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I. In general

1. Architecture

The architecture of the building for this project to be made was borrowed from a skyscraper, built
in Taipei, Taiwan in 2004. It is designed for commercial, entertainment and administrative purposes.
It consists of a high building with 37 overground floors, reaching 160.6 m in height, and a low
building with 7 overground floors, reaching the elevation +45.20 m.

There are 7 underground levels for commercial areas and parking lots. The upper part is served
by 8 passenger and 2 service elevators to the 20th floor, where 4 of the elevators provided for
passengers are interrupted. In the lower part of the building, intended for a commercial area, the
vertical communications are carried out by means of 10 elevators, both for visitors and service.
Escalators and several stairwells are provided.

At the top of the building at elevation of +143.90 m is placed an outdoor pool measuring 7.50 m
x 20.00 m. The pool is placed in the center of an architectural structure with several storeys, giving an
iconic look to the building.

The thesis h being developed for the territory of Sofia, Mladost district. The overall architectural
appearance and the number of storeys above the elevation of +0.20 m are preserved. The underground
levels are reduced to 3, reaching an elevation of -13.40 m, in order to simplify the foundation and
strengthen the excavation.

2. Structural system

Building slabs are composite. Composite slabs are constructed from reinforced concrete cast on
top of profiled steel decking, which works as a remaining formwork and reduces the amount of lower
reinforcement required in the field. Such combined slabs are a good solution from a constructive,
technological and economic point of view, as they reduce the thickness of the concrete in the slab, its
own weight, as well as the construction time. Special profiled steel sheets are used, providing
mechanical interaction with the concrete.

Stefani Nedyalkova, Dep. Nel6367 4
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A down stand beam is connected to a composite slab by the use of through-
deck welded shear studs. These studs are to take the shear forces between the concrete slab and the
steel profile.

Plan of the floor construction on a standard floor up to elevation +35.70 m
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Plan of a standard floor construction over the elevation +35.70 m
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The vertical loads from the floor constructions are transported to the base by powerful columns
with a composite cross section. Due to the high axial forces and bending moments from horizontal
impacts (wind and earthquake), the columns are designed with high-strength steel Histar S460JR.
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Section through the structure along the "C" axis
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The assumption of the horizontal load caused by wind and earthquake is provided by a mixed
(dual) MRF-EBF system, as in both directions moment resisting frames and eccentrically braced
frame are constructed.

The system of moment resisting frames consists e = ongth of aciive ik
of rigidly connected beams and columns, forming a I{ \
space frame that acts as a support system. The actvs
eccentrically braced frames are capable of resisting
most of the design forces. This type of dual L_ collctor
construction system combines the advantages of the beams
two main systems. The structure has a high static
uncertainty, very good global ductility and takes

advantage of the frame system to distribute the shear [ braces
force generated by wind and earthquake at multiple

anchor points. /—\
The brace systems for resisting the horizontal "“m_’/ b

loads are realized through Eccentrically braced
frames (EBF). They consist of columns, beams and braces and also of a link element.

The design seeks assuring the development of a collapse mechanism of global type by relying on
yielding at the link beam between braces to dissipate seismic energy. Depending on the design, the
link element yields by shear, bending or both. This project is considering a solution with EBF with
replaceable shear links. According to studies, short shear links have better dissipative behavior than
longer links, which dissipate energy by yielding in bending.

Ductile deformation in a shear link element Hysteresis loop of a shear link element

I | - . U
.30 -20 -0 O 10 20 30
DISPLACEMENT (IN)

Replaceable seismic link elements are a very good solution in seismically active areas, because
after seismic impact they can be replaced with new uncompromised elements. This type of
connection is proven to be effective and cost efficient, because it prevents the complete
reconstruction of the structural elements and leads to much lower costs for the restoration of buildings
after seismic impact. Link elements are easy to replace as they can be connected by bolted end plates,
which also reduces installation time.

Stefani Nedyalkova, Dep. Nel6367 7
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3. Foundation

The foundation construction of the building is a joint foundation slab with variable thickness and
pouring concrete piles, placed under the multi-storey part of the building (the part of the building
reaching an elevation of +160.6 m.)

Piles are placed under each column of the multi-storey building and between the columns as well
to observe the minimum required distances, ensuring the independent behavior of each pile. The total
number of piles is 85 and they are united by a foundation slab with a thickness of 3m In the area of
the low building the foundation slab changes its thickness to 1m.

A solution of the building with 3 underground levels and basement walls is considered. The
basement walls together with the foundation slab act as a rigid box-like structure and distribute the
horizontal earthquake forces, which are completely balanced by the ground pressure at rest and the
friction forces in the foundation slab. As a result the piles take only axial forces from the vertical
loads and insignificant bending moments from the bending of the foundation slab.

pd

4. Construction technology

In the current graduation project is considered an exemplary technology for installation of the
structure and an exemplary technology for concrete work above elevation +0.00.

For the installation of structural elements are provided tower cranes. For the implementation of
the structure up to elevation +45.20 m there are three tower cranes provided, one of which is located
on the outside of the multi-storey building (160.6 m), and the other two are to serve the parts of the
building, reaching elevation +45.20 m. After reaching this elevation, the two tower cranes are
disassembled and only one tower crane remains, serving the growing structure up to 160.6 m. It has a
horizontal boom, high load capacity and increases itself in height. Supports are necessary among the
built up floors, due to the increasing high of the tower crane.

The concrete works are realized with two stationary concrete pumps with distribution booms.
Their delivery rate is selected on the basis of the required hourly inflow of concrete for monolithic
execution of floor slabs. One concrete pump serves the multi-storey building and the other the lower
structure. The concrete reaches the required elevation by means of a special construction, reinforced
at the levels of the completed composite floor structures

Stefani Nedyalkova, Dep. Nel6367 8




UNIVERSITY . ¥
OF ARCHITECTURE 3 y
CIVILENGINEERING 4

AND GEDDESY

I1. Loads

1. Roof loads

The architectural design of the building foresees an outdoor swimming pool at elevation
+143.9m. The roof is to be exploit as well and live loads and water loads are taken into account.

1.1. Dead loads
» Weigts of materials are taken into account while creating the 3D model of the structure with

ETABS
» Water load
Vp = b1.b2.h=7,5.20.1,20 = 180 m®
bi=75m
b =20m
h=1,20m

= 9,81 KN/m?

Fep = Vp. yw =180.9,81=1 765,8 kKN — Fgp =1 765,8 KN — Water load is applied as a
concentrated force in the geometrical center of the roof;

1.2. Live loads
gk = 3,0 KN — Human and furniture loads are distributed at the roof floor.

2. Floor loads

HaTtoBapBaHe BLPXY THIIOB €Taxk

B excnnoamayuonno cocmonnue B monmasicno cocmosnnue
I[MocTosinHU TOBapHU [kN/mZ] IlocTosinaM TOBapu [kN/m2]

1 |Hacruika 0,50 1 |ApmupoBka 0,03

2 |[lumenToBa 3amazka |0,36 2 |[IpscHa GeToHHA CMeC 2,71

3 |beron 2,60 3 |[Ipodunupana namapuna |0,11

4 | ApmupoBka 0,03 Bpemennu Bb31elcTBUSA [KN/m?]

5 |[Ipod. namapuna 0,11 HatoBappane B paboTeH

1 1,5

6 |Uucranamyu 0,50 Y4acThK

7 |OxaueH TaBaH 0,20 5 HaroBapBaHe HU3BbH 0.75

8 |Ilperpaguu crenu 1,00 paboTeH yJacTbK '
BpemMeHnHHn Bb3aeHCTBUS [kN/mz]

* ‘Xopa u obopyasane |5,00

3. Facade loads
It’s been chosen a glass facade E85, ETEM.

Facade loads are applied on the structure by linear distributed load, applied on the contour beams
of the floor structure.

Stefani Nedyalkova, Dep. Nel6367 9
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Facade loads by floors:

Emasxc| z[m] |Q; [KN/m]|Emasc| z[m] [Q; [KN/m] Qri = gr.(hi/2 + hi+1/2) [KN/m],
! 0.2 L7 _ _ - Where:
2 6,7 3,0 20 | 89,1 2,3
3 12,2 2,8 21 | 941 2,3 gr = 0,5 kN/m? — fagade loads;
4 | 177 28 22| 983 | 21 hi — high of the i-floor;
5 23,2 2,8 23 | 1025 2.1
6 28,7 26 24 | 106,7 2.1 hi+1 — high of the (i+1)-floor;
7 357 1,3 25 | 1109 2.1
8 38,7 1,8 26 | 1151 1,2
9 42,9 1,5 27 | 1193 1,9
10 | 471 1,6 28 | 1235 2.1
11 | 513 2.1 29 | 1277 2.1
12 | 555 21 30 | 1319 2.1
13 | 597 2.1 30 | 136,1 2.3
14 | 639 2.1 31 | 1411 2,0
15 | 681 2.1 31' | 1439 2,6
16 | 723 21 P1 | 1516 2.8
17 | 765 2.1 P2 | 1551 1,7
18 | 807 2.1 P3 | 1586 1,4
19 | 849 2.1 PP | 1606 05

4. Snow load
s = ui .Ce .Ct .Sk, Where:

For roofs with slope: 0°<a <30°— ui = 0,8 - coefficient for snow load according to the roof
shape;

Ce=10

Ci=1,0

sk = 1,28 kN/m? — snow load for Sofia region;

s =i .Ce .Ct .5« =0,8.1,0.1,0.1,28 = 1,024 kN/m? — s = 1,024 kN/m?

5. Wind load
Calculations are made according to BDS EN 1991-1-4.

1.3. Wind velocity and velocity pressure

5.1.1. Basis for calculation
Vb = Cdir .Cseason -Vb,0 , Where:
cdir = 1,0 — BAC EN1991-1-4/NA,
cseason = 1,0 — BJIC EN 1991-1-4/NA,;
Vbo = 26,1 m/s - BJIC EN 1991-1-4/NA,;
Vo =1.1.26,1 = 26,1 m/s — vp= 26,1 m/s
5.1.2. Mean wind
Vm (2) = ¢r (2).Co (2).Vb , Where:

co(z)=1,0

Stefani Nedyalkova, Dep. Nel6367 10
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@) =k . |n(—)

ke = o,19.<z—°)0'07

Zo,I1
Zon=0,05m
20=0,3m
Zmin=95M I11 category terrain according to BJIC EN 1991-1-4
Zmax = 200 m

0,07
k= 0,19, (&) =0,2154

’

- =0,2154

Kateropusa Ha TepeHa Z5, m

Zniin

0 Mope unM KpambpemHW MECTHOCTM C W3NOKEHME KbM OTKPUTO 0.003
Mope !

1  Esepa WM paBHMHHa XOPW30HTanHa MECTHOCT C MpeHebpexuMo

0,01
Manka pacTuTenHocT W bes npenaTcrams i

II  MecTHOCT C HMCKa PpacTUTEnHOCT, HanpuMep TpeBa, W OTAENHW

npenaTcTevs  (ObpeeTa, CrpagW), KOWMTO Ca OTAane4yeHu Ha 0,05

pascTosHWe, Hal-Manko 20 MbTU BUCOYMHATE Ha NPenaTCTBUeTo.

III  MecTHOCT, KOATO € PaBHOMEPHO MOKPWTa C PacTWTENHOCT WaW
crpagd  MaM € M30NMPaHW  NPensTcTBuMsl, OTAANEYeHW Ha
pascTogHue Hal-mHoro 20 MbLTM BMCOYMHATA Ha NpenaTcTeMAaTa
(Hanpumep cena, Kpaurpaacky 30HK, ropu)

IV MecTHocT, Hau-Manko 15 % OT NOBbpPXHOCTTa Ha KOATO € NoKpWTa
CbC Crpaju, YWaTo cpeaHa BUCOYMHA npeBuwasa 15 m

03

1,0

10

3ABENEXKA : KateropuvTe TepeHu ca nokasanv B A.1.

5.1.3.  Wind turbulence
Standard deviation: ov = kr .Vp .Ki , kpaETO:
ki=1,0 - BJIC EN 1991-1-4/NA;
ov=0,2154 .26,1 .1,0 = 5,62 m/s
I (z) = -2

Vm(2)

5.1.4. Peak velocity pressure
@) =[1+70.l(2)].1/2.p.vn(Z) = Ce (2).0p
Ce (2) = 0p (2)/ Qb
0o = 0,5.p.w% = 0,5.1,25.26,12 = 4258 N/m? — ¢ = 425,8 N/m?
p =125 kg/m®

1.4. Wind pressure on surfaces

We = (p(2).Cpe,r0 — Wind pressure on external surfaces

Cpe,10 — pressure coefficient for the external pressure;

Stefani Nedyalkova, Dep. Nel6367
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5.1.5. Pressure on vertical surfaces

n=20
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V.S V..., gplzl=galzy )
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oo
-
-3
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| I

High of the building (h = 160,6 m) is bigger than it width (b = 44,8m), multiplied by two, and
this is why pressure is separated in three. First zone reaches high of z = b, where wind pressure is
constant and it’s velocity is q(z) = q(b). Last zone is placed on a distance b from the top of the
building and is as wide as the first zone. Wind pressuer is constant as well and it’s velocity is q(z) =
q(h). Between these two zones there is a third one, where wind pressure is increasing as a function of
high q(z) = q(zn.)-

5.1.6. Wind zones
Zone from A+E show loads on vertical surfaces of the structure.

Zone from F=1 show loads on the roof of the structure. In this case, due to the complicated shape
of the roof, in calculations is assumed that the roof is flat.

Stefani Nedyalkova, Dep. Nel6367 12
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5.1.7. Distribution of wind load due to wind direction
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Wind loads in +X direction
@ [vme) [ we) [ we) [ A | B [ D [ E
[[1 [[ms] | [ |[KN/m?] W, [kKN/m?]

0 | 1,08 | 3062 | 018 | 1,34 |-1,61| -1,07 | 1,07 | -0,84
02 | 1,08 | 3062 | 0,18 | 1,34 |-1,61| -1,07 | 1,07 | -0,84
6,7 | 1,08 | 30,62 | 0,18 | 1,34 |-161| -1,07 | 1,07 | -0,84
12,2 | 1,08 | 30,62 | 0,18 | 1,34 |-161| -1,07 | 1,07 | -0,84
17,7 | 1,08 | 30,62 | 0,18 | 1,34 |-1,61 | -1,07 | 1,07 | -0,84
232 | 1,08 | 3062 | 0,18 | 1,34 |-161 | -1,07 | 1,07 | -0,84
28,7 | 1,08 | 3062 | 0,18 | 1,34 |-161] -1,07 | 1,07 | -0,84
33,7 | 1,08 | 3062 | 0,18 | 1,34 |-161 | -1,07 | 1,07 | -0,84
357 | 1,08 | 30,62 | 0,18 | 1,34 |-161 | -1,07 | 1,07 | -0,84
38,7 | 1,08 | 3062 | 0,18 | 1,34 |-161 | -1,07 | 1,07 | -0,84
429 | 1,08 | 30,62 | 0,18 | 1,34 |-1,61| -1,07 | 1,07 | -0,84
44,8 | 1,08 | 3062 | 0,18 | 1,34 |-1,61| -1,07 | 1,07 | -0,84
471 | 1,09 | 3093 | 0,18 | 1,36 | -1,63| -1,09 | 1,09 | -0,86
51,3 | 1,11 | 31,45 | 0,18 | 1,39 |-1,67 | -1,11 | 1,11 | -0,88
555 | 1,12 | 31,93 | 0,18 | 1,42 |-1,71| -1,14 | 1,14 | -0,90
59,7 | 1,14 | 32,38 | 0,17 | 1,45 |-1,74| -1,16 | 1,16 | -0,91
639 | 1,15 | 32,80 | 0,17 | 148 |-1,77 | -1,18 | 1,18 | -0,93
68,1 | 1,17 | 3319 | 0,17 | 150 |-181 | -1,20 | 1,20 | -0,95
723 | 1,18 | 3355 | 0,17 | 153 |-1,83 | -1,22 | 1,22 | -0,96
765 | 1,19 | 3390 | 0,17 | 155 |-1,86 | -1,24 | 1,24 | -0,98
80,7 | 1,21 | 3422 | 0,16 | 1,57 |-1,89| -1,26 | 1,26 | -0,99
849 | 1,22 | 3454 | 0,16 | 1,59 |-191| -1,28 | 1,28 | -1,00
89,1 | 1,23 | 34,83 | 0,16 | 1,61 |-1,94| -1,29 | 1,29 | -1,02
941 | 1,24 | 3516 | 0,16 | 1,64 |-1,96 | -1,31 | 1,31 | -1,03
98,3 | 1,25 | 3543 | 0,16 | 1,66 |-1,99 | -1,32 | 1,32 | -1,04

102,5 | 1,26 | 3569 | 0,16 | 1,67 | -2,01| -1,34 | 1,34 | -1,05
106,7 | 1,27 | 3593 | 0,16 | 1,69 |-2,03| -1,35 | 1,35 | -1,07
110,9 | 1,27 | 36,17 | 0,16 | 1,71 | -2,05| -1,37 | 1,37 | -1,08
1151 | 1,28 | 36,40 | 0,15 | 1,72 | -2,07 | -1,38 | 1,38 | -1,09
1158 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -1,18
119,3 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -1.18
1235 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -118
127,7 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -118
131,9 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -1.18
136,1 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -1.18
141,1 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -118
143,9 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -1.18
151,6 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -118
155,1 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 149 | -118
158,6 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 1,49 | -118
160,6 | 1,35 | 3843 | 0,15 | 1,87 | -2,24| -1,49 | 1,49 | -1,18
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> Wind with direction —X
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.| o@ | vm@) | @) | w@) | A | B D | E
[[1 | [mis] | [1 [[kN/m?] W, [KN/m?]
0 |108]3062] 018 | 1,34 |-161]-1,07 | 1,07 | -0,84
02 | 1,08 |3062| 018 | 1,34 |-1,61] -1,07 | 1,07 | -0,84
6,7 | 1,08 | 3062 | 0,18 | 134 |-1,61 | -1,07 | 1,07 | -0,84
12,2 | 1,08 | 30,62 | 0,18 | 1,34 |-1,61| -1,07 | 1,07 | -0,84
17,7 | 1,08 | 3062 | 0,18 | 1,34 |-1,61| -1,07 | 1,07 | -0,84
232 | 1,08 | 3062 | 0,18 | 1,34 |-1,61] -1,07 | 1,07 | -0,84
28,7 | 1,08 | 3062 | 0,18 | 1,34 |-1,61] -1,07 | 1,07 | -0,84
337 | 1,08 | 3062 | 0,18 | 1,34 |-1,61] -1,07 | 1,07 | -0,84
357 | 1,08 | 3062 | 0,18 | 1,34 |-1,61] -1,07 | 1,07 | -0,84
38,7 | 1,08 | 3062 | 0,18 | 1,34 |-1,61] -1,07 | 1,07 | -0,84
429 | 1,08 | 3062 | 018 | 1,34 |-161] -1,07 | 1,07 | -0,84
448 | 1,08 | 3062 | 018 | 1,34 |-161| -1,07 | 1,07 | -0,84
471 | 1,09 | 3093 | 0,18 | 1,36 |-1,63| -1,09 | 1,09 | -0,86
51,3 | 1,11 | 3145 | 018 | 1,39 |-167 | -1,11 | 1,11 | -0,88
555 | 1,12 | 31,93 | 0,18 | 1,42 |-1,71 | -1,14 | 1,14 | -0,90
59,7 | 1,14 | 32,38 | 0,17 | 1,45 |-1,74] -1,16 | 1,16 | -0,091
639 | 1,15 | 32,80 | 0,17 | 1,48 |-1,77| -1,18 | 1,18 | -0,93
68,1 | 1,17 | 3319 | 0,17 | 1,550 |-1,81| -1,20 | 1,20 | -0,95
723 | 1,18 | 3355 | 0,17 | 1,53 |-1,83| -1,22 | 1,22 | -0,96
76,5 | 1,19 | 3390 | 0,17 | 1,555 |-1,86| -1,24 | 1,24 | -0,98
80,7 | 1,21 | 3422 ] 016 | 157 |-1,89| -1,26 | 1,26 | -0,99
849 | 1,22 | 3454 | 016 | 159 |-1,91] -1,28 | 1,28 | -1,00
89,1 | 1,23 | 3483 | 0,16 | 1,61 |-1,94]| -1,29 | 1,29 | -1,02
941 | 1,24 | 3516 | 0,16 | 1,64 |-1,96 | -1,31 | 1,31 | -1,03
983 | 1,25 | 3543 | 0,16 | 1,66 |-1,99 | -1,32 | 1,32 | -1,04
1025 | 1,26 | 3569 | 0,16 | 1,67 |-2,01| -1,34 | 1,34 | -1,05
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Gl

106,7 | 1,27 | 3593 | 0,16 | 1,69 |-2,03| -1,35 | 1,35 | -1,07
110,9 | 1,27 | 36,17 | 0,16 | 1,71 |-2,05| -1,37 | 1,37 | -1,08
1151 | 1,28 | 36,40 | 0,15 | 1,72 |-2,07 | -1,38 | 1,38 | -1,09
1158 | 1,35 | 38,43 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
1193 | 1,35 | 3843 | 0,15 | 1,87 | -224| -1,49 | 1,49 | -1,18
1235 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
127,7 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
1319 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
136,1 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
1411 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
1439 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
1516 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
155,1 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
158,6 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18
160,6 | 1,35 | 3843 | 0,15 | 1,87 |-224| -1,49 | 1,49 | -1,18

> Roof wind loads when wind is in X direction

F | G | H | I+ I-
z W, [kN/m2]
35,7 1,78 | -122 | -0,78 0,22 -0,22
1606 | -1,98 | -1,32 | -1,15 0,33 -0,33
> Wind with direction £Y
lw
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Wind loads in Y direction
, cr(z) |vm(@) | Iv(z) | ap(2) A |l B | D |FE D E
[[1 |[ms] | [1 |[kN/m?] W [kN/m?]

0 1,08 | 30,62 | 0,18 1,34 -161 | -1,07 | 1,02 | -0,56 | 1,07 | -0,80
0,2 1,08 | 30,62 | 0,18 1,34 -161 | -1,07 | 1,02 | -056 | 1,07 | -0,80
6,7 1,08 | 30,62 | 0,18 1,34 -161 | -1,07 | 1,02 | -056 | 1,07 | -0,80
12,2 1,08 | 30,62 | 0,18 1,34 -161 | -1,07 | 1,02 | -0,56 | 1,07 | -0,80
17,7 1,08 | 30,62 | 0,18 1,34 -161 | -1,07 | 1,02 | -0,56 | 1,07 | -0,80
23,2 1,08 | 30,62 | 0,18 1,34 -161 | -1,07 | 1,02 | -056 | 1,07 | -0,80
28,7 1,08 | 30,62 | 0,18 1,34 -161 | -1,07 | 1,02 | -056 | 1,07 | -0,80
33,7 1,08 | 30,62 | 0,18 1,34 -161 | -1,07 | 1,02 | -056 | 1,07 | -0,80
35,7 1,08 | 30,62 | 0,18 1,34 -161 | -1,07 | 1,02 | -0,56 | 1,07 | -0,80
38,7 1,08 | 30,62 | 0,18 1,34 -1,61 | -1,07 - - 1,07 | -0,80
429 1,08 | 30,62 | 0,18 1,34 -1,61 | -1,07 - - 1,07 | -0,80
448 1,08 | 30,62 | 0,18 1,34 -1,61 | -1,07 - - 1,07 | -0,80
47,1 1,09 | 30,93 | 0,18 1,36 -1,63 | -1,09 - - 1,09 | -0,82
51,3 1,11 | 31,45 | 0,18 1,39 -1,67 | -1,11 - - 1,11 | -0,84
55,5 1,12 | 31,93 | 0,18 1,42 -1,71 | -1,14 - - 1,14 | -0,85
59,7 1,14 | 32,38 | 0,17 1,45 -1,74 | -1,16 - - 1,16 | -0,87
63,9 1,15 | 32,80 | 0,17 1,48 -1,77 | -1,18 - - 1,18 | -0,89
68,1 1,17 | 33,19 | 0,17 1,50 -1,81 | -1,20 - - 1,20 | -0,90
72,3 1,18 | 33,55 | 0,17 1,53 -1,83 | -1,22 - - 1,22 | -0,92
76,5 1,19 | 33,90 | 0,17 1,55 -1,86 | -1,24 - - 1,24 | -0,93
80,7 1,21 | 34,22 | 0,16 1,57 -1,89 | -1,26 - - 1,26 | -0,94
84,9 1,22 | 34,54 | 0,16 1,59 -1,91 | -1,28 - - 1,28 | -0,96
89,1 1,23 | 34,83 | 0,16 1,61 -1,94 | -1,29 - - 1,29 | -0,97
94,1 1,24 | 35,16 | 0,16 1,64 -1,96 | -1,31 - - 1,31 | -0,98
98,3 1,25 | 3543 | 0,16 1,66 -1,99 | -1,32 - - 1,32 | -0,99

1025 | 1,26 | 35,69 | 0,16 1,67 -2,01 | -1,34 - - 1,34 | -1,00
106,7 | 1,27 | 35,93 | 0,16 1,69 -2,03 | -1,35 - - 1,35 | -1,01
1109 | 1,27 | 36,17 | 0,16 1,71 -2,05 | -1,37 - - 1,37 | -1,02
1151 | 1,28 | 36,40 | 0,15 1,72 -2,07 | -1,38 - - 1,38 | -1,03
1158 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
1193 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
1235 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
127,7 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
1319 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
136,1 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
141,1 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
1439 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
1516 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
155,1 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
158,6 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
160,6 | 1,35 | 38,43 | 0,15 1,87 -2,24 | -1,49 - - 1,49 | -1,12
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6. Seismic loads

1.5. Ground

TEPEHW BJIATOMNPUATHU 3A CTPOUTENHU OEWHOCTU
[ A1 - Marmenu ckanu, [1oHeoreHcku marMeHn 1 ceEQMMEHTHU CKanu
A2 - BynkaHoreHHo-ce AMMEHTHW cKkanu, [JoHeoreHekn marmeHn n ce AMMEHTHU ckanu

[ VI-5 - AnyBuanHu mMUHA 1 Yakbnu B KB. MnagocT U kB. IbpBeHUUa

According to the map for "Engineering-geological and hydro-geological zoning of Sofia", the
terrain of the neighborhood "Mladost" lays in an area with alluvial clays and gravels and is classified
as land suitable for construction. According to the map, the groundwater level for the whole region is

below 8 m depth. The characteristics of the ground base belong to category “C”, according to BJIC
EN 1998 - 1, item 3.1.2.

Stefani Nedyalkova, Dep. Mel6367 18
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mn Mapamerpmn
3eMHa Onucanue Ha cTrpaTturpadckusa npodun Vs .30 Nepr Cy
OCHOBa [m/s] [yaapw/30 [kPa]
cm]
Ckana wnv apyr BuA ckanuu obpasysaHus, Bkawouysawm | >800 - -
A Hai-MHOro 5 m no-cnabu mMatepuanu noj NOBLPXHOCTTA
[lnactoBe OT MHOrO NABTEH NACHK, Yakbn wiv mHoro | 360-800 >50 >250
B TBbPAA MMHa C aebenuHa NMoHe HAKOMKO AECETKM MEeTpa,

XapakTepusmpaliM ce € MOCTeNeHHO HapacTBaHe Ha
MEXaHWYHWUTE XapaKTepUCTUKK B AbN6OUMHa

[ObnboKK Aeno3vT OT NIbTEH WM CPEeAHO nibTeH nscek, | 180-360 15-50 70-250
C Yakbn WM TBbpPAA MHA C Abnbo4MHa OT  HSKOAKO
AECETKU A0 CTOTUUM METPU

Jeno3ntn oT cnabu oo cpeaHo cOUTH HECBbP3aHW MOYBM
D (cbc mnm 6e3 cnabu NpPOCNOMKK OT CBbpP3aHu nousu) unu | <180 <15 <70
NpeauMHO MEKU A0 TBBPAM CBbP3aHKM NOYBM

Mo4eeHn nNpoduan OT NOBLPXHOCTHW anyBuanHu niacrose
E ¢ vg Ha tun C unm D n gbnboynHa, sapupalla mexay 5 u

20 m, nexalwum BbPXy TBbpAA OCHOBa € vg > 800 m/s

[eno3nTn, CbCTaBeHn WK BKIOYBAWM nnacT ¢ gebenuna | <100 - 10 - 20
Sy Hall-manko 10 m OT MEKW T[/IMHW/HAHOCKM C BMWCOK
nokasaten Ha nnactmudoct (Pl > 40) u ronsiMo BOAHO
CbAbpXKaHve

[eno3ntn 0T BTeUHsBalWM Ce MOYBM, OT UYBCTBUTENHW
S FAVHA WAW  OPYrM MOYBEHW MPOMWAM, HEBKMIOYEHW B
Tunose oT A oo E nnu S,

1.6. Peak ground acceleration

6.1.1. Seismic hazard for PGA in 475-year return period
According to NA.D of BJIC EN 1998 — 1: 2005/NA:2012, the region of Sofia has agr = 0,239

feas m

e ME WE N'E e mE NE

According to the map for “Microseismic zoning on the territory of the city of Sofia and Sofia
Municipality”, the area for construction of the building lays within the zone with PGA in 475-year
return period agr = 0,30g m/s2.

Stefani Nedyalkova, Dep. Nel6367
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CenaMnYHN 30HKU C MHTEH3MBHOCT no MSK-64
DN [ Vv
= VI_IX
X
I | X+ ¢ ycropenue (g) 0,30
PaacefHn 30HM
— Yckopenue (g) 0,27

CTONWYHA OELLUHA
Oupekumns "ApxuTekTypa U rpagoycTpoicTeo”
On "CodpnpoekT - O6W rpagoycTpoiicTBeH nnaH"

6.1.1. Seismic hazard for PGA in 95-year return period

To increase safety, the PGA in 95-year return period won’t be taken from the NA map, where it is
due to be agr = 0,11g.

st N

AN

It’s used the following formula:

T=95¢: dgr = agr95 = 0,4 agr475 = 0,40,30 = 0,125 — dgr = 0,12g

6.1.2. Designed value of PGA

Buildings are classified into 4 classes of significance depending on the consequences of complete
destruction for human life, their significance for public safety and civil protection after the
earthquake, as well as the social and economic consequences as a result of destruction. According to

Stefani Nedyalkova, Dep. Mel6367 20
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these conditions and according to the area in which the building will be located, classified in class of
importance I11.

Knac Ha Crpagu
3Ha4YMMocT
I Crpaam € Manka 3HaumMMocT 3a oblwecTBeHa 6e30MacHOCT, HanpMMep CENCKOCTOMNaHCKK Crpaav 1 ap.
11 O6WKHOBEHN Crpaau, HenpuHazanexatuy KeM Apyrute Kateropuu
111 Crpa,f:m, YMATO CeM3Mn4Ha HOoCella cnocobHOCT € OT 3HadeHwe oT rneHa TodKa Ha nocneguuunTe oT

MbIIHO pa3pyLUaBaHe, HanpyUMep YUYUNuLa, 3anu, KyATypPHU MHCTUTYLKMK U ap.

Y Crpagu, YMsTO LANOCT MO BpeEME Ha 3eMETPeceHMs € OT JKW3HEHO 3HaYeHue 33 3aliuTa Ha
HaceneHveTo, Hanpumep GoNHWMUM, NPOTUBOMNOXKAPHa 0XpaHa, eNeKkTPoLEHTpanu U ap.

According to table NA.4.3. ua BJIC EN 1998 — 1, the value of the importance factor y; = 1,2.

Knac Ha 3HauumocT I II I1I v
KoethuumneHt Ha
SHAMMOCT Yo 0,8 1,0 1,2 14

Designed value for PGA is:

dg = y1.agr

- Designed value for PGA (T = 475yars)

ag = y.agr = 1,2.0,30g = 0,369 — ag = 0,369

- Designed value for PGA (T = 95yars)

ag = y.agr = 1,2.0,12g = 0,144g — ag = 0,144q

1.7. Behavior factor

The stiffness for horizontal loads is similar in the two main directions, and the structural type is
the same in these directions. It is dual system consisting of MRF and EBF.

According to BJIC EN 1998-1, 1. 6.3.2. for Dual systems and DCM the value for the behavior
factor is q= 3,0.av/a1.

avlor = 1,2 — frame-equivalent dual structures;

qo = 3,0.au/a1 = 3,0.1,2=3,6

For buildings, which are not regular in elevation, the value go should be reduced by 20%!

gq=0,8.00=0,8.3,6 = 3,2 — Value of the behavior factor for the structure: g = 3,2

1.8. Horizontal elastic response spectrum

Type 1 response spectrum is used for the territory of Bulgaria. For parts of Northern Bulgaria
type 3 response spectrum, typical for the VVrancea outbreak, Romania, is also applied, but the building
does not stand in this area and such a spectrum should not be considered.

Stefani Nedyalkova, Dep. Nel6367 21
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Sclag MMpu0<T<Ts:

2,55 Se(T) = ag.S.[1 + T/Te.(.2,5 - 1)]
pu Te <T<Tc:

Se(T) = ag.S. 7.2,5

Ipu Tc <T <Tb:

° Se(T) = ag.S. 1.2,5.[Tc/Tg]

IIpu Tp <T <4s:

Se(T) = ag.S. #.2,5.[Tc. To/T4

{ i} 1 I n T

Se(T) — elastic spectrum;

T —is the vibration period of a linear single-degree-of-freedom system;

ag — 1s the design ground acceleration on type A ground,;

Ts, Tc u Tp — determines limits of the period of the constant spectral acceleration branch;
S —is the soil factor;

n = 1,0 — is the damping correction factor with a reference value of #» =1 for 5% viscous
damping;

The values of the periods and the soil factor S, Tg, Tc u Tp, describing the shape of the elastic
response spectrum are given in NA.3.2. of BJIC EN 1998 — 1.

Tun 3eMHa S Ts(s) Tc(s) To(s)
OCHOBa
A 1,00 0,10 0,3 2
B 1.3 0,10 0.4 2
C | 1,2 | 0,10 | 0,5 | 2
D 1 0,10 0,6 2
E 1,2 0,10 0,5 2
S=1.2
Te=0,1s
Tc=05s
To=2,0s
So
) For structures with long vibration period
- the seismic action shall be represented by the
expression for Spe (T) according to “A” of
BJIC EN 1998 — 1.
/ Before control period Tk is reached:
d, / Sbe (T) = Se (T).[T/27]2
For soil type ,,C* control period has the
/ value Te = 6,0 s.
'J'-u Te Tp Ty Ty !
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Tun 3eMHa T,.(s) 7. (s)
OCHOBa
A 4,5 10,0
B 5,0 10,0
8 6,0 10,0
D 6,0 10,0
= 6,0 10,0

S TpuTo<T=4,165 <6,05:
Soe(T = 4,16 5) = [T/27]2 .a4.S. 7.2,5.[Tc. To/T?] = [4,16/22]2.0,144.1,2. 1,0.2,5.[0,5. 2,0/4,167]
Spe(T = 4,16 s) = 0,0109

1.9. Design horizontal response spectrum

According to BZIC EN 1998 - 1, item 3.2.2.5, the ability of structures to withstand seismic impact
in a nonlinear region allows their design for lower seismic forces than those corresponding to their
linear - elastic response. In order to avoid non-linear design analysis, the ability of the structure to
dissipate energy through ductile behavior of its elements is taken into account by means of a linear
analysis based on a reduced elastic response spectrum called a "designed spectrum™. The reduction is
achieved by introducing the behavior factor g = 3,2.

Mpu To<T:
Se(T) = ag.S. 11.2,5/q.[Tc. To/T?] > B.ag
Ksnero:
q = 3,2 — behavior factor ;
=02
Se(T = 4,16's) = 83.5. 1.2,5.[Tc. To/T?] =0,36.1,2. 1,0.2,5/3,2.[0,5. 2,0/4,167] = 0,0195 > 0,2.0,36
Se(T = 4,16 5) = 0,0195 < 0,072— S¢(T = 4, 16 5) = 0,072
s00-

330 -

300

240 -

210 -

180 -

150 -

90 -

60 | | | | | I I I I |
0,0 L0 2,0 3.0 4,0 5.0 6,0 70 8.0 9,0 10,0
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I11. Design of the floor structure
1. Floor slab

The floor slab is calculated as a composite slab. Two stages of work are considered. In the first
stage - the concrete placing stage - the profiled steel decking is used as a remaining formwork and
works independently, requiring to withstand the load of fresh concrete mix and construction loads.
During the second stage of work (operational) a composite slab - steel decking and concrete work
together -the concrete has reached the design strength. At this stage, all operational impacts are
applied - dead and live loads.

It’s been chosen the ComFlor 60 steel decking —a TATA Steel product. The steel decking meets
the requirements for the implementation of composite floor constructions. Sufficient space is
provided for the installation of shear studs

‘ 130 Crown
" E_ f \ ) ,,.r%::;,,/
.]— = 2 .J.n' . ,-,—- _\‘-\ :_s
S = e W
20 20 VE:
Coil run out | Datum Edge
Overlap Underlap
For slab thickness is chosen: h,, = 140mm
1.10. Loads
1.10.1. First stage — concrete placing stage
» Dead loads
e Steel decking load:  git = 0,11 kN/m?
e Load of the fresh concrete:
Taken from ComFlor 60 catalog: gewet = 2,71 KN/m?
e Reinforcement load:
Load for A393: gr = 0,03 kN/m?
Otot = 2,82 kN/mZ
» Live loads
e Work zone load (3,0x3,0 m): q = 1,5 kN/m?
e Loads, out of the work zone: g = 0,75 kN/m?
1.10.2. Second stage — composite slab
» Dead loads
e  Steel decking load: gt = 0,11 kN/m?
e  Concrete load: Jedry = 2,60 KN/m?
e Reinforcement load: gr = 0,03 kN/m?
e  Paste load: Oc = te.ye = 0,03.12 — g = 0,36 KN/m?
e Flooring load: 0 = tr.yr = 0,02.25 — gr = 0,50 kN/m?
e  Ceiling: gs = 0,2 kN/m?
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e Installations: gi = 0,5 kN/m?

e  Walls: gw = 1,0 kN/m?
Otot = 5,30 kN/m?

> Live loads

e Live loads for rooms category “C” and “D”, according to BJIC EN1991-1-1, T.
6.3.1.2.: q=5,0 kN/m?

1.11. Design in first stage — concrete placing
1.11.1. Static scheme

The static scheme is ,,continuous beam of two spans®. Calculations are made with width of 1m =

1000mm. Thickness of the steel decking is chosen 1mm. Geometry of the steel section of the decking
IS shown:

300
130 . 130
m
120
800
1.11.2. Load cases
1) For maximal span bending:
_ __rq 1,5kN/m?
» | e =2, 72kN/m’ jmﬂ,ﬂkf‘”mz
L L] VO TV T T LT T L T O T T I T I
= 4% L 7. 58
3,20 3,20

2) Form maximal support moment and maximal force in the support:

- Q=1,5kN/
q'=0,75kN/m’ ‘ B rrq =0, 75kN/m”
T |
l T | i |i‘ 18, er =2 126N/
\ LT O 00r=0,11kN/m?
3,20 s 3,20 |

1.11.3. Load combinations
» SLS (EI'C)

’YG_“G” + ’YQ_“Q” — 11OO.GGG3, + l,OO.GCQ”
> ULS (KT'C)
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’YG_“G” + ’YQ_“Q” — 1’35.(‘G7, + 1'50.GCQ7’

1.11.4. Envelope diagrams of the moments and forces

» SLS — Mgg

» SLS — VEg

» ULS — Mgg

» ULS — Vgq

1.11.5. Bending resistance (ULS)
» Positive sign moment (Meq = 589 kNcm):
Med < Mcrd

Section class 3: Mcrd = Wel.fya/ymo
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fya = fyo = 350 MPa = 35 kN/cm?

Wel = ly/zi0p = 106,15/(6,0 — 3,375) — We = 40,44 cm?

Mc,rd = 40,44.35/1,05 — Mcrd = 1347,9 kN/cm? > Mgg = 589 kN/cm?
Satisfied!

» Negative sign moment (Meq = 688 kKNcm):
Med < Mcrd
Section class 3: Mcrd = Wel.fya/ymo
fya = f,p = 350 MPa = 35 kN/cm?
Wel = ly/zhot = 106,15/3,375 — W = 31,45 cm?®
Mcrd = 31,45.35/1,05 — Mcrd = 1048 kN/cm? > Mgqg = 688 kN/cm?
Satisfied!

1.11.6. Shear resistance (ULS)

hw

VbRrd = %.t.fby/ymo — Shear resistance of one rib of the
V steel decking;
b,Rd o
fov = f (Aw)
For ribs with longitudinal stiffeners: 2,, = 0,346%‘1. SL;” where:

Sq = 66,5 mm = 6,65 cm
k. =5,34

66,5 5,34.35
0,96 "/ 5,34.21 000

=0,978 — 0,83 < 1,, = 0,978 < 1,40 — fy, = 0,48.fyu/2,,

fov = 0,48.35/0,978 — fuoy = 17,17 kN/cm?

60
sin67,38

Vb,rd = .0,96.17,17/1,05 — Vp,rd =10,2 kN

VEd < Nw.Vbrd

nw = 2x1000/300 = 6,67 6p. cmebna 3a 1,0 m

VEd <Nw.Vbrd = 6,67.10,2 = 68 KN — VEq = 11,33 KN < Vgg = 68 kN

Ilposeprama e yoosnemeopena!

1.11.7. Local buckling resistance — according to B/IC EN1993-1-3, 1. 6.1.7.3.

Fed < Nw.Rw,rd
Requirements:
r/'t <10 — 4/0,96 = 4,167 < 10

R R R R i
wRd w.Rd w.Rd w.Rd hw/t < 200.sing —
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60/0,96 = 63,82 < 200.sin67,38 = 184,6
45°<p<90°— 45°<67,38 <90°

The requirements are satisfied!

2
— Rugd = at2.\[Fyp E. (1 - 0,1.\/%) . I0,5 + /0,02.%] . (2,4 + (9"#0) ) , KBJIETO!

la — length of the support print, according to the category;
a — coefficient;

» Category(2)
o=015

IW la =f(Bv; Bv= Veaa|-IVeaal. |Ved1| u |Vedz| - absolute values

|VEdJJ+|VEd2|

e of the shear forces on both sides of the local load:
<3

The local load refers to the support reaction, transmitted by the load print. The size ss of the load print
refers to the flange width of the secondary beam. Section chosen: IPE 200 — ss = 100 mm

IVea1| = 10,34 kN; [Veaz| = 10,52 kN — fy = 22222232 _ 9 009 < 0,2 — I, = ss = 100 mm

10,52+10,34

Rw,rd = 0,15.0,0962.4/35.21000. (1—01 /0“' [05+ /oozi] z4+ 6738 )

RwRrd = 5,61 KN ; nw = 6,67 ; Feqa = 22,7 KN — 22,7 kN < 6,67.5,61= 37,5 kN
—22,7 kN < 37,5kN

The requirements are satisfied!

1.11.8. Interaction of the inner support forces check
» Combination of shear force and bending moment

Ved < 0,5.nw.Vbrd =0,5.6,67.10,2 = 34 KN — Veq = 11,33 KN < 34 KN — interaction between
Meq u Vegq is not taken into account!

» Combination of support force and bending moment

M F 688 22,7
—Ed p _BL_ <125 >—+
Mpq nw.Frqg — 1051 = 6,67.5,61

=1,25= 125

The requirement is satisfied!

1.11.9. Calculation of the deflection of the steel decking during first stage

_ 213 glL* _ 213 glL* _ 213  2,82.0,01.320*
384 "Edgfy 384 E.078I, 384 21000.0,78.106,15

=0,94 cm =9,4 mm

Smax < L/180 = 3200/180 = 17,78 mm —> dmax = 9,4 mm < 17,78 mm
Check: 6 <1/10.(h, + he) = 1/10.(60+80) = 14 mm — 6 = 9,4 mm < 14 mm

— “Slope effect” is not taken into account!
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1.12. Design in second stage — composite slab — Calculations for static scheme “continuous

beam on four spans”
1.12.1.

Load schemes

» Load scheme 1 — Myone 1.max U Muose 3,max

TobapHa cxema 1

q=5kN/m’ g=5kN/m?

| L g=5,22kN/m?*  [ITHHHTCHCTE LT g=5,22kN/m?
QU AR ]I HI‘THHHI
- 3,20 o 3,20 -~ 3,20 - 3,20 N

> Load SCheme 2 _anze 2max U Mm)ﬂe 4,max

ToBapHa cxema 2

g=SkN/m’ q=5kN/m*
-52?kN/m | :SZ;N | '
HIH T .HHHHHIHL. (LT
B 3,20 —_— 3,20 e 3,20 i 3,20 >
» Load scheme 3 — Mo 1,max t Ron 1,max
TobapHa cxema 3
o geSkN/m? o g=SkN/m?
I I I g=5,22kN/m? AN
.g..‘_.‘...'._.i‘u..r_|'.r‘.._.:....F.......__:..H..‘.,._‘{.‘
- 3,20 i 3,20 e 3,20 —— 3,20 o
» Load scheme 4 — My, 2 max t4 Ron 2,max
TobapHa cxema &
o g=SkN/mt
-SZ?kN/m LT g52?kN/m
HIHHHI‘H.H.I.L. LI JHHI HHHH
3,20 - 3,20 - 3,20 B 3,2 _

> Load scheme 5 — full load

ToBapHa cxema 3

g=5kN/m? g=5kN/m*
T g=5,22kN/m? I
O ‘_GI_IHHIHHI I
B 3,20 E 3,20 el . 3,20 o
Load combination: ys.“G” +v0.“Q” = 1,35.“G” + 1,50.“Q”
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1.12.2. Analysis results

» Envelope diagram of the bending moment

1.12.3. Materials used

» Concrete class C30/37 » Reinforcement B500B
e fo =30 MPa = 3 kN/cm? e fyx =500 MPa = 50 kN/cm?
e fog =20 MPa = 2 kN/cm? e f,q =435 MPa = 43,5 kN/cm?
o fom = 2,9 MPa = 0,29 kN/cm? e E =210000 MPa =21 000
e Ecn=32800 MPa = 3280 kN/cm? kN/cm?
e =15 e =115

1.12.4. Bending resistance of the composite slab when +1 is applied
» Determination of the position of the zero line

SO S — j.i ~ [ERE No=Ner; Np=fp.Ap 5 Net = x.b.fea
) g g Ap = 1424 mm? ; A = 108 000 mm?

+M ‘ . Ny 1
: U E * Np = NCf - fyp'Ap = X'b'de —X= fyp-Ap

I(b.fea) = 350.1424/(0,85.1000.20)

— X =29,32 mm

—Zero line is located inside the slab!

» Bending resistance
Mpird = Np.z ; =160 — 33,75 — 29,32/2 — z = 106,25 mm
Mpird = Ap.fyp.z = 1424.350.106,25 — Mpird = 52,95 KNm
Megq* = 13,32 KNm < Mpird* = 41,55 KNm — The requirement is satisfied!

Minimum reinforcing coefficient is accepted for bottom reinforcement: p = 0,0013
As = p.Ac = 0,0013.108 000 — 4s = 140,4 mm?

Accepted reinforcement: 3N8/333 mm ; 4sprov = 150,8 mm? — In every rib of the steel decking is
placed one reinforcing bar N8!
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The reinforcement is provided in case the profiled steel decking excludes (in case of fire) or its
load-bearing capacity is reduced (in case of corrosion).

1.12.5. Bending resistance of the composite slab when -A is applied

The combined section is reduced to an equivalent slab section with equal area. The contribution of
profiled steel decking, located in the pressure zone, is neglected to increase safety. Calculating the
width of the beam: be = (Ac — hc.b)/h, = (108 000 — 80.1000)/60 — be = 467 mm

i all 1000 _ d=hu—Crom—0,5.¢
1
® .—[ £y ® g_‘o; d=140-30-0,5.8 - d =106 mm

L6?

Design procedure:

1) Relative bending moment:

_ Mgg _ 16,63.10°
Med = 7 - 2
b.d2.fcq 467.1062.20

Where b = 467 mm is the width of the slab section;

= 0,158

2) Check of the condition to prevent fragile destruction of concrete (x < 0,45d):
Med < medim = 0,2952 — 0,158 < 0,2952 — Satisfied!

3) For meq = 0,158 — {=0,9243
4) Required reinforcement:

A v = MEd_ — 16,63.10°
Sred {.d.fyq 0,9243.106.435

=390,2 mm?%/m

5) Minimum reinforcement:

Asmin = 0,26.1;5&.17.61 > 0,002.b.d.

vk

fctm = 2,9 MPa
— 0,26.%.467.106 =0,0017.467.106 = 85,80 mm? < 0,002.467.106

As,min = 99,00 mm?2/m

6) As1 = max (Asreq; Asmin ) — As1 = max (390,2; 99,00 ) — As1 = 390,2 mm?/m
7) Defined rinforcement: SN10/s = 200 mm — Asprov= 393 mm?/m
8) Reinforcing coefficient: p = 4 prov/(b.d) = 393/(10000.106) — p = 0,0037 > pmin = 0,002
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1.12.6. Vertical shear resistance of the composite slab

The contribution of profiled steel decking is neglected. The

iV design resistance of the slab section (width of the section is equal
5 ll/ to the space between ribs of the steel decking) is determined:
' / Resistencia is determined according to
1120 _| BJIC EN1992-1-1, 1. 6.2.2.
Ved <N.Vrdc

VRdc = CRd,c.k.(]OO.pl.fck)%.b.d >min Vrdc = Vmin.b.d [N/m],

KbACTO:
_018 _ 018 _ )
Crac=——= T-=012;
k=1+ |22 <20 k=1+ /@=z,37>z,0—>k=2,0
d[mm] 106

p1<0,02 — p = 0,0037 + 50,26/(120.106) = 0,0076

fok = 30 N/mm?

Vmin = 0,035.k%2 f4 2 = 0,035.232.30Y2 = 0,542 MPa

b =120 mm

Vra,c = 0,12.2,0.(100.0,0055.30)” — Vrd. = 0,680 MPa > Vmin = 0,542 MPa
VRd,c = VRrd,c.b.d =0,680.720.106 — VR4, = 8,656 kN/I peopo

n = b/b, = 1000/300 = 3,33

Ved < n.Vrde = 3,33.8,66 = 28,85 kN — Veq = 28,58 kN < Vrgc = 28,85 kN

Requirement is satisfied!

