25. rocnik - €. 1/2016

PRIKLAD PLASTICITNIHO POSOUZENI DULNI OCELOVE VYZTUZE
OBDELNIKOVE STAVEBNI SACHTY PODLE CSN EN 1993-1-1
EUROKOD 3 S VYUZITIM STABILITNIHO VYPOCTU

REXAMPLE OF PLASTICITY ASSESSMENT OF STEEL COLLIERY
SUPPORT OF A RECTANGULAR CONSTRUCTION SHAFT ACCORDING
TO CSN EN 1993-1-1 EUROCODE 3 USING A STABILITY CALCULATION
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ABSTRAKT

V soucasné dobé je jedinym platnym piedpisem pro ndvrh a posouzeni ocelovych konstrukci CSN EN 1993-1 -1 — Eurokéd 3: Navrhovdni
ocelovych konstrukei — Cdst 1-1: Obecnd pravidla a pravidla pro pozemni stavby. PoZadavky uvedené v této normé se vztahuji i na ocelové kon-
strukce pouZivané v podzemnim stavitelstvi, jako jsou napriklad vdlcované profily diilni vyziuZe, které se pouzivaji pri razbé stol, pri hloubeni
Jam a Sachet. Ze statického hlediska md ocelovd dulni vyztuZ, za predpokladu dokonalé aktivace vlastniho paZeni, schopnost prendset zatizeni
zemnim tlakem ihned po jeji instalaci. V prispévku je uveden plasticitni pristup pro posouzeni obdélnikové stavebni Sachty s vyuZitim stabilitni-
ho vypoctu.

ABSTRACT

The currently only applicable regulation for the design and assessment of steel structures is CSN EN 1993-1 -1 — Eurocode 3: Design of steel
structures — Part 1-1: General rules and rules for buildings. The requirements contained in this standard are related even to steel structures used
in underground construction, such as for example, rolled-steel colliery support sections used in driving galleries, excavation of pits and shafts.
From the static point of view, steel colliery supports, under the assumption of perfect activation of excavation bracing, is capable of transferring
ground pressure loads immediately after their installation. The paper presents a plasticity approach to the assessment of a rectangular construc-

tion shaft using a stability calculation.

UvoD

Jednim z nejCastéjSich divodu pro budovéni stavebnich
Sachet je rekonstrukce ¢i novd vystavba inZenyrskych siti
(kanalizace, vodovod, energetika). Primarni konstrukce téchto
stavebnich Sachet je Casto tvofena dulni ocelovou vyztuZi
v kombinaci s prislusnym pazenim podle zastizené geologie
(napf. ocelové ¢i drevéné paziny nebo stiikany beton
s betonarskou siti). Nasledujici text se vénuje plasticitnimu
posouzeni tohoto typu konstrukci podle v soucasné dobé jediné
platné normy CSN EN 1993-1-1 Eurokéd 3: Navrhovani oce-
lovych konstrukci — Cést 1-1: Obecnd pravidla a pravidla pro
pozemni stavby [1] (déle jen norma). Voln€ navazuje na ¢lanek
[2], ktery se zabyvd obecnym postupem provedeni globdlni
analyzy ocelové konstrukce a konzervativnim, pruZnym posou-
zenim dulni ocelové vyztuze (obr. 1).

Obr. 1 Sachta vyztuZend ocelovou dilni vyztuzi
Fig. 1 Shaft reinforced with steel colliery support

INTRODUCTION

One of the most frequent reasons for carrying out constructi-
on shafts is the reconstruction or new development of utility
networks (sewers, water lines, power engineering structures).
Construction shafts are frequently formed by steel colliery fra-
mes in combination with respective bracing. The primary struc-
tures of construction shafts are frequently formed by steel col-
liery supports in combination with relevant lagging correspon-
ding to the geology encountered (e.g. steel or wooden lags or
shotcrete with reinforcing mesh). The following text deals with
the plasticity assessment of this type of structures according to
the currently only valid standard CSN EN 1993-1 -1 -
Eurocode 3: Design of steel structures — Part 1-1: General rules
and rules for buildings [1] (hereinafter referred to as the
Standard). It freely builds on the paper [2], which deals with
a general procedure for the execution of a global analysis of
a steel structure and conservative, elastic assessment of steel
colliery support (see Fig. 1).

