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Abstract

The viaduct is a structure of 10 spans. It is about to be constructed in accordance with span
by span casting method. It is quite simple prestressed continuous beam with a doubled
webbed cross section of the deck. There are two lanes with a width of 3,5 m each and two
sidewalks with a width of 1,1 m. The viaduct is located in Poland so all loads that occur are
in line with national standards and annexes in eurocodes. There are few basic dimensions

of the structure below:

- The diameter of the piers - 2,5 m

- Total length - 288 m

- Length of single span 30 m (24 m)

- Total width — 11,20 m

- Length of the piers: 19,95 m; 26,8 m; 30,57 m; 33,59 m; 39,38 m; 39,14 m; 34,28
m; 30,36 m; 16,9 m.

- Length of the piles: 8,71 m; 17,68 m; 23,51 m; 21,72 m; 10,57 m;

- The number of spread foundations — 4

- The number of deep foundations - 5

- The diameter of the piles — 1,75 m

Materials:
- Bedding concrete C16/20
- Abutments and foundations C30/37
- Piers and deck C35/45
- Reinforcing steel A500 NR
- Prestressing steel Y1860 S7
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Resumo

O presente Trabalho Final de Mestrado consiste na elaboragdo de um Estudo Prévio de um
viaduto rodoviario, em betao armado pré-esforcado. O viaduto, com tabuleiro em laje vigada,
é constituido por 10 tramos, prevendo-se que seja construido tramo a tramo, com juntas de
betonagem a quintos de vao.

A plataforma do viaduto é constituida por duas vias de trafego com 3.5m cada, duas bermas de
1.00 m e dois passeios laterais com 1.10 m cada, perfazendo uma largura total de 11.20. O
viaduto localiza-se em Poldnia e foi dimensionado de acordo com os Eurocédigos e os Anexos
Nacionais desse pais.

Algumas dimensdes bésicas incluem:
[As in the abstract]
Materiais:

[As in the abstract]
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1. Introduction

1.1. Scope
The project focuses on a preliminary design of the prestressed concrete viaduct. It
includes the calculations of the main structure like deck, columns and foundations. As the
result of that work there are a few drawings showing the reinforcement of each element of

the viaduct.

1.2. Objectives

The main goal of this project is to design a crossing through the valley located in Poland
which makes the transport easier and it will allow road users to save time. The viaduct
should have two lanes and sidewalks. There is no counter indications to occupy areas of

the valley which will facilitate the construction method.
1.3. Organization of the work

The project consists of a few different chapters. At the beginning there is quite detailed
description of the structure in the point #2: “Bridge description and design criteria”. There
is basic information about the viaduct like all the dimensions, type of materials or
calculative models. Next chapter #3 is the most important part of the project and consists
of the calculations. The safety of the deck and the columns was verified in this section. In
addition the number of reinforcing bars was chosen. What’s more the bearings and
expansion joints were selected. In the last chapter #4 called “Conclusion” there is a
summary of all the project. Furthermore there are two more points in this work —

bibliography and annexes which are the additional materials of the thesis.

2. Bridge description and design criteria

The viaduct was designed as 10 spans structure. It will be constructed in accordance with

span by span casting method.

The basic dimensions of the viaduct:

- The diameter of the piers - 2,5 m

- Total length - 288 m

- Length of single span 30 m (24 m)

- Total width — 11,20 m

- Height of the piers: 19,95 m; 26,8 m; 30,57 m; 33,59 m; 39,38 m; 39,14 m; 34,28
m; 30,36 m; 16,9 m.

- Length of the piles: 8,71 m; 17,68 m; 23,51 m; 21,72 m; 10,57 m;

- The number of spread foundations — 4
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- The number of deep foundations - 5

- The diameter of the piles — 1,75 m

Materials:
- Bedding concrete C16/20
- Abutments and foundations C30/37
- Piers and deck C35/45
- Reinforcing steel A500 NR
- Prestressing steel Y1860 S7

There are three calculation models in order to simplify the structure. The first model was
used to verify the ultimate limit state of the deck in the longitudinal direction. In this case
the structure has been simplified to one beam model with 3 characteristic cross sections —
support cross section, halfway cross section and middle span cross section. The support
and middle span cross sections are placed in the drawings. The halfway cross section was
adopted with averaged dimensions of the two remaining cross sections. The second model
is two support beam and it was also used to verify the ULS of the deck but in transversal
direction. The shell model was used to create it. The third model is the most advanced
because it was created as 3 dimensions structure. It was needed to verify the piers which
are loaded by actions in two directions (wind and breaking load). It consists of the piers
which are fixed in the foundations and released in the top (bearings), two beams of

dimensions 60 x 188 cm and the slab (20 cm).

Support cross section:

A =642m?
V,=0717m
I =218m*
V, =1,233m

Halfway cross section:

A =546m?
V., =0,64m
I =176m*
V,=131m

Middle span cross section:

A=511m?
V, = 0,579 m
I =1,53m*
vV, =1,371m
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Figure 2.5: The third calculative model — static scheme

Figure 2.6: The third calculative model — 3D view

3. Calculations

3.1. Actions

a) Longitudinal direction

Self weight:
- Concrete C35/45
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PZ kG
Cases: 1 (self weight)

Figure 3.1.1: Self weight of first model

Additional permanent loads:

— Edge beam 25 kN/m3- 0,104 m2 = 2,60 kN/m
— Parapet 1,0 kN/m
— Walkway filling 24 kN/ms3- 0,098 m2 = 2,35 kN/m
— Kerb 25kN/ms3- 0,113 m2 = 2,83 kN/m
— Rail 1,0 kN/m
— For every walkway side: 2,6 +1+2352+2,825+1=978kN/m
— Asphalt 24 kN/m3- 0,721 m2 = 17,30 kN/m
> =136,86 kN/m

[T} kNim
Cases: 3 (additional permanent loads)

Figure 3.1.2: Additional permanent loads of first model

Distributed traffic’s loads (UDL):

— Lane #1 9 kN/mz2
— Lane #2 2,5 kN/m?2
— Lane #3 2,5 kN/m?2
- Average traffic’s load (6.0+25425) _ 4,67 KN/m2
— Sidewalk 5,0 kKN/mz2

2= 5,0kN/m2-11,2m = 56,0 kN/m
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In view of simplified one beam model of the viaduct, it was assumed that there is the same
average traffic load over the entire cross section and it is equal to 5,0 kN/m2 - due to
similar value of the sidewalk’s load.

pZ=-56.00

|!| pjl pZ=! p.” pZ=-56.00 | ” p.} pz=|I p.” pZ=-56.00 | H p.{ pz={‘ p.1|| pZ=-56.00 | |! pjl pz=|I p.” pZ=-56.00 | H d‘ p21I d| pz=-56.00 |

: . [

£EL kNAm
Cases: 4 (traffic loads #1)

Figure 3.1.3: Distributed traffic’s load of first model — first location
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EEL kN/m
Cases: 9 (traffic loads #2)

Figure 3.1.4: Distributed traffic’s load of first model — second location

Concentrated traffic’s loads:

— Lane #1 300 kN
— Lane #2 200 kN
— Lane #3 100 kN

2= 2 -(300+200+100) = 1200 kN

In view of simplified one beam model of the viaduct, it was assumed that there is one single
force (the sum of 3 lanes) in the middle of cross section. Because the length of a span is
greater than 10 m, a tandem system is replaced by a one-axle concentrated load of weight
of the two axis — 1200 kN.
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' 70 4 B AW FeTu ¥ 9N L =
Vehicle selection Iﬁ @ p FA Start

t} Code (base)
x 1

Vehicle name
—m - L ar

New Delete

Save to database
Symmetric vehicles | Arbitrary vehicles

Load type
concentrated force F=1200 X=0 5=2

Vehicle limits Uniits of
length - m)  force - {cN)

(i | .

b= 2 di= 0 d2= 0

i
(©) Selection i

[] Consider vehicle dimensions
[] Consider slab contour
Object: Define

e ] [ | [
'J‘I,

Figure 3.1.5: Concentrated traffic’s load of first model

Cases: 5 (Influence line) Component 1/291

Temperature load #1 (+15°C):

TZ=15.00

J 0 AL o b AGIA A D AR A b AJIA A A A A A ARRA A A ARSA A A ARIA A A ARG

@ -c
Cases: 10 (temperature #1)

i

Figure 3.1.6: Positive temperature load of first model

Temperature load #2 (-8°C):

TRy v Y TRy v v v b o WY ¥ Y VT TV B Y Vv v

=

CEISE
Cases: 12 (temperature #2)

Figure 3.1.7: Negative temperature load of first model
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Prestressing loads

+/-1000 kN
-218,89 kN

Horizontal force P

Vertical force V

+/- 84 kNm
24,32 kN/m

16,03 kN/m
-64,13 KN/m

144,36 kN

Nodal bending moment M

Uniformly distributed load for the extreme spans q1

Uniformly distributed load for the internal spans q2

Uniformly distributed load for the supports area q3
Vertical internal force for span by span method V1

446 KNm

+/-

Nodal bending moment for span by span method M1

pZ=-64.13

FX=-1000.00

16.03

pZ=

Cases: 2 (prestressing load)

Figure 3.1.8: Prestressing loads of first model

b) Transverse direction
Self weight:

— %
5
O
Y
AT
PN
mm,,.u....ﬂ...u....“.....“..m...”...
e
__u,,q..,:z.................
LAY
SO
) LD
A
N

i

{

u

Al

/”c”ﬁ- q-.
(o
:._%,...

z,.:
.z,..:
N

)
NN

Concrete C35/45

PZ kG

Cases: 1 (Self weight)

Figure 3.1.9: Self weight of second model
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Additional permanent loads

3,29 kN/m?2

11,2m =

36,86 kN/m

Total load

kPa

Cases: 2 (Additional permanent loads)

Additional permanent loads of second model

Figure 3.1.10

Distributed traffic’s loads (UDL)

9 kN/m?
2,5 kN/m?2
2,5 kN/m

5,0 KN/m?

Lane #1

Lane #2

Lane #3

Sidewalk

o
o
rmu

p 3pZ=

p 3pZ=-5.00

kPa

Cases: 3 (Distributed traffic loads)

ic view

Distributed traffic’s loads of second model — axonometr

Figure 3.1.11
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p 3pZ=-250

p 3p£=-9.00

Figure 3.1.12: Distributed traffic’s loads of second model — front view

Concentrated traffic’s loads:

— Lane #1 300 kN per one axle (Tandem system)
— Lane #2 200 kN per one axle (Tandem system)
— Lane #3 100 kN per one axle (Tandem system)

On account of looking for the most dangerous case, three tandem system positions were
considered. Because of that all lanes weren’t put under load in the same time.

| FRofr !

FZ=-150.00
FZ=-150.00

FZ=-150.00

s

FZ=-100.00

FZ=-100.00

FZ=-150.00

FZ=-100.00

FZ=-100.00

t % b kN
Cases: 6 (Simple traffic forces #1)

Figure 3.1.13: Concentrated traffic’s loads of second model — first case
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| FRUNT ¥
L_ L

FZ=-150.00

:
Semple= o

t v L kN
Cases: 4 (Simple traffic forces #2)
Figure 3.1.14: Concentrated traffic’s loads of second model — second case
| FRONT J'l“}
Lo L

FZ=-150.00
FZ=-150.00

FZ=-150.00

FZ=-150.00

t Y L kN
Cases: 7 (Simple traffic forces #3)

Figure 3.1.15: Concentrated traffic’s loads of second model — third case

¢) Columns

Self weight:
- Concrete C35/45
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Object/window/ capture selection ]

28

PZ kG
Cases: 1 (Self weight)

Figure 3.1.16: Self weight of third model

Breaking load:
- Concentrated horizontal force 900 kN

Object/window/ capture selection ]

b KN
Cases: 2 (Breaking load)

Figure 3.1.17: Breaking load

Wind:
—  Uniformly distributed load 1,2 kPa

Page 24 from 224



Master’s thesis work Marcin Andrzejewski

ﬁ,( 7 L im
X Cases: 4 (Wind )
Figure 3.1.18: Wind

Support axial forces (ULS):

- The first row of the piers 2686 kN
— The second row of the piers 2696 kKN
— The third row of the piers 2689 kN
— The fourth row of the piers 2691 kN
— The fifth row of the piers 2690 kN
—  The sixth row of the piers 2691 kN
— The seventh row of the piers 2689 kN
— The eight row of the piers 2696 kN
— The ninth row of the piers 2686 kN

FZ=-2686.00
FZ=-2686.00

FZ=-2689.00
FZ=-2691.00
FZ=-2690.00 2969100
[ | Fz=-2689.00 |
= f FZ=-2696.00
% FZ=-2686.00
h ; ¥

Figure 3.1.19: Support axial forces (ULS)

4

Support axial forces (SLS):

- The first row of the piers 1933 kN
— The second row of the piers 1922 kN
— The third row of the piers 1920 kN
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- The fourth row of the piers 1921 kN
- The fifth row of the piers 1920 kN
- The sixth row of the piers 1921 kN
— The seventh row of the piers 1920 kN
— The eight row of the piers 1922 kN
— The ninth row of the piers 1933 kN
FZ=-1922.00
f [ Fz=-1920.00 |
! | Fz=1921.00 |
[ [ Fz=-1920.00 |
I r| FZ=-1921 .[|10 | |
FZ=-1920.00
%Eﬁ [ | Fz=192200 |
D FZ=-1933.00
[t

Figure 3.1.20: Support axial forces (SLS)

3.2. Deck
3.2.1. Transverse direction

Caze Label Case name Nature Analysis type
1 oL Self weight Structural Static - Linear

2 DL1 Addttional permanent loads Non-structural Static - Linear

3 DL3 Distributed traffic loads upL Static - Linear

4 DL3 Simple traffic forces #2 1= Static - Linear

6 DL3 Simple traffic forces #1 15 Static - Linear

7 DL3 Simple traffic forces #3 1= Static - Linear

Figure 3.2.1: Load table of transverse direction model
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Combinations Name Analysis type :;EEI Case nature Definition
8 (C) *0.54 +6*1.01 | inear Combination Structural (1+2)*1.35+3%0.54+6*1.01
9iC) *0.54 +4*1.01 | inear Combination Structural (1+2y*1.35+3*0.54+4*1.01
10 (C) |*0.54 +7*1.01 | inear Combination Structural (1+2y*1.35+3*0.54+7*1.01
1(C) |*0.54+6*1.01 [ inear Combination Structural (1+2y*1.00+3*0.54+6%1.01
12 (C) | *0.54 +4*1.01 | inear Combination Structural (1+2)*1.00+3*0.54+4*1.01
13 (C) | *0.54 + 71.01 | inear Combination Structural (1+2)*1.00+3*0.54+7*1.01
14 (C) | *1.35+2*1.35 | inear Combination Structural (1+2)*1.35
15 (T} *1.35 + 3*0.54 | inear Combination Structural (1+2)*1.35+3%0.54
16 (C) | *1.00 +3*0.54 | inear Combination Structural (1+2)*1.00+3*0.54
A7 (C) | *1.00 +2*1.00 | inear Combination Structural (1+2)*1.00
13 (C) | *1.35+6"1.01 | inear Combination Structural (1+2)*1.35+6%1.01
19 (C) |*1.35+4*1.01 | inear Combination Structural (1+2)*1.35+4*1.01
20(C) |*.35+7*1.01 | inear Combination Structural (1+2)*1.35+7*1.01
M (C) |*1.00+6%1.01 | inear Combination Structural (1+2)*1.00+6%1.01
22(C) |*1.00+4*1.01 | inear Combination Structural (1+2)*1.00+4*1.01
23(C) | *.00+7*1.01 | inear Combination Structural (1+2§*1.00+7*1.01
24(C) |*.35+6*1.01 | inear Combination Structural (1+2y*1.15+3*1.35+6%1.01
25(C) |*1.35+4*1.01 | inear Combination Structural (1+2)*1.15+3*1.35+4*1.01
26(C) |*1.35+7*1.01 | inear Combination Structural (1+2)*1.15+3*1.35+741.1
27 (C) | *1.35+6%1.01 | inear Combination Structural (1+2)*1.00+3*1.35+6%1.01
28(C) | *.35+4*1.01 | inear Combination Structural (1+2y*1.00+3*1.35+4*1.01
29(C) |*.35+71.01 | inear Combination Structural (1+2y*1.00+3*1.35+7*1.01
30c)y | *.15+2*1.15 | inear Combination Structural (1+2)*1.15
3 (C) |*1.15+3*1.35 | inear Combination Structural (1+2)*1.15+3*1.35
32(C) |*1.00+3*1.35 | inear Combination Structural (1+2)*1.00+3*1.35
33(C) |*1.00+2*1.00 | inear Combination Structural (1+2§*1.00
H(C) |*0.54+6*1.35 | inear Combination Structural (1+2)*1.15+3*0.54+61 .35
35 (C) | *0.54 +4*1.35 | inear Combination Structural (1+2)*1.15+3*0.54+4*1 .35
36 (C) | *0.54 +7*1.35 | inear Combination Structural (1+2)*1.15+3*0.54+7*1.35
37 (C) |*0.54 +6*1.35 | inear Combination Structural (1+2)*1.00+3*0.54+61 .35
38 (C) |*0.54 +4*1.35 | inear Combination Structural (1+2)*1.00+3*0.54+4*1 .35
39(C) |*0.54+7*1.35 | inear Combination Structural (1+2)*1.00+3*0.54+7*1.35
40 (C) | *1.15+6*1.35 | inear Combination Structural (1+2)*1.15+6*1.35
41(C) |*1.15+4%1.35 | inear Combination Structural (1+2)*1.15+4*1 35
42(C) |*.15+7*1.35 | inear Combination Structural (1+2)*1.15+F*1.35
43(C) |*1.00 +6*1.35 | inear Combination Structural (1+2)*1.00+6*1.35
44 (C) | *1.00 +4*1.35 | inear Combination Structural (1+2)*1.00+4*1.35
45 (C) | *1.00 +7*1.35 | inear Combination Structural (1+2)*1.00+7*1.35

Figure 3.2.2: Combination table of transverse direction model
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255,80
. 240,00

I 50000
160,00
120,00
80,00
40,00

0.0
40,00

B 500

B ;500

B ;6000
166,46

MXX, (KNm/m)
|7 Automatic direction
g X, Cases: Btod5

255,80
[ 240,00
200,00
B 460,00
120,00
80,00
40,00
0,0
40,00
B 5000
-120,00
-160,00
A -166,46
MXX, (kNm/m)
& Automatic direction
X Cases: Bto45

Figure 3.2.4 Bottom bending moment envelope of transverse direction model

Cantilever:

The bending moment is given by computer program Autodesk Robot Structural Analysis
Professional 2014:

Mgg = 254 kNm/m

The nominal concrete cover:
Cnom = Cmin +A Cdev

A Cdev =10 mm

Cunin - max { Cmin,b; Cmin,dur +A Cdur,y -A Cdur,st -A Cdur,add; 10 mm }
Cmin’b = 20 mm
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Cmin,dur =10 mm
A Cdur,y =A Cdur,st =A Cdur,add =0
Chom =20 mm + 10 mm = 30 mm

Minimum area of reinforcement:

Agpin = @b -d - 12

fyd

Assuming bars #20:

0] 0,020
d =h—cnom—§= 0,30m—0,03m—Tm= 0,26 m

Calculated minimum area of reinforcement:
M Ed 2 54 kN m

- - = 0,150
K=p a2z £, " 1,0m-(0,26m)?-25kPa-10°

w=1-J1-2u=1-,1-2-0,150 = 0,163

A =0163-10m-026m- 2P 44 em?
smin = 1 Y T Y7 R

That gives us #20/0,125 m with total area equal A, = 25,13 cm?

Slab between beams:
The bending moment is given by computer program Autodesk Robot Structural Analysis

Professional 2014:
Mg; = 166 kNm/m

Minimum area of reinforcement:

As,min=w'b'd'fc—d

fyd

Assuming bars #20:

@ 0,020
d =h—cnom—z= 0,25m—0,03m—Tm= 0,21m

Calculated minimum area of reinforcement:
Mg 166 kNm

K= az- £, ~1,0m-(021m)? - 25 kPa - 10°
w=1-1-2u=1-+1-2-0,150 = 0,163

25 MPa ,
As,min =0,163-1,0m-0,21m- m =19,7cm

That gives us #20/0,15 m with total area equal A, = 20,94 cm?
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3.2.2. Longitudinal direction

Marcin Andrzejewski

Case Label Case name MNature Analysis type
1 STA self weight Structural Static - Linear
2 STA1 prestressing load Structural Static - Linear
3 STA additional permanent loads Structural Static - Linear
4 MO traffic lnads #1 live Static - Linear
5 MOV Influence line Analy=is of moving |
[ Influence line + Analy=is of moving |
7 Influence line - Analy=is of moving |
9 MO traffic loads #2 live Static - Linear
10 STA temperature #1 temperature Static - Linear
1 Decompres=ion limit state Linear Combination
12 STA temperature #2 temperature Static - Linear
Figure 3.2.5 Load table of longitudinal direction model
Combinations Name Analysis type nc;zzi Case nature Definition
11 (C) Decompression limit state Linear Combination | S:QPR (1+2+3)*1.00+10*0.50
13 (C) Uttimate limit state of bending Linear Combination uLs (1+3+4+5+9)*1.35+2*1.00
17 (C) Uttimate limit state of bending - Ved (1,2} Linear Combination uLs (1+3+4+5+9)*1.35+2*1.20
32 (C) SLS:QPRM=3*1.00 + 2*1.00 Linear Combination | 5:QPR dead (3+2)*1.00
33 (C) SLS:QPR/2=3*1.00 + 2*1.00 + 10*0.50 Linear Combination | 5:QPR dead (3+2)*1.00+10*0.50
4 (C) SLS:QPR/3=3*1.00 + 2*1.00 + 12%0.50 Linear Combination | S:QPR dead (3+2)*1.00+12*0.50
39 (C) ULS (Reactions) withous self weight Linear Combination uLs 2*1.00+(3+4+5+9)*1.35
43 (C) ULS (Reactions) without self weight P=1,2 Linear Combination uLs 2% 20+(3+4+5+9)*1.35

Ultimate limit state of bending

Figure 3.2.6 Combination table of longitudinal direction model

UMy 5000kNm
Max=18263,45
Min=-26366,84

Cases: 27 (Ulimate limit state of bending+)

Figure 3.2.7 The bending moment envelope of longitudinal direction model

Mgg < Mgq

Support section:

The bending moment is given by computer program Autodesk Robot Structural Analysis

Professional 2014:
Mg, = —26367 kNm

The nominal concrete cover:

Cnom = Cmin +A Cdev
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A Cgev =10 mm

Cunin - max { Cmin,b; Crmin,dur + A Cdur,y - A Caurst - A Cdur,add; 10 mm ¥
Cminb = 25 mm

Cmin,dur =10 mm

A Cdur,y =A Cdur,st =A Cdur,add =0

Chom =25 mm + 10 mm = 35 mm

Minimum area of reinforcement:

f ctm
f yk

Assuming bars #25:

Agmin = 0,26 -2, d

[0) 0,025
d= h—cnom—O,OZm—Ez 1,86m—0,035m—0,02m—T m=179m
Calculated minimum area of reinforcement:
3,2 MPa
500 MPa

That gives us 8 #25 with total area equal 4, = 39,27 cm?

As,min = 0,26 -1,15m-1,79m = 34,2 cm?

Assuming that both steels have reached yielding stress:

F, = fyqAs = 435 MPa - (239,27 cm? ) = 3416 kN

E, = f,qAp = 1400 MPa - (2 -2+ 19 - 1,4 cm?) = 14896 kN
F, 4+ Fp = 3416 kN + 14896 kN = 18312 kN

F. = f.4A, = 25-103 MPa - (2-1,05m-y) = 52500y

Because

F,+Fp=F

Then

18312 kN = 52500y © y = 0,349 m
y=08xsx=0436m

Verification of the assumption:

fo_ B o, S BIOMOASOM L 087> e, = 2175
x d-x 577 0436m = NS B = 4

& Aep A 1,86 m—0,436 m—0,13m 35 = 1039
_—_—— & = . =
X h—x—0165 P 0,436 m ’ ’

Tpos 1000
Ep = Epxo + Agp = E_ + Agp = ﬁ"‘ 10,39 = 15,39 > Epd = 7,18
p

Mgy = 14896 kN - 1,56 m + 3416 kN - (1,56 m + 0,06 m) = 28771 kNm > Mz,
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Mid span section:

Marcin Andrzejewski

The bending moment is given by computer program Autodesk Robot Structural Analysis

Professional 2014:

Mg = 18263 kNm

Minimum area of reinforcement:

f ctm
f yk

Assuming bars #25:
d=179m

Agmin = 0,26~ b, d

Calculated minimum area of reinforcement:

3,2 MPa
500 MPa

That gives us 5 #25 with total area equal A; = 24,54 cm

Agmin = 0,26 +0,70m - 1,79 m = 20,85 cm?

2

Assuming that both steels have reached yielding stress:
F, = f,qAs = 435 MPa - (2 - 24,54 cm?) = 2135 kN
E, = fyaAs = 1400+ (2219 1,4 cm?) = 14896 kN
F, + Fp = 2135 kN + 14896 kN = 17031 kN
F. = fogA, = 25-10% MPa - (11,20 m - y) = 280000y
Because
F,+Fp=F

Then
17031 kN = 280000y < y = 0,061 m
y=08xex=0076m
Obviously steels have reached the yielding points.

Mgy = 14896 kN - 1,56 m + 2135 kN - (1,56 m + 0,2 m) = 26995 kNm > Mg,

Ultimate limit state of shearing

The first case
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IS IS IS I IS IN I IN r

N S A I N N |

YFz 1000kN
Max=6092,18
Min=-6128.70

=

Cases: 27 (Ulimate limit state of bending+)

Figure 3.2.8 The shear force envelope of longitudinal direction model — first case

= ) ) ) - = -3 r-3 = - =3

%

Figure 3.2.9 The axial force envelope of longitudinal direction model — first case

The second case

O ) | | o S S o O | S | o |
SR iy hy fy I I 7 Iy G .