1.12.7. Horizontal (longitudinal) shear check

Composite slab is considered as a slab with “fragile behavior”. “m-k” method is used for
calculating the horizontal (longitudinal) shear resistance

Check is made without taking into consideration the anchoring in the ends, according to

BJIC EN1994-1-1, 1. 9.7.3.

b.d .
ViRt = —2E. (m—A” + k), where:
Y

o b.lg

Is=L/4 =3,20/4 — |s = 0,80 m — sliding length for slabs, loaded with distributed load;
Ap = 1424 mm? — nominal section of the steel decking;

m u k — design values of empiric coefficients, determined by testing the slab meeting the
requirements of the “m-k” method. Values are given by the manufacturer.

m=178,39 MPa; k=0,1 MPa

|
_ 1000.100

178,39.1424 _ _ L | O,
Vipe= " (220201 0,1) = 334027 N - Vire =334 s ol

KN

ws = 1,25 — ULS safety coefficient;
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VEed = 28,58 kN < V| rd = 33,4 kN — The requirement is satisfied!

2. Secondary beam SB8

The secondary beams have a static scheme “simple beam”. They receive load from the slab and
distribute it by supporting reactions to the main beams. The beams are considered to be composite
and the connection between the plate and the beam is realized thanks to welded shear studs, resisting
the sliding (horizontal shear) forces and resisting the shear force.

Secondary beams SB8 are taken into consideration. Their length is | = 11,60 m, and the space in-
between is B = 3,20 m.

There are two stages of work considered, similar to the calculation of the composite slab. First stage —
concrete placing stage, and Second stage — composite slab is resisting the loads (operational mode).

2.1. Analyzing beam in first stage

2.1.1.  Defining the loads, affecting the beam

It is considered an area load, influencing the beam. The size of the area load is calculated: (b =
1/2.(B1+B2) = 1/2.(3,20+3,20) — b = 3,20 m). Area load is approximated to a linear distributed load.

T |31=3.20_/_B;z=3.20_T B4
© 1 PB43 flo
& o
=
5
o (=+] (=o]
& & &
= —
| b=3,20m | PBSS

» Dead loads
e  Steel decking: gut = 0,11 KN/m? — g it =b. gt
g171=3,20.0,11 — g1 =0,352 KN/m
e Fresh concrete: gewet = 2,71 KN/m? —
g cwet = b.gewet = 3,20.2,71 — g’cwet = 8,672 KN/m
>g=9g=9,024 kN/m

» Live loads
e Loading in the work area (3,0x3,0 m): q = 1,5 kN/m? —
g’ =b.q=320.1,5— q’= 4,80 KN/m
e  Loading out of the work zone: g = 0,75 kN/m? —
q"’ =b.q’ =320.0,75 — q”’= 2,40 KN/m

» Design values of the loads
e Q0d=17y:0=1359,024 — gq=12,18 KN/m
e Qd=yqq9 =150.4,80— q’s=7,20 KN/m
e Qd=yqq9 =150.2,40 — q’’¢ = 3,60 KN/m

2.1.2.  Pre-selection of the beam section by satisfying the deflection requirements
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The check is made with the characteristic values for SLS combination.

Selected section: IPE 500, gipe = 0,776 KN/m
Verifying if the vertical deflection in the middle of the span is less than the limit deflection.

Pt Obj: 5

PtEkn: o !
ul= o0 f )
u2=10 s

R1=0
R2 = 1536E-17
R3= 0

omax <L/250 = 11 600/250 = 46,4 mm — dmax = 33,1 mm < 46,4 mm

The deflection satisfies the requirements of the limit state! The ULS requirements would be
checked for a beam section IPE500!

2.1.3.  Load schemes
» For maximal bending moment in the middle of the span

q'=4,8kN/m
1 q''=2,tkN/m

e I RIRRARRRRRY: TTLTTETR

19=9,024kN/m

11,60 ,

» For a maximal support reaction and maximum shear force

'~ BKN/
e T q"'=2,4kN/m

RN R R R R R AR AR

N

19=9,024kN/m

11,60 .

Note: Schemes are showing the characteristic values of the loads!

2.1.4.  Moment and forces diagrams

» Design values of bending moment

> N

I Im ()

—
48 43
97 84

| I
316.36
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» Design values of shear force

|

—

6 po
1
1
i
140
é\

07 6

2.1.5.  Defining the steel section class

Steel class selected: S275 — ¢ = B5_ 2 0,924
«/ fy \,275

> Steel cross section characteristics

I e o
ftw=10,2 - .
- - h= 5000 b2= 2000 b= 2000 ri= 21
= 102 tf2=| 160 tf= 160 ro= 0
WHepumoHHK XapaKTepuCTHKK
h=500 = - € A = 115.522 cm
4z Cz = 25,080 cm Cy = 10.000 cm
Iy = 48198.535 cm4 z = 2141.688 cm4
= 1927.941 cm3 Wz = 214.169 cm
Wply= 2194.118 cm3 Wplz= 335.879 cm3
tf=16 e — ——
ry = 20.426 cm rz = 4.386 cm
2 - ZII Avy =  64.000 cm2 Avz =  59.874 cm2
jt—b=200—u=] It = 89.441 cnd Wt = 41.668 cm3

» Slenderness of the web
A=clt=(h—2.t— 2.ri)/tw = (500 — 2.16 — 2.21)/10,2 = 426/10,2
—1=418
A=418<72.£=72.0,924= 66,5 — Cross section class 1

» Slenderness of the flanges
A= c/t = 02 —twl2 - 1)ty = (200/2 — 10,2/2 — 21)/16 = 73,9/16 t
—1=4,61
A=4,61<9.6=9.0,924 = 8,32 — Cross section class 1

— The cross section is classified as class 1!
2.1.6.  Resistance of the cross-section

In order to increase safety checks are made in linear (elastic) state (elastic distribution of strains
across the cross-section is considered)!

» Bending resistance

My elrd = - - =50 495 kN.cm — My e rd = 504,9 KNm
Myra <10— 3104 0,63 < 1,0 — Requirement is satisfied!
My,el,Rd 504,9
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> Shear resistance

_ Aufy _ Anfy _ 5987275 _
Vel,rd = Frme =~ Ty = vaios Velrd = 905,3 kKN
Yebd 90 257 = 013 < 1,0 — Requirement is satisfied!
Vel,rd 905,

2.1.7.  Buckling resistance
» Check for stabilized upper flange

Check if the upper flange is stabilized by the steel decking, whose stiffeners are perpendicular to
the axis of the beam. This circumstance improves the buckling resistance of the beam. Requirements
according to B/IC EN1993-1-3, 1. 10.1:

SZ(EI —+GIt+EI 0,25, hz) . where:

=1000.Vt3. (50 +10.3/broof ) [N] — shear stiffness, provided from the steel decking;

S =1000.+/0,96%. (50 + 10. /44 800). == = 20 325 154 N

1.[2
116002

>=31342000N — S =20325

(EI ™ + Gl + EL,..0,25. n?). 2 (210 000.1 249 000. 106,
™ 0,25. 5002).

+

80 769.89,29.10* + 210 000.2142. 104
KN < 31 342 kN

— Requirement is not satisfied! Stabilization of the flange wont be taken into consideration!

» Lateral torsional buckling

M
—£4 < 1,0 > Myrd =pLT. Wy =X where
Mp,Rd

Wy = Wpi = 2194 cm® — cross-section class 1
Ym1 = 1,05

L 1,0
LT = — < { 1 _
Opr+ [ Ofr—BAfr  \Apr

@it = 0,5./1 + awt.(Apr — Apr o)+ B. 271, where: ait — imperfection factor

iLT,O = 0,4 N ﬂ = 0, 75
h/b =500/200 = 2,5 > 2,0 — For welded I-sections the buckling curve is c;

— oLt = 0,49

n2.El k,\2 I (ky.L)2.G.I
Mcr = C]_. Z. (_Z) .ﬂ + e i
(kz.L)2'\ \ky/ "1, n2.E.l,

Ci=1,112
kz = 1,0
kW = 1,0

G = 8 100 kN/cm?
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For length of the beam L = 11,60 m — M =19 663 KN.cm
Aur = 1,75, &1 =2,30; y.1=0,26; — Mibrs = 15180 kN.cm
Meq= 31400 kN.cm

MEa — 31400
Mp rd 15180

=2,07>1,0
— Requirement is not satisfied! — Transversal restrains are needed along the beam!
Horizontal deflections are limited through transversal beams and horizontal braced frames!
Buckling length is reduced:
L =6,60m
Elastic critical moment as a result of analysis with LTBeamN: Mcr = 56 831 kN.cm —

Ar =1,03; @1 =1,00; yu1=0,68; — Myra =39 136 kN.cm

Mggq _ 31600

Meq= 31600 kN.cm —
Mp Rd 39136

=0,81<10

— Requirement is satisfied! — The beam will remain stable.

2.2. Analyzing the beam in second stage — composite beam

2.2.1.  Defining the loads, affecting the beam

» Dead loads
e  Steel decking: gur = 0,11 kN/m?
e Concrete: Oe.dry = 2,60 kKN/m?
e Paste: gc = 0,36 KN/m?
e  Flooring: gr = 1,10 kN/m?
e  Ceiling: s = 0,2 KN/m?
e Installations: gi = 0,4 kKN/m?
o Walls: gw = 0,5 kN/m?

Otot = 5,27 kN/m2
gt = b.gtot + gipesoo = 3,20.5,27+0,907 — 2t = 17,77 KN/m

> Live loads

T.6.3.1.2.: = 5,0 kKN/m?
g’ =3,80.50— q’=16,0 kN/m

» Design values of the loads
*  0d=760=1351777 — ga = 24,0 kN/m
e Qd=vyqq =150.4,80— q’ds = 24,0 KN/m

2.2.2.  Design values of the bending moment and shear force
Meg = (ga + q'a).1%/8 = (24,0 + 24,0).11,60%/8 — Meq = 807,4 KNm

e  Operational load for rooms of category “C” u “D”, according to BJIC EN1991-1-1,
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11,60

S = ()

Mes=807,4 kNm

Ved = (ga + q'a).1/2 = (24,0 + 24,0).11,60/2 — Veq = 278,4 kN

Vey=278, LN

WWWWWWM e O

11,60 S |

2.2.3.  Effective width

Deft = Do + > bei

bei = Le/8 <bi — bei = 11,60/8 < 3,20/2 — bei = 1,45 <1,60 m = 145 cm
b1 =b2="Dei=145¢cm; bo =0, — bet = 0 + 2.145 = 290 cm

Peft = 290 cm

2.2.4. Resistance of cross-sections of beams — examination of the critical sections

Resistance checks in the critical sections ,,1-1° u ,,2-2° have to be done. These are respectively
the section with maximal shear force and the section with maximal bending moment.

- 5,80 _
1 12

' Vi A
i 11,60

Critical sections define the so called ,,critical length®, which is equal to the distance between two
critical sections — l¢r = L/2 = 11,60/2 — ler = 5,80 m
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» Bending resistance (section ,,2-2°)

It is considered a full interaction between steel and concrete. Calculations in plastic stage.

" 290 g
C;I ’ F .
ol
']_ — —
Mpl,Rd
o= I | S .. 4 _Nplag
1 —

Nes = 0,85.foq.ber.nc = 0,85.2,0.290.8 — Net = 3 944 kN
Npta = Aafya = 115,5.27,5/1,05 — Npia = 3 025 kN

Npla < Ncf — “Zero line” is located in the slab!

Ng 3025
beff.0,85.fcqa  290.0,85.2

Mpird = Npia.(h/2 + hy + he — x/2) = 3 025.(50/2+8+6 — 6,14/2) = 108 688 kN.cm
Mpird = 1 087 KNm
Med/Mpird = 807,4/1 087 = 0,75 — Requirement is satisfied!

Definition of the “zero line” location.: X = — X=6,14cm

> Shear resistance

Ayfy _ Avpfy _ 5987.275
V3ymo V3¥mo  V3.1,05

Velrd = — Velrd = 905,3 KN

v 278,4
z,Ed S 1,0 —
Velrd 905,3

= 0,31 < 1,0 — Requirement is satisfied!
hw/tw = 426/10,2 = 41,8 — slenderness of the web;
hw/tw < 72.elp = 72.0,924/1,00 = 66,5

n = 1,00 — for steel S275;

— hw/tw =41,8 < 66,5 — Shear buckling resistance of web check is not necessary!

2.2.5.  Design of shear studs

Shear studs resist the longitudinal shear (sliding forces) and prevents longitudinal splitting. In

vertical direction the shear studs should resist the separation forces, which are trying to separate the
composite slab from the steel section.
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Shear studs KOCO SD 19x100 have the following characteristics:

D=d=19mm i i

L = hsc =100 mm T
H =32 mm Length
Fu =450 MPa - D

» Shear stud connection resistance
0,8.f,,.m.D? /4 0,8.45.71.1,9% /4
Pra = min 0,29.a.D2y.]\7/fck.—Ecm = min 0,29.1,002,2952.\/m = min {gé:z — Pra=8L7kN
Vo 1,25

Whenhse/d >4 — a=1,0

—0'7ﬂ h_ :E& m_ -
ktwn—r'np'(np 1) 210 (20— 1) =080

bo = 140 mm

n = 2 —two shear studs in every rib
k=0,8 < kmax = 0,85

Prd = ki.Pra = 0,80.81,7 i
Pra = 65,4 kN e J

1/2h,

In order to provide full interaction, the number of the studs in the critical length should be:
Nt > min{Ncs ;Npi,a}/Pra — ns >min{3 944; 3 025}/65,4 = 3 025/65,4 ~ 46 studs
— nf =46 studs /ler

The extreme number of the shear studs, which can be placed along the beam is equal to the
number of the steel decking’s ribs, located on the beam flange.

n = ler/b, = 5800/300 ~ 19
b, = 300 mm — space between two ribs of the steel decking

Extreme number of shear studs, which can be placed inside the critical length is 19x2 = 38 ap.
Full interaction of the composite slab and the steel section can’t be reached. Level of interaction
(7) should be determined.

n =n/ns = 38/46 — n = 0,83

According to B/IC EN1994-1-1, 1. 6.6.1.2: #min =1 - (3f—55).(1,0 —0,04.Le)
y
fimin =1 - (%).(1,0 —-0,04.11,60) = 0,31 — 5 = 0,83 > min = 0,31 — The shear studs are

considered ductile!

» Bending resistance in plastic stage, when partial interaction is provided

Mrd = Mpl.ard + (Mpird - Mpl.aRd).7
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Mol.a,rd = Woly fy/ymo = 2194,2.27,5/1,05 = 57 467,2 kNcm

Mpi,rd = 108 700 kNcm

Mrg = 57 467 + (108 700 - 57 467).0,83 =99 990 kNcm — Mgrd = 999,9 kNm
Med / Mrd = 807,4/999,9 = 0,81 — Requirement is satisfied!

2.2.6.  Check for longitudinal shear

Check according to BJIC
EN1992-1-1, 1. 6.2.4.

F Dag~—
Contribution of the steel decking \i
is not taken into consideration. ~

The check is made for section A
,,a-a““, where reinforcement mesh
5N10 helps resisting the longitudinal
shear. Reinforcement cross-section
area: At = Ast/st = 3,93 cm?/m

VEd — Cross shear stress in the
surface of interaction between the
shear stud and the concrete slab;

Ved = AF4/(2.hs) = 436/(2.0,08) — veq = 2 725 KN/m?
AF4 = 2.Prdls = 2.65,4/0,3 = 436 kN/m — longitudinal shear force;

s = 0,3 m — space between the ribs of the steel decking;

To prevent crushing of the compression struts in the flange, the following condition should be
satisfied: a

Ved < v.fea.5in6.c0s0 = 0,6.2.5in45 °.cos45° = 0,6 kN/cm? i ~ s
IMpuero: 0 =45°;v=0,6 " :
Ved = 2 725 kN/m? < 6000 kN/m? — Condition is satisfied! B ’

The transverse reinforcement per unit length may be determined as follows:

(Ast.fyalss) + Asa.fyalst > Ved.hi/cotgl
Ast 1 Asi1 — reinforcement in section ,,a-a “;
(3,93.43,5) + (3.50,3/100).43,5 > 2 725.0,08/cotg45 — 236 KN/m > 218 kN/m —

Condition is satisfied! — The reinforcement in the section is enough for resisting the
longitudinal shear! No extra reinforcement is needed!
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2.2.7.  Serviceability limit states
» Composite section properties

No = Ea/Ecm = 21000/3280 = 6,4

Neit = 2.No = 2.6,4 = 12,8

Acert = Ac/nest = 2 320/12,8 — Acerr = 181,25 cm?
Ac = ber.hy = 290.8 = 2 320 cm?

le.ett = Detr.n3/(12.netr) = 290.8%/(12.12,8)

— lcefs = 966,7 cm*

Acomb = Acerf + Aa = 181,25 + 115,5 = 296,75 cm?
Acomb= 296,75 cm?

leomb = la + Aa.Za® + lceft + Acefr.Zc?

lcomb = 48 198,53 + 115,5.20,52% + 966,7 + 181,25.13,622
lcomb =131 421,5 cm*

> Deflection
Wiotal = W1 + W2 + W3

Wi = 5 gril* _ 5 9931.1072.1160%
! 384" Egl, 384" 21000.48 198,53

g1 = 9,024 + 0,907 = 9,931 kN/m

=2,31cm

20,52

46,38
|

13,62

25

wi1=2,31cm
{g1=9,931kN/rn
_______________ 7 ______,__——*-'”"‘"
11,60
4 -2 4
szi. Jkz-L :i.7,48.10 1160 =063 cm
384 Egldcomp 384 21000.131421,5
g2 =7,48 KN/m
w2 = 0,63 cm
(g2=?,£+8kN/m
_________________ wz -F-——_--_-'___._--"'—-—-
11,60
4 -2 4
szi. qg.L :i_ 16.1074.1160 21,37 cm
384 Eglcomp 384 21000.131421,5
gk = 16 KN/m
ws=1,37 cm
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(qk=16,0kN/rn

B T ———

wi=w2+w3=0,63+1,37=2,0cm

Increasing the deflection in second stage, because of the partial interaction:

W, = wf.<1+ﬁ.(1—n).(v“:_;_ )):

ws = 2,0 cm — deflection in second stage

4
Wa= = %.% - deflection in stage 2, without taking the contribution of the slab into

account (steel section resists the deformations of it’s own)

5 23,48.1072.1 160%

Wa = . — Wa = 5,47 cm
384 21000.48 198,53
ﬁ = 0'3 _
n = 0,83 — level of interaction;
Wp = wy. (1 +0,3.(1-083). (22 - 1)): 2,18 cm

Total deflection of the beam, taking the partial interaction into account:

Wiotal = W1 + Wp = 2,31 + 2,18 — Wiotal = 4,49 cm
Wmax = L/250 = 11600/250 — Wmax = 4,64 cm

Wiotal = 4,49 cm < Wmax = 4,64 cm — Deflection check is satisfied!

» Control of the vibrations
fi >fisis
f1,sLs =2,5 Hz — for slabs in buildings and parking and garages;

f1 =~ 18//6 [Hz] — frequency of first form of free oscillation (vertical surface) for simple beams;

5= 5 (gx+0,2.qx).L* _ 5 (9,93+7,48+0,2.16).1072.1160%

384" Eglcomp 384" 21000.131 421,5

fi=18/\/17,6 — f1=4,3 Hz > f1s.s =2,5 Hz — No unacceptable vibrations!

—0=176cm=17,6 mm
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3. Secondary beam SB11

The secondary beams have a static scheme “simple beam”. They receive load from the slab and
distribute it by supporting reactions to the main beams. The beams are considered to be composite
and the connection between the plate and the beam is realized thanks to welded shear studs, resisting
the sliding (horizontal shear) forces and resisting the shear force.

Secondary beams SB8 are taken into consideration. Their length is | = 8,80 m, and the space in-
between is B = 3,20 m.

There are two stages of work considered, similar to the calculation of the composite slab. First
stage — concrete placing stage, and Second stage — composite slab is resisting the loads (operational
mode).

3.1. Analyzing beam in first stage

3.1.1.  Defining the loads, affecting the beam

It is considered an area load, influencing the beam. The size of the area load is calculated: (b =
1/2.(B1+B2) = 1/2.(3,20+3,20) — b = 3,20 m). Area load is approximated to a linear distributed load.

C-E5 /iB1=3’20 | B2=3,20; CEY
o) : n PB33
o
@
o
1o
[¢0]
| o
cbDs |9 18 o c.B7
) PB42
b=3,20m |,

» Dead loads
e  Steel decking: gut = 0,11 KN/m? — gt =b. gt
g11=3,20.0,11 — g1 =0,352 KN/m
e Fresh concrete: gewet = 2,71 KN/m? —
g cwet = b.gewet = 3,20.2,71 — g’cwet = 8,672 KN/m
>g=9g=9,024 kN/m

» Live loads
e  Loading in the work area (3,0x3,0 m): g = 1,5 kN/m? —
q =b.g=320.15— q’=4,80 kN/m
e Loading out of the work zona: ¢ = 0,75 kN/m? —
g’ =b.q’ =320.0,75 — q”’= 2,40 kN/m

» Design values of the loads
e Qd=17y:0=1359,024 — gq=12,18 KN/m
e gd=vyqq =150.4,80— q’a=7,20 KN/m
o ¢ 4=yqq =150.2,40 — q’’¢ = 3,60 KN/m
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3.1.2.  Pre-selection of the beam section by satisfying the deflection requirements

The check is made with the characteristic values for SLS combination.

Selected section: IPE 400, gire = 0,663 kN/m
Verifying if the vertical deflection in the middle of the span is less than the limit deflection.

A

o

| PtOb

)

]
N/
0
0

Rli=0
R2 = 5.803E-17
R3= 0

5max SL/250 = 880/250 = 35,2 mm — 6max = 23 mm < 35,2 mm

The deflection satisfies the requirements of the limit state! The ULS requirements would be
checked for a beam section IPE400!

3.1.3.  Load schemes
» For maximal bending moment in the middle of the span

q"'=2,4kN/m

n UL Srrrrrrrrr
, , , . A \\.—g:‘B,OZQKN/m

» For a maximal support reaction and maximum shear force

‘=4 BKN/
i g"=2,LkN/m
= T YT T I VI TV TTT T T
19=9,026kN/m
L 8,80 P

Note: Schemes are showing the characteristic values of the loads!

3.1.4. Moments and forces diagrams
» Design values of bending moment

17980 |
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» Design values of shear force

.8 1|{‘49\
%E
v

s

3.1.5.  Defining the steel section class

Steel class selected: S275 — ¢ = B5_ 2 0,924
«/ fy \,275

> Steel cross section characteristics

Iy
lltw=56 h = 4000 b2= 1800 b= 1800 ri= 21
tw= 8.6 tf2= 13,5 tf= 13.5 ro= 0
MHepUMOHHM XapaKTEPHUCTHKH
y ¥ C - = 84.464 cm
h=4oo N _.l ™ - - 9 a0 ™y - 0 a0 -
; Cz = 20.000 cm Cy = 9.000 cm
| Z = 23128.369 cm4 z = 1317.824 cm4
V) = 1156.418 cm3 Wz = 146.425 cm3
Wply= 1367.148 cm3 Wplz= 229.000 cm3
tf=13,5 - 16.548 cm z = 3.95@ cm
X Avy = 48.608 cm2 Avz = 42.695 cm2
| b=180 It = 50.451 cmd t = 26.625 cm3

> Slenderness of the web
A=c/t = (h— 2.t — 2.r))/tw = (400 — 2.13,5-2.21)/8,6 — 1 = 38,5
A1=38,5<72.¢=72.0,924 = 66,5 — Cross section class 1

> Slenderness of the flanges C
A=c/t = (b/2 —twl2 - 1i)ltt = (180/2 — 8,6/2 — 21)/13,5 — 1 = 4,79 il
A=479<9.6=9.0,924 = 8,31 — Cross section class 1 t

— The cross section is classified as class 1!
3.1.6. Resistance of the cross-section.

» Bending resistance

Wy el-fy _ 1156,4.27,5

My elrd = =30 286,7 KN.cm — My eird = 302,9 KNm
YMo 1,05

HyEd <90 1289 - 6 <1,0 - Requirement is satisfied!

My el,Rd 302,9
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> Shear resistance

_ Aufy _ Anfy _ 427275 _
Vel,rd = Frme =~ Tivwe — Varos Velrd = 645,6 KN
Yebd 90 215 — 013 < 1,0 — Requirement is satisfied!
Velrd — 645,6

3.1.1.  Buckling resistance

» Check for stabilized upper flange

Check if the upper flange is stabilized by the steel decking, whose stiffeners are perpendicular to
the axis of the beam. This circumstance improves the buckling resistance of the beam. Requirements
according to BI{C EN1993-1-3, 1. 10.1:

s> (E1 =+ Gl + EL,.=.0,25. h?).Z23, where:

=1000.Vt3. (50 +10.3/broof ) [N] — shear stiffness, provided from the steel decking;

=1000.1/0,963. (50 + 10. Y44 800). == = 20 325 154 N

2

(EI ™ + Gl + EL,..0,25. h?).23 = (210 000.492 149.10°. 2 + 80 769.50,27. 10* +

.0,25. 4002) 55 =29686 N — S =20 325 kN < 29 686 kN

2

210 000.1317,8.10%. >
8800

— Requirement is not satisfied! Stabilization of the flange wont be taken into consideration!

» Lateral torsional buckling

M
—£4 < 1,0 > Myrd =pLT. Wy =2 where:
Mpra — YM

Wy = Wp = 1019 cm® — cross-section class 1

ym1 = 1,05

L 1,0
LT = — < {;2
Opr+ [ Ofr—BAfr  \Apr

@t = 0,5.[1 + awr.(Ayr — Apr o)+ B. 2171, where: a1 — imperfection factor

iLT,O = 0,4 5 ﬁ = 0, 75
h/b = 400/180 = 2,22 > 2,0 — For welded I-sections the buckling curve is c;

— a1 =0,49

Mer = Cl.nz'E'IZ-\/(E)Z lw U )Gl
kew

(kz.L)? I, n2.E.l,
Ci=1,112
k,:=1,0
kw=1,0
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G = 8 100 kN/cm?

For length of the beam L = 8,80 m — M =15 416 kN.cm
A =1,53; @dr=1,65; y7=0,38, — Mpra =12 977 kN.cm
Meq= 17 980 kN.cm

MEgq _ 17 980
Mpra 12977

=138>1,0

— Requirement is not satisfied! — Transversal restrains are needed along the beam!
Horizontal deflections are limited through transversal beams and horizontal braced frames!

Buckling length is reduced:
L=440m
Elastic critical moment as a result of analysis with LTBeamN: Mcr = 49 304 kN.cm —

/1LT =0,85; &.1=0,88; y1=0,73; — Mprd =24 985 kN.cm

Meq=17 980 kN.cm — —=% Mgq _ 17980
Mp Ra T 23679

=0,72 <1,0

— Requirement is satisfied! — The beam will remain stable.

3.2. Analyzing the beam in second stage — composite beam

3.2.1.  Defining the loads, affecting the beam

» Dead loads
e  Steel decking: gur = 0,11 kN/m?
e Concrete: Je.dry = 2,60 kN/m?
e Paste: gc = 0,36 KN/m?
e Flooring: gr = 1,10 kN/m?
e Ceiling: s = 0,2 KN/m?
e Installations: gi = 0,4 kKN/m?
e Walls: gw = 0,5 kN/m?

Otot = 5,27 kN/m?
gt = b. Otot + Qipesoo = 3,20.5,27+0,907 — 2t = =17,77 KN/m

> Live loads

T. 6.3.1.2.: q = 5,0 KN/m?
g’ =380.50— q’=16,0 kN/m

» Design values of the loads
* gd=7y69=13517,77 — g4 =24,0 kN/m
o gd=vqq9 =1504,80— q’¢=24,0kN/m

e  Operational load for rooms of category “C” u “D”, according to BJIC EN1991-1-1,
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3.2.2.  Design values of the bending moment and shear force

Meq = 470,9 kNm

-
> I~

47094
416,20

VEed = 214,1 kN

.’}
A
|
|

%
2§8

21f\aq
" 21406
K/

A =

O

3.2.3. Effective width

Deft = Do + > bei

Dei = Le/8 <bi — bei = 8,80/8 <3,20/2 — bei = 1,10 <1,60 m =110 cm
b1 =b2="D0ei =110cm; bo =0, — bet =0 + 2.110 = 220 cm

bett = 220 cm

i

3.2.4. Resistance of cross-sections of beams — examination of the critical sections

Resistance checks in the critical sections ,,1-1* u ,,2-2* have to be done. These are respectively
the section with maximal shear force and the section with maximal bending moment.
4,40

| -

1 2

| :2

" 8,80 .

Critical sections define the so called ,,critical length*, which is equal to the distance between two
critical sections — ler = L/2 =8,80/2 — Iy = 4,40 m
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» Bending resistance (section ,,2-2")

It is considered a full interaction between steel and concrete. Calculations in plastic stage.

220
I 5 - | < Mo
&
©
T — — 1
Mpl,Rd

g_ i Npl.a

L AN

Ncf = 0,85.fca.ber.hc = 0,85.2,0.220.8 — Nc s =2 992 kN
Npl.a = Aa.fys = 84,5.27,5/1,05 — Npia = 2 213 kN

Npla < Ncf — “Zero line” is located in the slab!

Ng 2213
berr.0,85.fcq  220.0,85.2

Moird = Npia.(h/2 + hp + he — x/2) = 2 213.(40/2+8+6 — 5,91/2) = 68 702,6 kN.cm
Mpird = 687 KNm
Med/Mpird = 470,9/687 = 0,68 — Requirement is satisfied!

—X=591cm

Definition of the “zero line” location: X =

> Shear resistance

_ Aufy _ Anfy _ 42,7275 _
Veg = 22 = 20 = B2, gy = 645,7 kN
Vekd <10, 2% —033<10 v
Vel,Rd 645,7

hw/tw = 331/8,6 = 38,5 — slenderness of the web;
hw/tw < 72.elp = 72.0,924/1,00 = 66,5
n = 1,00 — for steel S275;

— hw/tw = 38,5 < 66,5 — Shear buckling resistance of web check is not necessary!

3.2.5.  Design of shear studs

Shear studs resist the longitudinal shear (sliding forces) and prevents [eH= |
longitudinal splitting. In vertical direction the shear studs should resist the A
separation forces, which are trying to separate the composite slab from the steel T
section.

Shear studs KOCO SD 19x100 have the following characteristics: Langth
D=d=19mm

L = hsc =100 mm

H =32 mm

fu = 450 MPa
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> Shear stud connection resistance

In order to provide full interaction, the number of the studs in the critical length should be:
Nt > min{Ncs ;Npi,a}/Pra — N >min{2 992; 2 213}/66,3 = 2 213/65,4 =~ 34 studs
— nf =34 studs /ler

The extreme number of the shear studs, which can be placed along the beam is equal to the
number of the steel decking’s ribs, located on the beam flange.

n= Icr/bp =4400/300= 14
b, = 300 mm — space between two ribs of the steel decking

Extreme number of shear studs, which can be placed inside the critical length is 14x2 = 28
studs. Full interaction of the composite slab and the steel section can’t be reached. Level of
interaction (») should be determined.

n =n/n = 28/34 — n = 0,82

355
fy

According to BJIC EN1994-1-1, 1. 6.6.1.2: #min =1 - ( ).(1,0 —0,04.Le)

nin = 1+ (£2).(1,0 - 0,04.8,80) = 0,16 — 57 = 0,82 > fmin = 0,16 — The shear studs are

considered ductile!

» Bending resistance in plastic stage, when partial interaction is provided
Mrd = Mpl.ard + (Mpird - Mpl.aRrd).77
Mptard = Wory .fy/ymo = 1307.27,5/1,05 = 34 236 kNcm
Mpird = 68 702 KNcm
Mra = 34 236 + (68 702 - 34 236).0,82 = 62 498 kNcm — MRgd = 625 KNm
Med / Mgrg = 470,9/625 = 0,75 — Requirement is satisfied!

0,8.f,.m.D? /4 0,8.45.11.1,9% /4
o Yo o 1,25 _ . (81,7 _
Prd = min 029.0.02\[F cj-Bem min 0,29.1,00.1,921/3.3280 min {83,1 — Pra=81,7kN
Yo 1,25
When hse/d >4 — a=1,0 b,

=07 bo (hse 1) 07 140 (100
kt_m_r.h—p.(E )_ﬁ.ﬁo.(ﬁo 1) | — :

I | | | *

—_ | | | | o
b0—140mm I _-_I_ I__ G—v? _,:t
n = 2 —two shear studs in every rib k = 0,8 < Kmax | !

=085 | £
[ J N
Prda = kt.Prd = 0,80.81,66
Prd = 65,4 kKN
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3.2.6.  Check for longitudinal shear
Check according to BJIC EN1992-1-1, 1. 6.2.4.
Contribution of the steel decking is not taken into consideration.

The check is made for section ,,a-a*,
where reinforcement mesh 5N10 helps el >
resisting the longitudinal shear. o
Reinforcement cross-section area:

Ay = Aslst = 3,93 cm?/m

VEd — Cross shear stress in the surface of
interaction between the shear stud and the
concrete slab;

Ved = AFal(2.0g) = 436/(2.0,08) — Veg =
2 725 KN/m?

AF4 = 2.Prdls = 2.65,4/0,3 = 436 kN/m — longitudinal shear force;

s = 0,3 m — space between the ribs of the steel decking;

To prevent crushing of the compression struts in the flange, the following condition should be

satisfied: 5
A, |

Ved < v.fea.5in0.c0s6 = 0,6.2.5in45 °.cos45° = 0,6 kN/cm?

F_‘A"‘-ﬁ-._é“—‘
[pueto: 0 =45°;v=0,6 i :
Ved = 2 725 kN/m? < 6000 kN/m? — Condition is satisfied! 1 .

The transverse reinforcement per unit length may be determined as follows

(Ast.fyalst) + As1.fyalst > ved.hi/cotgd
Ast 1 Asi1 — reinforcement in section ,,a-a *“;

(3,93.43,5) + (3.50,3/100).43,5 > 2 725.0,08/cotg45 — 236 kN/m > 218 kN/m — Condition is
satisfied! — The reinforcement in the section is enough for resisting the longitudinal shear! No
extra reinforcement is needed!

3.2.7.  Serviceability limit states 220
» Composite section properties

No = Ea/Ecm = 21000/3280 = 6,4

i
Neft = 2.10 = 2.6,4 = 12,8 =
Acetr = Adnetr = 1 760/12,8 —> Acetr = 137,5 cm? . |
Ac = besthy = 220.8 = 1760 cm? o i
loett = ber.he¥/(12.Neft) = 220.8%(12.12,8) —> leetr = 733,3 cm* i

—

Acomb = Aceft + Aa = 137,5 + 84,5 = 222 cm? |
Acomb =222 sz

Zcomb = (Aa.Za + Ac,eff.Zc)/Acomb = 38,58 cm

18
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lcomb = la + Aa.Za® + lceff + Ac,eff-Zc2
lcomb = 23 128,4 + 84,5.18,58% + 733,3 + 137,5.11,422
Icomb =70 965 Cm4

> Deflection
Wiotal = W1 + W2 + W3

5 gril* _ 5 96.1072.880%
384" Egl, 384 21000.23 128

g1 =9,024 + 0,571 = 9,6 KN/m

Wi = =1,54 cm

wi1=1,54 cm
T

LU IHH il .\._v_.\.___l_.l._\. \ LY
xal S I e
P 8,80 |
W2=%.%=%.%:0,390m
g2 =7,48 KN/m
w2=10,39 cm

- gz'M-BKN/m

[T AT, HH L \ ‘IH LI
o ——

L 8¢80

5 qp.L* 5 16.1072.880%

?

W3=E.m=ﬁ.m20,84cm

gk = 16 kN/m

w3 = 0,84 cm

LU TIE \ \H LTI
o 0 _,8_0 ______

wi=w2+w3=0,39+0,84=1,23cm
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Increasing the deflection in second stage, because of the partial interaction:

Wp = wf.<1 +B.(1— n)-(ﬁ—j— 1))

wr = 1,23 cm — deflection in second stage

4
Wa= = %.% — deflection in stage 2, without taking the contribution of the slab into

account (steel section resists the deformations of it’s own)

5 23,48.1072.880%

Wg = —.————— — > Wa=3,77Ccm
384 21 000.23 128
p£=0.3
n = 0,82 — level of interaction;
Wp = wy. (1 +0,3.(1-082). (22 - 1)): 1,43 cm

Total deflection of the beam, taking the partial interaction into account:

Wiotal = W1 + Wp = 1,54 + 1,43 — Wiotal = 2,97 CM
Wmax = L/250 = 880/250 — Wmax = 3,52 cm

Wiotal = 2,97 cm < Wmax = 3,52 cm — Deflection check is satisfied!

> Control of the vibrations

fr >fisis

f1,sts =4,0 Hz — for slabs in buildings and parking and garages;

f1 ~ 18/\/8 [Hz] — frequency of first form of free oscillation (vertical surface) for simple beams;

5= 5 (gx+0,2.qx)L* _ 5 (9,93+7,4840,2.16).102.880%

384" Eglcomp 384" 21000.70 964

—0=1,08cm=10,8 mm

fi~18/+/10,8 — f1=5,48 Hz > f1 5.5 =4,0 Hz — No unacceptable vibrations!

4. Primary beam

The primary beams are considered to be composite and the connection between the plate and the
beam is realized thanks to welded shear studs, resisting the sliding (horizontal shear) forces and
resisting the shear force. They are loaded with the reactions of the secondary beams connected to
them. The static scheme is a bilaterally elastically restrained beam, as the beams are part of frames,
rigidly connected in the nodes. The calculation assumes a stiffness of the joint equal to the stiffness of
the beam. The calculations are made in order to pre-select the cross sections for the beams.

A spring constant is accepted k = Elp = 21000.422075 = 8,864.10° kN.cm?
The primary beam between axles “7” and “8” is considered. Length is | = 12,80 m.

There are two stages of work considered, similar to the calculation of the composite slab. First
stage — concrete placing stage, and Second stage — composite slab is resisting the loads (operational
mode).
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4.1. Analyzing beam in first stage

It is assumed that the load from the secondary beams and its own weight is realized on the beam.
Reactions from secondary beams are transferred as action force on the main beam.

The ULS checks will be made for primary beam with cross-section HE900A and class S355JR!

4.1.1. Loads

R1 = Ripesoo = 103,58 kN ; R2 = Ripeago = 78,25 kKN — R = R1+ R» =103,58 + 78,25 = 181,83 kN

i R+R,=197,2kN l1 97,2kN 11 97,2kN
o 3,20 i 3,20 i 3,20 e 3,20 :"3‘]
. 12,80 |
4.1.2.  Inner forces
» Design values of bending moment

1534 96

T

389,06
697,06

» Design values of shear force

.4
A ™
[
2 3
2 HNNE = X
'S sL LT ' a :
o =
o
o
4.1.1.  Defining the steel section class
235 235
Steel class selected: S275 - ¢= |—= [—=0,81
fy 355
» Steel cross section characteristics
] o= .
-A h= 8900 b2= 3000 b= 3000 ri= 30
itW=16 tw=| 160 tf2= 300 tf= 300 ro= 0
MHepuuouuu XapaKTepHuCcTUKu
. ; A = 320.526 cm
i il B Cz = 44.500 cm Cy = 15.000 cm
iz Iy =422075.018 cmd Iz = 13547.472 cm4
! Wy = 09484.832 cm3 Wz = 903.165 cm3
| Wply= 18811.838 cm3 Wplz= 1414.478 cm3
| tf=30 ry =  36.288 cm rz = 6.501 cm
¥ oot :} Avy = 180.000 cm2 Avz = 163.326 cm2
e b= 300—={ It = 760.875 cmd Wt = 2085.879 cm3
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> Slenderness of the web
A=c/t = (h—2.t— 2.1ri)ltw = (890 — 2.30 — 2.30)/16 — 1 =
48,1
A=48,1<72.6 =72.0,81 =58,3 — Cross section class 1

» Slenderness of the flanges
A=c/t = (b/2 —twl2 - 1i)lts = (300/2 — 16/2 — 30)/30 — 1 =3,73
A=3,73<9.6 =9.0,81 = 7,29 — Cross section class 1

— The cross section is classified as class 1!

4.1.2. Resistance of the cross-section

In order to increase safety checks are made in linear (elastic) state (elastic distribution of strains
across the cross-section is considered)!

» Bending resistance

Wy,e[-fy _9484,8.27,5
YMo 1,05

Myelrd = =248 411 kKN.cm — Myeird = 2 484 KNm

HyEd <10 -22-028<1,0— Requirement is satisfied!
My,el,Rd 2484

> Shear resistance

_ Aufy _ Aufy _ 1633275 _
VeI,Rd = \/gyMo = \/E_YMO = \/5.1’05 — VRd - 2 469 kN
Yakd <10, 2% 2012<1,0 > Requirement is satisfied!
Velrd 2469

4.1.1. Lateral torsional buckling resistance

Stiffeners of the decking are parallel to the axis of the beam, which does not improves the
buckling resistance of the beam.

MEq
Mp Rd

<1,0 > Mprd =yL1.Wy. % , Where:
1

Wy = Wpi = 6136,3 cm® — Cross section class 1

ymr = 1,05
L 1,0
LT = == {;
CDLT"Z,CD%T_B-A%T A

@it = 0,5.[1 + awr.(Ayr — Apr o)+ B. 271, where: a1 — imperfection factor
Airo=04,; =075
h/b = 890/300 = 2,97 > 2,0 — For welded I-sections the buckling curve is c;

— QLT = 0,49
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The primary beam is stiffened from the secondary beam in transversal direction.

— length between secondary beams: L = 3,20 m —
M =1 101 300 kN.cm — Elastic critical moment as a result of analysis with LTBeamN.
Air =052, @1=0,69; yi1r=0,87, — Mpra =247 877 kN.cm

M 69 700
Mea= 75284 kN.cm — —£4 =
Mpra 247877

=0,28 < 1,0 — Requirement is satisfied!

— The beam will remain stable.

4.2. Analyzing the beam in second stage — composite beam

4.2.1.  Defining the loads, affecting the beam
R1 = Ripesoo = 278,4 kN ; R2 = Ripeaoo = 214,06 KN — R = Ri+ Ry = 278,4 + 214,06 = 492,5 kN

l R+R,=492,5kN 1492,5“\1 l492,5kN
3,20 B 3,20 . 3,20 . 3,20 fi’q
. 12,80 |

4.2.2.  Design values of the bending moment and shear force

Megt =2 443 KNm; Meq =1 863 kNm

’\[\’\'\ a B @
| L . V. P7a

+1862.7
i

+1862,Y8

443,04

VEeq =1 009,2 kN

08.19
3_:3_..0
3,:;1%43
50919
©
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4.23. Effective width

» For positive bending moment
Bett = Do + Y bei ; Le = 8,30 m — Result from SAP2000.
bei = Le/8 <bi — bei = 8,30/8 — bei = 1,04 — bei = 104 cm
b1 =Db2=Dbei =104 cm; bo=0; — bert =0+ 2.104 = 208 cm
Pett = 208 cm

» For negative bending moment
Dett = Do + > bei ; Le = 2.2,25 = 4,5 m — Result from SAP2000.
bei = Le/8 <bi — bei = 4,5/8 — bei = 0,56 — bei = 56 cm
b1=b2=Dbei=56cm; bo=0,;— bett =0+ 2.56 = 112 cm
Detr = 112 cm

4.2.4. ULS checks in critical sections

Resistance checks in the critical sections ,,1-1 1 ,,2-2 have to be done. These are the sections
with maximum shear force and maximum bending moment (positive and negative).

Critical sections define the so called ,,critical length*, which is equal to the distance between two
critical sections — ler = L/2 =12,80/2 — ler = 6,40 m

» Bending resistance (section ,,2-2")
It is considered a full interaction between steel and concrete. Calculations in plastic stage:
N = 0,85.fcq.bes.hc = 0,85.2,0.208.8 — N¢ s = 2 828,8 kN
Npi.a = Aa.fyg = 320,5.27,5/1,05 — Npia = 8 394 kN

Npia > Ncf — “Zero line” is located in the slab!
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Definition of the “zero line” location.:

. AN = Npia— Nor = 8 394 — 2 828,8
| o —— = ‘+ — AN =5565,2 kN — AN/2 = 2 782,6 kN
T d3 = ]E Ni=butfe=30327,5/L,05= 2357 kN
) N1 = Aufya = 8,66. 27,5/1,05 = 226,8 kN
g g - Nz = AN/2 — Nt — Ny = 2 782,6 — 2 357 — 226,8
N, =198,8 kN
||| S X2 = tWI.V;yd = 132_82';(5)5 — X2 =4,74 cm
X =hp + hc + ti + R + xo = 6+8+3+3+4,74
— X =24,74 cm

Mpird = Net.Zef + Nr.ze + N1.z1 + No.22 =

2 828,8.75+2 357.64+226,8.61+198,8.57

Mopi,rd = 3 882 KNm

Med/Mpird = 2443/3 882 = 0,63 — Requirement is satisfied!

» Bending resistance (section ,,1-1")

- -l
s a fa 4 fa N
i Zsi -
N R Lt =7
g;:'f X Zy fd fod f‘:\'d
n oY §1-©: 3-°-8
w S s
h, 3 = —
T, (centroid of : Ny
steel section) -
¥ _ _rfm I 4 -

do = Ng/(tw.fya)

Ns = Asi.fsa ; Ast = As.Defr ; As = 393 mm?/m — mpexa SN10; bers = 1,12 m

Aq =393.1,12 = 440,16 mm? — Ns = 440,16.435 = 192 270 N — Ns = 192,3 kN

do = 192,3.1,05/(1,6.27,5) — do = 4,59 cm

Zpi = he + hp + ha/2 - do/2 = 8+6+89/2 — 4,59/2 — 7z, = 56,2 cm

Zi = he + hp + ha/2 — 25y = 8+6+89/2 — 3 — zp = 55,5¢cm

Moird = Nsi.Zi + Mpl.ard — fya.tw.0o?/2 = 192,3.55,5 + 283 150 — 27,5.1,6.4,59%/(2.1,05)
Mpiard = 283 150 kNcm

Mpird = 293 381 KNcm — Mpird = 2 933,8 KNm > Mgq =1 862 KNm
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Deffinition of the web class:

oczl.(h—“+l Nea —(tf+r))

c'\ 2 2 tw.fy
c=d=77cm; ha=89 cm; oC
C
Ned = Ns = 192,3 kN; tw = 1,6 cm; tt=3 cm; r = 3 cm; _
1 (89 1 1923.1,05 _ f_
a=—.(2+3. s ~(3+3)) =053 > a>05— .
Baxnac I:S< 228 77 =481 < 22981 — 531, 48,1 <53,1 — Web is class 1!

t— 13.a-1 1,6 ~ 13.0,53-1

> Shear resistance

_ Aufy _ Apfy _ 1633275
VRd

T VByme  V3vme V3105 Vrd = 2469 kN

1009,2

YeEd <10 —=0,4 < 1,0 — Requirement is satisfied!

Vel,Rd

hw/tw = 890/16 = 55,6 — slenderness of the web;
hw/tw <72.elp = 72.0,81/1,00 = 58,3
n = 1,00 — for steel S275;

— hw/tw = 55,6 < 58,3 — Requirement is satisfied!

Shear buckling resistance of web check is not necessary!

4.2.5. Design of shear studs

Shear studs resist the longitudinal shear (sliding forces) and prevents
longitudinal splitting. In vertical direction the shear studs should resist the
separation forces, which are trying to separate the composite slab from the steel
section.

Shear studs KOCO SD 19x100 have the following characteristics:
D=d=19mm

L= hsc =100 mm
H =32 mm
u = 450 MPa

> Shear stud connection resistance

0,8.f,.m.D?/4

- Y
Prd = min v =

0,29.0.D%/fer-Eem

Yv

H~ y
. A
Length
- D

0,8.45.71.1,9% /4
min 125 = min {
0,29.1,00.1,92.1/3.3280

81,7

831" Pra =81,7 kN

1,25

When hse/d >4 — a=1,0
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i =0,6. 2. (’;l— _ 1) = 0,622 (X2 _1)=0,03

p p 60
bo = 140 mm

n = 2 — two shear studs in every rib;

ki=0,93<1,0
Prd = ki.Prg =0,93.81,7 = 76 kN
Prd = 76 KN

In order to provide full interaction, the number of the studs in the critical length should be:
Nt > mMin{Ncs ;Npi.a}/Prds — ns >min{2 828; 8 394}/76 = 2 828/66,3 ~ 38 6p. owbena
— Ns = 38 op. owoena/lc

n = ler/b, = 6400/100 = 64 6p/ler — the extreme number of the shear studs, which can be placed
along the beam

Extreme number of shear studs, which can be placed inside the critical length is 64 ap. Full
interaction of the composite slab and the steel section is reached!

4.2.6.  Check for longitudinal shear

Check according to BJIC
EN1992-1-1, 1. 6.2.4.

Contribution of the steel decking
is not taken into consideration.

The check is made for section ,,a-
a“, where reinforcement mesh 5N10
helps resisting the longitudinal shear.
Reinforcement cross-section area:

At = As/ss = 3,93 cm?/m

VEq — Cross shear stress in the
surface of interaction between the shear stud and the concrete slab;

Ved = AFdl(2.hy) = 934/(2.0,08) — Ved = 5839 KN/m?
AF4 = 2.Prals = 2.65,4/0,14 = 934 kN/m — longitudinal shear force; .

s = 0,14 m — space between the ribs of the steel decking;

|
F_‘A"‘-ﬁ-._é“—‘
i i
:
To prevent crushing of the compression struts in the flange, the L I___ i

following condition should be satisfied:

Ved < v.feq.5in6.cosd = 0,6.2.5in45 °.cos45 ° = 0,6 kN/cm?
ITpuero: 6 =45°;v=0,6
Ved = 5893 kN/m? < 6000 kN/m? — Requirement is satisfied!
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The transverse reinforcement per unit length may be determined as follows:

(Ast.fyalsr) > Ved.hi/cotgd
Asi— reinforcement in section ,,a-a “;

(3,93.43,5) >5839.0,08/cotg45 — 147 kN/m < 467 KN/m — The reinforcement in the section is
not enough for resisting the longitudinal shear! Additional reinforcement is needed!

In the area of primary beams (at effective width betf) between the reinforcement bars of the
main mesh is provided additional reinforcement 5N14/m!

