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Abstract

This bachelor's thesis deals with design of a reinforced concrete structure of a
pedestrian subway, which is connecting two newly built administrative buildings in a
new business area of the city. The subway structure is taking over a four lane urban
road and inside it enables a free passage for pedestrians between both administrative
buildings. The frame structure fixed to the foundation strips was chosen as the best
solution. The structure was assessed according to valid European norms. General and

detailed drawing documentation is also part of the thesis.

Keywords

Reinforced concrete, pedestrian subway, structural analysis, drawing documentation,

frame structure, foundation strips

Abstrakt

Tato bakalarska prace se zabyva ndvrhem zelezobetonového podchodu pro chodce,
ktery spojuje dvé nové stavéné administrativni budovy v nové obchodni ¢asti mésta.
Konstrukce podchodu ptevadi ctyfproudovou komunikaci a uvniti umozituje volny
pohyb chodcii mezi obéma budovami. Rdmova konstrukce vetknuta do zékladovych
past byla zvolena jako nejlepsi feSeni. Konstrukce byla posouzena podle platnych
evropskych norem. Piehlednd a podrobnad vykresova dokumentace je také soucasti

prace.

Kli¢ova slova

Zelezobeton, podchod pro chodce, staticky vypocet, vykresova dokumentace, ramova

konstrukce, zakladové pasy
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INTRODUCTION

This bachelor's thesis deals with design of a reinforced concrete structure of a
pedestrian subway, which is connecting two newly built administrative buildings in new
business area of the city. The subway structure is taking over a four lane urban road
with wide sidewalks on both sides of the road. Inside it enables a free passage for
pedestrians between both administrative buildings.

A frame structure fixed to foundation strips was chosen as the best solution. For this
solution were done two models. The first was a beam model done by a method of
effective breadth, where all loads were recalculated on the breadth 1.000 m. On this
model were checked the proposed dimensions, possible loads and an overview of the
structure behavior was obtained. The second was a more precise spatial slab model,
which was essential for consequential structural design. For this solution was done a
structural analysis on ultimate limit state (ULS) and serviceability limit state (SLS)
according to valid norms CSN EN. Next general and detailed project documentation has
been done, which gives information about the location of the structure, geometry of

load-bearing structure, foundations and reinforcement in it.
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1 IDENTIFICATION DATA

Construction:

Object of the construction:

Cadastral municipality:
Region:

Investor:

Administrator:

New business area

213 — Pedestrian subway connecting two
administrative buildings under the urban road no.
635

Olomouc

Olomouc

GEMO DEVELOPMENT, spol. s.r.o.
Dlouha 562/22, Lazce

779 00 Olomouc

GEMO DEVELOPMENT, spol. s.r.o.
Dlouha 562/22, Lazce

779 00 Olomouc

2  GENERAL INFORMATION

Material:

Type of transport:
Type of obstacle:
Duration:

Change of location:
Type of structure:
Clear span:

Effective span:

Length of the LB structure:

Length of the structure:
Height:

Clear height:

Width of the LB structure:
Width of the structure:

Crossing angle:

Bachelor’s thesis

Reinforced concrete
Road

Pedestrian subway
Permanent

Not movable
Frame

12.000 m

12.600 m

13.720 m

19.440 m

~3.850 m

2.850 m

23.000 m

23.000 m

100g
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3 EXPLANATION OF THE STRUCTURE

3.1 CHANGES ACCORDING TO ASSIGNMENT

An assignment was given just on the ceiling construction of the pedestrian subway,
because was intended to solve the ceiling slab as a simple supported, but later on has
shown, that more efficient solution is to solve it as a frame. From this reason are also
designed frame walls. In consequence was agreed, that also foundations are going to be

designed to complete the project of the pedestrian subway.