¥Fz 1000kN
Max=6086,91
Min=6123,43

Cases: 30 (Ulimate limit state of bending - Ved (1.2)+)
Figure 3.2.10 The shear force envelope of longitudinal direction model — second case

& ) [ (= = & [ =) & =]

[

M Fx+c Fx+t S50kN
Max=1200,00
f | Min=-1190,56

Figure 3.2.11 The axial force envelope of longitudinal direction model — second case

VEd < VRd,max
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Support section (the highest value of the shear force)
There are two different situations which should be considered. The ultimate limit state of
shearing is calculated for combination according to formula 6.10 (PN-EN 1990:2004).
The design value of applied shear force must be checked in two cases:
1) Safety factor for prestressing loads is equal 1,0

2) Safety factor for prestressing loads is equal 1,2

The shear force is given by computer program Autodesk Robot Structural Analysis
Professional 2014:

Vpq: = 6129 kN

N'gg1 =992 kN

The final value of the axial force:
Nga1 = 992 kN - 11,917 ~ 11822 kN

Veas = 6123 kN
N’Ed,z = 1191 kN

The final value of the axial force:
NEd,Z = 1191 kN -11,917 = 14193 kN

The first case

Minimum area of the shear reinforcement:

A A VEd 6129 kN
Vras = =2+ 2" fywq " cOtO » =2 = i = = 50,5 cm?/m
’ s s Z'fywq coto 0,9:1,79 m*435 MPa-cot30°

Taking into consideration two beams of the deck (one stirrup in each cross section of a

beam):

2 2
REM = 6,37 - @16 every 25 cm (A, = 8,04 cm? )
v =acw'bw'z'v1'fcd

Rdmax cotd + tanb
b, =1,05m
z=09-d=09-1,79m=1,611m
35 MPa
£t = 25 MPa
Ya 4

1,
fck 35 _
06+(1-250) = 00 (1~ 355) =051¢
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. Ngay 11822 kN
A, 642m?

Because 0 < o, < 0,25f,4 = 6,25 MPa:

= 1,84 MPa

o 140w LB4MPa
wm ST 25MPa '
VRdJmax — 1,07-1,05m-1,611 m'0,516:25 MPa — 22260 kN = 10107 kN > VEd,l

cot30°+tan30° 2,31

The second case

Minimum area of the shear reinforcement:

A A 14 6123 kN
Vias = =22 fywa - coth - =2 = —FL2_ =
, s s Z'fywa-cotd 0,9:1,79 m-435 MPa-cot30°

= 50,4cm?/m

Taking into consideration two beams of the deck (one stirrup in each cross section of a

beam):

50,4 cm?/m

cm? 2
. =6,3——— @16 every 25 cm (4; = 8,04 cm )

acw'bw'z'vl'fcd

VRa,max = cotd + tanf

b, =1,05m

z=09-d=09-1,79m=1,611m

fea = ];C—; = 3511\'/2Pa = 25 MPa

v, = v = 0,6-(1—2@6) = 0,6-(1—%) =0,516

_Neap _ 14193KN
P A, 642m?

Because 0 < o, < 0,25f4 = 6,25 MPa:

Ocp 2,21 MPa
Xew= 1t =1t —eype ~ 109
C

= 2,21 MPa

_1,091,05m'1,611m-0,516:25 MPa __ 22470 kN

Vra.max = cot30°+tan30° 251~ 10296 kN > Vgq,

Decompression limit state

There are ten steps of span by span construction method. Each newly constructed span
has been loaded according to the reality by self-weight and prestressing load. The results
(bending moments) were used in formulas to make a bending moment envelope.
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FZ=-218.89
pZ=-64.13

FX=-1000.00
MY=-84.00
MY=446.00
FX=1000.00
chlf /' [Fz=144.36
|
[pz=16.0 | pZ=16.03

pZ=24 32

Figure 3.2.12 The first step

pZ=-64.13

FZ£=-144.36 MY =446.00

MY=-446.00

FX=-1000.00

™
S I

FX=1000.00 pZ=16.03

FZ=144 .36

Figure 3.2.13 The second step

FZ=-144.36
[ My=446.00 | | Fx=-1000.00
. . IR g5
& & =
MY=-446.00
FZ=144.36

pZ=16.03

Figure 3.2.14 The third step
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pZ=-6413

FZ=-144.36
MY=-446.00

| Mmy=146.00 | | Fx=-1000.00

Db
T
133
I
.I-D

FZ=144 36

FX=1000.00 pZ=16.03

Figure 3.2.15 The fourth step

pzZ=-64.13

FZ=-144 36

[ my=44600 | | Fx=-1000.00

0

0#
)
)
)
o

&l
| FZ=144.36

FX=100000

Figure 3.2.16 The fifth step

pZ=-6413

MY=446.00

skl | Fx=-1000.00

FZ=144.36
pZ=16.03

Fx=100000 | FZ=-144 .36

MY=-446.00

Figure 3.2.17 The sixth step

pZ=-64.13

-
| MY=446.00 [\ FIFZ_M4'36
& & & & & - - - &t

MY=446.00
FX=1000.00 pZ=16.03

Figure 3.2.18 The seventh step
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FZ=14436 F=EE

MY=42600 MY=446.00
£ =T -
& ) ) & & & 7 3 - 3y, | Fx=1000.00 |
| pz=1603 | | Fz=14436 |
FX=1000.00

Figure 3.2.19 The eighth step

FZ=-14436 | pZ=64.13
FX=1000.00 MY=446.00
[ b h ok _
& = = r-) = -y =) =) - Y o &~ FX=-1000.00
MY=-446.00 [ Fz=144.36 |

pZ=16.03

Figure 3.2.20 The ninth step

| FX=1000.00] FZ=-144.36 |

FZ=-218.89

|
& =] & & & & & & e. =‘
FX=-1000.00

pZ=24 32

Figure 3.2.21 The tenth step

There are two formulas below which were used to calculate the values of bending moment
— for self-weight and prestressing load. Both cases include calculations for two phases of
the construction — the beginning of the service and after 10000 days (long-term situation).
Besides self-weight and prestressing load there were used additional permanent loads and
temperature load.

0 9
,3
Mg(x,t) = Z Mg, (x) + (Mg,e(x) - 2 Mg,i(x)) ' %
i=1 i=1 ’

9 9
B _e®3) \ g4
Mp(x,t) = (; M, (x) + (Mp,e(x) - ; Mv.i(x)> 1+ o(t, 3)) 1000 kN
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Decompression limit state consists of verifying that (calculated for quasi-permanent

combination of actions):

0 <0
Op =

Support section:

t =0 days

A = 6,42 m?

[=2,18m*

v, =0717m

vy, =1,233m

Py = 11917kN

Mg, = —2998,42 kNm

M P

-,

_ —2998,42 kNm 0717 11917 kN 870 kP 0.9 MPa Verified!
o, = 218 me 717 m 6azmE a~ —0, a Verified!
t =10000 days
A = 6,42 m?

[=2,18m*

v, =0717m

v, = 1,233 m

P, = 10640 kN

Mgy, = —4138,57 kNm
M Py

O

_ _TH13857 kNm 0,717 L0GA0 KN _ 296,14 kP 0,29 MPa Verified!
o, = 18 me , m 6az e , a= -0, a Verified!

Mid span section:

t =0 days
A =511m?
[ =1,53m*
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vy = 0,579 m
v, = 1,371m
Py = 11917 kN
Mg, = 1985,55 kNm
M Py
BT
1985,55 kNm 11917 kN .
oy = mm -1,371m — S1imE = —553 kPa = —0,55 MPa Verified!
t =10000 days
A =5,11m?
I=153m*
vy = 0,579m
v, =1,371m
P, = 10640 kN
Mgy, = 2643,17 kNm
M Py
=TT
2643,17 kNm 10640 kN P
oy = mm -1,371m — S1imE = 286 kPa =~ 0,3 MPa Verified!

3.3. Columns

Figure 3.3.1 The numbering of the columns

Minimum area of reinforcement:

N
Agmin = 0,10 i}f > 0,002 A,
y
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Calculated minimum area of reinforcement:

11602 kN
435000 kPa

0,0024, = 0,002 - 4,91 - 10* cm? = 98,2 cm?

Ag min = 98,2 cm?

Ag min = 0,10 = 26,7 cm? < 0,002 4,

That gives us 20#25 with total area equal A, = 98,2 cm?

Two cases should be considered for each column in the calculations - the maximum
bending moment and the corresponding axial force to it and the maximum axial force and

the corresponding bending moment to it.

The nominal concrete cover:
Cnom = Cmin + A Cdev

A Cgev= 10 mm

Cunin = max { Cminp; Cmindur + A Caury - A Caur,st - A Cdur,add; 10 mm }
Cminp = 25 mm

Cmin,dur =25 mm

A Cdur,y =A Cdur,st =A Cdur,add =0

Chom =25 mm + 10 mm = 35 mm

The bar #36

First case

Ngdmax = 8340 kN
Mgacor. = My, = 60 kKNm

Length of the column = 19,35 m

Geometric imperfections:

0; = Ohapap

2 2 2
ah_ﬁ_m_0'455<3
2
§<ah<1
m=1
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1
Hy=0; N =8340 kN - oo = 27,8 kN

Marcin Andrzejewski

Moga = Mypgy + H; - L = 60 kNm + 27,8 kN - 19,35 m ~ 598 kNm

The piers verification — method based on nominal curvature

Mgq = Mogq + M,
MOEd = 598 kNm
M; = Ngq " e,

)
d=h—cpom— 5~ Dstirrup = 2,5m —0,035m —

fyd 435 MPa

¢ =F =200 Gpa - V00217
S

1 &q _ 0002175 0.00198 1
o 0,45d 0,45-2,44 m

n,—n
K, =——<1,0

Ny — Npqi

A, =nr? =1+ (1,25m)? =491 m?

_ Ngg 8340 kN
"~ A.feq  491m2-25000 kPa

n = 0,068

Npq = 0,4
Ag = 39,27 cm? - 8#25

_ Asfya _0,003927m? - 435 MPa
" Acfeq  491m2-25MPa

n,=14+w=1,014

=0,014

5
—0,008=244m
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K _1,014—0,068_154>10
T 1,014-04 ’
K, =10
:1+ﬁ§0€f21,0
194m4 0625
291 m? mn
l0 2:L 2-1935m
=619

i i 0625m

ﬁ=035+fc"—i 035+ 519444
27200 150 7T 200 150
OEqp
Per = (0, tp)
ef = 7 Moga

Marcin Andrzejewski

Mogqp — SLS (QP): %, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 1232 kNm

24, 2mr? _ 195
0T T omr T
§0(°°:t0):18

_ g 1232kNm
Per = " 598 kNm
K,=1+011-371 ~ 1,41

= 3,71

1 1 1
-=1-1,41-0,00198— = 0,0028 —
r m m

1 (2-19,35m)?
= 0,0028 —+ —————=042m

Mgy = 598 kNm + 8340 kN - 0,42 m = 4101 kNm
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[ Krzywa interakji N-M, przekrdj kotowy i i \ A E=RA=N >
ful [MPa] Sredvicalm]  Otuiing (=) [m] 200000kN
(S [5 [ooe
E= [GPa] fick [MPa) gamma_C
o [ fra
Al [em2] Liczba pretdw
WS B zanewn
Skok M[kM]  Skok M [kNm]
| 100000 | 10000 Obliczenia |
ME [kN] MEd [kNrm] 100000KN
|8340 |410 kaz [NEd, MEd]
Dirukowanie | Koniec |

=N
=

o] L)
_mlm

wersja 2.0

KBB

\/

OkMm

10000kMNm

20000kMNm 30000kNm

Figure 3.3.2 The curve interaction for bar #36 — first case

Second case
Mgamax = My, = 2871 kNm
Ned.cor. = 4184 kN

Geometric imperfections:

1
H;=6;-N = 4184 kN - — = 13,9 kN

300

Moga = Mpmay + H; - L = 2871 kNm + 13,9 kN - 19,35 m ~ 3140 kNm

The piers verification — method based on nominal curvature

Mgq = Mygq + M,
Moy = 3140 kNm
M, = Ngq " e,
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_ Ngg 4184 kN
" A.feq  491m2-25000 kPa

n = 0,034

Npar = 0,4
As = 39,27 cm? - 8#25

_ Agfya  0,003927m? - 435 MPa
C T Afa  491mZ-25MPa

n,=14+w=1,014

= 0,014

1,014 —0,034 60> 10
"7 1,014-04 ’
K, =1,0

Ky =1+ B¢e =10

Mogqp

Per = @(0, to)
°f *" Mogq
Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 325,75 kNm

_ 32575 kNm _
Per = 5 3740 kNm

K,=1+011-0,19 = 1,02

1 1 1
-=1-1,02-0,00198— = 0,002 —
T m m

000z L. (21935 m)?
2= 10

Mgq = 3140 kNm + 4184 kN - 0,30 m = 4395 kNm

=0,30m
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First case

Ngamax = 8343 kN

Mgg cor. = M, = 302 kNm
Length of the column = 19,35 m

Geometric imperfections:

0; = Ohapapy

2 2 2
ap=—=———-=0455< =
"T VL /1935 3
2< <1

3 S %n

m=1

Ay = =1,0

[0 Krzywa interakeji N-M, przekréj kotowy = | B S
fyd [MPa] Stednicalm]  Ohuiina (=] [m] 200000k
R 2 [oos
Ez[GFa] fck [MPa] gamma_C
IO [ e
Al [em2] Liczba pretdw
S ERN ] zewso
Skok M [kN]  Skok M [kNm]
| 100000 10000 Dbliczenia |
MEd [kN] MEd [kMm] 100000KN
4154 4395 | Pokaz MNED, MEd) \
D ukowarie | Koniec |
M e ]
a kN
d™ N
T )
— KBB
wersja2.0 oktum 10000kNm 20000kNm 30000kNm
Figure 3.3.3 The curve interaction for bar #36 — second case
The bar #37
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1
Hi—ei'N—8343kN‘m—27,8kN

Mogg = Mgy + H; - L = 302 kNm + 27,8 kN - 19,35 m ~ 840 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
MOEd = 840 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 8343 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? — 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

1,014 —10,068 _ L5410
T o1,014—-04 ’
K, =10
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Kp=1+Bper =10
194m4 0625
491 m? m
_O_Z-L_2-19,35m_619
i i 0625m
fo A 35 619
=035+ _ 2 _0354+—_2"_011
B 200 150 200 150
OE
Per = 9(,to) E‘"’

Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = M, = 2,0 kNm

24, 2mr?
0= ” = -~ =r=125m
@(oo,t5) = 1,8
2,0 kNm
Yer = 1,8 M = 0,004

K,=1+0,11-0,004 = 1,0

1 1 1
-=1-1-0,00198—=0,00198—
r m m

1 (2-19,35m)?
e, =0, 00198— —0 - 0,30 m

Mgg = 840 kNm + 8343 kN - 0,30 m = 3343 kNm

Page 48 from 224



Master’s thesis work

Marcin Andrzejewski

(D « interakeji N-M, przekréj koto =RREN X

0 Krzywa interakii , przekrd] Wy i i A A

fud [MPa] Srednica[m]  Otulina (3] [m] 200000kN

[ = 008

Ez [GPa] fck [MPa] gamma_C

o = fre

Al [em2] Liczba pretdw

Skok M[kN]  Skak M [kNm]

[100000 | 10000 Obliczenia |

MEd [kN] MEd [kMm] 100000kN

|53 | 3343 Pokaz [NED, MEd] \

Dirulcowwanie K.oniec |
‘ —/.//
M
OkN
d™n
[ L]
wersja 2.0 Okt 10000kNm 20000kNm 30000kNm

Figure 3.3.4 The curve interaction for bar #37 — first case

Second case
Mgamax = M, = 2834kNm
Ngd.cor. = 4187 kN

Geometric imperfections:

1
H;=6; N = 4187 kN - — = 13,9 kN

300

Mogg = Mypay + H; - L = 2834 kNm + 13,9 kN - 19,35 m ~ 3219 kNm

The piers verification — method based on nominal curvature

Mggq = Mygq + M,
Mygy = 3140 kNm

M, = Ngq " e,
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_ Ngg 4187 kN
" A.feq  491m2-25000 kPa

n = 0,034

Npq = 0,4
Ag = 39,27 cm? - 8#25

_ Agfya  0,003927m? - 435 MPa
C T Afa  491mZ-25MPa

n,=14+w=1,014

= 0,014

1,014 -0,034 160> 10
T o1,014-04 ’
K, =10

Ky =1+ B¢. =10

Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.
Y, for wind load is equal 0,5.

Moggp = My, = 1232 kNm

_ g 1232kNm _
Per = M 3079 kNm
K,=1+011-0,69 = 1,07

0,69

1 1 1
-=1-1,07-0,00198— = 0,0021 —
T m m

_000z1 L. (21935 m)?
¢ = e 10

Mgq = 3219 kNm + 4187 kN - 0,31 m = 4517 kNm

=0,31m

Page 50 from 224



Master’s thesis work

Marcin Andrzejewski

I [0 Krzywa interakeji N-M, przekrdj kotowy 4 o | B |t
fyd [MPa] Stednica[m]  Otulina [a) [r] 200000KN
|435 |25 |0.08
Ez [GPa] fck [MPa] gamma_C
200 [35 [1.4
Al [em2] Lizzba pretdw
451 8 3 Zapisz M-N
Skok M [kM]  Skok M [kNm]
100000 [10000 Obliczenia |
NEd [kN] MEd [kNm] 100000kN
4187 |4517 { Pokaz (NEd, MEd) \
Drrukowanie | Koniec |
M &
ki
d™p
o] L)
e KBB
wersja 2.0 [0kt 10000kNm 20000kNm 30000kNm
Figure 3.3.5 The curve interaction for bar #37 — second case
The bar #34

First case

Nedmax = 9572 kN

Mgg cor. = My, = 1,3kNm
Length of the column = 26,8 m

Geometric imperfections:

0, = Ohapapy

2 2 2
ah=ﬁ=ﬁ=0’386<§
2
§<och<1
m=1
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1

Mogg = Mgy + H; - L = 1,3 kNm + 31,9 kN - 26,8 m ~ 856 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
MOEd = 856 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Ngg 9572 kN

n= = = 0,078
Afod 491 m2- 25000 kPa

Npar = 0,4

Ag = 39,27 cm? - 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

_1,014—-0,078 _ 152510
T o1,014—-04 ’
K, =10
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Ky =1+B¢e =10

1,94 m4 0625
491 m? m
L

lp _2°L 2-268m
i i 0625m

= 85,8

fr A 35 858

= 0,35 ——=
g ' +200 150 ’ 200 150

Moggp
Mygq

Yoy = (00, to)

+o————=-0,05

Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 677 kNm

24, 2mr?
0= = o =r=125m
(p(OO‘ to) = 1 8
677 kNm
—=1,42

Per = 18 gee kNm
K,=1-005-142=093<1-K, =1

1 1 1
-=1-1-0,00198—=0,00198—
T m m

1 (2-26,8m)?
e, =0, 00198— —0 - 0,57 m

Mgq = 856 kNm + 9572 kN - 0,57 m = 6312 kNm
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O Krzywa interakeji N-M, przekréj kotowy =NACN X
fyd [MPa] Srednicalm]  Otulina &) [m] 200000KN

[EE 5 [o5s

Ez [GPa] fck [MPa) gamma_[

20 T [ Iz

Al [cm2] Liczba pretdw

Skok M [KN]  Skok M [kNm]

| 100000 [10000 Obliczenia |

NEd [kN] MEd [KNrm] 100000k

|3572 6312 Pokaz [NEd, MEd) \

Drukowanie | Koniec |
® /
M
kN
d™N
e
wersja 2.0 kim 10000kNm 20000kNm 30000kNm

Figure 3.3.6 The curve interaction for bar #34 — first case

Second case
Mgamax = My, = 1547 kNm

Ngdcor. = 5096 kN

Geometric imperfections:

1
H; = 6;-N = 5096 kN - — = 17,0 kN

300

Mogqg = Mg + H; L = 1547 kNm + 17,0 kN - 26,8 m = 2003 kNm

The piers verification — method based on nominal curvature

Mggq = Mygq + M,
Mygy = 2003 kNm

M, = Ngq " e,
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_ Ngg 5096 kN
" A.feq  491m2-25000 kPa

n = 0,041

Npar = 0,4
As = 39,27 cm? - 8#25

_ Agfya  0,003927m? - 435 MPa
C T Afa  491mZ-25MPa

n,=14+w=1,014

= 0,014

1,014 -0,041 1585 10
T o1,014-04 ’
K, =10

Ky =1+ B¢e =10

Mogqp

= ,t
Yer = @(0,tp) My

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 677 kNm
677 kNm B
2003 kNm

K,=1-0,05-061=097<1-K,=1

Qor =18 0,61

1 1 1
-=1-1-0,00198—=0,00198—
T m m

_ 000198~ . 2 268m)"
R STV

Mggq = 2003 kNm + 5096 kN - 0,57 m = 4908 kNm

=0,57m

Page 55 from 224



Master’s thesis work

Marcin Andrzejewski

First case

Nigmax = 9574 kN

Mga cor. = M, = 431 kNm
Length of the column = 26,8 m

Geometric imperfections:

0; = Ohapapy

2 2 2
Q= —=—-_=0386<~=
"TVUL V26,8 3

.
O Krzywa interakcji N-M, przekréj kotowy B EE
I fwd MPa] Srednicalm]  Otulina (=) [m] 200000kN

e [z o

Ez [GPa] fek [MPa] garima_C

e [ e

Al [em2] Liczba pretdw

N Bz

Skok N kM)  Skok M [kNm]

100000 [10000 Obliczenia |

NEd [kN] MEd [k 00000k

|509E |4908 [Pkt (NED MEd] \

Drukowanie | K.oniec |
M ]
3 B
d™n
T
— KBB
wersja 2.0 [lenim 10000kNm 20000kMNm 30000kNm
Figure 3.3.7 The curve interaction for bar #34 — second case
The bar #35
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1

Mogg = Mgy + H; - L = 431 kNm + 31,9 kN - 26,8 m ~ 1286 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 1286 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Ngg 9574 kN
n= = = 0,078
Afod 491 m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? - 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

_1,014—-0,078 _ 152510
T o1,014—-04 ’
K, =10
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Ky =1+B¢e =10

1,94 m4 0625
491 m? m
L

ly _2-L 2-268m

=TT T 06sm o8

foxo A +35 85,8 008
200 150 200 150

B =035+

OEqp

Yoy = (00, to) My

Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = M, = 0,81 kNm

24, 2mr?
0= ” = -~ =r=125m
(p(oo, tO) = 1:8
0,81 kNm
Per =18 g6 ienm — 0001
K(p =1-0,05-0,001 1,0

1 1 1
-=1-1-0,00198—=0,00198—
r m m

1 (2-26,8m)?
e, =0, 00198— —0 - 0,57 m

Mgy = 1286 kNm 4+ 9574 kN - 0,57 m = 6743 kNm
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L3 5
[ Krzywa interakeji N-M, przekrdj kotowy A A l == ﬂ_hj

fyd [MP2] Sredricalm]  Otulina (a] [m] 200000kH
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Figure 3.3.8 The curve interaction for bar #35 — first case

Second case
Mggmax = M, = 1526 kNm
Ngd.cor. = 5097 kN

Geometric imperfections:

1

300

Mogg = Mgy + H; - L = 1526 kNm + 17,0 kN - 26,8 m ~ 1982 kNm

The piers verification — method based on nominal curvature

Mgq = Mogq + M,
MOEd = 1982 kNm
M, = Ngq " e,
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_ Ngg 5097 kN
" A.feq  491m2-25000 kPa

n = 0,041

Npq = 0,4
Ag = 39,27 cm? - 8#25

_ Agfya  0,003927m? - 435 MPa
C T Afa  491mZ-25MPa

n,=1+w=1014

= 0,014

1,014 -0,041 1585 10
T o1,014-04 ’
K, =10

Ky =1+ B¢. =10

Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.
Y, for wind load is equal 0,5.

Mogqp = M, = 677 kNm
677 kNm
1982 kNm

K,=1-0,05-061=097<1-K,=1

Por = 1,8 0,61

1 1 1
-=1-1-0,00198—=0,00198—
T m m

_ 000198~ . 2 268m)"
R STV

Mgq = 1982 kNm + 5097 kN - 0,57 m = 4887 kNm

=0,57m
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Figure 3.3.9 The curve interaction for bar #35 — second case
The bar #38

First case

Ngdamax = 10167 kN

Mgg cor. = My, = 5,0 KNm
Length of the column = 30,57 m

Geometric imperfections:

0, = Ohapapy

2 2 2
ah—\/z—\/m—o,?»62<3
2
§<ah<1
m=1
Ay = =10
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1
H;=6;-N = 10167 kN - o= = 33,9 kN

Mogg = Mgy + H; - L = 5,0 kNm + 33,9 kN - 30,57 m ~ 1041 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 1041 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 10167 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? — 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

1,014 —-0,083 _ 152510
T o1,014—-04 ’
K, =10
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Mygq

Yoy = (00, to)

Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = My = 524 kNm

24, 2mr?
0= = o =r=125m
@(o,t) = 1,8
524 kNm
Yer = 1,8 ST 0,91

K,=1-013-091=088<1-K,=1

1 1 1
-=1-1-0,00198—=0,00198—
T m m

1 (2-30,57 m)?
e, =0, 00198— —0 - 0,74 m

Mgq = 1041 kNm + 10167 kN - 0,74 m = 8565 kNm
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Figure 3.3.10 The curve interaction for bar #38 — first case

Second case
Mggmax = My = 1199 kNm
Ngg cor. = 5540 kKN

Geometric imperfections:

1
H; = 6;*N = 5540 kN - — = 18,5 kN

300

Mogg = Mgy + H; - L = 1199 kNm + 18,5 kN - 30,57 m ~ 1764 kNm

The piers verification — method based on nominal curvature

Mggq = Mygq + M,
Mygy = 1764 kNm

M, = Ngq " e,
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_ Ngg 5540 kN
" A.feq  491m2-25000 kPa

n = 0,045

Npar = 0,4
As = 39,27 cm? - 8#25

_ Agfya  0,003927m? - 435 MPa
C T Afa  491mZ-25MPa

n,=14+w=1,014

= 0,014

X _1,014—0,045_158>10
T o1,014-04 ’
K, =10

Ky =1+ B¢. =10

M 0Eqp

= ,t
Yer = @(0,tp) My

Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.
Y, for wind load is equal 0,5.