Check: Ast.fya/st) + Asi.fyalSt > Veqd.hi/cotgd —
(3,93.43,5) + (5.153,9/100).43,5 > 467 KN/m — 505 KN/m > 467 KN/m

— Requirement is satisfied!
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V. Analysis model with ETABS

The construction of the building is dual system. Two systems work to resist the forces of seismic
impact — moment - resisting frames and eccentrically braced frames. The energy is dissipated both
from the plastic hinges, formed at the ends of the beams of the MRF, and from the plastification in
the link element, part of the EBF.

Due to the complexity of the structural system, the unclarity regarding the distribution of forces,
as well as the lack of regularity in plan and height, a 3D model has been prepared, which gives a
clearer idea of the behavior of the structure

1. Modeling the construction

The analysis model of the structure is made with the
ETABS program. It consists entirely of frame - elements
interconnected rigidly. Exceptionally the secondary
beams, which are connected to the primary beams (beams
of the MRFs) by hinges. The structure is fixed at Base3
level (foundation slab level). The lateral displacements of
the underground floor diaphragms are limited by linear
supports in the respective directions. Supports are defined
in each node of the peripheral underground structure. In
this way, the behavior of a rigid "box"-type basement is
simulated.

k
e
R
a
.~
&
-
N
N
N
N
N
»
»
»
.
.

The floor constructions are modeled as rigid
diaphragms on each floor level, which is imposed by the
premise that the floor slabs absorb and distribute the
inertial forces between the vertical elements. However,
with such modeling the beams of the floor diaphragm do
not absorb axial forces, which could lead to unrealistic
results and behavior. In order to take into account and
check the action of the axial forces in the beams, an
additional model has been made, in which the floor
constructions are deformable and the diaphragm behavior
is not taken into account.

1.1.Materials

1.1.1. Construction steel
Beams of the MRF — S355
Secondary beams — S275
Link elements — S355/S275
Braces — S355
Columns — Histar S460
For some support elements — S235

1.1.2. Concrete — C30/37

1.2.Cross - sections

The cross-sections of the elements are selected on the basis of preliminary analysis, using 2D
frames along the axis ,,.B” u “G”, ,,C” u “F” u ,,D” u “E”. According to the results of the analysis and
the performed ULS checks, cross-sections for the 3D model have been selected.
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1.3.Loads
1.3.1. Vertical loads

Vertical loads of the slab, together with all finishing works and installations described in point I1.
— 2., as well as the operational load and the snow load, are presented as a linear loads, distributed on
the beams in the direction of the numerical axes. The area load is distributed between the beams,
based on the deductible width of the slab.

1.3.2. Horizontal wind load

Presented in item Il. - 5.2. wind loads for every zone of the structure are surface loads. In order to
avoid the modeling of shell elements, which would unnecessarily complicate the model, the area
wind load is distributed between the floor levels and transformed into a linear distributed load. Such
approach is allowed due to the way of distribution of the loads from the facade construction. The
considered solution consists of vertical load-bearing facade elements, supported on each floor level
and distributing the wind load between the floor diaphragms.

For this purpose, the intensity of the wind load was determined for each elevation. Rigid floor
diaphragms distribute the wind load between the individual frames in proportion to their stiffness.

2. Modal analysis

2.1.Seismic mass

The inertial forces from the calculated seismic impact are determined after defining the masses of the
structure. The masses are bound up with the gravity loads in the structure and according to 5JIC EN
1998-1, 1. 3.2.4. the combination of loads is:

2CGxkj “+” Zwe,;i Qi
Where:
WEi = Q.W21,

The coefficients take into account the probability that the temporary loads (live, snow, wind, etc.) will
not act on the whole structure during seismic impact.

w2,i — combination coefficient, according to A1 ma EN 1990:2002

Values for ¢ are given in the following table:

Bua Ha BpemMeHHOTO |ETax (1)
HaToBapBaHe
Kateropun A-C* Mokpue | 1,0
ETa)u C B3anMHO3aBMCMMO 0buTaBaHe | 0.8 |
He3aBWCUMO 06UTaBaHW eTaxu ] 05
Kateropuu D-F* ‘ 1,0 |
W apxuBm
@roof = 1,0
po=10,5
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Bb3percTBuA Vo va 73
EkcnnoaTaunoHHW HaToBapBaHWA B Crpaan Ot kaTeropus (Bwmxk EN 1991-1-1):
Kateropus A; »WIUWHK Crpaaun 0,7 0,5 0,3
KaTteropus B: agMUHUCTPATUBHW Crpaam u obucu | o7 | o5 | 03
Kateropusi C: yuyacTbuM, B KOUTO € Bb3MOXHO CTPYNBaHe Ha Xopa 0,7 0,7 0,6
Kateropus D: TbproeCKM NOMELEHUR 0,7 0,7 0,6
Kateropus E: CKnanoeu NOMeLLeHKs 1,0 0,9 0,8
Kateropus F: yuyacTbuwu 3a NnpeMuUHaBaHe Ha NpeBo3HM cpeacTea ¢ Terna go 30 kN 0,7 0,7 0,6
Kateropusa G: y4acTbuw 3a NpeMUHaBaHe Ha NpeBo3HM cpeacTsa C Terna Hag 30 kN, HO
He noseuve oT 160 kN 0,7 0,5 0,3
KaTeropus H: HegocTbnHM (OCBEH 3a 0BMYANHO NOAADPXKAHE U PEMOHT) NMOKPUBM 0,6 0,2 0
KaTteropus K: nnocku NOKPWUBK C NNOLWEAKM 33 KalaHe Ha BEPTONETH:
- 33 BEPTONETWUTE BbLPXY NOKPUBUTE 1,0 0,9 0,5
- 3a JpyrvTe HaToBapBaHWs BbPXY NOKPUBa (TOBapH, NEPCOHasN, ChOPLKEHNS) | 0,7 | 0,5 | 0,3
HaToBapBaHWA OT CHAr BbPXy crpaau (Bux EN 1991-1-3): | | | |
- Ha TEPEHY C BUCOYMHA Ha/i MOPCKOTO pasHMie 70 1 000 m | o5 | 02 | o
- Ha TEPEHU C BUCOUMHA HaA MOPCKOTO pasHWWe Hag 1 000 m | 0,7 | 0,5 | 0,2
Bb3aeicTeus OT BATLP BbpXy crpaau (Bux EN 1991-1-4) | 0,6 | 0,2 | 0
[ TemMnepaTypHW Bb3AeNCTBUA (6e3 noxap) B crpaau (Bux EN 1991-1-5) | 0,6 | 0,5 | 0

pesynTar.

KaTeropuu, NpMeMa ce Hal-HebnaronpuaTHaTa rpyna CTOMHOCTK Ha KOBPUUMEHTUTE .

3ABEJTEXKKA 1: KoraTto B efHa Crpaga MMa y4acTblUy OT pPas3ivMyHW KaTeropu no HaToBapeaHe, KOWTO He MoraT Aa
6bAaT ACHO pasrpaHWYeHu, Ce NpueMaT Te3u CTOMHOCTU Ha KoedUUUEHTUTE 1, KOUTO BOASAT 4O Hali-HeGnaronpusTeH

3ABENEXKA 2: 3a kateropua I (4OCTBMHM NOKPWBM Ha crpaau ot kateropum A — D, Bk EN 1991) ce npuemar
CbLUNUTE CTOVHOCTM Ha KOEMUUMEHTWUTE i, KAKTO Ca 33 CaMmarta Crpaja, a ako B HEA MMa MOMELEHWS OT HAKOMKO

w20=0,3
w2s =0
W2 roof = 0,3

» Combination coefficients
weQ = @.y20=0,5.0,3=0,15
wes = @.w2s=10.0=0
WE Qroof = @.¥2,Qroof = 1,0.0,3=10,3
— XCkj “+”20,15.0«i “+” X0,3.Qk roof

2.2. Effective modal masses

According to BZIC EN 1998-1, 1. 4.3.3.3. calculations must include every oscillation form, which

contribute to the general behavior of the building. This requirement is satisfied if the sum of the

effective modal masses for the modes taken into account amounts to at least 90% of the total mass of

the structure. Condition should be satisfied in every direction (X u Y).

For the current construction requirement is satisfied and it could be proved with the results of the

modal analysis, which are given in the following table:
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TABLE: Modal Participating Mass Ratios
Mode | Period UX Uy Sum UX|Sum UY

[sec] [%] [%] [%] [%]
1 4,16 0,23 65,53 0,23 65,53
2 3,76 67,29 0,26 67,51 65,79
3 2,50 0,03 2,22 67,54 68
4 1,36 0,00 15,26 67,55 83,27
5 1,31 19,59 0,01 87,14 83,28
6 1,08 0,08 6,30 87,22 89,58
7 0,76 0,48 3,47 87,7 93,05
8 0,76 5,39 0,20 93,09 93,25
9 0,70 0,00 0,00 93,09 93,26
10 0,52 0,57 0,90 93,66 94,16
11 0,52 1,19 0,37 94,86 94,52
12 0,48 0,00 0,03 94,86 94,55

This table shows that the sum of the effective modal masses for both of the main directions
exceeds 90% still at 8™ form of modal response.

2.3.Modal responses of the structure

Vibration periods and frequencies for each mode, which take part in the analysis are given in the
following table. The first three modes go with graphical representation.

TABLE: Modal Periods and
Frequencies

Mode | Period |Frequency
sec cyc/sec
1 4,16 0,24
2 3,76 0,27
3 2,50 0,40
4 1,36 0,74
5 1,31 0,76
6 1,08 0,92
7 0,76 1,31
8 0,76 1,32
9 0,70 1,44
10 0,52 1,91
11 0,52 1,93
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» First mode — translation parallel to Y - T1 = 4,16 s
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3. Linear spectral analysis

3.1.Response spectrum

To define the earthquake motion in the 3D model of the structure are used two types of design
response spectrum with different characteristics.

First response spectrum is define to satisfy the no-collapse requirement (ULS requirements). It
refers to a seismic motion with reference return period of 475 years. According to BJIC EN 1998 — 1,
T. 2.1., construction shall withstand the design seismic action without local or global collapse, thus
retaining its structural integrity and a residual load bearing capacity after the seislllic events.

Definition of the response spectrum for strong earthquake

|41 FuroCade & - 2004 Function Definition %
Function Damping Ratio
Function Name iF'!esoonse spectrum 475 | Damgping Ratio 0.05
Parameters Function Graph
E-3
Country Cther
400 —
Direction Horizontal v 350 -
- ."_\I\
Ground Accsleration, ag/g 0.36 ] \
e — - k
Spectrum Type 1 = 200 -
15
Ground Type c il ®
Sol Factor, 5 12 | 50 4 i ., . | B B i |
0.0 1.0 20 30 40 50 0 70 5.0 0.0
1]
Spectrum Period, Tb 01 | sec
Spectrum Period, Te 0.5 sec
- = Function Points Plat Options
Spectrum Period, Td 2 sec )
Penod Acceleration (®) Linear X - Linsar Y
Lower Bound Factor, Bet 0.2 [ - [P - ~
ower Boun or, Beta . | T ~ E O Linear X -Log Y
Behavior Factor, g 32 0.0667 0.321 ~ )
01 0.1375 () Log X - Linear Y
0.5 0.3375 O) X - Y
0.75 0.225 ) Loy #-Log
1 0.1688
1.25 0,135
15 01125
1,75 v |10.0964 v
Convert to Uiser Defined i
0K Cancel

Second response spectrum is defined to satisfy the damage limitation requirement. It refers to a
seismic motion with reference return period of 95 years. According to BJIC EN 1998 — 1, 1. 2.1., the
structure shall be designed and constructed to withstand a seismic action having a larger probability
of occurrence than the design seismic action, without the occurrence of damage and the associated
limitations of use, the costs of which would be disproportionately high in comparison with the costs
of the structure itself.

Characteristics of the defined spectrum are calculated in detail and given in point Il of this thesis.
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Definition of the response spectrum for weak earthquake

|41 EuraCode 8 - 2004 Function Definitian
Function Damping Ratio
Function Name Response spectrum 35 Damping Ratio 10.05
Parameters Function Graph
E-3
Country Other =
180 -
Direction Horizontal N 140 —
28 \
; 120 \
Ground Acceleration, ag/g 10,144 A | '-\
Spectum Type 1 v 80 - \
8a - ',
Ground Type c il ~._x~“
Soil Factor, 5 1.2 e | ' | i I [ i i I |
0.0 10 2 30 40 B0 ] 1
0
Spectrum Perod, Th 0.1 | sec
Spectrum Period, Tc :U 5 seC
P Function Points Plot Options
Spectrum Perod, Td |« sec =
; : Perod Acceleration @ Linear X - Linear Y
e Seind foec S 2 (O
= 0.0333 0.1218 - A_YLilr & Lng ¥
Behavior Factor, g [3.2 0.0667 0.1284 .
01 0135 _) Log X - Linear ¥
05 0.135 () Log X-Log ¥
075 0.09 -
1 0.0675
1.25 0,054
1.5 0.045
1,75 ¥ |10,0386 v
Convert to Liser Defined -
OK Cancel

3.2. Definition of the spectral method for taking into account the accidental
eccentricity

After the definition of the response spectrum in the program it is defined Load Case SEISMIC, in
which the seismic action is defined for both of the main directions. Displacements at every point of
the structure should then be calculated combining the translational and rotational displacements using
CQC. Combination of the horizontal components of the seismic action should be done as a sum of the
squares (SRSS).

According to BJIC EN 1998 — 1, 1. 4.3.3.3.2., the response based on two vibration modes may be
considered independent if their vibration periods satisfy the following requirement:

T;<09.Ti, whenT; <T;

Modes with minimal difference between periods are considered. These are the vibration period of
first mode T1 = 4,16 s and the vibration period of second mode T, = 3,76 s.

T,<0,9.T1 — 3,76 <0,9.4,16 — 3,76 > 3,74 — Requirement is not satisfied and the use of more
precise methods is necessary! CQC is used to define the peaks!

Torsion effects due to accidental eccentricities of the mass of each elevation can be automatically
detected by the program ETABS.
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| #1 Eccentricities - Response Spectrum Analysis X

Default Eccentricty for Response Spectrum Analysis
Eccentricity Ratio (Applies to All Diaphragms Except those Overwritten Below) 07351

Overwrites at Specific Diaphragms

Story Diaphragm Eccentricity m)

Delete

OK Cancel

4. Load combination

4.1.Ultimate limit states

The inertial effects of the design seismic action shall be evaluated by taking into account the
presence of the masses associated with all gravity loads appearing in the following combination of
actions:

296, .Gki + 701 -Qk1 + 270, -w0,i.Qkl

Where:

ye,i = 1,35 — safety coefficient for dead loads;

yq,i = 1,50 — safety coefficient for live loads;

wo,i — combination coefficient, according to A1 ma EN 1990: 2002

For live loads in buildings category ,,B*“ —administration and office buildings: wo = 0,7
For wind loads: wo = 0,6

For snow loads of buildings, located below 1000m over sea level: yo = 0,5

For roof loads: yo = 0,7

4.1.1.When live load is the main load
ULS 1: 1,35.Gk + 1,5.Q + 1,5.Qro0f
ULS 2: 1,35.Gk + 1,5.Q + 1,5.Qr00f + 1,5.0,6.Wy
ULS 3: 1,35.Gk + 1,5.Q + 1,5.Qro0f + 1,5.0,6.Wy
ULS 4:1,35.Gx+1,5.Q +1,5.0,7.Qro0t + 1,5.0,6.Wy + 1,5.0,5.S
ULS 5: 1,35.G¢ + 1,5.Q + 1,5.0,7.Qroof + 1,5.0,6.Wy + 1,5.0,5.S
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4.1.2.When wind load is the main load
ULS 6: 1,35.Gk + 1,5.Wy + 1,5.0,7.Q + 1,5.0,7.Qroof
ULS 7:1,35.Gk +1,5Wy + 1,5.0,7.Q + 1,5.0,7.Qroof
ULS 8:1,35.Gx + 1,5.Wx +1,5.0,7.Q + 1,5.0,7.Qroof + 1,5.0,5.S
ULS9:1,35.Gk+1,5Wy +15.0,7.Q + 1,5.0,7.Qroof + 1,5.0,5.S

Combination with snow load as main load is less likely to occur, than a combination with extreme
live load as a leading load. This is why it won’t be considered.

4.2. Accidental design situation
2Gy,i + Aed + 22, Qi
Where:

w2, — combination coefficient, according to A1 of EN 1990: 2002

For live loads in buildings category ,,B*“ — administration and office buildings: w2 = 0,3
For wind loads: w2 =0

For snow loads of buildings, located below 1000m over sea level: w2 =0

For roof loads at operating roofs: w2 = 0,3

Defined combination in ETABS - Accidental: G + SEISMIC + 0,3.Q + 0,3.Qroof

4.3.Serviceability limit states

4.3.1. Characteristic combination
2Gk,1 + Q1+ Zwo,i.Qxii
SLS 1: Gk + Qk + Qroof
SLS 2: Gk + Qk+ Qroof +0,6.Wx
SLS 3: Gk + Qk+ Qroof +0,6.Wy
SLS 4: Gk + Qk + Qroof +0,6.Wx + 0,5.S
SLS 5: Gk + Qk + Qroof +0,6.Wy + 0,5.S
SLS 6: Gk + Wx + 0,7.Qx + 0,7.Qroof
SLS 7: Gk + Wy+ 0,7.Qk + 0,7.Qroof
SLS 8: Gk + Wx+ 0,7.Qx+ 0,7.Qroof + 0,5.S
SLS 9: Gk + Wy+ 0,7.Qx+ 0,7.Qroor + 0,5.S

4.3.2. Frequent combination

2Gk,1 + w1,1.Qk1+ 2w2,i.Qxi

Bxepe:
w1,i - combination coefficient, according to A1 mva EN 1990: 2002
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For live loads in buildings category ,,.B“: w1 = 0,5
For wind loads: w1 = 0,2
or snow loads of buildings, located below 1000m over sea level: w1 = 0,2

For roof loads at operating roofs: w1 = 0,5

SLS 10: Gk + 0,5.Qk + 0,5.Qroof
SLS 11: Gk + 0,2.Wx + 0,3.Qk + 0,3.Qroof
SLS 12: Gk + 0,2.Wy+ 0,3.Qk + 0,3.Qroof

4.3.3. Quasi-permanent combination
2Gki + Zy2,i. Qi
SLS 13: Gk + 0,3.Qx + 0,3.Qroof

5. Limitation of interstorey drifts

According to BJIC EN 1998 — 1, 1. 4.4.3.2., for buildings having non-structural elements fixed in
a way so as not to interfere with structural deformations, or without non-structural elements:

dr.v <0,01.h

where:

dr — design interstorey drift;
h — storey height;

v = 0,4 —is the reduction factor which takes into account the lower return period of the seismic
action associated with the damage limitation requirement. The given value is for importance classes |
and II;

dr = ds,j — ds,i
ds = qa.de

While modeling the structure is defined response spectrum for seismic motion with reference
return period of 95 years, so it won’t be necessary a reduction of the analysis results with the
reduction factor v.

In ETABS there is a function, which gives results for interstorey drifts like ratio of di/h. The
results are given in the following table:
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Interstorey drifts check
\Em. npemecmeanus Mesrtcdyem. npemecmeanus IlIposepxa | Ilposepka
Emaye \Koma |0 g = 50TV Bir | (d,h) | (do/h) [@./h) | @, /) | %7™ | X-Dir | Y-Dir
[m] [[m]]| [mm] | [mm] [] [] [] [] [] [l []
Story PP| 160,6 | 2 1841 240,6 | 0,0003 | 0,0006 |0,0011|0,0020 | 0,01 v v
Story P3| 158,6 | 3,5 | 1835 239,3 | 0,0006 | 0,0006 |0,0021|0,0019 | 0,01 v v
StoryP2| 1551 | 35| 1814 237,4 |0,0008 | 0,0007 | 0,0025 | 0,0023 | 0,01 v 4
StoryP1| 1516 | 7,7 | 1789 235,3 |0,0009 | 0,0009 | 0,0030 | 0,0030 | 0,01 v 4
Story31'| 1439 |28 | 1724 228,2 | 0,0006 | 0,0007 | 0,0020 | 0,0023 | 0,01 v 4
Story31 | 1411 | 5 170,8 226,2 | 0,0006 | 0,0008 |0,0020| 0,0027 | 0,01 v v
Story30' | 136,1 | 4,2 | 168,0 222,4 |0,0009 | 0,0010 |0,0028 | 0,0031 | 0,01 v v
Story30 | 131,9 | 4,2 | 164,7 218,6 |0,0010|0,0011 |0,0033|0,0035| 0,01 v v
Story29 | 127,7| 4,2 | 160,9 2144 |0,0011 | 0,0012 | 0,0037 | 0,0038 | 0,01 4 4
Story28 | 1235| 4,2 | 156,7 209,7 |0,0012 | 0,0012 | 0,0038 | 0,0040 | 0,01 v 4
Story27 | 119,3 | 4,2 | 152,3 2049 |0,0012 | 0,0013 |0,0039 | 0,0041 | 0,01 v 4
Story26 | 1151 | 4,2 | 1478 199,9 | 0,0013 | 0,0014 |0,0041 | 0,0043 | 0,01 v v
Story25 | 110,9 | 4,2 | 1429 1946 |0,0013 | 0,0014 |0,0043|0,0046 | 0,01 v v
Story24 | 106,7 | 4,2 | 137,8 188,9 | 0,0014 | 0,0015 | 0,0045| 0,0048 | 0,01 v v
Story23 | 102,5| 4,2 | 1325 183,0 |0,0014 | 0,0016 | 0,0046| 0,0050 | 0,01 4 v
Story22 | 98,3 | 42| 127,0 176,8 |0,0014 | 0,0016 | 0,0046| 0,0053 | 0,01 v v
Story21 | 941 | 5 1214 170,3 |0,0014 | 0,0017 | 0,0044 | 0,0056 | 0,01 v 4
Story20 | 89,1 | 4,2 | 1151 162,1 |0,0015 | 0,0017 | 0,0048| 0,0055 | 0,01 v v
Storyl9 | 849 | 4,2 | 109,2 155,2 | 0,0015 | 0,0017 | 0,0048 | 0,0054 | 0,01 v v
Storyl8 | 80,7 | 4,2 | 103,3 148,5 |0,0014 | 0,0017 | 0,0046 | 0,0053 | 0,01 v v
Storyl7 | 76,5 | 4,2 97,7 141,7 |0,0014 | 0,0017 | 0,0044 | 0,0054 | 0,01 v v
Storyl6 | 72,3 | 4,2 92,2 134,9 |0,0014 | 0,0017 | 0,0044|0,0055 | 0,01 v v
Storyl5 | 68,1 | 4,2 86,7 127,9 |0,0014 | 0,0017 | 0,0045| 0,0056 | 0,01 v v
Storyl4 | 63,9 | 4,2 81,1 120,7 |0,0014 | 0,0018 | 0,0046 | 0,0057 | 0,01 v 4
Storyl3 | 59,7 | 4,2 75,4 113,4 |0,0014 | 0,0018 | 0,0046 | 0,0058 | 0,01 v v
Storyl2 | 555 | 4,2 69,6 105,9 |0,0015 | 0,0018 |0,0047 | 0,0059 | 0,01 v v
Storyll | 51,3 | 4,2 63,8 98,3 |0,0015 | 0,0019 |0,0047 | 0,0060 | 0,01 v v
Storyl0 | 47,1 | 4,2 57,9 90,6 |0,0014 | 0,0019 |0,0046 | 0,0060 | 0,01 v v
Story9 | 42,9 | 4.2 52,1 82,9 |0,0013|0,0019 |0,0042 | 0,0059 | 0,01 v 4
Story8 | 38,7 | 5 46,9 75,1 |0,0012 | 0,0019 | 0,0038 | 0,0061 | 0,01 v 4
Story7 | 33,7 | 5 41,2 65,6 |0,0013|0,0020 |0,0041|0,0065 | 0,01 v v
Story6 | 28,7 | 55 34,9 55,5 10,0013 | 0,0021 | 0,0043| 0,0069 | 0,01 v v
Story5 | 23,2 | 55 27,6 43,7 10,0013 | 0,0022 |0,0043| 0,0069 | 0,01 v v
Story4 | 17,7 | 55 20,3 31,8 |0,0013 | 0,0021 | 0,0043 | 0,0068 | 0,01 4 v
Story3 | 12,2 | 55 12,9 20,0 |0,0013 | 0,0020 |0,0041 | 0,0065 | 0,01 v 4
Story?2 6,7 | 6,7 58 8,9 0,0009 | 0,0014 | 0,0029 | 0,0044 | 0,01 4 v
6. P-A effects

According to BZIC EN 1998 — 1, 1. 4.4.3., second-order effects (P-A). effects) need not be taken
into account if the following condition is fulfilled in all storeys:

0= Pioc-dy <0,1

Veor-her —
where:
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Pt — is the total gravity load at and above the storey considered in the seismic design situation;
Vot — total seismic storey shear;
hem — interstorey height;

dr — is the interstorey drift, evaluated as the difference of the average lateral displacements ds at
the top and bottom of the storey under consideration;

To define the P-A effects are used the interstorey drifts, due to seismic motion with reference
return period of 475 years.

Drifts are calculated for the center of mass of each elevation.

Storey forces are calculated automatically by the program.

Omnocumennu

\% X.tot \ Y tot P ot 0 0 y 0iim [Iposepka

npemecmeanus (q.d . /h)
[kN] [kN] [kN] h[m] | x-dir y-dir [-] [-] [-] [-]
Story PP | 167 136 864 160,6 | 0,0062 | 0,0061 | 0,03 | 0,04 | 0,10
Story P3 | 923 716 4695 158,6 | 0,0056 | 0,0049 | 0,03 | 0,03 | 0,10
Story P2 | 1789 1397 9096 155,1 | 0,0059 | 0,0085 | 0,03 | 0,06 | 0,10
Story P1 | 2559 2024 13300 1516 | 0,0059 | 0,0076 | 0,03 | 0,06 | 0,10
Story31' | 3597 2939 20298 1439 | 0,0046 | 0,0117 | 0,03 | 0,08 | 0,10
Story31 | 5395 4564 33239 1411 | 0,0045 | 0,0046 | 0,03 | 0,03 | 0,10
Story30' | 7400 6390 49467 136,1 | 0,0055 | 0,0050 | 0,04 | 0,04 | 0,10
Story30 | 8947 7833 64157 131,9 | 0,0062 | 0,0058 | 0,04 | 0,05 | 0,10
Story29 | 10293 | 9132 78847 127,7 | 0,0067 | 0,0062 | 0,05 | 0,056 | 0,10
Story28 | 11468 | 10308 93538 12355 | 0,0071 | 0,0066 | 0,06 | 0,06 | 0,10
Story27 | 12513 | 11387 | 108228 | 119,3 | 0,0075 | 0,0070 | 0,06 | 0,07 | 0,10
Story26 | 13469 | 12396 | 122918 | 115,1 | 0,0079 | 0,0075 | 0,07 | 0,07 | 0,10
Story25 | 14370 | 13355 | 137608 | 110,9 | 0,0082 | 0,0078 | 0,08 | 0,08 | 0,10
Story24 | 15235 | 14277 | 152298 | 106,7 | 0,0085 | 0,0082 | 0,09 | 0,09 | 0,10
Story23 | 16071 | 15163 | 166989 | 102,55 | 0,0088 | 0,0085 | 0,09 | 0,09 | 0,10
Story22 | 16875 | 16010 | 181679 | 98,3 0,0088 | 0,0090 | 0,09 | 0,10 | 0,10
Story21 | 17660 | 16827 | 196939 | 94,1 0,0085 | 0,0097 | 0,09 | 0,11 | 0,10
Story20 | 18390 | 17568 | 211629 | 89,1 0,0092 | 0,0096 | 0,11 | 0,12 | 0,10
Storyl9 | 19066 | 18252 | 226319 | 84,9 0,0097 | 0,0098 | 0,11 | 0,12 | 0,10
Storyl8 | 19707 | 18905 | 241009 | 80,7 0,0096 | 0,0101 | 0,22 | 0,13 | 0,10
Storyl7 | 20335 | 19548 | 255799 | 76,5 0,0093 | 0,0102 | 0,22 | 0,13 | 0,10
Storyl6 | 20959 | 20185 | 270588 | 72,3 0,0094 | 0,0104 | 0,12 | 0,24 | 0,10
Storyl5 | 21584 | 20823 | 285378 | 68,1 0,0094 | 0,0106 | 0,12 | 0,15 | 0,10
Storyl4 | 22205 | 21458 | 300167 | 63,9 0,0095 | 0,0108 | 0,13 | 0,15 | 0,10
Storyl3 | 22812 | 22080 | 314957 | 59,7 0,0096 | 0,0109 | 0,13 | 0,16 | 0,10
Storyl2 | 23388 | 22676 | 329746 | 55,5 0,0096 | 0,0110 | 0,24 | 0,16 | 0,10
Storyll | 23920 | 23235 | 344536 | 51,3 0,0096 | 0,0110 | 0,24 | 0,16 | 0,10
Storyl0 | 24400 | 23748 | 359325 | 47,1 0,0094 | 0,0112 | 0,24 | 0,17 | 0,10

Story9 | 24828 | 24218 | 374115 | 429 0,0086 | 0,0126 | 0,13 | 0,19 | 0,10

Story8 | 23493 | 21017 | 388971 | 38,7 0,0047 | 0,0109 | 0,08 | 0,20 | 0,10

Story7 | 25601 | 24641 | 428500 | 33,7 0,0080 | 0,0115 | 0,23 | 0,20 | 0,10

Story6 | 27509 | 26509 | 462094 | 28,7 0,0078 | 0,0108 | 0,13 | 0,19 | 0,10

Story5 | 28708 | 27477 | 495881 | 23,2 0,0079 | 0,0098 | 0,24 | 0,18 | 0,10

Story4 | 29851 | 28382 | 530059 17,7 0,0079 | 0,0077 | 0,24 | 0,14 | 0,10

Story3 | 30754 | 29090 | 564236 12,2 0,0079 | 0,0075 | 0,24 | 0,15 | 0,10

Story2 | 31264 | 29494 | 599084 6,7 0,0066 | 0,0064 | 0,13 | 0,13 | 0,10

Emaoic

ARSI A A A AR A A A A S ANENANENEANANANANEANEANANANENENENAN

After analyzing the results form calculations according to 5/IC EN 1998-1, it is clear that second-
order effects should be taken into account.
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Due to the complexity of the structure, its behavior was studied by "buckling analysis”, which
shows values of the coefficient acr > 10, i.e. the so-called "10% criterion™ is satisfied.

acr > For/F > 10 — requirement for not taking the p-A effects into consideration;
Fer — critical load of the construction in elastic stage;

F — design value of the vertical load on the construction;

Despite these results, second order effects are taken into account in the analysis model of the
building in ETABS. Comparing the results from different analysis with and without P-A effects,
taken into account, slight differences in the values of the inner forces are obtained.
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7. Nonlinear analysis —- PUSHOVER ANALYSIS

For the approximate examination of the behavior of the structure in the plastic stage it is designed
in the basis of a nonlinear analysis or Pushover-analysis, which aims to predict the sequence of
formation of plastic hinges and redistribution of forces between the MRF and EBF-systems, The
analysis is performed after applying vertical loads from the seismic combination and monotonically
increasing horizontal load imitating floor seismic forces. Seismic motion is examined in direction
parallel to X-direction.

The results of this analysis are to serve as a landmark, as the structure is multi-storey and has a
high vibration period for the first mode. Even if the structure has fully elastic, higher modal forms
have a significant contribution to the dynamic response. However, non-linear static analysis, although
approximate, can provide additional valuable information on the development of plastic hinges in
dissipative elements and on the verification of plastic rotations in link elements of the EBFs.

Advantages and disadvantages of the nonlinear analysis are discussed in detail in the research of
Helmut Krawinkler u G.D.P.K. Seneviratna “Pros and Cons of a pushover analysis of seismic
performance evaluation”, Engineering Structures, vo. 20, 4-6, 1998.

Two nonlinear analyzes of the structure were made. The first aims to test whether the link
elements of the EBF, which are part of the dual system for resisting seismic motion, will work only in
the elastic stage when earthquake with a reference return period of 95y occurs. The second nonlinear
analysis monitors the formation of plastic hinges in the link elements of the EBFs and in the ends of
the beams in MRFs. The calculated plastic rotations of the link elements are compared with the
rotational capacity prescribed in Eurocode 8 for "short" links.

For this purpose, plastic hinges for bending moment M3 are defined in the zones of the link
elements and at the ends of the beams, which are part of the MRFs. The “bending moment — rotation”
diagrams for plastic hinges are generated automatically by the program according to the defined cross
sections in accordance with American standards ASCE 41-13. It should be noted that the plastic
hinges at the ends of the link elements are defined by the bending resistance capacity in the plastic
stage, which is a derivative of the shear capacity of the link element in the plastic stage. This
simulates the exceeding of shear yield strenght of the link elements.

The distribution of the floor seismic forces along the height of the building is obtained by the
floor shear forces determined by the spectral method. The model is loaded with normalized values of
these horizontal forces applied in the center of masses on each floor level.

The first nonlinear load case is defined, including vertical loads and dead loads. It serves as the
initial load case preceding the Pushover - the analysis of horizontal forces.

For the purposes of Pushover analysis, there is a target displacement of the roof level
(Displacement control) set, which is determined by spectral method. Alternatively, the target
displacement can be determined by the procedure “Displacement coefficient method” by FEMA 356.

7.1.Serviceability limit state check

Static nonlinear analysis verifies that the “link” elements operate in the elastic stage during a
target displacement determined by spectral analysis for an earthquake with a reference return period
of 95 years
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Displacements from “weak” earthquake (Modal response spectrum analysis):
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It is defined a target displacement of 250 mm while defining the nonlinear analysis!
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Displacements as a result of the nonlinear analysis:
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From the presented deformed scheme it is clear that when reaching the limit displacement
obtained by the spectral method, no plastic deformations are observed and the elements work in the
elastic stage. This result satisfies the requirement to limit the damage from the defined earthquake
with a reference return period of 95 years.

This is also proved by the following graphic, which shows the behavior of the most loaded
seismic connecting element (floor 2). It can be seen that the element works in an elastic stage and
does not yield until the target displacement is achieved.
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E+3 Hinge Response - B718H73 (Auto M3)
32- |
Legend

P - Hinge Response
248 - | B i Backbone

057 -

~ Moment M3, kN-m
g

187 -

-324 = i ' ] ' ! i ] ] ' L] I
155 -124 42 0 28 0.4 35 &7 99 131 163E3

Plastic Rotation, rad
Max: (0010507, 2658 104611} Min: (0,010507, -2698)

., Force-displacement ““ curve (shows the behavior of plastic hinges)

T. A — HaYaJIHO CBbCTOSHUC,

T. B — Hauano Ha ImIacTUYHU ILC(I)OpMaL[I/II/I;

Force

T.C — IrpaHHYHa HOCI/IMOCHOCO6HOCT;

T. D — ocTaTh4Ha HOCHUMOCIIOCOOHOCT;

Displacement T. E — pa3pyiiaBaHe Ha €JIeMEHTa;

Figure 41
The A-B-C-D- Force vs. Displacement
The same type of ¢ weved fiar M

7.2.Maximal plastic rotation in link elements

With the second Pushover analysis plastic deformations as a result of the “strong” earthquake -
with a reference return period of 475 years, could be observed.

In the response spectrum analysis, a coefficient of behavior g = 3.2 was adopted. The horizontal
displacements obtained from the program are underestimated. The target displacement of the structure
at roof level can be obtained approximately by multiplying the displacement from response spectrum
analysis by the behavior factor:

Apl = q Ael .

As reference is used the horizontal displacement of the highest point of the structure. Node 37 with
displacement Ui = 423,6 mm. is considered.

The target displacement defined in the non linear analysis is:

Api = 3,2.423,6 = 1355 mm
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Results for the peak displacement (response spectrum analysis):
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Results from the nonlinear analysis of the sructure:

1
\

/1

3

/]
3

® 9
[\

/)

+

[+ -} o ::\: o o l/cl t <} [.e] c:\: (<]

In the last step of the analysis beginning of yielding is observed, both in the link elements and in
the ends of the beams of the MRFs. At this stage, yielding should only be observed in the active link
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element, as EBFs are the main system for resisting seismic impact and MRFs are a secondary system.
This may be a result of inaccurate definition of plastic hinges in the model, because the program
generates "automatic™ plastic hinges with unrealistically low rotational capacity compared to the
available capacity for "short™ link elements. Also this could be a result of the redistribution of inner
forces that occurs after reaching the "residual load bearing capacity"” of these hinges. The depletion of
the rotational capacity and the decrease of the load bearing capacity in the plastic hinges of the link
elements leads to an earlier transfer of part of the seismic forces from the EBFs to the MRFs in the
dual system.

TABLE: Hinge States

Load Assigned | Generated | Relative | M3 | R3 Plastic | Hinge | Hinge
Case/Combo | Hinged Hinge |Distance | kN-m rad State | Status
Storyll |Pushover Max| Auto M3 | B722H55 0,1 1176 0,0006 |BtoC |AtolO
Storyll |Pushover Min | Auto M3 | B722H56 0,9 -1197 -0,0013 |AtoB|At0 IO
Story1l0 |Pushover Max| Auto M3 | B718H57 0,1 1190 0,0014 |BtoC |AtolO
Story10 |Pushover Min | Auto M3 | B718H58 0,9 -1177 -0,0009 |AtoB|At0IO
Story1l0 |Pushover Max| Auto M3 | B722H57 0,1 1252 0,0029 |BtoC |AtolO
Story10 | Pushover Min | Auto M3 | B722H58 0,9 -1274 -0,0037 |AtoB|At0 IO
Story9 |Pushover Max| Auto M3 | B718H59 0,1 1169 0,0005 |BtoC |AtolO
Story9 | Pushover Min | Auto M3 | B718H60 0,9 -1046 0 AtoB |[Ato 1O
Story9 |Pushover Max| Auto M3 | B722H59 0,1 1198 0,0015 |BtoC |AtolO
Story9 | Pushover Min| Auto M3 | B722H60 0,9 -1242 | -0,0027 |AtoB |AtolO

Story

Story8 |Pushover Max| Auto M3 | B718H61 0,1 865 0 AtoB |[Ato 1O
Story8 | Pushover Min | Auto M3 | B718H62 0,9 -587 0 AtoB |Ato IO
Story8 |Pushover Max| Auto M3 | B722H61 0,1 722 0 AtoB |Ato IO
Story8 | Pushover Min | Auto M3 | B722H62 0,9 -1135 0 AtoB |Ato 1O
Story7 |Pushover Max| Auto M3 | B718H63 0,1 1079 0 AtoB |Ato IO

Story7 | Pushover Min| Auto M3 | B718H64 0,9 -1175 -0,0009 |[AtoB |AtolO
Story7 |Pushover Max| Auto M3 | B722H63 0,1 1269 0,0037 |BtoC |AtolO
Story7 | Pushover Min | Auto M3 | B722H64 0,9 -1262 -0,0032 |AtoB |AtolO
Story6 |Pushover Max| Auto M3 | B718H65 0,1 1288 0,0040 |BtoC |AtolO
Story6 | Pushover Min | Auto M3 | B718H66 0,9 -1263 -0,0035 [AtoB |AtolO
Story6 |Pushover Max| Auto M3 | B722H65 0,1 1382 0,0067 |BtoC|AtolO
Story6 | Pushover Min | Auto M3 | B722H66 0,9 -1365 -0,0062 |AtoB |AtolO
Story5 |Pushover Max| Auto M3 | B718H67 0,1 2116 0,0001 |BtoC|AtolO
Story5 | Pushover Min | Auto M3 | B718H68 0,9 -1665 0 AtoB |Ato IO
Story5 |Pushover Max| Auto M3 | B722H67 0,1 2137 0,0006 |BtoC|AtolO
Story5 | Pushover Min | Auto M3 | B722H68 0,9 -2178 -0,0012 |[AtoB |AtolO
Story4 |Pushover Max| Auto M3 | B718H69 0,1 2255 0,0024 |BtoC |AtolO
Story4 | Pushover Min | Auto M3 | B718H70 0,9 -2169 -0,0008 |AtoB |AtolO
Story4 |Pushover Max| Auto M3 | B722H69 0,1 1960 0 AtoB [Ato IO
Story4 | Pushover Min | Auto M3 | B722H70 0,9 -2169 -0,0010 [AtoB |AtolO
Story3 |Pushover Max| Auto M3 | B718H71 0,1 2510 0,0072 |BtoC |AtolO
Story3 | Pushover Min | Auto M3 | B718H72 0,9 -2401 -0,0055 |[AtoB |AtolO
Story3 |Pushover Max| Auto M3 | B722H71 0,1 2350 0,0045 |BtoC |AtolO
Story3 | Pushover Min | Auto M3 | B722H72 0,9 -2383 -0,0050 [AtoB |AtolO
Story2 |Pushover Max| Auto M3 | B718H73 0,1 2693 0,0104 |CtoD |AtolO
Story2 | Pushover Min| Auto M3 | B718H74 0,9 -2565 -0,0083 |AtoB |AtolO
Story2 |Pushover Max| Auto M3 | B722H73 0,1 2472 0,0064 |BtoC|AtolO
Story2 | Pushover Min | Auto M3 | B722H74 0,9 -2526 -0,0075 |AtoB |AtolO
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The deformations (angle of plastic rotation) . . &
in the active link elements, in which plastic
deformations occurred before the considered
control displacement, were studied.

It can be seen that the value of the plastic
rotation in the most loaded link element does not
exceed the allowable one.

Omax = 0,0104 rad < @p = 0,08 rad

A I

The given value for Omax refers to plastic
hinge B718H73, generated in link element with cross section HE550B at floor 2. Its behavior is
presented graphically.

Hinge Response - B718HT73 (Auto M3} - Graph - jm] *
E+3 Hinge Response - B718H73 (Auto M3)
3.40 -
Legend
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2,60 - ——— Backbone
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-20.9 -169 -129 -89 49 -09 32 72 1.2 152 192E-3 |
Plastic Rotation, rad
Max: (0.010507, 2698,104611); Min: (-0,010507, -2658)

Plastic deformation curve

T. A — HAYajJHO CbCTOSIHHUE,

T. B — Havano Ha ruiacTuyHM eopMalnu;

Force

T. C — TpaHUYHa HOCUMOCTIOCOOHOCT;

. D — ocTaTpuHa HOCHMOCIIOCOOHOCT;

-

Displacement

=

.E— paspylniaBaHC Ha CIICMCHTA,

Figure 41
The A-B-C-D- g
The same type of cur

Hpe[[CTaBeHI/I Ca OTHOCHUTEIIHUTE CTOMHOCTH Ha Or'bBaIllMs MOMEHT B IJJaCTUYHATa CTaBa 3a
Pa3IUYHUTE TOYKHU. Karto 6a3oBa cTOHHOCT ce 3ajara HOCHMOCIIOCOOHOCT Ha OI'bBaHE B IJIACTHYEH
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ctaauii (Mp,link), KOSTO € TPOU3BOHA HA HOCUMOCIIOCOOHOCTTA Ha CPsi3BaHE HA ChbOTBETHUS JIMHK-
eyieMeHT B tutactiueH cragauid (Vp link).

The relative values of the bending moment in the plastic hinge for different points are presented.
The basic value is the bending resistance in the plastic stage (Mp, link), which is a derivative of the
shear resistance of the link element in the plastic stage (Vp, link).

Point Moment/SF Rotation/SF

-06 -1
o1 06 -9
le .27 | 9

127
“" "#-:. 06

QT - Immediate Occupancy
. -""""- Life Safety

- Collapse Prevention

IO — Immediate occupancy level
IS - Life Safety level

CP - Collapse Prevention
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V. Design of the elements from frame parallel to axis ,,C”
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1. Elements of EBF 4

Results received from the analysis show values of the inner forces as a result of design seismic
combination. For the purposes of capacitive design, the forces of this combination are divided into
seismic forces and forces, due to vertical (non-seismic) loads, which are involved in the seismic
combination Accidental.

4.3. Active link elements — L4
1.1.1. Design checks

The selected cross sections should have load bearing resistance, according to the following
conditions:

Ned/Npird < 0,15 — If not satisfied, reduced shear and bending resistance is defined!
VEd < Vp, link

Med < Mp, tink

> Shear resistance

Vp, link = (fy/\/g)tw(d - tf)

» Bending resistance
Mp' link = fy.b.tf (d — tf)

1.1.2. Classification of the link elements according to their length

Short link elements are designed. They dissipate energy by shear yielding. Length og the link
elements shall be limited to: e <es

es = 1,6.Mp,jink/Vp,link

1.1.3. Global dissipative behavior requirement

According to BJIC EN 1998 — 1, T. 6.8.2., to guarantee global dissipative behavior of the
structure, the values Q; should not exceed the minimal value of the resistance reserve Qmin more than
25%.

Qmin = min{min(Qiv); min(Qim)}

Qiv=1,5.(Vp, iink, i/ Ved, i)

Qim=1,5.(Mp, tink, i’MEd, i)

In order to be satisfied the presented above, the following condition should be satisfied:

Qmax/Qmin < 1,25
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1.1.4. Angle of rotation

Another important criteria while designing the EBFs is
limitation of the plastic rotation. In order to be defined the
angle of rotation, nonlinear analysis, observing the behavior
of the construction in plastic stage is necessary. In the
current thesis results of the nonlinear analysis wont be
consider in order to increase safety. This is why the angle of
rotation will be calculated on the bases of geometry and
using the interstorey drifts. The following formula is used:

=

_ AL
O = He

!
Where:

L=6,40m

A = k.q.dr,i — relative interstorey drift in elasto-plastic
stage;

k — coefficient, showing the ratio of deformations in plastic and deformations in elasto-plastic
stage. According to ASCE-7-16:

k =cd/R =4/8 =0,5-3a EBF

k =c¢/R =5,5/8 = 0,7 — 3a MRF

— It’s assumed value of k, reffering to MRF: k = 0,7

h = h; — interstorey height;

e — length of the ,,link”- element;

L = 6,40 m — span of the EBF,;

0, < 6pr = 0,08 rad — restriction for short active link elements;
q.0r,1max/ni = 0,0144

Opmax = 222022 = 0,06 rad < G = 0,08 rad

1.1.5. Cross-section characteristics

Xagakmepucmuku HA HanpeuYHomo ceuenue

LINK - HE550B
Alecm?]  |b[mm] tw[mm] [tf[mm] |d[mm] |Fy[kN/cm2]
254,1 300 15 29 550 355

LINK - HES00A
Alcm?] |b[mm] tw[mm] [tf[mm] |d[mm] |Fy[kN/cm2]
1975 300 12 23 490 35,5

LINK - HE400A
Alecm?]  |b[mm] tw[mm] |tf[mm] |d[mm] |Fy[kN/cm2]

159 300 11 19 390 35,5

LINK - HE360B

Alem?1  |b[mm] tw[mm] [tf[mm] |d[mm] |Fy[kN/cm2]
180,6 300 12,5 22,5 360 35,5

LINK -HE300A

Alcm?] |b[mm] tw[mm] |tf[mm] |d[mm] |Fy[kN/cm2]
1125 300 8,5 14 290 35,5

LINK - HE240A

Alcm?]  |b[mm] tw[mm] [tf[mm] |d[mm] |Fy[kN/cm2]
76,8 240 7,5 12 230 35,5
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1.1.6. Presentation of the design results

Opasmepssane Ha ceusmMuUdHUmMeE cebp3sauiyu eaemumu 6 pavka no oc ""'C"

Eram Hanp. | Kaac | Ngg | Ved | Meq | Nra |Virink| Mpiink | Nea Vea | Mgay | e | egyim| @ | 0

ceuenne |cromana| [KN] | [kN] | [kNm]| [kN] | [kN] | [kKNm] | Nra | Voiink | Mpiink | [m] | [m] | - [[rad]
Er. 31 |[HE300A| S355 108 | 391 | 191 |3804| 481 | 412 | 0,03 | 0,81 0,46 |1,30| 1,37 (1,85(0,02
Et. 30' g S275 115 | 243 | 109 [2011| 260 173 | 0,06 | 0,93 0,63 (1,00| 1,06 {1,60(0,02
Er. 30 N S355 20 | 273 | 132 |2597| 335 223 (0,01 | 081 0,59 |1,00| 1,06 (1,84(0,03
ET. 29 I:'Il:J S355 27 | 334 | 163 |2597| 335 | 223 |0,01| 1,00 0,73 | 0,85 | 1,06 {1,51|0,03
Er. 28 S355 16 | 390 | 192 (3804| 481 | 412 | 0,00 | 0,81 047 (085 1,37 {1,85(0,03
Er. 27 [HE300A| S355 14 | 442 | 218 [3804| 481 | 412 |0,00| 0,92 0,53 |0,85| 1,37 [1,63(0,04
Er. 26 S355 13 | 481 | 244 |3804| 481 | 412 | 0,00 | 1,00 0,59 |0,85| 1,37 (1,50|0,04
Er. 25 S275 12 | 540 | 269 (6106| 670 626 | 0,00 | 0,81 0,43 |0,85| 1,50 [1,86(0,04
Er. 24 g S275 11 | 588 | 294 [6106| 670 626 | 0,00 | 0,88 0,47 |085| 1,50 (1,71(0,04
Er. 23 ﬁ S355 13 | 629 | 313 [6106| 670 809 | 0,00 | 0,94 0,39 | 0,85 1,93 [1,60(0,04
ET. 22 T S275 59 | 624 | 307 |6106| 670 | 626 |0,01| 0,93 0,49 |0,85| 1,50 (1,61|0,05
Er. 21 S275 130 | 574 | 303 |6106| 670 626 | 0,02 | 0,86 0,48 |0,85| 1,50 [1,75(0,05
Er. 20 S355 | 163 | 691 | 357 |5376| 836 | 751 | 0,03| 0,83 0,48 |0,85| 1,44 (1,82|0,05
Er. 19 S355 13 | 784 | 396 [5376| 836 751 | 0,00 | 0,94 0,53 | 0,85 | 1,44 [1,60(0,05
Er. 18 < S355 48 | 755 | 371 |5376| 836 751 [0,01| 0,90 049 (085 1,44 |1,66(0,05
Er. 17 = S355 27 | 709 | 348 |5376| 836 751 (0,00 | 0,85 0,46 | 0,85 | 1,44 (1,77(0,05
Er. 16 E S355 9 726 | 364 |5376| 836 751 |0,00 | 0,87 048 (085 1,44 |1,73(0,06
Er. 15 = S355 8 762 | 384 |5376| 836 751 (0,00 | 091 051 (085 1,44 |1,65(0,06
Er. 14 S355 8 804 | 408 |5376| 836 751 (0,00 | 0,96 054 (085 1,44 |1,56(0,06
Er. 13 S355 7 833 | 432 |5376| 836 751 [0,00 | 1,00 0,58 | 085 1,44 (1,51(0,06
ET. 12 « S275 6 | 893 | 457 [5173| 890 | 886 | 0,00 | 1,00 0,52 |0,85| 1,59 (1,49|0,06
ET. 11 = S355 7 | 936 | 481 (6677|1149 | 1144 | 0,00 | 0,82 0,42 |0,85| 1,59 (1,84|0,06
Er. 10 E S355 8 964 | 495 (6677|1149 | 1144 | 0,00 | 0,84 043 (085 1,59 [1,79(0,06
ET. 9 = S275 69 | 898 | 447 |5173| 890 | 886 |0,01| 1,01 0,50 | 0,85 1,59 (1,49|0,06
Et.8 |HE400A| S355 148 | 823 | 387 |5376| 836 751 |0,03| 0,98 0,52 [ 085| 1,44 (152(0,06
Et. 7 HE500A S355 | 159 | 1037 | 529 |6677|1149| 1144 | 0,02 | 0,90 0,46 |0,85| 1,59 (1,66|0,06
ET. 6 S355 10 |1150| 595 |6677|1149| 1144 | 0,00 | 1,00 0,52 |0,85| 1,59 (1,50|0,06
E1. 5 - S275 32 | 1227 | 668 |6655|1241 | 1246 | 0,00 | 0,99 0,54 | 085 1,61 [1,52(0,06
ET. 4 = S355 19 [1339| 739 |8591|1602| 1609 | 0,00 | 0,84 | 046 |0,85| 1,61 (1,79|0,06
Er. 3 g S355 53 | 1488 | 818 |8591|1602| 1609 | 0,01 | 0,93 0,51 [{085| 1,61 [1,61(0,06
Er. 2 S355 248 | 1532 | 812 [8591| 1602 | 1609 | 0,03 | 0,96 050 (085 1,61 |{1,57(0,05

Design inner forces for link elements are a result of Accidental combination. The following

Sh

gar V2

Moment M3

Max = 1532,4022 kN

Min = -1149 7248 kN

Max = 487 0386 kN-m

Min = -811,7886 kN-m

graphic presents diagrams of the shear forces and bending moments in the active link element, as a
result of the analysis of the structure. In this case are given the results for s link element located on
the second floor level.
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In order to satisfy the requirements given in point 1.1.3.,and also to reduce the number of
different sections, there are two steel classes selected for the design of link elements: S275J2 u
S355J2.