3.2 ROAD CHARACTERISTICS

Pedestrian subway is located in the new a business area in Olomouc. It is an urban road,
with the width 23.000 m and with design speed 50 km/h. Road is in a constant
longitudinal slope 1.0 %. Transversal slope is 2.5 % on both sides of the road the same
and it is going from the point with the maximal thickness of the ceiling slab in the place
of road axis to the place, where is the minimal thickness of the ceiling slab. Under
sidewalks the transversal slope of the ceiling slab structure is 2.0 % and the slope is
going from the face of the ceiling slab to the place with the minimal thickness of the
ceiling slab.

Altitude 209.500 m above sea level is at the point, where vertical alignment of the road

and the axis of the pedestrian subway meet.

Width configuration of the road:

- Left cornice with public sidewalk 3.000 m
- Roadside 0.500 m
- Guiding strip 0.250 m
- Traffic lane 3.000 m
- Traffic lane 3.000 m
- Guiding strip 0.250 m
- Roadside 0.500 m
- Middle strip 2.000 m
- Roadside 0.500 m
- Guiding strip 0.250 m
- Traffic lane 3.000 m

Bachelor’s thesis 4
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- Traffic lane 3.000 m
- Guiding strip 0.250 m
- Roadside 0.500 m
- Right cornice with public sidewalk 3.000 m
Overall 23.000 m

3.3 GEOTECHNICAL AND HYDROGEOLOGICAL
CONDITIONS

One geological penetration probe (J-332) was performed to a depth of 8 m below
ground level.

Geotechnical profile:

- 00-02 Humus soil with roots (MLO)

- 02-1.8 Gravelly clay (F2 CG)
- 1.8-49 Gravel with admixture of fine soil (G3 GF)
- 49-64 Siltstone (R6)

- 64-8.0 Siltstone (RS)

The level of groundwater was found at a depth of 7.200 m below ground level.
Based on the information above, the load-bearing capacity of the foundation joint was

assessed on Ry = 520 kPa.

4 TECHNICAL SOLUTION

4.1 MATERIALS

Blinding concrete C16/20 XC2
Foundation strips C25/30 XC2
Load-bearing structure C30/37 XF2
Cornices (sidewalks) C30/37 XF4
Approach slabs C25/30 XF1

Reinforcement steel B5S00B

Bachelor’s thesis 5
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4.2 DESCRIPTION OF SUBWAY CONSTRUCTION

4.2.1 GROUND WORKS

In all places of intended excavations will be removed topsoil to a depth of 0.300 m.
Then the actual excavation will start. Excavated material will be taken on a dump.
Construction pit will have a slope inclination 1:1. The bottom of the excavation pit will
be in comparison with floor plan dimensions of the foundations expanded by 0.700 m,
because of the more comfortable work on the foundation strips. Construction pit must
be properly drained. Blinding concrete slab is made of concrete C16/20, thickness 0.100
m and with overlaps 0.100 m according to the floor plan foundation dimensions. The
backfill behind the frame walls is made of compacted gravel G1 GW. Materials must be

frost-free. Compaction is done properly according to standard sheets.

4.2.2 FOUNDATIONS
Structure is founded on the reinforced concrete foundation strips (concrete C25/30)
width 3.200 m, height 0.800 m and length 23.000 m. Foundation strips are done in the

same horizontal.

4.2.3 LOAD-BEARING STRUCTURE

Load-bearing structure is a reinforced concrete frame (concrete C30/37) with a span
12.600 m and width 23.000 m. Thickness of the walls is 0.600 m. Thickness of the
ceiling slab is variable. Minimal thickness 0.400 m is in distance 3.250 m from the side
edge of the construction, at the place where transversal slopes are changing. Maximal
thickness 0.606 m is in the middle of the structure, at the place of road axis. The frame
has on both sides haunch with the axis length 2.300 m (2.000 m from the inner face of
the wall) and the height difference between the midline of the slab and the midline of
the haunch is 0.150 m. This solution is chosen because of better structural properties.
Length of the middle part between haunches is 8.000 m. Thickness of the walls is 0.600
and each wall has a different height. In transversal direction the upper surface of the
load bearing structure follows slope arrangement of carriageway 2.50 % and sidewalks
2 % going in opposite direction. The bottom surface in transversal direction is
horizontal. Both surfaces in longitudinal direction follow longitudinal slope of

carriageway 1 %. Bottom surface has just on sides different slopes caused by haunches.