MOEqp = My = 524 kNm
524 kNm B
1764 kNm

K,=1-0,13-053=093<1-K,=1

Qo = 1,8 0,53

1 1 1
-=1-1-0,00198—=0,00198—
T m m

_ 0001981 . 23057 m)?
¢2= 5 m 10

Mgy = 1764 kNm + 5540 kN - 0,74 m = 5864 kNm

=0,74m
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Figure 3.3.11 The curve interaction for bar #38 — second case

The bar #39

First case

Nedmax = 10167 kN

Mgg cor. = M, = 533 kNm
Length of the column = 30,57 m

Geometric imperfections:

0; = Ohapap

2 2
=0,362 <<

2
Ay = — = ——

"TVL /3057 3
2
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1
H;=6;-N = 10167 kN - o= = 33,9 kN

Mogg = Mgy + H; - L = 533 kNm + 33,9 kN - 30,57 m ~ 1569 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
MOEd = 1569 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 10167 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? — 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

1,014 —-0,083 _ 152510
T o1,014—-04 ’
K, =10
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Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = M, = 0,7 kNm

24, 2mr?
0= ” = -~ =r=125m
(p(oo, tO) = 1:8
0,7 kNm
Per = 18- m = 0,0008

K, =1-0,13-0,0008 = 1

1 1 1
-=1-1-0,00198—=0,00198—
r m m

1 (2-30,57 m)?
e, =0, 00198— —0 - 0,74 m

Mgg = 1569 kNm + 10167 kN - 0,74 m = 9092 kNm
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Figure 3.3.12 The curve interaction for bar #39 — first case

Second case
Mgamax =My, = 1184 kNm
Ngdcor. = 5540 kN

Geometric imperfections:

1
H;=6; N = 5540 kN - — = 18,5 kN

300

Mogg = Mgy + H; - L = 1184 kNm + 18,5 kN - 30,57 m ~ 1749 kNm

The piers verification — method based on nominal curvature

Mgq = Mogq + M,
MOEd = 174’9 kNm
M, = Ngq " e,
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_ Ngg 5540 kN
" A.feq  491m2-25000 kPa

n = 0,045

Npar = 0,4
As = 39,27 cm? - 8#25

_ Agfya  0,003927m? - 435 MPa
C T Afa  491mZ-25MPa

n,=14+w=1,014

= 0,014

X _1,014—0,045_158>10
T o1,014-04 ’
K, =10

Ky =1+ B¢. =10

M 0Eqp

= ,t
Yer = @(0,tp) My

Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.
Y, for wind load is equal 0,5.

MOEqp = My = 524 kNm

524 kNm B
1749 kNm

K,=1-013-054=093<1-K,=1

Qo = 1,8 0,54

1 1 1
-=1-1-0,00198—=0,00198—
T m m

_ 0001981 . 23057 m)?
¢2= 5 m 10

Mgq = 1749 kNm + 5540 kN - 0,74 m = 5849 kNm

=0,74m
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Figure 3.3.13 The curve interaction for bar #39 — second case

The bar #40

First case

Ngdamax = 10667 kN

Mgg cor. = M, = 589 kNm
Length of the column = 33,50 m

Geometric imperfections:

0; = bhapapy

2 2 2

ap =—==——=0,345 < =
VL /33,59 3

2< <1

3~ %n

m=1

Oy = =10
1

%7200

o = 1 2 - 1

17200 3 © 300
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1

Mogg = Mgy + H; - L = 589 kNm + 35,5 kN - 33,59 m ~ 1781 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 1781 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 10667 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? — 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

1,014 —0,087 _ L5110
T o1,014—-04 ’
K, =10
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Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = M, = 0,61 kNm

24, 2mr?
0= ” = -~ =r=125m
(p(oo, tO) = 1:8
0,61 kNm
Per = 18- m = 0,0006

K, =1-0,19-0,0006 ~ 1

1 1 1
-=1-1-0,00198—=0,00198—
r m m

1 (2-33,59m)?
e, =0, 00198— —0 - 0,89 m

Mgg = 1781 kNm + 10667 kN - 0,89 m = 11275 kNm
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Figure 3.3.14 The curve interaction for bar #40 — first case

Second case
Mgamax = My, = 1008 kNm
Ngdcor. = 5903 kN

Geometric imperfections:

1
H; =6;-N = 5903 kN - —— = 19,7 kN

300

Mogg = Mgy + H; - L = 1008 kNm + 19,7 kN - 33,59 m ~ 1700 kNm

The piers verification — method based on nominal curvature

Mggq = Mogq + M,
MOEd = 1700kNm

M, = Ngq " e,
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Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 442 kNm

442 kNm
1700 kNm

K,=1-019:047=091<1-K,=1

Qor =18 0,47

1 1 1
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T m m

_ 000198 L. 23359 m)?
¢2= 5 m 10

Mgq = 1700 kNm + 5903 kN - 0,89 m = 6954 kNm

=0,89m
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Figure 3.3.15 The curve interaction for bar #40 — second case
The bar #41

First case
Nedmax = 10666 kN
Mga,cor. = M, = 5,6 kNm

Length of the column = 33,590 m

Geometric imperfections:

0; = Ohapapy

2 2 2
och—\/z—\/ﬁ—o,345<3
2
§<ah<1
m=1
U =1,0
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1
H; = 0; N = 10666 kN * - = 35,5 kN

Mogg = Mgy + H; - L = 5,6 kNm + 35,5 kN - 33,59 m ~ 1198 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 1198 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 10666 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? — 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa
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Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = My = 5,6 kNm

24, 2mr?
0= = o =r=125m
@(o,t) = 1,8
5,6 kNm
Ve = 1,8 "T198 kN — 0,008

K, =1-0,19-0,008 ~ 1

1 1 1
-=1-1-0,00198—=0,00198—
T m m

1 (2-33,59m)?
e, =0, 00198— —0 - 0,89 m

Mgq = 1198 kNm + 10666 kN - 0,89 m = 10691 kNm
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Figure 3.3.16 The curve interaction for bar #41 — first case

Second case
Mgamax = M, = 1000 kNm
Ngd.cor. = 5902 kN

Geometric imperfections:

1
H; = 6;-N = 5902 kN - — = 19,7 kN

300

Moga = Mgy + H; - L = 1000 kNm + 19,7 kN - 33,59 m ~ 1662 kNm

The piers verification — method based on nominal curvature

Mgq = Mygq + M,
Mgy = 1662 kNm
M, = Ngq " e,
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Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 442 kNm

442 kNm
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K,=1-019:048=091<1-K,=1

Qor =18 0,48
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=0,89m
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Figure 3.3.17 The curve interaction for bar #41 — second case
The bar #42

First case

Ngamax = 11602 kN

Mgq.cor. = M, = 568 kNm
Length of the column = 39,4 m

Geometric imperfections:

0; = Ohapapy

2 2
a, =—=——=10,318< =
T VL V39,4 3
2< <1

3~ %n

m=1

U =1,0
0o

o — 1 2 - 1
Y7200 3 © 300
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1
H;=6;-N = 11602 kN - o = 387 kN

Mogg = Mgy + H; - L = 568 kNm + 38,7 kN - 39,4 m ~ 2093 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 2093 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Ngg 11602 kN
n= = = 0,094
Afod 491 m2- 25000 kPa
Npar = 0,4

Ag = 147,3 cm? — 30#25

_ Agfyq 001473 m? - 435 MPa 0.052
" Afeq  491m2-25MPa

n,=14+w=1,052

X _1,052—0,094_147>10
T 1,052-04 ’
K, =10
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Ky =1+B¢e =10

1,94 m4 0625
491 m? m
L

lp _2°L 2-394m
i i 0625m

=126,1

Joo _ A gy 1261 o
200 150 200 150

B =035+

OEqp

Yoy = (00, to) My

Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = M, = 0,39 kNm

24, 2mr?
0= =5 =r=125m
@(oo,t5) = 1,8
0,39 kNm
Ger = 185 = 0,0003
K, =1-0,31-0,0003 = 1,0

1 1 1
-=1-1-0,00198—=0,00198—
r m m

1 (2-39,4m)?
e, =0, 00198— —0 - 1,23 m

Mgy = 2093 kNm + 11602 kN - 1,23 m = 16363 kNm
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Figure 3.3.18 The curve interaction for bar #42 — first case

Second case

Mgamax =M, = 736 kNm

Ngg cor. = 6603 kN

Geometric imperfections:

1
H; = 6; N = 6603 kN - — = 22,0 kN

300

Mogg = Mypay + H; - L = 736 kNm + 22,0 kN - 39,4 m ~ 1603 kNm

The piers verification — method based on nominal curvature

Mgq = Mygq + M,
M, = Ngq " e,
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_ Ngg 6603 kN
" A.feq  491m2-25000 kPa

n = 0,053

Npar = 0,4
A = 147,3 cm? - 30#25
_ Asfyq 001473 m? - 435 MPa

— - = 0,052
= A fa  491m2-25MPa
n,=1+w=1,052
X _1,052—0,053_153>10
T 1,052-04 ’
K, =10
K, =14 B¢er =10
A_IO_Z-L_2-39,4m_1261
i i 0625m
—035+ka A —035+35 1261 _ 431
B=0, 200 150 200 150
Mg
Per = 9(o0,t0) 7 1
0Ed

Moggp — SLS (QP): Y, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 325,75 kNm

24, 2mr?
hO = = =r = 1,25 m
u 2nr
(p(ool tO) = 118

_ ., g.32575kNm _
Per = V% 036 kNm

K,=1-031-080=075<10->K,=1

1 1 1
-=1-1-0,00198—=0,00198—
r m m

1 (2-39,4m)?

e, = 0,00198E 10 =123m
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Mgq = 736 kNm + 6603 kN - 1,23 m = 8858 kNm

Marcin Andrzejewski
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Figure 3.3.19 The curve interaction for bar #42 — second case

The bar #43

First case

Ngdamax = 11598 kN

Mg cor. = M, = 1,6 kNm
Length of the column = 39,4 m

Geometric imperfections:

0; = Opanam

2 2 2
ah=ﬁ=3—9’4=0,318<§
2
§<ah<1
m=1

=1,0
1
%7200
o = 1 2 - 1
17200 3 © 300
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1
H;=6;-N = 11598 kN - = = 387 kN

Mogg = Mpax + Hi - L =1,6 kNm 4+ 38,7 kN - 39,4 m = 1526 kNm

The piers verification — method based on nominal curvature
Mgq = Mogq + M,
MOEd = 1526 kNm

M; = Ngq - e,
o = 113
2 r c
c=10
1wl
" e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ’;L:’ = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Ngg 11598 kN

n= = _ = 0,094
Afod 491 m2- 25000 kPa

Npar = 0,4

Ag = 147,3 cm? — 30#25

Asfya  0,01473 m? - 435 MPa
w = = = 0,052
Acfra 4,91 m? - 25 MPa

n,=14+w=1,052

K _1,052—0,094_147>10
T 1,052-04 ’
K, =10
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Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 326 kNm

24, 2mr?
0= ” = g =r=125m
@(oo,t9) = 1,8
326 kNm
Ve = 1,8 "T526 kNm 0,38

K,=1-031:038=088<1-K,=1

1 1 1
-=1-1-0,00198—=0,00198—
T m m

1 (2-39,4m)?
e, =0, 00198— —0 - 1,23 m

Mgq = 1526 kNm + 11598 kN - 1,23 m = 15791 kNm
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Figure 3.3.20 The curve interaction for bar #43 — first case

Second case
Mgamax = M, = 948 kNm
Ngdcor. = 10254 kN

Geometric imperfections:

1
H; = 6;-N = 10254 kN - —— = 34,2 kN

300

Moga = Mmax + H; - L = 948 kNm + 34,2 kN - 39,4 m ~ 2295 kNm

The piers verification — method based on nominal curvature

Mggq = Mygq + M,
MOEd = 2295 kNm

M, = Ngq " e,
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_ Ngg 10254 kN
" A.feq  491m2-25000 kPa

n = 0,083

Npar = 0,4
A = 147,3 cm? - 30#25
_ Asfyq 001473 m? - 435 MPa

= = = 0,052
= A fa  491m2-25MPa
n, =1+ w=1052
X _1,052—0,083_148>10
T 1,052-04 ’
K, =10
K, =14 B¢er =10
A_IO_Z-L_2-39,4m_1261
i i 0625m
—035+ka A —035+35 1261 _ 431
B=0, 200 150 200 150
Mg
Per = 9(o0,t0) 7 1
0Ed

Mogqp = SLS (QP): 1, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = My = 0,4' kNm

24, 2mr?
0= T omr =r=125m
@(o,tp) = 1,8
0,4 kNm
Yer =18 m = 0,0003

K, =1-0,31-0,0003 = 1,0

1 1 1
-=1-1-0,00198—=0,00198—
r m m

1 (2-39,4m)?

e, = 0,00198E 10 =123m
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Mgq = 2295kNm + 10254 kN - 1,23 m = 14907 kNm
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Figure 3.3.21 The curve interaction for bar #43 — second case
The bar #44

First case

Ngdamax = 10668 kN

Mggcor. = M, = 614 kKNm
Length of the column = 39,14 m

Geometric imperfections:

0, = Ohapapy

2 2 2
a, = — = =0319< -
T VL V39,14 3
2< <1
3~ %n
m=1
=1,0

1
7200
o — 1 2 - 1
17200 3 © 300
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1
H; = 0; N = 10668 kN * - = 35,6 kN

Mogg = Mgy + H; - L = 614 kNm + 35,6 kN - 39,14 m ~ 2007 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 2007 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 10668 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? — 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

1,014 —0,087 _ L5110
T o1,014—-04 ’
K, =10
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Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = M, = 0,8 kNm

24, 2mr?
0= ” = -~ =r=125m
(p(oo, tO) = 1:8
0,8 kNm
Per = 18- m = 0,0008

K, =1-0,31-0,0008 =~ 1

1 1 1
-=1-1-0,00198—=0,00198—
r m m

1 (2-39,14m)?
e; = 0,00198 — - ~—————=1213m

Mgy = 2007 kNm 4+ 10668 kN - 1,213 m = 14947 kNm
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Figure 3.3.22 The curve interaction for bar #44 — first case

Second case
Mgamax = M, = 1025 kNm
Nga.cor. = 5908 kN

Geometric imperfections:

H;=6;- N =5908 kN5

1
——=19,7kN

Moga = Mgy + H; - L = 1025 kNm + 19,7 kN - 39,14 m ~ 1796 kNm

The piers verification — method based on nominal curvature

Mgg = Mogq + M,
Mopq = 1796 kNm

M, = Ngq - €,
1 13
ez=; —
c=10
l—KK —
r r(bro
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_ Ngg 5908 kN
" A.feq  491m2-25000 kPa

n = 0,048

Npar = 0,4
As = 39,27 cm? - 8#25

_ Agfya  0,003927m? - 435 MPa
C T Afa  491mZ-25MPa

n,=14+w=1,014

= 0,014

1,014 -0,048 1575 10
T o1,014-04 ’
K, =10

Ky =1+ B¢e =10

Mogqp

= ,t
Yer = @(0,tp) My

Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = MZ == 0,8 kNm
0,8 kNm
1687 kNm
K, =1-0,19-0,0008 ~ 1

Qor =18 = 0,0008

1 1 1
-=1-1-0,00198—=0,00198—
T m m

— 000198 1 (2-39,14 m)?
€2 =" m 10

Mgq = 1796 kNm + 5908 kN - 1,213 m =~ 8962 kNm

=1,213m
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Figure 3.3.23 The curve interaction for bar #44 — second case

The bar #45

First case

Nedmax = 10667 kN

Mggcor. = M, = 0,9 kNm
Length of the column = 39,14 m

Geometric imperfections:

0; = Opanam

2 2 2
Q= — = ——=0,319 < =
T VL V39,14 3
2 <1

3~ %n

m=1

Oy = =10
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1
H; = 0; N = 10667 kN * 5 = 35,6 kN

Mogq = Mgy + H; - L = 0,9 kNm + 35,6 kN - 39,14 m ~ 1394 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 1394 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 10667 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? — 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

1,014 —0,087 _ L5110
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K, =10
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Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = M, = 0,8 kNm

24, 2mr?
0= ” = -~ =r=125m
@(oo,t5) = 1,8
0,8 kNm
Yer = 1,8 m = 0,001

K, =1-031-0001~=1

1 1 1
-=1-1-0,00198—=0,00198—
r m m

1 (2-39,14m)?
e; = 0,00198 — - ~—————=1213m

Mgy = 1394 kNm 4+ 10667 kN - 1,213 m = 14333 kNm
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Figure 3.3.24 The curve interaction for bar #45 — first case

Second case
Mgamax = M, = 1026 kNm
Ngd.cor. = 9470 kN

Geometric imperfections:

1
H; = 6;-N = 9470 kN - — = 31,6 kN

300

Mogg = Mgy + H; - L = 1026 kNm + 31,6 kN - 39,14 m ~ 2263 kNm

The piers verification — method based on nominal curvature

Mgg = Mogq + M,
Mogpg = 2263 kNm

M, = Ngq " e,

Page 99 from 224



Master’s thesis work Marcin Andrzejewski

_ Ngg 9470 kN
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Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = MZ = 0,8 kNm
0,8 kNm
2087 kNm
K, =1-0,19-0,0007 ~ 1

Qor =18 = 0,0007

1 1 1
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Mggq = 2263 kNm + 9470 kN - 1,213 m = 13750 kNm

=1,213m
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Figure 3.3.25 The curve interaction for bar #45 — second case
The bar #46

First case
Ngamax = 10771kN

Mg cor. = M, = 525 KNm

Length of the column = 34,28 m

Geometric imperfections:

0; = bpapap

2 2 2
a, = — = =0,341<=
T VL V34,28 3
2< <1
3~ %n
m=1
(o =10
1
%7200
o — 1 2 - 1
17200 3 © 300

1
H;=6;-N =10771 kN - —— = 35,9 kN

300

Page 101 from 224



Master’s thesis work Marcin Andrzejewski

Moga = Mgy + H; - L = 525 kNm + 35,9 kN - 34,28 m ~ 1756 kNm

The piers verification — method based on nominal curvature
Mgq = Mogq + M;

Mypq = 1756 kNm

M; = Ngq " e,

)

5
d = h = Crom =5 = Dstirrup = 2,5m = 0,035 m — — 0,008 =2,44m
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Marcin Andrzejewski

Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = MZ == 0,7 kNm

24, 2mr?
0= ” = g =r=125m
@(oo,ty) = 1,8
0,7 kNm

=18-— _ 00007
Per = 5 1756 kNm =

K, =1-0,21-0,0007 ~ 1

1 1 1
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T m m

_ 00019 L. (23428 m)?
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Mgq = 1756 kNm + 10771 kN - 0,93 m = 11773 kNm

=093m
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Figure 3.3.26 The curve interaction for bar #46 — first case

Second case
Mgamax = My, = 938kNm
Ngd.cor. = 5986 kN

Geometric imperfections:

1
H; = 6;- N = 5986 kN - —— = 20,0 kN

300

Mogg = Mypgy + H; - L = 938 kNm + 20,0 kN - 34,28m ~ 1624 kNm

The piers verification — method based on nominal curvature

Mgq = Mogq + M,
MOEd = 1624’ kNm
M, = Ngq " e,
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_ Ngg 5986 kN
" A.feq  491m2-25000 kPa

n = 0,049

Npar = 0,4
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Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = MZ = 416 kNm
416 kNm
1624 kNm

K,=1-021-046=09<1-K, =1

Qor =18 0,46

1 1 1
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Mggq = 1624 kNm + 5986 kN - 0,93m = 7191 kNm
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Figure 3.3.27 The curve interaction for bar #46 — second case
The bar #47

First case
Ngamax = 10769 kN
Mgq cor. = My = 2,4 kKNm

Length of the column = 34,28 m

Geometric imperfections:

0; = 0yapan,

2 2 2
Qp = —— = —— = 0,341 < =
T VL V34,28 3
2 <1

3~ %n

m=1

Oy = =10
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1
H; = 0;N = 10769 kN + 5 = 35,9 kN

Mogq = Mgy + H; - L = 2,4 kNm + 35,9 kN - 34,28 m ~ 1233 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 1233 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 10769 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? — 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

1,014 —0,088 _ L5110
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Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 416 kNm

24, 2mr?
0= = o =r=125m
@(o,t) = 1,8
416 kNm
Yer = 1,8 1233 kNm 0,61

K,=1-021-061=087<1-K,=1

1 1 1
-=1-1-0,00198—=0,00198—
T m m

1 (2-34,28m)?
e, =0, 00198— —0 - 0,93m

Mggq = 1233 kNm + 10769 kN - 0,93 m = 11248 kNm
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Figure 3.3.28 The curve interaction for bar #47 — first case

Second case
Mgy max = My = 949kNm
Ngdcor. = 5984 kN

Geometric imperfections:

1
H; = 6;-N = 5984 kN - — = 19,9 kN

300

Moga = Mmayx + H; - L = 949 kNm + 19,9 kN - 34,28m ~ 1631 kNm

The piers verification — method based on nominal curvature

Mggq = Mogq + M,
Mypy = 1631 kNm

M, = Ngq " e,
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Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = MZ = 416 kNm
416 kNm
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K,=1-021-046=09<1-K, =1

Qor =18 0,46
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Figure 3.3.29 The curve interaction for bar #47 — second case
The bar #48

First case

Ngamax = 10150 kN

Mgg cor. = My = 429 kKNm
Length of the column = 30,36 m

Geometric imperfections:

0; = Ohapapy

2 2 2
Ay = —=—=0,36 < =
VL V30,36 3
2< <1

3~ %n

m=1

U =1,0
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1
H; = 0;N = 10150 kN + 5o = 33,8 kN

Mogg = Mgy + H; - L = 429 kNm + 33,8 kN - 30,36 m ~ 1455 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
MOEd = 1455 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m
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n= = = 0,083
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Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = My = 0,7 kNm

24, 2mr?
0= = o =r=125m
@(o,t) = 1,8
0,7 kNm
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e, =0, 00198— —0 - 0,73m

Mgq = 1455 kNm + 10150 kN - 0,73 m = 8864 kNm
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Figure 3.3.30 The curve interaction for bar #48 — first case

Second case
Mgamax =My, = 1180 kNm
Nga.cor. = 9024 kN

Geometric imperfections:

1
H; = 6; N = 9024 kN - —— = 30,1 kN

300

Moga = Myayx + H; - L = 1180 kNm + 19,9 kN - 30,36 m ~ 1784 kNm

The piers verification — method based on nominal curvature

Mggq = Mogq + M,
MOEd = 1784’ kNm

M, = Ngq " e,
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Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.
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Figure 3.3.31 The curve interaction for bar #48 — second case
The bar #49

First case
Ngamax = 10149 kN
Mga,cor. = M, = 2,0 kNm

Length of the column = 30,36 m

Geometric imperfections:

0; = Ohapapy

2 2 2
a, =—=—-—=1036<-
" VL V30,36 3
2< <1
3~ %n
m=1
(o =10
o — 1
97200
o — 1 2 - 1
17200 3 © 300
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1
Hi=6;-N = 10149 kN - o= = 33,8 kN

Mogg = Mgy + H; - L = 2,0 kNm + 33,8 kN - 30,36 m ~ 1028 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 1028 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
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Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 10149 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? — 8#25

_ Asfya  0,003927m? - 435 MPa 0
"~ Acfeq  491m2-25MPa

n,=1+w=1014

014

1,014 —-0,083 _ 152510
T o1,014—-04 ’
K, =10

Page 117 from 224



Master’s thesis work

Ky =1+B¢e =10

1,94 m4 0625
491 m? m
L

_lp 2L 2-3036m
i i 0625m

=97,1

foxo A +35 97,1 _ o012
200 150 200 150

B =035+

Moggp
Mygq

Yoy = (00, to)

Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

MOEqp = My = 523 kNm

24, 2mr?
0= = o =r=125m
@(o,t) = 1,8
523 kNm
Ve = 1,8 1028 kN — 0,91

K,=1-012-091=089<1-K,=1
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e, =0, 00198— —0 - 0,73m

Mggq = 1028kNm + 10149 kN - 0,73 m = 8437 kNm
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Figure 3.3.32 The curve interaction for bar #49 — first case

Second case
Mgamax = My, = 1198 kNm
Ngd.cor. = 9023 kN

Geometric imperfections:

1
H; =6; N =9023 kN - — = 30,1 kN

300

Mogg = Mypgy + H; - L = 1198 kNm + 30,1 kN - 30,36 m ~ 2112 kNm

The piers verification — method based on nominal curvature

Mgq = Mygq + M,
Mgy = 2112 kNm
M, = Ngq " e,
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Mogqp — SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.
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Figure 3.3.33 The curve interaction for bar #49 — second case
The bar #50

First case

Mgamax = 3748 kNm

Ngdcor. = 7156 kKN

Length of the column = 16,9 m

Geometric imperfections:

0; = Ohapapy

2 2 2
Ay = == —— = 0,486 < =

VL V69 3
2< <1
3~ %n
m=1
U =1,0

1 2 1
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1

Mogg = Mgy + H; - L = 3748 kNm + 23,8 kN - 16,9 m ~ 4150 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
MOEd = 4‘150 kNm
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Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 1688 kNm

24, 2mr?
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Mgq = 4150 kNm + 7156 kN - 0,25 m = 5939 kNm
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Figure 3.3.34 The curve interaction for bar #50 — first case

Second case
Neamax. = 7944 kN
Mgg,cor =M, = 63kNm

Geometric imperfections:

1

300

Mogqd = Mg + Hi "L = 63 kNm 4+ 26,5 kN - 16,9 m = 511 kNm

The piers verification — method based on nominal curvature

Mggq = Mogq + M,
MOEd = 511 kNm

M, = Ngq " e,
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n,—n
K, =—%— <10

Ny — Npai

Nig 7944 kN

" Afoq 491 mZ-25000 kPa

n = 0,065

Npar = 0,4
As = 39,27 cm? - 8#25

Asfya  0,003927 m? - 435 MPa
w = = = 0,014
Afoa 4,91 m? - 25 MPa

n,=14+w=1014

K _1,014—0,065_154>10
T 1,014—-04 ’
K, =10

Ky =1+B¢. =10

Mogqp

= ,t
Yer = @(0,tp) My

Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 1688 kNm

_ g l688kNm _
Per = V% S 1 kNm >
K,=1+016-59=19

1 1 1
-=1-19-0,00198— = 0,0038 —
T m m

— 00038 (2-16,9m)?
™ 10

Mgq = 511 kNm + 7944 kN - 0,43 m = 3927 kNm

=043m
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Figure 3.3.35 The curve interaction for bar #50 — second case

The bar #51
First case

Mgamax = 3804 kNm
Ngdcor. = 7165 kN
Length of the column = 16,9 m

Geometric imperfections:

0; = Ohapap

2 2 2
Ay = — = —— = 0,486 < =
"TVL V169 3
2< <1

3~ %n

m=1

Ay = =10
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1

Mogg = Mgy + H; - L = 3804 kNm + 23,9 kN - 16,9 m ~ 4208 kNm

The piers verification — method based on nominal curvature
Mggq = Mogq + M,
Mypq = 4208 kNm

M; = Ngq - e;
o = 113
2= r c
c=10
lz K.K,—
- e
d=h-—chm — g — Bstirrup = 2,5m — 0,035 m — 0025 _ 0,008 = 2,44 m
Eyg = ];L: = % = 0,002175
1_ &a _ 0002175 _ 0001981
1oy 0,45d  0,45-2,44 m

n,—n
K, =—%—<1,0
Ny — Npai

A, =nr? =m-(1,25m)? = 4,91 m?