In order to guarantee the plastic hinge formation within the link element and to avoid resizing the
other elements of the EBF, which are operating in the elastic stage, cross sections are chosen in order
to minimize the load bearing capacity.

Qmin = 1,50; Qmax=1,86 — Qmax/Omin = 1,86/1,50 = 1,25 — The requirement placed in point
1.1.3. is satisfied! Link elements till floor 31 are considered! Under the ground level EBF with link
elements are replaced with ordinary braced frames.

6p = Gpmax = 0,06 < Hpr = 0,08 rad — Requirement from point. 1.1.4. is satisfied!

1.1.7. Web stiffeners for active link elements

According to BZIC EN 1998 — 1, 1. 6.8.2., full-depth web stiffeners should be provided on both
sides of the link web at the diagonal brace ends of the link. These stiffeners should have a combined
width of not less than (bs- 2tw) and a thickness not than 0,75ty nor 10 mm, whichever is larger:

br S bf — 2tw
tr > max {0,75.tw;10 mm}

According to the same standard, short links should be provided with intermediate web stiffeners
spaced at intervals, in relation with the rotation angle.

For elements with = 0,02 — |, <52.ty — d/5
For elements with 6= 0,08 — I, <30.ty — d/5

To satisfy these requirements, web stiffeners are provided at the ends of the link. These stiffeners
are designed according to the cross section of the link element. Intermediate stiffeners are also
provided, spaced st the minimal intervals. The following ribs are designed for link elements with
cross sections HE500B and HE400A.

3a HE550B: HE5508

6=0,06 - I <37,3.tw—d/5 =37,3.15-492/5 = 461 mm — For length  + '—_'(—,:\ f
of the link: e = 850 mm — |, =425 mm

br <300 —2.15 = 270 — by = 270 mm
tr >max{0,75.15 ; 10mm} = max{11,25 mm; 10 mm} = 11,25 mm

=29

492
h=550

d

JlL tw=15
—tr=12 mm
oty %
bf=300 |
3a HE400A.:
HE400A

6=0,06— I <37,3.tw—d/5 =37,3.11 — 352/5 = 340 mm — For length
of the link: e = 850 mm — I, =283 mm

br <300 -2.11 =278 — by = 278 mm
tr > max{0,75.11 ; 10mm} = max{8,25 mm; 10 mm} = 8,25 mm

d=352

— tr =10 mm

|- bf=300
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1.1.8. Welds between stiffeners and link element

Welds of the most loaded link elements are designed. These links has cross sections HE550B u

HE400A.

> Welds between web and stiffener

Welds between web and stiffener are calculated using the following formula:

Yov-Ast-fy,

Where: At = tr.br — Stiffeners cross section area;

According to B/IC EN 1993-1-8, 1. 4.5.3.3., weld’s resistance
can be determined with the equation:

Fwrd = fw,d.a,

Where:

Fu = 355 MPa = 35,5 kN/cm? — nominal tensile strength of the lower class material;

pw = 0,9 — correlation coefficient according to 4.1. wa B/IC EN 1993-1-1, 1. 4.5.3.2;

__355/\3 _
fowa = 00125 18,22 kN/cm

. Agp.
Weld’s thickness: a > YovAstly
2-lw-fvw,d

3a HES50B:
Ast = trbr/2 = 1,227/2 = 16,2 sz —> Ast = 16,2 sz

a> Yov-Ast-fy _ 1,25.16,2.35,5
~ 2y fowa 24181822

=0,47 cm

—a=5mm

lw = hw — 20mm =418 mm =41,8 cm

3a HE4004:
Ast = t.b/2 =1,0.27,8/2 = 13,9 cm? — A = 13,9 cm?

a> Yov-Ast-fy _ 1,25.13,9.35,5
~ 2w fowd  2.27,8.18,22

=0,6 cm

—a=6mm

lw = hyw —20mm = 278 mm = 27,8 cm

» Welds between flange and stiffener
Weld should resist the following force:
FEd = yov.Ast.fy/4

IW = bf/Z—tW—r
a> Yov-Ast-fy
2.ly.fow,d-4

HES550B

E, 418
IiIIiII

135
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3a HE550B:
Ast = 16,2 cm?
lw = b2 —tw—r =300/2-15—-27 =108 mm = 10,8 cm

a> Yov-Ast-fy _ 1,25.16,2.35,5
~ 2w fowa4  2.10,8.18,22.4

HE400A
3a HE4AQ0A: ﬁi}.

Ast = 13,9 cm?
lw=bi2 -tw—r=300/2-11-27=112mm =11,2 cm

=0,46cm —a=5mm

a> Yov-Ast-fy _ 1,25.13,9.35,5
T 2ly-fowad 211,218,224

=0,38cm —a=4mm

4.4. Beams of EBF 4 — PB52
1.1.9. Design checks

Beams part of the EBFs are considered non-dissipative . It is assumed that they operate in elastic
stage and plastic deformations and yielding is not allowed. This acceptance is realized in practice by
capacitively multiplying the efforts in the elements. The efforts caused by the seismic impact shall be
multiplied according to the following formula:

MRrd (Ned,Ved) = MEed,c + 1,1.70w.2.Med £
Knaero:

Mrd (NEed, Ved) — design bending resistance of the beam with the axial force and shear force taken
into account;

The influence of both axial and shear force should not be taken into consideration if the following
is satisfied:

Ned <0,15.Nrd

VEd <0,5.Vrd

yov = 1,25

Mrda = fy. W/ymo — design bending resistance of the beam;

Vra = fy.Av/(ym0.N3) — design shear resistance of the beam:;

Nra = fy.A/ymo — design compression/ tensile resistance of the beam;

ymo = 1,05
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1.1.10.

Beams cross section characteristics

Xapal(mepucmuku HA HanpedyHomo ceueHue
I'penu - HEA800
Alem?]  |Avz[em?] [Wy[ecm®] |fy [kN/cm ?]
285,8 138,8 8699 35,5
I'penu -HEA700
Alem?]  |Avzfem?] |Wy[cm®] |fy [kN/em?]
260,5 117 7032 35,5
I'penu - HEA650
Alem?]  |Avzfem?®] |Wy[cm®] |fy [kN/em?]
241,6 103,2 6136 35,5
Tpen - HEA600
Alem?2]  |Avz fem®] Wy [em 31 [fy [KN/cm ]
2265  [9321  |5350 35,5
I'penu - HEAS50
Alem?]  |Avzfem?] |Wy[cm®] |fy [kN/em?]
211,8 83,72 4622 35,5
I'pean - HEAS00
Alcm?]  |Avzfem?] |Wy[cm®] [fy [KN/em ?]
1975 74,72 3949 35,5

The cross sections for the beams are selected so that when connecting them with link elements

through a flange connection, to be able to place a bolt between the flanges of the two sections.

1.1.11. Presentation of the design results
Opasmepasane na pucenume na EBF ¢ pamka no oc "'C"

Emanec| HoP- | Knac INgiG |Neip| Npa Voo |Viae| Ved |Meac [Mede | Med | Nra | Vra | Mee | Nea (Vg |MEq

ceuenue |cmom. | [KN] | [KN] | [KN] | [kN] | [kN] | [KN] | [KNm] [[kKNm]|[kNm]| [KN] | [kN] [[KNM]| Npy [ Vos (Mo
Er. 31 < S355 | 72 | 152 | 385 | 57 | 19 | 96 46 62 | 175 | 7161|1634 | 1563 | 0,00 |0,04| 0,11
Er.30'| 8 S355 | 11 | 121 | 260 | 72 | 23 | 118 | 50 66 | 186 | 7161|1634 | 1563 | 0,01 |0,04| 0,12
Ert. 30 @ S355 | 46 | 18 | 82 | 73 | 24 | 122 | 46 89 | 230 | 7161|1634 | 1563 | 0,00|0,05| 0,15
Et. 29 S355 | 50 32 | 116 | 74 26 | 127 44 105 | 260 | 7161|1634 | 1563 | 0,01 |0,06| 0,17
ET. 28 g S355 | 51 22 | 96 75 28 | 133 42 116 | 280 | 7161|1634 | 1563 | 0,01 |0,07| 0,18
Er. 27 ﬁ S355 | 52 19 | 92 76 31 | 140 39 124 | 295 | 7161|1634 | 1563 | 0,01 |0,08| 0,19
Et. 26 ac S355 | 53 19 | 91 77 33 | 146 37 130 | 305 | 7658|1819 | 1809 | 0,01 |0,07| 0,17
ET. 25 S355 | 53 18 | 90 78 36 | 153 35 135 | 313 | 7658 | 1819 | 1809 | 0,01 |0,07| 0,17
Ert. 24 S S355 | 51 | 15 | 83 | 79 | 38 |159 | 32 | 140 | 320 |7658|1819 | 1809 | 0,01 0,08 0,18
Er. 23 3 S355 | 43 | 15 | 74 | 81 | 39 |162 | 30 | 142 | 322 |7658|1819 | 1809 | 0,01 /0,08 0,18
Er. 22 IiJ S355 | 42 | 85 | 218 | 81 | 34 |152 | 28 | 133 | 301 |7658|1819 | 1809 | 0,01|0,07|0,17
ET. 21 S355 | 111 | 163 | 447 | 88 40 | 169 22 131 | 291 | 7658|1819 | 1809 | 0,01 0,07 | 0,16
Ert. 20 S355 | 30 | 209 | 461 | 81 | 53 190 | 32 | 144 | 328 | 7658|1819 | 1809 | 0,01 0,08 | 0,18
Er. 19 S355| 43 | 20 | 83 | 86 | 47 | 183 | 18 | 146 | 319 |8168|2014 | 2075 | 0,00 |0,07| 0,15
Er. 18 < S355 | 54 | 64 | 185 | 86 | 40 |168 | 18 | 132 | 290 |8168|2014 | 2075 | 0,01|0,07|0,14
Er. 17 2 S355 | 54 39 | 134 | 88 38 | 166 20 121 | 269 |8168 | 2014 | 2075 | 0,01 |0,06| 0,13
Er. 16 | S355 | 54 | 12 | 78 | 89 | 43 |178 | 22 | 123 | 275 |8168| 2014 | 2075 | 0,01 0,06 | 0,13
Er. 15 = S355| 56 | 11 | 79 | 90 | 45 | 183 | 23 | 128 | 287 |8168|2014 | 2075 | 0,01 |0,06| 0,14
Er. 14 S355 | 57 | 11 | 79 | 91 | 47 (189 | 25 | 135 | 303 |8168| 2014 | 2075 | 0,01 /0,07 | 0,15
Et. 13 S355 | 58 10 | 78 93 49 | 194 27 143 | 323 | 8168 | 2014 | 2075 | 0,01 |0,07| 0,16
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Er. 12 S355 | 60 8 77 | 94 | 51 | 200 | 30 | 153 | 345 [8807 | 2284 | 2377 | 0,01/0,07|0,14
Er. 11 S355 | 62 9 80 | 95 | 53 | 204 | 32 | 161 | 365 [8807|2284| 2377 | 0,01/0,07|0,15
Er. 10 g S355 | 60 9 79 | 97 | 51 | 202 | 34 | 165 | 374 | 8807|2284 | 2377 | 0,01 /0,07 0,16
Er.9 = S355 | 45 | 99 249 | 95 | 40 | 178 | 29 | 149 | 337 |8807 | 2284 | 2377 |0,01|0,07|0,14
Er. 8 I':::J S355 | 101 | 202 | 518 | 98 | 59 | 220 | 25 | 145 | 323 | 8807 | 2284 | 2377 | 0,01 |0,06| 0,14
Er. 7 S355 | 24 | 212 | 462 | 100 | 80 | 265 | 30 | 202 | 446 |8807 | 2284 | 2377 | 0,01 /0,09 0,19
Er. 6 S355 | 41 | 13 | 67 | 108 | 75 | 263 | 41 | 235 | 527 |8807 | 2284 | 2377 | 0,00 0,10 0,22
Er. 5 g S355 | 78 | 31 | 143 | 114 | 80 | 279 | 55 | 270 | 612 | 9663 | 2709 | 2941 | 0,00|0,10| 0,21
Er. 4 2 S355 | 113 | 20 | 154 | 118 | 83 | 290 | 69 | 303 | 694 |9663 | 2709 | 2941 | 0,01 |0,11|0,24
Er.3 5 S355 | 167 | 56 | 281 | 124 | 88 | 306 | 87 | 336 | 781 | 9663|2709 | 2941 | 0,01 |0,12| 0,27
Er. 2 I S355 | 199 | 361 | 944 | 141 | 41 | 225 | 132 | 273 | 696 |9663 | 2709 | 2941 | 0,02 |0,10] 0,24

Q=1,5— Eed = Egdc + 1,1.1,25.1,5. Ecd E

Inner forces due to vertical loads

The design inner forces for the beams are calculated according to the formula above. The
following figures show typical diagrams of shear forces and bending moments as a result of seismic
effect and vertical loads (respectively Eeq,c u Eed), Obtained from the analysis of the structure. In this
case the efforts are for an element of the 2nd floor.

item 1.2

Shear V2
-139,2986 kN
Moment M3
-20,1602 kN-m
[r—] I I
Inner forces due to seismic effect
Shear V2
40,7139 kN
Moment M3

==

4.5. Braces of EBF 4 — D4

1.1.12.

Design checks

i ] o o i el =

275,4342 kN-m

Braces of the EBFs belong to the elements that do not contain seismic link element and are
calculated to resist the capacitively increased values of seismic forces and those of gravitational
loads, which are part of seismic combination. The calculations are performed with increased inner
forces, according to B/IC EN 1998 - 1, item 6.8.2., Analogous to the calculations for the beams in
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Diagonal elements are designed for non-centric loads. The influence of shear force should not be
taken into account if: Veq <0,5.Vrd
Ned = Ned,c + 7,1.70v.©.Ned g

Ved = Ved,G + 1,1.y0v.Q2.VEdE
Med = Med,c + 1,1.y0v.22.MedE

The following requirement should be satisfied:

Npqg , Mgay
Omax = — + —=< fy/
max ax, w, = yI'YMO

Where:

1
2= ooz a2

@ =0,5[1+a.(2-0,2) + 37

<10

a — imperfection factor

KpuBa Ha u3Kbn4BaHe as A b C d
KoedmumeHT 3@ HeCbBbPLUEHCTBA o 0,13 0,21 0,34 0,49 0,76

Buckling curve for sections HEA u HEB is determined as it follows:

| o 2
' tr < 40 mm Yo d dy
— ~
= 1 G i z-Z b ay
s A
5 8
] < | 40 mm < tr< 100 Y-y b a
= h| vy y zz C a
=
1+
= b a
= E N tr < 100 mm V'
3 l_ o z-z [ g a
o = V _bl
* X
| b 1 tf > 100 mm y-y d c
z-z d C

= A.f. n2.El
A= 2o Ner = 3
NCT leff

Lest = S.L — effective length of the brace;
To increase safety it’s accepted:
p=1,0— Lett =L

1.1.13. Cross sections of the braces
Xapaxmepucmuku Ha HARPeYHOMo ceyeHue

Jmnaronanu - HE650B JInaronaau - HE400A
Alem?]  |Avzfem?] |Wy[em?] [fy [KN/em?] [A [em?]  |Avz fem ]|Wy [cm 2] [fy [kN/cm?]
286,3 122 7320 35,5 159 57,33 2562 35,5

Jnaronaaun - HE650A JInaronaau - HE300A
Alem?]  |Avz fem?] |Wy [cm 2] |fy [kN/em?] |A [cm?]  |[Avz fem 2] Wy [em 2] [fy [kN/em’]
241,6 103,2 6136 35,5 1125 37,28 1383 35,5

JInaronaau - HES500A Iunaronanu - HE240A
Alcm?1  |Avz fem®] Wy [cm 1|y [kN/cmz] Alcm?]  |Avz fem *1|Wy [cm 21|y [kN/sz]
197,5 14,72 3949 35,5 76,8 25,18 744.,6 35,5

Stefani Nedyalkova, Dep. Nel6367 96



UNIVERSITY

OF ARCHITECTURE
CIVIL ENGINEERING
AND GEQDESY

1.1.14. Presentation of the results
Q2 =1,5— Eed = Nggg +1,1.1,25.1,5.Ned e
Opasmepsasane na ouazonaaume om EBF ¢ pauka no oc "C"

Eran | H20P- |Kaac| Ngs | Ves [Megy| Nra | Vra [Mray| | | %2 | Nea |Vea |Mga | Oka

ceuenne |croM. | [KN] | [kN] |[KNm]| [kN] | [kN]|[KNm]|[m]| [-] |Nrd-Xs|Vra |Mga|fy.ra
Et. 31' S355(1004 | 20 | 152 |3804| 728 | 468 |5,7|0,79| 0,33 |0,03|0,33|0,66
Et. 31 <o( S355 (1135 | 45 | 240 |3804| 728 | 468 |7,1(0,71| 0,42 |0,06|0,51|0,93
ET. 30" R S355( 823 | 33 | 185 |3804| 728 | 468 |6,5|0,74| 0,29 |0,05|0,40|0,69
Et. 30 % S355| 955 | 35 | 187 | 3804|728 | 468 |6,5|0,74| 0,34 |0,05|0,40|0,74
ET. 29 8355|1169 | 41 | 220 |3804| 728 | 468 |6,5(0,74| 0,41 |0,06(0,47|0,88
ET. 28 S355 (1366 | 47 | 251 |5376|1119| 866 |6,5/0,74| 0,34 |0,04|0,29|0,63
Et. 27 5355|1548 | 53 | 280 |5376|1119| 866 |6,5/0,84| 0,34 |0,05|0,32|0,67
Et. 26 < S355 (1723 | 57 | 308 |5376|1119| 866 |6,5/0,84| 0,38 |0,05|0,36|0,74
Et. 25 8 S355(1894 | 62 | 337 |5376|1119| 866 |6,5(0,84| 0,42 |0,06|0,39|0,81
Et. 24 o S355 (2062 | 67 | 364 |5376|1119| 866 |6,5/0,84| 0,46 |0,06|0,42|0,88
Et. 23 = 5355|2199 | 73 | 385 |5376|1119| 866 |6,5/0,84| 0,49 |0,06|0,44|0,93
Et. 22 S355 (2173 | 77 | 369 |5376|1119| 866 |6,5/0,84| 0,48 |0,07|0,43|0,91
Et. 21 S355(1896 | 63 | 376 |5376/1119| 866 |7,1(/0,81| 0,43 |0,06|0,43|0,87
Et. 20 S355 (2440 | 74 | 441 |6677|1459| 1335|6,5/0,89| 0,41 |0,05|0,33|0,74
Et. 19 S355 (2748 | 90 | 473 |6677|1459| 1335|6,5/0,89| 0,46 |0,06|0,35|0,82
Et. 18 S355 (2622 | 89 | 444 |6677|1459| 1335|6,5|0,84| 0,47 |0,06| 0,33 |0,80
Et. 17 S355 (2452 | 82 | 425 |6677|1459| 1335|6,5/0,84| 0,44 |0,06|0,32|0,76
Et. 16 S355 (2529 | 83 | 445 |6677|1459| 1335|6,5/0,89| 0,42 |0,06|0,33|0,76
Er. 15 g S355 (2667 | 87 | 467 |6677|1459| 1335|6,5/0,89| 0,45 |0,06| 0,35 0,80
Et. 14 ] S355(2821 | 91 | 492 |6677|1459| 1335|6,5/0,89| 0,47 |0,06| 0,37 | 0,84
Et. 13 % S355(2985 | 95 | 517 |6677|1459| 1335|6,5/0,89| 0,50 |0,07|0,39|0,89
Et. 12 S355 (3154 | 99 | 543 |6677|1459| 1335|6,5/0,89| 0,53 |0,07|0,41|0,94
Er. 11 S355(3317 | 104 | 567 |6677|1459| 1335|6,5/0,89| 0,56 |0,07|0,42|0,98
Et. 10 S355 (3415 | 111 | 576 |6677|1459| 1335|6,5/0,89| 0,57 |0,08| 0,43 |1,00
Et. 9 S355 (3134 | 112 | 514 |6677|1459| 1335|6,5/0,89| 0,53 |0,08|0,39|0,91
ET. 8 S355(2440 | 82 | 371 |6677|1459| 1335|7,1/0,93| 0,39 |0,06| 0,28 |0,67
Et. 7 53553179 | 99 | 678 |8168|2014| 2075|7,1|0,93| 0,42 |0,05|0,33|0,75
Et. 6 g S355 (3472 | 110 | 739 |8168|2014| 2075|7,4|0,92| 0,46 |0,05|0,36|0,82
Et. 5 @ S355 (3814 | 117 | 788 |8168|2014| 2075|7,4|0,92| 0,51 |0,06| 0,38 |0,89
Et. 4 |'IIJ S355 (4183 | 126 | 832 |8168|2014| 2075|7,4|0,92| 0,56 |0,06| 0,40 | 0,96
ET. 3 S355 | 4555 | 132 | 883 {9680 (2381| 2075 |7,4(0,92| 0,51 |0,06|0,43|0,94
Er.2 |HEG650B|S355 (4129 | 175 | 660 |8168|2014| 2475|8,2|0,90| 0,56 |0,09| 0,27 | 0,83

Axial Force P

Diagrams of the design inner forces in a brace

Shear V2

Moment M3

p— ]
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4.6. Column C-C3
1.1.15. Design checks

Analogous to the calculations for the braces, the column, which is part of the EBF should be
calculated to resist the capacitively increased values with coefficient Qmin = 1,5, define on the basis of
cross sections of link elements

Columns are designed to resist bi-axial bending with compression. Influence of the shear force
should not be taken into consideration if: Veq <0,5.Vrd

Ned = Nedc + 7, 1.y0v. Q. Ned g
Ved = Vede + 1,1.p0v.Q.VEdE
Med = Med,c + 1,1.y0v.22.MedE

Buckling resistance of the columns should be also checked. The following conditions should be
satisfied:
NEg + kyy-My,Ed + kyz-Mz,Ed <1

Xy-NRk XLT-My Rk M, Rk -
YM1 YM1 YM1

Ngg + kzy-My,Ed + kzz-Mz,Ed < 1
Xz-NRk XLT-My RE My Rk -
YM1 YM1 YM1

Where:

Nrk = fy.A; Myre = fy.Wy ; Mzrk = fy.W; - bending and axial resistances of the cross section

kyy, Kzz, kyz 1 kzy — interaction coefficients

Columns, which are part of the EBFs and MRFs are heavily loaded with compression force and
bending moment due to seismic motion. This leads to the use of non-standard composite sections for
heavily loaded columns. Such sections are not sensitive to buckling and for them the value of the
displacement coefficient y.t > 1,0, which allows it to be assumed y.t = 1,0. For sections of this type,
the values of the interaction coefficients are not defined by EC 1993-1-1. To increase safety and for
more proper calculations in the present project, the values of these coefficients are accepted:

kyy = kzz = kyz = kzy = 1,0

All these assumptions allow the above formulas containing the coefficients of interaction to be
reduced to a modified, simplified formula:

_ Nga , Meay | Mgq,
= —kd  "Edy | TEdz o f )
Omax Ay Wpl,y Wpl,z = hyiymi
The values of buckling factor are equal for the main axes, because of the double symmetry and
the equal inertial characteristics of the cross sections in both directions.

1.1.16. Characteristics of the cross sections

The columns are designed with high-strength steel T
HISTAR — S460. This type of steel is characterized by lower 800 5""",
alloy content, good weldability and excellent behavior at low T 5

temperatures. | S

With the increase of the steel grade (tensile strength), the
yielding zone in the stress-deformation diagram of the steel
decreases and the tensile strength is reached faster, ie. steel
has a more fragile behavior.

|
400 f;

Stress, Nfmm?

0 5 10 15 20 25 30 35
Strain, %
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behavior.

buildings, located in seismic active areas. For such
structures it is necessary to guarantee dissipative

However, in HISTAR high - strength steel, the
relative strains when tensile strength is reached are
significantly higher and the steel has a high
dissipative behavior. Such characteristics of steel
are suitable for heavily loaded columns in

600

—

1 theld strength
400 4

Stress [MPa]

2004/ YS =473 MPa
J| | TS =596 MPa
.; Asy=26%

Total elongation

e

—g=

Tensile strength

S355 steel is also included in the composite

flange thickness = 22.5 mm

\\\

chturc\

rrrrrrrrrrrrrrrrrrrrrr

0 5 10 15 20 25
cross-sections, as European CHS profiles are used, Strain [%]
which are not available from the high-strength steel manufacturer HISTAR.

» Geometrical and inertial characteristics of the cross sections

Xapaxmepucmuku Ha HanpedyHomo cevuenue
Koa0un-2x900X600X55X30+CHS219.1X30 - 1
h A Avz |ly Iz Wy  |Wz fy Acsh |Wesh |Fyesh
[cm] |[cm® |[em?] |[cm®  |[cm] [em®] [[cm®] |[kN/cm?] |[cm?] [[cm®] |[kN/cm?]
121,7 |1843,4 (268 (2680407 (2680407 |44049 (44049 |46 178 |1080 |35,5
Ko011-2x900X400X55X30+CHS219.1X30 - 2
h A Avz |ly Iz Wy Wz fy Acsh |Wesh |Fyesh
[cm] [[ecm?] |[ecm’] |[cm*]  |[cm®] [em®] [[cm®] |[kN/cm?] |[cm?] [[cm®] |[kN/cm?]
121,7 |1576,6 |268 [1886296 (1886296 |30999 (30999 |46 178 {1080 (35,5
Ko01u-2x800X400X40X20+CHS219.1X20 -3
h A Avz |ly Iz Wy Wz fy Acsh |Wesh |Fyesh
[cm] [[cm? |[ecm?] |[cm*]  |[cm] [cm®] [[cm®] |[kN/cm?] |[cm?] [[cm®] |[kN/cm?]
109,9 |960,2 [160 (1115156 (1115156 |20294 (20294 |46 125 |795 (355
Kosonu-2xHE800B+CHS219.1X17.5 - 4
h A Avz |ly Iz Wy Wz fy Acsh [Wesh |Fyesh
[cm] [[cm? |[cm’] |[cm*]  |[cm®] [em®] [[cm®] |[kN/cm?] |[cm?] [[cm®] |[kN/cm?]
101,9 |779,25 |161,8 |638211 [638211,3 |12525 (12525 |46 111 (713 |35,5
Kojonn-2xHE800B - 5
h A Avz |y Iz Wy Wz fy
[cm] |[cm® |[cm?] |[cm®  |[cm] [cm® [[cm® |[kN/cm?]
80 665 161,8 |373987 |373986,5 |9350 |9350 |46
Kosnonu-2xHE700B - 6
h A Avz |ly Iz Wy Wz fy
[cm] [[cm? |[ecm’] |[cm*]  |[cm] [cm® [[cm® |[kN/cm?]
70 609,9 [137,1 (271328 [271328 |7752 |[7752 |46
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» Types of cross sections

The inner forces in the columns decrease in height, which requires different sections within the
storeys in order to achieve a more economical construction. The different sections, the inertial
characteristics of which are described in the previous point, are presented graphically as follows:

CeyeHxue 71 CeyeHlye 2

1217
600
1217

CeverHue 3 CeyeHue 4

, 1019

1099

CeyeHue 5 CeyeHue 6

o 2|

300
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1.1.17. Presentation of the results for the inner forces
Q2 =1,5— Eed = Nggg +1,1.1,25.1,5.Ned e
Opasmepasane na koaona C-C3
Eran | HAUP | Kaac Nea | Ved | Medy | Medz | Nbra | VR | Mray | Mrdz | Nea (Vea \Myga | Mzea | Oka
ceyenue| cromana | [kN] | [kN] |[kNm] | [kNm] | [kN] | [kN] | [kNm]| [KNm] |Nra-X |Vra |Myra | M, ra |fyRra
Er. II1 S460 250 | 913 | 196 | 1288 | 28746 | 3468 | 3396 | 3396 | 0,01 [0,26| 0,06 | 0,38 |0,45
Er. 13 S460 955 | 687 | 446 | 1244 | 28746 | 3468 | 3396 | 3396 | 0,04 (0,20| 0,13 | 0,37 |0,53
Er. 112 S460 | 1425 | 704 | 371 | 1098 | 28746 | 3468 | 3396 | 3396 | 0,06 |0,20| 0,11 | 0,32 | 0,49
Er. I11 g S460 | 1968 | 491 | 383 | 1271 | 28746 | 3468 | 3396 | 3396 | 0,08 | 0,14 | 0,11 | 0,37 | 0,56
Er. K S460 | 2138 | 236 | 729 | 368 | 28746 | 3468 | 3396 | 3396 | 0,08 | 0,07 | 0,21 | 0,11 |0,41
Er. 31' S460 | 2394 | 869 | 371 | 1232 | 28746 | 3468 | 3396 | 3396 | 0,09 |0,25| 0,11 | 0,36 |0,56
Er. 31 S460 | 3346 | 600 | 695 | 1347 | 31343 | 4092 | 4096 | 4096 | 0,12 |0,15| 0,17 | 0,33 | 0,62
Er. 30" S460 | 4146 | 830 | 324 | 1565 | 31343 | 4092 | 4096 | 4096 | 0,15 | 0,20 | 0,08 | 0,38 |0,61
Er. 30 S460 | 4806 | 900 | 436 | 1731 | 31343 | 4092 | 4096 | 4096 | 0,17 | 0,22 | 0,11 | 0,42 |0,70
Er. 29 4 S460 5415 | 972 | 339 | 1891 | 31343 | 4092 | 4096 | 4096 | 0,19 |0,24| 0,08 | 0,46 |0,74
Er. 28 S460 | 6007 | 1040 | 348 | 2041 | 31343 | 4092 | 4096 | 4096 | 0,21 |0,25| 0,08 | 0,50 |0,80
Er. 27 S460 | 6600 | 1105 | 391 | 2185 | 31343 | 4092 | 4096 | 4096 | 0,23 | 0,27 | 0,10 | 0,53 | 0,86
Er. 26 S460 | 7205 | 1168 | 433 | 2323 | 31343 | 4092 | 4096 | 4096 | 0,26 | 0,29 | 0,11 | 0,57 |0,93
Er. 25 S460 | 7834 | 1227 | 476 | 2455 | 31343 | 4092 | 4096 | 4096 | 0,28 | 0,30 | 0,12 | 0,60 |0,99
Er. 24 S460+S355| 8497 | 1284 | 524 | 2580 | 40765 | 4092 | 5728 | 5728 | 0,23 [0,31| 0,09 | 045 |0,77
Er. 23 S460+S355| 9204 | 1335 | 604 | 2689 | 40765 | 4092 | 5728 | 5728 | 0,25 | 0,33| 0,11 | 0,47 |0,83
Er. 22 3 |S460+S355| 9927 | 1387 | 755 | 2780 | 40765 | 4092 | 5728 | 5728 | 0,27 [0,34| 0,13 | 0,49 |0,89
Er. 21 S460+S355| 10561 | 1338 | 386 | 3049 | 40765 | 4092 | 5728 | 5728 | 0,29 |0,33| 0,07 | 0,53 |0,89
Er. 20 S460+S355| 11334 | 1473 | 604 | 3059 | 40765 | 4092 | 5728 | 5728 | 0,31 |0,36| 0,11 | 0,53 | 0,95
Et. 19 S460+S355| 12241 | 1511 | 825 | 3130 | 49803 | 4047 | 9159 | 9159 | 0,27 |0,37| 0,09 | 0,34 |0,70
Er. 18 S460+S355| 13179 | 1528 | 790 | 3177 | 49803 | 4047 | 9159 | 9159 | 0,29 (0,38 | 0,09 | 0,35 |0,73
Er. 17 S460+S355| 14108 | 1541 | 646 | 3198 | 49803 | 4047 | 9159 | 9159 | 0,31 | 0,38 | 0,07 | 0,35 |0,73
Er. 16 S460+S355| 15061 | 1573 | 676 | 3256 | 49803 | 4047 | 9159 | 9159 | 0,34 | 0,39 | 0,07 | 0,36 |0,77
Er. 15 2 |S460+S355| 16073 | 1598 | 710 | 3312 | 49803 | 4047 | 9159 | 9159 | 0,36 [0,39| 0,08 | 0,36 |0,80
Er. 14 S460+S355| 17156 | 1621 | 754 | 3365 | 49803 | 4047 | 9159 | 9159 | 0,38 |0,40| 0,08 | 0,37 |0,83
Er. 13 S460+S355| 18325 | 1641 | 804 | 3414 | 49803 | 4047 | 9159 | 9159 | 0,41 |0,41| 0,09 | 0,37 |0,87
Er. 12 S460+S355| 19590 | 1658 | 862 | 3457 | 49803 | 4047 | 9159 | 9159 | 0,44 | 0,41 | 0,09 | 0,38 |0,91
Er. 11 S460+S355| 20957 | 1671 | 924 | 3494 | 49803 | 4047 | 9159 | 9159 | 0,47 | 0,41 | 0,10 | 0,38 | 0,95
Er. 10 S460+S355| 22401 | 1683 | 1105 | 3538 | 80783 | 6779 | 13946 | 13946 | 0,31 |0,25| 0,08 | 0,25 |0,64
Er. 9 S460+S355| 23713 | 1681 | 1239 | 3513 | 80783 | 6779 | 13946 | 13946 | 0,33 | 0,25| 0,09 | 0,25 | 0,67
Er. 8 S460+S355| 24656 | 1400 | 818 | 3116 | 80783 | 6779 | 13946 | 13946 | 0,34 | 0,21 | 0,06 | 0,22 | 0,62
Er. 7 S460+S355| 25522 | 1534 | 1120 | 3682 | 80783 | 6779 | 13946 | 13946 | 0,35 | 0,23 | 0,08 | 0,26 | 0,70
Er. 6 1 |s460+5355| 26570 | 1380 | 1065 | 3778 | 80783 | 6779 | 13946 | 13946 0,37 |[0,20| 0,08 | 0,27 |0,71
Er. 5 S460+S355| 27829 | 1368 | 1167 | 3797 | 80783 | 6779 | 13946 | 13946 | 0,38 | 0,20 | 0,08 | 0,27 |0,74
Er. 4 S460+S355| 29373 | 1334 | 1391 | 3745 | 80783 | 6779 | 13946 | 13946 | 0,40 | 0,20 | 0,10 | 0,27 |0,77
Er. 3 S460+S355| 31174 | 1290 | 1129 | 3728 | 80783 | 6779 | 13946 | 13946 | 0,43 | 0,19 | 0,08 | 0,27 | 0,78
Er.2 S460+S355| 33829 | 1583 | 4644 | 6393 | 93358 | 6779 | 19663 | 19663 | 0,40 | 0,23 | 0,24 | 0,33 | 0,96
Er. 1 |+ |S460+5355/34019 | 1177 | 3293 | 2688 | 93358 | 6779 | 19663 | 19663 | 0,40 |0,17 | 0,17 | 0,14 |0,71
Er. -1 S460+S355/ 34330 | 270 | 730 | 456 | 93358 | 6779 | 19663 | 19663 | 0,41 | 0,04 | 0,04 | 0,02 |0,47
ET. -2 S460+S355| 34138 | 143 | 270 | 166 | 93385 | 6779 | 19663 | 19663 | 0,41 | 0,02 | 0,01 | 0,01 |0,43
Diagrams of the design inner forces in the column at floor 2
90 @ & 6
Neg | V M |
OMNC D o
o =
33 829 kN 1 583 kN 4 644 kN 6393kN
Stefani Nedyalkova, Dep. Nel6367 101




UNIVERSITY R ,
OF ARCHITECTURE S 4
CIVIL ENGINEERING i

AND GEQDESY

4.7. Column C-C4

As well as C-C3, this column is also part of the EBF. It is calculated to resist the capacitively
increased values with coefficient Qmin = 1,5, defined while designing the link elements.

1.1.18. Design checks
Design procedure from 1.4.1. can be applied here as well!

1.1.19. Characteristics of the cross sections

» Geometrical and inertial characteristics

Xapaxkmepucmuku Ha HanpeYHOmMo ceuenue

Kos10H1-2x900X400X54X30+CHS219,1X30 - 1

h A Avz |ly Iz Wy Wz |fy Ach Wen [Fyen
[em] |[cm?] |[[cm? [[em®  [[em'] |[cm® [[cm®] |[kN/cm?]|{[cm?] |[cm’] |[[kN/cm?]
121,7 [1576,6 |259,3 (1886296 |1886296|30999 (30999 |46 178 |1080 (35,5

Kon1oun-2x800X400X40X20+CHS219,1X20 - 2

h A Avz ly Iz Wy |wz |fy Ach Wesh (fyesh
[em] |[cm?] |[[cm? [[em®  [[em*] |[cm® [[cm®] |[kN/cm?]|{[cm?] |[cm’] [[kN/cm?]
109,9 [960,2 [219,8 [1115156 |1115156|20294 (20294 |46 125 (795 (35,5

Kononn-2xHE800B+CHS219,1X17,5 -3

h A Avz ly Iz Wy Wz fy Ach (Wesn (fyesh
[em] |[cm?] |[[em?] [[em® [[em*] |[cm® [[cm®] |[kN/cm?]|{[cm?] |[cm’] |[[kN/cm?]
101,9 (779,25 |178,3 (638211 |638211 |12525 |12525 |46 111 (713 (355

Kosonu-2xHE700B - 4
h A Avz ly 1z Wy Wz |fy

[cm] |[lcm?] |[em?] |[em® [[em*  [[cm?] [[cm®] [[kN/cm?]
700 |609,9 |161,8 [271328 (271328 (7752 |7752 |46

Koaoun-2xHE600B - 5
h A Avz ly Iz Wy Wz |fy
[cm] [[lcm?] |[em?] [[em®  [[em*  [[cm?] [[cm®] [[kN/cm?]
60 |537,5 |161,8 |184571 |184571 |6152 |6152 |46

Koaonu-2xHE500B - 6
h A Avz ly Iz Wy |Wz |fy
[em] [[cm’] |[em?] [[ecm*]  [[ecm’] |[cm®] |[cm®] |[kN/cm?]
50 |475  |161,8 |119799 [119799 (4792 |4792 |46
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» Type of the cross sections
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1.1.20. Presentation of the results for inner forces
Q2 =1,5— Eed = Nggg +1,1.1,25.1,5.Ned e
Opasmepagane na konona C-C4

Erag | HATP- | Kuac Negs | Ved [Medy|Megz | Noprd | VRd | Mray | Mraz | Nea |Ved (Mygd| Mzga| Oka

ceuenne| cromana | [kN] | [kN] |[kNm]|[kNm]| [KN] | [KN] |[KNm]|[KNm]|Nra-X|Vra |Myra| M Ra|fyrd
Et. III1 S460 97 363 | 284 | 645 | 22388 | 4092 | 2099 | 2099 | 0,00 |0,09| 0,24 | 0,31 | 0,45
Er. I13 S460 325 | 434 | 771 | 657 |22388|4092 | 2099 | 2099 | 0,02 |0,11| 0,37 | 0,31 | 0,70
Er. I12 S460 898 | 325 | 446 | 724 | 22388 | 4092 | 2099 | 2099 | 0,04 |0,08| 0,21 | 0,34 | 0,60
ET. IT1 0 S460 1820 | 336 | 701 | 540 |22388|4092 | 2099 | 2099 | 0,09 |0,08| 0,33 | 0,26 | 0,68
Er. K S460 1818 | 205 | 704 | 475 (223884092 | 2099 | 2099 | 0,09 |0,05| 0,34 | 0,23 | 0,65
ET1. 31 S460 1921 | 232 | 569 | 350 |22388 4092 | 2099 | 2099 | 0,10 |0,06| 0,27 | 0,17 | 0,53
ET. 31 S460 2643 | 219 | 648 | 342 |25334|4092 | 2695 | 2695 | 0,12 |0,05| 0,24 | 0,13 | 0,48
Er. 30' S460 3899 | 329 | 788 | 448 |25334|4092 | 2695 | 2695 | 0,17 |0,08| 0,29 | 0,17 | 0,63
Et. 30 5 S460 4804 | 375 | 740 | 473 |25334 | 4092 | 2695 | 2695 | 0,21 |0,09| 0,27 | 0,18 | 0,66
ET. 29 S460 5538 | 415 | 754 | 506 |25334|4092 | 2695 | 2695 | 0,24 |0,10| 0,28 | 0,19 | 0,71
Er. 28 5460 6181 | 458 | 862 | 538 |25334 4092 | 2695 | 2695 | 0,27 |0,11| 0,32 | 0,20 | 0,79
ET. 27 S460 6766 | 497 | 956 | 571 |28746 | 4092 | 3396 | 3396 | 0,26 |0,12| 0,28 | 0,17 | 0,71
ET. 26 S460 7308 | 534 | 1042 | 603 |28746 | 4092 | 3396 | 3396 | 0,28 |0,13| 0,31 | 0,18 | 0,77
ET. 25 S460 7813 | 570 | 1123 | 634 | 28746 | 4092 | 3396 | 3396 | 0,30 |0,14| 0,33 | 0,19 | 0,82
Et. 24 4 S460 8287 | 605 | 1207 | 677 |28746 4092 | 3396 | 3396 | 0,32 |0,15| 0,36 | 0,20 | 0,87
ET. 23 S460 8733 | 652 | 1348 | 738 |28746 | 6559 | 3396 | 3396 | 0,34 |0,10| 0,40 | 0,22 | 0,95
ET. 22 S460 9154 | 693 | 1567 | 715 |40765 | 4510 | 5728 | 5728 | 0,25 |0,15| 0,27 | 0,12 | 0,65
ET. 21 S460 9615 | 485 | 1032 | 1110 |40765 | 4510 | 5728 | 5728 | 0,26 |0,11| 0,18 | 0,19 | 0,64
Et. 20 S460 [10597| 789 | 1389 | 954 | 40765 | 4510 | 5728 | 5728 | 0,29 |0,18| 0,24 | 0,17 | 0,70
ET. 19 S460+S355|11029 | 801 | 1677 | 992 |40765 | 4510 | 5728 | 5728 | 0,30 |0,18| 0,29 | 0,17 | 0,77
Er. 18 S460+S355(11405| 736 | 1630 | 1028 | 40765 | 4510 | 5728 | 5728 | 0,31 |0,16| 0,28 | 0,18 | 0,77
Er. 17 S460+S355|11815 | 669 | 1451 | 1046 | 40765 | 4510 | 5728 | 5728 | 0,32 |0,15| 0,25 | 0,18 | 0,76
Et. 16 S460+S355|12311 | 720 | 1494 | 1087 | 40765 | 4510 | 5728 | 5728 | 0,34 |0,16| 0,26 | 0,19 | 0,79
Er. 15 S460+S355|12798 | 742 | 1537 | 1129 | 40765 | 4510 | 5728 | 5728 | 0,35 |0,16| 0,27 | 0,20 | 0,81
Et. 14 8 S460+S355|13252 | 763 | 1586 | 1173 | 40765 | 4510 | 5728 | 5728 | 0,36 |0,17| 0,28 | 0,20 | 0,84
ET. 13 S460+S355|13662 | 784 | 1634 | 1218 | 40765 | 4510 | 5728 | 5728 | 0,37 (0,17| 0,29 | 0,21 | 0,87
Er. 12 S460+S355|14022 | 802 | 1683 | 1264 | 40765 | 4510 | 5728 | 5728 | 0,38 |0,18| 0,29 | 0,22 | 0,90
Er. 11 S460+S5355|14323 | 819 | 1738 | 1308 | 40765 | 4510 | 5728 | 5728 | 0,39 |0,18)| 0,30 | 0,23 | 0,92
ET. 10 S460+S355|14552 | 868 | 1947 | 1389 | 40765 | 4510 | 5728 | 5728 | 0,40 |0,19| 0,34 | 0,24 | 0,98
Er. 9 S460+S355|14688 | 859 | 2263 | 1266 | 49803 | 5559 | 9159 | 9159 | 0,33 |0,15| 0,25 | 0,14 | 0,71
Er. 8 S460+S355|14660 | 664 | 1164 | 915 | 49803 | 5559 | 9159 | 9159 | 0,33 |0,12| 0,13 | 0,10 | 0,55
Er. 7 S5460+S355|15963 | 757 | 1650 | 1460 | 49803 | 5559 | 9159 | 9159 | 0,36 |0,14| 0,18 | 0,16 | 0,70
ET. 6 2 S460+S355|16215 | 591 | 1425 | 1561 | 49803 | 5559 | 9159 | 9159 | 0,36 |0,11| 0,16 | 0,17 | 0,69
Er. 5 S460+S355|16364 | 587 | 1506 | 1635 | 49803 | 5559 | 9159 | 9159 | 0,37 |0,11| 0,16 | 0,18 | 0,71
Er. 4 S460+S355|16397 | 581 | 1564 | 1677 | 49803 | 5559 | 9159 | 9159 | 0,37 |0,10| 0,17 | 0,18 | 0,72
Er.3 S460+S355|16460 | 584 | 1516 | 1767 | 49803 | 5559 | 9159 | 9159 | 0,37 |0,11)| 0,17 | 0,19 | 0,73
Er.2 S460+S355|16862 | 1010 | 4447 | 4921 | 80783 | 6559 | 13946 |13946| 0,23 |0,15| 0,32 | 0,35 | 0,90
Er. 1 1 S460+S355|18742 | 1151 | 3368 | 2943 | 80783 | 6559 | 13946 |13946| 0,26 |0,18| 0,24 | 0,21 | 0,71
Er. -1 S460+S355|18984 | 209 | 589 | 464 | 80783 | 6559 |13946|13946| 0,26 |0,03| 0,04 | 0,03 | 0,34
Er. -2 S460+S5355|19429 | 57 133 | 76 |80806 | 6559 | 13946 |13946| 0,27 |0,01) 0,01 | 0,01 | 0,28
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2. Design of the elements of MRF

4.8. Beam PB53

The designed beam resists the loads applied together with the reinforced concrete slab and should
be considered as composite beam. According to the prescriptions of B/IC EN 1998-1, item 7.6.2.,
during a seismic event is necessary to maintain the integrity of the concrete slab, while yielding takes
place in the bottom part of the steel section and/or in the reinforcement in the concrete slab. When the
usage of the advantages of the composite cross-section of the beam is not foreseen for energy
dissipation, only the steel cross-section may be taken into account for the calculation of the plastic
bearing capacity of the beam in the areas intended for the formation of plastic hinges, according to
BJIC EN 1998-1, item 7.7.5. Such are the areas with large negative moments at the ends of the beams.
There, the slab is considered completely separated from the steel frame in an area around the column
with a diameter of 2.besr - twice the effective width of the reinforced concrete slab.

A calculation was performed only for a seismic combination (for maximum negative bending
moment) and a check was made for a combination at the ultimate limit state containing only vertical
loads (for maximum positive moment). The steel cross-section for the designed beam should be
determined.

2.1.1. Design of the beam for negative bending moment
» Design procedure

Check for the bearing resistance of the beam:
My ed < Myrd = Wy.fy/ymo

Shear force and axial force may not be taken into consideration if the following requirements are
satisfied:

Ned <0,15.Nrg

VEd <0,5.Vry,

Kpaero:

Ved = Vedc + VedMm

VEed,c — Shear force, due to gravity loads in seismic combination;

VEedm — design value of the shear force, due to the plastic moments Mpirda 1 Mpirde applied in
the end sections of the beam A u B.

VEedMm = (Mpird,a + Mpird,g)/L — most unpleasant condition for defining shear force, reffering to a
beam with a span L and dissipative zones in the ends.

To increase safety, for defining Veqdm is used the span between plastic hinges of the beam.