Bachelor’s thesis 6
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On the outer side of the walls are small cantilevers (length 0.260 m, width 7.500 m)
supporting the approach slabs, which are connected to cantilevers through notched

joints. Cantilevers follow the upper surface of the load-bearing structure, but they are

placed 0.295 m below it. Design lifetime of construction is 100 years.

424 APPROACH SLAB

The exact approach slab design is not a part of the bachelor’s thesis. Design was done
according to the standard sheets. Approach slabs are in the slope 10.00 % and to the
load-bearing structure are connected by notched joints. Length is 3.000 m, width is
7.400 m, height is 0.250 m. Approach slabs are laying on the 0.100 m thick layer of
blinding concrete, with overlaps 0.100 m. Between load-bearing structure and approach

slab will be placed extruded polystyrene of th. 0.020 m.

4.2.5 CARRIAGEWAY

Carriageway above the pedestrian subway is designed with two layers and overall

thickness 0.090 m.

Carriageway composition:
- Wearing course - SMA 11 PMB th. 0.040 m
- Connecting spraying
- Base course - ACO 11 PMB th. 0.045 m
- Connecting spraying
- Isolation - AIP th. 0.005 m

Overall th. 0.090 m

4.2.6 CORNICES (SIDEWALKS)

On both sides of the road are designed wide monolithic reinforced concrete cornices,
because of public sidewalks. The width 3.000 m is the same for both. Also the slope
2.00 % in direction to carriageway is the same for both. Height of the cornices is 0.150
m above the carriageway. Cornices are connected to load-bearing structure by anchors
placed in the axial distance 2.000 m. Under the cornices is the isolation AIP placed in

two layers.

Bachelor’s thesis 7
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4.2.7 MIDDLE STRIP
Middle strip is placed in the middle of the road and it is dividing the lanes going in
opposite direction. The width is 2.000 m. Middle strip consists of road prefabricated
concrete curbs 0.100 x 0.250 m placed into a plain concrete bed and of soil between,

where the grass is going to brown.

4.2.8 FLOOR INSIDE THE PEDESTRIAN SUBWAY

Up to the top surface of the foundation strips is compacted gravel, fr. 0 — 32 mm.
Compaction is done according to standard sheets. Then is placed 0.100 m thick layer of
blinding concrete, on it is casted 0.270 m thick reinforced concrete floor slab, made of
concrete C25/30 and on it is placed flooring itself. Floor is in the same horizontal level.

Flooring composition:

- Isolation - AIP th. 0.005 m
- Concrete screed th. 0.050 m
- Cement mortar th. 0.015 m
- Ceramic tiles th. 0.010 m
Overall th. 0.080 m

Between floor and load-bearing construction is placed dilatation joint of thickness 0.020
m, which is made of extruded polystyrene (th. 0.020 m), sealed by sealing rubber
(diameter 0.030 m) and topped by permanently flexible grout (th. 0.020 m and height
also 0.020 m).

4.2.9 INTERIOR OF PEDESTRIAN SUBWAY

On the interior side of the walls and ceiling is 0.015 m layer of a plaster. Lighting is
provided by five fluorescent lams symmetrically disposed in the right top corner.
Ventilation is ensured by natural way. It is not going to be heated, but some heat is
going to come from connected heated halls in the administrative buildings. Expected

temperature is 15°C.

Bachelor’s thesis 8



BRNO
r IIN\ISTTRE ENGINEERING |
OF TECHNOLOGY Technical report Petr Masek
4.2.10 PROTECTION OF LAND UP SURFACES
Surfaces, which are going to be land up need to be protected against action of water.

From this reason it is going to be protected by one penetration coat, one layer of AIP

isolation (th. 0.005 m) and one layer of geotextile.

