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ABSTRAKT

Bakalarska prace se zaméruje na navrh a popouzeni predpjaté stropni konstrukce viceucelové
budovy. Navrhovana stropni konstrukce bude vyuZivana jako kancelarské prostory. Pfi navrhu
byla pouZita metoda vyrovnani zatizeni od vlastni tihy. Vysledkem je posudek navrhované
konstrukce na mezni stav Unosnosti, mezni stav pouZzitelnosti a vykresova dokumentace.

PREFACE

This bachelor’s thesis focuses on design and check of pre-stress concrete slab of
multifunctional building. Designed floor slab is purposed as office spaces. Method of
preliminary design was established as method balancing self-weight load. The result is check of
designed structure on service limit state, ultimate limit state and drawings.
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Pfedpjata betonova deska, stropni deska se skrytymi priivlaky, VSL, protlaéeni, CSN EN 1992-1-
1, MSP, MSU
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INTRODUCTION

The aim of the bachelor’s thesis is design of two way pre-stressed concrete floor slab in
first floor between axis C and F that will be used as office spaces.

For this reason was edited the plan of eight-storey multifunctional apartment building of
rectangular plan on Turgenévova street in Brno.

For load effects calculations was made 3D model in computational software SCIA
Engineer. Structure was checked according ultimate limit state and service limit state.
Drawings were made in software Allplan 2015 and AutoCAD 2013.
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1 CHARACTERISTICS OF THE BUILDING

1.1 GENERAL INFORMATIONS

The building has dimensions of 56.55 x 13.1 m. The total height of the structure of the
building is 24,190 above £ 0,000. The structure is designed as one expansion unit. The building

foundations are designed as piles will be designed as a stand-alone without adjacent buildings.

1.2 LOAD-BEARING STRUCTURE

The load-bearing structure consists of cast-in-place concrete frame with two shear cores
encasing an elevator shaft and staircase. Point supported floor structure is designed as a
partially pre-stressed slab with hidden girders in column strip. Columns are designed to profile
550/400 mm and based on piles, which they are fixed to. Column dimension and position is
unchanged in all levels. Cast-in-place rectangular slab is designed in all levels of thickness 230
mm. Span in the transverse direction is a maximum of 6.35 m and 8.0 m in the longitudinal
direction. Floor slabs will be built with the top edge at the elevation of +3.230, +6.230, +9.230,
+12.230, +15.230, +18.230, +21.230, +24.230. The shear cores are designed as cast-in-place
wall thickness of 250 mm between the modular axes D x E-1-2 and K-L x 1 to 2. The walls are
separated by working joints in the upper level of the each floor. Slabs and stair landings will be
fixed into the wall of adjacent shear core. In walls of the core are made openings for doors and

passageways.

Figure 1 Floor
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Figure 2 Axonometry

1.3 BUILDING ENVELOPE

Building envelope consists of external wall made of clay masonry Porotherm 250 P+D thickness
of 250 mm. The structure of external wall will be insulated with contact thermal insulation.

1.4 FLOOR ASSEMBLY

Table 1 Floor finishes

THICKNESS
FLOOR FINISHES y [kN/m3] (m]
CERAMIC TILES 26,00 0,01
SCREED 23,00 0,05
IMPACT SOUND INSULATION 1,50 0,05
5= 0,11
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1.5 INTERNAL WALLS

Internal space is divided by portable plasterboard panel partition system RIGIPS.

Characteristic value of load is 0,8 kN/m?

2 MATERIALS

Reinforcement of concrete structures: steel B500B
All concretes according to standard CSN EN 206-1/Z3

Strength class of concrete:

Slab -C30/37, XC1 (CZ,F.1)—Cl 0,4 — Dmax22 —S3
Columns -C30/37,XC1 (CZ,F.1)—Cl 0,4 — Dmax22 —S3
Shear core -C25/30, XC1 (CZ, F.1)—Cl 0,4 — Dmax22 — S3

3  CONSTRUCTION PROCESS

3.1 ARMOURING

Before rebar formwork must be properly checked if there are not impurities that could
affect the quality of the concreting. During reinforcing should be a clearance of reinforcement
that is described in the drawings. On all surfaces must be ensured the coverage of

reinforcement by the placing spacers.