> Characteristics of the cross sections

Xapakmepucmuku Ha HanpeuyHomo ceuenue
I'penu - HEA 600 I'penu - HEB 400
Alem?] |Avz fem *]|Wy [cm °] |Fy [KN/em?] |A [em ?] |4z fem 2]|Wy [em ®] |Fy [kN/cm?]
2265 9321  |5350 35,5 159 57,33  [3232 35,5
pen - HEA550 Ipenn - HEA 280
Aem?] |Avz fem *]|Wy [em ®] |Fy [kN/em’] [A [em 2] |Avz fem 2]|Wy [om 3] |Fy [kN/em’]
2118 (83,72  |4622 35,5 97,3 31,74 1112 35,5
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» Presentation of the results
Opazmepagane na zpeda PB53
Erag | HATP- | Kmac Ned | Veas |Vedm| Ved | Med | Nra | Vrd | Mrd | Ned |VEa [Mpa| Q
ceuenne | croMm. | [kN] | [kN] | [kN] | [kN] |[kNm]| [kN] | [kN] |[kNm]| Nrd |Vra [MRa| [
Et. I12 S355 | 154 | 154 | 171 | 324 | 701 |5376| 1119 | 1093 | 0,03 |0,29/0,64 | 1,56
Er. IT1 S355 | 196 | 160 | 171 | 331 | 782 |5376| 1119 | 1093 | 0,04 |0,30|0,72| 1,40
Er.31'| m S355 | - - - - - - - - - - | - -
ET. 31 § S355 | 637 | 231 | 171 | 430 | 654 |5376| 1119 | 1093 | 0,12 |0,38|0,60| 1,67
ET. 30' li-l S355 | 594 | 260 | 171 | 341 | 740 |5376| 1119 | 1093 | 0,11|0,30|0,68| 1,48
Et. 30 S355 | 220 | 170 | 171 | 343 | 864 |5376| 1119 | 1093 | 0,04 |/0,31|0,79| 1,27
ET. 29 S355 | 79 | 172 | 171 | 343 | 973 |5376| 1119 | 1093 (0,01 /0,31/0,89| 1,12
ET. 28 S355 | 61 173 | 171 | 344 | 1059 |5376| 1119 | 1093 {0,01|0,31/0,97| 1,03
Et.27 S355 | 59 | 173 | 244 | 417 | 1135 | 7161 | 1634 | 1563 | 0,01 |0,26|0,73| 1,38
Et. 26 S355 | 58 173 | 244 | 417 | 1203 | 7161 | 1634 | 1563 [ 0,01 |0,26|0,77| 1,30
ET. 25 S355 | 58 173 | 244 | 416 | 1268 | 7161 | 1634 | 1563 [ 0,01 |0,25/0,81| 1,23
Er. 24 g S355 | 59 172 | 244 | 416 | 1328 | 7161 | 1634 | 1563 [ 0,01 |/0,25/0,85| 1,18
Et. 23 ﬁ S355 | 53 171 | 244 | 414 | 1382 | 7161 | 1634 | 1563 | 0,01 |0,25/0,88 | 1,13
Et. 22 I S355 | 174 | 170 | 244 | 466 | 1413 | 7161 | 1634 | 1563 | 0,02 |10,29/0,90| 1,11
Er. 21 S355 | 732 | 222 | 244 | 545 | 1303 | 7161 | 1634 | 1563 | 0,10/0,33/0,83| 1,20
Et. 20 S355 | 824 | 301 | 244 | 410 | 1507 | 7161 | 1634 | 1563 (0,12 |0,25/0,96 | 1,04
ET. 19 S355 | 241 | 166 | 244 | 408 | 1566 | 7161 | 1634 | 1563 | 0,03 |0,25/1,00| 1,00
Er. 18 S355 | 93 164 | 283 | 442 | 1590 | 7658 | 1819 | 1809 | 0,01 |0,24|0,88| 1,14
Et. 17 S355 | 99 159 | 283 | 440 | 1531 | 7658 | 1819 | 1809 (0,01 0,24|0,85| 1,18
Er. 16 S355 | 38 158 | 283 | 437 | 1528 | 7658 | 1819 | 1809 | 0,00 |0,24|0,85| 1,18
Et. 15 < S355 | 49 154 | 283 | 433 | 1557 | 7658 | 1819 | 1809 | 0,01 |0,24|0,86| 1,16
ET. 14 S S355 | 51 | 151 | 283 | 429 | 1587 | 7658 | 1819 | 1809 | 0,01 |0,24|0,88| 1,14
Et. 13 | S355 | 52 147 | 283 | 425 | 1615 | 7658 | 1819 | 1809 | 0,01 |0,23/0,89| 1,12
Et. 12 = S355 | 53 142 | 283 | 420 | 1640 | 7658 | 1819 | 1809 | 0,01 |0,23|0,91| 1,10
ET. 11 S355 | 55 | 137 | 283 | 415 | 1657 | 7658 | 1819 | 1809 | 0,01 |0,23/0,92| 1,09
Er. 10 S355 | 34 132 | 283 | 409 | 1663 | 7658 | 1819 | 1809 | 0,00 |0,22/0,92| 1,09
Et. 9 S355 | 220 | 127 | 283 | 529 | 1610 | 7658 | 1819 | 1809 | 0,03|0,29|/0,89| 1,12
ET. 8 S355 | 906 | 246 | 244 | 577 | 1345 | 7161 | 1634 | 1563 | 0,13 |0,35/0,86| 1,16
Er. 7 S355 | 703 | 333 | 244 | 373 | 1459 | 7161 | 1634 | 1563 | 0,10 |0,23|0,93| 1,07
Et. 6 g S355 | 102 | 129 | 244 | 360 | 1458 | 7161 | 1634 | 1563 | 0,01 |0,22|0,93| 1,07
Et. 5 1o S355 | 84 115 | 244 | 343 | 1446 | 7161 | 1634 | 1563 | 0,01 |0,21|0,93| 1,08
Et. 4 Lf] S355 | 114 | 98 244 | 326 | 1456 | 7161 | 1634 | 1563 | 0,02 |0,20|0,93| 1,07
Er. 3 S355 [ 150 | 81 244 | 303 | 1446 | 7161 | 1634 | 1563 | 0,02 0,19|0,93| 1,08
Et.2 S355 | 307 | 59 244 | 258 | 1428 | 7161 | 1634 | 1563 | 0,04 |0,16|/0,91| 1,09
ET. 1 S355 | 757 | 14 59 | 107 | 297 |3290| 620 | 376 |0,23|0,17/0,79]| 1,27
Et.-1 |[HE320A| S355 | 561 | 48 59 | 105 | 149 |3290| 620 | 376 |0,17|0,17/0,40| 2,52
Et. -2 S355 | 190 | 46 59 59 81 |3290| 620 | 376 |0,06|0,09|/0,21| 4,66
2.1.2. Desogn of the beam for positive bending moment

The values of the positive bending moments in the beam in combination 1.35.G + 1.5.Q do not
exceed those of the negative ones, obtained in seismic combination. The steel section chosen to resist
the negative moments would be able to resist the forces, result of ULS combination, on its own,
without taking into account the assistance of the slab. The results for the moments of the two
combinations are presented in the following table:
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Extreme values of the negative bending moment (Aeq) and positive bending moment (ULS)
Maxkcumannu ompuuamennu (A =4 )u no10IcCUmMENHU
momenmu ¢ zpedoama (ULS)
Hamp. | Knac | Megmin | Medmax Mgqd
Erax
cedenne | cToM. | [kNm] | [KNm] [KNm]
Er. 112 S355 701 496 1093
Et. I11 S355 782 585 1093
Er. 31" - $355 - - -
Er. 31 § S355 654 686 1093
Et. 30" LiJ S355 740 632 1093
Et. 30 S355 864 571 1093
Et. 29 S355 973 586 1093
Er. 28 S355 1059 589 1093
Er. 27 S355 1135 592 1563
Et. 26 S355 1203 592 1563
Er. 25 S355 1268 592 1563
Er. 24 S S355 | 1328 | 589 1563
Er. 23 8 S355 | 1382 | 585 1563
ET. 22 I S355 1413 579 1563
Er. 21 S355 1303 734 1563
ET. 20 S355 1507 680 1563
ET. 19 S355 1566 557 1563
ET. 18 S355 1590 548 1809
Er. 17 S355 1531 512 1809
ET. 16 S355 1528 505 1809
ET. 15 < S355 1557 487 1809
ET. 14 % S355 1587 468 1809
ET. 13 L S355 1615 445 1809
ET. 12 = S355 1640 421 1809
Er. 11 S355 1657 394 1809
ET. 10 S355 1663 367 1809
ET.9 S355 1610 336 1809
Et. 8 S355 1345 704 1563
Et. 7 S355 1459 854 1563
Et. 6 g S355 1458 334 1563
Er. 5 Y S355 1446 262 1563
Er.4 T S355 | 1456 | 171 1563
Er. 3 S355 1446 85 1563
ET.2 S355 1428 87 1563
ET. 1 S355 297 1 376
Et. -1 HE320A | S355 149 121 376
ET. -2 S355 81 115 376
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4.9. Beams PB54 u PB5S

The designed beam resists the loads applied together with the reinforced concrete slab and should
be considered as composite beam. According to the prescriptions of B/IC EN 1998-1, item 7.6.2.,
during a seismic event is necessary to maintain the integrity of the concrete slab, while yielding takes
place in the bottom part of the steel section and/or in the reinforcement in the concrete slab.

When the usage of the advantages of the composite cross-section of the beam is not foreseen for
energy dissipation, only the steel cross-section may be taken into account for the calculation of the
plastic bearing capacity of the beam in the areas intended for the formation of plastic hinges,
according to BJIC EN 1998-1, item 7.7.5. Such are the areas with large negative moments at the ends
of the beams. Within these areas, the slab is considered completely separated from the steel frame in
an area around the column with a diameter of 2.best - twice the effective wifth of the reinforced
concrete slab.

The beam will be designed as steel for areas with large negative moments - the ends of the
beams, receiving maximum bending moment in a design seismic combination (Accidental). In areas
with a positive bending moment, the beam will be dimensioned as a composite steel - reinforced
concrete beam. A calculation was performed only for a seismic combination (for maximum negative
bending moment) and a check was made for a combination at the ultimate limit state containing only
vertical loads (for maximum positive moment). The steel cross-section for the beam considered
should be determined.

2.1.3. Design of the beams for negative bending moment
Design procedure is analogical to the one given in point 2.1.1.

» Characteristics of the cross sections

Xapaxkmepucmuku na HanpeuHomo ceuenue

Ipean - HEA 900 Ipexn - HEA 700
Aem?]  |dvz fem?]|Wy [cm ®]|Fy [kN/em?]|A [cm 2] [Avz fem?] |Wy [em ] |Fy [kN/em’]
320,5 163,3 10810  [355 2605 117 7032 35,5
I'pexn - HEA 800 Ipean - HEA 650
Aem?]  |dvz fem?]|Wy [cm ®]|Fy [kN/cm?]|A [cm 2] [Avz fem?] |Wy [em ] |Fy [kN/em’]
285,8 138,8 8699 35,5 2416 1032 6136 35,5
I'pean - HEA 500
Alcm?] |Avz fem?] Wy [cm®]|Fy [kN/cm?]
1975  |74,72 3949 35,5

> Presentation of the results

Analogically to the calculations for beam PB53, the values of the coefficient © are tabulated,
which should capacitive increase the seismic forces in the columns, part of the MRFs.

Q = Qi min = Mrd/MEd
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Opasmepnsane na zpeda PB54 u PB55

Eram Hamp. Kaac Neg VEd,G VEd,M VEd | Mgg NRrd VRd Mgg Ngq M Mgy Q

cedenne (cromanal [kN] | [kN] | [kN] | [kN]|[kNm]| [kN] | [kN] | [kNm] | Nra |Vra |Mga | -
Et. 31' S355 | 615 | 197 | 352 | 549 | 1597 | 8168 | 2014 | 2075 | 0,08 [0,27 | 0,77 | 1,30
Ert. 31 % S355 | 765 | 358 | 352 | 710 | 1561 | 8168 | 2014 | 2075 | 0,09 |0,35|0,75| 1,33
Er.30'| <9 S355 | 829 | 387 | 352 | 739 | 1726 | 8168 | 2014 | 2075 | 0,10 | 0,37 /0,83 | 1,20
Et. 30 S355 | 186 | 379 | 352 | 731 | 2019 | 8168 | 2014 | 2075 | 0,02 | 0,36 0,97 | 1,03
Et. 29 < S355 | 92 | 380 | 403 | 783 | 2135 | 8807 | 2284 | 2377 | 0,01 | 0,34 /0,90 | 1,11
Et. 28 S S355 | 77 | 381 | 403 | 784 | 2228 | 8807 | 2284 | 2377 | 0,01 |0,34|0,94 | 1,07
Et. 27 E S355 | 74 | 381 | 403 | 784 | 2308 | 8807 | 2284 | 2377 | 0,01 |0,34|0,97 | 1,03
Et. 26 S355 | 72 | 381 | 403 | 784 | 2379 | 8807 | 2284 | 2377 | 0,01 | 0,34 1,00 1,00
Et. 25 S355 | 71 | 381 | 498 | 879 | 2443 | 9663 | 2709 | 2941 | 0,01 |0,32|0,83] 1,20
Et. 24 S355 | 68 | 380 | 498 | 879 | 2500 | 9663 | 2709 | 2941 | 0,01 | 0,32 /0,85 1,18
Et. 23 < S355 | 62 | 380 | 498 | 878 | 2545 | 9663 | 2709 | 2941 | 0,01 |0,32/0,87| 1,16
Et. 22 S S355 | 134 | 379 | 498 | 877 | 2576 | 9663 | 2709 | 2941 | 0,01 |0,32 /0,88 | 1,14
Et. 21 @ S355 | 1033 | 412 | 498 | 910 | 2471 | 9663 | 2709 | 2941 | 0,11 | 0,34 /0,84 | 1,19
ET. 20 S355 | 1148 | 576 | 498 |1074| 2791 | 9663 | 2709 | 2941 | 0,12 | 0,40 | 0,95 | 1,05
Et. 19 S355 | 209 | 376 | 498 | 875 | 2681 | 9663 | 2709 | 2941 | 0,02 | 0,32 /0,91 1,10
Er. 18 S355 | 60 | 375 | 498 | 874 | 2700 | 9663 | 2709 | 2941 | 0,01 |0,32/0,92| 1,09

Opazmepnsane na 2peda PB54 u PB55

Eram | HAUP- | Kiac Ned | Veds |Vedm| Ved | Med | Nra | Vrd | Mra |Neda [Vea (Mpa | Q

ceuenue |cromanal [kN] | [KN] | [kN] | [kN]|[KNm]| [kN] | [kKN] | [kNm] | Nra |Vra Mpa | -
Er. 17 S355 | 80 | 407 | 619 [1027| 3454 | 10836 | 3188 | 3655 | 0,01 |0,32|0,95| 1,06
Et. 16 S355 | 60 | 406 | 619 [1025| 3446 | 10836 | 3188 | 3655 | 0,01 | 0,32 /0,94 | 1,06
Er. 15 S355 | 66 | 403 | 619 [1023| 3452 | 10836 | 3188 | 3655 | 0,01 |0,32|0,94 | 1,06
Er. 14 S S355 | 67 | 401 | 619 [1020| 3460 | 10836 | 3188 | 3655 | 0,01 |0,32|0,95| 1,06
Et. 13 § S355 | 67 | 398 | 619 [1017| 3463 | 10836 | 3188 | 3655 | 0,01 |0,32|0,95| 1,06
Er. 12 I S355 | 67 | 395 | 619 [1014| 3459 | 10836 | 3188 | 3655 | 0,01 |0,32|0,95| 1,06
Er. 11 S355 | 66 | 391 | 619 |1011| 3444 | 10836 | 3188 | 3655 | 0,01 | 0,32 0,94 | 1,06
Et. 10 S$355 | 56 | 388 | 619 |1007| 3411 | 10836 | 3188 | 3655 | 0,01 | 0,32 0,93 | 1,07
Et. 9 S355 | 160 | 384 | 619 |1004| 3311 | 10836 | 3188 | 3655 | 0,01 | 0,31 /0,91 | 1,10
ET. 8 S355 | 1297 | 245 | 619 | 864 | 2749 | 9663 | 3188 | 3655 | 0,13 | 0,27 | 0,75 | 1,33
Et. 7 S355 | 932 | 739 | 619 |1359| 3173 | 9663 | 3188 | 3655 | 0,10 | 0,43 |0,87 | 1,15
ET. 6 S S355 | 255 | 385 | 619 |1005| 2953 | 9663 | 3188 | 3655 | 0,03 | 0,32 0,81 | 1,24
ET. 5 % S355 | 138 | 377 | 619 | 997 | 2863 | 9663 | 3188 | 3655 | 0,01 |0,31/0,78| 1,28
Et. 4 T S355 | 113 | 366 | 619 | 986 | 2809 | 9663 | 3188 | 3655 | 0,01 | 0,31|0,77 | 1,30
Et. 3 S355 | 156 | 355 | 619 | 974 | 2728 | 9663 | 3188 | 3655 | 0,02 |0,31/0,75| 1,34
ET. 2 S355 | 321 | 340 | 619 | 960 | 2611 | 9663 | 3188 | 3655 | 0,03 | 0,30 /0,71 | 1,40
Er. 1 S355 | 577 | 347 | 226 | 573 | 1140 | 6677 | 1459 | 1335 | 0,09 | 0,39 /0,85 1,17
Er.-1 |HE500A| S355 | 356 | 346 | 226 | 572 | 807 | 6677 | 1459 | 1335 | 0,05 | 0,39 0,60 | 1,65
Et. -2 S355 | 134 | 342 | 226 | 568 | 726 | 6677 | 1459 | 1335 | 0,02 | 0,390,554 | 1,84

2.1.4. Buckling resistance check

The heaviest loaded beam is examined in between floor 9 and floor 18. It is designed with cross-
section HE900A.

According to B/IC EN1993-1-1, item 6.3.5, structures can be calculated in the plastic stage, in
case that buckling is prevented by stiffeners in the places of plastic hinges or by proving the buckling
length. It is necessary to prove that the length between the stiffeners is less than the "stable™ length
Lstable-
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for beams with: h/t; <40.¢

— 890/30 = 29,67 < 40.0,81 = 32,4

— Mgdamin _ —3463 _ | :
= =S - -0,95 i >~ __MNnactuyna
MpiRd 3655 cTasa

Lstable = (60 — 40.y).c.iz, npu -1 <y <0,625 = ==

Y
235 _ 235 / L La=1750 _ \Brm.
e= [22= [EE-q81 -
fy 355

3200
Lstabte = (60 — 40.(-0,95)).0,81.6,50 = 515 cm
> L¢r = 175 cm — Buckling is not taken into
consideration!

2.1.5. Design of the beam for positive bending moment

The values of the positive bending moments in the beam in combination 1.35.G + 1.5.Q do not
exceed those of the negative ones obtained in seismic combination. The steel section chosen to resist
the negative moments would be able to resist the forces of the ULS combination on its own, without
taking into account the assistance of the plate. The increase in field positive moments due to the
formation of plastic hinges at the ends of the beam should be checked. The heaviest loaded beam
between floor 9 and floor 18 with steel section HE90O0A is considered.

> Inner forces in the considered beam as a result of different combinations
e Combination ULS -1,35.G + 1,5.Q

e

e Combination ULS - 1,35.G + 1,05.Q + 1,5.Wx
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e  Seismic combination— Accidental

()

(v ppapupNEEENEEEESEEEsERNNEE

» Defining the value of space bending moment after the formation of plastic hinge in the ends
of the beam

Based on the presented graphical results (diagrams for the combinations), it can be said that
the positive moments in the beam do not exceed in absolute value the moments at the ends of the
beam from a calculated seismic situation. However, in the case of seismic impact, plastic hinges
may form at the ends of the beams, as a result of which the value of the moment whithin the span
will be higher than that of a rigid connection at the ends of the beam.

— ‘.I‘, e "I-‘ *
W = - = |
| |
| 12,80 |

A g . I.l,:, M

The moment within the span should be determined in case that plastic hinges have been formed at
the ends of the beam.

e  Formation of the first plastic hinge

The first plastic hinge is expected to form at the end A.
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Diagram of the bending moments due to gravity loads:

2316 kNm
. c L Yoy
B

A AT EREEE ===
=1174 kNm
1280

AV

Determining the required value of the bending moments of seismic impact for the formation of
the first plastic hinge in item A:

Mg + ME' = Mpibrd — ME' = Mpiprd — MG,
Where:
Mg = 2316 kKNm — bending moment as a result of gravity loads A;

Mpibrd = Wolyly 10810355 _ sg5p Nm — plastic bending resistance of the beam;
P ¥ Mo 1,05

Me' = 3655 — 2316 = 1339 kNm — value of the moment of seismic impact, leading to the
formation of the first plastic hinge;

Diagram of the the seismic bending moment leading go plastic hinge formation:

1339 kNm
L e 10
: T

1280 £1339 kNm

Diagram of the inner forces in the beam after the formation of the first plastic hinge:

Mpll “=”MG “+”ME,

M, rs=3655 kKNm

R uZJE

1174 KNm 1030 kNm -
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e  Second plastic hinge formation

The second and final plastic hinge is expected to form at end B. The formation of more plastic
hinges is not allowed, as the system becomes a mechanism!

The required value of the bending moments of seismic impact for the formation of a second
plastic joint in point B is:

Mpi' + Me" = Mpiprd — Me" = Mpipra — Mpl',

Me'" = 3655 — 1030 = 2316 kNm — value of the bending moment of seismic impact, leading to
the formation of the first plastic hinge;

Diagram of the moments, result of seismic forces and leading to the formation of second plastic
hinge:

29 i o \

1158 kij

2316 kN

Diagram of the inner forces in the beam after the formation of second plastic hinge:

Mpl” “=”MDII “+»MEII

M., 2g=3655 kNm

2332 kNm-

M, 5y=3655 kNm

e  Final moment diagram

in 1280
1 1

2332 kNm

i

The moment in the field after plasticizing the ends of the beam does not exceed the load-
bearing capacity of the steel section! The resistence of the combined section should not be checked.
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> Determination of the effective width of the beam

Deft = Do + > bei ; Le = 8,00 m — An ETABS result.

Dei = Le/8 <bi — bei = 8,00/8 — bei = 1,00 — bej = 100 cm

b1 =b2=hei=100cm; bp =0; — bef =0+ 2.100 = 200 cm
berf = 200 cm

» Defining the compression resistances of both of the materials
Nef = 0,85.fcq.berr.nc = 0,85.2,0.200.8
— Ncs = 2829 kN
Npi.a = Aa.fyd = 285,8.35,5/1,05
— Npi,a =9 663 kN

> Definition of the studs amount

Studs KOCO SD 19x100 are selected. They have the following H> y
characteristics: %
D=d=19 mm H =32 mm
Length
- D

e Resistance of the stud connection:

0,8.f,.m.D? /4 0,8.45.11.1,9% /4
. Yo . 1,25 . (81,7
Prd = min = min ' :mln{ S —P
Rd 0,29.0.D2.\/fck-Eem 0,29.1,26.1,9%.1/3.3280 104,7 Rd
Yo 1,25

=81,7 kN
. =0.2.(hs /d + 1) = 0,2.(100/19 + 1) = 1,25

In the case of slabs in which the ribs of the profiled steel decking are parallel to the axis of the
beam, the bearing capacity of the stud is reduced by a factor of ki.

k=062, (h— _ 1) =0,6.
hp \hp
200

o ., __®m %
o T = — ' —
e 5 g
: ki = 0,93 < kiax = 1,0
- — = — == — Prd = ki.Pra = 0,93.81,7
L Pra = 76 kN
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The beam is able to resist the forces of vertical loads without taking into account the composite
action, but additional sliding forces due to seismic impact in the duts, which occur due to the
diaphragmatic action of the floor slab, should be taken into account. A full interaction is accepted
between steel studs and concrete slab.

For a full interaction to be provided, the numbure of the studs within the critical legth should be:
Nt > min{Ncs ;Npi,a}/Prda — ns >min{2829; 9663}/76 = 2829/76 ~ 38 studs
— nf = 38 studs/lcr

The maximum number of studs that can be located along the length of the beam is proportional to
the minimum allowable distances between the studs, as the ribs of the steel decking are parallel to the
axis of the beam.

Ler = Lpi/2 = L/2 — bett = 6,40 — 2,00 = 4,40 m — Length for placing of studs. No studs are located
in the area around the column with radius 2.befr, according to 5JIC EN1998-1, as this area is
considered dissipative.

n = ler/b, = 4400/100 = 44 6p/ler — maximum number of studs that can be located along the
length of the beam.

The maximum number of studs that can be placed in the critical length, so as to meet the
necessary requirements for minimum distances, is 44 pcs. The required number of studs is
ns = 38 pcs. and can be located within the critical length. A full interaction is provided!

» Definition of the required number of studs for every zone

The studs should be positioned in proportion to the diagram of the shear or sliding forces in the
beam. The beam is divided into 4 zones, for which the required number of studs is determined.

The following diagrams presend shear forces in the beam from ULS combination and from
Accidental combination:

824kN
AL HER— 372kN N
AR
-3 I l
372kN B24KkN |||
. 3,20 L 3,20 L 3,20 i 3.20
~ 3oHa 1 30Ha 2 12,80 30oHa 2 3oHa 1
800kN
[y >
- “ ‘ 5SJRN'- il 'E':%E)krs'l.‘;i)\l
3,20 3,20 3,20 3,20
. 3oHa 1 30Ha 2 12,80 30Ha 2 30Ha 1 |
ni/nz = Vi/Vo
N =X, N2=nN-X
824
ol =——>x=260p.
38—x 372

N1 =26 ép. — number of studs in zone 1,

n2 = 12 ép. — number of studs in zone 2;
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Placement of the studs within the length of the beam

Neff = 2.N0 = 2.6,4 = 12,8

Ac,eﬁ = Ac/neff =1 664/12,8 — Ac,eff =130 sz
Ac = bet.hc=208.8 = 1 664 cm?
le.eff = betr.nc®/(12.nefr) = 208.8%/(12.12,8)

— Ic,eﬁ = 693,33 Cm4

Acomb = Aceff + Aa =130 + 320,5 = 450,5 cm?

Acomb= 450,5 cm?

lcomb = la + Aa-za2 + lceff + Ac,eff-Zc2

z=60,22 cm

lcomb = 422 075 + 320,5.162 + 693,33 + 130.39°

Icomb = 702 546 Cm4

Zone 1: Teq = 824.130.39/702 546 = 5,91 kN/cm
Zone 2: Teq = 585.130.39/702 546 = 4,22 kN/cm

>
1
v ,
£ — 3200
1 2000 1200 3200
‘} 2865 = 10cm 126p/s = 26cm
i (ARARAARARNE | I N N |
: 100 | jod [ 100 200 260 | 260 | JREL)
i
1
e T [ R T T T
I
|
|
|
[
[
|
|
I
L|___|_
Morneg "1-1"
[ — 3200
\ ber=2000 =1200 B=3200
266p/s = 10cm 126pis = 26cm
0pOO0OOCOO0OCQOOOOO
T =] ocoo o ;_0_0-3-0—0-0 ? B - 71
bbbl |200 | 260 , 260 | 260 J140}
100/ 1100\100
» Definition of the longitudinal shear:
Teg = VzEdScerf — VEda-AcerfZc
Icomb Icomb
Inertial characteristics of the section:
No = Ea/Ecm = 21000/3280 = 6,4 . ben=208 . B

2=60.2 |

L ey

44.5

LI |

. HESODA
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» Design check for longitudinal shear resistance

The check is performed in
accordance with BJIC EN1992-1-1,
item 6.2.4.

The contribution of profiled steel
decking is taken into account, as it
passes continuously over the
secondary beam.

The section "a-a" is checked,
where the reinforcement mesh 5N10
contributes to resisting of the
longitudinal shear force and has cross
section area: A = Ai/st = 3,93 cm?/m.

Ved — longitudinal shear stress in the contact between the shear stud and the reinforced concrete
slab;

Ved = Tea2/(2.0y) = 591/(2.0,08) — Ved = 3693 KN/m?

Check for the resistance of compression diagonal:

Ved < v.feq.5in6.cosd = 0,6.2.5in45 °.cos45° = 0,6 kN/cm?
Accepted: 6 =45°;v=0,6
Ved = 3693 kKN/m? < 6000 kN/m? — Requirement is satisfied

Check for existing reinforcement in section ,,a-a a

(Ast.fya/sr) > Ved.hs/cotgd

Ast— area of the top reinforcement in section ,,a-a “;
(3,93.43,5) > 3693.0,08/cotg45 Yeoms i Hoorth

— 170 kN/m < 295,5kN/m — The resistance of
longitudinal shear is not ensured by the available
transverse reinforcement! It is necessary to be added

additional reinforcement to the slab! HES00A

Asf,req/Sf > 2,86 CmZ/m —

Check for existing reinforcement in section ,,b-b":

Ved = Tea1/(2.1e) = 591/(2.0,30) — Vg = 985 KN/m?
2.(Asf,req.fyd/5f) Z VEd.hf/COtgH
2.(Asf,req/Sf.43,5) Z 9850,30/00tg45 d Asf,req/Sf > 3,39 szlm

Amplifiers are required: Astreq/St > 3,39 cm?/m
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In the area of the main beams (with width ber) between the bars of the main mesh are
placed amplifiers 5N10 / m!

Check: Ast.fya/st + As1.fyalst > Ved.hi/cotgd —
(3,93.43,5) + (3,93.43,5) > 342 kN/m — 342 kN/m > 295 kN/m

— Requirement is satisfied!

4.10. Column C-C5

The column is part of a moment resistant frame. In order to ensure the global ductile behavior of
the structure, the frames resisting bending must be designed so as to form plastic hinges in the beams,
and the columns to work entirely in the elastic stage. This requirement is presented in BJIC EN 1998-

1, item 6.6.

To ensure the formation of plastic hinges in the beams and to prevent plasticization in the
columns, the columns of the frame are designed for increased inner forces.

2.1.6. Design checks

Columns are designed to resist bi-axial bending with compression. Influence of the shear force
should not be taken into consideration if: Veq <0,5.Vrd

Ned = Ned,c + 7, 1.y0v.22. Ned e
Ved = VEdG + 1,1.90v.Q2.VEdE
Med = Med, + 1,1.y0v.22.MEq e
Q = Qimin = MRrg,i/Meg,i = 1,0

Buckling resistance of the columns should be also checked. The following conditions should be
satisfied:

Ngg + KyyMyEa | KkyzMzea _ 1
Xy-NRk XLT-My RE M, Rk -
YM1 YM1 YM1

NEgg n kzy.My Ed n kzz-MzEd <1
9

Xz-NRk XLT-My RE Mz Rk -
YM1 YM1 YM1
Where:

Nrk = fy.A; Myre = fy.Wy ; Mzrk = fy.W; - bending and axial resistances of the cross section

kyy, Kzz, Kyz 1 kzy — interaction coefficients

Columns, which are part of the EBFs and MRFs are heavily loaded with compression force and
bending moment due to seismic motion. This leads to the use of non-standard composite sections for
heavily loaded columns. Such sections are not sensitive to buckling and for them the value of the
displacement coefficient y.t > 1,0, which allows it to be assumed y.+ = 1,0. For sections of this type,
the values of the interaction coefficients are not defined by EC 1993-1-1. To increase safety and for
more proper calculations in the present project, the values of these coefficients are accepted:

kyy = kzz = kyz = kzy = 1,0

All these assumptions allow the above formulas containing the coefficients of interaction to be
reduced to a modified, simplified formula:
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Ngqa , Mgay | Mga,
Omax = — + —= + —2 < fy/ym1
Ay Wpy Wy v

The values of buckling factor are equal for the main axes, because of the double symmetry and
the equal inertial characteristics of the cross sections in both directions.

2.1.7. Characteristics of the cross sections

> Geometrical and inertial characteristics of the cross sections

Xapakmepucmuku HA HARpeuYHomo cedernue
Kos10u1-2x900X400X54X30+CHS219,1X30 - 1
h A Avz |ly Iz Wy  |Wz fy Ach [Wesh |Fyesh
[cm] [[cm? |[cm?] |[[em®] |[cm®  |[em® |[cm®] |[kN/cm?]|[cm?] |[cm®] |[kN/ecm?]
121,7 |1576,6 |259,3 |1886296|1886296 |30999 (30999 46 178 |1080 |355
Kos10u1-2x800X400X40X20+CHS219,1X20 - 2
h A Avz |ly 1z Wy  |Wz fy Ach [Wesh [Fyesh
[cm] |[cm?] |[cm?] |[[cm*] |[cm®  |[em® |[cm®] |[kN/cm?]|[cm?] |[cm?] |[kN/cm?]
109,9 [960,2 |219,8 |1115156|1115156 |20294 (20294 |46 125 |795 |355
Kounonu-2xHE800B+CHS219,1X17.5 - 3
h A Avz |ly 1z Wy Wz fy Ach [Wesn [Fyesh
[cm] [[cm?] [[ecm?] [[cm*] [[cm®  [[em®] |[cm?] |[kN/cm?]|[cm?] [[cm®] [[kN/ecm?]
101,9 |779,25 |178,3 |638211 |638211 |12525 12525 |46 111 |713 |355
Koaonun-2xHES00B - 4
h A Avz |ly Iz Wy Wz fy
[cm] |[cm?] |[cm?] |[cm’] |[cm®  |[cm® |[cm?] |[kN/cm?]
80 |665 |161,8 |373987 |373987 9350 [9350 |46

» Type of cross section

Ceverue 71 Cevertre 2

1217
1099

175 |
HES800B
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2.1.8. Presentation of the results from the checks
2 =10 - Eed = Negc +1,1.1,25.1,0.Neg e
Opa3zmepagane na konona C-C5

Emane| HAP- | Kaac Ngs | Ved |Medy [Medz | Nra | Vrd |MRray| Mraz | Nea \Vea |Mygd | MzEd| OFa
~ | ceuenme | cromana | [kN] |[kN] |[kNm] |[kNm]| [kN] | [KN] |[kNm]| [kNm]|Nra-X |Vra |Myra | Mz Ra|fyra
Er. 12 S460 323 | 353 | 568 | 474 |27080 4092|3116 | 3116 | 0,01 |0,09| 0,18 | 0,15 [ 0,35
Er. I11 S460 707 | 242 | 607 | 594 |27080 | 4092|3116 | 3116 | 0,03 |0,06| 0,19 | 0,19 |0,41
Er. K S460 747 | 248 | 924 | 625 |27080|4092 | 3116 | 3116 | 0,03 |0,06| 0,30 | 0,20 (0,52
Er.31' 4 S460 | 1105 | 791 | 1569 | 518 |27080 | 4092|3116 | 3116 | 0,04 |0,19| 0,50 | 0,17 | 0,71
Er. 31 S460 | 1614 | 481 | 1108 | 511 |27080 4092 | 3116 | 3116 | 0,06 [0,12| 0,36 | 0,16 | 0,58
Er. 30' S460 | 2424 | 867 | 1700 | 598 |27080 4092|3116 | 3116 | 0,09 [0,21| 0,55 | 0,19 | 0,83
Er. 30 S460 | 3069 | 930 | 1790 | 630 |27080 | 4092 | 4096 | 4096 | 0,11 [0,23| 0,44 | 0,15 | 0,70
Er. 29 S460 | 3692 | 996 | 1966 | 660 |27080 | 4092 | 4096 | 4096 | 0,14 |0,24| 0,48 | 0,16 | 0,78
Er. 28 S460+S355| 4300 |1057 | 2112 | 718 [35220| 4510|5728 | 5728 | 0,12 |0,23| 0,37 | 0,13 [ 0,62
Er. 27 S460+S355) 4895 |1112|2240 | 785 |35220| 4510|5728 | 5728 | 0,14 |0,25| 0,39 | 0,14 | 0,67
Er. 26 S460+S355) 5478 |1162 | 2355 | 849 |35220 | 4510|5728 | 5728 | 0,16 |0,26| 0,41 | 0,15 | 0,71
Er. 25 S460+S355) 6062 |1209 | 2460 | 911 [35220 4510|5728 | 5728 | 0,17 |0,27| 0,43 | 0,16 | 0,76
Er. 24 3 |S460+S355 6648 |1254 | 2568 | 970 |35220 | 4510|5728 5728 | 0,19 |0,28| 0,45 | 0,17 | 0,81
Er. 23 S460+S355| 7234 |1287 | 2659 | 1021 |35220 | 4510|5728 | 5728 | 0,21 |0,29| 0,46 | 0,18 | 0,85
Er. 22 S460+S355| 7822 [1413 | 3166 | 995 |35220 | 4510|5728 | 5728 | 0,22 |0,31] 0,55 | 0,17 | 0,95
Er. 21 S460+S355| 8257 [1056 | 2605 | 1350 |35220 | 4510 | 5728 | 5728 | 0,23 |0,23| 0,45 | 0,24 | 0,92
Er. 20 S460+S355| 9161 [1498 | 2821 | 1232 43029 | 4510 9159 | 9159 | 0,21 |0,33| 0,31 | 0,13 | 0,66
Er. 19 S460+S355) 9709 |1423 | 2961 | 1266 |43029 | 4510 | 9159 | 9159 | 0,23 |0,32| 0,32 | 0,14 | 0,69
Er. 18 S460+S355| 10269 [1524 | 3445 | 1298 |43029 | 5559 | 9159 | 9159 | 0,24 |0,27| 0,38 | 0,14 | 0,76
Er. 17 S460+5355 10887 1610 | 3386 | 1325 | 43029 | 5559 | 9159 | 9159 | 0,25 |0,29| 0,37 | 0,14 | 0,77
Er. 16 S460+S355| 11501 [1628 | 3400 | 1363 |43029 | 5559 | 9159 | 9159 | 0,27 |0,29| 0,37 | 0,15 | 0,79
Er. 15 S460+S355 12114 |1649 | 3439 | 1402 | 43029 | 5559 | 9159 | 9159 | 0,28 |0,30| 0,38 | 0,15 | 0,81
Er. 14 S460+S355| 12725 |1666 | 3477 | 1441 43029 | 5559 | 9159 | 9159 | 0,30 |0,30| 0,38 | 0,16 | 0,83
Er. 13 S460+S355| 13335 |1679 | 3510 | 1481 |43029 | 5559 | 9159 | 9159 | 0,31 |0,30| 0,38 | 0,16 | 0,85
Er. 12 S460+S355| 13945 [1688 | 3537 | 1520 |43029 | 5559 | 9159 | 9159 | 0,32 |0,30| 0,39 | 0,17 | 0,88
Er. 11 ,  [5460+5355) 14556 1694 | 3565 | 1558 | 43029 5559 | 9159 | 9159 | 0,34 0,30| 0,39 | 0,17 | 0,90
Er. 10 S460+S355| 15170 [1700 | 3647 | 1606 |43029 | 5559 | 9159 | 9159 | 0,35 |0,31| 0,40 | 0,18 | 0,93
Er.9 S460+S355| 15785 [1703 | 3949 | 1594 | 43029 | 5559 | 9159 | 9159 | 0,37 |0,31] 0,43 | 0,17 | 0,97
Er. 8 S460+S355| 15874 |1169 | 1540 | 963 |43029 | 5559 | 9159 | 9159 | 0,37 |0,21| 0,17 | 0,11 | 0,64
Er.7 S460+S355| 16977 [1372 | 3191 | 1695 |43029 | 5559 | 9159 | 9159 | 0,39 |0,25| 0,35 | 0,19 | 0,93
Er. 6 S460+5355 17612 |1062 | 2950 | 1814 |43029 | 5559 | 9159 | 9159 | 0,41 |0,19| 0,32 | 0,20 | 0,93
Er. 5 S460+S355| 18253 1087 | 2984 | 1880 | 43029 | 5559 | 9159 | 9159 | 0,42 |0,20| 0,33 | 0,21 | 0,96
Er. 4 S460+S355| 18897 |1076 | 2971 | 1926 | 43029 | 5559 | 9159 | 9159 | 0,44 |0,19| 0,32 | 0,21 | 0,97
Er.3 S460+S355| 19546 |1056 | 2933 | 1928 | 43029 | 5559 | 9159 | 9159 | 0,45 |0,19| 0,32 | 0,21 [ 0,98
Er. 2 S460+S355| 20217 |1147 | 4690 | 4233 | 69795 | 6559 |13946| 13946 | 0,29 |0,17| 0,34 | 0,30 | 0,93
Er. 1 | |5460+S355) 20807 1133 | 3001 | 2286 | 69795 | 6559 |13946| 13946 | 0,30 |0,17] 0,22 | 0,16 | 0,68
Er. -1 S460+S355 21397 | 329 | 862 | 341 [69795 | 6559 |13946|13946| 0,31 |0,05| 0,06 | 0,02 | 0,39
Er. -2 S460+S355) 21993 | 144 | 329 | 69 |69795 | 6559 |13946|13946| 0,32 |0,02| 0,02 | 0,00 | 0,34

3. Elements form the MRFs, located in the low storey part of the building

All design procedures are given in item 2. The design method won’t be described in detail. Only

the results of design for seismic combination will be presented.

4.11. Beam PB57

» Characteristics of the cross sections
X_apakmepucmmcu Ha HAnpe4yHomo ceuenue

Ipen - HEA 900 Tpe - HEA 700 Tpe - HEA 360
A [cm 2] | Avz fem 2] |Wy [cm ° 1| Fy [KN/em]|A [em ]| Avz fem 2 Wy [cm *]|Fy [kN/em?] |A [em 2]\ 4vz fem 2 \Wy [cm *]|Fy [kN/cm’]
3205 1618 10230 355 (2605 |117 7032 355 |1428 (48,96  |2088 355
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> Presentation of the results

Hanp. | Knac | Ned | Vede |Vedm| Ved | Med | Nra | Vra | Mra | Nea (Vea | MEa Q
ceuenme | cToM. | [kN] | [kN] | [kN] | [kN] |[kNm]| [kN] | [kN] | [kNm] |Nra |Vra |Xir-Mga| [-]
Er. PW S355 (1443 | 424 | 1274 | 1698 | 2977 | 10775 | 3158 | 3439 | 0,13 |0,54| 0,87 1,16
Er.6 |HE900A| S355 | 640 | 347 | 1280 | 1627 | 2641 | 10826 | 3158 | 3456 | 0,06 |0,52| 0,76 1,31
Er. S355 | 113 | 300 | 1281 | 1581 | 2429 | 10836 | 3158 | 3459 | 0,01 |0,50| 0,70 1,42
Er. S355 | 41 252 | 881 | 1133 | 2142 | 8807 | 2284 | 2377 | 0,00 |0,50| 0,90 1,11

5
4
Er.3 |HE800A| S355 | 34 | 212 | 881 | 1093 | 1876 | 8807 | 2284 | 2377 | 0,00 |048| 0,79 | 1,27
2
1

Erax

ET. S355 | 69 | 184 | 881 | 1065 | 1641 | 8807 | 2284 | 2377 | 0,01 |047| 0,69 | 145
ET. S355 | 775 | 165 | 261 | 426 | 697 | 4828 | 956 706 |016 045 099 | 101
Er.-1 |HE360A| S355 | 272 | 146 | 261 | 407 | 356 | 4828 | 956 706 |0,06|043| 050 | 198

Er. -2 S355 | 95 | 149 | 261 | 410 | 336 | 4828 | 956 706 |0,02|043| 048 | 2,10

The table shows that the requirement: Veq < 0,5.VRrq is not satisfied for some of the floors.

When Veq >0,5.Vr , the design axial force resistance and bending moment resistance of the
section shall be calculated using a reduced yield strength for the shear area. The reduced yield
strength is determined by the formula:

A-pSy, Erax p fyq
Where: Er. PW | 00056 | 3530
p = (2. VedNVpipd — 1)2 Er.6 |00009| 3547

The results with the reduced yield strength for the last two floors are presented. There the shear
test is not satisfied.

4.12. Beams PB58, PB59 u PB60

3.1.1. Design for negative bending moment
» Characteristics of the cross sections

XaDaKmepucmuK” HA HanpeuHomo ceueHue
I'penn - HEA 550 I'penn - HEA 450
Alcm?]  |Avz fem?]|Wy [cm2]|Fy [kN/em 2] |A [em 2] |Avz fem 2 ]|Wy [em 2]|Fy [kKN/cm ?]
211,8 83,72 4622 35,5 178 65,78 3216 35,5

> Presentation of the results

Erax | HANP. | Knac Ned | Vede | Veam | Ved | Med | Nra | Vra | Mra | Ned |Vea | MEa Q
cewenme | crom. | [kN] | [kN] | [kN] | [kN] |[knm]| (kN | (kN |[kNm]| Nea [Vea [xer-Mea| -
ET. PW|HE450A| S355 | 978 | 217 183 | 401 | 1067 | 6018 | 1284 | 1064 (0,16 |0,31| 1,00 1,00
ET. 6 S355 | 522 | 214 | 269 | 484 | 1347 | 7161 | 1634 | 1563 | 0,07 |0,30| 0,86 1,16
ET. 5 <o( S355 | 184 | 218 | 269 | 488 | 1439 | 7161 | 1634 | 1563 (0,03 (0,30| 0,92 | 1,09
Et. 4 ﬁ S355 91 216 269 | 486 | 1427 | 7161 | 1634 | 1563 [0,01|0,30| 0,91 1,09
Er. 3 T S355 92 215 269 | 484 | 1421 | 7161 | 1634 | 1563 |0,01|0,30| 0,91 1,10
Et. 2 S355 | 245 | 217 269 | 487 | 1393 | 7161 | 1634 | 1563 (0,03 |0,30| 0,89 1,12
Er. 1 g S355 | 831 | 343 187 | 530 | 1001 | 6018 | 1284 | 1087 |0,14|0,41| 0,92 1,09
Er. -1 = S355 | 433 | 341 187 | 528 | 811 | 6018 | 1284 | 1087 (0,07 |0,41| 0,75 1,34
Er.2 | T |S355| 114 | 340 | 187 | 528 | 776 | 6018 | 1284 | 1087 |002|041| 071 | 1.40

For roof beams, the axial force limit Neq < 0,15.Nis not satisfied. It is necessary to determine the
moment resistance in the plastic stage, reduced by the axial force.
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_ Mpiyra-(1-n)

= _PXRE ¢
MN,y,Rd 1-05.4 > Mpl,y,Rd,
Where:
N

n= Ed

NpiRd

A-2.b.t

= L <05

For the designed cross sections:
A=178cm?, b=30cm; t =21cm

=278 — 0163

"~ 6018

a= 178-2.30.2,1 — 0'29 < 0’5
178

Miyro = 5200259 = 1064 KNM < Mpiyre = 1087kKNmM

Mnyrd =1064 KNm

4.13. Column C-C15

All design procedures applied to the other columns are valid. The coefficient for capacitive
increase of the forces in the column is Qmin = 1,0, determined by the calculations for beams PB58,
PB59 and PB60.

> Characteistics of the cross sections

Koaonn-2xHE900A
h A Avz ly Iz Wy Wz |fy
[cm] |[cm?] |[cm?] [em® [[em®  [[cm?] |[cm®] [[kN/cm?]
89 [638,5 |163,3  |435622 |435622 (9789 9789 |46

Koaonn-2xHES00A
h A Avz ly 1z Wy Wz |fy
[cm] [[cm?] |[cm?] [cm* |[cm*]  [[cm®] [[cm?] |[kN/cm?]
79 |569,4 |138,8  |316081 |316081 {8002 [8002 |46

2xHES800A 2xHE?9

.

00A

=

HEQ00A|_|
Wm &

300 |
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> Presentation of the results

» Design inner forces

> Selected cross section

Cross Section - HE 650 B

The selected cross section is HE650B.

Myed =1 750 KNm; Mgzeq =83 kKNm; Vedq =820 kN; Neg = 480 kN

Characteristics of the section are as it follows:

Ertas Hanp. Knac | N Ed V Ed M Edy M Ed,z N Rd V Rd M Rd,y M Rd,z M M MEd,y MEd,z Omax
cedenne| crom. | [kN] | [KN] [[KNm] [KNm] | [KN] | [kN] | [KNm] | [KNm]| Nga | Vra |MRay| Mraz |fyrd
Er. 7 < S460 | 769 (1659 (1329 | 919 |23187| 3511 | 3506 | 3506 | 0,03 | 0,47 | 0,38 | 0,26 | 0,67
ET. 6 S S460 | 1512 |1255 (1697 | 1035 |23187| 3511 | 3506 | 3506 | 0,07 | 0,36 | 0,48 | 0,30 | 0,84
Er. 5 & S460 | 2250 (1291|1646 | 1049 (23187| 3511 | 3506 | 3506 | 0,10 | 0,37 | 0,47 | 0,30 | 0,87
Et. 4 % S460 |2985 1299|1619 | 1073 |23187| 3511 | 3506 | 3506 | 0,13 | 0,37 | 0,46 | 0,31 | 0,90
Er. 3 S460 | 3721 (1291|1630 | 1093 |23187| 3511 | 3506 | 3506 | 0,16 | 0,37 | 0,46 | 0,31 | 0,94
ET. 2 g S460 | 4473 [1409 | 1652 | 1184 |26000| 4130 | 4289 | 4289 | 0,17 | 0,34 | 0,39 | 0,28 | 0,83
Er. 1 = S460 [5425 (1118 | 604 | 364 |26000| 4130 | 4289 | 4289 | 0,21 | 0,27 | 0,14 | 0,08 | 0,43
ET. -1 % S460 | 6360 | 185 | 128 | 123 |26000| 4130 | 4289 | 4289 | 0,24 | 0,04 | 0,03 | 0,03 | 0,30
ET. -2 & S460 | 7303 | 39 24 56 |26000| 4130 | 4289 | 4289 | 0,28 | 0,01 | 0,01 | 0,01 | 0,30
4. Short columns from ,,Vierendeel belt trusses”

T P52 [N PB53 [T PB54 T PB55 T Pes6  [1]

EEEL = HH - HHHH ‘ + X HEHH % + s HHH % lfg

| = | |
= ||| il | = o a ||i =]
i 3 ci " c1 c1 ci N 1 ct || c1 -l o
S S 3 3 | S|l 5
< | PB52 PB53 O PB54 S PB55|! O i PB56 |8

IFE==3lI—=——=|[I== T || {{C—= T Hi ==

113200 |, 3200(){3200 |, 3200 | 3200 , 3200(}}}{3200 | 3200 4 3200 | 3200 ‘ |

The shear forces in the considered vertical elements are maximal when applying a design seismic
situation. The most heavily loaded column should be considered.

N h= 6500 b2=| 3000 b= 3000 |ri= 27
' tw= 160 tf2= 310 tf= 310 | ro= 0
gl Section Properties
A = 286.338 cm
’ c Cz = 32.560 cm Cy = 15.000 cm
h=650 - -4 — , = e e
K Iy =210616.108 cmd4 1z = 13983.994 cm4
iz W = 6£5480.495 cm3 Wz = 932.266 cm3
Wply= 7319.881 cm3 Wplz= 1441.412 cm3
t=31 r = 27.121 cm rz = 6.988 cm
¢ i Avy = 186.000 cm2 Avz = 122.038 cm2
b=300 It = 761.6086 cm4 Wt = 204 .511 cm3
Nrk = fy.A = 35,5.286,3 = 10 163 KN — Nrk =10 163 kN
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Myrk = fy. Wpty = 35,5. 6480,5 = 2 596 KNm — My rk = 2 596 KNm
Mzgk = fyk. Wiz = 35,5.932.3 = 331 kNm — M,k = 331 kKNm
Vra = f0.A/N3 = 35,5.122/(1,05.13) = 2 381 KN — Vg = 2 381 kN

» Design checks

The element is loaded with double-axial bending and compression. The possibility of buckling is
taken into account. It is also necessary to check the influence of shear forces on the load bearing
capacity of the element.