Nig 7165 kN
Afoa  491m2- 25000 kPa
Npar = 0,4

Ag = 39,27 cm? - 8#25

_ Asfya 0,003927 m? - 435 MPa
" Acfeq  491m2-25MPa

n,=1+w=1014

= 0,014

X _1,014—0,058_156>10
T o1,014—-04 ’
K, =10
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Ky =1+B¢e =10

1,94 m4 0625
491 m? m
L

lp _2°L 2-169m
i i 0625m

=541

foxo A +35 541_016
200 150 200 150

B =035+

Moggp
Mygq

Yoy = (00, to)

Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 1687,7 kNm

_24; _2m?_
L) —an—r—, m
¢(m:t0):1:8

_ g, 16877 kNm
Per = 5" 4208 kNm
K,=1+016-072 =111

=0,72

1 1 1
-=1-1,11-0,00198— = 0,0022 —
T m m

1 (2-16,9m)?
e2_00022— T—O,ZSm

Mgq = 4208 kNm + 7165 kN - 0,25 m = 5999 kNm
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Figure 3.3.36 The curve interaction for bar #51 — first case

Second case
Nedmax. = 7953 kN
Mgacor =M, = 118 kNm

Geometric imperfections:

1
H; = 6;-N = 7953 kN - — = 26,5 kN

300

Mogg = Mgy + H; - L = 118 kNm + 26,5 kN - 16,9 m ~ 566 kNm

The piers verification — method based on nominal curvature

Mgq = Mygq + M,
MOEd = 566 kNm
M, = Ngq " e,
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n,—n
K, =—%— <10

Ny — Npai

Nig 7953 kN

T Afoq  491mZ-25000 kPa

n = 0,065

Npar = 0,4
As = 39,27 cm? - 8#25

Asfya  0,003927 m? - 435 MPa
w = = = 0,014
Afoa 4,91 m? - 25 MPa

n,=14+w=1014

K _1,014—0,065_154>10
T 1,014—-04 ’
K, =10

Ky =1+B¢. =10

Mogqp

= ,t
Yer = @(0,tp) My

Marcin Andrzejewski

Mogqp = SLS (QP): v, for traffic load, breaking load and wind is equal 0.

Y, for wind load is equal 0,5.

Mogqp = My, = 1687,7 kNm

_ g 16877 kNm _
Per = 5 5o kNm
K,=1+016-536 = 1,86

1 1 1
-=1-1,11-0,00198— = 0,0037 —
T m m

— 00037 (2-16,9m)?
¢ = 10

Mgq = 566 kNm + 7953kN - 0,42 m = 3906 kNm

=042m
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Figure 3.3.37 The curve interaction for bar #51 — second case

Because of the fact that the computer program didn’t allow to put more than 12 steel

reinforcement bars all the columns were checked for 8#25 instead of the pier #42 and

#43 which were checked for 10#(3x#25) = 30#25. Taking into consideration the

minimum area of reinforcement it is necessary to use 20#25 in each column besides the

longest piers - #42 and #43 in which it should be used 30#25.

3.4.Foundations

3.4.1. Spread foundations and pile caps

fox = 30 MPa (€C30/37)

30 MPa

= = 21,43 MP
de 1'4 ) 3 a

x — longitudinal direction of the viaduct

y — transversal direction of the viaduct
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Mo —

Ey

|£ €x |-

7B

I B |

Figure 3.4.1 Effective area of the foundation

In order to get the reinforcement of the foundations, the sectional forces of two columns
were summed. In addition two cases should be considered for each spread footing in the
calculations - the sum of the maximum bending moments and the sum of the
corresponding axial forces to it and the sum of the maximum axial forces and the sum of

the corresponding bending moments to it.

The nominal concrete cover:
Cnom = Cmin +A Cdev

A Cgev= 10 mm

Cmin - max { Cmin,b; Cmin,dur + A Cdur,y -A Cdur,st -A Cdur,add; 10 mm }
Cminp = 20 mm

Cmin,dur =25 mm

A Cdur,y =A Cdur,st =A Cdur,add =0

Chom =25 mm + 10 mm = 35 mm
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Foundation P2

ULTIMATE LIMIT STATE
First case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #36:
MEd,max = Myy36 = 2592 kNm
MEd,cor.xx = Mxx,36 = —258 kNm

NEd,cor, = NEd,36 = —4184 kN

The sectional forces in the column #37:
MEd,max = Myy 37 = 2559 kNm
MEd,cor.xx = Myx37 = 2kNm

Ngacor. = Ngaz7 = —4187 kN

The sum of the sectional forces:
kN kN
Gr=Af hs25—=6,35m-12,7m-1,5m-25—-1,35 = (—) 4083 kN
r=Aryrao s 3

My, =

yy,36 T My, 37 = 5151 kNm
M,y = Myx36 + Myy37 = —256 kNm

N, = NEd,36+ NEd,37 + Gf = 12454 kN

The eccentricity of the actions:

My, 5151 kNm
e = = —
* TN T 12454 kN

0,41m

_ My _—256kNm _
& TN T 1245akN 0™

Effective dimensions of the foundation:
B

B’=2-(E—ex)=B—2ex=6,35m—2-0,41m=5,53m

L
L’=2-<E—|ey|>=L—Zey=12,7m—2-0,020m= 12,66 m = 12,70 m

Effective area of the foundation:
A'=B'-L'=553m-12,7m = 70,2 m?
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The design value of the bearing pressure:

N' 12454 kN

T=a T 70,2 m?

kN
=1774~= 177—/m
m

The simplified static model of the spread foundation in the x-direction:

(=] (=]
o (=]
r~ r~
r~ r~
-— -—

\
A

90=0,00 kN/mb

2,30

Figure 3.4.2 The static model for the foundation P2 in the x-direction — first case

L=015a+ 1!
a=25m
B—a 635m—-—25m
' = > = > = 1,925

L=015-25m+1925m=23m

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-468,16

468,16
BN
|

A

407,10

Figure 3.4.3 The bending moment for the foundation P2 in the x-direction — first case
Mgg . = 468 kNm/m

Minimum area of reinforcement:

As,mm=w'b'd'fc—d

fyd

Assuming bars #20:

) 0,020
d=h—-cpom—0—==15m—-0,035m—0,02 — m=1435m

2 2
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Calculated minimum area of reinforcement:
Mgy 468 kNm

= = =0,011
K= a2 £, ~ 1,0m- (1,435 m)? - 21,43 kPa - 10°
w=1-—J1-2u=1-+1—2-0,011 = 0,011
21,43 MPa ,
As,min =0,011-1,0m-1,435m - m =7,78cm

That gives us #20/0,30 m with total area equal A; = 10,47 cm?

The simplified static model of the spread foundation in the y-direction:

o o
(=] (=]
I~ =
I~ I~
y . . y
PN N
A B

| 3,50 L 5,70 L 3,50 |
A ‘1 1 4

Figure 3.4.4 The static model for the foundation P2 in the y-direction — first case

The bending moment is given by computer freeware program Belka by SPECBUD [kNm]:

-1084,12 -1084,13

of
w

1123,95
1123,95

Figure 3.4.5 The bending moment for the foundation P2 in the y-direction — first case
Mg, =~ 1084 kNm/m

Minimum area of reinforcement:

As,min=0)'b'd'fc_d
fyd
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Assuming bars #20:

] 0,020
d=h—cn0m—§= 1,5m—0,035m—Tm: 1,455 m

Calculated minimum area of reinforcement:

Mgy 1084 kNm
b= = = 0,024
b-d?-f.; 1,0m-(1,455m)2 21,43 kPa - 103

w=1—-1-2u=1-,/1-2-0,024 = 0,024
21,43 MPa
435 MPa

Agmin = 0,024-1,0m-1,455m - = 17,2 cm?

That gives us #20/0,175 m with total area equal A; = 17,94 cm?

Second case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #36:
NEd,max = NEd,36 = —8340 kNm
MEd,cor.yy. = My, 36 = —55kNm

MEd,cor,xx = Myx36 = —3 kN

The sectional forces in the column #37:
NEd,max = NEd,37 = —8343 kNm
Mga coryy. = Myy 37 = —88 kNm

MEd,cor,xx = Myx37 = —253 kN

The sum of the sectional forces:
Myy = Myy,36 + Myy,37 = _14‘3 kNm
My = Mxx,36 + Mxx,37 = —256 kNm

N, = NEd,36+ NEd,37 + Gf = 20766 kN

The eccentricity of the actions:

_ M, —143kNm
e,y =

N - 20766 kN - %007m

_ My —256kNm _
& TN T 20766 kN e
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Effective dimensions of the foundation:

B
B’=2-(E—ex)=B—Zex=6,35m—2-0,007m=6,336mz6,35m

L
L’=2-(E—|ey|>=L—Zey=12,7m—2-0,012m= 12,67m =~ 12,70 m

Effective area of the foundation:

A" = A =80,6m?

The design value of the bearing pressure:

N’ _ 20766 kN

- — 25764 ~ 258N
0= T gogmz | 20704~ 258 /m

The simplified static model of the spread foundation in the x-direction:

258,00

7 —
258,00

>

L 2.30 L

Figure 3.4.6 The static model for the foundation P2 in the x-direction — second case

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-682,41

(s ~ 1

682,41

593,40

Figure 3.4.7 The bending moment for the foundation P2 in the x-direction — second case

Mgg , =~ 682 kNm/m

Minimum area of reinforcement:

As,min=0)'b'd'fc_d

fyd
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Assuming bars #20:

(0] 0,020
d=h—cn0m—(Z)—E=1,5m—0,035m—0,02— m=1,435m
Calculated minimum area of reinforcement:
M 682 kNm
i Ed__ _ = 0,015

“b-d?-f, 10m-(1,435m)2-21,43 kPa - 103

w=1-1-2u=1-,1-2-0,015= 0,015
21,43 MPa

il 2
235 Mpa  1060cm

Asmin = 0,015-1,0m-1,435m -

That gives us #20/0,275 m with total area equal A; = 11,42 cm?

The simplified static model of the spread foundation in the y-direction:

258,00
258,00

A 90=0,00 kN/mb B

| 3.50 L 5.70 5 3,50

“1 a1 a1

Figure 3.4.8 The static model for the foundation P2 in the y-direction — second case

The bending moment is given by computer freeware program Belka by SPECBUD [kNm]:

-1580,25 -1580,25

1638,30
1638,30

Figure 3.4.9 The bending moment for the foundation P2 in the y-direction — second case

Mgq, =~ 1580 kNm/m

Minimum area of reinforcement:

gy = @b -d - 12

fya
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Assuming bars #20:

] 0,020
d=h—cn0m—§= 1,5m—0,035m—Tm: 1,455 m

Calculated minimum area of reinforcement:

Mgy 1580 kNm
b= = = 0,035
b-d?-f.; 1,0m-(1,455m)2 21,43 kPa - 103

w=1-y1-2u=1-,1-2-0,035=0,036
21,43 MPa

Ao . = -1 -1.4 o
smin = 0,036-1,0m-1,455m 135 MPa

= 25,80 cm?

That gives us #20/0,10 m with total area equal A; = 31,40 cm?

Taking into account the above two cases of the calculations, the reinforcement which

was adopted is #20/0,275 m in x-direction and #20/0,10 m in y-direction.

GEO LIMIT STATE

First case

The sum of the sectional forces:

Myy = Myy,36 + Myy’37 = 5151 kNm

N, = NEd,36+ NEd,37 + Gf == 12454 kN

H'y = Hgg36+ Hpq sy = 148 kN + 146kN = 294 kN

The Bearing resistance of spread foundation
Yk = 18 kN/m3
@ = 30°

Depth of foundation
D=9,4m

The total vertical stress at the founding level:

kN
gq=v-D =18

ol 9,4m = 169,2 kPa

The effective dimensions of the foundation:
B’ =5,53m
L'=12,7m
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The capacity factors:

2

N, = e™tane . (tan G + %)) = 18,401

q
N, =2-(N, — 1) - tang = 20,093
N, = (N, —1) - cotp = 30,14

The shape factors:

B .
sq=1+?-smg0=1,218
=1-0,3 B,—0869
Sy = P =0
Sq Ng—1

= 1,23
N, —1

S¢c =

Load’s inclination factors:
¢=oforFx|| B

2+2;
m=—2%; = 1,697
1+ %
Hgq
i, = (1 — m=10,96
lg = ( Veg+B' "L - cotq))
Hgq
i, = (1 — m+l — 0,94
by = ( Vg +B' "L -c"- cot<p)
1-i
} } q
=i, ———=20,96
e = lq N, - tang

Foundation base’s inclination factors

Because the base of the foundation is horizontal:

by =1
b, =1
b =1

The value of the design drained bearing resistance

R
A—If=q-Nq-bq-sq-iq+0,5-yk-B’-Ny-by-sy-iy+c’-Nc-bc-sc-ic=4371kPa

Ry, = 4371 kPa-553m-12,7m = 3069 MN
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Yr = 1'4
R, 3069 MN
= —=""""=2192MN
Yr 1,4

Vq = 12454 kN < R; = 219200 kN

Second case

The sum of the sectional forces:

M, =

N, = NEd,36+ NEd,37 + Gf = 18660 kN

yy,36 + Myy’37 = _14’3 kNm
H,x = HEd,36+ HEd,37 = _3 kN - 5 kN = _8 kN
The Bearing resistance of spread foundation

Yk = 18 kN/m3
o = 30°

Depth of foundation
D=94m

The total vertical stress at the founding level:

kN
q=)/'D=18W

:9,4m = 169,2 kPa

The effective dimensions of the foundation:
B'=6,35m

L'=12,7m

The capacity factors:

Ng = e™@ - (tan (% + %))2 = 18,401

N, =2-(N, — 1) - tang = 20,093
N, = (Nq - 1) -cotep = 30,14

The shape factors:

B
Sq =1+?-sin<p=1,25

!

B
5 =103 =085

Marcin Andrzejewski

Page 141 from 224



Master’s thesis work Marcin Andrzejewski

sq-Nq—l

= 1,264
N, —1

Sc

Load’s inclination factors:
¢=o0forFx|| B

2+2;
m=—L = 1,667
1+?
Fgq
i, = (1— m =0,999
g = ( VEd+B’-L’-c’-cot(p)
Hgq
i =(1-— m+1:1
by = ( VEd+B’-L'-C'-c0t<p)
1-i
fp=ig————=
N, - tang

Foundation base’s inclination factors

Because the base of the foundation is horizontal:

by =1
b, =1
b =1

The value of the design drained bearing resistance
Ry

T=q-Nq-bq-sq-iq+0,5-yk-B’-Ny-by-sy-iy+c’-Nc-bc-sc-ic=4772kPa

Ry, = 4772 kPa-6,35m-12,7m = 384,8 MN

yR == 1,4'
R, 384,8 MN
g=—E =T T 2748 MN
Yr 1,4

Vy = 20766 kN < Ry = 274800 kN

Foundation P3

ULTIMATE LIMIT STATE
First case

The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:
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The sectional forces in the column #34:
MEd,max = Myy,34 = 1438 kNm
MEd,cor.xx = Myx 34 = —372kNm

Ngacor. = Ngaza = —5096 kN

The sectional forces in the column #35:
MEd_max = Myy35 = 1419 kNm
MEd,cor.xx = Myy 35 = —0,5 kNm

NEd,cor. = NEd,35 = —5097 kN

The sum of the sectional forces:
kN kN
Gr=Af hs25—=635m-12,7m-1,5m-25—-1,35 = (—) 4083 kN
r=Aryrao s m3

My, =

vy,34 + Myy,35 = 2857 kNm
My, = xx,34 T Mxx,35 = —372kNm

N, = NEd,34+ NEd,35 + Gf = 14276 kN

The eccentricity of the actions:

M,, 2857 kNm
e, = = =
* 7 N T 14276 kN

0,20m

M, —372kNm _
% T NT T 14276 kN

- 0,026 m

Effective dimensions of the foundation:

B
B’=2-(E—ex)=B—2ex=6,35m—2-0,20m:5,95m

L
L’=2-(§—|ey|>=L—2ey=12,7m—2-0,026m= 12,65m ~ 12,7 m

Effective area of the foundation:

A'=B'-L' =595m-12,7 m = 75,6 m?

The design value of the bearing pressure:

_ N’ _ 14276 kN

_ 1888 ~ 189
O T Temz 1888~ 189 /m
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The simplified static model of the spread foundation in the x-direction:

189,00

189,00

p o]

90=0,00 kN/mb

2,30

Figure 3.4.10 The static model for the foundation P3 in the x-direction — first case

L=015a+1

a=25m
l,_B—a_6,35m—2,5m_1925
2 2 -

L=015-25m+1925m=23m

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-499,90

499,90
ED
|

A

43470

Figure 3.4.11 The bending moment for the foundation P3 in the x-direction — first case
Mgg , = 500 kNm/m

Minimum area of reinforcement:

gy = @b -d - 122

fya

Assuming bars #20:

(0] 0,020
d=h—cnom—(Z)—E=1,5m—0,035m—0,02—

m=1,435m
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Calculated minimum area of reinforcement:
Mgy 500 kNm

= = =0,011
K= a2 £, ~ 1,0m- (1,435 m)? - 21,43 kPa - 10°
w=1-—J1-2u=1-+1—2-0,011 = 0,011
21,43 MPa ,
As,min =0,011-1,0m-1,435m - m =7,78cm

That gives us #20/0,30 m with total area equal A; = 10,47 cm?

The simplified static model of the spread foundation in the y-direction:

189,00
189,00

=]
P

paN yaN
A _\—go=0,00 kN/mb B

| 350 5 5,70 5 3,50 |

A “1 “1 a1

Figure 3.4.12 The static model for the foundation P3 in the y-direction — first case

The bending moment is given by computer freeware program Belka by SPECBUD [kNm]:

-1157,62 -1157,63

1200,15
1200,15

Figure 3.4.13 The bending moment for the foundation P3 in the y-direction — first case
Mgy, =~ 1158 kNm/m

Minimum area of reinforcement:

As,min:w'b'd'fc_d

fyd

Assuming bars #20:

) 0,
d=h—cnom—5=1,5m—0,035m—Tm=1,455m

Page 145 from 224



Master’s thesis work Marcin Andrzejewski

Calculated minimum area of reinforcement:
Mgy 1158 kNm

= = = 0,025
K= a2, ~ 1,0m- (1,455m)? - 21,43 kPa - 10°
w=1-y1-2u=1-,1-2-0,025= 10,025

21,43 MPa ,
As,min = 0,025 ' 1,0 m- 1,455 m- m = 17,92 cm

That gives us #20/0,175 m with total area equal A; = 17,94 cm?

Second case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #34:
Negmax = Nggza = —9572 kNm

Mg coryy. = Myy3s = —1kNm

Mgg corxx = Mxx3a = 1 kN

The sectional forces in the column #35:
Ngamax = Ngazs = —9574 kNm
Mga,cor.yy. = Myy3s = —20 kNm

MEd,cor,xx = Myxx 35 = —374 kN

The sum of the sectional forces:

Myy = vy,34 + Myy,35 =-=-21 kNm
My, = xx,34 T Mxx,35 = —-373 kNm
N’ = Ngg34+ Npqss + Gf = 23229 kN

The eccentricity of the actions:

_ M,, —21kNm
e, =

N T 23220kN . 00009m

M,, —373kNm
e, = = =

- = —0,016
Y TN T 23229kN mn

Effective dimensions of the foundation:

B
B’=2-(E—|ex|)=B—2ex=6,35m—2-0,0009m=6,348mz6,35m

L
L’=2-<§—|ey|>=L—Zey=12,7m—2-0,016m= 12,668 m = 12,7 m
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Effective area of the foundation:

A" = A =80,6m?

The design value of the bearing pressure:
N’ _ 23229 kN

- _ 2882 ~ 288
0= T goemz 2082~ 288 - /m

The simplified static model of the spread foundation in the x-direction:

288,00
288,00

b

g0=0,00 kN/mb

S

2,30

Figure 3.4.14 The static model for the foundation P3 in the x-direction — second case

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-761,76

(5 - 1

761,76

662,40

Figure 3.4.15 The bending moment for the foundation P3 in the x-direction — second case

Mgg, = 762 kNm/m

Minimum area of reinforcement:

As,minzw'b'd'fc_d
fyd
Assuming bars #20:
@ 0,020
d=h—cn0m—(25—§=1,5m—0,035m—0,02— m=1,435m
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Calculated minimum area of reinforcement:
Mgy 762 kNm

K= a2 £, ~ 1,0m- (1,435 m)? - 21,43 kPa - 10°
w=1-41-2u=1-,1-2-0,017 =0,017

21,43 MPa ,
As,min =0,017-1,0m-1,435m- m =12,02cm

That gives us #20/0,25 m with total area equal 4, = 12,56 cm?

The simplified static model of the spread foundation in the y-direction:

288,00
288,00

A 90=0,00 kN/mb B

3,50 v 570 v 3,50

Figure 3.4.16 The static model for the foundation P3 in the y-direction — second case

The bending moment is given by computer freeware program Belka by SPECBUD [kNm]:

-1764,00 -1764,00

1828,80
1828,80

Figure 3.4.17 The bending moment for the foundation P3 in the y-direction — second case
Mgq, ~ 1764 kNm/m

Minimum area of reinforcement:

gy = @b -d - 122

fyd

Assuming bars #20:

0] 0,020
d=h—cn0m—§= 1,5m—0,035m—Tm= 1,455 m
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Calculated minimum area of reinforcement:
Mgy 1764 kNm

K= a2, ~ 1,0m- (1,455m)? - 21,43 kPa - 10°
w=1-1-2u=1-,1-2-0,039 = 0,040

21,43 MPa ,
As,min =0,040-1,0m-1,755m - m = 34,58 cm

That gives us #25/0,125 m with total area equal A; = 39,28 cm?

Taking into account the above two cases of the calculations, the reinforcement which

was adopted is #20/0,25 m in x-direction and #25/0,125 m in y-direction.

GEO LIMIT STATE

First case

The sum of the sectional forces:

Myy - vy,34 + Myy,35 - 2857 kNm

N, = NEd,34+ NEd,35 + Gf = 14276 kN

H’X = HEd,34+ HEd,35 = 57 kN + 58 kN - 115 kN

The Bearing resistance of spread foundation
Yk = 18 kN/m3
¢ = 30°

Depth of foundation
D=8,1m

The total vertical stress at the founding level:

kN
q:)/‘D = 18m8,1m= 145,8kPCl

The effective dimensions of the foundation:

B'=5,95m
L'=12,7m
The capacity factors:

= ™t - (tan (% + %))2 = 18,401

Nq
N, =2-(N; — 1) - tang = 20,093
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N, = (N; — 1) - cotp = 30,14

The shape factors:

B
sq=1 +?-singo =1,234

!

sy =1-037 =085

sq-Nq—l

= 1,248
N, — 1

Sc

Load’s inclination factors:

¢=oforFx|| B

2+,
m= 5= 1,681
1+
Hgq
i =(1-—- m = 0,986
g = ( Veqg +B' - L'~ cotep
Hgq
L, =(1—- m+l = 0,98
by = ( Veg+B' - L' - - cotq))
=iy ———19__ 099
te=lq N, -tangp

Foundation base’s inclination factors

Because the base of the foundation is horizontal:

by =1
b, =1
b =1

The value of the design drained bearing resistance
Ry,

T=q-Nq-bq-sq-iq+0,5-yk-B’-Ny-by-sy-iy+c’-NC-bC-SC-iC=4092kPa

R, = 4092 kPa-595m-12,7m = 309 MN

Yr = 1'4
R, 309 MN
= —="——"=12207MN
Yr 1,4

Vq = 14276 kN < R; = 220700 kN
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Second case

The sum of the sectional forces:

Myy - Myy’34_ + Myy,35 == _21 kNm

N, == NEd,34+ NEd,35 + Gf == 23229 kN

H,X = HEd,34-+ HEd,35 = _1 kN + O kN = _1 kN

The Bearing resistance of spread foundation
Yi = 18 kN/m3
@ =30°

Depth of foundation
D=81m

The total vertical stress at the founding level:

kN
q=v-D =18

3 8,1m = 145,8 kPa

The effective dimensions of the foundation:
B'=8,75m

L'=14m
The capacity factors:
T P\\2
— pmtang | - r —
Ny=e (tan (7 +5)) = 18401

N, =2-(Ny — 1) - tanp = 20,093
N, = (N; — 1) - cotp = 30,14

The shape factors:
=1+ B s =1,25
Sq = 7 Sing =1,

B
s, =1-03 77 =085
SqNg—1
- = 1,264
TN, -1

Load’s inclination factors:
¢=oforFx|| B

Marcin Andrzejewski
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2+%;
m= B,—1,667
1+
Fgq
i =(1-— m_ 1
g = ( VEd+B’-L’-c’-cot(p)
Hgq
., = (1 — m+1:1
by = ( VEd+B’-L’-c'-cotg0)
1-—i
fo=lg—————=
N, - tang

Foundation base’s inclination factors

Because the base of the foundation is horizontal:

by =1
b, =1
be =1

The value of the design drained bearing resistance

R
=N by sq ig+ 0,5 v B Ny by sy iy + ¢ Newbese i = 4247 kPa

R, = 4247 kPa-6,35m-12,7m = 342,5 MN

yR == 1,4‘
R, 342,5MN
d === 24—4,6MN
Yr 14

Vy = 23229 kN < R; = 244600 kN
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Marcin Andrzejewski

The visual drawing of a pile cap for the foundations P4-P8

y
Mh‘b‘
H,
X
T~
/ =
= M
NN H. X

Figure 3.4.18 The sketch of the pile cap
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The figure below shows the simplified way how to calculate the steel force Fs for piles 1,

3,4,6

y

Figure 3.4.19 The relationship between the forces for piles #1,3,4,6

a=25m-->0,15a =0,375m

€1 =e3 =€, =€ =2,68m

@ 25
d=hf—cm,m—§=3m—0,035m—7=2,95m
, 0_d_2,95m_11
M =T 268m
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The figure below shows the simplified way how to calculate the steel force Fs for piles 2 & 5