HDPE ducts are placed into form work together with other reinforcement before

casting.

13
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Figure 3 Detail of reinforcement - anchores

3.2 CONCRETING

It is ideal to do concreting at temperatures of 10°C to 25°C not during very strong wind
and not on a direct sunlight. If the average temperature decrease below + 5°C the concreting

must not be done without additional technological concrete adjustments.

Fresh concrete stored and compacted in formworks before it begins to solidify.
Maximum transportation time for fresh concrete is 91min. If the delivery time is longer, it is

necessary to use retarding additives.

14



The concrete mix should not be poured from a height higher than 1,5 m. Placement of
more concrete layers on yet non-compacted layers is prohibited. Compaction will be

performed with submersible vibrators which cannot touch the formworks during the dive.

Each batch of concrete mixture should be visually checked by the person responsible for
quality. When there are suspicion about the quality appropriate control tests should be

implemented. If the mixture does not meet set quality requirements shall not be used.

During concreting it is necessary to follow the valid standard CSN EN 13670
implementation of concrete structures and also all the instructions of the manufacturer of

concrete mix in addition to the guidelines above.

The fresh concrete must be cured for at least 12 hours; the recommended time is 7
days. Curing is performed by spraying water of approximately the same temperature as the
temperature of the concrete surface. The surface of the concrete slabs should be protected by

foil or moistened geotextile against direct sunlight, the wind or rain.

The slab formworks may be taken down the no sooner than 21 days after concreting and
only in case of meeting the condition that the concrete has reached at least 70% of the

prescribed strength. Strength test will be performed by using the Schmidt hammer type N.

15



3.3 POST-TENSIONING

Tensile elements are inserted into the structure before casting. In the structure are used

active anchors S-6 and passive anchors SF-6

Stressing Anchorage VSL Type S-6

Figure 4 Active anchor type S-6

Dead-End Anchorage VSL Type SF-6

Figure 5 Pasive (dead-end) anchore type SF-6

After concreting will be the front of structure in areas of active anchors uncovered and

the strand is fitted in the sleeve and wedges. Tensioning will be implemented ten days after

16



concreting and be carried out by properly trained personnel under the supervision of

specialists.

The strand is tensioned gradually in several steps, first the strands in the axis of the

column, then those farther away from the axis.

3.4 ALLOWABLE LOAD

The construction can be loaded with the necessary building material not sooner than
after 28 days or after reaching full strength anticipated. The maximum permissible load value
is based on the service limit state, exactly on the limit state of cracking. Any excessive load,
which is placed on the structure during the construction, must be consulted in advance with

the author of the static calculation.

4 LOADS

4.1 PERMANENT LOAD

4.1.1 SELF WEIGHT

Table 2 Self weight load

THICKNE
CONCRETE SLAB CKNESS Yo B
[mm] ] [kN/m’] | [kN/m?]
SELF WEIGHT 0,23 25 5,75
ng= 5,75

17



4.1.2 OTHER PERMANENT LOADS

Table 3 Floor finishes load

FLOOR FINISHES THICKNESS vy [kN/m?] B
[m] [kN/m?]
CERAMIC TILES 0,01 26,00 0,26
SCREED 0,05 23,00 1,15
IMPACT SOUND INSULATION 0,05 1,50 0,08
Iige= 1,49

Table 4 External walls load

THICKNESS
EXTERNAL WALLS h [mm] (m] v [kN/mS] g« [kN/m]
POROTHERM 250 P+D 2,75 0,25 9,8 6,74
2gi= 6,74

4.2 LIVE LOADS

Floor slab is on the whole surface loaded with characteristic load for buildings
category B — office spaces - characteristic load value 3,0kN/m?

Load of walls - characteristic value 0,8 kN/m?

Table 5 Live loads

LIVE LOADS q [kN/m?]
LOAD OF WALLS 0,80
LIVE LOAD 3,00
iq= 3,80

18



4.3 TOTAL LOADS

Table 6 Total loads

LIVE LOADS /A
[kN/m?]