4.3 CONNECTION OF ADMINISTRATIVE BUILDING AND
PEDESTRIAN SUBWAY

Between administrative building and pedestrian subway are done a dilatation joints
0.040 m thick. It is made of extruded polystyrene (th. 0.040 m), sealed by sealing rubber
(diameter 0.050 m) and topped by permanently flexible grout (th. 0.040 m and height
0.020 m).

44 DEWATERING

Dewatering of the rainwater from the road surface is realized by the surface transversal
and longitudinal inclination. Water is going to run beyond the subway structure, where
is placed a canalization inlet.

Dewatering of water infiltrated through the carriageway is going to be done by a
drainage rib located above external side of foundation strips. Drainage rib is filled by
permeable material and fitted by drainage pipe ¢ 0.200 m. Drainage pipe is placed on
0.300 m wide layer of plain concrete C16/20 in a slope 2.0 % inclined to the
administrative building “A”. Outlet of the drainage is going to be connected to a
canalization of administrative building “A”. Water from the top surface of the ceiling
slab is going to be drained by the transversal and longitudinal slope. Whole structure is
protected against unfavorable acting of infiltrated water by isolation AIP thickness

0.005 m.

S STRUCTURAL ANALYSIS

Structural analysis was done in the software SCIA Engineer. In this software were done
two main models. The first one was a beam model done by a method of effective
breadth. It means, that all loads were recalculated to the 1.000 m breath. A function of

this model was to show the behavior of the structure under different types of load and to

Bachelor’s thesis 9
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show the least favorable variable load assembly. The second model is a spatial slab

model, there was applied the least favorable variable load assembly, with permanent

loads and load from temperature. This model is more precise and more realistically

describes the structure behavior. From this reason assessment of the structure and

reinforcement design was done according to the slab model. From the beam model were

obtained slightly bigger results, imperfections are caused by inaccuracy of load

distribution among the breadth of the structure. Construction was assessed on ultimate

and serviceability limit states according to valid norms CSN EN.

6 CONSTRUCTION OF THE PEDESTRIAN SUBWAY

6.1

TECHNOLOGY AND CONSTRUCTION PROCESS

Preparation of the construction site and removal of topsoil

Digging of construction pit

Dewatering of construction pit

Formwork, tying of reinforcement, concrete casting of foundation strips
Formwork, tying of reinforcement, concrete casting of the frame walls up to the
construction joint

Floor structure

Formwork, tying of reinforcement, concrete casting of the rest of walls and the
frame ceiling slab

Isolation

Backfill and compaction

Casting of cornices and placement of curbs with soil

Carriageway

Internal works — plastering, placement of lams

Structure is divided into three work parts in the transversal direction, the parts on

sides have width 9.000 m, the middle part has width 5.000 m. First are going to be

build parts on sides and after a technological break will be constructed the middle

part of the appropriate work step. This solution is used because of concrete

shrinkage. For a proper solution should be carried out an assessment of concrete

Bachelor’s thesis 10
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shrinkage, but it is not a part of this bachelor’s thesis. It is necessary to fulfill the

technological breaks needed for hardening of concrete.

6.2 RELATIONSHIP WITH THE TERRITORY

Before starting of construction works is necessary to layout all engineering networks.
During the construction itself may happen that fuel leaks from machinery. In that case

must be immediately tried to prevent intoxication of surroundings.

Bachelor’s thesis 11



CONCLUSION

The aim of the bachelor’s thesis was to design the ceiling construction of the pedestrian
subway connecting two administrative buildings. As the best solution has shown to
make a frame structure, from that reason was designed the whole frame, not only ceiling
structure and also foundations were added. For this solution were done two models in
the software SCIA Engineer. The first was a beam model done by a method of effective
breadth, where all loads were recalculated on the breadth 1.000 m. The second was a
more precise spatial slab model, which was essential for consequential structural design.
Structural analysis was done on ultimate limit state (ULS) and serviceability limit state
(SLS) according to valid norms CSN EN. Calculations were done by hand or in the
software Microsoft Excell. In the next step was done general and detailed project

documentation. All project documentation was drawn in the software AutoCAD 2016.
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cross-section area of concrete
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