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Abstract

This Bachelor Thesis is a basic structural design of INTOZA office building. All structural and technical
design solutions of the main load-bearing structures, building envelope and calculations were made
according to Czech and European standards and norms. Detailed calculations of internal forces in each
load-bearing element are provided with the help of the FEM (finite element method) software,
specifically SCIA Engineer software. Calculation of bending moments in floor slab was provided also
manually through DDM (direct design method) to compare and check the results taken from SCIA
Engineer. In addition, design of staircase was provided with the bending moments calculated in
SCIA Engineer.

Bachelor Thesis is composed of: Concrete part (design of load-bearing elements, calculation of internal
forces, formwork drawing, reinforcement drawings of the slab, column, wall and staircase), Buildings
Structures part (compositions of the structures, drawings of ground and typical floor plans, sections of the
building, typical details of attic, window frame and staircase) and Foundation part (preliminary design of
the footing dimensions of each vertical load-bearing element, foundation plan).

Keywords

concrete, load-bearing structure, flat slab, slab opening, reinforced concrete columns, reinforced
concrete walls, reinforced concrete pillar, finite element method, reinforcement.



0. GENERAL INFORMATION

Independent civil engineering and design office ATOS-6 and Radim Vaclavik originally
designed an office building in Ostrava, Czech Republic for construction company INTOZA in
June 2011.

The building is designed as not only the headquarters of a company, but also for organizing
seminars, training and promoting existing and new technologies in the field of energy savings.

The house is conceived in the spirit of the company's philosophy of energy savings, as a
model of energetically passive construction. The basic form of the building is the result of a
reasonable optimization of the individual basic requirements. Individual elements of the
building are selected for optimal price to performance ratio.

Figure 1. INTOZA passive office building



Figure 2. Opening in the slab

Structural design of the building was made for study purpose at Faculty of Civil Engineering,
Czech Technical University as a Bachelor Thesis during the study period 1.10.2018 —
13.1.2019. It was created with advanced design procedures of building construction according
to the Czech and European norms and standards. This building is located in Karlovy Vary,
Czech Republic.

1. BASIC INFORMATION

It is an office building with 5 upper ground floors. The building has rectangular shape with
the length of 28.54m and width of 16.95m. Developed area of the building is 483.75m? and floor
area is 455.04m?. Clear height of one floor is 3m. Construction height is 3.38m. Total height of
the building is 17.7m.

Ground floor consists of the main entrance, corridor, communication area, 6 office rooms, 1
kitchen, 1 printing room, 1 janitor room, 1 technical room, 2 separate bathrooms. The typical
floors contain the corridor with an opening in the slab with a diameter 4m, communication area,
6 office rooms, 1 kitchen, 1 printing room, 1 janitor room, 1 technical room, 2 separate
bathrooms.



2. STRUCTURAL SYSTEM
The structural system of the building is mixed, column and wall system.
Typical axial distance is 5m and the longest axial distance is 7.4m.

Vertical load bearing structures are reinforced concrete columns with the dimensions of
400x400mm, reinforced concrete pillar with the dimensions of 250x3000mm, reinforced
concrete perimeter walls and reinforced concrete walls of communication areas, staircase and
elevator, with the thickness of 200mm.

Horizontal load bearing structure is the two-way monolithic concrete flat slab with the
thickness of 275 mm.

3. MATERIALS

= Concrete
Reinforced concrete slabs:
Concrete class C30/37 — Exposure class XC1 — Structural class S4 — dmax=22mm — CI<2%
Reinforced concrete columns:
Concrete class C30/37 — Exposure class XC1 — Structural class S3 — dmax=22mm — CI<2%
Reinforced concrete pillar:
Concrete class C30/37 — Exposure class XC1 — Structural class S3 — dmax=22mm — CI<2%
Reinforced concrete perimeter walls:
Concrete class C30/37 — Exposure class XC2 — Structural class S4 — dmax=22mm — CI<2%
Reinforced concrete walls (communication areas):
Concrete class C30/37 — Exposure class XC1 — Structural class S4 — dmax=22mm — Cl<2%
Reinforced concrete foundations:

Concrete class C25/30 — Exposure class XC2 — Structural class S3 — dmax=22mm — CI<2%

= Steel
Reinforcing bars — B500B



= Plasterboard
Partition walls:

Gypsum board RIGIPS RB

4. PRELIMINARY DESIGN

4.1. Slab

The main slab is designed as a two-way monolithic flat slab supported by columns (without
column heads) and walls. On the slab at typical floors, there is a large circular opening with a
diameter of 4000mm. First, we have to estimate the effective depth of the slab.

Empirical estimation: ds = (3—15~ 31—0) x1l,

where | is the longest clear span. In my case, | = 7150mm.

1 1
ds (35 30) 7150mm = 204.3~233.3mm

Effective depth: ds > :

> , Where:
Kc1xKc2xKc3xAd,tab

ke = 1 — coefficient of cross-section (rectangular cross-section)
Keo = 0.98 — coefficient of span (for [ = 7m, kc2 = %)

kes = 1.25 — coefficient of stress in tensile reinforcement (assumed kc3 = 1.1-1.3)

Ad, tab = 24 — design span to depth ratio obtained from the table below (in case of the slab,
we use the reinforcement ratio 0.5%)

s design span to depth ratio
Strength class
. Reinforcement
Structural system ratio
C12/15 | C1&/20 | C20/25 | C25/30 | C30/37 | C40/50 | C50/60

Simply supported heam, gne-way or 0,5% 16,6 15,8 17,0 185 20,5 258 32,0

two-way spanning simply supported
slab 1.5% 122 126 13,0 135 14,0 150 16,0
0,5% 58 6,3 6,8 7.4 20 102 128

Cantilever

1,5% 4.9 5.0 52 54 5,6 60 6,4
0.5% 17.5 19,0 20,4 222 24,0 309 384

Slab supported on columns without

beams (fat slab, locally supported slab)
1,54% 14,6 15,1 15,6 16,2 16,8 18,0 19,2
End span of continuous beam or one- 0.5% 19,0 20,5 22,1 24,1 26,0 335 41,5
way continuous slab or two-way
spanning slab continuous over one long i .
side 1.5% 159 16,4 16,9 17.6 18,0 195 20,8
Interior span of continuous beam or 0,5% 219 23,7 255 7.8 308 386 48,0
one-way or two-way spanning

continuous slab 1.5% 18,3 189 195 203 Z1.0 225 240




Effective depth: ds > 7150 > 243.2mm, so | assumed as ds = 250mm.

T 1X0.98Xx1.25%X24

Thickness of the slab: hs =ds+c+ g,

where @ = 10mm is assumed diameter of steel bars and c is concrete cover depth.
Cover depth depends on concrete class, exposure class, design life service, etc.
C = Cmin T ACgey
Acg., = 10mm (quality control on construction site necessary for safety)
Cmin = Max. (Cmin,b; Cmin,dur’ 10mm),

where ¢, p = 10mm (depth needed for good mechanical bond between steel and concrete,
equal to assumed diameter of steel bars)

Cmin,aur = 10mm (depth needed for good resistance to different environmental effects) is
obtained from the tables below:

Values of ¢ i, qur [MM]
Structural class Exposure class related to environmental conditions
X0 XC1 [XC2/XC3| XC4 |XD1/XS1|XD2/XS2|XD3/XS3
S 10 10 10 15 20 25 30
52 10 10 15 20 25 30 35
S3 10 10 20 25 30 35 40
S4 (for 50 years) 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55

Structural class
Exposure class related to environmental conditions

Criterion X0 | XC1 | XC2 | XC3 | XC4 |XDI/XS1|XD2IX52]| XD3/XS3
[Working Iite 80 _ ,
increase class by 1
years
Working life 100 increase class by 2
years

decrease class by 1 if concrete class is at least:
C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C40/50 | C40/50 | C45/55

Concrete class

Member with slab

geometry
Special quality

control of concrete

decrease class by 1

decrease class by 1

Cmin = max. (10mm; 10mm; 10mm) = 10mm

C = Cpin + ACgey = 10mm + 10mm = 20mm
) 10
hs=ds+c+5=250+20+7=275mm

DESIGN: Thickness of the main slab is equal to kg = 275mm.



Slab is loaded by uniform load, which has to be calculated, see tables below.

Fk — characteristic load

Fd —design load

yr — safety factor

SLAB LOAD
Type Name Fk [KN/m?] Vi Fd [kN/m?]

Permanent -Surface layer (carpet/ceramic) 0.2 1.35 | 0.27

(Dead load) -Glue layer 0.01 1.35 | 0.0135
-Concrete (leveling layer) 1.25 1.35 | 1.6875
-Separation foil 0.01 1.35 | 0.0135
-Acoustic insulation (EPS/XPS) | 0.05 1.35 | 0.0675
-Reinforced concrete 0.275*25=6.875 | 1.35 | 9.28125
-Plaster 0.06 1.35 | 0.081
-Partitions 0.11 1.35 | 0.1485

Variable 2 1.5 3

(Live load)

Total Y =10.57 kN/m° Y =14.563 kN/m”

Snow load:

Sp = UXCoXCp XS

u = 0.8 (for flat roof)

c,= 1 (for normal topology)

c:= 1 (for normal conditions)

s = 1.5 kN/m? (for 111. zone, Karlovy Vary)

sp= 08x1x1x15=12kN/m?

10




ROOF LOAD

Type Name Fk [kN/m?] Ve Fd [kN/m?]
Permanent -Gravel 0.84 1.35 |1.134
(Dead load) -Waterproofing (asphalt) 0.025 1.35 | 0.03375
-Waterproofing (asphalt) 0.025 1.35 | 0.03375
-Thermal insulation (XPS) 0.4 1.35 | 0.54
-Thermal insulation (XPS) 0.4 1.35 |0.54
-Reinforced concrete 0.275*25=6.875 | 1.35 | 9.28125
-Gypsum board 0.4 1.35 | 0.54
Variable -Snow 1.2 15 1.8
(Live load)
Total Y =10.17 KN/m* Y =13.9 kN/m*
4.2. Wall

To get the sufficient thickness of the wall, we have to calculate the load acting on wall per
Im. I assumed thickness of the wall as 200mm.

Neaw = (4 X Fasiap X 1) + (1 X Fgro0r X 1) + (5% pe X tyy X H X yg)
pe = 25kN/m3 (unit weight of concrete)
| =3700mm (% of the longest span from the wall)
H =3000mm (clear height of one floor)
Ngaw = (4 X 14.563 x 3.7) + (1 X 13.9 X 3.7) + (5 x 25 x 0.2 X 3 x 1.35) = 368.21kN/m
From the below equation, we get the cross-sectional area of the wall per 1m.