CONDITIONS FOR THE APPLICATION OF PLASTICITY
CALCULATION

As already indicated above, the authors used conservatively
elastic stress distribution through the cross-section in the paper
[2]. If the cross-section meets criteria for class 1 or class 2
according to the Standard, it will have rotational capacity suf-
ficient for plastic distribution of stress. The issue of rotational
capacity of a steel support capacity in long mine workings was
dealt with by Janas et al. [3,4,5]. They concluded that a similar
rolled-steel “top hat” profile of colliery steel support can be
categorised as cross-sectional class 1 (see Fig. 2).

The categorisation of common geometries is carried out
according to simplified criteria (limitation of the proportion of



Obr. 2 Detail deformace prurezu TH 29 [3]
Fig. 2 Detail of TH 29 cross-section deformation [3]

PODMINKY PRO POUZITi PLASTICITNIHO VYPOCTU

Jak jiZ bylo naznaeno vyse, v ¢ldnku [2] autofi pouzili kon-
zervativné pruzné rozdéleni napéti po prurezu. Pokud prufez
bude splnovat kritéria pro 1., resp. 2. tfidu podle normy, bude
mit prufez dostate¢nou rotaéni kapacitu pro plastické rozdéleni
napéti. Otdzkou rotalni kapacity prufezu ocelové vyztuze
v dlouhych dulnich dilech se zabyval Janas a kol. [3,4,5]. Dosli
k zéavéru, ze obdobny vdlcovany profil dulni ocelové vyztuze
korytkového tvaru lze zafadit do tiidy prufezu 1 (obr. 2).

Zattidéni se pro bézné tvary provadi podle jednoduchych kri-
térii (omezeni poméru §itky a tloustky kazdé tladené Cdsti),
u nestandardnich priifezi 1ze bud uvaZzovat zjednodusené tvary,
na néz se prislusnd kritéria pouZiji, nebo je potfeba provést
néaro¢néjsi stabilitni vypocet, ktery prokdze chovdni prufezu pfi
vétsich deformacich. VyuZitim plastické rezervy muZe byt

(2

u prufezu obdobného tvaru dosazeno vyrazné vyssi tnosnosti.

CISELNY PRIKLAD

Konstrukce Sachty

Sachta, na niZ bude demonstrovan plasticitni posudek, ma
obdéInikovy pudorys o rozmérech 2,2 x 3,2 m a hloubku 19 m.
Ohlubniovy ram je tvoren ocelovymi profily IPN 200, které jsou
usazeny do vodorovné polohy. Na ohlubniovy rdm jsou instalo-
véany zdvesy z ploché oceli P 80/10 mm a na tyto zavésy je usa-
zen prvni vodorovny rdm Sachty. Dalsi vodorovné rdmy jsou
pomoci zdvésu osazovdny pri postupném hloubeni Sachty.
Vodorovné rdmy musi byt okamzité po instalaci aktivovdny,
napriklad pomoci dfevénych klinu. PaZeni je tvofeno ocelovy-
mi paznicemi Union tl. 3 mm.

Kazdy vodorovny ram Sachty se sklddd ze Sesti dilu valcova-
né dulni vyztuze profilu K21. Spojenf jednotlivych dilt rdmu
duln{ ocelové vyztuZe se provede tfmenovym spojem (obr. 2).

Numericky model

Pro veskeré kroky numerické analyzy konstrukce byl pouzit
program Scia Engineer 15.

Vodorovny ram Sachty je modelovdan pomoci prutovych
prvku, geometrie rdmu je ddna jeho stfednici.