SELF WEIGHT 5,75

FLOOR FINISHES 1,49

EXTERNAL WALLS 6,74

INTERNAL WALLS 0,80

LIVE LOAD 3,00

4.4 LOAD CASE COMBINATIONS

According standard CSN EN 1990 we consider for calculating and checks of ultimate limit
state with design combination of loads. For checks of service limit state we consider
combination characteristic, quasi-permanent and often.

4.4.1 ULTIMATE LIMIT STATE

4.4.1.1 DESIGN COMBINATION

Equation 6.10a

n,n n,n n,n
ZVG,j Gk,j + vP P+ vQ,ll'IJO,I Qk,l + ZVQ,ILIJOJ Qk,i

j21 i>1

Equation6.10b

m,n m,n m,n
ZEJVG,j Gk,j + vPP + vQ,lak,l + ZVQIILIJOJ Qk,i

j21 i>1

19



Partial reliability coefficients:
— for permanent loads yG = 1,35
— for live loadsyQ =1,5
Combination coefficient of load:

Buildings category B: )o=0,7

4.4.2 SERVICE LIMIT STATE

4.4.2.1 CHARACTERISTIC COMBINATION

Overall effects of all loads

m,n m,n m,n
z Gk,j P+ Qk,l + ZLIJ 0ji Qk,l

j21 i>1

4.4.2.2 QUASI-PERMANENT COMBINATION

z lej H+H P H+H ZLIJ2’I lel

j21 i>1

4.4.2.3 FREQUENTED COMBINATION

Permanent loads and frequented live loads

", n ", n ", n
sz,j + P+ l'lJl,lak,l + z LIJZij,i

j21 i>1

Combination coefficient of load:

Buildings category B: 1=0,5; ¢,=0,3

20



5 STRUCTURAL DESIGN

5.1 PRE-STRESS DESIGN

The load balancing method was used for the pre-stress tension design. This method
provides longer durability and serviceability of the structure. Depending on required degree of
pre-stressing it's recommended to balance 80 to 100% of self-weight loads. To evaluate the
effect of pre-stressing, which we balance external loads with, is used equivalent load concept.

There were designed parabolic trajectories of strands that follow the diagram of
bending moments caused by self-weight loads.

Pre-stressing tendons were designed according VSL systems, s.r.o. Pre-stressing
bondless strands type monostrand Y1770-s-7. Diameter of strand 15,3 mm, area 140 mm?

5.2 PRELIMINARY DESIGN

For design of prestressing force was necessary to calculate tension in steel reduced by short-
term friction loss of pre-stress and and based on them established long-therm loss.

21
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1420,000

1400,000

1380,000

1360,000

1340,000

1320,000

1300,000

1404,000

1388,318

T

0,000 4,000 8,000

T T T T

P[Ag0 16,000 20,000 24,000

Determination of slab thickness

h =230mm

Determination of pre-stress

_uxl?
p= 8xf

[kN/m]

Chart 1 Friciton loss

50 T

20

10

!
/§ ]?;;lomm = 750"1 .

'as_mm

o 94

1 I i
T T T

Figure 6 Ration of span to slab thickness
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P =p x L[kN]

Determination with the assistance of diagram in which the size of pre-stress are stated

u/g
A ‘x#0267
"'&f,:: without considering A,
Ik + qx NG
—_— 25+
Ik
h-og
h x oct 20+ Y.
H=——-"
12 xy,
~ Zone of k d ordinary reinforcement
u 15+ ¢ x=0287
—— 1‘4. o '.8‘333 conaidering A,
Ik N
10+
u=14x%gyg § Reduction due to minimum ordinary
mmA.lmmgp,.gm
1 2 3 4 9

Figure 7 Ration of transverse component u from pre-stress to self-weight

Determination of pre-stress balancing self-weight load

u = (0,8~1,0)g; [KN/m?]

Equivalent loads

The equivalent load expresses effects of the designed pre-stressing force on structure

23



HUX

(T e, T

Figure 8 Equivalent load concept

Figure 9 Equivalent load design

After successful design of required pre-stress we try design ideal number of strands to
reach minimal vertical deformation in hidden girder when load combination of self-weight and

pre-stress.