> NEd,w
€T 08X foq + ps X 0

NRd,W =0.8x% AC X fcd + AS X O = NEd,W - A

ps = 0.5% (reinforcement ratio)
os = 400MPa (stress in the reinforced steel)

foa =L where
Yc

fe = 30MPa (characteristic strength of concrete, see table below)

Y. = 1.5 (partial safety factor for concrete)

11




Concrete class
cC1215 C 16/20 C 20/25 C 25/30 C 30/37 C 35/45 C 40/50 C 45/55 C 50/60

compressive | fy [MPa] 12 16 20 25 30 35 40 45 50
strength fem [MPa] 20 24 28 33 38 43 48 53 58
tensile fum [MPa] 1,6 1.9 22 26 29 3,2 3,5 38 41
strength forc 0,05 [MPa] 1,1 1,3 1,5 1,8 2 2.2 25 27 29
fets 005 [MPa] 2 25 29 3,3 3,8 4.2 46 49 53
Em [GPa] 26 275 29 30,5 32 335 35 36 37
limiting e 107 %, " -36 35 34 -33 32 3,1 30 29 2,8
strain £y . 107 %7 3.5 36 35 -35 3.6 36 35 35 36

"for calculation of resistance

2 faor calculation of effects of load

fea = % = 20MPa (design compressive strength of concrete)

- 368.21 x 103 S 20456 Lmm?
¢ =70.8% 20 + 0.005 x 400 — Amm?/m

A, =200 x 1000 = 200000mm?/m

A

DESIGN: Thickness of the wall is equal to ¢,,= 200mm.

4.3. Column

To design the satisfactory dimensions of the columns, we should first calculate the point load
acting on a most critical column. Estimated dimensions are b, = 400mm and h.= 400m.

Neae = (4 X Fasiap X A) 4+ (1 X Fy o0y X A) + (pe X by X he X H X yp)
A= (E + 5) X (ﬁ + ﬂ) = 36.72m? (load area of the column)
2 2 2 2
ps = 2% (reinforcement ratio)

Ngae = (4 X 14.563 x 36.72) + (1 X 13.9 X 36.72) + (25 X 0.4 X 0.4 X 3 X 1.35)
Ngqc = 2665.6 kN

Ngg,
NRd,c = 0.8 x Ac X fcd + AS X 0 = NEd'C - AC = 0.8 x fcd +cp5 X 05

o 26656x10° 111067 mm?
¢ =08x20+0.02x 400 — mm

DESIGN: Dimensions of one column are 400x400mm — A, = 400 X 400 = 160000mm?

A

12




4.4. Pillar

It is necessary to design pillar close to slab opening to provide sufficient support of the slab
around opening. Same procedure is used as for column. Estimated dimensions are b, = 250mm
and h,=3000mm.

Neap = (4 X Fygiap X A) 4+ (1 X Fyroor X A) + (pe X by X hy X H X y)

_ (7375 | 6.175 4.665 | 6.085) _ 2 .
A—( = )x( — = )—36.42m (Load area of the pillar)

Neap = (4 X 14.563 X 36.42) + (1 x 13.9 X 36.42) + (25 x 0.25 X 3 X 3 x 1.35)
Ngap = 2703.7kN

> NEd,p
€T 08X foq+ ps X0

Npap =08 X Ac X feq + As X 05 =2 Ngge - A

- 2703.7 x 103 S 112654.2mm?
¢ =0.8% 20+ 002 X 400 — =mm

DESIGN: Dimensions of the pillar are 250x3000mm — A, = 200 x 3000 = 750000mm?

A

5. CALCULATION OF INTERNAL FORCES

To check the each structure and design the reinforcement any FEM (finite element method)
software can be used. To get detailed calculation of bending moments, shear and normal forces |
modeled the first floor of the construction in SCIA Engineer software.

First, I modeled the slab with an opening in 3D with respect to all dimensions.

Second, | put all vertical load-bearing elements: columns, pillar and walls with designed
dimensions and thicknesses. On the bottom of each structure fixed supports were applied and on
the top — custom supports with free end in z(vertical) direction. This was necessary to enable the
application of vertical forces from the floors above.

Openings, particularly windows, were not designed on the model, because it would not
affect the overall results in the software.

The mesh element size was selected to be the same as the thickness of the slab, i.e.
275mm.

To solve the singularities above the columns and pillar, averaging points were used. The
size of the points was selected as 1.5m for columns and 1m for pillar.

13



Figure 3. Plan of the structure in SCIA Engineer

Figure 4. Axonometric view of the structure
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After modeling the geometry of the structure, load cases and combinations have to be added.
Four load cases were considered:

Load Group Load Case Type [KN/m?]
LG1 - Permanent LC1 Self-weight -
LC2 Other dead load | 1.58
LC3 Partitions 0.075
LG2 — Variable LC4 Live load 2

Self-weight is generated automatically by software.
Partitions load:

Density of gypsum board RIGIPS RB = 11.2kg/m?.
Height of partition walls is 3m.

Length of all partition walls is 108.83m.

Avrea of the building is 483.75m?.

0.11kN/m? x 3m x 108.83m
483.75m?

Manually calculated loads from upper floors are applied to each vertical element:

= 0.075kN /m?

= | oad on walls

Ngaw = (3 X 14.563 X 3.7) + (1 X 13.9 x 3.7) 4+ (3 X 25 X 0.2 X 3 X 1.35)
= 273.83kN/m

= Load on pillar

(7.375 s 6.175) y (4.665 , 6:085
2 2 2 2
Ngap = (3 X 14.563 X 36.42) + (1 X 13.9 x 36.42) + (25 X 0.25 X 3 X 3 X 1.35) =
2173.33 kN

) = 36.42m?

To get the line load acting on pillar I divided Ned,p with 3m, length of the pillar.

2173.33

Neap = = 7244 kN/m

= | oad on columns

Cl: A= (12—2+§) x (%+§) = 12.71m?

Ngger = (3 X 14.563 x 12.71) + (1 x 13.9 X 12.71) + (25 X 0.4 X 0.4 X 3 x 1.35)
= 748.2 kN

15



C2: A= (§+§) X (4775+§) = 28.8m?

Ngacr = (3 X 14.563 x 28.8) + (1 X 13.9 x 28.8) + (25 X 0.4 X 0.4 X 3 X 1.35)

— 1674.8kN
3 A=(Z+3)x (222420 = 36.72m?

Nggc3 = (3 X14.563 x 36.72) + (1 X 13.9 X 36.72) + (25 X 0.4 X 0.4 x 3 x 1.35)
= 2130.9kN

C4: A= (g +§) x (6749+¥) = 30.63m?

Nggcq = (3 X14.563 x 30.63) + (1 X 13.9 X 30.63) + (25 X 0.4 X 0.4 x 3 x 1.35)
= 1780.2kN

C5: A= (§+§) X (§+¥) = 29.4m?
Npaes = (3 X 14.563 X 29.4) + (1 X 13.9 X 29.4) + (25 x 0.4 X 0.4 X 3 X 1.35)
— 1709.3kN

C6: A= (§+§) x (%%) = 31.46m?

Nggce = (3 X 14.563 x 31.46) + (1 X 13.9 X 31.46) + (25 x 0.4 X 0.4 x 3 x 1.35) =
1825.3kN

Figure 5. Other dead load with applied vertical loads on vertical structures

16



In addition, two load combinations were created: ULS (ultimate limit state) and SLS
(serviceability limit state). Coefficient for live load in SLS-quasi static load was considered as
0.30.

Name |uLs Name | sLs
Description Description
Type Linear - ultimate Type Envelope - serviceability
Monlinear combination Menlinear combination
Amplified Sway Moment method no Contents of combination
Contents of combination LT - Self weight [-] 1.00
LCT - Self weight [-] 1.35 LC2 - Other dead load [-] 1.00
LC2 - Other dead load [-] 1.35 LC3 - Partitions [-] 1.00
LC3 - Partitions [-] 1.35 LC4 - Live load [-] 0.30
L4 - Live load [-] 1.50

6. DESIGN OF REINFORCEMENT

6.1. Slab

Before designing the main reinforcement of the slab, we have to check if any punching
reinforcement is needed. Punching reinforcement is necessary to avoid shear failure around the
column.

.

6.1.1. Preliminary check of punching of the column C3 (the highest load)

e et
’ Izd \

! | ug = 4a= 4x400 = 1600mm
v /”0: u; = 4a+2m x 2d = 1600 + 2w X 2 X 250 = 4741.6mm
|

a ]
\ /
~ -

17



We have to check if shear resistance of concrete is satisfactory:

- Maximum punching shear resistance
B xVed

Ug X d

VEdo0 = < VrRdmax = 04 Xv X fcd

v = 0.6 X (1 - M) = 0.6 X (1 — ﬂ) = 0.528 (effect of additional stress)
250 250

B = 1.15 (coefficient expressing the position of the column — for inner column)
0.4 — (effect of shear on compressive strength)

Ved = 14.563kN /m? x 36.72m? = 534.75kN (load acting from the slab to column area)

_ BxVed _ 1.15x534750

VEQO = T a = Teooxzso 1.54MPa (stress in perimeter u)

VrRamax = 0.4 X 0.528 X 20 = 4.224MPa (maximum punching shear resistance)
Veao = 1.54MPa < Vpgqmax = 4.224MPa V'
We have to also check if we can anchor the punching reinforcement in concrete adequately:

- Maximum resistance with reinforcement

ﬁ X Ved 3
VEd,1 = ul—Xd < Kmax X VRa,e = Kmax X Cra,c X k X \/(100 X py X fck)
Kmax = 145417 — 1.575 (coefficient of maximum resistance, taken from table below)
fT’ effective depth of the slab Kmax
R d'<200 mm 1,45
R . .
U 200 mm < <700 mm interpolation
p
s d > 700 mm 1,70

Cra,c = 0.12 (reduction factor)

k= 1+ /%s 2=1+ /2—(5’2=1.9<2 (effect of depth)

p; = 0.005 (estimated reinforcement ratio of tensile reinforcement)

B xVed 115 x 534750

- - = 0.52MP
VEa1 = S d T araiex 250 - Oo2MPa

Kmax X Crae X k X 3[(100 X p; X fck) = 1.575 x 0.12 x 1.9 x Y100 x 0.005 x 30 = 0.9MPa

Vga1 = 0.52MPa < 0.9MPa v

18



Both conditions are satisfying, which means that the design of punching reinforcement will
be possible in case it is needed.