Ram je po obvodé uloZen na radidlnich a tangencidlnich podpo-
rach. Radidlni podpory k,,q pusobi pouze v tlaku a jsou linedrné
pruzné, tuhost podepreni je uvaZzovana hodnotou k,q =5 MN / m3.
Tangencidlni podpory jsou uvolnéné, tfen{ zjednodusené neni uva-
Zovdno. VSechny kroky vypoctu jsou provadény na rovinnych
modelech.

Zatizeni je aplikovdno jen na pfimé &asti vyztuze, v rozich
(v zaoblenych ¢astech) zatiZeni neni uvazovano.
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the width to the thickness of each compressed part; at non-stan-
dard cross-sections it is possible either to consider simplified
geometries to which the respective criteria are to be applied or
it is necessary to carry out a more exacting stability calculati-
on, which will prove the behaviour of the cross-section in the
case of greater deformations. Significantly higher loading
capacity cross —sections with a similar geometry can be achie-
ved by using the plastic reserve.

NUMERICAL EXAMPLE

Shaft structure

The shaft which the plasticity assessment will be demonstra-
ted on is rectangular in plan view, with the dimensions of
2.2x3.2m and the depth of 19m. The pit bank is formed by IPN
200 steel profiles, which are installed horizontally. Flat steel
hangers are fixed to the pit bank frame and the first horizontal
shaft frame is attached to them. The next horizontal frames are
installed by means of hangers during the course of the gradual
sinking of the shaft. The horizontal frames have to be activated
immediately after the installation, for example by means of
wooden wedges. The shaft support is formed by 3mm thick
Union steel lags.

Each horizontal shaft frame consists of six parts of rolled-
steel colliery section K21. Individual parts of the frame will be
interconnected by sliding joints (see Fig. 2).

Numerical model

Scia Engineer 15 software was used for all steps of the nume-
rical analysis of the structure.

The horizontal frame of the shaft is modelled by means of the
framework elements; the geometry of the frame is defined by
its centre line.

The frame is mounted around the circumference on radial
and tangential carriers. The radial carriers k,q act only in com-
pression and are linearly elastic; the support rigidity is consi-
dered by the value k,,; = SMN / m3. Tangential carriers are rela-
xed, friction is not assumed for simplification. All calculation
steps are performed on planar models.

Loads are applied only to the straight part of the excavation
support, no load is assumed in corners (rounded parts).

The closed frame is formed by four sides and four rounded
corner parts. All joints of connecting beams are modelled as
stiff elements. Cross-sectional characteristics of the “K21” sec-
tion are presented in Table 1. Double values of the area A and
the moment of inertia Iy are introduced into the calculation in
the locations of joints (the cross-section “Joint”).

Assessment procedure

The assessment of the steel support will be carried out using
two methods:

e Using the analysis of the structure without imperfections

(GNA)

¢ Using direct solution of imperfect structure by 2nd order of

calculation (GNIA)

GNA (Geometrically Nonlinear Analysis) — Geometrically
nonlinear elastic analysis represents a procedure where balance
is determined on a deformed structure under the assumption of
linear behaviour of the material. The method is commonly used
under the assumption of small deformations (displacements
and rotation of nodes) and usually is referred to as 2nd order
theory. Great displacements (and rotation) are usually taken
into consideration only at cable structures.

GNIA (Geometrically Nonlinear Analysis of the Imperfect
Structure) — Geometrically nonlinear elastic analysis on
a nonlinear structure represents a method which takes into con-
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Tab. 1 Zdkladni pruiezové charakteristiky profilu K21
Table 1 Basic cross-sectional characteristics of the profile K21

oznaceni jednotky hodnota
Marking ~ Units  Value

material ocel 11500 — mez kluzu fy MPa 295
material steel grade 11500 — yield strength

hmotnost / weight G kgm? 20,74
plocha / area A mm? 2642
moment setrvacnosti ly mm* 3191000