Veqd <0,5.Vrg — 480 <0,5.2 381 — VEeg =480 kN < 0,5.Vrg =1 190 kN — Influence of shear
force is not taken into account!

Ngg kyy-MyEd kyz.M;Eq
+ <1
Xy-NRk XLT-My RE Mz Rk =
YM1 YM1 YM1

Ngq n kzy-My gd n kzz-MzEd <1
9

Xz-NRk XLT-My RE Mz Rk =
YM1 YM1 YM1
Where:

Nrk = fy.A; Myrc = fy.Wy ; Mzre = fy.W, - compression and bending resistances of cross
sections, defined according to the geometrical characteristics of the selected sections.

kyy, Kzz, kyz 1 kzy — interaction coefficients;

Section is class 1! — Section works in plastic stage. The following formulas are used to define
the interaction coefficients.

Ky = cmy.<1 + (7, - 0,2) L) < cmy.<1 + 0,8.L>

" Xy-NRi/YM1 Xy-NRrK/YM1

kz = sz.(1 + (Z—)LZ — 0,6) L) < sz_<1 + 1,4, NEggq )

" Xz-NRk/YM1 Xz-NRk/YM1
kyz = 0,6.kz
kzy = 0,6.kyy
Cmy =Cmz=Cmr=0,91
Cmr = 0,6 + 0,4y =0,6 +0,4.0,77 = 0,908
w =077

The parameters, taking into account the possibility of buckling of the selected cross section at the
critical length Lcr = 5.0 m, have the following values:

ly = 0’22 Xy = 0,99
2:=0,95 2.=0,63
LT = 0,85
480

ky =091(1 + (0,22 - 0,2) )< 00L(1+08 ——20__)

10,99.10 163/1,05 0,99.10 163/1,05
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ky = 0,9 < 0,94

480

) < cmz.(1 +1,4
kzz :0,99 < 1,016
ky: = 0,6.0,99 = 0,59

kzy = 0,60,9 = 0,54

Interaction coefficients:

kyy = 0,90 kzz = 0,99
kyz = 0,59 kzy = 0,54
N kyy.M kyz.M 480 0,9.1750 0,59.83
Ed + yy- "y Ed yz-MzEd < ] N +
Xy-NRk XLT-My Rk M, Rk — 0,99.10 163 0,85.2589 331
YM1 YM1 YM1 1,05 1,05 1,05
Ngag kzy-My,Ed Kzz.MzEd 480 0,54.1750 0,99.83
Xz-NRk + XLT-My RE + M, Rk < I— 0,63.10 163 + 0,85.2589 + 331
Ym1 YM1 YM1 1,05 1,05 1,05

— Requirements are satisfied!

— Confirmed cross section for column C1 is HE650B!

480 )
"0,63.10 163/1,05

=0,95<10

=0,79<1,0
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V1. Design of the elements from frame parallel to axes ,,3”

) () ) I U ) )
BY 8 EE BB BEYY
! | I ] [ ]

)

PB11 PB104 PBO2
4

C-C3
c-Dgu”‘
3
cF3

1. Elements from EBFs

Columns C-C3 u C-F3 are the considered elements, part of EBF, from frame parallel to axes ,,3
Their designing is presented in point V.1.4. and won’t be given in this point.

2. Elements from MRF
2.1. Beam PB104

The presented results and selected cross sections are designed with the inner forces, which are
result of seismic combination (for maximum negative bending moment).

» Design procedure

Check for the bearing resistance of the beam:
My,Ed < My,Rd = Wy-fy/VMO

Shear force and axial force may not be taken into consideration if the following requirements are
satisfied:

Stefani Nedyalkova, Dep. Nel6367
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Neg <0,15.Nrg
VEed <0,5.VRrd,
Where

Ved = Ved,c + VEdM

VEd,c — shear force, due to gravity loads in seismic combination;

Veq,m — design value of the shear force, due to the plastic moments Mpird,a 1 Mpirdg applied in

the end sections of the beam A u B.

Vedm = (Mpird,a + Mpird,g)/L — most unpleasant condition for defining shear force, reffering to a

beam with a span L and dissipative zones in the ends.

To increase safety, for defining Veqg,m is used the span between plastic hinges of the beam.

> Characteristics of the cross sections

Xapalcmepucmuku HA HAnRpeuYHomo ceuevue

Ipenn - HEA 700 I'pean - HEA 55 Ipexn - HEA400
A [cm 2]|A4vz fem2] Wy [cm3] |Fy [kN/ecm2] |A [cm *]|4vz fem 2] Wy [cm °]|Fy [kN/cm ] |A [cm ]/ 4vz fem 2] Wy [cm °]|Fy [kN/cm ]
2605 |117 7032 35,5 2118 (8372  |4622 35,5 159  |57,33  |2562 35,5

Lpew - HEA 600 Ipean - HEA 450 [pexn - HEA 500
A [cm 21| Avz fem 2 Wy [cm ®]|Fy [kN/em *1|A [cm 2| vz fem 2] Wy [cm ° ] |Fy [kN/em ] |A [om 2] Avz fem 2] Wy [cm ° ]|Fy [kN/em ]
226,5 (93,21 5350 35,5 178 65,78 3216 35,5 1975 |74,72 3949 35,5

» Presentation of the results
Opasmepssane na zpeoa PB104

S Hanp. | Knac | Ned | Veas |Veam| Ved | Med | Nrd | Vrd | MRra | Ned [VEa |[MEa Q

ceuenne | crom. | [kN] | [KN] | [kN] | [KN] | [KNm]| [kN] | [kN] |[kNm]| Nrd |Vra |Mra ;
Er. I13 < S355 | 394 | 54 | 222 | 276 | 239 |5376|1119| 866 | 0,07|0,25| 0,28 | 3,63
Et. 112 § S355 | 78 55 | 222 | 277 | 358 |5376(1119| 866 [0,01|0,25| 0,41 | 2,42
Et. I11 L S355 392 | 55 | 222 | 277 | 589 |5376|1119| 866 | 0,07 |0,25| 0,68 | 1,47
Er.31'| - - - - - - - - -] - - -
Et. 31 < S355 | 296 | 46 | 222 | 268 | 800 |5376|1119| 866 | 0,06 |0,24| 0,92 | 1,08
ET. 30' § S355 | 113 | 55 | 222 | 277 | 750 |5376|1119| 866 |0,02|0,25| 0,87 | 1,15
ET. 30 L S355 | 42 55 | 222 | 277 | 779 |5376(1119| 866 |0,01|0,25| 0,90 | 1,11
Et. 29 < S355 | 41 55 | 279 | 334 | 853 |6018|1284| 1087 (0,01|0,26| 0,78 | 1,27
Er. 28 3 S355 | 48 55 | 279 | 334 | 933 |6018|1284 | 1087 | 0,01|0,26| 0,86 | 1,17
Et. 27 % S355 | 53 55 | 279 | 334 | 1010 | 6018|1284 | 1087 | 0,01 (0,26| 0,93 | 1,08
Et. 26 S355 | 57 56 | 279 | 334 | 1082 | 6018|1284 | 1087 | 0,01 |0,26| 1,00 | 1,00
ET. 25 S355 | 60 56 | 401 | 456 | 1151 | 7161|1634 | 1563 | 0,01 |0,28| 0,74 | 1,36
ET. 24 S355 | 63 56 | 401 | 456 | 1216 | 7161|1634 | 1563 [ 0,01 |0,28| 0,78 | 1,28
ET. 23 < S355 | 65 56 | 401 | 457 | 1281 | 7161|1634 | 1563 | 0,01 /0,28 | 0,82 | 1,22
ET. 22 § S355 | 72 56 | 401 | 457 | 1354 | 7161|1634 | 1563 | 0,01 (0,28| 0,87 | 1,15
ET. 21 le:-l S355 | 104 | 56 | 401 | 457 | 1474 | 7161|1634 | 1563 | 0,01 | 0,28 | 0,94 | 1,06
ET. 20 S355 | 124 | 56 | 401 | 457 | 1530 | 7161|1634 | 1563 | 0,02 (0,28 | 0,98 | 1,02
Er. 19 S355 | 66 56 | 401 | 457 | 1512 | 7161|1634 | 1563 | 0,01 |0,28| 0,97 | 1,03
ET. 18 S355 | 70 56 | 401 | 457 | 1543 | 7161|1634 | 1563 | 0,01 (0,28| 0,99 | 1,01
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Opasmepsaeane na zpeoa PB104

Eran | H20P- | Kiac | Ned | Veqe Veam| Ved | Med | Nra | Vra | Mrg Ngq |Vegg [Mgg | Q

ceyenue | cToM. | [KN] | [KN] | [KN] | [KN] |[KNm]| [KN] | [KN] [[KNm]| Nra |Vgra |Mga -
Et. 17 S355 | 71 56 | 464 | 520 | 1582 | 7658 {1819 | 1809 | 0,01 |0,29| 0,87 | 1,14
Et. 16 S355 | 71 | 56 | 464 | 520 | 1620 | 7658 [1819| 1809 | 0,01 |0,29| 0,90 | 1,12
Er. 15 S355 | 72 | 56 | 464 | 520 | 1654 | 7658 1819|1809 | 0,01 |0,29| 0,91 | 1,09
Er. 14 g S355 | 71 56 | 464 | 520 | 1683 | 7658 | 1819| 1809 | 0,01 |0,29| 0,93 | 1,07
ET. 13 3 S355 | 71 56 | 464 | 520 | 1707 | 7658 |1819| 1809 | 0,01 |0,29| 0,94 | 1,06
Er. 12 % S355 | 70 | 56 | 464 | 520 | 1726 | 7658 |1819| 1809 | 0,01 |0,29| 0,95 | 1,05
Er. 11 S355 | 68 | 56 | 464 | 520 | 1739 | 7658 {1819 | 1809 | 0,01 |0,29| 0,96 | 1,04
Et. 10 S355 | 66 56 | 464 | 520 | 1751 | 7658 |1819| 1809 | 0,01 |{0,29| 0,97 | 1,03
ET.9 S355 | 67 56 | 464 | 519 | 1754 | 7658 |1819| 1809 | 0,01 |0,29| 0,97 | 1,03
ET. 8 S355| 92 | 56 | 610 | 665 | 1881 | 8807|2284 | 2377 | 0,01 |0,29| 0,79 | 1,26
Et. 7 S355| 58 | 56 | 610 | 665 | 2001 | 8807 |2284 | 2377 | 0,01 0,29 | 0,84 | 1,19
ETr. 6 Q S355 | 63 | 56 | 610 | 665 | 2077 | 8807 |2284 | 2377 | 0,01 0,29 | 0,87 | 1,14
Et. 5 = S355 | 46 55 | 610 | 665 | 2131 | 8807 (2284|2377 | 0,01 {0,29| 0,90 | 1,12
ET. 4 I-IIJ S355 | 40 55 | 610 | 665 | 2122 | 8807 |2284 | 2377 |0,00|0,29| 0,89 | 1,12
Et. 3 S355 | 36 | 55 | 610 | 665 | 2101 | 8807 [2284| 2377 | 0,00|0,29( 0,88 | 1,13
Er.2 S355 | 58 | 55 | 610 | 664 | 1979 | 8807|2284 | 2377 | 0,01 0,29 | 0,83 | 1,20
Er. 1 S355 | 140 | 175 | 342 | 518 | 1217 | 6677 |1459| 1335 0,02 |0,36| 0,91 | 1,10
Et.-1 |HE500A| S355 | 39 | 174 | 342 | 517 | 345 |6677 |1459|1335|0,01|0,35| 0,26 | 2,82
ET. -2 S355 | 14 | 174 | 342 | 517 | 231 | 6677 |1459| 1335|0,00|0,35| 0,17 | 2,82

The values of the positive bending moments in the beam in combination 1.35.G + 1.5.Q do not

2.2.Beams PB92 and PB115
The presented calculations and the selected cross sections are obtained due to the forces, result of

» Design procedure

seismic situation (maximal negative bending moment).

Design procedure is analogical to the one for PB104.

» Characteristics of the cross sections

Mlkmepucmuk‘u Ha HanpeuyHomo ceueHue
I'penu - HEA 900
Alcm?]  |Avz fem®] Wy [om ®]|fy [kN/cm *]
320,5 163,3 10810 35,5
I'penu - HEA 800
Alem?]  |Avz fem?]|Wy [cm 2] |fy [kN/em ?]
285,8 138,8 8699 35,5
I'penu - HEA 650
Alem?]  |Avz fem*]|Wy [cm*][fy [kN/cm ?]
2416 103,2 6136 35,5
I'penn - HEA 550
Alem?]  |Avz fem*] Wy [cm ®]|fy [kN/cm *]
211,8 83,72 4622 35,5

exceed those of the negative ones, obtained in seismic combination. This is why they won’t be
considered. In the current point composite behavior of the beam won’t be taken into account.
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» Presentation of the results
Opasmepsaeane na 2peou PB92 u PB115

Exax Hanp. | Kaac | Neg | Veas [Vedm| Ved | Med | Nrd | Vrd | Mrd | Ned [VEa [Mpa | Q

ceuenne (cromana| [kN] | [kN] | [kN] | [KN] [[kNm]| [kN] | [kN] |[KNm]|Nra |Vra |[Mpa| -
Er. I13 < S355 79 218 | 391 | 609 | 1510 | 8168 | 2014 | 2075 (0,01 | 0,30 | 0,73 | 1,37
Er. 112 § S356 27 216 | 391 | 607 | 1589 | 8168 | 2014 | 2075 | 0,00 | 0,30 | 0,77 | 1,31
Er. I11 I S357 255 | 210 | 391 | 601 | 1658 | 8168 | 2014 | 2075 | 0,03 | 0,30 | 0,80 | 1,25
Er. 31" - - - - - - - - - - - - -
Er. 31 < S355 183 194 | 391 | 586 | 1678 | 8168 | 2014 | 2075 | 0,02 | 0,29 |0,81| 1,24
ET. 30 % S355 79 211 | 391 | 603 | 1872 | 8168 | 2014 | 2075 | 0,01 | 0,30 | 0,90 | 1,11
ET. 30 T S355 28 212 | 391 | 604 | 2030 | 8168 | 2014 | 2075 | 0,00 | 0,30 [ 0,98 | 1,02
ET. 29 S355 23 212 | 555 | 767 | 2166 | 9663 | 2709 | 2941 | 0,00 | 0,28 | 0,74 | 1,36
ET. 28 S355 23 212 | 555 | 767 | 2296 | 9663 | 2709 | 2941 | 0,00 | 0,28 | 0,78 | 1,28
Er. 27 S355 24 211 | 555 | 766 | 2419 | 9663 | 2709 | 2941 | 0,00 | 0,28 [ 0,82 | 1,22
ET. 26 S355 26 210 | 555 | 765 | 2537 | 9663 | 2709 | 2941 | 0,00 | 0,28 [ 0,86 | 1,16
Er. 25 < S355 27 209 | 555 | 764 | 2649 | 9663 | 2709 | 2941 | 0,00 0,28 {0,90| 1,11
ET. 24 § S355 28 208 | 555 | 763 | 2755 | 9663 | 2709 | 2941 | 0,00 | 0,28 | 0,94 | 1,07
Er. 23 % S355 29 207 | 555 | 762 | 2855 | 9663 | 2709 | 2941 | 0,00 | 0,28 | 0,97 | 1,03
Er. 22 S355 34 205 | 555 | 760 | 2955 | 9663 | 2709 | 2941 | 0,00 | 0,28 {1,00| 1,00
ET. 21 S355 65 202 | 690 | 892 | 3057 | 10836 | 3188 | 3655 | 0,01 | 0,28 [ 0,84 | 1,20
ET. 20 S355 66 200 | 690 | 889 | 3137 | 10836 | 3188 | 3655 | 0,01 | 0,28 [ 0,86 | 1,17
Er. 19 S355 32 199 | 690 | 888 | 3178 | 10836 | 3188 | 3655 | 0,00 | 0,28 (0,87 | 1,15
ET. 18 S355 31 196 | 690 | 886 | 3214 | 10836 | 3188 | 3655 [ 0,00 | 0,28 (0,88 | 1,14
Er. 17 S355 30 193 | 690 | 883 | 3242 | 10836 | 3188 | 3655 | 0,00 | 0,28 {0,89| 1,13
Er. 16 S355 30 190 | 690 | 880 | 3276 | 10836 | 3188 | 3655 | 0,00 | 0,28 | 0,90 1,12
Er. 15 S355 30 187 | 690 | 877 | 3314 | 10836 | 3188 | 3655 | 0,00 | 0,28 {0,91| 1,10
Er. 14 g S355 30 184 | 690 | 873 | 3350 | 10836 | 3188 | 3655 | 0,00 | 0,27 | 0,92 | 1,09
Er. 13 S S355 30 180 | 690 | 870 | 3379 | 10836 | 3188 | 3655 | 0,00 | 0,27 [ 0,92 | 1,08
ET. 12 UIJ S355 30 176 | 690 | 865 | 3403 | 10836 | 3188 | 3655 | 0,00 | 0,27 | 0,93 | 1,07
Er. 11 S355 29 172 | 690 | 861 | 3419 | 10836 | 3188 | 3655 | 0,00 | 0,27 [ 0,94 | 1,07
Er. 10 S355 29 167 | 690 | 856 | 3425 | 10836 | 3188 | 3655 | 0,00 | 0,27 0,94 | 1,07
ETt. 9 S355 33 163 | 690 | 852 | 3418 | 10836 | 3188 | 3655 | 0,00 | 0,27 0,94 | 1,07
Er. 8 S355 56 158 | 690 | 847 | 3395 | 9663 | 3188 | 3655 (0,01 | 0,27 | 0,93 | 1,08
Et. 7 S355 35 157 | 690 | 846 | 3482 | 9663 | 3188 | 3655 | 0,00 | 0,27 | 0,95| 1,05
Er. 6 “03 S355 34 146 | 690 | 835 | 3599 | 9663 | 3188 | 3655 | 0,00 | 0,26 [ 0,98 | 1,02
ET. 5 % S355 24 136 | 690 | 826 | 3583 | 9663 | 3188 | 3655 | 0,00 | 0,26 | 0,98 | 1,02
Er. 4 T S355 19 126 | 690 | 816 | 3506 | 9663 | 3188 | 3655 | 0,00 | 0,26 | 0,96 | 1,04
ET.3 S355 37 115 | 690 | 805 | 3378 | 9663 | 3188 | 3655 (0,00 | 0,25 (0,92 | 1,08
Et.2 S355 142 102 | 690 | 792 | 3155 | 9663 | 3188 | 3655 | 0,01 | 0,25 (0,86 1,16
Er. 1 S355 980 | 250 | 295 | 545 | 1376 | 7161 | 1634 | 1563 | 0,14 | 0,33 | 0,88 | 1,14
Er. -1 |HE550A| S355 67 247 | 295 | 541 | 538 | 7161 | 1634 | 1563 | 0,01 | 0,33 | 0,34 | 2,90
ET. -2 S355 62 243 | 295 | 538 | 396 | 7161 | 1634 | 1563 | 0,01 | 0,33 [ 0,25 | 3,04
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2.3.Columns C-D3 and C-E3

The column is part of a moment resistant frame. In order to ensure the global ductile behavior of
the structure, the frames resisting bending must be designed so as to form plastic hinges in the beams,
and the columns to work entirely in the elastic stage. This requirement is presented in BJIC EN 1998-
1, item 6.6.

To ensure the formation of plastic hinges in the beams and to prevent plasticization in the
columns, the columns of the frame are designed for increased inner forces.

2.3.1. Design checks

Columns are designed to resist bi-axial bending with compression. Influence of the shear force
should not be taken into consideration if: Veq <0,5.Vrd

Ned = Ned,c + 7, 1.y0v.22. Ned e
Ved = VEdG + 1,1.70v.Q2.VEdE
Med = Med, + 1,1.y0v.2.MEq e
Q = Qimin = MRg,i/Meg,i = 1,0

Buckling resistance of the columns should be also checked. The following conditions should be
satisfied:

Ngg + KyyMyEa | KyzMzea _ 1
Xy-NRk XLT-My Rk M, Rk -
YM1 YM1 YM1

Ngg + kzy-My,Ed + kzz-Mz,Ed < 1
b

Xz-NRk XLT-My RE My RE =
YM1 YM1 YM1
Where:

Nrk = fy.A; Myrc = fy.Wy ; Mzre = fy.W; - bending and axial resistances of the cross section;

kyy, Kzz, kyz 1 kzy — interaction coefficients;

Columns, which are part of the EBFs and MRFs are heavily loaded with compression force and
bending moment due to seismic motion. This leads to the use of non-standard composite sections for
heavily loaded columns. Such sections are not sensitive to buckling and for them the value of the
displacement coefficient .t > 1,0, which allows it to be assumed y.: = 1,0. For sections of this type,
the values of the interaction coefficients are not defined by EC 1993-1-1. To increase safety and for
more proper calculations in the present project, the values of these coefficients are accepted:

kyy = kzz = kyz = kzy = 1,0

All these assumptions allow the above formulas containing the coefficients of interaction to be
reduced to a modified, simplified formula:

N MEgq M
Ay Wpl,y Wpl,z

The values of buckling factor are equal for the main axes, because of the double symmetry and
the equal inertial characteristics of the cross sections in both directions.
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2.3.2. Characteristics of the cross sections

> Geometrical and inertial characteristics of the cross sections

&l&mmepucmuxu HA HaAnRpe4YHomo ceuernue
Kououn-2x900X400X54X30+CHS219,1X30 - 1
h A Avz |ly Iz Wy  (Wz fy Ach [Wesh |Fycsh
[cm] |[em?] |[cm? |[em* |[cm?]  [[em®] |[cm®] [[kN/cm?]|[cm?] |[cm®] |[[kN/cm?]
121,7 |1576,6 |259,3 |1886296|1886296 |30999 [30999 |46 178 /1080 |355
Kou10un-2x800X400X40X20+CHS219,1X20 - 2
h A Avz ly Iz Wy Wz fy Ach Wen [Fyesh
[cm] |[em’] |[cm?] |[ecm*] |[cm?]  |[cm®] |[cm®] [[kN/cm?]|[cm?] |[cm®] |[kN/cm?]
109,9 [960,2 [219,8 |1115156|1115156|20294 |20294 |46 125 795 |[355
Kouonn-2xHE900B - 3
h A Avz |ly Iz Wy Wz |fy Ach [Wesh |Fyesh
[cm] [[em? |[ecm? [[em®] |[cm]  [[em®] |[cm®] [[kN/cm?|[cm?] [[cm®] |[kN/cm?]
90 |739  |178,3 |509880 |509880 |11331 (11331 |46 111 713 [355
Koaonn-2xHE700B -4
h A Avz |ly 1z Wy Wz fy
[cm] [[em?T [[cm’] |[em* [[cm*]  |[em®] [[cm®] |[kN/cm?]
70  |609,9 (1371 271328 (271328 |7752 |7752 |46

» Type of cross section

Ceverue 71 Ceyenue 2

400

1217
1099

§
.
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2.3.3. Presentation of the results from the checks

02=1,0— Eed = Ngdc +1,1.1,25.1,0.Ne4 e

Opazmepagane na kononu C-D3 u C-E3

Torea Hanp. Kmac | Ngs [Veds [Medy Meqz| Nrda | Vra | Mray | Mraz| Nea |Ved (Mygd | Myga| Oka

ceuenne| cromana | [kN] |[kN] |[kNm] [kNm]| [kN] | [kN] |[kNm]|[kNm]|N&a-X |Vra |Myra | Myra|fyra
Er. IIT S460 - - - - - - - - - - - - -
Er. I13 S460 336 | 444 | 489 | 666 |24836|4092 | 3396 | 3396 | 0,01 [0,11| 0,24 | 0,20 | 0,35
Er. I12 S460 713 | 480 | 628 | 875 [24836|4092 | 3396 | 3396 | 0,03 |0,12| 0,18 | 0,26 | 0,47
Er. IT1 S460 1104 | 334 | 493 [1536 248364092 | 3396 | 3396 | 0,04 |0,08| 0,15 | 0,45 | 0,64
ET. K S460 1138 | 339 | 325 | 682 (24836|4092 | 3396 | 3396 | 0,05 |0,08| 0,10 | 0,20 | 0,34
ET. 31" 4 S460 1171 | 344 | 725 |1711 |24836|4092 | 3396 | 3396 | 0,05 |0,08| 0,21 | 0,50 | 0,76
Er. 31 S460 1500 | 645 | 853 |1512 (24836|4092 | 3396 | 3396 | 0,06 |0,16| 0,25 | 0,45 | 0,76
Er. 30" S460 1897 | 753 | 761 |1424 |24836|4092 | 3396 | 3396 | 0,08 |0,18| 0,22 | 0,42 | 0,72
Er. 30 S460 2343 | 827 | 772 |1538 (248364092 | 3396 | 3396 | 0,09 (0,20| 0,23 | 0,45 | 0,77
Er. 29 S460 2837 | 898 | 772 |1683|24836|4092 | 3396 | 3396 | 0,11 |0,22| 0,23 | 0,50 | 0,84
ET. 28 S460 3371 | 966 | 817 |1826 |24836|4092 | 3396 | 3396 | 0,14 |0,24| 0,24 | 0,54 | 0,91
Er. 27 S460+5355] 3939 |1029 | 891 |1963 | 33581 | 4510 | 5205 | 5205 | 0,12 |0.23| 0,17 | 0,38 | 0,67
Er. 26 S460+5355 4539 |1088 | 975 | 2090 |33581| 4510 | 5205 | 5205 | 0,14 |0,24| 0,19 | 0,40 | 0,72
Er.25 | . |SA60+S355)5169 |1144 1059 2200 |33581] 4510 | 5205 | 5205 | 0,15 [0,25] 0,20 | 042 [0,78
Er. 24 S460+5355| 5826 1197 | 1138 | 2318 | 33581 | 4510 | 5205 | 5205 | 0,17 |0,27| 0,22 | 0,45 | 0,84
Er. 23 SA460+S355| 6510 | 1248 | 1198 | 2414 | 33581 | 4510 | 5205 | 5205 | 0,19 |0.28| 0,23 | 0,46 | 0,89
Er. 22 S460+5355| 7221 |1293 | 1178 | 2473 | 33581 | 4510 | 5205 | 5205 | 0,22 |0,29| 0,23 | 0,48 | 0,92
B2l SA460+5355| 7977 | 1271 | 1647 | 2986 | 43029 | 5559 | 9159 | 9159 | 0,19 |0,23| 0,18 | 0,33 | 0,69
Er. 20 S460+S355| 8752 (1381 | 1489 | 2789 [43029 | 5559 | 9159 | 9159 | 0,20 (0,25| 0,16 | 0,30 | 0,67
Er. 19 SA460+5355| 9524 | 1423 | 1534 | 2809 | 43029 | 5559 | 9159 | 9159 | 0,22 |0,26] 0,17 | 0,31 | 0,70
Er. 18 S460+5355]10300 | 1463 | 1631 | 2871 | 43029 | 5559 | 9159 | 9159 | 0,24 |0,26] 0,18 | 0,31 | 0,73
Er 17 S460+5355|11106 | 1503 | 1580 | 2939 | 43029 | 5559 | 9159 | 9159 | 0,26 |0,27| 0,17 | 0,32 | 0,75
Eail6 S460+5355|11918 | 1533 | 1605 | 3001 | 43029 | 5559 | 9159 | 9159 | 0,28 |0,28| 0,18 | 0,33 | 0,78
Er.15 | , [S460+5355[12741 1558 | 1644 3055 43029 5559 | 9159 | 9159 | 0,30 0,28 0,18 | 0,33 |01
Er. 14 S460+5355|13576 | 1579 | 1682 | 3100 | 43029 | 5559 | 9159 | 9159 | 0,32 |0,28| 0,18 | 0,34 | 0,84
Ex 13 SA460+5355(14422 | 1596 | 1720 | 3134 | 43029 | 5559 | 9159 | 9159 | 0,34 |0,29] 0,19 | 0,34 | 0,87
ET. 12 S460+S355|15279 | 1607 | 1756 |3157 |43029 | 5559 | 9159 | 9159 | 0,36 |0,29| 0,19 | 0,34 | 0,89
B, 11 S460+5355|16147 | 1612 | 1800 | 3165 | 43029 | 5559 | 9159 | 9159 | 0,38 |0.29] 0,20 | 0,35 | 0,92
Er. 10 S460+5355(17025 | 1614 | 1863 | 3148 | 43029 | 5559 | 9159 | 9159 | 0,40 |0,29] 0,20 | 0,34 | 0,94
Er. 9 S460+S355|17907 | 1620 | 1816 | 3070 |43029 | 5559 | 9159 | 9159 | 0,42 |0,29| 0,20 | 0,34 | 0,95
Er.8 S460+5355|18777 | 1571 | 1178 | 2346 | 43029 | 5559 | 9159 | 9159 | 0,44 |0,28| 0,13 | 0,26 | 0,82
B 7 S460+5355]19681 | 1568 | 1807 | 3544 | 69795 | 6559 | 13946|13946] 0,28 |0.24] 0,13 | 0,25 | 0,67
Er. 6 S460+S355(20548 1515 | 1816 | 3795 [ 69795 | 6559 [13946|13946| 0,29 (0,23| 0,13 | 0,27 | 0,70
7.5 SA460+5355(21418 | 1497 | 1824 |3797 | 69795 | 6559 |13946|13946| 0,31 |0.23] 0,13 | 0,27 | 0,71
Er 4 S460+5355(22298 | 1470 | 1877 |3732 | 69795 | 6559 |13946|13946| 0,32 |0,22] 0,13 | 0,27 | 0,72
Er. 3 1 S460+S355(23195 (1473 | 1750 | 3826 | 69795 | 6559 [13946|13946| 0,33 (0,22| 0,13 | 0,27 | 0,73
o 2 SA460+5355(24133 1231 | 3839 |4370 | 69795 | 6559 | 13946|13946| 0,35 |0,19| 0,28 | 0,31 | 0,93
Er 1 S460+5355(25371 | 119 | 1539 | 931 | 69795 | 6559 |13946|13946| 0,36 |0,02| 0,11 | 0,07 | 0,54
Er. -1 S460+S355(26531 | 114 | 530 | 341 [69795| 6559 [13946|13946| 0,38 (0,02| 0,04 | 0,02 | 0,44
Er.2 S460+5355]27685| 50 | 241 | 126 | 69795 | 6559 | 13946|13946] 0,40 |0,01] 0,02 | 0,01 | 0,42
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VI1I. Design of different types of joints

“14 ”/
w S
e 0 7o)
1 S 2
-8 - =
o .
o~ 8 — g
/ B
7 - Ly
R
SBa&s ‘
IPE360 1
3xM20 3xM22 \ﬂ
kn. 8.8 kn. 8.8 IPE5S00
PB55
HEB00A
e g
90 | 90

1.1. Connection between PB55 /HE800A/ and SB71 /IPE500/

and bearing. It is necessary to prove the bearing capacity of the .

1. Design of bolted connection between primary beam and secondary beam /Detail

According to BZIC EN 1993-8, item 3.4., The bolted connection is category A, i.e. Resist shear

joint of shear and crushing. ‘

Fv,Ed < Fv,Rd

Fved < Fbrd

Fv,Ed =4/ FUZ + FI@

Fv = Rsg71/3 = 278,4/3 = 92,8 kN

My.z 2505,6.14,5
Fy =21 = — = 86,4 kN
M Y z? 2.14,52 !

M, = e.R%8" = 9.278,4 = 2 505,6 kNcm

Fved =+/92,8% + 86,42 =126,8 kN
Fved = 126,8 kN
Type of bolts M22, class 8.8 is selected!

Rsg7=278,4kN

1.1.1. Shear resistance

_ ap.fupA
Furd = ——,
YMm2

Where:

fup = 800 MPa = 80 kN/cm? — Tensile strength of bolt class 8.8;
A = 3,8 cm? — for bolts M22;

e = 1,25;
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It is assumed that the shear plane passes through the unthreaded portion of the bolt and the area A
Is the gross cross section of the bolt:

Oy = 0,6

Furd = O'GfZ"jS = 145,9 kN — Fyrq = 145,9 kN

Fved <Fvrd — Fved =126,8 KN < Fyrd = 145,9 KN — Check is satisfied!

1.1.2. Bearing resistance

_ ky.ap.fudt
Fb,Rd -
Ym2

fub

. u

op = Min 1.0
)

%]

For end bolts:

e 50
=—2=-"=07
3.dy 3.24

e1 =50 mm = 5cm
fu = 430 MPa = 43 kN/cm? — for steel class S275 (secondary beam)
do=d+4=22+2=24mm
A =2 mm — For bolts M16 — M24;
= 1,6
ap =min § 1 o= min {1,0 — ap =0,7
0,7 0,7

For end bolts:

4,4

25 — k1 :2,5

:min{

1(282-17 (282_17
ki = min do =17 24 ’

2,5 2,5

g2 =52mm=5,2cm

t = tw,pe6po = 10 mm = 1,0 cm

Fb,Rd — 2,5.0,7.43.2,2.1,0 — 132,4 kN

1,25

Fved <Fprd — Fved =126,8 KN < Fprd = 132,4 KN — Check is satisfied!

1.1.3. Deduction for fastener holes in section “1-1”

-

Ved <VRd

Avnet = d.tw — 4cm.tw - 3.do.tw

Avpet = 42,6.1,02 - 4.1,02 - 3.2,4.1,02 = 32,03 cm? /
Vrd = Avnet.fya/N3 = 32,03.27,5/(1,05.3) = 484 kN |
— VEdg = 278,4 KN < VRrg = 484 KN — Check is satisfied! = —

do=24
d=426

-6-——-G———-0—

-
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1.1.4. Deduction for fastener holes in section “2-2”

‘ — | ] Tav

| i |_ Om 1_\;; *‘:"_‘I‘
O : tw | — By |
| TR = =
z - | % — =
3 S o =
: [ =
gllo 1 & R i = =
" I . Mol rey K . =L Tmax
B | ‘ 1 4 =
o« ! : =
Y 2 l il | = —
- =1
I 1 e
| 2 | :
| (CEd ) | TEd
Lez=170 = A

o = y/0Rax + 3.72, < fylpmo

omax = M1-1/Wiop

M1.1 = Rspr1.e2 = 278,4.17 = 4732,8 kNcm

Wiop = ly/Zmax

ly =11 929 cm? — Wiop = 11 929/27,2 = 430,6 cm®
omax = 4732,8/430,6 = 10,99 kN/cm?

tav = Regr1/(h1.tw) = 278/(43,2.1,02) = 6,32 kN/cm?

oM = /0Zax + 3.T2, =+/10,992 + 3.6,322 = 15,51 kN/cm? — ovm = 15,51 kN/cm?
fy/ymo = 27,5/1,05 = 26,2 kN/cm? — avym = 15,51 kN/cm? < 26,2 kN/cm? — Check is satisfied!

1.1.5. Design for block tearing
Vett.rd = 0,5.fu Ant Am2 +Hy.Anv IV/3. ymo0 > VEd
Where:
Ant - net area subjected to tension;
Anv - net area subjected to shear;
Anv = tw.(34,2 — 2,5.do) = 1,02.(34,2 — 2,5.2,4) = 28,8 cm?
Ant = tw.(5,2— 0,5.do) = 1,02.(5,2 — 0,5.2,4) = 4,08 cm?
Vettra = 0,5.504,08 /1,25 +27,5.28,8 / (+/3.1,05) = 517 kN
— Vetfrd = 517 KN > Veg = 278,4 KN — Check is satisfied!

4.14. Connection between beams PB55 /HE800A/ and SB88 /IPE360/

According to BJIC EN 1993-8, item 3.4., The bolted connection is category A, i.e. Resist shear
and bearing. It is necessary to prove the bearing capacity of the joint of shear and crushing.

Fv,Ed < Fv,Rd
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Fv.ed < FbRrd

Fvea = EZ + FI\%I
Fv = Rsgss/3 = 150/3 = 50 kN

_ MyZmax _ 1350.8 /

Fum= = = 84,4 kN
Lz 28 sBas /

My = e.Rsgss = 9.150 = 1350 kNcm
Fved =+/502 + 84,42 =98,1 kN
Fved = 98,1 kN HES00A ™

Type of bolts M20, class 8.8 is selected!

80_,_80_52

|

Rggga=150kN

1.1.6. Shear resistance

_ ap.fupa
FV,Rd - v—u ]
YM2

Where:

fub = 800 MPa = 80 kN/cm? — tensile strength of bolt class 8.8;
A = 3,14 cm? — 3a 6ot M20:

e = 1,25;

It is assumed that the shear plane passes through the unthreaded portion of the bolt and the area A
IS the gross cross section of the bolt:

Oy = 0,6

Furd = °'6'f‘;'53'1“ =120,6 kN — Fyrg = 120,6 kN

Fved <Fvrd — Fved = 98,1 KN < Fyrga = 120,6 KN — Check is satisfied!

1.1.7. Bearing resistance

_ ki.ap.fydt
Fb,Rd -
Ym2

fub

- u

op = MINn 1.0
%]

For end bolts:

e 50
g =—=-_-=0,75
3.dy 3.22

e1 =50 mm = 5cm

fu = 430 MPa = 43 kN/cm? — for steel class S275 (secondary beam)
do=d+4=20+2=22mm

4 =2 mm — For bolts M16 — M24;
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2 1,6
ap =min4 1 o =min { 1,0 — ap=0,75
0,75 0,75

For end bolts:

28217
do

ki = min {
2,5

52
_ {2,8.5 - 17_ o {5.58 k=25
25 2,5

e2=52mm=25,2cm

t = tW,peﬁpo = 10 mm = 1,0 cm

_2,5.0,75.43.2,0.1,0 _
Fore=———"7"77"—=

1,25

Fved <Fprd — Fved =98,1 KN < Fprd = 129 KN — Check is satisfied!

129 kN

1.1.8. Deduction for fastener holes in section ,,1-1¢

Ved < VRrd . . 1
— | kﬁ ; D"
Av,net - dO.tW - 4tw = 3.d0.tw _—m q—j‘
© O
Avnet = 29,86.0,8 —4cm.0,8 - 3.2,2.0,8 = 15,41 cm? < \\
§ O [ N\ Ane
Vrd = Avnet.fya/N3 = 15,41.27,5/(1,05.V3) = 233 kN © S
(@]
— VEd = 150 kKN < Vrg = 233 KN — Check is satisfied!
1
1.1.9. Deduction for fastener holes in section ,,2-2
A
|_ _ L | ) Omax ‘Im"'
- S | s — = .3\‘ i
| O prd tw=8 _ =N
' S =\
o | |® S = —
i S = I
- | § y =y 17 '_Imu'\f' |
2 | )
!__e2=1 70 _| |
OVM = +/ Ohax +3.74, < fylymo
Omax = Ml—llwtop
Mi.1 = Rsgss.e2 = 150.17 = 2550 kNcm
Wiop = ly/Zmax
l, = 3105 cm? — Wiop = 3105/19 = 163 cm®
omax = 2550/163 = 15,65 kN/cm?
tav = Rss71/(h1.tw) = 150/(29,2.0,8) = 6,42 kN/cm?
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owM = /02y + 3.7T2, =+/15,652 + 3.6,422 = 19,2 kN/cm? — ovm = 19,2 kN/cm?
fylymo = 27,5/1,05 = 26,2 kN/cm? — ovm = 19,2 kN/cm? < 26,2 kN/cm? — Check is satisfied!

1.1.10. Design for block tearing
Vet.rd = 0,5.fu.Ant im2 + fy.Any V3. ymo > Ved nvﬂit
Where: E[
Ant - net area subjected to tension;
Any - net area subjected to shear; Ant

Anv = tw.(21,2 — 2,5.do) = 0,8.(21,2 — 2,5.2,2) = 12,56 cm?
Ant = tw.(5,2—-0,5.do) = 0,8.(5,2 - 0,5.2,2) = 3,28 cm?

Vettra = 0,5.50.3,28 /1,25 + 27,5.12,56 / (+/3.1,05) = 255 kN
— Vetfrd = 255 KN > Veg = 150 KN — Check is satisfied!

2. Design of bolted splice connection between primary beam and column /Detail “B”/

The splicing of the primary beam and the column is extended out of the joint in order to reduce
the shear forces that the connection has to resist. The column is factory made with brackets welded by
full welding. The connection between the two parts of the main beam is made by means of a bolted
splice connection.

4.15. Out of joint splicing between beam PB54 /HE900A/ and column C-C5 8 /composite
cross section/

10

Two profiles HE900A are connected by “Bof%’lﬁMqiﬂémqgg‘ggfggml ——
splices. According to BJIC EN 1993-8, . e - +
3.4., connection is category “C”. The j : ' i ” T I_I._:__.—_If:i___l 2 “
connection is slip-resistant at serviceability L= ' 85
limit state and should resist slip and bearing.

Fved <FsRrd

-
770

Fved < Fbrd

100100.105,105 100,100 140

The structure is designed to dissipate
energy in the beams, which means that the
joint must be designed for increased load- _
bearing capacity, according to 5JIC EN 1998- Nax1emas
1, item 6.6.4. The joint must be designed as WS
non-dissipative and its elastic behavior must be ensured.

Rd >1,1.y0v.Ry
Med = 1,1. yov.Mpird = 1,1.1,25.3655 = 5021 kNm

=]
1 o

HitF

g

Ved = VEde + 1,1. yov.VEdMm = 396 +1,1.1,25..2Mpire/Lpi = 396 + 1,1.1,25.3655/11,10 = 1252 kN
Ned = Ned.c + 1,1. yov.Nege = 13,66 + 1,1.1,25.55 = 89,3 kN
Meg = 5021 KNm ; Veq = 1252 kN ; Ngg = 89,3 kKN
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2.1.1. Design of the web splicing

Bolts selected: 18xM36, class 10.9 — the number of bolts is calculated for one side of the
connection;

> Shear force in the most loaded bolt: o

Fuga = JFZ ¥ F2 o
Fyv = Ved/nw = 1252/18 = 69,5 kN | o

_ NgaAw . Tmax-Mw _ 89,3.1,6.77 : I
Fr = = L 5k
Ny.A N 18.320,5 & 2 |

I 5
32.93400 _ _ Nl Il
2.(2.322+431242.212+11242.15242.52) 1,9+331=3329kN &8 ?..%:3» o | & 1
5 ' N
3 Sy
M, = MEdhwy o 2 SO2LL6T7/12 | yos a5 = oF b ”
I 420100 . ¢ I
934 kNm - S “
i 11
Fvea=+/69,52 + 332,92 =340 kN — Fuea=340kN £, L/ |
> definition of the slice thickness: |
Anaxn. = 1,2. Aw t ol i
w L

AHaK]l. = 2'd'tHaKﬂ. :2'77' tHaK]l. = 154' tHaKfl.
Aw =twd = 1.6.77 = 123.2 cm? L
toes > 1,2.123.2/154 = 0,96 — tuars = 10 MM ‘

Auain, Y 1l

> Slip resistance:

L
Ve

_ksn.u
Fs,Rd == -Fp,c ) ]
Ym3

Where:

ks = 1,0 — for bolts in normal holes;

n = 2 — number of the friction planes;

u=0,5- class A of friction surfaces;

w3 = 1,25

Fp.c = 0,7.fun.As — preloading force for bolts conforming with controlled tightening in conformity;
Asmszs = 8,17 cm?

Fpc=0,7.100.8,17 = 571,9 kN

Fsrg = 22295 571 9 = 4575 kN — Fsrq =457,5 kN

1,25
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» Bearing resistance:

_kyap.fydt
Fb,Rd -
YMm2

fub
. u
op = Min 1.0

ag

For end bolts:

_ e _ 80 _
=3, T 330 0,68
e1 =80 mm

f, = 510 MPa = 51 kN/cm? — for steel class S355
do=d+4=36+3=39mm
A =3 mm — For bolts M36;

= 1,67
ap=miny 1 9=miny 1,0 — a»=0,68
0,68 0,68
€2 80
28.2-17 28— —17 40
ki=minq14.22_17 =min{ 14119 17 =mini2,25 - ki =2,25
" do ’ 77" 39 ’ 25
2,5 2,5 ’
e2 =60 mm
p2 = 100 mm

t=tw. =16 mMm=1,6cm

_ 0,68.2,25.51.3,6.1,6
1,25

Frda = min {Fsrd ; Fo,ra} = min {457,5 kN; 332 kN} — Frd = 359,4 KN > Fy g4 = 340 kN
Total bolts for the connection of webs: 2x18M36, class 10.9

Fb rd = 359,4 kN

2.1.2. Design of the flange splicing

Bolts selected: M36, k. 12.9. The necessary number of bolts should be determined.

Nggq.A MEgqa—M, 89,3.30.3 5021-727,5
Feq = ~EdAf | Mea—Mw _ + =4849 kN — Fgqg=4 849 kN
A hg 320,5 0,89

> Definition of the slice thickness:

Avar. > 1,2.45 500 3
Ao, = (201 + br) tuaes, = (2.11 + 30). tuaer ‘T A ¥
Avar = 52. tuaa I -"f._l iz |
A1 = bty = 30.3,0 = 90 cm? A 110 wq _l b1=110

— by > 1,2. 90/52 = 2,1 — tuas. = 22 MM

Stefani Nedyalkova, Dep. Nel6367 140



UNIVERSITY ¥
OF ARCHITECTUR 3 4
CIVILENGINEERING y

AND GEDDESY

> Slip resistance:

_ ksn.u
Fs,Rd - S—-Fp,c y
YMm3

Where:

ks = 1,0 — for bolts in normal holes;

n = 2 — number of the friction planes;

1 =0,5- class A of friction surfaces;

ym3 = 1,25

Fp.c = 0,7.fun.As — preloading force for bolts conforming with controlled tightening in conformity;
Fpc=10,7.120.8,17 = 686,3 kN

1,0.2.0,5

.686,3 = 549 kN — Fsrd =549 kN

Fs Rd =

» Bearing resistance:

kl.ab.fu.d.t

Ym2

fub

Ford =

. fu
op = MIn 1.0

%]

For end bolts:

aw=-2=22-051

3.dy 3.39
e1 =60 mm
f, = 510 MPa = 51 kN/cm? — for steel class $355
do=d+4=36+3=39mm
4 =3 mm — For bolts M36;
= 1,67
ap =miny§ 1o =min { 1,0 — ap=0,51
0,51 0,51
For end bolts:
ki = min {2'8'2_2 ~L7 _ nin {2’8'% ~ L7 — in {2’25 — k1=2,25
2,5 2,5 2,5
=55 mm
t=tt=30mm=3cm

_2,25.0,51.51.3,6.3 __
1,25

Frda = min {Fsrd ; Fo,ra} = min {549 kN; 506 kN} — Frq = 506 kN
= Fea/2.Fra = 4849/2.506 = 4,8 — ns=5 ap

Ford = = 506 kN — Fprd = 506 kN

Total bolts for the connection of flange: 2x2x5M36, class 12.9
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2.1.3. Resistance of the section of the beam with haunch

The joint is considered rigid and the resistance of section “1-1" for increased value of the force
should be checked.

L

<=

1 “1-1"

Uy = 1382018 gm‘
A =501,7cm

=727)

Zmin

Med = 5021 KNm ; Veq = 1252 kN ; Ngg = 89,3 kN

Mrd = Wy.fya = ly/zmin.fya = 1382018/72,7.35,5/1,05 = 642 715 kNcm — Mgg = 6427 kNm
Vra = Avz.fya/N3 = 238,4.35,5/(1,05.N3) = 4472 kN — VRrq = 4472 kN

Ay ~t.h =1,6.(60 + 89) = 238,4 cm?

Nrd = Afyg = 501,7.35,5/1,05 = 16 962 kN — Nrq = 16 962 kN

Required checks:

Ned <0,15.Nrg — Ned = 89,3 kN < 0,15.16 962 = 2 544 kN — Satisfied!
VEed <0,5.Vrd — VEd = 1252 kKN < 0,5.4472 = 2236 KN — Satisfied!

Med <Mgrd — Mgg = 5021 KNm < Mgg = 6427 KNm — Satisfied!

— The section has the required load bearing capacity!
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4.16. Out of joint splicing between beam PB53 /HE600A/ and column C-C5 8

/composite cross section /

10

2x2x4M36
k. 12.9

'z_oisuisaisaiml

]
1

480

------------

2x10M3§0

Rd Z 1,1.'))0v.Rfy

connection;

Two profiles HE900A are connected by splices.
According to BJIC EN 1993-8, T. 3.4., connection is
category “C”. The connection is slip-resistant at
serviceability limit state and should resist slip and
bearing.

Fv,Ed < Fs,Rd

Fv,ed < FbRrd

The structure is designed to dissipate energy in
the beams, which means that the joint must be

designed for increased load-bearing capacity, according to BJIC EN 1998-1, item 6.6.4. The joint
must be designed as non-dissipative and its elastic behavior must be ensured.

Mea=1,1. you.Mpid = 1,1.1,25.1809 = 2487 kNm

Ved = Vedo + 1,1, yov.Veam = 151 +1,1.1,25.2.2487/Ly = 151 + 1,1.1,25.2487/5,60 = 762 kN
Ned = Nedc + 1,1, yor.Nede = 12,7 + 1,1.1,25.38 = 64,9 kN

Med = 2487 kKNm ; Ved =762 kN ; Ned = 64,9 kN

2.1.4. Design of the web splicing

Bolts selected: 10xM30, k. 10.9 — the number of bolts is calculated for one side of the

» Shear force in the most loaded bolt:

Fv'Ed =4/ sz + Ff%

Fv = Ved/nw = 762/10 = 76,2 kN

__ NgdAw | Zmax-My, _ 64,9.1,3.48,6 18.29900 _ _
Fn= M. A Yz? 10270 2.(2.182+162+2.72) 1,5+ 268 = 269,5 kN
MW — MEd-Iw,y + VEd_e - 2487.1,3.48,63/12 + 762_0,105 — 299 kNm
y 141200
Fued = /76,22 4+ 269,52 = 279 kN — Fygeq = 279 kN . ¢ 10 ,
> Definition of the slice thickness: -rl I |
AHLUCZ. > ],2-AW N t } f \
W L
AHLUCZ. = Z-d-tyam. :24816 tHam. = 97,2 tHam. _C_t
Aw=tud =13.48,6 = 63,2 cm? Tl oy e
tuaer, > 1,2.63,2/97,2 = 0,78 — tugr, = 8 MM
F‘*‘-%(_F_»:!r i °
Auain, '. :
SPEI |
AN
]
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> Slip resistance:

_ ksn.u
Fs,Rd - S—-Fp,c y
YMm3

Where:

ks = 1,0 — for bolts in normal holes;

n = 2 — number of the friction planes;

1 =0,5- class A of friction surfaces;

ym3 = 1,25

Fp.c = 0,7.fun.As — preloading force for bolts conforming with controlled tightening in conformity;
Asmzo = 5,61 cm?