6.1.2. Preliminary check of punching of the pillar

Edge of the pillar must be checked too, because the load is concentrated in the ends of the
pillar, so it behaves as a column.

\ ~ o = t+3d = 250+ 3 x 250 = 1000mm
: \ 5 41 Jamx2d o 2mX 2 X 250
- U = Uu = _—
[ N\ 1 (Qn ! 0 2
| p f = 2570.8mm
N\ /
N
= N __._,4/
S
< N
D Q

- Maximum punching shear resistance
B xVed

ug X d

VEd,O = S VRd'max = 0.4‘ X v X de

A= (EE42)x (1224 0375) = 17.4m2
Ved = 14.563kN /m? x 17.4m? = 253.4kN (load acting from the slab to the end of the
pillar)

. Bxved _ 115x253400
Ed0 ™ "y xd 1000%250

= 1.17MPa (stress in perimeter uy)

VrRamax = 0.4 X 0.528 X 20 = 4.224MPa (maximum punching shear resistance)
Vego = 1.17MPa < Vpgmax = 4.224MPa =V

- Maximum resistance with reinforcement

B xVed
u; Xd

_ BxVed 1.15x 253400
VEA1 T T d | 2570.8 x 250

VEd1 = < kmax X VRa,c = kmax X CRd,c X k x i/(lOO X pyp X ka)

= 0.45MPa

Kmax X Crae X k X 3[(100 X p; X fck) = 1.575 x 0.12 x 1.9 x Y100 x 0.005 x 30 = 0.9MPa

Vga1 = 0.45MPa < 0.9MPa v
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Both conditions are satisfying, which means that the design of punching reinforcement
will be possible in case it is needed.

6.1.3. Manual calculation of bending moments

Before designing the reinforcement, I calculated bending moments manually using direct
design method (DDM) to check and compare the results from software. | chose belts in x-
direction and y-direction: belt A and belt 1. Then total moments of outer panel and adjacent
inner panel of each belt have to be calculated.

BELT 1

4665

BORS
|

BELT/A /

5760

F4ﬂﬂ 000 5000 5000 5700

- Total moment

1
Mior = 5

5 X fastap X b X In?

Panel A Mtot = %x 14.563 x 5.88 x 7.12 = 539.58kNm
Panel A,;: Mtot = % x 14.563 X 5.88 X 4.62 = 226.49kNm
Panel 1., Mtot = % X 14.563 X 5 X 5.46% = 271.34kNm

Panel 1;,: Mtot = % X 14.563 x 5 X 5.62 = 285.44kNm

- Total ‘positive’ and ‘negative’ moments

Calculated total moments have to be divided into ‘positive’ (midspan) and ‘negative’
(supports) moments in each panel using y coefficients, which we get from following table.
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3
e
'
~—
| |
|
|
Outer panel i.b Inner panel f\
Slab has not stiffening beamsin
E@e of the Slab has coumn sln'p and
slab is freely stiffening Edge of the
supportedon | beamsinall |hasnotanedge| hasanedge | Slabisfixed
wall column strips beam beam
T 0,00 0,16 0,26 0,30 0,65
Y2 0,63 0,57 0,52 0,50 0,35
Y3 0,75 0,70 0,70 0,70 0,65

Panel Aout:

M; =y, X My = 0.3 x 539.58 = 161.87kNm
M, =y, X My = 0.5 X 539.58 = 269.79kNm
Ms = y3 X My = 0.7 X 539.58 = 377.71kNm
Panel Ai,:

M, =y; X My = 0.65 X 226.49 = 147.22kNm
M, =y, X My = 0.35 X 226.49 = 79.27kNm
Mz = y3 X My = 0.65 X 226.49 = 147.22kNm
Panel loy:

M, =y; X My = 0.3 x 271.34 = 81.4kNm

M, =y, X My = 0.5 X 271.34 = 135.67kNm
Ms = y3 X My = 0.7 X 271.34 = 189.94kNm
Panel 1;,:

M, = y; X My = 0.65 X 285.44 = 185.54kNm
M, =y, X My = 0.35 x 285.44 = 99.9kNm

M; = y3 X My = 0.65 X 285.44 = 185.54kNm
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- Column and middle strips
Each belt has to be divided to heavily loaded column strips and less loaded middle strips.
The width of the column strip is ¥ of shorter span of adjacent panel in both x and y directions.

The width of the middle strip is the rest width of each belt.

I
|
| e
= =
G 2 |
= [=
d 3 49 &
g AT A A O——3 0
3 & = |
3 2 | o
4 3 ; 3
| 7400 L 5000 | /:/ 5
iE—
2501250
1250] 2500 11250
he=5000

Panel Agyi: column strip — 2880mm, middle strip — 3000mm.
Panel Aj,: column strip — 2500mm, middle strip — 3380mm.
Panel 1,,: column strip — 2500mm, middle strip — 2500mm.
Panel 1;,: column strip — 2500mm, middle strip — 2500mm.

- Moments in column and middle strips / Moments per 1m

Total ‘positive’ and ‘negative’ moments have to be divided to moments in column and
middle strips using the o coefficients. In my case o coefficients are:

1 — for outer support (for moments above the wall)
0.6 — for midspan (for positive moments)
0.75 — for inner support (for moments above the column)

See following table.
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TABLE 13.4
Column-strip moment, percent of total moment at
critical section

L/l
0.5 1.0 2.0
Interior negative moment
aph/l, =0 75 75 75
auh/l, = 1.0 90 75 45
Exterior negative moment
=0 1(( 100
aplyfl, =0 B, ) 0C 100
B, =25 75 75 75
aply/ly = 1.0 B = 100 100 100
B,=25 90 75 45
Positive moment
aph/l, =0 60 60 60
anl/l, = 1.0 90 75 45

Moments in column and middle strips must be divided by the width of each column and
middle strip. Calculation provided in the table below.

Moments in column and middle strips

Panel |Cross-section Positive/n | Strip @ Moment | Width of [ Moment
egative in the strip | per1m
moment M column/ |  =j[m] of the
[kMm] middle zlab mj

strip Mj [kMmirm]
[kMm]
Apnut 1 (left support) 161.87 no divisiq 1 161.87 |7.4 219
2 (midspan} 26979 Column |0.5 161.87 |2.88 o5.2
Widdle 107.52 |3 36.0
3 (right support) 377 Column |0.73 283.28 |2.88 98.4
Widdle fos.428 |2 31.5
Ain 1 (left support) 14722 Column |0.75 110.42 |25 442
Widdle [36.805 [3.38 10.9
2 (midspan} 79.27 Column |0.5 47562 |25 19.0
Widdle 31708 [3.38 9.4
3 (right support) 14722 Column |0.75 110.42 |25 442
Widdle [36.805 [3.38 109
Tout 1 {left support) 21.4 no divisiog 1 a1.4 2.76 14.1
2 (midspan) 13567 Column |0.5 a1.402 |25 326
Widdle fE4268 |25 21.7
3 (right support) 18554 Column |0.75 14246 |25 a7.0
Widdle 47485 |25 19.0
1in 1 (left support) 185.54 Column_|0.75 139.16 |25 55.7
Widdle 45385 |25 18.6
2 (midspan) 59.9 Column |08 5004 |25 24.0
Middle 3996 (25 16.0
3 (right support) 185.54 Column |0.75 13816 |25 5.7
Widdle 45385 |25 18.6
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6.1.4. Final design

To design the reinforcement of the slab, we use the moments received from FEM software.

For design of top reinforcement we take negative moments and for bottom reinforcement

positive moments must be used. To design reinforcement around slab opening | made sections

around the opening and through the opening in both axis.

- Negative moments in x-direction (above columns and walls):

-543 -808

-23.89

=3493

—a3198

=3.70
=323

-8.12

24

| |
£
~
0.00 E
-
-10.00 =
+
-20.00 S
£
-30.00
-40.00
-50.00
-60.00
-70.00
-80.00
-90.00 =
-100.00
-110.00
-120.00
-130.00
-140.00
-153.73
~
£
~
0.00 f
-
-20.00 =
+
-40.00 e
£
-60.00
-80.00
-100.00
-120.00
-140.00

-160.00
-190.81




- Positive moments in x-direction (in midspans):

W/

2.84 217 2.06 169 . 0.003G0REER2 99, 4.04 ; TOSHRG
= 0.40 ot
£
~
127.72 gm 5
-
110.00 —
a
100.00 é‘
S0.00
80.00
530 70.00
262 60.00
2.62 50.00
30.00
20.00
10.00
0.00
4.85
1.30
—
ozl
- Positive moments in y-direction (in midspans):
9, 85591 00! (3 8 B0+ ‘ ; 28 ™
0.61 £
~
153.78 E
-
140.00 .
a
130.00 D é‘
120.00 F
110.00 |—
100.00 —
23.77 90.00
&5% 80.00
70.00
60.00 =
50.00 f—
40.00 |
30.00
20.00
10.00
0.81 0et0
&8
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- Negative moments in x-direction around and through the slab opening:

~

L]

-

0.76k]

v /

-43_.35kNm/'m

BB kMM m

- Negative moments in y-direction around and through the slab opening:

IE L L] ulurnr‘ I
-15.92kNmm
kr/ ol \%m

- Positive moments in x-direction around and through the slab opening:

5.78kNfn/m
& A6 kb

an\r
N\

40
LIy =

A N
g e T TTy
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- Positive moments in y-direction around and through the slab opening:

9 68kNm'm

£
£
E
£
B
e
mn

7.47kNm/m

- Area of reinforcement
Avrea of the reinforcement will be received through following formula.

a =>a = ed
S, prov s,req
zZXf
yd

z = 0.9 x d (lever arm of internal forces)
fyx = 500MPa (characteristic strength of steel)

¥s = 1.15 (partial safety factor for steel)

fya = fyL" = fil?; = 435MPa (design yield strength of steel)

For two-way slab, there are two different effective depths:

\\

dy =hs—c—9—2=275-20-10—5 = 240mm
d, d,
N & dy = hs —c —2=1275-20 — 5 = 250mm

@ = 10mm (assumed diameter of steel bars)

- Minimum reinforcement
Brittle failure check:

Asprov = Asming = MAX. <0.26 X ];it;” X b x d;0.0013 X b x d>
y

fetm = 2.9MPa (mean tensile strength of concrete C30/37)

b — width of the slab, per 1m
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Excessive cracking check:

kc X k X fct,eff X Act

Os

=

Asprov Asmin2 =

ferepr — Mean value of the tensile strength of concrete effective at the time when the first cracks
may occur. Inmy case, fererr = feem

k.= 0.4
k =1 — coefficients describing stress distribution in the cross-section
A, = 0.5x b xd — areaof concrete within tensile zone at the first crack

0s = fyx —maximum stress permitted in the reinforcement immediately after formation of the
crack

- Check of the design
Thickness of compression zone of concrete cross-section :

aS,pTO‘U X fyd af“
X=——

0.8 X b X P

fed =
<

z=d—0.4xx — real value of lever arm of S S[®
internal forces £, 2k

Mpa = Qg prop X fyd X z — resistant moment A

Mpq = Mgq
- Detailing rules

Relative height of compressed zone:
=2 <045
f - d — Y-

Spacing of the steel bars:

s < min. (2 X hg; 250mm)

All of these conditions above must be checked. Calculation is provided in following
table. Table is also available in bigger scale with attached drawings.
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DESIGN AND CHECK OF BENDING REINFORCEMENT OF THE SLAB

DESIEN Check
i d z Bsrgd | Asming | @sming M0 ofred  Design @ raxspecind g proy X § z MRd MRd=ME §<247 | spacing
— Crsection [kNm/m] | [mm] I Imm2l | [mmZ | [mm2] [mm] Imm] ImenZ] | [kNmfm]| [men) Imm] [mm2] | [mm2] [mm2]
GENERAL 20.0] =250 a5 204.44] 37700 | 250.00 5.00 |5gao/zo0| 10 200 352,504 10.67| O.04266S)  24573] 4154 O 3 3
mx + Plar B34 250 Fri] 678.52| 377.00 250,00 500 | 9g10 /111 10 1111111 0630 19.20| 0.076797) 24232] 7444 [iT3 [+ [+
(negative) [C1 57.6 250 25 588.57| 377.00 | 250.00 200 |B@10/123 10 123 628.00 17.07| 0.06B264)  243.37| es40 [ o o
C2 525] 230 223 336.63| 377.00 | 250.00 7.00  |7@10/243] 10 1428571 345.30 1493| 0099731  zes03] 3E30 o =4 =3
C3 B8a.0 250 Fri] 579.0%| 377.00 | 250.00 5.00 | 9g10 /111 10 1111111 706.50 1920| 0076797 24232| 74aa [i13 [:3 [+
(C4 B4 7 230 pra] 661.33| 3I77.00 250.00 5.00 Sg10 J111/ 10 1111444 F06.30 15.20| 0.076757) 24333 7444 O O (=
[C5 71.3 250 25 728.30| 377.00 | 250.00 1000 0@i0fiod 10 100 783,00 2133| 0.08333) 22147| E343 O o oK
(e} §1.3] 230 223 62618 377.00 | 250.00 2.00 | BE10, /125 10 123 E2B.00 17.07| 0068264 24347| E6.40 o =4 =3
Elevator comer 4] 0 s 37167| 377.00 | 250.00 300 [(spi0fion) 10 200 352.50 iD.67| 0.042663) 24373 4154 oF oK oK
Left support (wall) 524] 20 223 S35.62| 3ITT00 | 2S0.00 700 |7@a0/143] 10 147 BT 54550 1453| 0099731 24403 3830 [ o o8
Right support {wall) 43.3] 230 223 442.50) 377.00 | 250.00 £.00 |GRA0f167 10 166.6667 | 471.00] 12B0| 0051158 24432) 3049 [ o oK
my+ Blar 814 240 215 533.24| 36152 27E.40 5.00 | 9gi0 /111 10 1111414 706.50 13.20| 0073936 23232] 7437 i3 3 3
(negative) [C1 2.0 2a0 215 §33.83| 3e152 | 27240 S.00  |S@a0/11e] 10 1111131 706.50 i9.20| o.o7esss| zsrsa| Fia3v Ok o [
c2 58.0] za0 115 383.83| 3EiEr | 2740 200 [Bga0fi2al 10 123 628.00 17.07| oo71108) 23397 E3ET o o% oK
C3 53.2] 2a0 215 96667 3E152 | 27840 E00  [sgi0fis] 10 123 528,00 17.07) 0.07i108)  23347) E3.ET oF oK oK
C4 84.0 240 216 68092 36192 1 278.40 5.00 9@10 /111 10 111 1111 706.50 19.20| 0.079996) 23333) 7137 OF O oK
CH 71.5] 20 215 761.31| 36152 | 27E40 10,00 10810100 10 100 7E3.00 21.33| DLEEEES) 73147 THO00 o% o% =3
[Ca3 g8.0 240 215 702.54| 36192 | 27240 500 |9g10/i1e] 10 111 1144 706.50 is.20| o07ssse  23z3z| 7iaw [ oF o
Elevator comer 71.0] 2a0 215 79556 36452 | 27840 | f000 (ogiofiod 40 100 785,00 2133 0.08EEE3| 23147 7500 oF oK oK
Top support (wall) 27.0]  2a0 215 287.51| 3gise | 27840 300 |3@30/2000 10 200 352.30 10.67| 0044442 73573 4033 o =4 =9
Bottom suppart (wall) £38] =220 216 457.33| 36152 | 27840 600 |6@10f167 10 166.6667 |  471.00| 12.80| 0.053331) 23438| a=10 [:3 oK [
m_x - [positive]) | 15t midspan 337] w0 223 34427 3700 | 250.00 300 |3@a0/2000 10 200 352.30 10.67| DO4ZEES) 24573 4454 (=3 o% oK
2nd midspan 230] 20 222 23541 377.00 | 25000 | 3.00 [3@10/2000 10 200 332.50 10.67| 0.04z663)  24373] 414 o% o oK
| 3rd midspan 208] 230 223 i0.67| 3700 | 250.00 300 |3@30/2000 10 200 352.30 10.67| DO4ZEES) 24573 4154 o% o% oK
4th midspan 236 250 s 240.83| 377.00 | 250.00 300 |s@10/200{ 10 200 392.50 1067 0.042663  24373| aisq ok o® o
[Eith m'ﬁga‘l 28.9 250 fri 235.00| 3700 250.00 3.00 | 3g10 /200 10 200 352.50 10.67| 0042665 24573] 4454 [+13 [ [
m.y - {positive]| 5t midspan 304l a0 215 323.37| 3eis2 | 27RO .00 [3@10/00] 10 200 352.30 10.67| O.044442]  23373) 4023 [ 3 3
2nd midspan 358] 240 215 375.27| 361352 | 27E40 3.00 | 3@10/2000 10 200 352.30 10.67| 0044447 23373) 4023 o 0K 0K
opening +  |x - bottorn section (right) 627 230 F5] Ba0.70| 377.00 | 250.00 5.00  |sga0/111] 10 1111141 |  F06.30 15.20| 0.076797)  z4z3a| 7444 oK o 0K
{negative) |x - botior section (left) 434 0 223 aa3.42] 3700 | 250.00 600 |GRL0f167 10 166.6667 | 471.00] 12.B0| 0051498  4ezs)  S0us (=3 o% oK
% - section through (right) 208] =230 s 2i2.20| 377.00 | 250.00 3.00  |3a0fz00| 10 200 35230 10.67| 0.042663)  24373) ai54 [ 0 0K
% - saction through (left) 238 250 pri 243.28| 3ITT.00 250.00 300 |3@a0 f200| 10 200 332.50 10.67| 0042665 24573] 4454 [+13 [ [
'y - bottomn section (night) 15.9] 220 215 168.51| 36452 | 27240 3.00  [9@0fa00] 10 200 392.50 10.67) O.0aaaaz] 23m73) ap23 ox oF oK
y - beoittorn section (left) 245] 2 215 I60.34| 36452 | 27EA0 3.00  |3810 /300 i 200 352.30 10.67| 0044442 23373 4023 o o o
y - section through 18.0] 220 215 iES.E3| 36452 | 27EA0 5.00 | 3@10 /200 10 200 332.50 10.67| 00449420 23373 4023 o o oK
opening - | - bottomn section 412] 230 FE] 421.43| 377.00 | 250.00 E.00  |AP10/167 10 166.6667 | 471004 12.80| 0.071198)  zasss) 3043 oK =14 oK
(positve) | - section through (right} a5] =230 as 66.03| 377.00 | 25000 | .00 [3@d0f200) 10 200 39230 10.67| 0042663 24573] a1c4 ox ox oK
% - section through (left) 58 =230 FE2] 59.08( 377.00 | 250.00 3.00  [310/m00] 10 200 3532.50 10.67| 0.042663  24373) 4454 oK o 0K
y - bottom section 128 240 215 13427| 3ex9z | 27240 300 |3¢40 /200 10 200 352.50 10.67| ooasaaz] 23m73] ana3 oK = =
y - section through (right) a7 240 215 i03.28| 36152 | 27240 3.00 | 3EA0 f200 10 200 352.30 1067 ooasasz]  23m73] apa3 oK oF o
\r-sem:innihrn m ||Eﬂ] 7.5 2a0 215 79.34| 36152 272.40 3.00 @10 f300 10 200 352.30 10.67| 0.044347 IIXT3 4023 O oK O

6.1.5. Anchorage length

Anchorage length is the length needed to transmit the forces from bars to concrete safely
avoiding longitudinal cracks. | designed anchorage length for bottom and top reinforcements.