Figure 3.4.20 The relationship between the forces for piles #2,5

a=25m-->0,15a =0,375m
e, =es;=203m
@ 25
d= hf—cnom—§= 3m—0,035m—7= 2,95m

. 9_d_2,95m_145
=T 203m
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The figure below shows the simplified way how to calculate the steel force Fs for every

piles
2500
375
=
\ @
Fs @ ]
M
1750

Figure 3.4.21 The relationship between the forces for piles — side view

F, = F.cosf
N; = F_sinf
1
N; tané
R, =

S tanf

Foundation P4
ULTIMATE LIMIT STATE

First case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:
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The sectional forces in the column #38:
Mggmax = Myy 38 = 1125 kNm

Mga corxx = Mxx3s = =468 kNm
Nga,cor. = Ngazg = —5540 kN

Hga cory = Fga3sy = 34 kN

Heacorx = Feazsx = 39 kN

The sectional forces in the column #39:
Mggmax = My, 39 = 1111 kNm

Mgg corxx = Mxx30 = —0,5 kNm
Nggcor. = Nga39 = —5540 kN

Hgacory = Frazoy = 0 kN

HEd,cor.x = FEd,39,x =39 kN

The sum of the sectional forces for the pile cap:

Marcin Andrzejewski

kN kN
Gr = A hs 25— =875m-14,0m-3m-25—- 1,35 = (-) 12403 kN
r=Aphpr2o—3 m3

Hx, = FEd,38,x + FEd,39,x = 39 kN + 39 kN =78 kN
Hy, == FEd,38,y + FEd,39,y == 34’ kN + O kN - 34’ kN

M'y, = My, 38 + My 39 + Hy' - hy = 1125 kNm + 1111 kNm + 78 kN - 3m = 2470 kNm

M’y = Myy3g + Myy 39 + Hy' - hy = —468 kNm — 0,5 kNm — 34 kN - 3 m = =570 kNm

N, = NEd,38+ NEd,39 + Gf = 23483 kN

The sectional forces for each pile:

n = 6 (the number of piles)

P=175m
E. =32 GPa
E; =5 MPa
t_(Z)4EC_1,75m432000MPa_52
~3 B~ 3 sMpa ™
u _Hx'_78kN_13kN
*n 6

H," 34kN
H,=——=——=57kN ~ 6 kN

n 6
My =Hy,-t=6kN-52m=312kNm ~ 31 kNm

M, = H,-t=13kN-52m = 67,6 kNm ~ 68 kNm
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M= |M2+M2=1312+ 682 = 74,7 kNm ~ 75 kNm

Ny = ST (M = My) g F (M = M) 557 = 2 4 (2470 kN + 68 keNm) -
2,625m 525m

+ (570 kNm + 31 kNm) - = 3914 kN + 161 kN + 29 kN = 4104 kN
6-(2,6252) 4+(5,252)

N~y Ix | , lyal 23483 kN _
Ny =8 (Mlyy = My) 5t F (M = My) 525 = + (2470 kNm + 68 kNm)
2,625m _ _
ozezssy T (570 kNm + 31 kNm) - —4 g5 = 3914 kN + 161 kN = 4075 kN
Ny =2 F (M), — My) - 7 F (M — M) Pl — B 4 (2470 kNm + 68 kNm) -
l 1% i=17i
205M (570 kNm + 31 kNm) - —222 = 3914 kN + 161 kN — 29 kN = 4046 kN
6(2,6252) m e 4:(5252) -

Nty |x | — _lyal _ 23483kN )
N, —?+(M y — y) 4 7 ~F M — M) Z?=:yi2 = 5 — (2470 kNm + 68 kNm)
2025 _ (570 kNm + 31 kNm) - —22% = 3914 kN — 161 kN — 29 kN = 3724 kN
6:(2,6252) 4(5,252)

Ni— o, , 23483 kN
Ns =2 F (M'y, — My)- 2oL 2 F (M2 = M) Zﬁ'zyf'yz = 22250 — (2470 kNm + 68 kNm) -
2O (570 kNm + 31 kNm) - = 3914 kN — 161 kN = 3753 kN
6'(2,6252) m m (5 252) B

— 23483 kN

N =S F (M — M) -k 2 F (M2 = M) Zﬁ'zyf'yz = 22550 — (2470 kNm + 68 kNm) -
2625 1 (570 kNm + 31 kNm) - =22 = 3914 kN — 161 kN + 29 kN = 3782 kN
6(2,6252) m m 4-(5,252) h

The cap reinforcement:
N;  max(N;, N3, Ny, Ng) 4104 kN
Fo1 = Py 11 =41 = 3731 kN

Fg1y = cos48°- F; = 0,669 - 3731 kN = 2496 kN

Fs1x = c08(90° — 48°) - F, = 0,743 - 3731 kN = 2772 kN
F;
A, = —
* fyd
- 2772 kN
SLX ™ 435 MPa

That gives us 8#32 with total area equal A; = 64,32 cm?

= 63,72 cm?

2496 kN

Aoy =220 _ 5738 cm?
s1y = 235 MPa cm
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That gives us 8#32 with total area equal 4, = 64,32 cm?

N;  max(Np Ns) 4075 kN

F., = = = = 2810 kN
27 tan@ 1,45 1,45
F;
A, = ——
g fyd
2810 kN

4,6 cm?

As2x = 135 MPa
That gives us 9#32 with total area equal A, = 72,36 cm?

Second case

The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #38:
Ngdamax. = Ngazg = —10167 kN

Mgg coryy = Myy 35 = —5 kNm
Mgacorxx = Mxx3s = 1 kNm

Hgq,cory = Fgazsy = 0 kN

HEd,cor.x = FEd,38,x =0kN

The sectional forces in the column #39:
Ngamax = Ngazo = —10167 kN
Mga,coryy = Myy39 = —18 kNm
Mgg corxx = Myx30 = —469 kNm
Hgacory = Fgazoy = 34 kN

HEd,cor.x = FEd,39,x =0kN

The sum of the sectional forces for the pile cap:
kN kN

Gr=Af hs-25—=875m-140m-3m-25—-1,35 = (—) 12403 kN

F=Ar hyrao s m3
H,' = Fgq3gx + Fgazox = 0 kN

Hy, == FEd,38,y + FEd,39,y == 34’ kN + O kN == 34’ kN

M’yy = vy,38 + Myy'gg + HX, : hf == _18 kNm - 5 kNm + 0 kN " 3m = _23 kNm
M,XX == xx,38 + Mxx,39 + Hy, : hf == _4‘69 kNm + 1 kNm - 34‘ kN " 3 m= _570 kNm

N, = NEd,38+ NEd,39 + Gf = 32737 kN
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The sectional forces for each pile:

n = 6 (the number of piles)

®=1,75m
E. =32 GPa
E; =5 MPa
_ Q4|E, _ 1,75 m 432000 MPa _
"3 |E, 3 5MPa
H _Hx'_OkN_OkN
" n 6
Hy' 34 kN
H, = — =———=57kN = 6kN
n 6
M, = y-t=6kN-5,2m=31,2kNmz31kNm

M, = vt =0kN-52m=0kNm

M= |MZ+M2=73312+02=31kNm

_N |x1| e |y1| _ 32737kN _ . 2,625m
Ny = n + (M yy y) + (M X S L v? 6 (23 kNm) 6(2,6252) +

(570 kNm + 31 kNm) - :’(';52;';) = 5456 kN — 1 kN + 29 kN = 5484 kN

N — 2| , ly2l _ 32737kN 2,625 m
N, = n + ( - J’) 6 12 2 + WM xx — x) 'Zie=12yiz = P — (23 kNm) - 6-(2,6252)
(570 kNm + 31 kNm) - — (5252) = 5456 kN — 1 kN = 5455 kN

N — |23 , lys| _ 32737kN 2,625 m
N3 - 7 + ( - y) 1 13 L + (M xx x) ' Zi6:13yi2 = 6 - (23 kNm) ' 6-(2,6252) -
(570 kNm + 31 kNm) - 22> 55 = 5456 kN — 1 kN — 29 kN = 5426 kN

_N - _ ;o _lyal _ 32737kN 2625m
N, =~ F(m OE 3 1xl sF My —M,) TE 57 = + (23 kNm) - o=
(570 kNm + 31 kNm) - ~22 = 5456 kN + 1 kN — 29 kN = 5428 kN

4-(5,252)

_ N — |x | oyl 32737 kN 2,625m

Ny =—% (M, — M) - == + (M’ — M) 2?211% + (23 kNm) - — 2,625

(570 kNm + 31 kNm) - = 5456 kN + 1 kN = 5457 kN

4 (5 252)
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_ N — , o lxel , __lyel _ 32737kN . 2625m
Ne = =T (M yy y) ngxiz F (M'ix = My) z?zfyl? == (23 keNm) 6:(2,6252)
(570 kNm + 31 kNm) - 4_5(’§52;’;) = 5456 kN + 1 kN + 29 kN = 5486 kN

Ny max(Ny, N3, Ny, Ng) 5486 kN
" tan® 1,1 11
Fs1, = cos48° - F; = 0,669 - 4987 kN = 3336 kN

= 4987 kN

Fs1

Fy1x = c0s(90° — 48°) - F, = 0,743 - 4984 kN = 3705 kN

_ K

"~ fra

A = 3705 kN
% 7 435 MPa

That gives us 11#32 with total area equal A; = 88,44 cm?

A5

= 85,17 cm?

o 3336 kN
SLY ™ 435 MPa

That gives us 10#32 with total area equal A; = 80,40 cm

= 76,69 cm?

2

N;  max(Np Ns) 5457 kN

Fsa = tanf 1,45 1,45 = 3763 kN
E
A==
y fyd
3763 kN

6,5 cm?

As2x = 135 MPa
That gives us 11#32 with total area equal A; = 88,44 cm?

Taking into account the above two cases of the calculations, the reinforcement which
was adopted is:

Agy 5 -> 11#32

Agyy -> 10#32

Agy 5 -> 11#32
Foundation P5
ULTIMATE LIMIT STATE

First case

The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:
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The sectional forces in the column #40:

Mggmax = Myy 40 = 952 kNm
Mga corxx = Mxxa0 = =522 kNm
Nga,cor. = Ngaa0 = —5903 kN
Hga cory = Fga a0y = 30 kN
Heacorx = Faaox = 36 kN

The sectional forces in the column #41:

Mggmax = Myy 41 = 944 kNm
Mgg corxx = Myxxa1 = —0,2 kNm
Nggcor. = Ngg,a1 = —5902 kN
Hgacory = Fraa1y = 0 kN

HEd,cor.x = FEd,41,x =30 kN

The sum of the sectional forces for the pile cap:

Marcin Andrzejewski

kN kN
Gr = A hs 25— =875m-14,0m-3m-25—- 1,35 = (-) 12403 kN
r=Aphpr2o—3 m3

Hx, = FEd,40,x + FEd,41,x = 30kN + 36 kN = 66 kN
Hy, == FEd,4-O,y + FEd,4-1,y - 30 kN + O kN - 30 kN

M'y, = My, 40 + My 41 + Hy' - hy = 952 kNm + 944 kNm + 66 kN - 3m = 2094 kNm

M’y = Myyao + Myyaq + Hy' - hy = =522 kNm — 0,2 kNm — 30 kN - 3m = —612 kNm

N, = NEd,38+ NEd,39 + Gf = 24208 kN

The sectional forces for each pile:

n = 6 (the number of piles)

®=175m

E. =32 GPa

E; =5 MPa

tz?‘*jézlﬁm“ 32000MPa=52m
3 .|Es 3 ’ 5 MPa ’

H =H—x,=ﬂ=11kN

*on 6

H =H—y,=M=5kN

Y ooon 6

My, =Hy,-t=5kN-52m =26 kNm

M

y =Hy t=11kN-52m =57,2kNm = 57 kNm
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M= |MZ+ M2 =7326%+572 = 62,65 kNm ~ 63 kNm

Ny =0 F (M = My) 55 F (M = My) 52 5 = 25058 + (2094 kN + 57 kNm) -
i=17i
2,625m 525m
+ (612 kNm + 26 kNm) - = 4035 kN + 136 kN + 30 kN = 4201 kN
6:(2,6252) 4(5,252)
N~y |x2] , lyal 24208 kN _
Np=TF (M'yy = My) 5tz F (Ml = My) -5 5 = + (2094 kNm + 57 kNm)
2,625m _ _
ozezsyy T (612 kNm +26 kNm) - - (5 252) = 4035 kN + 136 kN = 4171 kN
Ny =T F (M'yy = My) - 7 F (M = My) Pl — KR 4+ (2094 kNm + 57 kNm) -
l 1% i=171i
2025 _ (612 kNm + 26 kNm) - —22 = 4035 kN + 136 kN — 30 kN = 4141 kN
6-(2,6252) 4+(5,252)

Nty |x | — _lyal _ 24208kN )
N, —?+(M y — y) 4 7 ~F M — M) Z?=:yi2 = S — (2094 kNm + 57 kNm)
20250 — (612 kNm + 26 kNm) - —==T = 4035 kN — 136 kN — 30 kN = 3869 kN
6:(2,6252) 4(5,252)

Nr— /o, , 24208 kN
Ns =2 F (M, — M) L|x15|2+(M = M) l'yf'l =5 — (2094 kNm + 57 kNm) -
202510 1 (612 kNm + 26 kNm) - = 4035 kN — 136 kN = 3899 kN
6+(2,6252) m ey (5 252) -

— 24208 kN

N =S F (M) — M) -k 2 F (M2 = M) Zﬁ'zyf'yz = 22258 — (2094 kNm + 57 kNm) -
2025 1 (612 kNm + 26 kNm) - —22"%_ = 4035 kN — 136 kN + 30 kN = 3930 kN
6+(2,6252) m m 4(5252) -

N;  max(Ny, N3, Ny, Ng) 4201 kN
s1= Yand 11 11 3819k
Fs1y = c0s48° - F; = 0,669 - 3819 kN = 2555 kN

Fg1x = c0s(90° — 48°) - F, = 0,743 - 3819 kN = 2837 kN

F

A==

y fyd
L BTN _
s1x = 335 Mpg . Oct

That gives us 9#32 with total area equal 4, = 72,36 cm?

2555kN

Ay y = 2277 _ 5873 cm?
sLy = 435 MPa cm
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That gives us 8#32 with total area equal A; = 64,32 cm

N;  max(N,Ns) 4171 kN

F., = = _
27 tan@ 1,45 1,45
F
A==
g fyd
L _2872KN
2% = 335 Mpa 0> M

That gives us 9#32 with total area equal A, = 72,36 cm?

Second case

= 2876 kN

2

Marcin Andrzejewski

The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #40:
Ngamax. = Ngq a0 = —10667 kN

Mg coryy = Myyao = 2 kNm

Mgacorxx = Mxx,a0 = =522 kNm
Hgacory = Feaaoy = 36 kN

HEd,cor.x = FEd,40,x =0kN

The sectional forces in the column #41:
Ngamax = Ngaa1 = —10666 kN
Mgacoryy = Myya1 = —5 kNm
Mgg corxx = Myxxa1 = —1 kNm
Hgacory = Fgaa1,y = 0 kN

HEd,cor.x = FEd,41,x =0kN

The sum of the sectional forces for the pile cap:

kN kN
Gr=As-h 25— =875m-140m-3m-25—-1,35 = (=) 12403 kN
m m

H,' = Fgga0x + Feaa1x = 0 kN

Hy, == FEd,4-O,y + FEd,4-1,y - 36 kN + O kN - 36 kN

M’yy = vy,40 + Myy'41 + HX, : hf =2 kNm - 5 kNm + O kN - 3m = _3 kNm

M,XX = xx,40 + Mxx,4-1 + Hy, : hf = _522 kNm -1 kNm - 36 kN . 3 m = _631 kNm

N, = NEd,38+ NEd,39 + Gf = 33736 kN
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The sectional forces for each pile:

n = 6 (the number of piles)

P=175m
E, = 32 GPa
E; =5 MPa
_ Q4|E, _ 1,75 m 432000 MPa _
"3 |E, 3 5MPa
_Hx'_OkN_OkN
T n 6
H,' 36kN
H,=——=——=6kN

n 6
M, =H,-t=6KkN-52m=312kNm ~ 31 kNm
X

M. =

M= |MZ+M2=73312+02=31kNm

t=0kN:-52m=0kNm

<

_ N — , Ix | — , lyil 33736 kN _2,625m
Ny =—F (M, - y) Pl T (M — M) - 3 11 2 s~ BkNm)
(631 kNm + 31 kNm) - :’(';52;';) = 5623 kN — 0,2 kN + 31 kN = 5654 kN
N — |2 | , |yl _ 33736kN 2625m
NZ - ? + ( - y) L 12 12 + (M xx x) Zie=12yiz - 6 - (3 kNm) 6-(2,6252)
(631 kNm + 31 kNm) - — (5252) = 5623 kN — 0,2 kN = 5623 kN
_ N_— |x3| ;o _lysl _ 33736kN _2625m
Ny =—F (M, — M) o T (M ) AR (B kNm) - =
(631 kNm + 31 kNm) - 4?('_252;';) = 5623 kN — 0,2 kN — 31 kN = 5592 kN
N' - _ |x4| ;o _lyal _ 33736kN 2625m
Ny=—F (M OE o > F (M’ — M,) 5557 = + (B kNm) - o=
(631 kNm + 31 kNm) - 4?@52;’;) = 5623 kN + 0,2 kN — 31 kN = 5592 kN
_ N__ _ |x5| r _lysl _ 33736kN 2,625m
Ns=—F (M ) o7 T My = M) 555 = + (B kNm) - o=
(631 kNm + 31 kNm) - m = 5623 kN + 0,2 kN = 5623 kN
_ N__ _ |x6| ;o _lysl _ 33736kN 2,625m
Ne=—F (M’ )" o T (M = My) 5o = + (B kNm) - o=
m+ m) - = +0, + —
(631 kNm + 31 kNm) 4_5(’§52;’;) 5623 kN + 0,2 kN + 31 kN = 5654 kN
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_N; _ max(Ny,N3,Ny,Ng) 5654 kN
" tanf® 1,1 11
Fgy, = cos48° - F; = 0,669 - 5140 kN = 3439 kN

= 5140 kN

Fgy

Fyp 5 = cos(90° — 48°) - F, = 0,743 - 4984 kN = 3819 kN

F;

A, = —

y fyd

o 3819 kN
SLX ™ 435 MPa

That gives us 11#32 with total area equal A, = 88,44cm?

= 87,79 cm?

y _ 3439 kN
LY ™ 435 MPa
That gives us 10#32 with total area equal A, = 80,40 cm?

= 79,06 cm?

Ny max(Np, Ns) 5623 kN

F., = = = = 3878 kN
S27 tan@ 1,45 1,45
F;
A, = —
* fya
3878 kN

— — 2
Agp e = 235 MPa 89,15 cm

That gives us 12#32 with total area equal A, = 96,48 cm?

Taking into account the above two cases of the calculations, the reinforcement which
was adopted is:

Agpx -> 12#32

Agyy -> 10#32

Agpx -> 11#32
Foundation P6

ULTIMATE LIMIT STATE

First case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #42:
MEd,max = Myx a2 = —835 kNm

MEd,cor.yy = Myy,42 =1kNm
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NEd,cor. = NEd,42 = —6606 kN
HEd,cor.y = FEd,4-2,y =59 kN

HEd,cor.x = FEd,40,x =0kN

The sectional forces in the column #43:
Mgamax = Myxa3 = —836 kNm
Mgacoryy = Myy 43 = =3 kNm

Nggcor. = Nggaz = —10254 kN

Hga cory = Fgaasy = 60 kN

Hgacorx = Fpaasx = 0 kN

The sum of the sectional forces for the pile cap:

Marcin Andrzejewski

kN kN
Gr=Ar-hs-25—=875m-14,0m-3m-25—-1,35 = () 12403 kN
r=Ar yrao s 3

Hy,' = Fggazx + Frgazx = 0 kN

Hy, = FEd,42,y + FEd,43,y = 59 kN + 60 kN = 119 kN

M M

! j—
yy =

yyaz + Myy 4z + Hy' - hy = 1kNm — 3 kNm + 0 kN - 3m = —2 kNm

M’y = Myy sy + Myy a3 + H,' by = —835 kNm — 836 kNm — 119 kN - 3m = —2028 kNm

N, = NEd,42+ NEd,43 + Gf = 29263 kN

The sectional forces for each pile:

n = 6 (the number of piles)

®=175m
E.=32GPa
E; =5 MPa
,_04[Ec_175m+32000MPa _ __
“3 |5 3 sMpa 4™
H _Hx'_OkN_OkN
*“h 6
H,' 119 kN
H,=-2= = 19,8 kN ~ 20 kN
n 6
Mx=Hy-t=20kN'5,2m=104kNm
My=Hx-t=0kN-5,2m=0kNm

M= |M2+M2=711042+ 02 = 104 kNm
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, , lyal _ 29263 kN 2625m
N + (M yy Y) 1 X + (M xx = x) 'Z?:;yiz = 6 - (2 kNm) 6-(2,6252)
(2028 kNm + 104 kNm) - 4?(’55;:;) = 4877 kN — 0,1 kN + 101kN = 4978 kN

, |x | — ly2l 29263 kN 2625m
No = 508 (Mg = M) g (M = M) ity = =20 = @ Nm) 6 5

(2028 kNm + 104 kNm) - = 4877 kN — 0,1 kN = 4877 kN

(5 52)

_ N |x3| o . _lysl _ 29263kN . 2625m
N; = n + (M yy y) 2 + (M x) Yo vE 6 (2 kNm) 6(2,6252)

525m

(2028 kNm + 104 kNm) - =2

= 4877 kN — 0,1 kN — 101 kN = 4776 kN

N — EA , 1yl 29263 kN 2,625m
Ny=—7F (M',, —M,)- _4 > FM'y, —M,) Ziﬁ:yl +(2kNm) -~ TN
(2028 kNm + 104 kNm) - 4_5('25;;’;) = 4877 kN + 0,1 kN — 101kN = 4776 kN

, |x | — lys| 29263 kN 2,625 m
Ns + (M yy — }’) . + (M xx — Mx) .Ziézlsyl + (2 kNm) 6:(2,6252)
(2028 kNm + 104 kNm) - (5 52) = 4877 kN + 0,1 kN = 4877 kN

, |x | — el 29263 kN 2,625m
Ng + (M yy Y) . x? z T (M xx Mx) 'Ziszfylz = + (2 kNm) 6:(2,6252)
(2028 kNm + 104 kNm) - 4?('552;’;) = 4877 kN + 0,1 kN + 101kN = 4978 kN

N;  max(N;, N3, Ny, Ng) 4978 kN
F., = = = = 4525 kN
ST tand 1,1 1,1

Fy, = cos48°+ F, = 0,669 - 4525 kN = 3027 kN
Fy1x = cos(90° — 48°) - F, = 0,743 - 4525 kN = 3362 kN

18

A==

y fyd
L _3362kN _
s1x = 335 Mpa 77

That gives us 10#32 with total area equal A, = 80,40 cm?

L _3027kN _
sy = 435 Mpa 20 M

That gives us 9#32 with total area equal A; = 72,36 cm?
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N; _ max(N, Ns) 4877 kN

F., = = = = 3363 kN
27 tan@ 1,45 1,45
Fy
A, = —
g fyd
3363 kN

A = = 1 cm?
s2x = 135 1qpa | 3L Em

That gives us 10#32 with total area equal A; = 80,40 cm?

Second case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #42:
Ngamax. = Ngqa2 = —11602 kN

Mgg coryy = Myy a4 = 1 kNm

Mgg corxx = Mxxa2 = =501 kNm

HEd,cor.y = FEd,42,y = 36 kN

HEd,cor.x = FEd,42,x =0kN

The sectional forces in the column #43:
Neamax = Ngaas = —11598 kN
Meacoryy = Myyas = =2 kNm

Mga,corxx = Mxx,a3 = —1kNm

Hggcory = Fraasy = 0 kN

HEd,Cor.x = FEd,43,x =0kN

The sum of the sectional forces for the pile cap:
kN kN
Gr=Af h;-25—=875m-140m-3m-25—-1,35 = (—) 12403 kN
r=Arhy 25 3
Hy' = Fgaazx + Fgaasx = 0 kN

Hy, = FEd,4-2,y + FEd,43,y =36 kN + 0 kN =36 kN

M’yy = VY,40 + Myy’41 + Hx, . hf =1 kNm -2 kNm +0 kN -3m=-1 kNm
M’y = Mygao + Myzaq + Hy' - hy = =501 kNm — 1 kNm — 36 kN - 3m = —610 kNm

N, = NEd,38+ NEd,39 + Gf = 35603 kN

The sectional forces for each pile:

n = 6 (the number of piles)
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®=175m

E, = 32 GPa

E; =5 MPa
+|E, 1 75m 432000 MPa
Eg 5 MPa

o B _okN

X7 6

gy _36kN _

Y n 6

M, =H,-t=6kN-52m =312kNm = 31 kNm
My, = Hy, -t =0kN-52m=0kNm

M= |MZ+M2=73312+02=31kNm

_ N — , Ix | , __lyal  _ 35603 kN . 2,625m
Ny =—+ (M yy y) i T5 xZ + M’y — My) Z,-6=11yi2 = (1 kNm) 526257
(610 kNm + 31 kNm) - 4?(’252;';) = 5934 kN — 0,1 kN + 31 kN = 5965 kN

_ N — _ |x2| ;o _ly2l _ 35603kN 2625m
Ny =—F (M OE o7 T (M = My) 5o = == (L kNm) - =2
(610 kNm + 31 kNm) - — (5252) = 5934 kN — 0,1 kN = 5934 kN

_ N — |x [ __lysl _ 35603 kN . 2,625m
N3 =—+ (M,yy y) i P 5+ M’y — My) Zie::yiz = (1 kNm) o26252)
(610 kNm + 31 kNm) - 4?('252;’;) = 5934 kN — 0,1 kN — 31 kN = 5903 kN

_ N_— |x4| ’ _ . A 35603 kN 2,625m _
Ny=—F (M, —M,) o T (M ) 5557 = + (LkNm) - o=
(610 kNm + 31 kNm) - 22255 = 5934 kN + 0,1 kN — 31 kN = 5903 kN

_ N — _ |x1| ;o _lyil _ 35603kN 2,625 m
Ns=—F (M’ OE T T (M = My) e = + (LkNm) - o=
(610 kNm + 31 kNm) - — (5252) = 5934 kN + 0,1 kN = 5934 kN

_N - _ |x6| _— _lysl _ 35603 kN 2,625 m
Ne =—F (M’ )" o T (M = My) 5o = + (LkNm) - o=
(610 kNm + 31 kNm) - ~22 = 5934 kN + 0,1 kN + 31 kN = 5965 kN

4+(5,252)

Ni _ max(Ny, N5, Ny, Ne) _ 5965 kN
F., = = 5423 kN
ST tang 1,1 1,1
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Fyp, = cos48° - F, = 0,669 - 5423 kN = 3628 kN
Fs1x = c05(90° — 48°) - F, = 0,743 - 5423 kN = 4029 kN

_ K

"~ fra

p _ 4029 kN
S ™ 435 MPa

That gives us 12#32 with total area equal A; = 96,48 cm?