24



5.3 CHECKS

5.3.1 CHECKS OF ULTIMATE LIMIT STATE

The structure was checked on load combination 6.10b. All calculations are in
attachemant B2) Staticky posudek in chapter 7.1 Ultimate limit state, on page 19.

Check of required load-bearing capacity of bending moment and axis force above
column, in girder cross section where the biggest bending moment is and in the span.

First we establish the preassure reserve Ag,, which is for bondless strands 100 MPa.
Than we determine force in prestressed steel AF,;. This force will be placed into calculation of
load-bearing capacity of bending moment.

AF, = Ap - Ady,
Calculation of neutral axis position

¢ b-fea A

Calculation of neutral axis continuous with calculation of moment o ultimate limit state
and comparison to designed moment.

MRd,p = Fec " Zee + Apr: " Zpt
Mpap = Mgq

If condition is not satisfied we have to design the ordinary reinforcement on the
bearing capacity of the remaining (diference) moment. In case that condition is satisfied we
design jst minimal reinforcement.

fctm .

b-d
fyk

Asmin = 0,26~

MRd,st = Zg " Fst

The result load-bearing capacity of cross-section is the sum of strength in tendon and
in ordinary reinforcement.

25



Mggq = Mgg,st + Mpap

ACC

 a— €cua fyd
7
/ 0,8x S T i -
! X M - o
/ tot Zeo
T T[T no
h| ds| dy L
Niot
z
pt Z
A Ag, Ey 8
— H
e % -
S— Es Fs

Figure 10 Ultimate limit state

5.3.2 CHECKS OF SERVICE LIMIT STATE

The concrete slab must be checkd on service limit state, that check the qualities of
structure to long-term functionality.

Stress limitation

For post tensioned concrete structures is requirement that stress in compressed fibers
of cross-section must not exceed limit 0,6xf. in characteristic load combination, 0,45xf in
guasi-permanent combination and concrete tensile streng f.n,.

o ®

L 4]
) [N [ 1
A : )

Figure 11 Stress in cross-section
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Designed slab satisfied on all this conditions se there are not longitudinal either
transverse cracks.

In the middle of girder forms tensile stress in top fibers. Girder top surface reinforcement was
checked on top suprface moment of top surface fibers loading combination — self-weight and
pre-stress.

Designed ordinary reinforcement satisfied conditions.

The structure was checked on characteristic and quasi-permanent load case
combinations. All calculations are in attachemant B2) Staticky posudek in chapter 7.2 Ultimate
limit state, on page 37.

5.3.3 CHECKS FOR PUNCHING

Slab was checked for punching by the inner column that was loaded by shear force of
combination 6.10b from which was deducted force of prestress that is carryied by column.
Shear force was calculated in software. Results of calculations of inner forces are attached in
B3).

All calculation of check for punching are in attachement B2) Staticky posudek in
chapter 7.3 Checks for punching

Coefficient § was considered 1,15

Vea
ul " d

Veag1=B"

1
VRd,c = CRd,c k- (100 Pl 'fck)3 + kl "Ocp
Vrac 2 VEa

The structure satisfied on load of shear force, so there was designed minimal level of
reinforcement. 12x@#10 Schéck BOLE

0,08 - Vfc"-sr-st
fyk

1,5-sina + cosa

Asw,min -
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Figure 12Punching
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6 CONCLUSION

The task of this bachelor’s thesis was design and checks of ultimate limit state and service
limit state of prestressed concrete slab. It was compared preliminary design of prestress with
assistance of design diagrams and by balancing equivalent loads on 80-100% of self-weight
load.

By balancing of deflections on floor slab loaded in t, on combination of prestress nad
self-weight in order to achieve as small deflections as possible we found out that preliminary
design by using diarams is unreal and most suitabel is prestress equal to 80% of self weight.

In ultimate limit state and service limit state the slab achieved all the requirements
with minimal ordinary reinforcement but proved itself to be oversized even on minimal
recommended level of prestress so not appropiate for building of this dimensions and loads.
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