Fp,c = 0,7.100.5,61 = 393 kN

meﬁf$5w3:m4m—»am:3MkN

> Bearing resistance:

_ kl.ab.fu.d.t
I:b,Rd -
Ym2

fub

- u

op = MIn 1’0
ag

For end bolts:

= =% —068

%= 3, T 339

e1 =80 mm

fu = 510 MPa = 51 kN/cm? — or steel class $355
do=d+4=36+3=39mm

4 =3 mm — For bolts M36;

100

Ty 1,67
ap =miny§ 1o =min { 1,0 — ap=0,68
0,68 0,68
2,8.2 1,7 _ 80 _ _
ki1 = min { do = min {2’8' 39 L7 = min {;g —ki=25
2,5 2,5 ,
g2 =80 mm

t=tw=14mm=14cm

0,68.2,5.51.3,0.1,4
Fbrs = ——————— =291 kN

1,25
Frda = min {Fsrd ; Fo,ra} = min {314 kN; 291 kN} — Frd =291 kKN > Fygq = 279 kN
Total bolts for the connection of webs: 2x10M30, xi. 10.9
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2.1.5. Design of the flange splicing

Bolts selected M36, k.. 10.9. The necessary number of bolts should be determined.

Fo = Nea-Ar  Mpa—My _ 6493025  2487-219 _ 3844 KN — Feg = 3844 kN
A Ro 270 0,59

> Definition of the splice thickness:

Anan. 2> 1,2. Az . é

Avarr, = (2.1 + b) b = (211 + 30). tuaer ‘:J f‘ S ) A
Apaxn = 52. Yuawr, = "I | > =
Ar=brtr =30.2,5 = 75 cm? _Avaa /410 _ M ~ _ b1=110

— tuae. > 1,2. 75152 = 1,73 — tyaxs. = 18 mm

> Slip resistance:

_ ksn.u
Fs,Rd == -Fp,c y
YMm3

Where:

ks = 1,0 — for bolts in normal holes;

n = 2 — number of the friction planes;

1 =0,5- class A of friction surfaces;

w3 = 1,25

Fpc = 0,7.fun.As — preloading force for bolts conforming with controlled tightening in conformity;
Fpc=0,7.100.8,17 = 572 kN

Forg = 22295 572 = 457,5 kN — Fsra = 457,5 kN

1,25

» Bearing resistance:

_ kl.ab.fu.d.t
Fb,Rd -
Ym2

fub

. fu

op = Mmin 1.0
%]

For end bolts:

e 70
ad = S = = 0,6
3.dy  3.39

e1 =70 mm

f, = 510 MPa = 51 kN/cm? — for steel class $355
do=d+4=36+3=39mm

4 =3 mm — For bolts M36;
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= 1,67
ap =min § 1 o= min { 1,0 — ap=0,6
0,6 0,6

For end bolts:
2,8.2-1,7 _ 55 _ _
ki = min { do = min {2’8' 39 L7 min {22’255 — k1 =2,25
2,5 2,5 ’
g2 =55 mm
t=tt=25mm=2,5cm

Forg = 2222 2022 = 4957 kN — Fya = 495,7 kN

Fra = min {Fsrd ; Fora} = min {495,7 kN; 475 kN} — Fra = 475 kN
Nt = Fea/2.Frqg = 3844/2475~4 - ns=4 61)

Total bolts for the connection of flange: 2x2x4M36, class. 10.9

2.1.6. Resistance of the section of the beam with haunch

The joint is considered rigid and the resistance of section “1-1” for increased value of the force
should be checked.

1
- 500 =
"1 “1 "
Y N Sy}
T =
s 13 e 2]
I [ )
E - \ —T 8T
/f- \& |, = 361099 cm*
= ¥ A=3372cm’
= =
0 13 8 | §
! 1
L 300 |

1 L

Med = 2487 KNm ; Vea = 762 kN ; Ned = 64,9 kN
Mrd = Wy.fya = ly/zmin.fya = 361099/44,6.35,5/1,05 = 273 735 kNcm — Mga = 2737 kNm
Vrd = Av.fya/N3 = 115,7.35,5/(1,05.N/3) = 2258 kN — Vra = 2258 kN

Az ~th=1,3.89 = 115,7 cm?

Nrd = Afyg = 337,2.35,5/1,05 = 11 411 kN — Nrg = 11 411 kN

Required checks:
Neq <0,15.Nrg — Neg = 64,9 KN < 0,15.11 411 =1 711 kN — Satisfied!
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VEd £0,5.Vrd — VEd = 762 KN < 0,5.2258 = 1129 KN — Satisfied!
Med <Mrd — MEeg = 2487 KNm < Mrg = 2737 kNm — Satisfied!

— The section has the required load bearing capacity!

3. Design of connection with splices of brace of the EBF

4710
Brace at floor 16 from EBF4 is considered - cross section HE500A
Rd > Red,c +1,1.y0v.2i .RedE
Ned = Ned,c +1,1.y0v.£216 .Neqe = 88 + 1,1.1,25.1,73.1184 — Ngg = 2818 kN
Med = Medc +1,1.p0v.Q216 . Mege =51 + 1,1.1,25.1,73.191 — Mgq =505,6 kN
Ved = VEde +1,1.90v.0216 Vede = 18 + 1,1.1,25.1,73.31 — VEqd = 91,9 kN

4.17. Design of the web splicing

Bolts selected: 8xM?24, k. 10.9 — the number of bolts is calculated for one side of the

connection;

» Shear force in the most loaded bolt:

Fved =+ F? + F,f

Fv = Ved/nw = 91,8/8 = 11,5 kN

= NeaAw zmax.;\/lw _ 28181239 144420 _ 83,45 + 66,7 = 150.2 kN
ny.A > z; 8.197,5 4.(142+462)
3
My = “EL02 4 e e = 2501239 /22 191 78 0,105 = 44,2 kNm

L, 86970

Fved = \/11,52 + 150,22 = 150,6 kN — Fyeq = 150,6 kN

> Slip resistance:

ksn.u
s .Fp,c y
M3

Fsrd =

Where:
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ks = 1,0 — for bolts in normal holes;

n = 2 — number of the friction planes;

1 =0,5- class A of friction surfaces;

ym3 = 1,25

Fpc = 0,7.fun.As — preloading force for bolts conforming with controlled tightening in conformity;
Asmz24 = 3,53 cm?

Fpc =0,7.100.3,53 = 247,1 kN

Ford = 1";'22';"5.247,1 =197,7 kN — Fsgq = 197,7 kN

» Bearing resistance:

_ kl.ab.fu.d.t
I:b,Rd -
Ym2

fub

- u

op = MIn 1.0
%]

For end bolts:

e 60
o0y =—=—=—=0,77
d 3.dy 3.26 '

e1 =60 mm
fu = 510 MPa = 51 kN/cm? — for steel class S355
do=d+4=24+2=26mm
A =2 mm — For bolts M24;
&

" 1,67
ap=Min{ 1 o =min { 1,0 — ap=0,77
0,77 0,77

6,9

25 —>k1:2,5

C(28.2-17 (28217
ki =min do = min 26

is A

g2 =80 mm

t=tw=12mm=1,2cm

_0,77.2,5.51.2,4.1,2
1,25

Fra = min {Fsra ; Fora} = min {197,7 kN; 226 kN} — Fra = 197,7 KN > Fygq = 150,6 kN

Fo,Rrd =226 kN

Total bolts for the connection of webs: 2x8M24, class 10.9
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» Definition of the slice thickness:

™ 7
Anam, 2 1,2AW tw _ ] i
Auam. = 2-d-tHaKﬂ. =2-39- tHaK]Z. = 78- tHLIKJl.
tHEKJ'F. <
Aw=tw.d =1,2.39 = 46,8 cm? =T
tua}(_/z_ Z 1,246,8/78 = 0,72 g tuam_ = 8 mm f.‘\ o
Auain, '. :
4.18. Design of the flange splicing I A
Bolts selected: M30, k. 10.9. The necessary number of bolts !
should be determined. JC |
F — NEd.Af + MEgq—M,y, — 2818.30.2,3 + 505,6—44,2 — 1926 kN N FEd
A hg 197,5 0,49
=1926 kN
> Slip resistance:
Fsra = ks-n'u-Fp,c )
YMm3

Where:

ks = 1,0 — for bolts in normal holes;

n = 2 — number of the friction planes;

1 =0,5- class A of friction surfaces;

w3 = 1,25

Fpc = 0,7.fun.As — preloading force for bolts conforming with controlled tightening in conformity;
Fpc=0,7.100.5,61 = 392,7 kN

Forg = 22295392 7 = 314,2 kN — Feprg = 314,2 kN

1,25

» Bearing resistance:

_ kl.ab.fu.d.t
Fb,Rd -
Ym2

fub

] fu

op = Mmin 1.0
ag

For end bolts:

_ e _ 50
3.d, 3.33

od =0,51

e1 =50 mm

fu = 510 MPa = 51 kN/cm? — for steel class S355
do=d+4=30+3=33mm

4 =3 mm — For bolts M30;
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= 1,67
ap=min4 1 o =min { 1,0 — ap=0,51
0,51 0,51

For end bolts:

2,8.2-17 50 _
do = min {2’8' L7 in {2’54 — ki1 =254

33 =m
2.5 2,5 2,5

k1:min{
e2 =50 mm
t=tt=23mm=2,3cm

Ford = % = 359 kN — Fprg = 359 kN

Frd = min {Fsrd ; Fora} = min {314,2 kN; 359 kN} — Frq = 314,2 KN
nt = Fea/2.Fra = 1926/2.314,2~3 — nt=3 op
Total bolts for the connection of flanges: 2x2x3M30, class 10.9

» Definition of the splice thickness:

Anaxn. > 1,2. 45 . é

Anar. = (2.1 + br) tuar. = (2.11 + 30). tuaes ~‘=J f‘ _ ] VoA
Avarr = 52. tuar, = .."_l D2

As = br.ts = 30.2,3 = 69 cm? ML"I ‘IO__| 1( L . b1=110

— tuan. > 1,2. 69/52 = 1,59 — tyae. = 16 mm

4. Design of the flange connection “beam - column,, /Detail ,,C”/
The connection between column C-C3_9 and primary beam PB115 is considered.

The structure is designed to dissipate energy in the beams, which means that the joint must be
designed for increased load-bearing capacity, according to BJIC EN 1998-1, item 6.6.4. The joint
must be designed as non-dissipative and its elastic behavior must be ensured.

Rda >1,1.y0v.Rty

Meg = 1,1 yov.Mpire = 1,1.1,25.3655 = 5021 kNm

VEed = VEde + 1,1. yov.VEdm = 193 +1,1.1,25..2Mpire/Lpt = 193 + 1,1.1,25.3655/9,90 = 706 kN
Ned = Nedc + 1,1. pov.Nege = 10,20 + 1,1.1,25.30 = 51,45 kN

Meg = 5021 KNm ; Veq =706 KN ; Neq = 51,45 kKN

4.19. Definition of the number of bolts in the tensile area
Two bolt rows resisting tension are considered. There are 4 bolts M30, class 12,9 in a row

The center of rotation is at the level of the haunches flange. In order to increase the in-between
distance of the force couple, as a result of which the tensile force in the bolts is reduced, a haunch
with the following dimensions is defined: h =850 mm, v =600 mm, a = 37°.

8 bolts are pre-selected to resist the tensile forces in the flange connection. Their location is
determined, as well as the distance from the center of gravity of the bolt group to the center of
rotation.

Stefani Nedyalkova, Dep. Nel6367 150



UNIVERSITY

OF ARCHITECTURE
CIVIL ENGINEERING
ANDGEQODESY

A A
— 1

L1
l n1 _1 "
-~ 1 “—|
ﬁ 360
2t | 86 _ 50 _/ .80 :fll_ 80, 50
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L 3 3 cpA3BaHe o ! e cpA3BaHe
= 4 S = -
- I 3
- \ Q
e PB115
HES00A \
= £ ¢
T
o ofloo
e == [
L 4
\_1\ .J’LI /Jf' - J 1
Tensile force in one bolt:
Fieg = 2£d 4 Nea — 5021 | 5143 _ 436 3 kN — Fyeg = 436,3 kN
zng ne 1,46.8 8
Tensile resistance of one bolt:
Ft,Rd — kZ-fub'AS’
YMm2
Where:
fub = 1200 MPa = 120 kN/cm? — tensile strenght of a bolt class 12.9;
As = 5,61 cm? — net area of bolt M30;
2 = 1,25;
ko =0,9
Fira = 22 = 484,7 KN — Figq = 484,7 kN
Check: Fied < Ftrd — Fted = 436,3 KN < Ftrg = 484,7 KN — Check is satisfied!
In tensile area are placed bolts: 2x4M30, ka. 12.9!
4.1.Definition of the number of bolts needed to resist the shear force
Shear resistance of one bolt:
F Rd = a,,.fub.A
v YmMz
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Where:

fup = 1200 MPa = 120 kN/cm? — tensile strenght of bolt class 10.9;
A = 7,06 cm? — gross cross section area of bolt M30;

ym2 = 1,25;

It is assumed that the shear plane passes through the unthreaded portion of the bolt and the area A
is the gross cross section of the bolt:

Oy = 0,6

Furd = % = 406 kN — Fyrd = 406 kN

Required number of bolts:

nv = Fed/Fvrd = 706/406 = 1,74 — ny = 2 6p — required number of bolts to resist the shear force;

The bolts provided to resist the shear force will be arranged in two vertical rows, one on each side
of the web, with a distance between them close to the maximum allowable for shear joints.

In the shear resistance area are provided bolts: 2x5M30, k. 12.9!

Thickness of the flange plate is considered: t = 40 mm.

4.20. Check for the thickness of the flange plate

bpi=38cm
— s SR S El
W W R ?
/ ~
JAE S PR
745 W db AN AR S
O W3 EW & a=19cm P
T B STy \
| \ Al 6)\\
TTTTITIT A TITTITTTT < o NN
) s O o N N
(\H"_a =--1-p \!.“._f._}] et NN
¥, o 3
3E PR
IE ,Lb:‘(}-"' 2
=aHFE / _-.’,'
=" \ o

It is assumed that the plate is fully restrained on both sides (in the flange of the beam and in the
stiffener). The maximum bending moments are determined using tabular coefficients.

When supporting the field on two adjacent edges for the maximum bending moment, the
following formula is used:

M = 4.q.a1%

Stefani Nedyalkova, Dep. Nel6367 152



UNIVERSITY

OF ARCHITECTURE
CIVIL ENGINEERING
AND GEQDESY

Where:

q = 2.Ftrd/(a.b) — stress in the steel plate;

q = 2.484,7/(19.12) = 4,25 kN/cm?

Fira = 484,7 KN — tensile resistance or one bolt;

S = f(bi/a1) — tabular coefficient;

bi/ar = 10,15/22,47 = 0,47 = 0,5 — = 0,06

M = 0,06.4,25.22,472 = 129 kN.cm/cm

Med = M.bp1 = 129.38 = 4902 kNcm — Mgq = 4902 KNcm

The plastic resistance of the steel plate is defined according to:

bprt Sy _ 3847 345 _ 506 kNem — Mpire =5126 kNem

4 "Ymo 4 "1,05

Moird = Wpi.fya =

Meq = 4902 kKNcm < Mpird =5126 KNcm — The preselected thickness of the plate is enough to
resist stresses!

Verified: tpy =40 mm

4.21. Check for the column flanges load-bearing resistance

The procedure for determining the bending moments in the flange is similar. The flange is
stiffened by the web of the column, as well as by the stiffeners in the column. The designed plate has
the same dimensions and static scheme as the flange plate. The flange of the column is thick ts = 40
mm = tpl.

The calculations for the columns flange are identical and should not be considered in detail.

The flange of the column is able to resist the forces at the ultimate limit state of the bolts from the
bolt group.
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5. Design of the flange connection between active link element and beam of the EBF
[Detail ,,D”/

Paspe3 "1-1"
’ 340
N

9 80
= = ="t=35mm

PB52 v ere—seevoreny
P o g B
K 5 5 4 o

1

850

A
L
I i

o ¥,
5 2x5M30 | = g
t T < wizg | ¥4 g
o v AEIEE
S JEE g3 - o o 3
3 = © F 0\ =

m

400A

HE400A\ \ % £ 1

‘ 2x5M30 H
| kn. 12.9 ‘
/|, —M % 5

CkCTaBeHo
ceyeHue

The connection between link L4 u beam PB52 at the level of floorl6.

The structure is designed to dissipate energy in the link elements, which means that the joint must
be designed for the following forces, according to B/IC EN 1998-1, item 6.8.4:

Ed >Eac + 1,1.y0n.Qi.Eqe
Med = Mede + 1,1. yov. Q.Meag = 39,6 + 1,1.1,25.1,5.352 = 765,6 kNm
Ved = Vedo + 1,1 yov. Q.Veae = 31,7 + 1,1.1,25.1,5.695 = 1465 kNm
Ned = Ned + 1,1, yov. @ Nege = 1,1.1,25.1,5.19 = 39 kNm

Meg = 765,6 KNmM ; Vea = 1465 kN ; Ngg = 39 kN

4.22. Definition of the weld thickness between flange plate and web of the link

Welds between link element and the flange plate should resist the sear force in the link elment.
The resistance of the welds at the flanges is not taken into account.

VEd < Fw,Rd

Fuwrd = 2.a.1, L3 \elds thickness: az—vEd"@'ﬁW"’m,
w¥M2 2.l fu

Where:

pw = 0,9 — for steel S355;
lw = 298 mm — length of the weld,
fu = 51 kN/cm? — tensile strenght of steel S355;

> 1465.4/3.0,9.1,25

> =0,93cm—a=10 mm
2.29,8.51
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4.23. Definition ot the number of bolts in the tensile area

Two bolt rows resisting tension are considered. There are 2 bolts M30, class 12.9 in a row.
The center of rotation is at the end bolt row in the compression area.

4 bolts are pre-selected to resist the tensile forces in the flange connection. Their location is
determined, as well as the distance from the center of gravity of the bolt group to the center of
rotation. The link element has cross section HE400A, class S355J2, and the beam is HE650A.

» Tensile force in one bolt:

MEgq NEd 765,5
ZNng ng 0 43.4

Fied = +——4545kN—>FtEd—4545kN

> Tensile resistance of one bolt:

_ka.fupA
Ftra = ——,
Ym2

Knaero:
fun = 1200 MPa = 120 kN/cm? — omrpHHa sikocT Ha GonT Kitac 12.9;

As = 5,61 cm? — metHa o 3a 6ot M30;

e = 1,25;
ko =0,9
Fipa = “2%% = 484,7 kN — Fira = 484,7 kN

Check: Fted < Ftrd — Fted = 454,5 KN < Ftrg = 484,7 KN — Check is satisfied!

In tensile area are placed bolts: 2x2M30, ki. 12.9!

4.24. Definition of the number of bolts needed to resist the shear force

» Shear resistance of one bolt:

_ ap.fupA
FV,Rd - v—u y
YMm2

Kpaero:

fup = 1200 MPa = 120 kN/cm? — tensile strenght of bolt class 12.9;
A = 7,06 cm? — gross cross section area of bolt M30;

vz = 1,25;

It is assumed that the shear plane passes through the unthreaded portion of the bolt and the area A
IS the gross cross section of the bolt:
Oy = 0,6

Furd = % 406.6 kN

— Fyrd = 406,6 kKN
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» Required number of bolts:

nv = Fed/Fv,rd = 1465/406 = 3,6 — ny = 4 ép — required number of bolts to resist the shear force;

In the shear resistance area are provided bolts: 3x2M30, kn. 12.9!

Thickness of the flange plate is considered: t = 35 mm and steel class S355J2!

4.25. Check for the thickness of the flange plate

The check is performed for the flange plate, which connects the link to the column, as the section
of the flange plate s a field supported on two adjacent edges. In the case of the flange plate, in the
connection of the link with the beam of the EBF, a three - sided fully restrained field should be
considered, which would be the more favorable option for examination of the bearing capacity of the
plate.

It is assumed that the plate is fully restrained on both sides (in the flange of the link and in the
stiffener). The maximum bending moments are determined using tabular coefficients.
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When supporting the field on three adjacent edges for the maximum bending moment, the
following formula is used:

M = 4.q.a1%

Where:

q = Ftrd/(a.b) — stress in the steel plate;

q = 484,7/(16,5.14,5) = 2,03 kN/cm?

Fira = 484,7 kKN — tensile resistance or one bolt;

p = f(bi/a1) — tabular coefficient;

bi/a; = 10,8/21,8 =0,5 — 5 = 0,06

M = 0,06.2,03.21,82 = 57,9 kN.cm/cm

Med = M.bp1 = 57,9.34 = 1968 kNcm — Mgq = 1968 kNcm

The plastic resistance of the steel plate is defined according to:

Mpis = W fya = 22, 22 = 34357 345 _ 3451 kNem — Myigg = 3421 kNem

Y Mo 4 1,05
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Med = 1968 KNcm < Mpird = 3421 KNcm — The preselected thickness of the plate is enough to
resist stresses!

Verified: tp =35 mm

6. Design of the flange connection between active link element and beam of the EBF
from floor level 2 to 5

The heavily loaded connection between L4 ang PB52 at floor 2. is designed.

According to BZIC EN 1998-1, 1. 6.8.4, where the structure is designed to dissipate energy in the
active links, the joints of the connecting elements must be designed for the effects calculated as
follows:

Eq >Edc +1,1.900.92i.Eqe

Med = Medge + 1,1. yov. Q. Mege= 162 + 1,1.1,25.1,5.649 = 1499 kNm
Ved = VEde + 1,1. yov. Q.Vege =191 + 1,1.1,25.1,5.1341 = 2953,5 kNm
Ned = Nedac + 1,1. yov. Q.Nege = 1,1.1,25.1,5.248 = 510,9 KNm

Meg = 1499 KNm ; Veq =2953,5kN ; Neg=510,9 kN

4.26. Defining the thickness of the weld between flange plate and web of the link

Welds between link element and the flange plate should resist the sear force in the link elment.
The resistance of the welds at the flanges is not taken into account.

Ved < FwRrd

ful3 | \nelds thickness: a zm

Fvri=2.a.l
W w wYM2 2.y fu

Where:

pw = 0,9 — for steel S355;

lw = 419 mm — length of the weld;

fu = 51 kN/cm? — tensile strenght of steel S355;

2953,54/3.0,9.1,25
> #21,350m—>a:14mm

2.41,9.51
4.27. Definition of the number of bolts in the tensile area 45 . 80,
Two bolt rows resisting tension are considered. There are 4 bolts M30, Eﬁf"\ “—J b

class 12.9 in a row.

The center of rotation is at the end bolt row in the compression area.

z=581

8 bolts are pre-selected to resist the tensile forces in the flange connection.
Their location is determined, as well as the distance from the center of gravity
of the bolt group to the center of rotation. The link element has cross section  — —
HE550B, class S355J2, and the beam is HES00A. R i s i A
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» Tensile force in one bolt:

Mgq . Ngg _ 1499 510,9

zng = mg  0,5815.8 +— =386 kKN — Fteq = 386 KN

Fted =

> Tensile resistance of one bolt:

_ka.fupA
Fira = ==,
YmMm2

Where:

fup = 1200 MPa = 120 kN/cm? — tensile strength of bolt class 12.9;
As = 5,61 cm? — net area of bolt M30;

ym2 = 1,25;

k2=0,9

_0,9.120.5,61

Fira = Qs - 484,7 KN — Ftrd = 484,7 kKN

Check: Fted <Ftrd — Fted = 386 KN < Firq = 484,7 KN — Check is satisfied!

In tensile area are placed bolts: 2x4M30, kn. 12.9!

6.1. Definition of the number of bolts needed to resist the shear force
» Shear resistance of one bolt:

_ ap.fupa
FV,Rd - v—u ]
YM2

Where

fub = 1200 MPa = 120 kN/cm? — tensile strenght of bolt class 12.9;
A =706 cm?* - gross cross section area of bolt M30;

e = 1,25;

It is assumed that the shear plane passes through the unthreaded portion of the bolt and the area A
Is the gross cross section of the bolt:

Oy = 0,6

Furg = 22120796 — 406,6 KN — Fyra = 406,6 kKN

1,25

> Required number of bolts:

nv = Fed/Fvrd = 2953,5/406 = 7,3 — ny = 8 op — required number of bolts to resist the shear
force;

In the shear resistance area are provided bolts: 2x4M30, kr. 12.9!

Thickness of the flange plate is considered: t = 40 mm.

Stefani Nedyalkova, Dep. Nel6367 158



UNIVERSITY ¥
OF ARCHITECTURE N 4
CIVIL ENGINEERING E

AND GEQDESY

4.28. Check for the thickness of the flange plate
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The check is performed for the unfavorable connection, which is the one at the columns flange.

It is assumed that the plate is fully restrained on both sides (in the flange of the link and in the
stiffener). The maximum bending moments are determined using tabular coefficients.

When supporting the field on two adjacent edges for the maximum bending moment, the
following formula is used:

M = 4.0.a1%,

Ksaero:

q = 2.Ftrd/(a.b) — stress in the steel plate;

q = 2.484,7/(18,5.14,5) = 3,61 kN/cm?

Fird = 484,7 KN — tensile resistance or one bolt;

p = f(bi/a1) — tabular coefficient;

bi/a; =11,4/23,3=0,5 — =10,06

M = 0,06.3,61.23,3% = 117,6 kN.cm/cm

Med = M.bpr = 117,6.38 = 4469 kNcm — Meq = 4469 KNcm

The plastic resistance of the steel plate is defined according to:

_bpt fy _ 3847 345

Mpi.rd = Wpl.fya = aativ T Tos 5139 kNem — Mpird = 5139 KNecm

Meq = 4469 KNcm < Mpird = 5139 KNcm — The preselected thickness of the plate is enough to
resist stresses!

Verified: tp =40 mm
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allowed ones:

7. Welds at the column stiffeners

CueTaseHo
| ceyeHue

The calculations were performed for column C-C5_8. The stresses in the weld are also caused by

Inner forces in the beam: ; 83000 -
Medp = 3460 KNm ; Neg = 67 kN _—

Weld stresses should not exceed the

max=139cm

Tmax < fvw,d

Tmax — \/T% + TI%/I )

Zn

Where:
— NEea — Mga v
AW WW

Neq = 4L 4 ZE4b = 2289 1 7 — 1278 kN — Nea = 1278 kN

Med = Neg.e = 1278.0,11= 140,6 kNm — Mgq = 140,6 kKNm
e =30+ bn/2 =30+ 160/2 =110 mm =0,11m
NM,f = MEd,b/Zmax = 3460/1,39 = 2489 kN

Aw=22alw=20832=512cm%: Wy= 2"2’5” = % =273 cm?®
lw = 32 cm — length of the weld;
a = 8 cm — thickness of the weld;
— fu _ 51 _ —

fow,d = B3y 0931z 26,17 kKN — fuwd =26,17 kN

— Nga _ 1278 _ 2
v = 2, 512 25 kN/cm

=M _ 1206 _ (j 59 kN/cm?

W 273

tmax = /T2 + T4 = /252 + 0,512 = 25 kN/cm? — Tmax = 25 kN/cm?

the bending moment and the axial force in the beam. Assistance from the column and other welds is
not taken into account. It is assumed that the stiffener is cantilevered and relies only on the examined
weld, which is to increase safety.

C-C5 8
=
o

Tmax < fuwd — Tmax= 25 KN/cm? < fuwg =26,17 kN — Weld with thickness a =8 mm and k = 12

mm is verified!
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VII1. Foundation
1. Geotechnical characteristics of the ground
The terrain, planned for construction of the building, is located in Sofia, Mladost district.
Geological examinations have been made, the results of which have been used for the purposes of this
thesis. They are presented in fig. 1 and table 1.
0 S0 100 150 N30 200
0
5
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15 -«
20 +
25 +
30 +
35
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Figure 1. Geological profile, results of SPT
Table 1
Mmact  Knacnpmkamuas Tn Wa e Q c Ic Ce Ey N30
# E kN/m* Yo deg ° kPa - - Mpa -
I Topsoil 18.54 — - 8.5° 50.2 - - 5.9 6
2 clSi, Cl 1776 2907 0890 165° 4251 088 0200 103 11
3 clSi, siCl 1864 2472 0770 15.0° 7213 092 0160 108 11
4 Grsa, Grsasi 23.60 — 37.2° - . 255 =70
5 clISi, saSi 1805 2554 0830 246° 452 091 0140 346 35
6 siSa 1844 2683 0790 327° 275 048  0.150 " B
7 siSa, saSi 19.62 1692 0350  39.9° 280 118 0080 144 48
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2. Introduction and geometry of the foundation structure

The building has 3 underground levels, reaching an elevation of - 13.40 m. The basement walls are
60 cm thick.

For the high (37-storey)building, a pile foundation is performed with the help of reinforced concrete
pouring piles, 27.5 m long and d = 1.50 m in diameter, united by a foundation slab (rostwerk) with
thickness hs1 = 3,0 m. In plan, the piles are arranged in groups around the steps of the columns, and in
the axis of each column a pile is provided. The axial distance between neighboring piles is 3.duuom =
450cm, according to "Standards for design of pile foundations”, 1992.

The foundation structure of the low (7-storey) part of the building is a smooth foundation slab, with
a thickness of hs> = 1,0m. The foundation slabs are made at the same level with reference to their upper
edge, without a structural gap between them, and thus form a general foundation slab with variable
thickness. The basement floors and the foundation slab form a rigid box-like structure with a large
surrounding surface of interaction with the ground base.

When determining the geometry of the foundation slab, it is taken into account that along its
contour, on the sides of the main axes and the basement walls, cantilever parts with a length of 2 m are
provided. The dimensions of the base plane of the foundation slab are L = 122.5 m and B = 66.6 m,
and the area is A = L.B = 122,5.66,6 = 8 145,2 m.2

——

I
%
-

| 122550 |

@@@@6@0@@@@@

Figure 2. Plan of foundation slab
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Figure 3. Location of the piles in plan

3. Loads on the foundation structure
3.1.Dead loads

e  Self weight foundation slab — from ETABS
e  Self weight of concrete flooring: g. = t,.y, = 0,15.25 = 3,75 kN/m?

3.2. Live loads
0k = 5,0 kN/m? — for category G, according to BJIC EN 1991-1-1

3.3. Loads from the top construction

Maximal forces from the columns at elevation — 13,40 m are transferred to the foundation structure
as concentrated forces at the basis of every column. They are presented in Table 2.

Table 2
Konona [ENZ] Konona ['k: NZ] Konona ['k:NZ] Konona ['k:NZ] Konona [ENZ] Konona ['k: NZ]
Al 544 B5 12982 Cl1 11017 E5 45368 F18 8855 H5 2076
A2 1775 B6 14706 C13 13035 E'5 26492 F19 1593 Hé 2130
A3 1762 B7 15899 C15 14429 E7 57554 Gl 1014 H7 5917
Ad 1106 B8 14962 C17 8958 E9 43505 G2 3539 H8 6662
A5 1141 B9 21997 C18 9114 E10 22046 G3 3823 H9 6346
A6 1174 B10 8920 C19 1588 E1l1l 14426 G4 24172 H10 5198
A7 1175 B11 7526 D1 1663 E13 16370 G5 13715 H11l 6967
A8 1182 B13 3831 D2 5960 E15 19168 G6 14478 H12 1359
A9 930 B15 5069 D3 33987 E17 13272 G7 15153 H13 5366
Al0 861 B16 4289 D5 45464 E18 6687 G8 15007 H14 1357
All 1077 B17 4579 D7 57727 E19 1748 G9 25118 H15 4223
Al2 1229 B18 4966 D9 43536 F1 1488 G10 9077 H16 2687
Al3 1013 B19 1062 D10 22045 F2 5287 Gl1 9029 11 544
Al4 1225 C1 1487 D11 14049 F3 22406 G13 11561 12 1775
Al5 1034 C2 5291 D13 16102 F4 23805 G15 8851 13 1773
Al6 1051 C3 23045 D15 19064 F5 31693 G16 4616 14 980
Al7 1039 C4 24528 D17 13363 F7 47817 G17 3613 15 987
Al8 1049 C'4 23259 D18 6803 F9 36003 G18 4875 16 985
Al19 555 C5 34238 D19 1750 F10 28169 G19 596 17 1032
B1 1014 C'5 26851 El 1663 F11 13391 H1 1005 18 1041
B2 3534 Cc7 48848 E2 5959 F13 16469 H2 3499 19 1036
B3 3840 C9 35876 E3 33957 F15 16377 H3 3484 110 1031
B4 24263 C10 27974 E'4 22876 F17 8920 H4 2021 111 611
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3.4.General loads
3.4.1. Loads at top edge of foundation slab

> Design » Characteristically
Neq =1 174 977 kN Nek = 839 269 kN
VEedx = 31 262 kN Vekx = 22 330 kN
VEdy = 29 496 kN Veky = 21 068 kN
Medx = 19 890 777 KNm Mekx = 14 207 698 kNm
Medy = 30 546 034 KNm Meky = 21 818 596 kNm

3.4.2. Loads, reduced for the center of the basis plane

> Design » Characteristically
Vg =2 050 934 kN Vik=1488 126 kN
Hia = 31262 kN Hik = 22 330 kN
Hg,a = 29 496 kN Hex = 21 068 kN
Mrd =19 984 563 kNm Mik =14 274 688 kN m
Mg,d = 30 634 522 kNm Mgk = 21 881 800 kNm

Vk(d) = Nek@) + Wk(d),red
HiLk@) = VL ek@) ; Hekd) = VBEk@)
ML k@) = Mek@)x + HLk)-hr
Mg k@) = Mek)y + Hsk@)-ht
Wk red = (L+B).bw.hw + L.B.ht — loads of bottom structure and foundation slab
b,k — Weight of concrete;
w = 0,60 m — thickness of basement walls;
hw = 16,40 m — height of basement walls;
Wicred = [(122,3+66,6).0,6.13,4 +122,3.66,6.3,0].25 = 648 857 kN
Wia,red = y6. Wired = 1,35. 648 857 = 875 957 kN

4. Design model of the foundation structure by FEM

For the solution of the foundation structure, a 3D model was defined by the finite element method,
using SAP2000 program. It includes planar shell elements working on bending and membrane forces
for modeling the foundation slab and basement walls and linear frame elements for modeling the piles
(Fig. 4). The interaction with the ground base is approximated by spring supports according to
Winkler's theory, respectively area springs for the slabs and discrete springs for the piles. The load
consists of the self weight of the elements (reported automatically in the program), concentrated loads
in the columns, distributed line loads from the basement walls, distributed area load from the
embankment on the foundation slab.

For the foundation structure solution with the maximum forces in the columns from the analysis of
the top structure has been made. This approach is applied due to the large distance between the columns
and the observance of the requirement for a minimum distance between the piles, which excludes their
mutual behavior.
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Fig. 4. 3D model of the foundation structure in SAP2000

Area spring for the foundation slab is defined with the value of ks = 50000kN/m?® (Table 3) in
reference to the soil type under it — Paleocene clay. It was found that the bending moments, as well as
the stresses in the base, are not significantly influenced by the choice of Winkler constant, as the
stiffness of the foundation slab is many times greater than that of the ground base.

Table 3

Range of values of &, values based on liternture review

Soil type Range of &, (kKN/m")
Loose sand SR00-20,000
Maodium to dense sand Q600 100,000
Dense sand S0,000-320,100
Clayey medium-dense sand 3200080, 000
Silty medium-dense sand 24.000-48,000
Dry loose sand BO00-25,000
Dry medium sand 25.000- 125,000
Dy dense sand 125 00037 5,000
Moist loose sand 10000 15,000
Moist mednm-dense sand 35.000-40,000
Moist dense sand 130 000 1 50,000
Sandy gravel 200 000250000
Dense sandy gravel TRy 1 500,000
Fill 10,000 20,000
Soft clay S000-10,000
Plastic clay S000-10.000
Suffclay 15,000

Very stiff clay = 96,000

Rock = 2 000, (00

For the piles, discrete spring supports are defined in the directions of the three coordinate axes (Fig.
5). As the piles work for a vertical load with peak resistance and ambient friction, vertical spring
supports are placed for these two components, respectively at the top of the pile and in joints i along
the length of the pile. For horizontal loading, the piles experience passive resistance on the soil side,
which is taken into account by horizontal spring supports in the direction of the coordinate axes in a
horizontal plane in nodes i along the length of the pile.
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onopa 1: 33 BLPXOB0 CHNPOTUENEHUE

onapa 2: 33 OKONHO TPHEHE BBE BEB3EN i

onopa 3 33 NACKMBHO CHNPOTUENEHUE NO X BbE Bb3EN |
IJI'IJ:IFIE *'-'1 33 NacHeHD EbﬂpDTHBJ’IEHHE‘ () ] ":,r' E®E BB3IEN I

Fig. 5

4.1.Definition of the stiffness Kin of discrete horizontal spring of the piles
(springs type 3 u 4)

In horizontal direction supports of the piles are volume springs with stiffness C; (kN/m?). According
to the "Standards for the design of pile foundations", 1992, the constant is assumed to increase linearly
in depth with a coefficient of proportionality k (kN/m*), i.e:

Czi=k.zi

Where:

k — coefficient from Table 4;
z — depth.

For k it is appropriate to assume a constant value along the length of the pile in the range of 6000-
7000 kN/m?, as the ground base has different layers with a similar value of stiffness as a function of

physical parameters. The springs are placed at equal distances along the length of the pile in the
middle of equal thickness AA;.

Table 4. Coefficient of proportionality k(kN/m?)

BHAa Ha OCHOBaTa M NapaMeTp 3abueku M3nueHn
A P P NMHUAOTH MHUNOTH
CMWHK ¥ NecsYnMe musn ¢ L= 0,0 —0,25; 650 — 2 500 500 — 2 000
MWHK ¥ NecsUnMes rmusn C L= 0,25 - 0,50;
MuHecTw NAckeUM ¢ - = 0,0 — 1,00; _ 2 000 -4 000
MNpaxoew nAckUw C 2= 0,60 — 0,80 2300 -5 000
MWHK ¥ NecsunMes rmusn C L= 0,75 — 1,00;
MWHeCTH NRCLUM © J- =1,00; S 000 — 8 000 4 000 — 8 000

NackuW apebnv c = 0,60 - 0,75:

MACBUKM CpeaHo3wprecTy C = 0,55 - 0,70
MWHM ¥ NeCBUNMBM MMMHKA C £ =1,00;
MAackUW enp © &= 0,55-0,70

NAckUM YakenecTw c &= 0,55 - 0,70;
YaKLN M B3NYHK C MACLYSH MEAHMTEN ) 10 000 - 20 000

8000 -13 000 & 000 — 10 000

The volume horizontal spring support is approximated by discrete springs at points i along the pile
length with stiffness Kin, corresponding to the part of the general volume diagram of the support. For
the stiffness Kin, both in the direction of x and in the direction of y, the expression is valid:

Ki,h= CZ,i . Ahl . dnp
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Where:
dnp = dnuﬂom +l m

dp =150 +1,0=2,50 m

0,00
I+ —1 1
A dop_ 4[ 2y p
T :’T +—
.'III | AR i lll . II':
- 1= 1 I
. u,
Ahl C:.il."_. f \
| |'I 2 —"l-hz ."_ 4 1
— b L
Al  EI [
z P i b
C=kz ]
=y Ahg bid] K
d“p‘ [ H’n,:' dﬂuﬂm # - II'-:'-'..? )
J L Ahs b3 & -
= 7 = S
o) K (kNm?) C4 {kNim?)

Fig. 6

4.2 .Definition of the stiffness Kiy of discrete vertical friction springs (springs type 2)

The stiffness of the discrete spring Kiy at point i in the vertical direction, taking into account the
surrounding friction, is assumed to be directly proportional to the corresponding horizontal spring Kin,

with a coefficient of proportionality 0,4 (the value corresponds to an average coefficient of friction u
between soil and concrete, defined by the formula u = (1/3 -2/3) ¢):
Kiv=10,4 Kin

4.3.Definition of the stiffness Ky of vertical top resistance spring (spring type 1)

It is assumed that the volume diagram for vertical support at the top of the pile is with the ordinate
1,5 C,. Then for the stiffness K, we get:

Kb=15C:. Ay

The stiffness of the pile springs at discrete points is calculated in accordance with the presented
methodology and are introduced in the calculation model. They are presented in Table 5.
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Table 5

[ Ah; Z Cz,i k3=k4 k2 k1
[m] [m] | [kN/m3] | [kKN/m] | [kN/m] | [kN/m]

1 3,70 18,25 | 109500 | 1012875 | 405150 )

2 3,70 21,95 | 131700 | 1218225 | 487290 -

3 3,70 25,65 | 153900 | 1423575 | 569430 -

4 3,70 29,35 | 176100 | 1628925 | 651570 -

5 3,70 33,05 | 198300 | 1834275 | 733710 -

6 3,70 36,75 | 220500 |2039625 | 815850 -

7 3,80 40,5 | 243000 | 2308500 | 923400 -
b - 42,4 | 254400 - - 674343

5. Results of the FEM analysis of the foundation structure

5.1.Check for load-bearing capacity of the foundation slab under the low building

It is performed according to the Brinch-Hansen formula:

Pm = 20,51 kN/m?

y= 18,70 kN/m®

ok = ok = 24,6°

Ck = Cq = 45,2 kPa

0d < Quit,d

Qd = Y.Ri/A2 + 1,35.hs2.pp = 489 243/2598 + 1,35.1,0.25 = 222 kPa
Ri — sum of the design reactions in columns between axes 10-19 u A-H,
A, = 2598 m? — area of the foundation slab of the low building;

Quitd = Quitk / Yk

v = 1,4

Quitk = C.Ne¢.Sc.ic + Dt.ykm.Ng.Sq.iq + 0,5.%¢ . B".N,.S,.1,,

Where:

B’ =B = 44,8 m — short side of the foundation slab;

Dt — depth of foundation;

¢ = 45,2 kPa — cohesion;

ym =20,51kN/m®

w =8,7/m?

0 =24,6°

5.1.1. Resistance coefficients (Ng, N¢, Ny)
Ng = e™192.tg%(45° + ¢/2) = e™19%46" tg?(45° + 24,62) = 10,22
N¢ = (Ng — 1).cotge = (10,22 — 1).cotg24,6° = 20,14
N, = 2.(Ng — 1).tge = 2.(10,22 — 1).tg24,6° = 8,44

Stefani Nedyalkova, Dep. Nel6367 168



UNIVERSITY ¥
OF ARCHITECTURE S p
CIVILENGINEERING 4

AND GEODESY

5.1.2. Form coefficients (sq, sy, sc)

B’ =B =44,8m, L’ =L =58m — dimensions of the foundation slab
Sq=1+2sinp = 1+ =25in24,6°= 1,32

5,=1-0,3.Zsing = 1-0,3=25in24,6° = 0,9

Sq-Ng—1 1,32.10,22-1
=2t - =135
Ng-1 10,22-1

Sc

5.1.3. Coefficients for taking into account the slope in the load of horizontal
force (ig, iy, ic)

Accepted coefficients ig =i, = ic = 1, as the horizontal force is resisted by the box-shaped basement
structure, which is expressed in ground pressure and friction on the walls.

Quitk = 45,2.20,14.1,35.1 + 16,4.20,51.10,22.1,32.1 + 0,5.8,7.44,8.8,44.0,9.1 = 1229 + 4537 +
1480 = 7246 kPa

Quitd = 5176 kPa
Qd = 222 kPa < Quitd = 5176 kPa
Check is satisfied!

5.2.Required reinforcement in the foundation slab
5.2.1. Materials

Concrete class C35/45

fo = 35 MPa
fog = foa/1,5 = 35/1,5 = 23,33 MPa
fem = 3,2 MPa

Ecm = 34 000 MPa

Reinforcement class B500B

fyk = 500 MPa

fya = fy/1,15 = 500/1,15 = 435 MPa

5.2.2. Definition of the main reinforcement mesh

» For slab with the thickness hi1 = 3,0 m
Asmin = max{0,26. (fcm/fyk).b.d1; 0,0013.b.d1} = max{0,26.(3,2/500).1000.2935;0,0013.1000.2935}
Asmin = 4 884 mm?
d1 = ht1 — Cnom — /2 = 3000 — 50 — 30/2 = 2 935 mm
Selected main mesh: Double mesh @25/20 with Asprov = 4 909 mm2/m = As pas
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— Aspas-fydy _ _ 4909.435 I
Ms'bas - As,bas.fyd (d - 0,4.—0'8.de.b ) - 4 909435(2 935 0’4.—0,8.23,33.1000).10

— Ms,bas,l =6 256 kNm/m

» For slab with thickness: hf2 = 1,0 m
Asmin = max{0,26. (fam/fyx).b.d2; 0,0013.b.d2} = max{0,26.(3,2/500).1000.935;0,0013.1000.935}
Asmin = 1560 mm?
d2 = ht2 — Chom — /2 = 1000 — 50 — 30/2 = 935 mm
Selected main mesh: ¢p25/20 with Asprov = 2 454 mm?2/m = Ag pas

— As,bas-fyd _ 2 454.435 6
Ms bas = Aspas.fyd .(d — 0'4._0r8-fcd-b ) =2 454.435.(935 — 0'4'—0,8.23,33.1000)'10

and Ms,bas,z = 975 kNm/m

5.2.3. Additional amplifiers

> Average torsional moment:

Average value of the torsional moments in slab is accepted:
Mi2! = 800 kN.m/m — torsional moment of slab under tall part of the building;

Mi2"" = 300 kN.m/m — torsional moment of slab under lower part of the building;

Amplifiers in foundation slab

4.90
4,52
415
77
339
3.02H

264

226
1,88
151
113
0.75
038
.00

Fig. 7. Positive torsional moments Myy[kN.m/m]
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Fig. 8. Negative torsional moment Myy [kN.m/m]

i 171 s,
ECEE

Fig. 9. Positive bending moment Mx[kN.m/m] /tension from below/

Fig. 10. Negative bending moment Mx[kN.m] / tension on top /
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Fig. 11. Positive bending moment My[kN.m] / tension from below /

_ 4 = 25

@ue. 12. Negative bending moment My[kN.m] / tension on top /

» Moment in additional reinforcement (amplifiers):

1) MEed.adm = Mg + |M12| - Mbas

2) Asadm = (1 - 1- M) Led 1y & [mm?/m]- required reinforcement;
fcd-b-d2 fyd

d =d2=935mm
3) Asprov = N.Aszgp
4) Pl = As,prov/d.b

e  For slab with thickness hsf1 = 3,0 m
MEd,Iim = Ms,bas,l - |M12|| = 6256 — 800 =5 456 kNm/m

246
185
1.23]
062
0.00
0.00
0.38
0.77|

-1.15,
~1.54H
-1.92 I

231!
269
-3.08
-3.46}

|

-3.85

-4.62
-5.00

Meg,lim = 5 456 KNm/m — Maximal bending moment, which can be resisted from the main mesh
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Medmax = 5 400 kNm/m — Mgdmax = 5 400 KNm/m < Mgg,lim = 5 456 KNm/m

— Additional reinforcement is not needed! Main mesh is enough for resisting the inner forces
of the slab!

e  For slab with thickness hf2 = 1,0 m

Med jim = Mspas2 - |[M12""] = 935 — 300 = 635 kNm/m

Med,im = 635 KNm/m — Maximal bending moment, which can be resisted from the main mesh

Based on the results of the analysis, areas in which amplifiers need to be located are identified.
These are the zones in which the bending moments Meq exceed the value of the maximum bending
moment Meq,iim, Which can be resisted by the main reinforcing mesh.

The bending moments in the X direction (Mx = M11) and those in the Y direction (My = M>») are
considered. To resist the Meqx moments, reinforcement is located along the Y axis (Fig. 13 and Table
6), and the amplifiers needed to cover the Meq,y are located along the X axis (Fig. 14 and Table 7).

In the areas of the columns, reinforcement is needed to resist the positive moments, ie. lower
reinforcement, and for the resulting negative bending moments in the field, upper reinforcement is
provided.

The required reinforcement in the form of amplifiers is calculated and presented in tabular form.
Amplifiers are defined for all zones given in the following diagrams.

