastomeric bearings are at the both sides of the beams. The “zero” temperature point
is in the middle of the bridge. The coordinates of the point are O(L0/2;b1/2) measured from the
beginning of the Beam 1, where b1 is the distance between the end beams (Fig. 12.5).
𝑣𝑥 = 𝑣𝑥,1 =

𝑙0

𝑣𝑦 = 𝑣𝑦,1 =

2

. ∆𝑡 . 𝛼𝑡 , where αt is the coefficient of the thermal expansion;

𝑏1
2

. ∆𝑡 . 𝛼𝑡 .
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Fig. 12.4

Fig. 12.5
2. Shear check
2.1 Check in case of unloaded bridge –the actions are temperature and shrinkage
The check is vmax,1 ≤vadm, where:
60

2
2
𝑣𝑚𝑎𝑥,1 = √𝑣𝑥,1
+ 𝑣𝑦,1

vadm is taken from company “GUMBA” Catalogue.
2.2 Check in case of loaded bridge – the actions are temperature, shrinkage and
braking force
The braking force for one span is equal to a part from the load model LM1 at notional lane 1.
Qlk=0.6*αQ1*(2*Q1k)+0.10αq1*q1k*w1*L
Limits: 180* αQ1≤Qlk≤900 kN
For simplification it is assumed that this force acts at the middle of the carriageway and is
uniformly distributed one (Fig. 12.6).

Fig. 12.6
The number of the beams is n. The force for one bearing is:
𝐻1𝑏 =

𝑄𝑙𝑘
2.𝑛

[kN]

The angular bearing deformation is (Fig. 12.7):
𝑡𝑔𝛾 =

𝑣𝑄𝑙𝑘
∑ ℎ𝑟

𝜏

𝐻

= 𝐺 = 𝐺.𝐴1𝑏 , where:
𝑏

∑hr is the total depth of the elastomer, taken from the catalogue;
Ab=a*b е is the bearing area in plan.
The displacement, caused by the braking force is vQlk:
𝜏

𝐻

𝑣𝑄𝑙𝑘 = ∑ ℎ𝑟 . 𝑡𝑔𝛾 = ∑ ℎ𝑟 . 𝐺 = ∑ ℎ𝑟 . 𝐺.𝐴1𝑏

𝑏

Fig. 12.7
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The total longitudinal displacement caused by the temperature, shrinkage and braking force is:
vx,2= vx,1+ vQlk .
vy,2= vy,1
2
2
𝑣𝑚𝑎𝑥,2 = √𝑣𝑥,2
+ 𝑣𝑦,2

vmax,2< vadm
USA Code recommendation is:
The total height of the bearing should be Hb>2.4vmax
3. Check against sliding
The check is H<T, where Н is the sliding (active) force and Т is the friction (passive) force
between the bearing and the concrete surface (Fig. 12.8).

Fig. 12.8
If the check is not satisfied, the following measures apply:
- design bearing type C with rough top and bottom outer surfaces made by steel plates, for
instance “checker” plates;
- anchorage of the bearing.
This check is provided in the same way as the shear check - for unloaded and for loaded
bridge.
3.1 Check in case of unloaded bridge –the actions are temperature and shrinkage
H=Ht+s
𝑣

𝜏

𝐻

𝑡+𝑠
𝑡𝑔𝛾 = ∑𝑡+𝑠
= 𝐺 = 𝐺.𝐴
→ 𝐻𝑡+𝑠 =
ℎ
𝑟

𝑏

𝐺.𝐴𝑏 .𝑣𝑡+𝑠
∑ ℎ𝑟

2
2
𝑣𝑡+𝑠 = 𝑣𝑚𝑎𝑥,1 = √𝑣𝑥,1
+ 𝑣𝑦,1

T=Rgk*μe, where μ is a friction coefficient and is determined by the formula:
μe=0.1+1.5*Kf/σmin, where Kf=0.6 for friction at a concrete surface.
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3.1 Check in case of loaded bridge – the actions are temperature, shrinkage and
braking force
H=Ht+s + H1b
T=R*μe
R= Rgk+minRqk
The reaction minRqk is favorable for the design check. The notational lane should be placed
in such way that the reaction is a minimum one, i.e. close to the right curb. It is possible to
calculate negative reaction! The unfavorable influence of the pedestrian action at the footway
qfk,red=3kN/m2 should be taken into account. The reaction is calculated in the same way as the
internal forces:
- determination of the influence lines (Fig. 12.9), TDCTS (Fig. 12.10) and TDCUDL (Fig.
12.11);

Fig. 12.9
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Fig. 12.10

Fig. 12.11

- calculation at the longitudinal direction (Fig. 12.12 and Fig. 12.13).

Fig. 12.12
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Fig. 12.13
4. Rotation check
The check is ΔR≥Δφ, where ΔR is the vertical bearing deformation caused by the reaction R,
and Δφ is the vertical deformation caused by the beam rotation φ (Fig.12.14). The rotation is
caused by:
- beam self weight φg1;
- slab self weight φg2;
- pavement self weight φg3;
- load model LM1 – φTS and φUDL

Fig. 12.14
The first and second rotations are calculated using the section properties at the first
(construction) stage - JI[m4].
The next rotations are calculated using the section properties at the second (serviceability)
stage - JII[m4].
The section is designed with two different concrete classes – С35/45 for the beam and
С30/37 for the slab. Without significant mistake the elastic modulus for class С35/45 could be
used – Ecm=34 GPa=34 000 MPa= 34 000 000 kN/m2.
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The rotation caused by the permanent action gj could be determined using the methods of
“Structural Mechanics”. The unit moment diagram is multiplied with the bending moment diagram
caused by the action (Fig.12.15):
1

𝐸𝑐𝑚 𝐽. 𝜑 = 3 . 1.