Top reinforcement:

)
w
Il

)
S
Il

lpg = a1 Xa; Xaz X ay X as Xlpreqg = lpmin = max. (0.3 X lp rcq; 100; 100mm)

1 (effect of form of the bars)

1 (effect of concrete minimum cover depth)

1 (effect of confinement by transverse reinforcement)

1 (effect of influence of one or more welded transverse bars)

= 1 (effect of the transverse pressure)

a coefficients are taken from the table below.
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Table - coefficients a1, ay, 03, 04 and as

Reinforcement bar
Type of anchorage
Influencing factor In tension In compression
Shape of bars Straight @ =10 @ =10
o1 =0,7ifcy >3¢
Other than straight
otherwise oy =1,0 a =10
(see Figure 8.1 (b), (c) and (d)
(see Figure 1for values of cg)
oz =1-0,15 (Ca—@)/
Straight
>0,7 az =1,0
Concrete cover <1,0
o, =1-0,15 (ca—39)/¢
Other than straight >0,7 a; =1,0
(see Figure 8.1 (b), (c) and (d)) <10
(see figure 1 for values of cg)
Confinement by transverse
reinforcement not welded to main
reinforcement a3 =1-K2 as =1,0
All types
>0,7
<10
Confinement by welded o )
transverse reinforcement* Al types, position and size as
specified in Figure 8.1 (e) oy =0,7 oas =0,7
Confinement by transverse as =1-0,04p
pressure
All types > 0,7 -
<10
where:
A = (ZAst' ZAst,min)/ As
IAg cross-sectional area of the transverse reinforcement along the design anchorage length lyg

SAsmin  Cross-sectional area of the minimum transverse reinforcement

= 0,25 A for beams and 0 for slabs

As area of a single anchored bar with maximum bar diameter
K values shown in figure
p transverse pressure [MPa] at ultimate limit state along lpq

For direct supports l,s may be taken less than Ipmin provided that there is at least one transverse wire welded within the support. This should be
at least 15 mm from the face of the support.
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Basic anchorage length:

1) Ogq
lb,req = Z X fbid

Osq = fya — Stress in the reinforcement
foa = 2.25 X101 XNy X fera
11, = 1 (coefficeint expressing position of steel bars during concreting)

n, = 1 (coefficient expressing diameter of bars)

feta = % = % = 1.333MPa (design value of concrete tensile strength)

fra = 2.25x 1 x 1 x 1.333 = 3MPa (design value of ultimate bond stress)

10 435
lb,req = T X T = 362.5mm

lhg=1X1X1x1x1x362.5 > I} min = max. (0.3 x 362.5;10 x 10; 100mm)
lpg = 362.5 = 1} 1pin = max.(108.75; 100; 100mm) = 108.75mm
l, 4 = 365mm — design anchorage length of reinforcement bars at the edge, near the walls

For reinforcement bars around columns, pillar and slab opening we can assume the total
length of the bar including the anchorage length as 1/3 of clear span I, from both sides of the
structure.

Top reinforcement:

* 1/3xIn H 1/3xIn %
]

Bottom reinforcement:

For lower reinforcement we can assume anchorage length as 100.

10x 10x
@10

; 2



6.1.6. Punching reinforcement

Now we have to check if punching reinforcement is needed. For column C3 (the highest
load):
- Resistance without reinforcement

p xVed
u; Xd

vEd,l = < VRd,C = CRd,C X k X 3;/(100 X P X ka)

706 628 . . . .
p1 = /Pix X Py = \/250><1000 X ~ox1000 = 0.0027 (reinforcement ratio of tensile reinforcement,

values of a o taken as the designed longitudinal reinforcement of the slab above column C3)

B xVed 1.15x 534750

_ _ = 0.52MP
VEa1 = S d T aaiex 250 | Oo2MPa

Vrae = Crae X k x 3[(100 X p; X fck) = 0.12 x 1.9 x Y100 x 0.0027 x 30 = 0.46MPa

Vga1 = 0.52MPa > 0.46MPa

The condition is not satisfying, which means that punching reinforcement should be designed
in this column. As the difference is quite small and no punching reinforcement is needed for the
other supports (see further calculations), we will increase the amount of longitudinal
reinforcement in column C3 instead of designing the punching reinforcement. Instead of 9
@10/m in x direction and 8 @10/m in y-direction, we will use 10 @12/m in both directions. Then

we will have:

13

1130 1
PL= NP1 X Py = \/250x1000 X Zsoxto00 — 00045

Vrac = Crac X k X i/(lOO X p; X fck) = 0.12 x 1.9 x Y100 x 0.0045 x 30 = 0.54MPa

Vgg1 = 0.52MPa < 0.54 MPa v

Now the condition is satisfying without the punching reinforcement.

For column C6 (the column with the second highest load):

- Resistance without reinforcement

B X Ved
u; Xd

VEd1 = Vera,c = Crac X k X i/(lOO X py X fck)

Ved = 14.563kN /m? x 31.46m? = 458.15kN (load acting from the slab to column area)

628 706 . . . .
pL = \[Pix X p1y = \/250><1000 X e o00 = 0.0027 (reinforcement ratio of tensile reinforcement,

values of as pro taken as the designed longitudinal reinforcement of the slab above column C6, see
section 6.1.4)
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B xVed 1.15x 458150

_ - = 0.44MP
VEAL T T d | 4741.6 x 250 4

Vrae = Crac X k X 3[(100 X p; X fck) = 0.12 x 1.9 x Y100 x 0.0027 X 30 = 0.46MPa
Vga1 = 0.44MPa < 0.46MPa v

The condition is satisfying, which means no punching reinforcement is needed for other columns
than C3.

For the pillar:

- Resistance without reinforcement

B xXVed
u; Xd

VEaq = < Vrae = Crae X k x /(100 X p; X fck)

706 706 . . . .
p1 = /Pix X p1y = \/250><1000 X o o00 = 0.0028 (reinforcement ratio of tensile reinforcement,

values of & proy taken as the designed longitudinal reinforcement of the slab above the pillar, see
section 6.1.4)

_ BxVed 1.15x 253400
VEA1 T T d  2570.8 x 250

= 0.45MPa

Vrac = Crac X k X ?\’/(100 X p; X fck) = 0.12 X 1.9 x Y100 x 0.0028 x 30 = 0.46MPa
Vga1 = 0.45MPa < 0.46MPa v

The condition is satisfying, which means no punching reinforcement is needed for the pillar.

For safety reasons, two 16 mm bended bars will be added above each column and pillar
end in both directions as safety punching reinforcement.

2016

400

275
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6.1.7. Check of the deflections

Total deflection &, :

0.6

-7.4

ﬁd.: [mm ]

L 7400
8ot = 7.4mm < 2% = —— = 29.6mm v
250 250

Linear deflection 6;;, :

-~
0.2 E
e
£
00 B &
0.3
0.6 H
0.9
H

-1.2

-1.5

-1.8

-2.1

2.4

Total deflection should be approximately 3 times bigger than linear deflection.

Sin = 24mm x 3 =7.2mm < 8ppp = 74mm V'
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6.2. Wall

To design reinforcement in the wall, following equation can be checked:

_ Npgw — 08X A; X frq
As,req -

Os
Ngqw = 368.21kN /m
tyw=200mm
b = 1000mm (per 1m)
fea = 20MPa
os = 400MPa

368.21 X 103 — 0.8 X 200 x 1000 X 20
Asreq = 400

Agreq = —7079.5mm?/m < 0 ,s0 minimum design of reinforcement 4 x @8mm/m can be
used — A, = 201lmm?/m

= —7079.5mm?/m

Nraw = 0.8 X A X frq + Ag X 05 = 0.8 X 200 X 1000 x 20 + 201 x 400

Ngaw = 3280.4kN/m > Ngg,, = 368.21kN/m v
| designed reinforcement of the wall based on detailing rules.
Vertical reinforcement:
0.002 X a, < ay,, < 0.04 X a,
0.002 x 200000 < a,, < 0.04 x 200000
400mm?/m < ag, < 8000mm?/m
as, = 400mm?/m — 4 x @8mm/m on each surface (2x200mm*/m )
sy, < min. (3 X t; 400mm) — s, = 250mm (spacing)
Horizontal reinforcement:
asp = max.(0.25 X ag,,;0.001 X a.)
asn = max.(100mm?/m; 200mm?/m) = 200mm?/m
agn = 300mm?/m — 3x @8mm/m on each surface (2x150mm%m )

sp < 400mm — s, = 333mm (spacing)
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6.2.1. Lapping length

Lapping length is the length needed to transmit forces from one rebar to another rebar. It
depends on the shape of the bar, concrete cover and spacing between bars, on presence of
transverse reinforcement and transverse pressure forces.

log =a; Xa; Xaz X as X ag X lyreq = lomin = max. (0.3 X ag X ljreq; 150; 200mm)
ae = 1.5 (coefficient expressing amount of lapped reinforcement, > 50% in my case)

Table: Values of the coefficient ag

Percentage of lapped bars relative to the < 25% 33% 50% >50%
total cross-section area

0s 1 1,15 1,4 15

Note: Intermediate values may be determined by interpolation.

Basic anchorage length:

1) Osq
lb,req = Z X é

Osa = fya — Stress in the reinforcement
n1 = 1 (coefficeint expressing position of steel bars during concreting)

n, = 1 (coefficient expressing diameter of bars)

wtd = f“l"—g"s = 115 = 1.333MPa (design value of concrete tensile strength)

foa = 225X, XNy X forg =225 X1 X 1% 1.333 =3MPa (design value of bond stress
between steel and concrete)

8 435
lb,req = Z X T = 290mm

log=1%X1x1Xx1X15x290 = [y = max. (0.3 X 1.5 X 290;15 X 8; 200mm)
log = 435mm = 1y iy = max. (130.5; 120; 200mm) = 200mm 4
lo,a = 450mm (design lapping length of horizontal wall reinforcement)

s = 167mm (spacing in lapping area)
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6.3. Column

To design column reinforcement, | took normal forces from SCIA Engineer in the most
loaded column C3.

—2876.72 kN
Ngg = —3276.64kN (highest normal force on the bottom of
the column)

— 2892 61 kN

=360 75k h =3m
400 X 400mm
3276.64 kN

6.3.1. Geometric imperfections

First, we should calculate geometric imperfections, which cause additional bending
moments on real structure.

Geometric imperfection

Model Real structure

lo
ei=90><ah><am><§

0, = ﬁ (basic value of imperfection)

ap = \/% (height reduction factor) h — clear length of the column

Ay = (0.5 (1+ l) (reduction factor for number of members)
m

m = 4 (number of columns in one frame)

[, = 0.8 x h (effective length of the column)
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_ 1 X 2 X 0.5 x 1+1 ><O'8><3
=200 X5 < 00X (I X

Mimp = Ngq X e; — additional moment due to geometric imperfection

=548 x 1073m

My = 3276.64kN x 5.48 x 1073m = 18kNm (in the foot of the column)

My = 3260.75kN x 5.48 x 1073m = 17.9kNm (in the head of the column)

Then | calculated bending moments with the influence of geometric imperfections in the
head and foot of the column for ULS combination in both y and z directions. Real bending
moments from SCIA Engineer were used.