As

= 92,62 cm?

L _3628kN
LY ™ 435 MPa
That gives us 11#32 with total area equal A; = 88,44 cm?

= 83,4 cm?

N;  max(Np Ns) 5934 kN

F., = = = = 4092 kN
27 tan® 1,45 1,45
Fy
A, = —
y fyd
4092 kN

Ay = o™ =94 2
2% = g35 pg O P07 em

That gives us 12#32 with total area equal A; = 96,48 cm?

Taking into account the above two cases of the calculations, the reinforcement which
was adopted is:

Agpx -> 12#32

Agyy -> 11#32

Agyx -> 12#32
Foundation P7

ULTIMATE LIMIT STATE

First case

The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #44:

MEd,max = Vy,44 = 944 kNm

MEd,cor.xx = Myx a4 = 1 kNm

Ngacor. = Nggaa = —9476 kN

Page 171 from 224



Master’s thesis work

Hga cory = Fgaa4y = 0 KN
HEd,cor.x = FEd,44,x =30 kN

The sectional forces in the column #45:
Mggmax = Myy a5 = 950 kNm

Mgg corxx = Myxas = —548 kNm
Ngacor. = Nggas = —9476 kN

Hgacory = Fgaas,y = 36 kN

HEd,cor.x = FEd_45,x =30 kN

The sum of the sectional forces for the pile cap:

Marcin Andrzejewski

kN kN
Gr=As-hy 25— =875m-140m-3m-25—-1,35 = (=) 12403 kN
m m

HX, = FEd,44,X + FEd,45,X =30 kN + 30 kN =60 kN
Hy, = FEd,44,y + FEd,45,y =0 kN + 36 kN =36 kN

My, = Myy 44 + Myy 45 + Hy' - hy = 944 kNm + 950 kNm + 60 kN - 3m = 2074 kNm

M’y = Myx 44 + Myz s + Hy' - he = 1 kNm — 548 kNm — 36 kN - 3m = —655 kNm

N, = NEd,44+ NEd,45 + Gf = 31355 kN

The sectional forces for each pile:

n = 6 (the number of piles)

P=175m

E.=32GPa

E, = 5MPa
t_(2)4EC_1,75m432000MPa_52
~3 B~ 3 sMpa ™
u _Hx’_60kN_10kN

*“n 6

u _Hy'_36kN_6kN

Y n 6

My =Hy,-t=6kN-52m=312kNm ~ 31 kNm
M, =Hy,-t=10kN-52m =52 kNm

M= ’MJ% + sz, = /312 + 522 = 60,2 kNm ~ 60 kNm
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Ny == F (M, — My)- 2 F (M = My) Pl = ZEBEN L (2074 kN + 52 kNm) -
l 1% i=17i
2,625m 5,25m
cessy (655 kNm + 31 kNm) - == = 5226 kN + 135 kN + 33 kN = 5394 kN
Ny = 50F (M'yy = My) 5525 F (M = M) 55 = 55258 4 (2074 kNm + 52 kNm)
i=171
6.2('225;;2) + (655 kNm + 31 kNm) - —4 G255 = 5226 kN +135 kN = 5361 kN

31355 kN

Nr— ’ |x| r [yl
N3=?+(Myy y) 2 +(Mxx_ x) 2

= + (2074 kNm + 52 kNm) -
l 1x Zi:lyl

ZEOT (655 kNm + 31 kNm) - 222 = 5226 kN + 135 kN — 33 kKN = 5328 kN

/ |4 ' |yal _ 31355kN '
Ny + (M vy y) 6 j + (M — My) .Z?:yl? = - (2074 kNm + 52 kNm)
6.2('22652;’2) — (655 kNm + 31 kNm) - 2221 = 5226 kN — 135 kN — 33 KN = 5058 kN

N Ix | / __lys| _ 31355kN _
Ny =27 (M, — y) 5 S FM'yy — M,) Ziﬁ:yiz =————— (2074 kNm + 52 kNm)
2,625m
+ (655 kNm + 31 kNm) - ———- = 5226 kN — 135 kN = 5091 kN
6:(2,6252) 4 (5 252)

— (2074 kNm + 52 kNm) -

_ N Ixel ' lyel _ 31355kN
N6__+(Myy J/) +(Mxx_ x)' 6 .2
n Yi=1Yi 6

2,625m 5,25 m _ _ B

ooz T (655 kNm + 31 kNm) Ttsg57 = 5226 kN — 135 kN + 33 kN = 5124 kN
N;  max(Ny, N3, Ny, N 5394 kN

F51 i (1 3,4¥4 6)_ — 4904 kN

tanf 1,1 1,1
Fs1, = cos48°- F; = 0,669 - 4904 kN = 3281 kN
Fgy = cos(90° — 48°) - F; = 0,743 - 4904 kN = 3644 kN

F
A ==
* fyd
P 644N _
s1x = 435 MPa em*

That gives us 11#32 with total area equal 4; = 88,44 cm?

L _328LEN _
sLy = 435 Mpq ™

That gives us 10#32 with total area equal A; = 80,40 cm?
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N; _ max(N, Ns) 5361 kN

F., = = = = 3697 kN
27 tan@ 1,45 1,45
Fy
A, = —
g fyd
3697 kN

Ay =" — 84 2
s2x = 335 Mpg _ o#99 cm

That gives us 11#32 with total area equal 4; = 88,44 cm?

Second case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #44:
Ngamax. = Ngqas = —10668 kN
Mga,coryy = Myyas = —6 kKNm
Mgg corxx = Myx44a = —546 KNM
Hgacory = Fgaaay = 36 kN

HEd,cor.x = FEd,44,x =0kN

The sectional forces in the column #45:
Nedmax = Ngaas = —10667 kN
Meacoryy = Myyas = =1 kNm
Mgg corxx = Myxas = —1 kNm
Hgacory = Fraasy = 0 kN

HEd,cor.x = FEd,45,x =0kN

The sum of the sectional forces for the pile cap:
kN kN
Gr=Af hs-25—=875m-140m-3m-25—-1,35 = (—) 12403 kN
r=Aryrao s 3

Hy' = Fggaax + Fraasx = 0 kN

Hy' = Fgaany + Fraasy = 36 kN + 0 kN = 36 kN

M,y = Myy a4+ Myy a5 + Hy' - hy = —6 kN — 1 kNm + 0 kN - 3m = —7 kNm

M’y = Myy g + Myyas + Hy' - by = —546 kNm — 1 kNm — 36 kN - 3 m = —655 kNm

N, = NEd,44+ NEd,45 + Gf = 33738 kN

The sectional forces for each pile:

n = 6 (the number of piles)
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®=175m

E, = 32 GPa

E; =5 MPa
+|E, 1 75m 432000 MPa
Eg 5 MPa

o B _okN

X7 6

gy _36kN _

Y n 6

M, =Hy, -t =6kN-52m=31,2kNm ~ 31 kNm
=H,-t=0kN-52m=0kNm

M= |MZ+M2=73312+02=31kNm

N' , | | , [v1l 33738 kN 2,625
N1:7+(M vy y) = z+(M xx — x)'ziejllyizz 5 —(7kNm)'6,(Tzsné)
m + m)- = -0, + —
(655 kNm + 31 kNm) 4?(’252;';) 5623 kN — 0,4 kN + 33 kN = 5656 kN
_ N — _ |x2| ;o _ly2l _ 33738kN 2625m
Ny =—F (M OE o7 T (M = My) 5 = = (7 kNm) - =2
(655 kNm + 31 kNm) + 727 = 5623 kN — 0,4 kN = 5623 kN
N — | | — lys] 33738 kN 2,625
N3_7+( y) 2 p s+ (M — x)'ziafyiz= 5 _(7kNm)'6-(Tzsn';)_
(655 kNm + 31 kNm) - 4?('252;’;) = 5623 kN — 0,4 kN — 33 kN = 5590 kN
N — EA , [Val 33738 kN 2,625
Ny=—F(M'y, — M) x: F My — M) yf‘ + (7 kNm) - 6(2,62;’;)—
(655 kNm + 31 kNm) - 2255 = 5623 kN + 0,4 kN — 33 kN = 5590 kN
_ N — _ |x5| ;o _lysl _ 33738kN 2625m
Ns=—F (M’ OE o T (M = My) 5o = + (7 kNm) - ==
(655 kNm + 31 kNm) - = 5623 kN + 0,4 kN = 5623 kN
4 (5 252)
N' ' 33738 kN 2,625
Ne=—F (M), —M,)- "‘16' F My — My) Zl_yf'y + (7 kNm) - 6(2,62;’2)
(655 kNm + 31 kNm) - 22255 = 5623 kN + 0,4 kN + 33 kN = 5656 kN

N; _ max(Ny, N5, Ny, Ng) _ 5656 kN

tanf 11 11 - oMZkN

Fg; =
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Fs14 = c0os48°- F; = 0,669 - 5142 kN = 3440 kN
Fgy , = cos(90° — 48°) - F; = 0,743 - 5142 kN = 3820 kN

_ K

"~ fra

y _ 3820 kN
% ™ 435 MPa

That gives us 11#32 with total area equal A; = 88,44 cm?

As

= 87,82 cm?

4 _ 3440kN
LY ™ 435 MPa
That gives us 10#32 with total area equal A; = 80,40 cm?

= 79,08 cm?

N;  max(Np Ns) 5623 kN

F., = = = = 3878 kN
27 tan® 1,45 1,45
F;
A, = ——
y fyd

4 _3878KN _
2% 7 435 MPa
That gives us 12#32 with total area equal A; = 96,48 cm?

9,1 cm?

Taking into account the above two cases of the calculations, the reinforcement which
was adopted is:

Agy x -> 12#32

Agyy -> 10#32

Agy o -> 11#32

Foundation P8

ULTIMATE LIMIT STATE
First case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #46:
MEd,max = Vy,46 = 886 kNm

MEd,cor.xx = Myx a6 = 1 kNm

NEd,cor, = NEd,46 = —5986 kN

HEd,cor.y = FEd,46,y =0kN
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Hgacorx = Feaaex = 27 kKN

The sectional forces in the column #47:
Mggmax = Myy 47 = 897kNm

Mgg corxx = Myxa7 = —463 kNm
Nggcor. = Nga,a7 = —5984 kN

Hga,cory = Fpaa7y = 34 kN

Hgacorx = Feaarx = 28 kN

The sum of the sectional forces for the pile cap:
kN kN

Gr=Ap-hy- 25— =875m-14,0m-3m- 25— 1,35 = (=) 12403 kN
m m

H,' = Fggaex + Fgaa7x = 27 kN + 28 kN = 55 kN

Hy,' = Fgya6y + Fraa7y = 0 kN + 34 kN = 34 kN

My, = Myy 46 + Myy 47 + Hy' - hy = 886 kNm + 897 kNm + 55 kN - 3m = 1948 kNm
M’y = Myx 46 + Myy a7 + Hy' - hy = 1kNm — 463 kNm — 34 kN - 3m = —564 kNm

N, = NEd,4-4—+ NEd,4—5 + Gf == 24373 kN

The sectional forces for each pile:

n = 6 (the number of piles)

p=175m
E.=32GPa
E; =5 MPa
t_(z)4EC_1,75m432000MPa_52
~3 B~ 3 sMpa ™
H,' 55kN
Hy=—=""2=917kN ~ 9kN
n 6
H,' 34kN
Hy=—2="——=567kN ~6kN
n 6
My =Hy,-t=6kN-52m=312kNm ~ 31 kNm

M,

H,-t=9kN-52m =468kNm = 47 kNm

M= |M?+ M2 =73/31%2+ 472 = 56,3 kNm ~ 56 kNm

N — g — A 24373 kN
Nl:?""(M’yy_My)' et M = M) 5 =

6 2
i=1%i XY 6

+ (1948 kNm + 47 kNm) -

2,625m
6:(2,6252)

525m

= 4062 kN + 127 kN + 28 kN = 4217 kN
4+(5,252)

+ (564 kNm + 31 kNm) -
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Np =228 (Myy — My) -2 2 F (M1 = M) Pl — TR 4 (1948 kNm + 47 kNm) -
l 1% i=1Yi
2,625m _
oczezsyy T (564 kNm + 31 kNm) - (5 So5; = 4062 kN + 127 kN = 4189 kN

Ny =" F (M'y, - V)3 bl _F ', — M) - Zs'”; 28373 KN 1 (1948 kNm + 47 kNm) -
l i=17i

20257 (564 kNm + 31 kNm) - —=2"" = 4062 kN + 127 kN — 28 kN = 4161 kN

6(2,6252) m m 4-(5252) B

_ 24373 kN

Nr — 1 | | r [Val
Ny=—F(M'yy — M) aZ + (M’ — M) -Z§f4y? = =~ (1948 kNm + 47 kNm) -
l 1 =171
2,625m 525m
— (564 kNm + 31 kNm) - = 4062 kN — 127 kN — 28 kN = 3907 kN
6+(2,6252) 4+(5,252)
' |xs] , lys| 24373 kN
N + (M, — M,) - "15 FM'y — M,y) 'z?jfyf = =~ (1948 kNm + 47 kNm) -
2,625m _ _ _
o T (564 kNm + 31 kNm) ﬁ 4062 kN — 127 kN = 3935 kN
Nr— /., | | , A 24373 kN
Ne=—F (M'y, — y) ol o FM'y — M,y) 'ziﬁ:yfy? = =~ (1948 kNm + 47 kNm) -

2,625m
6(2,6252)

525m

= 4062 kN — 127 kN + 28 kN = 3963 kN
4+(5,252)

+ (564 kNm + 31 kNm) -

g o N _ max(Ny,Ns, Ny Ne) _ 4217 kN
17 tang 1,1 11

Fs1,y = cos48° - F; = 0,669 - 3834 kN = 2565 kN

Fg1 = cos(90° — 48°) - F; = 0,743 - 3834kN = 2849 kN
Fs

fra

2 _ 2849 kN
St* ™ 435 MPa

That gives us 9#32 with total area equal 4, = 72,36 cm?

= 3834 kN

Ag =
= 65,49 cm?
2565 kN

Ay =277 _ 5886 cm?
LY = 435 MPa cm

That gives us 8#32 with total area equal 4, = 64,32 cm?

N;  max(N,, Ns) 4189 kN

F., = = = = 2889 kN
27 tan® 1,45 1,45
Fy
A, = —
g fyd
2889 kN

A, =227 80 _ 6641 cm?
s2x = 235 1pg 0041 €M
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That gives us 9#32 with total area equal A, = 72,36 cm?

Second case

The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #46:
Ngamax. = Neqae = —10771 kN
Mgacoryy = Myyae = —13 kNm
Mgacorxx = Mxxa6 = —461 kNm

Hga cory = Fgaaey = 34 kN

HEd,cor.x = FEd,46,x =0kN

The sectional forces in the column #47:
Ngamax = Ngq a7 = —10769 kN
Mgacoryy = Myya7 = =2 kNm
Mgg corxx = Mxxa7 = —1 kNm
Hgacory = Fgaa7y = 0 kKN

HEd,cor.x = FEd,47,x =0kN

The sum of the sectional forces for the pile cap:
kN kN

Gy =Ap h; 25— =875m-140m 3 m 25— 1,35 = (-) 12403 kN
m m

Hy' = Fpaaex + Fraarx = 0 kN

H,' = Fgaaey + Fraury = 34 kN + 0 kN = 34 kN

M'y, = My 46 + Myy 47 + Hy' - hy = =13 kNm — 2 kNm + 0 kN - 3m = —15 kNm
M’y = Myy 46 + Myya7 + H)' - hy = —461 kNm — 1 kNm — 34 kN - 3m = =564 kNm

N, = NEd,44+ NEd,4-5 + Gf = 33943 kN

The sectional forces for each pile:

n = 6 (the number of piles)
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®=175m

E, =32GPa

E; =5 MPa
+|E, 1 75m (32000 MPa
Eg 5 MPa

o M _OkN

*Tn 6
H,' 34kN

Hy:T T=5,7sz6kN

M, =H,-t=6kN-52m =312kNm = 31 kNm
My, = Hy, -t =0kN-52m=0kNm

M= |MZ+M2=73312+02=31kNm

_N = Ix | , Iyl _ 33943kN 2625m

Ny =—+ (M yy y) i T5 xZ + M’y — My) Z,-6=11yi2 = - (15 kNm) (26257
m + m)- = — + —

(564 kNm + 31 kNm) 4?(’252;';) 5657 kN — 1 kN + 28 kN = 5684 kN

N — E , lyal 33943 kN 2625m
N2 T + ( - y) 1 fxl + (M xx x) 'Ziszfyiz = 5 - (15 kNm) 6-(2,6252)
(564 kN + 31 kNm) - — (5252) = 5657 kN — 1 kN = 5656 kN

_ N — |x | = __lysl 33943 kN . 2,625m
N3 =—+ (M,yy y) i P 5+ M’y — My) Zie::yiz = (15 kNm) 62625%)
(564 kNm + 31 kNm) - 4?('252;’;) = 5657 kN — 1 kN — 28 kN = 5628 kN

N — EA , P 33943 kN 2,625 m

Ny=—F (M, —M,)- 3 f > FM'y — M,y) .Z?::% + (15 kNm) - = 26250
m + m) - = + + =
(564 kNm + 31 kNm) - 2255 = 5657 kN + 1 kN + 28 kN = 5630 kN
_N - _ |x5| r _lysl _ 33943kN 2,625m
Ns = — F(m ) oo 3+ (M’ — M,) S + (15 kNm) - ey
(564 kNm + 31 kNm) - = 5657 kN + 1 kN = 5658 kN
4 (5 252)

N — EA , lysl 33943 kN 2,625m
Ne=—F (M, —M,)- 3 16 2 FM'y — M,y) 'z?:fyl + (15 kNm) - = 26250
(564 kNm + 31 kNm) - ~222 = 5657 kN + 1 kN + 28 kN = 5686 kN

4+(5,252)
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_N; _ max(Ny,N3, Ny, Ng) 5686 kN
" tanf® 1,1 11
Fgy, = cos48° - F; = 0,669 - 5169 kN = 3458 kN

= 5169 kN

Fs1
Fyp 5 = cos(90° — 48°) - F, = 0,743 - 5169 kN = 3840 kN

F;

A, = —

y fyd

o 3840 kN
SLX ™ 435 MPa

That gives us 11#32 with total area equal A, = 88,44 cm?

= 88,27 cm?

y _ 3458 kN
LY ™ 435 MPa
That gives us 10#32 with total area equal A, = 80,40 cm?

= 79,49 cm?

N;  max(Np, Ns) 5658 kN

Fo = = — = 3902 kN
S27 tan@ 1,45 1,45
F;
A, = —
* fya
3902 kN

— — 2
Agpx = 235 MPa 89,70 cm

That gives us 12#32 with total area equal A; = 96,48 cm?

Taking into account the above two cases of the calculations, the reinforcement which
was adopted is:

Agpx -> 12#32

Agyy -> 10#32

Agpx -> 11#32
Foundation P9

ULTIMATE LIMIT STATE
First case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #48:

MEd,max = vy,48 = 1107 kNm

MEd,cor.xx = Myxa8 = 1kNm
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Ngacor. = Ngaag = —9024 kN

The sectional forces in the column #49:

Mggmax = Myy 49 = 1124 kNm
MEd,cor.xx = Mxx,49 = —374 kNm

NEd,cor. = NEd,49 = —9023 kN

The sum of the sectional forces:

Marcin Andrzejewski

kN kN
G =As-hf 25— =635m-127m-1,5m-25—- 1,35 = () 4083 kN
r=Arhy 25y m3

My, = My, 45 + My, 49 = 2231 kNm
M,y = xx48 T Mxx,49 = —373 kNm
N’ = Nggag+ Ngaao + Gp = 22130 kN

The eccentricity of the actions:

M,, 2231kNm
e, = = =
* 7 N T 22130 kN

0,10m

_ My —373kNm _
& TN T 22130kN ™

Effective dimensions of the foundation:

B
B’=2-(——ex)=B—Zex=6,35m—2-0,10mz6,15m

2

L
L’=2-<E—|ey|>=L—Zey=12,7m—2-0,017m= 12,66 m ~ 12,70 m

Effective area of the foundation:

A'=B'-L'=615m-12,7 m = 78,1 m?

The design value of the bearing pressure:

N’ _ 22130 kN

TE AT 781 m?

kN
= 283,3 = 283—/m
m
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The simplified static model of the spread foundation in the x-direction:

283,00
283,00

>

g0=0,00 kN/mb

| 230

-

Figure 3.4.22 The static model for the foundation P9 in the x-direction — first case

L=015a+1

a=25m

l,:B—a:6,35m—2,5m:1925
2 2 ’

L=015-25m+1925m=23m

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-748,53

(& - 1

748,53

650,90

Figure 3.4.23 The bending moment for the foundation P9 in the x-direction — first case

Mgy, = 749 kNm/m

Minimum area of reinforcement:

As,mm=w'b'd'fc—d

fyd
Assuming bars #20:

(0} 0,020
d=h—cnom—(2)—§=1,5m—0,035m—0,02— m=1435m
Calculated minimum area of reinforcement:
M 749 kNm
Ed__ _ = 0,017

K= a2 £, ~1,0m- (1,435 m)? - 21,43 kPa - 10°

w=1-y1-2uy=1-,1-2-0,017 =0,017
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21,43 MPa

Acpin = 17 -1 1,4 .
smin = 0,0 ,0m-1,435m 135 MPa

= 12,02 cm?

That gives us #20/0,25 m with total area equal 4, = 12,56 cm?

The simplified static model of the spread foundation in the y-direction:

283,00
283,00

A 90=0,00 kN/mb B

3,50 v 5,70 v 3,50

1 1 1

Figure 3.4.24 The static model for the foundation P9 in the y-direction — first case

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-1733,37 -1733,38

1797.05
1797,05

Figure 3.4.25 The bending moment for the foundation P9 in the y-direction — first case

Mgy, =~ 1733 kNm/m

Minimum area of reinforcement:

As‘min=a)-b-d-fc—d
fyd

Assuming bars #20:

@ 0,020
d:h_cnom_E: 1,5m—0,035m—Tm= 1,455 m

Calculated minimum area of reinforcement:

Mgy 1733 kNm
K= a2 £, ~ 1,0m- (1,455 m)? - 21,43 kPa - 10°

w=1-y1-2u=1-,1-2-0,038=10,038

= 0,038
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Agmin = 0,038-1,0m - 1,455 m -

That gives us #25/0,175 m with total area equal A; = 28,06 cm?

Second case

21,43 MPa

_ 2
435 Mpa 22 em

Marcin Andrzejewski

The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #48:
NEd,max = NEd,4-8 = —10150 kNm
MEd,cor.yy. = Myy 48 = —19 kNm

MEd,cor,xx = Mxx,48 = —372 kN

The sectional forces in the column #49:

NEd,max == NEd,4-9 - _10149 kNm

MEd,cor.yy. = Myy49 = —2 kNm

MEd,cor,xx = Myx a7 = —1kN

The sum of the sectional forces:

Myy = Vy,44 + Myy,45 = _21 kNm
My = Myx 44 + Myy 45 = =373 kNm
N, = NEd,44+ NEd,45 + Gf == 24382 kN

The eccentricity of the actions:

M, -—21kNm
ey =

N' T 24382 kN 00009m

M,, —373kNm
e, = = =

- = —0,015
Y TN T 24382 kN mn

B
B'=2-(——|ex|)=B—2ex=6,35m—2-0,0009mz6,35m

2

L
L’=2-<§—|ey|>=L—Zey=12,7m—2-0,015m“~'12,70m

Effective area of the foundation:

A" = A =80,6m?
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The design value of the bearing pressure:

N’ 24382kN
A" 806m

kN
=302,5 ~ 303— /m
m

The simplified static model of the spread foundation in the x-direction:

303,00

303,00

p ]

S

90=0,00 kN/mb

2,30

801,43
Y
b

Figure 3.4.26 The static model for the foundation P9 in the x-direction — second case

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-801,43

696,90

Figure 3.4.27 The bending moment for the foundation P9 in the x-direction

Mgg, = 801 kNm/m

Minimum area of reinforcement:

As‘min=a)-b-d-fc—d
fyd
Assuming bars #20:
0] 0,020
d=h—cnom—(2)—§=1,5m—0,035m—0,02— m=1435m

Calculated minimum area of reinforcement:
Mgg 801 kNm

= = =0,018
K= a2 £, ~1,0m- (1,435 m)? - 21,43 kPa - 10°
w=1-JT—2u=1-+/1-2-0,018 = 0,018

21,43 MPa ,
As,min = 0,018 ' 1,0 m- 1,435 m- m = 12,72 cm

— second case
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That gives us #20/0,225 m with total area equal A; = 13,96 cm?

The simplified static model of the spread foundation in the y-direction:

o o
o o
o« (a0 ]
(=] o
o o
A g0=0,00 kN/mb B
3,50 L 570 Y 3,50
1 “1 “1 1

Figure 3.4.28 The static model for the foundation P9 in the y-direction — second case

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-1855,87 -1855,88

192405
1924,05

Figure 3.4.29 The bending moment for the foundation P9 in the y-direction — second case

Mgq,, ~ 1856 kNm/m

Minimum area of reinforcement:

gy = @b -d - 122

fyd

Assuming bars #20:

0] 0,020
d=h—cnom—§= 1,5m—0,035m—Tm= 1,455 m

Calculated minimum area of reinforcement:

Mgq 1856 kNm
b= = = 0,041
b-d?-f.; 1,0m-(1,455m)2 - 21,43 kPa - 103

w=1—-1-2u=1-41-2-0,041= 0,042
21,43 MPa

As,min = 0,042 ' 1,0 m- 1,455 m- m

= 30,10 cm?

Page 187 from 224



Master’s thesis work

That gives us #25/0,15 m with total area equal 4; = 32,73 cm?

Marcin Andrzejewski

Taking into account the above two cases of the calculations, the reinforcement which

was adopted is #20/0,225 m in x-direction and #25/0,15 m in y-direction.