Table 6
JAOI'BJIHUTEJIHA APMHUPOBKA 3a Mx (apmMupoBka 110 Y)
YCUJIMTEJIA
+
3oma | Mi1 Mi12 |Mi1+M12| Mbas |MEd,adm| As,bas Asadm | Asprov] Asto o Bpoii | & s
KNm/m |KNm/m| KNm/m |kKNm/m|kNm/m |mm?/m|mm?/m|mm?*m mm?/m ... | cm
1) 2) 3) 4)

OTpuuaTeTHN OrbBAIA MOMEHTH - ['A
1 700 300 1000 975 25 2454 | 62 251 | 50,3 |0,00027| 5 8 | 20
2 800 300 1100 975 125 | 2454 | 308 393 | 78,5 | 0,00047 10 | 20
3 700 300 1000 975 25 2454 | 62 251 | 50,3 | 0,0003 5 8 | 20
ITonoxuTeIHN OrbBAIIM MOMEHTH - JIA
4 1800 | 300 2100 975 1125 | 2454 | 2847 | 3142 | 314,21 0,00375| 10 |20 | 10
5 1800 | 300 2100 975 1125 | 2454 | 2847 | 3142 | 314,21 0,00375| 10 |20 | 10
6 1300 | 300 1600 975 625 | 2454 | 1561 | 1571 | 314,2|0,00188| 5 20 | 20
7

8

9

ol

1300 | 300 1600 975 625 | 2454 | 1561 | 1571 | 314,2|0,00188| 5 20 | 20
1600 | 300 1900 975 925 | 2454 | 2328 | 2545 | 254,5|0,00304| 10 |18 | 10
2000 | 300 2300 975 | 1325 | 2454 | 3371 | 3801 | 380,1 |0,00454| 10 |22 | 10
10 1300 | 300 1600 975 625 | 2454 | 1561 | 1571 | 314,2|0,00188| 5 20 | 20
11 1300 | 300 1600 975 625 | 2454 | 1561 | 1571 | 314,2|0,00188| 5 20 | 20
12 1500 | 300 1800 975 825 | 2454 | 2071 | 2545 | 254,510,00304| 10 |18 | 10
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Reinforcement in Y direction
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Fig. 13
Table 7
JON'BJIHUTEJIHA APMHUPOBKA 3a My (apmupoBka 1o X)
YCUWJINTEJIN
3 M Mi2 |M22+M12| M MEd, As,
OHa 22 12 22 12 bas Ed,adm As,bas Asadm | Asprov] Astg pl Bpoii | & 5
KNm/m [kNm/m| kNm/m |KNm/m|KNm/m |mm*m|mm?*m|mm?*m mm*m| ... cm
1) 2) 3) 4)
OTpI/IIIaTeJIHI/l oroBami MOMCHTH - T'A
1 800 300 1100 975 125 | 2454 | 308 393 | 78,5 10,00042| 5 10 | 20
2 700 300 1000 975 25 2454 | 62 251 | 50,3 | 0,0003 B 8 | 20
3 800 300 1100 975 125 | 2454 | 308 393 | 785 |0,00047| 5 10 | 20
4 700 300 1000 975 25 2454 | 62 251 | 50,3 | 0,0003 5 8 | 20
IToJ10:KMTeJIHM OrbBAIllM MOMEHTH - JIA
5 800 300 1100 975 125 | 2454 | 308 393 | 785 |0,00047| 5 10 | 20
6 800 300 1100 975 125 | 2454 | 308 393 | 785 10,00047| 5 10 | 20
7 800 300 1100 975 125 | 2454 | 308 393 | 785 |0,00047| 5 10 | 20
8 800 300 1100 975 125 | 2454 | 308 393 | 785 |0,00047| 5 10 | 20
9 800 300 1100 975 125 | 2454 | 308 393 | 7855 |0,00047| 5 10 | 20
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Reinforcement in X direction
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Fig. 14
5.3.Punching

Check is made for slab with thickness hs> = 1,0 m (slab without piles). Most loaded column
(C_E15) with compression force Neq = 14 198 kN. is considered.

For the punching check to be satisfied it is necessary to be satisfied: Ves < de,c.z'd’"

i

3 control perimeters are checked. Results are presented in the following table:

C:L/CZ Nc,Ed o'gr,m pxy dm ai Afi,m ﬂVEd,red ui VEd,red VRd,c VRd,c,min 2-\/Rd,c-dm/ai
Konona | [mm] | [kN] |[[MPa]| [%] |[mm]|{[mm]| [m?] [kN] [m] | [MPa] |[MPa]| [MPa] [MPa]
1) 2) 3) | 4 5) 6) 7) 8) 9) 9)
1000 | 14198 | 0,29 | 0,48 | 940 | 940 | 7,54 | 13213,8 | 9,91 | 1,419 |0,449| 0,365 0,897
C_E15 | 1000 | 14198 | 0,25 | 0,48 | 940 |1410|12,89| 12074,2 |12,86| 0,999 |0,449| 0,365 0,598
1000 | 14198 | 0,2 | 0,48 | 940 |1880|19,62| 11300,6 |15,81| 0,760 |0,449| 0,365 0,449
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VEd < VRd (—”zad ST A=
= £ i |VEd < VRd ¢ - ‘%{ a;
‘ [+ 3. , ;
OCHOBHO KPHTHYHO A | ) P T ‘Wt
ceyeHue S AT ) . IS g
KPHTHYHO S ,‘| P A R R Sha. Y| <
CeueHHE 1 274 ol [P el
d,=0,5(d\+d>) 1 P—
Driia dgrm nom

PR FPE O Y PO A P Wl SO WSO
A AATAAAAATA—AA—AACAAAA—AA
7

e - = - =

=
=
(o]
Il

a

c2[

- Sk 7 KPHTHYEH NepHMETHD
Bis : u;=2cy+ey) + 2ra;

2dp

OCHOBCH KpHTHYCH
NEPHMETHD
u = 2((.‘] +L‘2) + 27[0‘

a =

o m ot sne ave oo e one g oo o

1) ogrmi—

2) pxy =100.,/py. py

Pxocuperca = Py,ocnmpenca — 0,0017

Px = Procipenca T Pryeummens = 0,0017 + 0,0017= 0,0034
Py = Py.ocumpenca + Py, yeunmenn = 0,0017 + 0,0052 = 0,0069
pxy = 100../px. p, = 0,48 %

3) dm =940 mm

4) ai={dm;1,5.dn; 2.dm}

5) Agijn = C1.C2 + (C1 + C2).2.ai + m.ai

6) S.Vedred = f.(NcEd — Afiin.ogrm)

7) ui=2.(c1+C2) + 2mai

8) Vea = f. VEd,red/ (Ui.dm)

9) Vrae = max{0,12.k.( pxy-fo) 3 ; 0,035.k32 f4 2}
B=110

Punching check is not satisfied! Additional reinforcement is needed, in order to resist the shear
stresses in slab!
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Design of the transversal reinforcement:

1)

2)

3)

4)

5)

6)

7)

8)

9)

Control perimeter uo:

Uo = 2.(c1 + ¢2) = 2.(1000 + 1000) = 4000 mm

Design value of the maximum punching shear resistance along the control section
VRd,max = 0,3.v.fcd

v =0,6.(1 - f«/250) = 0,6.(1 — 35/250) = 0,516

VRdmax = 0,5.v.fcd = 0,5.0,516.23,33 = 6,02

Ckeck for the control perimeter

B.Ved < VRdmax = VRdmax.0.Uo = 6,02.940.4 000 = 22 635 200 N = 22 635,2 kN
P.Ved = 13 214 kN < 22 635 KN — Check is satisfied

Definition of the control perimeter for witch an additional reinforcement is needed

_ BVgq _ 13214.1000

Uout = = =31 308 mm

VRacd  0,449.940

Distance lout definition:

lout = (Uout — Ug)/2.7t = (31 308 — 4000)/2.7 = 4 346 mm

Reinforced area definition

lw=lowt-1,5d>1,2.d — Iy =4 346 - 1,5.940 = 2 936 mm > 1 128 mm
Force in the reinforcement

Vrds = B.Ved — 0,75.Vrd,c.d.u1 > 0,5.8. Ved

VRa,s = 13 214 000 — 0,75.0,449.940.15 810 > 0,5.13 214 000

VRrds = 8209 424 N > 6 607 000 N — VRrds =8 210 kN

Effective design resistance of the transversal reinforcement against punching
fywdef = 250 + 0,25.d < fywa = 435 MPa
fywdef = 250 + 0,25.940 = 485 MPa > 435 MPa — fywder = 435 MPa

Definition of the reinforcement

VRds _ 8210 000

Asw = fywdes-(15.d/sy)  435.(1,5.940/200)

=2 677 mm? — Ag =2 677 mm?2 — Studs: 16¢p16

— Stirrup: 8¢p16(n = 2)
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5.4.Compression resistance (geotechnical capacity) of a pile
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Fig. 15. Location of the pile in the ground

5.4.1. Geotechnical capacity of a pile according to DIN 1054:2005

Resistance of the pile Rc is defined from the top resistance in the

pile Ry and the ambient friction Rs of the ground. For the characteristic J_

value of R is valid:
Rek=Rok + Rsk ey
Rek=Ab. Qb +u Y hi. (s, T I P——
Where: T | TpHCHC
Ap =17 671,5 cm? - cross section area of the pile; T
u=471,2 cm — perimeter of the pile; I T
hi — layer thicknesses within the pile length (i refers to the layer) ; T

’v\ BI»]).\()B() |

CHLIPOTHBICHHC
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Terzaghi-Peck relation:
Cu/ pa = 0,06.Nazo,
KBACTO:
pa =1 kg/cm? = 100 kPa
Cu=100. 0,06 = 6.N30 (kPa).
Ob, Os,i are defined using the relation between N30 and g.k from table 10.

Resistance of the top of the pile g» (Table 9) is defined for three values of subsidence of the pile.
(0,02; 0,03; 0,10 duuwom). Qv is defined for values of the subsidence, equal to the limit which is
considered 5 cm. When d,.u0»=150 cm subsidence is s = 0,03.dsuw0m = 4,5 cm and qp is determined.

Qcx =k.N30
k=04

Table 8

CTpaHW4YHO CBbMpPOTUBNEHWE 33 M3JIMBHWU NMWUAOTH .4 [MPa] B 3aBucHMoCT oT g4 (CPT)
33 HECBBbP3aHW MO4YBM U B 33BUCMMOCT OT HEAPEHWPAHATa CTOMHOCT Ha KOXE3UATa Cu4 (33 CBbp3aHu NO4YBM)

HecBbp3aHu No4YBMU € g, MPa Cebp3aHu NouBU ¢, ., MPa
9k=0 | Gok=5 | Gui=10 | gex=15 | qu=0025 | cu=10,100 | cue= 0,200
0,00 0,040 0,080 0,120 0,025 0,040 0,060
Table 9

BbpXOBO CBMPOTUBNEHUE 332 M3IMBHWU NUAOTHU G4 [MPa] B 33BUCHMOCT OT g4 (CPT)
323 HECBLP3aHW MOYBM M B 3aBMCUMMOCT OT HEAPEHUPAHATa CTOMHOCT Ha KOXe3nATa ¢, (3a cBbp3aHu Nnoysu)

HecBbp3aHW NOYBM C Gck, CBBbpP3aHHU NOYBM Cyk,

CnsaraHe s, kPa kPa

cm gek= 10 Gex =15 Gek =20 ek = 25 ¢ =0,10 ¢4 =0,20
0,020 0,70 1,05 1,40 1,75 0,35 0,90
0,030 0,90 1;35% 1,80 2:25 0,45 1,10
0,100 2,00 3,00 3,50 4,00 0,90 1,50

Table 10
Kopenauns mMexay gcxy Nip(Gex = k.Nzp)

Bupa nouBa k =q 4 /N3, MPa

Jpebex oo cpeaeH WM MMWHECT NACHK 0,318004

EABp NACHK M NACBHK € MANKO YaKb/ 0,5800,6

3a4yaKksieH NAceK 0,5001,0

Haken ¢ ManKko NACEK WU Yakbn 088010
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Zj 4h; N Cu dck q ski e =
Touxa [cm] [cm] 30 [MPa] | [MPa] | [MPa] u'A?kil\i(]q skil
1 1770 260 60 - 24 0,192 2352
2 2025 250 100 0,60 - 0,140 1649
3 2270 270 70 0,42 - 0,104 1323
4 2445 80 150 0,90 - 0,200 754
5 2575 150 115 0,69 - 0,158 1117
6 2725 150 90 0,54 - 0,128 905
7 2875 150 90 - 36 0,288 2036
8 3025 150 105 0,63 - 0,146 1032
9 3200 200 100 0,60 - 0,140 1319
10 3410 220 120 - 48 0,384 3981
11 3660 280 120 0,72 - 0,164 2164
12 3850 100 120 0,72 - 0,164 773
13 3985 170 125 - 50 0,400 3204
14 4155 170 125 0,75 - 0,170 1362
2Ry = 23972

Rsk = u Y hi. Qsi =23 972 kN

The resistanceat the top of the pile is determined for a subsidence value equal to the limit value for
the pile, which is assumed to be 5 cm. For a pile with a diameter of d = 150 cm, a settlement of s=4,5
cm is obtained at 0,03 d. Therefore, gox from Table 9 is defined.

When gcx = k.N30 =0,4.125 = 50 Mpa — gbk = 4,5 MPa = 4 500 kPa;
Rokx =17 671,5.4,5.0,1 =7 952,2 kN — Rpk =7 952,2 KN

For the characteristic bearing capacity Rck of the pile, coefficients & shall be introduced, taking into
account the number and type of tests. In the present case, the data is from one geological profile, ie. the
value of Rcx will be determined by correlation coefficients &, corresponding to a test of 1 pile.

Tabauya 11. Correlation coefficients &

£3an= 1 2 3 4 5 7 10
Es 1,40 1,35 1,33 1,31 1,29 1,27 1,25
&y 1,40 1,27 1,23 1,20 1,15 1,12 1,08
Forn=1:
E3=34=140

Design value of the load bearing resistance is determined with:

Red = Rox/( E3yp) + R sil( Eays),

Where
= 7s = 1,10 — coefficient, according to table 12.

Stefani Nedyalkova, Dep. Nel6367 180



Gl

UNIVERSITY }
OF ARCHITECTURE S Y
CIVILENGINEERING r

ANDGEQODESY

Table 12
Hocewa cnocobHoct CumMBon CToiHOCT
3a BbpX0OBO CbMNPOTHBIEHWE Yo 1,10
3a CTPaHWYHO CBNPOTUBINEHME Ye 1,10
MbnHa/kombuHupara (HaTucK) ¥ 1,10
[MpK oMbHATKA MUNOTH Yo 1,15

Red =7 952,2/(1,40.1,10) + 23 972/( 1,40.1,10) = 20 730 kN
Rcd =20 730 kN

5.4.2. Geotechnical capacity of the pile, defined with tables according
to “Pile Funding Standards”, 1993

It is performed for the purpose of comparative analysis.

Rek=Ab. Qo +u ) hi. s,

Rsk =u Y hi. Qs,i

Values of gs,i are determined from the depth and consistency of the soil layer, according to table

13.
Table 13
! XapaKTepUCTMYHN CTOMHOCTU Ha CBMPOTUBIEHWS Ha TPUEHE Ha NOYBaTa rno OKoNMHaTa I'IOBbDXHMHa.
CpeaHa Abn6o4MHa Ha 3a6UBHUTE NWNOTK, s (kPa)
Ha 3anAaraHe Ha MACLUM CbC CPeaHa NMbLTHOCT
NOYBEHMA NNACcT noa
NOBLPXHOCTTA Ha | SAPO- ¥ | ApebHo- - - - - - -
Tepena (m) CPEAHO- | 3BPHECTH | npaxosy
3bPHECTH
[MUHECTH NOYBK C NOKA3aTEN Ha KOHCUCTEHUMA 1,

20,8 0,7 0,6 0,5 04 0,3 0,2 0,1 0,0
1 35 23 15 12 8 4 4 3 2
2 42 30 21 17 12 7 5 4 4
3 48 35 25 20 14 8 7 6 5
4 53 38 27 22 16 9 8 7 5
5 56 40 29 24 17 10 8 7 6
6 58 42 31 25 18 10 8 7 6
7 62 44 33 26 19 10 8 7 6
10 65 46 34 27 19 10 8 7 6
15 72 51 38 28 20 11 8 7 6
20 79 56 41 30 20 12 8 7 6
25 86 61 44 32 20 12 8 7 6
30 93 66 47 34 21 12 9 8 7
35 100 70 50 36 22 13 9 8 7

Results are presented in table 14.
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Table 14
Touxa Zi A4h; o, Oski  |u-dh .0
[cm] [cm] ‘ [kPa] [kN]
1 1770 260 1,18 76 931
2 2025 250 0,91 79 931
3 2270 270 0,91 83 1056
4 2445 80 0,48 31 117
5 2575 150 0,91 87 615
6 2725 150 0,91 89 629
7 2875 150 1,18 91 643
8 3025 150 0,91 93 657
9 3200 200 0,91 96 905
10 3410 220 1,18 99 1026
11 3660 280 0,91 103 1359
12 3850 100 0,48 38 179
13 3985 170 1,18 108 865
14 4155 170 0,91 110 881
SR =| 10795

Rsk =u Y hi.(Qsi =10 795 KN

Rok=Ab. Qv
Qb, is determined from the depth and consistency of the soil layer, according to table 15.
Table 15
Hunbounna W3zuncanrenno cenporueiesue R(Mpa) moja BepXoBeTe Ha COHAAKHO-M3IHEHH
Ha 37T aHe NHIOTH U TPLOHN UWIHHAPHYHY [THI0TH, [TOI0IKEHH UPes H33eMBale HA HouBaTa
Ha MHIOTHHS OT OTBOpA 1 3aMBIBAHETO MY C OSTOH, TPH TIIMHECTH MOYBH 0E3 TLOCOBHUTE,
BpbX C MOKa3saTea Ha KOHCHCTEHIINA JC paBeH Ha:
m 1,0 0,9 0.8 0,7 0,6 0,5 0.4
3 0,85 0,75 0,63 0,50 0.40 0,30 0,25
5 1,00 0.85 0.75 0.65 0,50 0.40 0.35
7 1,15 1.00 0.85 0.75 0.60 0,50 0.45
10 1,35 1,20 1,05 0.95 0,80 0.70 0.60
12 1,55 1,40 1,25 1.10 0,95 0,80 070
15 1,80 1,65 1,50 1,30 1,10 1,00 0.80
18 2,10 1,90 1,70 1,50 1,30 1,15 0,85
20 2,30 2.10 1,90 1.65 1,45 1,25 1.05
30 3,30 3,00 2,60 2,30 2,00 - -
40 4,50 4,00 3.50 3,00 2,50 - :

0ok = R =45 Mpa
Rok =17 671,5.4,5.0,1 =7 952,2 kN — Rpx =7 952,2 kN

Red = Rox/(E3p) + Rsw/(Eays)
Red =7952,2/(1,401,10) + 10 795/( 1,40.1,10) = 12 174 kN

Rea =12 174 kN

The value of R¢.q, determined according to DIN1054: 2005, is taken as a test for the compressive

load on the pile, because the determination of the resistance to ambient friction according to the soil

consistency is inaccurate!
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Final resistance of the pile:
Rcd =20 730 kKN

5.5.Check for the real compression load on the pile according to ULS ( GEO)
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Fig. 17. Diagram of the maximal vertical support reaction [kN] of a pile

The actual load of the piles is determined by the analysis model of the foundation structure.

The total reaction in the vertical springs of the most loaded pile is (pur. 17) :

Nedmax = 17 381,85 kN
JRi=R1+R2+R3+ R4 +Rs+ Rg+ R7+ Rp

2Ri =2351,8 + 2377,6 + 2334,7 + 2257,5 + 2177,9 + 2126,2 + 2190,1 + 1565,8

2Ri =17 381,85 kN

2Ri<Rcd — 2R =17 381,85 kN < R¢,d = 20 730 kN — Requirement is satisfied!

5.6. Design of the foundation slab to resist the horizontal (seismic) forces

The design proves that the horizontal forces of an earthquake are resisted entirely by the ground
pressure at rest, acting on the basement walls, and by the forces of friction on the walls and the base

plane of the foundation slab (Fig. 18). Piles do not take horizontal force.
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Fig. 18 Resistance forces of the foundation structure against horizontal loading

Hy < Ep+ 2T + Toasex = Y Foi. B/y + 2 Y Eoitg(¢i/2) . L/y + N. tg(¢ase/2) / y

Hy < Eoy+ 2Ty + Toasey = Y Eoi. L/y + 2 Y Eoi tg(#i/2) . B/y + N. tg(Pvase/2) / y

Where:

Hx = 31 264 kN

Hy = 29 494 kN

T =N. tg(4/2)

Nexk = Vk = 1 432 111 kN — characteristic value of the vertical force in the base

y = 1,40

S Eoi = 1429 kN/m

> Eoi. tg(4i/2) = 362 KN/m

H,<1429.46,2/1,4 + 2.362. 91,3/1,4 + 1 432 111.tg(24,6%2) / 1,4

H,=31264 kN <47 157 + 47 215 + 223 036 = 317 408 kN — H, = 31 264 kN < 317 408 kN
Hy<1429.91,3/1,4 + 2.362. 46,2/1,4 + 1 432 111.tg(24,6%2) / 1,4

Hy=31264 kN <43 191 + 23 892 + 223 036 = 290 119 kKN — Hy = 29 494 kN <290 119 kN

Conclusion: Horizontal force is balanced entirely by the interaction between the base structure
and soil!
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5.7. Required reinforcement in the piles

The pile is designed for eccentric compression. The minimum required reinforcement is accepted,
after which the structural bearing capacity is determined by the help of an interaction diagram.

5.7.1. Detailing of the reinforcement according to 5JIC EN 1992-1-1 and
EN1936
1) In order to ensure free penetration of the concrete mixture around the reinforcement, the
individual bars, reinforcing skeletons and any other additional reinforcement should be
constructed so that the pouring of the concrete mixture is not complicated.

2) Minimal diameter of the longitudinal reinforcement: ¢12
3) Minimal distance between bars: Smax = 100mm

4) Maximal distance between bars: smax = 400mm

5) Minimum concrete cover: Cmin = 75 mm

6) For pouring piles with a cross-sectional area A > 1m?, longitudinal reinforcement is provided
with an area of: Asmin > 0,0025.Ac

5.7.2. Materials
Concrete C35/45: feg = acc.for/ye = 0,85.35/1,5 = 19,83 MPa
Reinforcing steel B500C: fyg = fy/ps = 500/1,15 = 435 MPa
Concrete cover according to EC2:
For longitudinal reinforcement: Crom = Cminb + 4Cdev = 75 + 10 = 85 mm
5.7.3. Design of the longitudinal reinforcement
Asmin >0,0025.A; = 0,0025.17 671,5 = 44,18 cm?
As min = Asreq = 44,18 cm?

Accepted reinforcement:

16xN20

1380
1332

§ =245 mm
Asprov = 50,26 cm? > Asyreq = 44,18 cm?
p = Asprov/Ac = 50,26/17 671,5 = 0,0028 = 0,28 %

Que. 19

Checks were performed for the pile with maximum compressive force and corresponding bending
moment and for the pile with maximum bending moment and the corresponding compressive force.
The results are presented by the interaction diagram in fig. 20. The data on the material and the
selected reinforcement, with the help of which the diagram is constructed, are presented in Table 16.

NEd,max =17 382 kN MEd,max = 950 kNm
MEd cooms. = 183 KNm NEd cvoms. = 12 798 KN
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Table 16

bemon C35/45; Apmuposxa B500B: 16xN20
d= 150{[cm] Asi= | 3,14|[cm2] |d1= 12,0|[cm]
r= 75|[cm] As2= | 6,28|[cm2] |d2= 16,8|[cm]
fyk= 50([kN/cm’]|As3= | 6,28|[cm2] |d3= |  30,5|[cm]
Es= | 20000|[kN/cm’]|As4= | 6,28|[cm2] |da= | 50,9|[cm]
Ys= 1,15 Ass= | 6,28|[cm2] |ds= 75,0([cm]
fyd= | 43,478|[kN/cm?]|Ass= | 6,28|[cm2] |de= | 99,1|[cm]
fok= 3,5/[kN/cm?]|As7= | 6,28|[cm2] |d7= | 119,5|[cm]
Ye= 1,5 Ass= | 6,28|[cm2] |ds= | 133,2|[cm]
acc= 1 As9= | 3,14|[cm2] |do= | 138,0|[cm]
fao= | 2,333|[kN/cm?]
ec3= | 0,00175
gcu3=| 0,0035
esyd=| 0,0022 HaroBapBane:
euk= | 0,0750 Mi= | 183/kNm |[Ni=| 17381 kN
eud= | 0,0675 M2= | 950 kNm [N2=| 12 798 kN
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Fig. 20

Conclusion: The accepted longitudinal reinforcement is enough! — 16N20

5.7.4. Design of the transversal reinforcement

e  Check for the shear resistance of the concrete section
VRd,c = CRd,c.k. (]00p1fck)1/3bd > min VRd,c = Vmin.b.d [N/m],
Where:

Crac =228 = 28— 12

Yc 1,5
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200
d[mm]

d = duwrom — Cnom — /2 = 1500 — 85 — 10/2 = 1410 mm
p1<0,02 — pi=0,0028
fok = 35 N/mm?
Vmin = 0,035.k%2 f4!2 = 0,035.1,38%2 352 = 0,336 MPa
b =d = 1500 mm
Vrd,c = 0,12.1,38.(100.0,0028.35)” — Vrd,c = 0,354 MPa > Vmin = 0,336 MPa
VRdc = VRdc. m.d?l4 = 0,354.7.1410°/4 — Vra,c = 552 kN
VEdmax = 253 KN
VEd = 253 KN < VRrdc = 552 kN

Scale coefficient: k =1 +

<20—>k=1+ /ﬂ:ms <20—k=138
1410

Requirement is satisfied! — The minimum required spiral reinforcement with diameter N10/s
=20 cm is provided!

5.8. SLS checks of the pile

It is necessary to check whether the subsidence of the pile foundation is within the permissible
limits. Maximum subsidence Sjim = 0,03.d,u0m = 0,03.150cm = 4,5 cm is accepted.

A conditional flat foundation at the top of the piles is considered, with dimensions in plan L '=
53,6m and B' = 53,6m, determined by the dimensions of the end piles (located at the contour of the
slab) from fig. 3 and the average angle of internal friction of the soil ¢.,, according to fig. 21.

0op = (24,6"+ 39,9)/2 = 32,25’
Qpld =8’

The load g2 of the conditional flat foundation for determining the settlement consists of the
characteristic load gz in the main plane of the foundation slab, reduced to the area of the conditional
foundation, as well as the additional weight of the reinforced concrete piles (85 pcs.).

The active zone of subsidence of the conditional foundation is determined by formula (7) of Annex
4 of the "Standards for the design of flat foundations, 1996", relating to wide-area foundations:

H,=k>.k3.(9+0,15.B’) = 1. 0,85.(9 + 0,15 . 53,6) = 14,3m

The average modulus of #io of soil £, in the area of the active zone H, is defined as the average of
layers 5 and 7 from Table 1 at increasing in depth with Ein.= 500 kPa for 1m’:

E., = (34600 kPa + 14400 kPa)/2 + (26 m + 14,3 m/2).500 kPa = 41 075 kPa

The average load for ground with thickness Ha is:
ocp = (02 + g3) /2 = (139+120)/2=129,5 kPa.

The average subsidence of the pile is:
S=o0¢p.Ha/Ep=1295.14,3/41075=45cm = Sjm =4,5cm

— Condition is satisfied!
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q,=176kPa
Pep. Pep.
4 46,3m 4
26m
’WHHHDTH
qz139kPa
UL HEEE L 11
E.,=41075 kPa Ha=14,3m

q;=120 kPa
[ ] L

1
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IX. Construction technology

In the current graduation project is considered an exemplary technology for installation of the
structure and an exemplary technology for concrete work above elevation +0.00.

The floor slabs are composite, which is convenient from a technological point of view, as the
steel decking acts as a remaining formwork. Concreting with stationary concrete pumps with
distribution booms was chosen due to the required hourly inflow of concrete mixture, as well as the
geometric dimensions of the building in plan and height, which do not allow the use of truck concrete
pumps. Concrete pipes and their supporting structures pass through service openings in the floor
slabs.

For the installation of the steel structure, tower cranes are provided, serving both the high and the
low part of the building.

For the installation of the metal structure up to the elevation of +160,6 m, a Potain tower crane
with a horizontal boom with a length of 70m and a maximum lifting capacity Q = 64t is provided.
The crane is anchored in the already executed foundation slab, and the height is strengthened with
special connections, supported in the areas of the “Vierendeel belt trusses” and between them. The
connections are made with the help of diaphragms and small beams, which are connected to the
structure by plates welded to the columns. The crane rises in height due to the high number of storeys
of the structure. When the installation of the top structure is completed, the crane lowers itself to the
required height and a truck crane is used for its dismantling.

The other two tower cranes serve to build the low-storey building and are located on both sides. It
is necessary to diverge them in height, as their trajectories intersect. For this purpose, one crane is
11.60 m higher than the other, and two additional elements with a height of 5.80 m were used in the
construction of the tower. A truck crane is used to dismantle the tower cranes.

The range of cranes also includes areas for storage of steel elements to be installed.

1. Concreting

The schemes of concreting are considered both on floor slabs up to elevation +35,70 m, and on
floor slabs from elevation + 35,70 m to elevation +160,6 m.

1.1. Concreting of floor slabs up to level +35,70 m

1.1.1. Definition of the required hourly inflow of concrete mixture

Q.> ﬁ [m3/n] — hourly inflow of concrete mixture due to requirements for monolithic
c—to/)-Ru
concreting;
Where:

Q. — required hourly inflow of concrete mixture

F — area of the concrete layer

h — height of the layer

tc — cement hardening time;

to — time for transporting and pouring a portion of concrete;
K.=08-09

(te—to)<25h

F = B .0u.V2 = 44,8.0,108. V2 = 6,84 m?

dnz = hpimia = 0,108 m
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Accepted:
h = 6,40 m — width of the concrete layer;
B=448m

6,84.6,40
Q. >

2,5.0,8
The large area of the slab (A = 4 575,35 m?) implies the prediction of working joints, limiting
individual areas of the slab to 1500 m?,

=21,9 m¥h

The part of the slab located into the high building, which reaches a height of +160.6 m, is
separated by a working joint and concreted with a stationary concrete pump located in one of the
service shafts. The rest of the slab is separated by another working joint and concreted with the help
of another stationary concrete pump located in the lower part of the building.

The required hourly inflow of concrete mix is determined on the basis of the required amount of
concrete for the busiest concreting stage.

Voi = Aplmax.Npimid = 1253,7.0,108 = 135,4 m?

Qn= Vplz = 135,4/7 = 19,34 m%/h

z =7 hours

Qn= 19,34 m/h — required hourly inflow of concrete mixture for the busiest concreting stage.
Accepted: Q. = 21,9 m¥h
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1.1.2. Transport of the concrete mixture to the construction

N = Qn /I1yp.cp. — NUMber of concrete mixer cars
Hmp.cp, = 60.V.kg .kH /tu

t, =t, + t, +2.1/v,, = 50 min
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t, + t, = 30 min

2.1y = 2.5/30 ~ 20 min
I =5km

Vep =25 km/h

Selected concrete mixer car:

Liebherr HTM 1004

V = 10 m3 — volume of the mixer;
Iyp.cp. =60.10.0,8 .0,9 /50 = 8,64 mé/h

n = 21,9/8,64 = 3 concrete mixer cars

Technical Data:

Superstructures Nominal filling Water volume Geometric Mixer weight in configuration
inm? inm?3 drum volume 3 . ’
hardened ih md Vehicle drive Sep. engine
concrete in kg in kg
M HTM 604 6 6.8 11.0 3360 3860
w HTM 704 ' T 12,3 3480 3980
w % HTM 804 8 9.1 14,3 3855 4355
M w HTM 904 9 10,2 16,0 4030 4660
S w1004 10 11,0 17.6 4350 4980
W% v 1004 K 10 11,0 17.4 4480 5110
w HTM 1204 12 12,9 20,7 4990 5620
SaE HTM 1204 K 12 12,6 18,3 4900 5530
S LTy 1504 15 15,3 245 5600 g

1.1.3. Transport of the concrete mixture at the construction

It is rational to do the concreting with a concrete pump. Based on the parameters of the building
and the required hourly inflow of concrete mixture, concreting with two stationary concrete pumps
with distribution booms was chosen. One stationary concrete pump is located in one of the service
openings of the floor structure of the high building and is used for concreting the floor slabs to a
height of 160,6 m. The other is located in the service opening of the low part of the building and
serves for concreting the floor slabs to elevation +35,70 m. At this point, the necessary stationary
concrete pump for concreting the slab in zones 3 and 4 should be selected. The stationary concrete
pump for zones 1 and 2 is discussed in detail in point 1.2.

Required parameters of the concrete mixer cars, located at the low-storey part of the building:

Qh,req ~ 21,9 m3/h

Lb,req = 47 m — range of the boom;

Stationary concrete pump selected: Putzmeister P 730
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Qh,prov =30 méh > Qh,req = 21,9 m3/h

Technical data P730TD/SD Equipment

Conveyor hopper 3001/ 360 | (with rubber collar) 2.510hassis
Centralised lubrication system
Delivery rate 3-30m¥h (with hand pumg and manitold block)
. . Cleaning accessories
Maximum delivery pressure 55 bar Delvery rate reguiation (electric)
Delivery distance** Max. 300 m horizontal and 100 m vertical reach; with shotcrete/ Ergonic® Qurput Contral (EDC)
fine concrete, max. 100 m horizontal and 80 m vertical reach E"f:a”s' Tlap
ifting eye
Drive Three-cylinder Deutz diesel engine with turbocharging, Operating Instructions and spare parts list
55.4 kW (Stage V) Prafective grlle
Rubber coll
Piston pump Two-cylinder pump, hydraulic S;E,:rnz[::;t
Piston stroke 700 mm Stroke counter

Toolbox and tools

Delivery cylinder (dia.) 180 mm Tk il
Drive cylinder (dia.) 80/45 mm Vibrator
- . n "Hopper emply" signal
Pressure connection coupling 55 34V gt assemby
Max. number of strokes 29 strokes/min Additive metering
Weight 2450 kg (TD) / 2180 kg (SD) e
Length x width x height 4810 mm x 1592 mm x 1983 mm (TD) Centralised lubrication system (glectric, automatic)
3137 mmx 1408 mm x 1734 mm (SD) Customer labelling
s s Flughing water pump
Filling height 1340 mm (TD) / 1093 mm (SD) High-pressure cleanar
Maximum particle size 32 mm Radio remote control with delivery rate regulation

Special hood paint in RAL colours

Ol 0o 000|000 |c (oo 0] ..

Machine model Trailer concrete pump (TD), stationary pump (SD) Splasn Quard — hopper cover and soray Quard
Chassis Road travel chassis (TD), skid frame (SD) LSB charging part with smartphane halder on the
operating panel
Warking lights
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Distribution boom selected: MXG 42-5

Reach information diagram Technical data

Stationary placing boom WXG 42-5

40 Secti 5
I M XG 4 2 3 5 Re:;nlfeighl m 421

Horizontal reach m| #4141
0 Reach depth max. m 35.4

Delivery line O 125
) 1 End hose length m 3

Slewing range ° 365

—
—_
(%]

Weight (boom + pedestal
+ working platform)

2 240°
C\ Weight t 13
0 (hydraulic drive unit)

L=
4 ( Do not use as
B.6m 85m  75m 78m 97m working area

=
=3
Vertical reach 421 m

Gross horizontal reach 41.1 m 4650
10
=
=%
L
o e
B
/J 230°
I S Al data max. theor.

Dimensions can differ depending on configuration,

Lbprov = 41,1 m < Lbreq = 47 M — The range is not enough! For the other zones, which doesn’t
fall in the range of concrete pumps, is predicted concreting with bucket with volume 1,5m?3!

Supporting structure: Putzmeister RS 850 Column placing system

To reach the required height, a system of self-climbing columns is used, acting as a supporting
structure and delivering the concrete mixture to the distribution boom at the design height. The base
of the column is very small (1.0m x1.0m), which allows the system to be located in narrow spaces of
the structure. The individual column fragments are with selected height of 10 m.

Supporting structure could be anchored to the foundation structure.
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PUTZMEISTER RS 850 COLUMN
PLACING SYSTEM

o Automatic hydraulic self-climbing
 Simple column connection

* Rapid disconnection system

* Removable work platform

1. Climbing rail
2. Chain hoist

3. Catch for upper
climbing carriage

4. Climbing cylinder
5. Lower climbing carriage

6. Catch for lower
climbing carriage

7. Pivoting pawl
8. Horizontal support

9. Corner details and wedges

While climbing, the catches in the upper and
lower climbing carriages alternatively hold
and release the climbing rail to allow the
cylinder to lift the entire system.

1.2.Concreting of floor slabs up to level +160,6 m

1.2.1. Definition of the required hourly inflow of concrete mixture

Q. — required hourly inflow of concrete mixture

F — area of the concrete layer

h — height of the layer

tc — cement hardening time;

to — time for transporting and pouring a portion of concrete;
K.=0,8-0,9

(te—t0)<25h

F = B .0nV2 = 44,8.0,108. V2 = 6,84 m?

dnz = Npimig = 0,208 m

Accepted:

Q.> ﬁ [m3/h] — hourly inflow of concrete mixture due to requirements for monolithic
c—to/)-fu
concreting;
Where:
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h = 6,40 m — width of the concrete layer;

B=44,8m

Q.>

The required hourly inflow of concrete mix is determined on the basis of the required amount of
concrete for the busiest concreting stage.

Vpl - Apl,max.hplymid - 11530,108 - 124,52 m3
Qn=Vpilz = 124,52/7 = 17,78 m®h

6,84.6,40
2,5.0,8

=21,9m%h

z =7 hours
Qn= 17,78 m*/h — required hourly inflow of concrete mixture for the busiest concreting stage.

Accepted: Q. =21,9 m¥h

1.2.2. Transport of the concrete mixture to the construction

N = Qn /I1wp.cp. — NUMber of concrete mixer cars
ITnp.cp. = 60.V.K, Ky 1ty

t, =t, +t, +2.1/v,, = 50 min

t, + t, = 30 min

2.1, = 2.5/30 = 20 min

I =5km

Vep =25 km/h

Selected concrete mixer car:

Liebherr HTM 1004

V = 12,0 m® — volume of the mixer;
wpep. = 60.12,0.0,8 .0,9 /50 = 8,64 m¥/h

n = 21,9/8,64 = 3 concrete mixer cars

1.2.3. Transport of the concrete mixture at the construction

Concreting with stationary concrete pump with distribution boom was chosen. Concreting piepe
and the supporting structure are placed in a service opening.

Required parameters of the concrete mixer cars, located at the low-storey part of the building:

Qh,req = 21,9 m3/h

Lb,req = 45 m — range of the boom;

Stationary concrete pump selected: Putzmeister BSA 1005 D5
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Technical data

Madel
Material number
Dutput
Delivery pressure
Delivery cylinder
Delivery cyl. stroke
Strokes / minute
Engine / motor power
Hopper

Capacity

Filling height
Transfer tube
Ling connection
Pressure connection
Control system
Diesel tank
Weight

m3h
bar

@ mm
mm

kW

BSA 1005 D5 BSA 1005 E
102682.000 102683.000
52 47
70
180
1000
33 31
55.4 45
RS 488
approx. 300
1.23
51812
SK 125
55
Ergonic 3 PS
120 -
2000 3100

Distribution boom selected: MXG 42-5

Qh,req =219 m3/h
Qh,prov =52 md3h

Qh,prov > Qh,req

Serial equipment

Agitator safety switch off
Cable remote control 10 m
Central lubrication on happer
with grease gun

Chassis F8

Cleaning accessories

Coloring:
Pump, frame, roof anthracite-grey
Doors chrome yellow

Concrate hopper with agitatar

Drive diesel, Deutz 55.4 kW, Stage 5
(1005 D5)

Drive electric, 45 kW, IE03

(1005 E)

Electronic error management
Ergonic Graphic Display

Flushing water pump 50 I/min 20 bar

Grill 60 mm

Operating manuals (1x paper,
13 CD-ROM) spare part list
Output adjustment, electrical
Qutriggers 3x mech.

Speed drawdown automatically on
pump stop (Diesel driven only)
Splash guard

Support wheel

Tool set incl. standard equipment
Tow coupler, DIN aye

Loprov =41,1 M < Lpreq = 45 M — The range is not enough! For the other zones, which doesn’t
fall in the range of concrete pumps, is predicted concreting with bucket with volume 1,5m3!

Supporting structure: Putzmeister RS 850 Column placing system

Stefani Nedyalkova, Dep. Nel6367

196




UNIVERSITY ¥
OF ARCHITECTURE S p
CIVILENGINEERING 4

AND GEODESY

2. Installation of structural elements

The installation of the structural elements is done with the help of tower cranes.

The Potain MD 1600 crane, located on the outside of the building, is attached to the structural
elements at a certain distance (in the area of the technical floors) for the construction up to the
elevation of +160,6 m. The crane has a horizontal boom, increases in height by self-lifting with the
help of special creeping frames, and is anchored to the already completed foundation slab.

Two additional free-standing tower cranes with the same characteristics Liebherr 630 EC-H 40,
located on both opposite sides of the building, are used for the construction up to an elevation of
+35,7 m (low-storey building). The cranes diverge in height by 11.6 m.

The parameters of the cranes should be considered in detail.

The cranes are selected based on the installation parameters of the individual elements. The
parameters are determined at a pre-selected position of the crane relative to the building.

The main designations used in the selection of the crane are presented in the diagram.

2.1. Potain MD 1600

The crane is used for mounting the elements of the multi-storey structure, reaching an elevation
of +160,6 m. The crane is selected according to the elements to be installed and their installation
parameters.

MOHTA>KHU [TAPAMETPU
IIposepka na uzopanua Kpan
Monmasicna maca Bucouuna 0o kykama Oobcez Mapka
Enemenm
Qe qm QM HM he hm hk X b QKp th bk‘p Ha Kpana
[t] [t] [ [ [m] | [m] |[[m] | [m] | [m] | [m] [t] [m] [m]
C-C10 16| 8,78 | 0,44 | 9,22 |1526| 7,945 | 10 | 1625 | 54,31 | 61,31 27,0
C-C10 4| 1855 | 0,93 | 19,48 | 18,7 | 10,945 | 1,0 31,6 | 54,31 | 61,31 27,0 §
C-D10 6 | 1564 | 0,78 | 16,42 | 355 | 12545 | 1,0 50,0 | 52,09 | 59,09 26,0 a
PB120 350 | 0,18 | 368 | 765 | 1,730 | 1,0 80,2 | 52,89 | 59,89 26,9 171,45 70 =
PB55 2,10 | 0,11 | 2,21 | 76,5 | 0,890 | 0,5 78,9 | 42,25 | 49,25 35,0 -%
SB8 106 | 005 | 1,11 | 76,5 | 0,500 | 0,5 78,5 | 49,76 | 56,76 48,0 E
C-F10 2| 23,62 | 1,18 | 2480 | -36 | 11045| 1,0 9,4 55 62 27,1
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Potain MD 1600

TAVATL

G4 536455 ¢t

2.2. Liebherr 630 EC-H 40 Litronic

83.6m
B.5M
C 10m i am ; 10Om ) 0m ] 0om 10m | 10m ; 10m A
POT AIR =
s 25m i e =
) <l BLEE ] !
28m ) 25m A 0t [y 80m
— [728 6 m —
40t LAY
5 1
/ | | | | ol s4t At
a0t [PORIS
/ | 60m T8 73t
h H (m)
FIoYa 26,0 t [t C50 D50
S0m 6at [rrknd == 616 85,8
i | ™ 824 70.8
40t (s
< | e
!
40t [ElRe
64t PSS
A mxdm
S
TWERY
80m 65 » 240 25 30 35 40 421486 50 55 60 65 70 75 80 m
ravan. 64 614 494407383 32~32 3 27 2490 226206182 74 1t ®
70m 65 » 264 30 35 40 45 461533 55 60 65 70 m Whd s
v 64 551 /457 386 331 327-32 208 278 253 23] t 64
60m 65 264 30 35 40 45 46] 53,2 55 60 m _\ g
I 5 e P P ¢ 32 =
Tavan, 64 551 456386 (331 32732 08 778 \'*-..___:l!_
50m 65 » 287 30 35 40 45 S0 m i
avan 64- 60,6 504 427 368 & ¥ b g B (m)
40m 65 300 35 40 m

The crane is used for mounting the elements of the structure, reaching an elevation of +45,2 m.
Two cranes of the considered model were chosen, which serve for construction of the lower part of
the building. They are located in opposite positions and diverge in height by 11,6 m.

A truck crane is used to build the two cranes, after which the tower cranes themselves increase in
height. The dismantling is analogous.

The crane model was chosen based on the installation parameters of the elements needed to build
the structure, reaching elevation +45,2. They are presented in the following tables.
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MOHTA>KHH ITAPAMETPH - kpan Nel
IIposepka na uzopanusa Kpau
Monmasicna maca Bucouuna 0o kykama Oobcez Mapka
Enemenm
Je qm Q. H, he h,. h X b Q. h b, |raxpana
[t] [t [ [ [m] | [m] |[[m] | [m] | [m] | [m] [t] [m] [m]
C-H9 2 | 9,90 | 050 | 10,40 | -3,6 | 10,945 | 1,0 9,3 39,39 | 46,39 | 12,60 T
C-E11 2| 9,90 | 0,50 | 10,40 | -3,6 | 10,945 | 1,0 9,3 41,6 | 48,6 12,00 (La o
C-D17 2| 9,90 | 0,50 | 10,40 | -3,6 | 10,945 | 1,0 9,3 | 4351 | 50,51 | 11,20 o 'g
F-185 | 350 | 0,18 | 368 | 29,7 | 8945 | 1,0 | 40,6 | 28,86 | 3586 | 17,15 55,9 60 % E
PB39 245 | 0,12 | 257 | 17,7 | 0540 | 05 | 19,7 | 34,74 | 41,74 | 14,40 E o
PB102 350 | 0,18 | 368 | 17,7 | 0,800 | 05 | 20,0 | 33,35 | 40,35 | 15,09 2 ¥
SB8 1,06 | 0,05 | 1,11 | 17,7 | 0500 | 05 | 19,7 | 39,47 | 46,47 | 1250 -
MOHTA>KHHU IIAPAMETPH - kpan No2 Ilposepka na uzbpanus Kpau
E Monmasicna maca Bucouuna oo kykama Qocez 7
JlemMenm apka
Je qm Qu H ., he h hy X b Qu Ny b4 Ha Kpana
[t] [t [ [ [m] | [m] |[[m] | [m] | [m] | [m] [t] [m] [m]
C-E10. 2| 9,90 | 0,50 | 10,40 | -3,6 | 10,945 | 1,0 9,3 | 41,19 | 48,19 | 12,10 T
C E18 2| 990 | 050 | 10,40 | -36 | 8,945 | 1,0 7,3 | 41,46 | 48,46 | 12,00 8 ©
C C18 5| 9,90 | 0,50 | 10,40 | -36 | 8945 | 1,0 7,3 28,59 | 35,59 | 17,20 = 5
PB99 | 350 | 018 | 368 | 297 | 0,800 | 10 | 325 | 38,63 | 4563 | 1280 | 67 | 60 | €=
PB37 245 | 012 | 257 | 17,7 | 0540 | 05 | 19,7 | 3465 | 4165 | 14,40 % =
SB8 350 | 0,18 | 3,68 | 17,7 | 0,500 | 05 | 19,7 | 38,23 | 4523 | 12,90 3
Liebherr 630 EC-H 40 Litronic
-Tu‘-‘“‘-‘"‘—---
AT A Y v A AT ATA ATANAY AVAY A AVATAVAVATAATATATATATATE ETRE
1.8
] 80,0m —+
5400 kg /3600 kg
5800 kg/4000 kg
E £
e S e
|
< 245m
4!
=
[~
£ |
3
=l i
5 |
2l | |
=
f E
i 5 N\
= -—100m
% 24 HC 630
B 67,6 m
L 100m «L
24 HC 630
80,0 m
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Ausladung und Tragfdahigkei

Radius and capacity/Portée et charge/Sbraccic e portata/
A ¥ cargas/ Al e

de carga/BhUeT M FPY30N0fLEMHOCTE

+—10,0m

< B /
<—282m . S( /

£

o

@ L

o @ @ N E S N—

=

=

o

e

- U 9800 kg/8000 kg
P T 10500 kg /8800 kg

T )
Sl

S |

13500 kg/11800 kg

80,0m 4‘»

2 ' 7600 kg/5500 kg
| 8100 kg/6100 kg

r

10,0m ——1,7m

5400 kg/3600 kg
5800 kg /4000 kg

14300 kg/12700 kg
36‘0m4|~
——————182m 19300 kg/18000 kg LM 1
20000 kg/19100 kg LM2
Gl H m/kg
moor m/kg 150 | 20,0 | 25,0 | 30,0 | 36,0 |40,0| 48,0 55,0 | 60,0 650 |70,0( 750 |80,0
80,0 (r=83,4) | 3on00" | 38990 | 27740 | 21140 | 17090 | 13680 [11950| 9330 7650 | 6680 | 5860 | 5150 | 4540 | 4000
70,0 (r=73,4) | Jov00” | 40000 | 30970 | 23700 | 19250 | 15480 [13580| 10700 8850 | 7780 | 6880 | 6100
60,0 (r=63.4}|jb3053,?"‘ |40090‘33950|260?0| 21240| 17150 |15090‘ 11960 | 9960 |asoo| LM2
48,0 (r=51,4) | don00°"" | 40000 | 35680 [ 27440 | 22390 | 18130 159?0‘ 12700 | 1oL ..
— 43-180 b ¥ ]
0 (r=39,4) | 35000° "> | 40000 | 37400 | 28810 | 23550 | 19100
kg 40000 7 |
30000 \\\ | I
20000 jremmmmep———p—— Lo |
: -
_-“‘-'\ -d:: et
10000 | T\\ === ~_ﬂ_J
0 ! i i I |
1 1 I L
m 20,0 30,0 36,0 48,0 60,0 70,0 80,0
3. Occupational safety measures during construction
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Graphic part of the graduation project:

1. Mounting plan at the elevation +17,7m ..........c.ccc oo oo veevvieee e e M1 150
. Mounting plan at the elevation +102,5m ..........ccccccvveeiceievee oo e . M1:150
. Mounting sections along the axes ,,G” u “3”.........ccoccvvevveevevivevee e M1:250

. Mounting sections along the axes ,C” u “4”..........cccov e vee e vee e M1:250

2
3
4
5. Mounting sections along the axes ,D” u “5”.......ccccccoeevieeieicive . M1:250
6. Mounting details ,,4% ,B”, “C”u “D” ..........c.cooeveveeeeeee. . M1:10; M1:15
7. Fragment of EBF u mounting details ,, E“u “F” ...................M1:10; M1:15
8. Production drawings of elements SB53, SB71 u SBSS.... ......... MI:10; M1:20
9. Production drawings of elements PB115u PB54 ..................... MI1:10; M1:15
10. Production drawings of elements C-C5 8 ..........c.ccocovvvve e M1:10; M1:15

11. Reinforcement plan - lower reinforcement of the foundation slab
e e M1:150; 1:20

12.Reinforcement plan - upper reinforcement of the foundation slab ... .... MI1:150
13.Piles location in plan and reinforcement of a pile.............. MI1:150; 1:50; 1:30
14.Technological scheme - SECHION.........ccceeviviiicicce e MI1:250
15.Technological scheme - plan ..........cccoocooiiiiiiiiic M1:250
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Sources:

Requlations:

e EJIC EN 1990-1

e EJIC EN1991-1-1
e EJIC EN 1991-1-4
e EJIC EN 1992-1-1
e EJIC EN 1993-1-1
e EJIC EN 1993-1-3
e BJICEN 1993-1-8
e EJIC EN 1994-1-1
e EJICEN1997-1

e EJIC EN 1998-1-1

e ASCE 7-16: Minimum design loads and associated criteria for buildings and other
structures

e Standards for the design of pile foundations, 1992

e Standards for design of flat foundations, 1996
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