𝑔𝑖𝑘 .𝑙02
8

1

. 𝑙0 = 24 . 𝑔𝑖𝑘 . 𝑙03

Fig. 12.15
The rotations caused by the traffic actions are determined using:
- rotation influence line “φ”*Ecm*JII, determined using the methods of “Structural
Mechanics”. This diagram is equal to bending moment diagram from triangular distributed
action with values M=1 at the one end and 0 at the other one (Fig. 12.16);

Fig. 12.16
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-

transversal distribution for the beam 1 (Fig. 12.17 and Fig. 12.18).

Ecm*JII values of the rotations are determined in the same way as the bending moments and
the shear forces.

Fig. 12.17

Fig. 12.18
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The exact determination of the influence line, i.e. the “bending moment diagram”, could be
using computer program or tables with the so called “ω-values”
The bending moment at the middle of the beam is:
1

1

𝑙2

𝑀𝑚𝑖𝑑 = 16 . 𝑀. 𝑙02 = 16 . 1. 𝑙02 = 160
If М=1 is on the left end, the maximum moment is approximately at the section x=0.4l0
(Fig. 12.16):
Mmax=1.024Mmid
The both sections 0.5l0 and 0.4l0 are at the zone with transversal distribution coefficient for
𝑠𝑝𝑎𝑛
TS equal to 𝑇𝐷𝐶1,𝑇𝑆
. Then without significant mistake could be assumed that the first axis is at
section 0.4l0 and the other is close to the section 0.5l0.
𝑠𝑝𝑎𝑛
EcmJII.φTS=240.(Mmid+Mmax).𝑇𝐷𝐶1,𝑇𝑆

The relevant reaction is:
𝑠𝑝𝑎𝑛
RTS=240.(0.5+0.6). 𝑇𝐷𝐶1,𝑇𝑆

The exact determination of the rotation caused by UDL “by hand” is difficult because the
influence line is third degree parabola. Without significant mistake the area of the influence line
could be assumed equal to:
2

𝐴 = 3 . 𝑀𝑚𝑖𝑑 . 𝑙0
𝑠𝑝𝑎𝑛
EcmJII.φUDL=q1k.A. 𝑇𝐷𝐶1,𝑈𝐷𝐿

The relevant reaction could be determined as follows:
1

- area of the influence line 𝐴1 = 2 . 1. 𝑙0
𝑠𝑝𝑎𝑛
- RUDL=q1k.A1. 𝑇𝐷𝐶1,𝑈𝐷𝐿
.

Final results for LM1:
- rotation φLM1=φTS+φUDL [rad]
- reaction RLM1=RTS+RUDL [kN]
The maximum rotation is:
φmax=φg1+φg2+φg3+φLM1
The allowable rotation φadm is taken from the catalogue.
Relevant reactions:
- from permanent actions Rgk=(g1+g2+g3).

𝑙0
2

- from traffic actions RLM1
- total R=Rgk+ RLM1
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Check according to EN 1337 “Structural bearings”:
The check is according the formula:
𝑣𝑧,𝑑 ≥
direction.

(𝑎′ .𝜑𝑎 +𝑏′ .𝜑𝑏 )

, i.e. the rotation is φa at longitudinal direction and φb at transversal

3

If the rotation is only at longitudinal direction φa= φmax the check should be:
𝑎′ .𝜑

𝑣𝑧,𝑑 ≥ 2𝑚𝑎𝑥 , where vz,d=ΔR is the vertical deformation of the bearing and is calculated
from the formula:
𝑣𝑧,𝑑 =

𝐹𝑧,𝑑 .∑ ℎ𝑟

1

.(

5.𝐺.𝑠2

𝐴′

1

+

𝐸𝑏

) , where:

- Fz,d is the reaction in case of maximum rotation;
-

∑ ℎ𝑟 is the total depth of the elastomer;

-

A’ is the effective area of the bearing ;

-

G=0.9 MPa is the shear modulus of the bearing;

-

S (Shape factor) is a shape coefficient;

-

Eb=2000 MPa is the elastic moduli of the steel plates
𝑎′ .𝑏′

𝑆 = 2.(𝑎′ +𝑏′).𝑡 , where ti is the depth of one elastomeric layer.
𝑖

5. Check of the steel plate’s depth
The check according to EN 1337 is:
1,3.𝐹𝑧,𝑑 .(𝑡1 +𝑡2 )

𝑡𝑠 ≥ 𝑚𝑎𝑥 {

𝐴𝑟 .𝑓𝑦

, where:

2 𝑚𝑚
- ts is the steel depth;
- Fzd is the maximum reaction;
- t1 and t2 are the depths of the elastomeric layers below and above the steel plate;
- fy is the yield strength. It is assumed fy=235 MPa.
6. Stability check
As the bearing is an element subjected to compression, the maximum stress is limited as
follows:
𝜎𝑚𝑎𝑥 =

𝐹𝑧,𝑑
𝐴𝑟

≤

2.𝑎′ .𝐺.𝑆
3.∑ ℎ𝑟

, where ∑ ℎ𝑟 [mm] is the total depth of the elastomer.
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