6.86 kNm

A

S 3,32 kNm

- 3.26 kNm ¢

.80 kNm

4

0,31 kNm

N

0.76 kN

0.97 kNm

K

—(.52 kNm

COoMB M[kNm] Head of the column | Foot of the column
|Mimpl 17.9 18

ULS (Y) Meg 6.8 -3.26
Meq,i 24.7 -21.26

ULS (2) Meq 0.97 -0.52
Meq,i 18.87 -18.52

6.3.2. Slenderness of the column

Slenderness of the column must be checked by following expressions.

ﬂ.:—,
l

3 4
= —bC::C = % = 2.1333 x 10~3m* (moment of inertia)

1 2.1333x1073 . .
Ac \/; = 0.115m (radius of gyration)

I

i =
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3 = 0BxHe _ 08x3
i 0.115

= 20.87 (slenderness of the column)

We have to calculate limiting slenderness of the column to check the slenderness.

20k AXBxC
/him= \/ﬁ

<75

A = 0.7 (effect of creep)
B = 1.1 (effect of reinforcement ratio)

C = 1.7 — r;, (effect of bending moments)

_ Moy

m =
Mo>

Mo and Mg, are bending moments in the head and foot of the column, |[Moz| > |[Mox |

_ -21.26 __

T = === = —0.86

C=17-(-0.86) = 2.56

Ngg _ 3276640
AcXfeq  4002x20

= 1 (relative normal force)

20 X 0.7 x 1.1 X 2.56
Alim = \/I S 75
Aiim = 39.424 < 75 v for ULS (Y)

-0.52
Tm =59, = —0.54

C=17—(-054) = 2.24

20 X 0.7 X 1.1 x 2.24
Alim = \/T S 75
Aim = 34.5 <75 v for ULS (2)

I will use the worst case, lowest value of A;;,.

A =20.87 < Ajjyy = 34.5 ¥ column is robust

6.3.3. Final design

Two different methods can be used for design of reinforcement. 1% is estimation with the
presumption of uniformly distributed compression over the whole cross-section and 2" is
chart for design of symmetrical reinforcement.
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1% method:

Npq — 0.8 X A, X fog 3276640 — 0.8 X 400% X 20

— — 2
Asreq1 = o 200 = 1791.6mm
2" method:
_ MEd,I . .
K= mixr o (relative bending moment)
NEd -
= orhxf (relative normal force)

Through these values we can get o coefficient from the chart below.

18 - B &)h =010
Lt S NN 2 TS
- '
14 _‘: ‘_.‘\\\ik‘j\\\ h .
Y
. I T.\ [ 5 _‘_ ,
S NN AN + 4l
3 1.0 Sy N N \'\\\ NG ’! —
:{ o S Y N T A \‘
& ™~ \;\‘ e B TR
Z o6 USRS NS SIS T
B & AN NENDES) s NIB TSN =
= o o w2M Y B Y IV
i P 4 1/ 7 4 F A
az— /] a7y 4 yd VA 4
Y ANV A AL
PPl lh e 9 V8 il 0 O Vil :
Q05 Q10 Q% G20 0% 030 035 040 045 G50 0B O30
C.s Mibhafa)
wXAchcd
Asre =
a2 fyd
_247x10°_ o
Hhead = 2003 %20 ~ -
21.26 x 10°

Hroot = 003 x 20 ~ 017

3260.75 x 103
Vhead = 4002 x 20

3276.64 X 103
Vfoot = 4002 % 20
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According to received values of y and v, o coefficient will be equal to 0. See the chart
above. There is no need to check ULS (Z) because moments in this combination are smaller
than moments in ULS (YY), which will give me smaller values of x and v.

As,req,Z =0
Agreq = max. (Asreq1; Asreqz) = max. (1791.6mm?; 0) = 1791.6mm?
Asprov = Asreq = 1791.6mm?

| will design 8 x 818 — Aj o, = 2036mm?
- Check of detailing rules:

Nea
fyd
3276.64 x 103

435

Asprov = Asmin = max. <O.1 X ;0.002 x AC>

= max. <O.1 X ;0.002 X 4002> = max. (753.3;320)

Asproy = 2036mm? > Ag i = 753.3mm? v

Asprov < Asmax = 0.04 X A, = 0.04 X 4002 = 6400

Asprov = 2036mm? < Ag gy = 6400mm? v/

6.3.4. Interaction diagram

Check of the column can be provided by illustration of the interaction between axial forces
N and bending moments M acting in column cross-section at important points.

| NN
80 +[M;,Ney o]

M[khim]
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bco| = hc0| = 400mm

j ¢ = 20mm (cover depth)

A
’ O gy = 10mm (estimated diameter of stirrups)

l:)cr::'l \%’;

Dsw ®¢=18mm (main reinforcement)

d=hepy — € = Doy — = =400 - 20 — 10 — 9 = 361mm

Zgy = Zgy = 5 X (heor = 2€ = 205 — B5) = 7 X (400 — 2 X 20 — 2 X 10 — 18) = 161mm

dy = d, = "2 — 7,4 = 200 — 161 = 39mm
Agy = Agy = 3 X §18mm = 763.41mm?

Ag = 8 X 18mm = 2036mm?

fea = 20MPa (design compressive strength of the concrete)

fya = 435MPa (design yield strength of the steel)

A, = 160000mm? (area of the cross-section of the column)

gs = 400MPa (stress in reinforcement; in my case, f,; = 400MPa)
€cq = 0.0035 (limit strain of concrete)

E; = 210000MPa (Young’s elastic modulus of steel)

= Point 0 (pure compression)
Resistance of normal force is maximum at this point.
Nrao = Fe 4 Fs1 + Fsp = beot X heop X feq + As X 05
Nggo = 400 X 400 x 20 + 2036 X 400 = 4014.4kN
Mpao = Fs1 X zg1 — Fgp X 25 = (Ag1 X Zg1 — Agp X Zs3) X 0

MRd,O = 0kNm
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= Point 1 (strain in tensile reinforcement is 0 £4=0)
Whole cross-section is compressed.
NRd,l =F + Fg =08Xbey Xd ><fcd + Ay ><fyd

Ngao = 0.8 X 400 X 361 X 20 + 763.41 X 435 = 2642.5kN

col

h
MRd,leCXZC-l_FSZ XZ52=0.8XbCOleXdeX( 2

— 0.4 X d) + Agy X Zgy X fyq

400
Mga1 = 0.8 X 400 X 361 X 20 X (T — 0.4 x 361) +763.41 x 161 x 435 = 181.9kNm

0.8 — factor expressing the difference between real and idealized stress distribution

= Point 2 (stress in tensile reinforcement is on yield limit os=fyq)

Resistance of bending moment is maximum at this point.

700 700

= = = 0.617
$hat1 = 750 1 fya 700 + 435

Xpai1 = $parr X d = 0.617 X 361 = 222.74mm

39
222.74

o e = &2 = &g X (1 -
Xpal1  Xbal1—d2
fra 435
E = —_—=
yd = E. ~ 210000

d;

Xbal,1

) = 0.0035 x (1 ) = 0.00289

= 0.002071

&5, = 0.00289 > £, = 0.002071 , we assume 02 = fyg = 435MPa (stress in compressed reinforcement)
Nga = F; + Fs3 = Fs1 = 0.8 X beop X Xpaia X fea + Asa X 052 — As1 X fya
Npgo = 0.8 X 400 X 22.74 X 20 + 763.41 X 435 — 763.41 X 435 = 1425.5kN
Mpar = F, Xz, +Fgy X Zgp + Fgy X Zgy

hcol _

= 0.8 X b¢y; X Xpai,1 X fea X (

2 0.4 X xbal'1> + ASZ X O-SZ X ZSZ + ASl X fyd X ZSl

400
Mga,z = 0.8 X 400 X 222.74 X 20 X (T — 0.4 X 222.74) +763.41 x 435 x 161 + 763.41
X 435 x 161 = 265kNm
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= Point 3 (pure bending)
Normal force is equal to 0.
Ngajs = F, + Fg1 — Fs; = 0kN
Mpa3 = Fe X 2 + Fgp X 255 + Fg1 X 24

col

h
=0.8><bcol><x><fcd><( >

—04 Xx) +A52 X (%) Xzsz +A51 Xfyd Xzsl

We can find o, through derivation of quadratic equation:
0522 X Agy — 053 X (As1 X fya + Asz X €cq X Es) + €cq X Es X (Ag1 X fyg — 0.8 X begy X frg X dy) =0

0532 X 763.41 — 0, X (763.41 X 435 + 763.41 x 0.0035 x 210000) + 0.0035 x 210000
X (763.41 x 435 —-0.8x400x 20%x39) =0

0432 X 763.41 — 0,4, X 893189.7 + 60625262.25 = 0
Os2,1 = 72.35MPa (stress in compressed reinforcement)

Os22 = 1097.7MPa > f,; = 500MPa so | took 0, = 72.35MPa.

_ As1Xfya—As2X0s;  763.41X435-763.41X72.35
T 08XbeXf,y 0.8X400%20

= 43.3mm (height of compressed zone)

400
Mgpy3 = 0.8%x400x43.3 X20 X <T - 04 x 43.3) +763.41 x 72.35 X 161 + 763.41 x 72.35 X 161

MRd,3 = 113kNm

= Point 4 (strain in compressed reinforcement is 0 &4,=0)
Whole cross-section is in tension.
Nraa = Fs1 = A X f,, = 76341 x 435 = 561.1kN

MRd,4- = FS]. X ZS]. = 5611 X 161 = 535kNm

e Point 5 (pure tension)
Ending moment is equal to 0.
Ngas = Fs1 + Fs, = A5 X f,,q = 2036 X 435 = 885.7kN

MRd,S =Fg X259 —Fp X 255 = 0kNm
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Minimum eccentricity has to be considered:

hcol

30

And minimum bending moment has to be calculated:

ey = max.( ;ZOmm) = max. (13.333mm; 20mm) = 20mm

MO = NRd,O X eo = 4014‘.4‘ X 0.02 = 80.3kNm

N [KN]
N [KN] M [KN.m]

ULS(Y) 3278.64 247 e

uLS(2) 227664 18.87 4014.4 §2(2:4014.9)

- — 327684} -meaO_ |
R ]

1181.8:2842.5)

I

[

| 1

28425 T | |
[

| I

! |

[

[

| 1

| b (265:1425.5)

1425517 | T
[

[

[

[

| 1

[

[

| I

L A - (1130) ,
18.87 535 803 1 181.9 s
My [KN.m]
(Mz)

561.11 4 (sa5.581.1)

5 (oses7)

Figure 6. Interaction diagram (due to the symmetry of reinforcement, the shape is the same for both y and z directions)
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24.7,18.87)

18.87 1 e{

24.7 105 M

N[KN] M [KN.m]

ULS(Y) 3276.64 247
ULs(Z) 3276.64 18.87

Figure 7. Horizontal section of 3D interaction diagram in the level of ULS(Y)

The points representing the actual load of the column are located inside the diagram, which
means the column is satisfying.