GEO LIMIT STATE

First case

The sum of the sectional forces:
My, = My, 45 + My, 40 = 2231 kNm
N, = NEd,48+ NEd,4—9 + Gf - 22130 kN

H,x = HEd,48+ HEd,4-9 = 39 kN + 39 kN = 78 kN

The Bearing resistance of spread foundation
Vi = 18 kN /m?3
@ =30°

Depth of foundation

D=10,2m

The total vertical stress at the founding level:

kN
q=y'D= 18ﬁ-10,2m= 183,6 kPa

The effective dimensions of the foundation:
B'=6,15m
L'=12,7m

The capacity factors:

Ng = ™t (tan (% + %))2 = 18,401

N, =2-(N, — 1) - tang = 20,093
N, = (N, — 1) - cote = 30,14

The shape factors:

B
sq=1 +?-sing0 = 1,242
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=1-0,3 B’—0855
Sy— ) L,_ )
Sq Ng—1

= 1,256
N, —1

Sc =

Load’s inclination factors:

¢=o0forFx || B

2+2;
m=—-1% = 1,674
1+ %
Fgq
i =(1-— m = 0,994
g = ( Veg+B' "L - cot(p)
Hgq
- (1- m+l = 0,99
by = ( Vga +B' "L -c"- c0t<p)
1-i
q
=i, — =099
e = lq N, - tang

Foundation base’s inclination factors

Because the base of the foundation is horizontal:

by =1
b, =1
be =1

The value of the design drained bearing resistance
Ry

T=q-Nq-bq-sq-iq+0,5-yk-B’-Ny-by-sy-iy+c’-Nc-bc-sc-ic=5113kPa

R, = 5113 kPa-6,15m-12,7m = 399,3 MN

yR == 1,4'
R, 399,3MN
g = — =" =2852MN
YR 14

Vy = 22130 kN < Rz = 285200 kN

Second case

The sum of the sectional forces:
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Myy = Myy,48 + Myy,4_9 =21 kNm
N, = NEd,48+ NEd,49 + Gf = 24382 kN
H'y = Hggag+ Hpaao = —1 kN

The Bearing resistance of spread foundation
Yk = 18 kN/m3
@ = 30°

Depth of foundation

D=10,2m

The total vertical stress at the founding level:

kN
q:)/D = 18m10,2m= 183,6kPa

The effective dimensions of the foundation:
B' =8,55m
L'=14m

The capacity factors:
2

. T 9
— pmtang , L r —
N, =e (tan (4 + 2)) 18,401
N, =2-(N, — 1) - tang = 20,093
N, = (N, —1) - cotp = 30,14
The shape factors:

B"
Sq =1+?-sm<p=1,25

!

B
sy =1-03-7=085

_Sq'Nq—

1
- = 1,264
=N, -1

Load’s inclination factors:
¢ =o0forFx || B

w
m= B,=1,667
1+?

Marcin Andrzejewski
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ig=(1— Fra )y =
a Veqa + B L' - - coty
Hgq

o= (1— m+1:1
by = ( VEd+B’-L’-c'-cotg0)

1-—i
o= ig ————— =

N, - tang

Foundation base’s inclination factors

Because the base of the foundation is horizontal:

by =1
b, =1
be =1

The value of the design drained bearing resistance

R
A—]f=q-Nq-bq-sq-iq+0,5-yk-B’-Ny-by-sy-iy+c’-NC-bC-sC-iC=5199kPa

R, = 5199 kPa-6,35m-12,7m = 419,3 MN

yR=1’4
_Rk_419,3MN_2995MN
Ty L4 T

Vg = 24382 kN < R; = 299500 kN
Foundation P10

ULTIMATE LIMIT STATE

First case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #50:
MEd,max = Myy,SO = 3331 kNm
MEd,cor.xx = Mxx50 = —2kNm

NEd,cor. = NEd,So = —7156 kN

The sectional forces in the column #51:
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MEd,max = Myy,51 = 3381 kNm
MEd,cor.xx = Myx51 = —319 kNm

NEd,cor. = NEd,51 = —7165 kN

The sum of the sectional forces:

Marcin Andrzejewski

kN kN
G =As-hf 25— =635m-127m-1,5m- 25—~ 1,35 = () 4083 kN
r=Arhy 25y m3

My, = My, 50 + M,y 51 = 6712 kNm
My = xx,50 T Mxx,51 = —321 kNm
N' = Nggs0+ Nggs1 + Gf = 18404 kN

The eccentricity of the actions:

_ M, 6712kNm

e/ =036
® =N T 18404 kN m

My _—321kNm_
% =N T 1sa0akn ™

Effective dimensions of the foundation:

B
B’=2-(——ex)=B—2ex=6,35m—2-0,36m=5,63m

2

L
L’=2-(§—|ey|>=L—2ey=12,7m—2-0,019m= 12,66 m =~ 12,70 m

Effective area of the foundation:

A'=B' L' =563m-12,7m = 71,5 m?

The design value of the bearing pressure:

_ N _18404kN _ kN
CET T s m /™

Page 192 from 224



Master’s thesis work Marcin Andrzejewski

The simplified static model of the spread foundation in the x-direction:

257,00
257,00

A 90=0,00 kN/mb

| 230

Figure 3.4.30 The static model for the foundation P10 in the x-direction — first case

L=015a+1

a=25m

l,:B—a:6,35m—2,5m:1925
2 2 ’

L=015-25m+1925m=23m

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-679,76

679,76
A

591,10

Figure 3.4.31 The bending moment for the foundation P10 in the x-direction — first case

Mgg , = 680 kNm/m

Minimum area of reinforcement:

As,minzw'b'd'fc_d
fyd
Assuming bars #20:
) 0,020
d=h—cn0m—(25—§=1,5m—0,035m—0,02— m=1,435m

Calculated minimum area of reinforcement:

Mgqy 680 kNm
u= = = 0,015
b-d?-f,; 1,0m-(1,435m)2-21,43 kPa- 103
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w=1-1-2u=1-,1-2-0,015= 0,015
21,43 MPa

il 2
235 MPa 10,60 cm

Agmin = 0,015-1,0m - 1,435 m -

That gives us #20/0,275 m with total area equal A; = 11,42 cm?

The simplified static model of the spread foundation in the y-direction:

257,00
257,00

90=0,00 kN/mb

3.50 L 570 L 3,50

Figure 3.4.32 The static model for the foundation P10 in the y-direction — first case

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-1574,12 -1574,12

1631.95
1631,95

Figure 3.4.33 The bending moment for the foundation P10 in the y-direction — first case

Mgy, =~ 1574 kNm/m

Minimum area of reinforcement:

As‘min=a)-b-d-fc—d

fyd

Assuming bars #20:

] 0,020
d=h—cnom—§= 1,5m—0,035m—Tm: 1,455 m
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Calculated minimum area of reinforcement:
Mpq 1574 kNm

_ _ = 0,035
K= baz £, = 1,0m (1,455 m)? - 21,43 kPa - 10°
w=1-T1—2u=1-+1-2-0,035 = 0,035

21,43 MPa ,
As,min = 0,035 ' 1,0 m- 1,455 m- m = 25,08 cm

That gives us #20/0,125 m with total area equal A; = 25,12 cm?

Second case
The sectional forces are given by computer program Autodesk robot structural analysis

professional 2014:

The sectional forces in the column #50:
NEd,max = NEd,SO = —7944 kNm
MEd,cor.yy. = Myy 50 = 56 kNm

MEd,cor,xx = Myx 50 = —3 kN

The sectional forces in the column #51:
NEd,max = NEd‘51 = —7953 kNm
MEd,cor.yy. = Myys51 = 105 kNm

MEd,cor,xx = Mxx,51 = —319 kN

The sum of the sectional forces:

My, = My, 50 + My, 51 = 161 kNm
My, = xx,50 T Mxx,51 = —322kNm
N’ = Ngq50+ Ngas1 + G = 19980 kN

The eccentricity of the actions:

My, 161 kNm
e = =
* 7 N T 19980 kN

= 0,008 m

M,, —322kNm
e, = =

- — —0016
Y =N T 18074 kN m
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Effective dimensions of the foundation:

B
B’=2-(E—ex)=B—Zex=6,35m—2-0,008m=6,33mz6,35m

L
L’=2-(E—|ey|>=L—26y=12,7m—2-0,016m= 12,66 m ~ 12,70 m

Effective area of the foundation:

A" = A =80,6m?

The design value of the bearing pressure:
N’ 19980 kN

== = — 24789 ~ 248"
0= T gogmz | 2789~ 248 /m

The simplified static model of the spread foundation in the x-direction:

248,00
248,00

>

90=0,00 kN/mb

2,30

Figure 3.4.34 The static model for the foundation P10 in the x-direction — second case

The bending moment is given by computer program Belka by SPECBUD [kNm]:

-655,96

655,96
ED
x

570,40

Figure 3.4.35 The bending moment for the foundation P10 in the x-direction — second case

Mgg , = 656 kNm/m

Minimum area of reinforcement:

fcd

As,minzw'b'd'_

fyd
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Assuming bars #20:

] 0,02
d =h—cn0m—§= 1,5m—0,035m—Tm: 1,435 m

Calculated minimum area of reinforcement:
Mgy 656 kNm

K= dz £, " 1,0m- (1,435m)? - 21,43 kPa - 10°
w=1—J1-2u=1-+1—-2-0,015 = 0,015

21,43 MPa ,
As,min =0,015-1,0m-1,435m - m = 10,60 cm

That gives us #20/0,275 m with total area equal A; = 11,42 cm?

The simplified static model of the spread foundation in the y-direction:

248,00
248,00

90=0,00 kN/mb

3,50 v 5,70 v 3,50

Figure 3.4.36 The static model for the foundation P10 in the y-direction — second case

The bending moment is given by computer program Belka by SPECBUD [kNm]:
-1519,00 -1519,00

1574,80
1574,80

Figure 3.4.37 The bending moment for the foundation P10 in the y-direction — second case

Mgy, =~ 1519 kNm/m

Minimum area of reinforcement:

As,mm=w'b'd'fc—d

fyd
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Assuming bars #20:

(0] 0,020
d=h—cn0m—(2)—z= 1,5m—0,035m——Tm= 1,455 m

Calculated minimum area of reinforcement:
Mgy 1519 kNm

=D @ fy LOm- (L455m)? 21,43 kPa 108 00%
w=1-1-2u=1-,1-2-0,033 =0,033

21,43 MPa 5
As,min = 0,033 ' 1,0 m- 1,455 m- m = 23,65 cm

That gives us #20/0,125 m with total area equal A; = 25,12 cm?

Marcin Andrzejewski

Taking into account the above two cases of the calculations, the reinforcement which

was adopted is #20/0,275 m in x-direction and #20/0,125 m in y-direction.

GEO LIMIT STATE

First case

The sum of the sectional forces:

Myy - Myylso + Myy,Sl - 6712 kNm

N, = NEd,50+ NEd,51 + Gf = 18404 kN

H,x == HEd,50+ HEd,Sl - 222 kN + 225 kN - 447 kN

The Bearing resistance of spread foundation
Yk = 18 kN/m3
@ =30°

Depth of foundation
D=6,6 m

The total vertical stress at the founding level:

kN
q=y-D= 18ﬁ-6,6m=118,8kPa

The effective dimensions of the foundation:
B'=5,63m
L'=12,70m
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The capacity factors:

Ny = e™t@% - (tan (% + %))2 = 18,401

N, =2- (Nq - 1) -tang = 20,093
N, = (N, — 1) - cotp = 30,14

The shape factors:

B
sq=1 +?-singo = 1,222

!

B
Sy = 1—0,3-?=0,867

sq-Nq—l

= 1,234
N, — 1

Sc

Load’s inclination factors:
¢=oforFx|| B

2+2;
m=—1%; = 1,693
1+ %
Frq
i =(1-—- m =0,959
g = ( Vgg +B' - L' -c"- cot(p)
Hgq
i, = (1 — m+l — 0,94
by = ( Vga +B' "L -c"- cot<p)
1-i
} } q
=i, ———=20,96
e = lq N, - tang

Foundation base’s inclination factors

Because the base of the foundation is horizontal:

by =1
b, =1
b =1

The value of the design drained bearing resistance

R
A—If=q-Nq-bq-sq-iq+0,5-yk-B’-Ny-by-sy-iy+c’-Nc-bc-sc-ic=3388kPa

R, = 3388 kPa-5,63m-12,7m = 242,2 MN
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yR = 1,4
R, 242,2MPa
== =" " —173MN
Yr 1,4

Vg = 18404 kN < R; = 173000 kN

Second case

The sum of the sectional forces:

M, =

N, = NEd,50+ NEd,51 + Gf = 19980 kN

yy,50 + Myy,51 =161 kNm

H,x = HEd,50+ HEd,Sl = 4‘kN + 7kN = 11 kN

The Bearing resistance of spread foundation
Yk = 18 kN/m3
@ = 30°

Depth of foundation
D=6,6 m

The total vertical stress at the founding level:

kN
q=)/'D=18W

6,6 m = 118,8 kPa

The effective dimensions of the foundation:
B'=6,35m

L'=12,70m

The capacity factors:

Ng = e™@ - (tan (% + %))2 = 18,401

N, =2-(N, — 1) - tang = 20,093
N, = (Nq - 1) -cotep = 30,14

The shape factors:

B
Sq =1+?-sin<p=1,25

!

B
5 =103 =085

Marcin Andrzejewski
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sq-Nq—l

=N, -1

= 1,264

Load’s inclination factors:
¢=o0forFx|| B

2+2;
m=—2%; = 1,667
1+?
ig=(1— Fra
a Veq +B' - L'~ cotep
i =(1- Hra
14 Veq + B’ L' - - coty
1-i
. , q
=i, ———21 =099
e = lq N, - tang

ym = 0,987

)m+1 — 0,98

Foundation base’s inclination factors

Because the base of the foundation is horizontal:

by =1
b, =1
b =1

The value of the design drained bearing resistance

R
A’

R, =3651kPa-6,35m-12,7m = 294,4 MN

yR = 1,4'
_ Ry 2944 MN
Ty T 14

=210,3 MN

Vg = 19980 kN < R; = 210300 kN

3.4.2. Piles

Minimum area of reinforcement:

A ppmin = 0,0025 - A, = 0,0025 - - (0,875 m)? = 60,13 cm?

That gives us 8#32 with total area equal 4; = 64,34 cm?

Marcin Andrzejewski

—=q "Ny by s4-iq+05y,-B -N,-b,-s,-i,,+c" N, b.*s. i, =3651kPa
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The nominal concrete cover:

Cnom = Cmin + A CdeV

A Cgev= 10 mm

Chnin - max { Cmin,b; Cmin,dur + A Cdur,y -A Cdur,st -A Cdur,add; 10 mm }’
Cminp = 32 mm

Cmin,dur =25 mm

A Cdur,y =A Cdur,st =A Cdur,add =0

Chom =32 mm + 10 mm = 42 mm

The verification for the most loaded pile:

Two cases should be considered for pile in the calculations - the maximum bending
moment and the corresponding axial force to it and the maximum axial force and the

corresponding bending moment to it.

According to the calculations the most loaded pile is #6 (the maximum bending moment)

and #1 (the maximum axial force) in foundation P6.

ULTIMATE LIMIT STATE
First case

Mgamax = 104 kNm
Ngdcor = 4978 kN

r
O Krzywa interakgji N-M, przekréj kotowy = | B |
fyd [MPa] Srednicalm]  Otuilin (2] [m] mkﬁ»m‘_\_‘
|435 [1.75 |0.042 |
Es [GPa] fiok [MPa] gamma_C H‘hﬁ"‘*ﬂa
200 [30 [1.4
Al [em2] Liczba pretiw 40000kM
804 8 = Zapisz N \\\
Skok N [kN]  Skok M [kNm]
10000 [1000 Dbiliczenia |
30000kM
MNEd [kN] MEd [kNm]
4474 [104 | Pokaz (NEd ME)

C rukowarie | Foniec |

20000kM

N\

10000kM

&5 /”
o _,,;:ﬁ"’"//
..-"M
ok
|
[ L]
wersja 2.0 [oktim 1000kNm _|2000kNm _|3000kNm [4000kMm |5000kNm |5000kNm |7000kNm  8000kNm _[3000kMm

Figure 3.4.38 The curve interaction for the most loaded pile — first case
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Second case
Ngdmax = 5965 kN
Mgg cor = 31 kNm

Marcin Andrzejewski

O Krzywa interakgi N-M, przekréj kotowy =ARC X
fyd [MPa] Sredricalm]  Otuiina [a] [m] SO000KN |
[ i ooz B
- g -\--"hq

Ez[GFa] fek [MPa) gamrma_C M“""—-—
EO [ fre s
Al [em2] Liczba pretiw [40000kMN
B ERRE |z ‘\\\
Skok MkN]  Skok M [kNm]
10000 [100 Obliczenia |

30000kN
NEd [kN] MEd [kNm]
|5385 |31 | Pokaz(NEd MEd] |

D rukowanie | K.oniec |
20000kN /
M
; 10000kN -
d™ N 3 /
-——"M
ok
—
E‘SIP"
wersja 2.0 ki 1000kNm _[2000kNm _|3000kNm _[4000kNm _|5000kNm _|6000kNm |7000kNm  3000kNm _[3000kNm
L

—

L |

Figure 3.4.39 The curve interaction for the most loaded pile — second case

GEO LIMIT STATE

Characteristics of the soil:

Yk = 18 kN /m3
@ = 30°
Fc,d < Rc,d

Rer = Rpr + R

Ry = ok R
ke 14 Vs

Y = 1,25

s = 1,0

B

The weight of the pile is ignored as it is assumed that the pressure at the toe due to the

pile weight is similar to the overburden pressure at that depth.
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F.q = 5965 kN

Bearing capacity factor:

2

Ng = €™ - (tan (% + %)) = 18,401

When § = ¢ and there is a single layer of soil:

Rsp = As - qsk = As Z o'ptand = Ag z Kyo',tand = A - 0,5 - (1 — sing) - o’ yotang

, kN kN
avOZYkL=18$L=18L$

Ryx =Ap-qp =Ap -0y Ny

As=nm-D-L=m-1,75m-L=549-Lm

1,752 kN
= 797L [—]
m

= 18,401-18L -7 -

=
=
=

[

_ kN kN
Rex = 549-Lm- 05 (1 —sin30°) - 18L — - tan30° = 14,26 - L2 [—]
m m

R = 797L N 14,26 - L2
dk =125 1,0

The piles verification was calculated for the shortest pile despite the maximum axial force
comes from the longest pile.

For L= 9,0 m (Foundation P4):

o 797 -9 s 14,26 - 92 (593 KN
ak = 125 1,0

F.q =5965kN < Ry = 6893 kN

3.5. Bearings
The designed displacements are given by the computer program Autodesk robot structural
analysis professional 2014 (third calculative model). In order to get the displacement of
creep and shrinkage the additional temperature load (AT = —60°C) was applied on the
structure. It was assumed that mentioned load is sufficient approximation to the real

displacement due to rheology of concrete.

Bearings in the viaduct were splited in 2 cases as follows:

e Abutments (P1, P11)
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e Other bearings (P2, P3, P4, P5, P6, P7, P8, Po, P10)

Abutments (P, P;,):

Displacements:

Creep + shrinkage:
Sces = 56mMm

Temperature variation (for 15°C):
Oary, = +12mm/ —14 mm

Temperature variation (for 8°C):
Oar, = +7 mm/ —6 mm

Breaking load:
SBL = 14‘ mm

Max displacement:

Smax-l- = 0c4s + SBL+W16ATU

SmaxT =56+4+405-7 =64 mm
max = 0p+¥16ar,

Smax = —4—05-14=—11mm

HT = maX(Pl,Pll) =24 kN
N = maX(Pl, Pll) = 750 kN

Other bearings:

N=maX(Pz,P3,P4,P5,P6,P7,P8,P9,P10):11602kN
HT=maX(Pz,P3,P4,P5,P6,P7,P8,P9,P10):62kN
HL = maX(PZ'P3IP4-IP5lP6IP7IP8IP9IP10) = 225 kN

3.6. Expansion joints

Marcin Andrzejewski

In this construction neoprene expansion joints would be use. The designed displacements

are given by the computer program Autodesk robot structural analysis professional 2014.

(third calculative model).

T=6st+1 0p+W16ar,

6m ax

Smax =56+ 144057 = 64mm

Omax =1- 6BL+LP18ATU
Omax =—1-4-05-14=—-11mm
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4. Conclusions

The project allowed to design the crossing through the valley which was the main objective
of this work. According to the calculations the structure is safe and meets the requirements
of the eurocodes and national annexes (Polish). The preliminary design can be used to
create the final project of this viaduct. This work allowed me to use all the knowledge from
5 years of my studies. I have not done anything similar to it before so it is very important
experience for me. The thesis is the result of connecting a few subjects like designing of

foundations, concrete structures, prestressed stuctures.
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ANNEX A1

Calculation of the breaking and acceleration force (breaking load)

Qik = 0,6 - ap1(2Qi) + 0,1ag1q1xW/L
180(1(21 < Qlk <900 kN

agr =10

L =288m
w;=30m
Qi = 300 kN
i = 9,0 kN

kN
Qik =0,6-10-(2-300kN)+0,1-1,0-9,0

-l 3,0m-288m = 1137,6 kN

Qi > 900 kN

Because the value of Q;; is higher than 900 kN it was assumed that Q;;, = 900 kN
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ANNEX A2

Calculation of wind load (wind action)

Because of 9 different lengths of the columns, there are only calculations for the most

dangerous pier (the longest). The value of this action was applied in each column.
1. The basics values from the national annex.
The viaduct is located in third wind area in Poland (A = 500 m.a.s.l.)

Basic wind velocity:

Vo = 22[1 + 0,0006(4 — 300)] = 22[1 + 0,0006(500 — 300)] = 24,64 m/s

Reference mean (basic) velocity pressure:

20000 — A] kN

= 0,30[1 + 0,0006(4 — 300)]? - [— = 0,358 — ~ 0,36 kN /m?
b0 [1+ ( I 5000072 m? /m

2. The main calculations.

The wind action:
Fy =c¢scq Cr e Qp(ze) 'Aref

cscqg =10

It was assumed that the columns are circular cylinders.
h=394m
dp (h) =Cc(h) - qp

m
Vp = Cgir * Cseason " Vpo = 11 24,64? = 24,64 m/s

=05p- 2—05-125—kg-(2464-—2—379P ~ 0,38 kP
qb - Y p vb ] )] m3 ) S) - a=\u, a
h 37,65\ %%°
= . (—)0.26 = === =
Cc.,(h) =19 (10) 1,9 ( 10 ) 2,68

qp,(h) = 2,68-0,38 kPa = 1,02 kPa

Cr=Cro Y2

Equivalent roughness k/b:
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k _ 0,2mm _g.10-5
b 2500 mm
The Reynolds number:

v=15-10"°m?/s

2 2-1020 Pa
V&J=J{?=J——————=wAmﬁ

1,25 kg/m3

_b-V(z)) 25m-40,4m/s

R =
¢ v 15-10-%m?/s

= 6,73-10°

According to Figure 7.28 in EN 1991-1-4:2005 and the values of Re and k/b:
¢ro = 0,66

End-effect factor y,:

Effective slenderness (for circular cylinders)

L
L>50m > A =min (0,7-E;70) = min(11;70) = 11

L
L <15m > A = min (E' 70) = min(15,76;70) = 15,76

35m — 4,76
24,4 m — X

X=3,32
A=15,76 —3,32 = 12,44

The solidity ratio o:
v=q =

According to Figure 7.36 in EN 1991-1-4:2005 and the values of ¢ and A:
lpﬂ = 0,71

¢ =066-071=047

The wind force:
E,=1-0,47-1,02 kPa-2,5m = 1,2 kPa
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ANNEX A3

Calculation of axial forces in model #1 (reactions)

Because of the fact that in 3-dimensions model (column model) there weren’t included
additional loads like: prestressing loads, additional permanent loads and traffic loads,
one extra combination was created in 2-dimenions model in order to get the values of
reactions. The results was applied in third calculative model. The reactions were divided

by two because of one-beam simplified model.

Combinations MName Analysis type :;E:I Case nature Definition
11 (C) Decompression limit state Linear Combination | S:QPR (1+2+3)*1.00+10%0.50
13 (C) Ultimate limit state of bending Linear Combination uLs (1+3+4+5+9)*1.35+2*1.00
17 (C) Ultimate limit state of bending - Ved (1,2) Linear Combination ULS (1+3+4+5+9)*1 35+2*1 .20
32 (C) SLS:QPR/1=3*1.00 + 2*1.00 Linear Combination | S:QPR dead (3+2)*1.00
33(C) SL3.QPR/2=3*1.00 + 2*1.00 + 10*0.50 Linear Combination | S:QPR dead (3+2)*1.00+10%0.50
34 (C) SLS:QPR/3=3*1.00 + 2*1.00 + 12*0.50 Linear Combination EPR 1@ (3+2|‘1 .00+12*0.50
39 (C) ULS (Reactions) withous self weight Linear Combination ULS 2% 00+(3+4+5+9)*1.35
43 (C) ULS (Reactions) without self weight P=12 Lingar Combination ULS 2*1.20+{3+4+5+9)*1.35

Figure 3.4.40 The combination table (reactions)

FZ=3519,41/5380,44

FZ=3516,73/5378.10

FZ=3528,84/5391,72 |

FZ=1066,27/2965,36

FZ 1066,27/2965,37 |

FZ=3502,14/5371,74
FZ=3502,12/5371,73
FZ 3528,84/5391,72

FZ 3516,73/5378,10

E FZ 3520,75/6381,86
FZ 3520,75/5381, Cases: 40to46

Figure 3.4.41 The reactions (ULS)

Page 211 from 224



Master’s thesis work Marcin Andrzejewski

ANNEX A4

Calculation of prestressing loads

All the dimensions have been taken from the drawing #6 - “Prestressing Layout”.

Py =0py- A, = 1120 MPa-4-19-1,4 cm? = 11917 kN
Py = 0peo " A = 1000 MPa - 4-19- 1,4 cm? = 10640 kN

The prestressing force used in calculative model:
P = 1000 kN
2fy 2-(1,286 m —0,275)

tana = -2 = 0,224
ana I 9m

_2f,-P 2-(1,286m—0,275m) - 1000 kN
D= T (9 m)?

= 24,32 kN /m

kN
Vi=qi-L=24321—:9m = 21889 kN

_2f,-P_2-(1,4294m — 0,275 m) - 1000 kN

= 16,033 kN

q2 12 (12 m)? 4
_ 2P _2-(718m —14294m)-1000kN _ .