6.3.5. Column ties (stirrups) and lapping length

We have to design column tie, which helps to avoid buckling of reinforcement.

? 18
Drie = max. (IS 6mm) = max. (T; 6mm) = max. (4.5mm; 6mm) = 6mm

Dtie = 10mm
To close the tie or stirrup the length of ends can be considered as 100.
- Basic spacing:
53 < min. (200; min. (bop;; heor); 400mm) = min. (360; 400; 400mm) = 360mm
s; = 350mm
- Spacing in lapping area:
s, < 0.6 xs; = 0.6 X350 =210mm
s, = 200mm

We also use s, below the slab in distance of max. (b.o;; heor) = 400mm.
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Calculation of the lapping length is the same as for wall.
log = a1 Xay Xag X ag X ag X lpreq = lomin = max. (0.3 X ag X I req; 150; 200mm)
Basic anchorage length:

@ o, 18 435
lb,req = Z X fb_d = T X T = 652.5mm

log =1X1Xx1X1X15X652.52= Iy, =max. (0.3 X 1.5 X 652.5;15 X 18; 200mm)
lo,g = 978.75mm = 1y in = max. (293.625; 270; 200mm) = 293.625mm

lo.q = 980mm (design lapping length of column reinforcement) v/

6.4. Pillar

Since pillar behaves like column, slenderness of the pillar must be checked before designing
the reinforcement.

- Slenderness of the pillar:

A=t

L

_ bpxhp®  3x0.253

I

= 0.0039m* (moment of inertia)

12 12
. _ |1 _ [0.0039 _ . .
i = \/Ai = /0.25X3 = 0.072m (radius of gyration)

A= 22 085 _ 333 (slenderness of the pillar)
i 0.072
20k AXBXC
Alim = ~ <75

A = 0.7 (effect of creep)
B = 1.1 (effect of reinforcement ratio)

C = 1.7 — r;, (effect of bending moments)
— Moy
m = Moz
For loads | took the resultant of reactions acting on the bottom of the pillar and bending
moments on the head and foot of the pillar from SCIA Engineer.

= 2% _0.085

T, =
m 3496

C =17-0.085=1.615
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_ Ngg 3559670
T AcXfeq  250X3000%20

1. = 20x 0.7 x1.1 x1.615 < 75
tim = V0.2373 .
Adim =51.1<75 v

= 0.2373 (relative normal force)

A=333<A, =511 v

To design reinforcement in edges of the pillar, following estimation of uniformly
distributed compression over the whole cross-section can be checked.

NEd,p — 08X A, X fea
As,req =

Os

3559.6 x 103 — 0.8 X 250 x 1000 x 20 ,
Agreq = 200 = —1100.83mm

Asreq <0, so just the reinforcement according to the detailing rules is needed. The same
reinforcement as for walls will be used.

7. DESIGN OF STAIRCASE

7.1. Geometry of the staircase
- Construction height of the floor h, = 3380 mm
- Thickness of the main slab hy =275 mm
- Thickness of the floor structure hs = 110 mm
- Thickness of cladding of the stairs h = 20 mm

Ideal height of one step is 170mm.

3380mm .
n=-— = 19.88 — 20 82632(8) (2 flights, 10 steps)

- Height of one step h = 0 = 169mm
- Width of onestepbh =630 —2 X h =630 — 2 X 169 = 292mm

- Slope of the staircase a = arctan (g)

DESIGN: 2 flights, 10 steps in each flight, h=169mm, b=290mm, a=30.2°

- Width of flight — 1200mm, length of the flight — 2900mm

- Width of the gap between flights — 150mm

- Width of the landing — 1275mm, length of the landing — 1255mm
- Width of the staircase — 1100mm*2+150mm = 2350mm
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P77 70770772 07770720 A

Perpendicular and head clearance of the staircase:
- Head clearance has to be more than 1500 +

_ 750 _ _ 2368 mm > 2100mm
cos(30.29)

hy = hy - h—h; - h = 3380 - 275- 110 - 169 = 2826 mm v’
- Perpendicular clearance has to be more than 750 + 1500 x cos(30.2°) = 2046 mm > 1900mm
h, = hy X cosa = 2826 X c0s(30.2°) = 2442mm v

a)

750
o3

by 21500+

1500

hy

-Head clearance .----——-__I

Preliminary check of the depth of the slab:
- The staircase is considered as one-way simply supported slab with the span of 4155mm.
- The depth should be at least 4155mm/25 = 166.2mm.
- The depth of landing is same as the main slab thickness — 275mm.
- The depth of flight is 230mm.
275 mm > 180 mm and 230mm > 180 mm v
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7.2. Calculation of loads

Landing:

Type Fi[kKN/m?] Yr Fa[kN/m?]
Slab 0.275*25=6.875 | 1.35 9.28125
Floor 1 1.35 1.35
Live load 3.5 1.5 5.25
Total Y =15.881kN/m°
Flight:

Type Fi[kN/m?] Ve Fa[kN/m?]
Slab 0.23 _ 1.35 9.045
Cladding | 45, 109+290 _ .| 1.35 1.08

290
StepS 0.169 x 25 = 2.1125 135 2851875
2
Live load 3.5 15 5.25
Total Y = 18.227kN/m°
15.881kN
far = =5 x1.275m = 20.3kN /m

far = 18.227kN /m?* x c0s(30.2°) x 1.1m = 17.33kN /m

| designed the staircase in SCIA Engineer to get real bending moments acting on the
structure. | modeled landing and flight as beams with all designed cross-section dimensions with
two types supports (first fixed, the hinged).

Fixed supports were added to get moments in the supports.

)

=
‘o
iy
%
=

1
9 kNm

=
i
}
p

)
\}-“‘\7\
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Then I changed supports to hinged to receive moments in midspans.

CC'CDN

\p‘_&,\ Sy

In the structure staircase will be supported by ISI units, trapez boxes and corbel elements,
which is needed for sound isolation.

IS| units Trapez boxes +
corbel elements

7.3. Design of reinforcement
Design procedure is the same as for one-way slab.
- Landing (in supports)
@ = 10mm (assumption)

hs = 275mm
10
d =275 —20—7= 250mm

Mg, . 179x10°
bxd?xf,, 1000 x 2502 x 20

i =0.014 > { = 0.995
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Mg 17.9x10°
sred = T3 d X fq 0995 X 250 X 435

= 165.4mm?

DESIGN: 5x @10mm = aspre, = 393mm?

Detailing rules:

- Qsprov = Asmin1 = Max. (0.26 X ’;f;’: X b xd;0.0013 X b x d) = max. (0.26 X % X
y
1000 x 250; 0.0013 x 1000 x 250)
Asprov = Asmin1 = max. (377mm?;325mm?*) = 377mm?

Asprov = 393mm? > As min1 = 377mm? v

keXkXfcoteffXAc 0.4x1X2.9%0.5X1000X250
Asprov = Asminz = atsff L = =00 = 290mm?
As proy = 393mm? = ag min 2 = 290mm?* v/
- Spacing:
Smax < min. (2 X h; 250) = 250mm
b—2Xc—5x@¢ 1255—-2x%x20—-5x%10
Sq = = = 296.3mm

4 4
Sq > Smax » Which means we have to add more bars

NEW DESIGN: 7 x @10mm = ag,p0p = 550mm?, s = 190 mm

Check:

As prov X fyd _ 550 x 435

= = =1
08xbxf, 08x1000x20 "

X

z=d—04Xxx=250—-04%15 = 244mm

Mpq = Asprop X fyd X z =393 X 435 X 244 = 42kNm

Mpq = 42kNm = mgy = 179Nm v’
- Flight (in supports)

@ = 10mm (assumption)

hs = 230mm
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10
d= 230—20—7= 205mm

B Mg, 2417 x10°
T bxd?xf.,, 1100 x 2052 x 20

u =0.03 > ¢ =0.985

Mgy 2417 x10°
Asrea = 75 d % fya  0.985 % 205 x 435

= 275.2mm?

DESIGN: 5Xx @10mm - asppe, = 393mm?

Detailing rules:

- sprop = Agmins = MAXx. <0.26 X f}fﬂ X b x d;0.0013 X b X d) = max. (0.26 X % X
vk
1100 x 205;0.0013 x 1100 x 205)
Asprov = Asmin1 = max. (340.1mm?; 293.2mm?) = 340.1mm?

Asprov = 393mm? > As min1 = 340.1mm? v’

KcXkXfeteffXAc 0.4X1X2.9%X0.5X1100x205
- Qsprov = Asmin2 = atsff - = =00 = 261.6mm?
Asprov = 393mm? = agyin, = 261.6mm?* v/
- Spacing:
Smax < min. (2 X h; 250) = 250mm
b—2Xc—5x@0 1100—2x20—-5x10
Sq = = = 252.5mm

4 4
Sq > Smax » Which means we have to add more bars

NEW DESIGN: 6 X @10mm - a0, = 468 mm?,s = 190 mm

Check:

Asprov X fq 468 x 435

- = =116
08xbxf,, 08x1100x 20 o

X

z=d—04xx=205-04x%x11.6 =2004mm

Mra = Qsprop X foq X 2 = 468 X 435 X 200.4 = 40.8kNm

Mpq = 40.8Nm > mgy = 24.17kNm v
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- Flight (in midspan)
@ = 10mm (assumption)
hs = 230mm
d= 230—20—12—O= 205mm

. Mg 1935x10°
T bxd?xf.,, 1100 %2052 x 20

U =0.02 - ¢ =0.99

My 19.35 x 10°

_ - = 219.2mm?
Gsred = T3 d X fq  0.99 X 205 X 435 mm

DESIGN: 6 X @10mm — asppe, = 468 mm?

Detailing rules:

- Qsprov = Asmin1 = Max. (0.26 X % X b xd;0.0013 X b X d) = max. (0.26 X % X

1100 x 205; 0.0013 x 1100 x 205)
Asprov = Asmin1 = max. (340.1mm?; 293.2mm?) = 340.1mm?

As,prov = 468mm? > Asmin1 = 340.1mm? v’

as,min,z -

KcXKXferepfXAct _ 0.4X1X2.9X0.5X1100X205
Og 500

> = 261.6mm?

Qs,prov
Asprov = 468mm? > Asmin2 = 261.6mm? v’

- Spacing:
Smax < min. (2 X h; 250) = 250mm
b—2><c—5><(2)_1100—2><20—6><10
4 B 5

Sq = = 200mm

s=190mm

Check:

As prov X fyd _ 468 x 435

08Xbxf,, 08x1100x 20 m

X

z=d—04Xx=205—0.4x%x11.6 =200.4mm

Mra = Qsprop X foq X 2 = 468 X 435 X 200.4 = 40.8kNm

Mgq = 40.8Nm > mgy = 19.35kNm V.
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In the landing moment in midspan is very small, so | will design the same reinforcement as for the
flight in midspan.

DESIGN: 6 X @10mm — asppop = 468 mm?,s = 190 mm

- Edge reinforcement:

7 X @10mm for the landing
{TL ; 6x @10mm for the flight

- Transverse reinforcement:
Qs ¢r = 0.25 X a5 main = 0.25 X 550 = 137.5mm?
Ser < min. (3 X h; 400) = 400mm
7 X @8mm - agpre, = 350mm? for the landing
6 X P8mm = A prey = 300mm? for the flight
sy = 190 mm for the landing (the same as the main reinforcement)

sy = 200 mm for the flight (the same as the main reinforcement)

- Secondary reinforcement of the upper surface:

The same as the transverse reinforcement.
7X@8mm - agpre, = 350mm? for the landing

6 X P8mm = agprey = 300mm? for the flight

- End stirrups:

Design is according to the manufacturer of sound insulation elements, i.e. 2x &8

55



8.

FOUNDATION

This part of the thesis was made under supervision of Ing. Jan Salak, CSc. in Department

of Geotechnics.

Before designing the foundation of the building, different surveying procedures must be

done to inspect the soil properties of the area that were used for design.

8.1.

8.2.

Characteristic of soil

Type of soil: sandy loam and loamy sand F3-S4
Design load-bearing capacity from table: Rq; = 225kPa
Volume density: 1800kg/m®

Effective cohesion: ces = 10kPa

Effective angle of internal friction: ¢ = 25°

Suitability for fillings: suitable to very suitable

Calculation of foundation dimensions

Preliminary design of foundations for each vertical load-bearing element is provided in

following figures below. Loads acting on each structure were taken from SCIA Engineer.

8.3.

Foundation dimensions
Foundation strip dimensions for perimeter walls: B=1.6m, L=3.5m, H=0.86m.

Foundation strip dimensions for walls around staircase and elevator: B=1m, L=1m,
H=0.86m.

Foundation pad dimensions for columns: B=2.4m, L=2.5m, H=1m.
Foundation pad dimensions for pillar: B=1.6m, L=4.8m, H=1m.
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Type of soil Sandy loam and loamy sand Prolimdnary load broaing capacity

Fi-54 Rde= 325 kPa

Character of sail |

oef 10|effuctive cohassion Partial safiary fach

e 23 |effactive angl of Sction cd=ca/¥c

od E|cr¥e Yo 133

wd 20,5 |arctits(s 11 25) Yo 133

¥ 18 Yy 1

¥d 18

Lead on the foundation pad

[Vén  [nemativesffoct | [ 393187 Vd=V+Vi
V= 3276.64 kN

VEi=0.1*V= G3333EN

Preliminary deziga of fomndation pad

A= 1746 m2 A=ViaFdt
sde of fomndatiom . 418 m

Coefficient calrulagon
load bearing cosfficknt
M 52.95 |gd=0
Md 20.79 for pd=0Nc =114 ehs No=[MNd-1)*cotz{ed)
Mb 11.08 Nd=tg"2(43+ed T) *e"(pittged)
Wh=l S4Hd-1)*wiod)
| skapa of fomndation pad coafficient
b L 5C 1.192
1 23 sdl 1.03 5. =14+0,2%b1
b 1 sk 0.712 5= 140,190 *simpd
d 0 5, =140,3%1
diapth of foundation cosfcient d = dapth of foumdation
dc 1.00
dd 1.04 d. = l—ﬂ,l."\l'(ﬂ.-'l:l:l
b 1 d, = 1+0,1*%{db*sin{2pd))
d=1
coatficient of slope of force
ic 1
i 1 k=i =i = (l4g8) = (1-HWY
] 1
A 67951 kP2 load bearing capacity of soil
Siress below foundatiom pad
od 6355 kPa
od-F/A 635 = 675 ok

Figure 8. Calculation of column foundation
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Type of sail Sandy loam and loapry sand  Prelimimary load broxing capacity

Fi-54 Rdi= 215 kPa
cef 10| effective cobessicn Partial safaty factors
oaf 25 |effective angls of focton cd=caYc
cd Blerye Ve 125
o 205 |arcte(teip /1 25) Te 133
T 18 Y 1
¥d 18
Load on the foundastion pad
[Vdn  |megative ffect | [ 42715) Vd=V+VE

V= 3530.6TEN

Vi=02"V= TI1934 kN

Preliminary dezign of foundation pad

A= 18,58 m2 A=VdaRadt
side of foundatiomp: 436 m

Coeflicient calculadon

|load beazing cosfhciemt
B 5285 od=
Md 20.79 for pd=0 Nc = 5,14 alse Nc = (Nd-1)*cotgod)
| 11.09 Md=ig"2(45+pd 2 %" (pitiapd)
Mi=1,54(Nd-1)*iglpd)
hape of Socaiation pa coufFciens
G L& 5 105657
I 45 5d 1.01 5. = 140,201
b 1 ib (] 5g= 140, 1#b/1*singd
d i 5, = 1-0,3%01
dupth of foundation cosfficient d = dapth of foendation
dc ]
dd 100 d, = 1+, 1#+/{d)
ik 1 dg= 1+ 1+ uinJpd))
dp=1
costhicisnt of slope of force
ic 1
E ! i =iy=iy = (lgf) = (1-HVY
i 1
R/A 58550 kPa  load bearing capacity of sail
Stresz below foundation pad
od 556 kFa
sd-<F/A 536 = 596 ak

Figure 9. Calculation of pillar foundation
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Type of zoil Sandy Joans and Joamyy sand Preliminary load breaing capacity
Fi-54 Bdt= 25 kP

cef 10 |affoctive cobassim Partial safiety faciom |

gaf 15 |affuctive angle of friction cd=ca Y

cd Bl Y ]

pd 30.5 [arceg{ta(e 1 15) Yg 2

¥ 1B Y

Td 1B

Load o= the foundatien sirip

[Vén  |negariveeffect | [ 333311] Vd=V+VE
V= ITT1I9EN
Vi=02%W=  55532LN

Preliminary design of foundation strip

A 1481 pd A=VdnTFde

side of foendation st 3Bim

Coefficient calculation

[Mc 32.93 (@d=0
[Md .79
[ 11.0%
|sbaps of foundation sirip cosfficient
J e 102143
1 ] 5d 1.02
h 086 1] B ES286
d 0
depth of foendation cosdfficiant
dic 1400
dd 100
dits 1
coatficiant of sops of force
ic 1
id 1
| 1
RA 0015 kP load bearing capacity of sodl

seress below fomndsdon sorip

wd-R/A

w3

w3

kP

= 00 ok

for qd=0Mc= 5,14 abe Mo = (94-1)%cetglod)
Na=g 24 Frad 2%’ (pi*tmed)
Wh=1, 54 4-1) *txled)

g, = 140201
5= 1+0,1 ¥ T*singd
g, = 10,34/

d = depth of foundation

d. = 140, 1%4{db)

d,= 10,1 ik sim{Bpd))
dy=1

o= i in = (1-tgh) = (L-HY’

Figure 10. Calculation of wall foundation
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Type of s0d Sandy loam and lcapry sand Prelmmary load breaing capactiy

F3-34 Rdi= 225 kPa

cef 10| effactve cobasuion Partial safoty factors

oaf 25 |effactive angle of fuction cd=caYc

cd Bl Te 123

od 20.5 |anctg(ile)1.23) Yo 125

T 18 Y 1

Td 18

Lioad en ike foundation sirip

Vén  |mgatvesffect | [ 43789 Vd=V+VE
V= 36499 kN
Vi=02%V=  TIkN

Preliminary dezign of foundation strip

A 195 m2 A=VidnFdr

side of foundaticmst 140 m

Coefficient calculaton

[load bearing coofficieat
[He 32.95 jgd-0 for pd=0 No=3,14 alwe No =(Nd-1)*otg{ed)
Md 20.79 Nd=g 2(#ired T)*e (pitteed)
) 11.0% We=1.5*(Hd-1 ) rgied)
thape of fowndarion viip coafficiant
b 1 1= 1.2 = 1+0,2%01
1 1 sd 1.04 5= 1+0,1*b1*sinpd
h 0.B6 ik 0.7 5, =1-0,3%1
d 0 i = dapth of foendation
depth of foundation coufficiamt
dc 1.00 d, = 1#0, 1+4{db)
dd 1.00 da= 1HRLI*+{db*sin{lod))
dk 1 de=1
cosfficiant of lope of forca
e 1 =iy =iy = (1) = -BVY
id 1
i) 1
EA JTE2] kPa lzad bearing capacity of woil
siress belew fonmdation sirip
ad 438 kPa
sd<E/A 438 = 578 ok

Figure 11. Calculation of foundation of communication area wall
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9. STANDARDS

Eurocodes:

EN 1990 — Basis of structural design

EN 1991 — Actions on structures

EN 1992 — Design of concrete structures
EN 1996 — Design of masonry structures
EN 1997 — Geotechnical design

10. SOFTWARE

AutoCAD 2018
SCIA Engineer 18.1
MS Office 2007

11. LIST OF DRAWINGS
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Typical floor plan (1:50)

Section A-A’ (1:50)

Section B-B’ (1:50)

Detail A — Attic (1:10)

Detail B — Staircase (1:10)

Detail C — Window frame (1:5)
Structural plan — Formwork (1:50)
Flat slab upper reinforcement (1:50)
Flat slab bottom reinforcement (1:50)
Column reinforcement (1:25)

Wall reinforcement (1:50)

Staircase reinforcement (1:25)
Foundation plan (1:50)
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