4=~ = @m)? S

e, = 0,084‘ m

M; = Pe; = 1000 kN - 0,084 m = 84 kNm

e, =1,37m—0,275m — 0,649 m = 0,446 m
M, = Pe, = 1000 kN - 0,446 m = 446 kNm

1,4294m — 0,275 m = ax?
1,1544 = 144a
a = 0,00802

Vy=P-tanf =P-2-a-x =1000kN -2-0,00802-9m = 144,36 kN
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ANNEX A5

The results of decompression limit state

Marcin Andrzejewski

Mg(x,t=10000

[m] | Mg,1 Mg,2 Mg,3 Mg, 4 Mg,5 Mg,6 Mg,7 Mg,8 | Mg,9 | Mg,10 | Mg,e Mg(x,t=0) | days)
0| -65,64 -3,66 0 -0,84 0 0 0 0| -76,73 -70,14 -74,753
3| 3601,7 | -812,55 233,11 -66,48 18,71 -5,54 1,58 -0,02 | 2630,2| 2970,18 2732,215
6| 6096,3 | -1636,2 464,11 | -134,54 38,3 -10,9 3,13 -0,04 | 427173 4819,6 4435,811
9| 7487,5| -2445,1 697,27 | -200,17 57,22 | -16,46 4,69 -0,06 | 4742,4| 5584,01 4994,848
12 | 7798,8 -3254 930,62 -265,8 76,14 | -21,82 6,24 -0,09 | 4090,5| 5268,86 4444,008
15| 6934,5| -4048,1 | 1163,97 | -333,87 96,06 | -27,18 7,8 -0,11 | 2354,1| 3791,48 2785,3
18 | 4988,1 -4857 | 1397,33 -399,5 | 114,65 | -32,74 9,35 -0,13 | -597,06 | 1218,09 -52,515
21| 1940,5| -5680,6 | 1630,68 | -467,56 | 133,57 -38,1| 10,91 -0,15 | -4372,6 | -2473,03 -3802,736
24 | -2295,5| -6500,7 | 1859,94 | -533,19 | 152,49 | -43,61| 12,46 -0,17 | -9567,9 -7350,8 -8902,798
27 | -552,91 | -2523,9 | 1049,37 | -304,61 86,71 | -24,83 7,12 -0,1 | -4560,2 | -2264,63 -3871,515
30 0| 1454,45 231,69 -66,12 18,05 -5,35 1,45 -0,03 | -718,94 | 1633,84 -13,106
33 4875,27 -586 | 163,86 | -48,24| 13,44 -4 0,05 | 2037,4| 4415,23 2750,77
36 7188,66 | -1403,68 | 402,36 | -114,5| 32,92 -9,22 0,13 | 3751,9| 6098,55 4455,888
39 8394,6 | -2221,36 | 632,34 | -180,8 | 51,71 -14,9 0,21 | 4297,4| 6664,84 5007,646
42 8585,87 | -3039,04 | 870,83 | -249,5| 71,19 | -20,35 0,28 | 37584 | 6223,42 4497,892
45 7470,77 | -3856,72 | 1100,8 | -315,8 [ 89,98 -25,8 0,35 | 2050,7 | 4468,88 2776,14
48 5344,93 | -4660,06 | 1339,3| -382,1 | 108,76 | -31,24 0,43 -699,2 | 1726,39 28,477
51 2111,35 | -5477,74 | 1569,3 | -448,4 | 128,24 | -36,69 0,51 | -4533,8 | -2145,89 -3817,448
54 -2302,7 -6302,8 | 1799,3| -514,7 | 146,93 | -42,14 0,58 | -9688,9 | -7208,93 -8944,923
57 -553,31 | -2306,69 991,5| -282,1| 81,89 | -23,57 0,32 -4614 | -2087,22 -3855,938
60 0| 1586,16 | 195,35 -52,6 | 14,45 -4,7 0,06 | -765,99 | 1739,41 -14,37
63 5000,15 | -630,34 176,9 | -50,59 | 14,94 -0,2 | 1997,1| 4507,94 2750,373
66 7302,44 | -1426,5| 406,41 -118 33,8 -0,47 | 3718,6 | 6190,72 4460,229
69 8503,97 | -2252,2 | 644,11 | -183,1| 52,67 -0,72 | 4270,9| 6754,19 5015,894
72 8571,66 | -3048,4 | 873,62 | -250,5| 71,53 -0,98 | 3696,4| 6202,38 4448,222
75 7538,98 | -3844,5| 1103,1 | -315,6 | 90,39 -1,25| 2037,9| 4552,52 2792,265
78 5394,39 | -4670,2 | 1332,6 | -380,6 | 109,25 -1,51 | -705,27 | 1761,64 34,803
81 2137,79 | -5466,4 | 1570,3 -448 | 128,11 -1,76 | -4702,3 | -2106,24 -3923,482
84 -2302,67 | -6286,6 | 1791,6 | -513,1 | 146,97 -2,02 | -9524,2 | -7195,71 -8825,667
87 -550,98 | -2366,2 | 990,98 | -283,3 81,8 -1,12 | -4584,5| -2145,14 -3852,678
90 0| 1671,6 | 189,27 | -47,74| 15,92 -0,18 | -741,95| 1825,41 28,258
93 5015,4 | -641,1| 179,45 | -52,71 0,72 | 2015,8 | 4512,25 2764,7
96 7284,8 -1443 | 406,63 | -115,9 1,61 | 36889 | 6157,83 4429,572
99 8503,6 | -2244 | 642,23 | -184,5 2,55 | 4278,4| 6756,94 5021,99
102 8584,6 | -3075| 869,41 | -250,4 3,46 | 3740,7 | 6183,72 4473,62
105 7533,7 -3877 1105 | -316,3 4,35 | 2034,4| 4514,67 2778,467
108 5426,2 -4678 | 1332,2 | -382,1 5,25 | -714,18 | 1781,56 34,542
111 2105,5 | -5451 | 1567,8 | -448 6,19 | -4547,5 | -2128,67 | -3821,858
114 -2273,2 -6285 1795 | -513,9 7,09 | -9544,5 -7165,2 -8830,703
117 -538,41 -2379 | 984,25 | -285,1 3,96 | -4578,9 | -2154,64 -3851,629
120 0| 1684,6 | 190,07 | -54,79 0,73 | -738,26 | 1831,68 32,722
123 5046,6 | -633,5| 175,53 -2,46 | 2017,6 | 4547,64 2776,591
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126 -5,75| 3688,8 | 6267,34
129 -8,88 | 4276,5| 6741,33
132 -12 | 3736,9| 6201,17
135 -15,1 | 2112,7 | 4524,61
138 -18,4 | -721,84 | 1780,21
141 -21,6 | -4557,1 | -2088,27
144 -24,5| -9556,4 | -7132,47
147 -13,6 | -4566,2 | -2078,04
150 -2,63 | -728,7| 1749,94
153 8,87 2024 | 4452,41
156 19,82 | 3692,1| 6213,89
159 30,76 | 4276,5| 6770,96
162 41,71 | 3733,7| 6210,53
165 53,21 | 2022,2 | 4492,55
168 64,16 | -731,39 1737,7
171 75,66 | -4569,8 | -2213,28
174 86,61 | -9572,8 | -7214,35
177 48,43 | -4556,6 | -2135,18
180 8,23 | -721,04 | 1758,22
183 -30 | 2029,8| 4511,08
186 -68,3 | 37385 6230,6
189 -108 | 4278,4| 6780,89
192 -148 | 3733,8 | 6221,51
195 -186 | 2104,7 | 4581,15
198 -224 | -735,07 | 1908,02
201 -265 | -4575,3 -2047,8
204 -303 | -9580,7 | -7086,63
207 -169 | -4542,3 | -2183,25
210 -28,3 | -712,12 | 1794,24
213 105,6 | 2033,3| 458192
216 246,1 | 3736,3| 6124,46
219 3799 | 4270,9| 6638,46
222 513,7 | 3720,9| 6052,22
225 654,2 | 2086,3 | 4340,83
228 788,1| -759,1| 1590,87
231 921,9 | -4604,8 | -2442,78
234 1056 | -9688,9 | -7456,33
237 578,3 | -4712,5| -2365,23
240 110,4 | -706,07 | 1801,78
243 -381 | 2046,1 | 4630,79
246 -849 | 3713,7 | 6422,79
249 -1316 | 4297,4| 7188,14
252 -1808 | 3754,2| 6755,14
255 -2276 | 2042,1| 5254,31
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258 -2744 | -712,07 | 2692,89

261 -3235 -4551 | -1147,67

264 -3701 | -9614,7 | -5966,84

267 -788 | -4381,9 | -1375,98

270 2265 | -473,91 | 2265,02

273 4618 | 2349,3| 4618,39

276 5936 4088 | 5936,34

279 6112 | 47456 | 6111,65

282 5182 | 4273,5| 5182,13

285 3198 | 2716,5| 3198,49

288 -80| -77,73 -80

Table 1 Self weight
Mp
X Mp (x,t=10000
[m] | Mp,1 Mp,2 Mp,3 Mp,4 | Mp,5 | Mp,6 | Mp,7 | Mp,8 | Mp,9 | Mp,10 | Mp,e | (x,t=0) days)

0 0 0 0 0 0 0 0 0 0

3| -627,93 58,71 | -16,94 49| -1,37 -0,12 0| -553,7 | -6939,6

6| -965,56 | 119,21 | -34,48 99| -28 -0,23 0| -802,4 -10405

9| -1078,7 | 179,59 | -51,18 | 14,71 | -4,24 -0,34 0,01 | -833,1 -11188
12| -1011,2 | 240,09 | -68,72 | 19,54 | -5,58 -0,46 0,01 -683 | -9826,5
15| -800,48 | 298,64 | -85,42 | 24,36 | -7,01 -0,57 0,01 | -385,8| -6773,1
18 | -432,37 | 359,14 -103 | 29,55| -84 -0,69 0,01 | 39,45 | -1825,3
21 50,4 | 417,68 | -119,7| 34,19 | -9,79 -0,8 0,01 | 649,8 | 4468,88
24 | 347,96 477,7 | -136,7 | 39,02 | -11,2 -0,92 0,02 1006 8571,3
27 56,89 | 431,13 | -78,18| 22,4]| -6,34 -0,52 0,01 | 707,1| 5092,25
30 -446 | 382,87 | -16,73| 4,87 | -1,48 -0,11 0 201 | -907,72
33 -470,33 | 44,72 | -12,7 | 3,55 0,29 -0,01 | -180,2 -5190
36 -733,58 | 103,25 | -29,6 | 8,41 0,69 -0,01 | -414,2 -7786
39 -855,46 | 164,7 | -47,1| 13,3 1,08 -0,02 | -501,2 | -8670,5
42 -828,59 | 223,23 | -63,4| 183 1,49 -0,03 | -441,2 -7800
45 -664,44 | 281,75 | -81,6 | 23,2 1,9 -0,03 | -244,3 | -5317,6
48 -353,54 | 343,21 | -97,8 | 28,2 2,29 -0,04 | 108,4| -1027,2
51 102,73 | 404,66 | -115| 33,1 2,7 -0,05 | 600,3 | 4978,33
54 347,94 | 463,18 | -132| 37,9 3,1 -0,06 | 875,5| 8441,05
57 65,09 | 416,36 | -72,9| 20,5 1,71 -0,03 | 579,5| 5058,41
60 -446 | 371,46 | -14,4| 3,68 0,31 -0,01 | 93,05| -1027,5
63 -488 | 46,32 | -13,2 -1,09 0,02 | -267,8 | -5384,3
66 -743,2 | 104,9 | -30,6 -2,46 0,05 | -481,5| -7892,9
69 -863,7 | 163,4 | -47,4 -3,86 0,07 | -548,3 | -8786,4
72 -838 | 224,1 | -63,6 -5,26 0,1 | -473,4 | -7904,7
75 -663,5 | 284,8 | -81,1 -6,63 0,12 | -262,2 | -5264,5
78 -356,8 | 345,5 | -98,5 -8,06 0,45 | 117,8 | -1048,5
81 112,63 | 401,9 | -115 -9,43 0,17 | 633,8 5062,1
84 348,51 | 460,4 | -132 -10,8 0,2 | 913,2 | 8415,67
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87 52,85 | 417,1 | -72,7
90 -446 | 3706 | -11,9
93 -482 | 46,9
96 746 | 104
99 864 | 167
102 -839 | 225
105 674 | 284
108 -345| 345
111 108 | 404
114 3485 | 462
117 63,14 | 416
120 -446 | 371
123 -475
126 -745
129 -863
132 -840
135 -667
138 -356
141 113
144 348
147 63
150 -446
153
156
159
162
165
168
171
174
177
180
183
186
189
192
195
198
201
204
207
210
213
216
219
222

0,11 | 621,2| 4930,42
0,02 | 111,6| -1004,2
0,07 | -240,2| -5299,1
0,16 | -461,1 | -7927,7
0,24 | -534,9 | -8744,2
033| -467| -7903,1
0,42 | -252,2 | -5394,9
0,51 | 109,8| -912,37
-0,5| 618,8| 5034,81
0,68 | 902,1| 8429,25
-037| 599 5033,38
0,07 | 1102 | -1021,2
0,24 | -242,3| -5228,2
0,55 | -463,9 | -7912,1
0,88 | -538,5| -8755,8
1,17 | -4659 | -7928,6
1,48 | -257,1| -5330
1,78 | 104,1| -1056,9
21| 612,5| 5081,41
2,41 | 906,2 | 8426,39
13| 611| 5042,44
0,22 | 1192 | -1020,9
0,85 | -257,8 | -5234,9
-1,93 | -466,3 | -7922,4
3,01 | -5385 | -8764,7
-4,08 | -4689 | -7889,8
5,16 | -252,4 | -5330,7
6,27 | 111,3| -961,34
7,35 | 600,5| 5000,97
8,36 | 902,2 | 8433,42
-4,7 | 617,3| 4989,05
0,94 | 1087 | -1011,9
2,93 | -242,2| -5321,2
68| -462| -7930,2
10,6 | -534,9 | -8764,5
14,2 | -4659 | -7907,6
18 | -239,2 | -5360,7
21,8 | 1226| -1023
25,6 | 6269 | 4927,32
29,2 | 9133 | 8410,66
15,8 | 624,4| 497451
337 | 117,4| -1011,9
-10,5 | -247,1| -5320,9
23,7 | -476,6 | -7952,1
36,5 | -548,1 | -8741,1
49,7 | -484,7| -7932
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225 -63,2 | -263,9| -5310,5 | -3388,24
228 76,3 | 92,18 | -941,32 | 434,42
231 89,5 | 590,9 | 4727,59 | 5667,40
234 -102 | 875,5| 8421,98 | 8776,28
237 56,2 | 606,5| 4974,51 | 5849,28
240 -10,2 | 1156 | -1016,3| 588,40
243 35,8 | -232,8 | -5255,6 | -3141,56
246 81,8 | -439,7 | -7942,6 | -5402,62
249 129 | -501,3 | -8761,1 | -6080,00
252 175 | -417,8 | -7880,1 | -5222,19
255 221 | -191,9 | -5283,9 | -2844,57
258 268 | 175,4| -954,55| 1050,92
261 313 | 700,3| 5053,28 | 6569,15
264 358 | 1007 | 8411,97 | 9755,39
267 324 | 6569 | 4521,43 | 6103,37
270 -160 | 46,08 | -7224,4 | -1591,88
273 -553 | -378,1| -6587,8 | -4580,96
276 -803 | -680,3 | -9563,8 | -7628,48
279 912 | -845,7 | -10872 | -9210,96
282 -834 | -800| -9944,6 | -8621,79
285 -542 | -551,4 |  -6464 | -5838,46
288 0 0 0| 000

Table 2 Prestressing load

x [m] M, apl
0 -17,36
3| 795,12
6| 1263,86
9| 1409,13
12| 1219,77
15| 707,63
18| -160,33
21 -1329,86
24 | -2818,53
27| -1350,76
30| -206,48
33| 635,42
36| 1122,31
39| 1285,72
42| 11151
45| 599,78
48 | -228,12
51|-1379,51
54 | -2842,54
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57

-1371,97

60

-224,88

63

598,73

66

1109,61

69

1275,8

72

1118,55

75

616,9

78

-197,77

81

-1378,02

84

-2850,08

87

-1362,21

90

-550,97

93

605,05

96

1114,15

99

1278,64

102

1109,14

105

616,23

108

-200,16

111

-1424,67

114

-2855,97

117

-1361,35

120

-216,37

123

626,23

126

1113,81

129

1277,81

132

1107,99

135

614,69

138

-233,83

141

-1384,54

144

-2858,72

147

-1357,82

150

-213,72

153

606,9

156

1114,69

159

1277,91

162

1107,09

165

612,92

168

-236,5

171

-1388,08

174

-2822,66

177

-1355,48

180

-211,77

183

608,45

186

1115,83

189

1278,52

192

1117,99
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195| 612,85

198 -205,2

201 | -1388,95

204 | -2816,81

207 | -1351,35

210| -209,36

213| 609,14

216 | 1114,75

219| 1275,85

222 | 1113,47

225| 627,62

228 | -213,22

231 -1398,74

234 | -2873,81

237 | -1352,79

240| -239,88

243 | 634,42

246 | 1121,81

249 | 1285,72

252 | 1115,61

255| 622,12

258 | -226,59

261 | -1377,48

264 | -2842,52

267 | -1302,77

270| -139,83

273 | 699,62

276 | 1215,59

279 | 1408,91

282 | 1267,48

285| 782,19

288 -16,63

Table 3 Additional permanent loads

t=15 t=-8
x [m] M,t1 M,t2
0 0 0
3| 66558| -358,13
6| 1331,82| -706,96
9| 1966,34| -1055,8
12| 2632,59 | -1404,63
15| 3267,11| -1753,46
18| 3933,35| -2102,3
21| 4599,6 | -2461,39
24| 5248,35 | -2800,78

Marcin Andrzejewski
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27

5111,04

-2723,55

30

4966,86

-2647,76

33

4822,68

-2572,27

36

4685,37

-2496,78

39

4541,2

-2423,51

42

4397,02

-2345,8

45

4252,84

-2270,32

48

4115,53

-2194,83

51

3971,36

-2119,34

54

3832,01

-2043,6

57

3871,35

-2065,23

60

3912,67

-2086,87

63

3953,98

-2108,5

66

3993,33

-2130,13

69

4034,64

-2151,76

72

4075,95

-2173,39

75

4115,3

-2195,02

78

4156,61

-2217,29

81

4197,92

-2238,92

84

4237,61

-2260,17

87

4226,11

-2253,85

90

4214,04

-2247,53

93

4201,97

-2241,21

96

4190,48

-2234,89

99

4178,41

-2228,57

102

4166,34

-2222,25

105

4154,84

-2215,74

108

4142,77

-2209,61

111

4131,27

-2203,1

114

4119,2

-2196,84

117

4123,33

-2199,11

120

4127,67

-2201,38

123

4131,8

-2203,72

126

4136,14

-2205,93

129

4140,48

-2208,13

132

4144,82

-2210,54

135

4148,95

-2212,81

138

4153,29

-2215,08

141

4157,63

-2217,35

144

4161,76

-2219,6

147

4157,49

-2217,32

150

4153,36

-2215,05

153

4149,02

-2212,77

156

4144,68

-2210,5

159

4140,35

-2208,22

162

4136,21

-2205,95
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165

4131,88

-2203,68

168

4127,54

-2201,39

171

4123,2

-2199,12

174

4119,07

-2196,84

177

4131,07

-2203,11

180

4142,57

-2209,44

183

4154,64

-2215,77

186

4166,71

-2222,1

189

4178,21

-2228,44

192

4190,28

-2234,77

195

4202,35

2241,1

198

4214,42

-2247,76

201

4225,91

-2254,09

204

4237,95

-2260,09

207

4196,64

-2238,01

210

4155,33

-2216,34

213

4115,98

-2194,67

216

4074,67

-2173

219

4033,36

-2151,33

222

3994,01

-2129,66

225

3952,7

-2107,99

228

3911,38

-2086,33

231

3872,04

-2064,66

234

3831,66

-2043,78

237

3975,83

-2119,4

240

4113,14

-2195,02

243

4257,32

-2270,64

246

4401,5

-2346,26

249

4545,67

-2421,88

252

4682,98

-2497,5

255

4827,16

-2573,12

258

4971,34

-2648,74

261

5108,65

-2724,36

264

5245,16

-2799,98

267

4610,64

-2455,01

270

3944,39

-2105,57

273

3278,15

-1756,12

276

2611,9

-1406,68

279

1977,38

-1057,23

282

1311,14

707,79

285

676,62

-339,95

288

0

Table 4 Temperature load
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for T=15

for T=-8

x [m]

M (t=0)

M (t=10000)

M (t=0)

M
(t=10000)

-87,5

92,113

-87,5

92,113

-2841,54

2122,40652

-3353,39

-2634,2615

-3655,48

2397,81028

-4674,87

-3417,2003

-3211,85

1814,63256

-4722,92

-3325,7026

12

-2021,59

-738,89588

-4040,2

-2757,5059

15

-640,481

439,06492

-3150,77

-2071,2201

18

1199,108

1558,73496

-1818,72

-1459,09

21

2965,785

3204,06336

-564,71

-326,43164

24

1026,147

693,83884

-2998,42

-3330,7262

27

4032,383

3963,4014

115,0883

46,1064

30

3003,072

3517,83184

-804,238

-289,47816

33

2272,017

3065,62488

-1425,46

-631,85012

36

1777,573

2750,13028

-1813,5

-840,94472

39

1550,708

2508,32704

-1931,65

-974,02796

42

1736,996

2436,40808

-1634,41

-935,00192

45

1877,476

2258,3104

-1384,1

-1003,2696

48

2528,79

2390,63272

-626,39

-764,54728

51

3438,607

2593,28888

393,2568

-452,06112

54

305,5844

-1090

-2632,22

-4027,805

57

3534,894

2378,86572

566,604

-589,42428

60

2443,381

2134,90716

-556,389

-864,86284

63

1699,321

1889,45812

-1331,92

-1141,7819

66

1404,128

1866,0176

-1657,6

-1195,7124

69

1260,906

1871,51608

-1832,29

-1221,6839

72

1454,24

1961,72724

-1670,43

-1162,9428

75

1962,616

2104,00044

-1192,54

-1051,1596

78

2593,717

2511,73128

-593,233

-675,21872

81

3676,803

2873,89816

458,3833

-344,52184

84

488,6812

-501,12096

-2760,21

-3750,011

87

3536,125

2845,26732

296,1454

-394,71268

90

2377,214

2146,14256

-853,571

-1084,6424

93

1919,153

2262,41324

-1302,44

-959,17676

96

1439,555

2081,24312

-1773,13

-1131,4419

99

1380,567

2063,51444

-1822,92

-1139,9756

102

1472,914

2070,69448

-1721,38

-1123,6005

105

1813,375

2149,05348

-1371,92

-1036,2365

108

2740,419

2479,25236

-435,771

-696,93764

111

3547,108

2776,66644

379,9233

-390,51856

114

467,6816

-650,36036

-2690,34

-3808,3804

117

3579,058

2658,09408

417,8383

-503,12592

120

2657,977

2427,1362

-506,548

-737,3888
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123

2011,544

2263,8998

-1156,22

Marcin Andrzejewski

-903,8602

126

1537,166

2069,87824

-1633,87

-1101,1568

129

1333,603

2008,25576

-1840,7

-1166,0492

132

1452,952

2062,53044

-1724,73

-1115,1496

135

1883,778

2182,99176

-1297,1

-997,88824

138

2566,106

2364,12624

-618,079

-820,05876

141

3687,414

2800,4554

499,9238

-387,0346

144

516,0815

-600,80108

-2674,6

-3791,4811

147

3685,325

2802,24104

497,9202

-385,16396

150

2591,971

2492,26944

-592,234

-691,93556

153

1898,92

2111,4264

-1281,97

-1069,4686

156

1478,498

2040,55552

-1699,09

-1137,0345

159

1354,33

2014,78576

-1819,96

-1159,4992

162

1495,956

2046,14632

-1675,12

-1124,9337

165

1840,698

2134,72828

-1327,08

-1033,0507

168

2603,626

2407,9218

-560,839

-756,5432

171

3461,209

2622,45288

300,0491

-538,70712

174

455,9476

-650,16676

-2702,01

-3808,1218

177

3563,927

2814,05764

396,837

-353,03236

180

2605,863

2420,7434

-570,142

-755,2616

183

1875,671

2231,04048

-1309,53

-954,16452

186

1499,617

2120,04564

-1694,79

-1074,3594

189

1384,038

2065,05304

-1819,29

-1138,272

192

1526,995

2105,16428

-1685,53

-1107,3607

195

1934,432

2344,2696

-1287,29

-877,4554

198

2787,075

2598,61812

-444,015

-632,47188

201

3603,527

2895,73248

363,527

-344,26752

204

626,1961

-475,61716

-2622,82

-3724,6372

207

3538,233

2895,44124

320,9083

-321,88376

210

2650,673

2511,15756

-535,162

-674,67744

213

1928,11

2199,52216

-1227,22

-955,80284

216

1324,45

1924,8496

-1799,38

-1198,9854

219

1189,871

1849,87976

-1902,47

-1242,4652

222

1230,74

1795,81128

-1831,1

-1266,0237

225

1634,346

1978,37784

-1396

-1051,9672

228

2392,016

2122,78156

-606,839

-876,07344

231

2822,093

2248,482

-146,257

-719,868

234

7,67224

1200,84668

-2930,05

-4138,5667

237

3244,408

2476,11716

196,7933

-571,49784

240

2602,188

2451,37764

-551,892

-702,70236

243

2138,235

2443,01024

-1125,75

-820,96976

246

1802,789

2446,3324

-1571,09

-927,5476

249

1985,555

2643,17

-1498,22

-840,60256

252

2332,124

2889,36052

-1258,12

-700,87948

255

3006,131

3196,85592

-694,009

-503,28408
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258 3997,418 | 3619,42144 |187,3783 | -190,61856
261 | 5082,46| 4215,96264 |1165,955| 299,45764
264 |2225,192| 1015,1364 | -1797,38 | -3007,4336
267 (4147,999 3625,796 | 615,174 92,971
270| -3127,06| 588,25168| -6152,04 | -2436,7283
273|369,2482 | 787,78676| -2147,89 | -1729,3482
276| -1105,87 | -464,42668 | -3115,16 | -2473,7167

279 -2363,11| 1657,93388 | -3880,41 | -3175,2389

282 | -2839,44 | 2152,69016| -3848,9| -3162,1552

285 | -2145,03 | 1856,84428 | -2653,31 | -2365,1293
288 -96,63 -95,041 -96,63 -95,041

Table 5 The bending moments (DLS)
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