moment of inertia

vzdalenost hornich viaken od tézisté Yh mm 51,89
distance of upper fibres from centre of gravity

vzdalenost dolnich vidken od tézisté Yd mm 52,11
distance of lower fibres from centre of gravity

pruzny prifezovy modul hornich vidken Wh,y, e mm® 61500

elastic section modulus of upper fibres

pruzny prifezovy modul dolnich vidken Wa,y,e mm® 61240

elastic section modulus of lower fibres

staticky moment plochy v téZisti Sy mm® 42130

moment of area in the centre of gravity

Sitka profilu v misté fezu vodorovnou t mm 13,96
téZistovou osou / profile width in the location

of the section through the horizontal gravity

centre axis

Uzavieny rdm tvori Ctyfi strany a Etyri rohové obloukové
Césti. VSechny spoje navazujicich pruti jsou modelovany jako
tuhé. Prafezové charakteristiky prufezu ,,K21¢ jsou uvedeny
v tab. 1. V mistech spoju (prurez ,,Spoj*) jsou zaddny dvojnd-
sobné hodnoty plochy A a momentu setrvacnosti ly.

Postup posouzeni

Posouzeni ocelové vyztuZe bude provedeno dvéma zpusoby:

e S vyuzitim analyzy konstrukce bez imperfekci (GNA)

e S vyuzitim pfimého feSeni imperfektni konstrukce II.

fadem (GNIA)

GNA (Geometrically Nonlinear Analysis) — Geometricky
nelinedrn{ pruznd analyza predstavuje postup, kdy se rovnova-
ha stanovuje na deformované konstrukci za predpokladu line-
drnfho chovani materidlu. BéZné se metoda pouziva za predpo-
kladu malych deformaci (posunt a natoCeni uzlt) a byvd ozna-
Covdna jako teorie II. fddu. Velké posuny (a natoCeni) se zpra-
vidla uvaZzuji jen u lanovych konstrukci.

GNIA (Geometrically Nonlinear Analysis of the Imperfect
Structure) — Geometricky nelinedrni pruznd analyza na imper-
fektni konstrukci predstavuje metodu, kterd zohlednuje vliv
imperfekci a vliv G&inku II. fddu. Oproti metodé GNA jsou
zavedeny imperfekce konstrukce do vypocetniho modelu.

Prvni zpusob — analyza konstrukce bez imperfekci (GNA)

Postup posouzeni obsahuje tyto zdkladni kroky:

Stabilitni vypocet

Klasifikace soustavy

Nelinedrni globdlni analyza GNA (vypocet vnitrnich sil)
Posouzeni rdmu v meznim stavu tinosnosti

Posouzeni spoje, tzn. odporu vyztuZze proti prokluzu

. Posouzeni v meznim stavu pouZitelnosti

Stabilitni vypocet

Stabilitni vypocet bude vyuZit jednak pro klasifikaci rdmu,
jednak pro stanoveni Stihlosti, resp. soulinitele vzp€rnosti.
Stabilitni kombinace je tvorena pouze jednim zatéZovacim sta-
vem, vodorovnym konstantnim ndvrhovym zatiZenim
o velikosti pg,; = 40 kN/m pusobicim po celém obvodu ramu.

[ NS B U I

sideration the influence of imperfections and 2nd order effects.
In comparison with the GNA method, structural imperfections
are introduced into the analysis model.

The first procedure — structural analysis without imper-
fections (GNA)

The analysis procedure comprises the following basic steps:

1. Stability calculation

2. System classification

3. Nonlinear global analysis GNA (calculation of internal

forces)

4. Assessment of the frame in the ultimate limit state

5. Assessment of the joint, i.e. support resistance to yielding

6. Assessment in the limit state of serviceability

Stability calculation

The stability calculation will be used both for the frame clas-
sification and for the determination of slenderness, respective-
ly the buckling coefficient. The stability combination is formed
only by one loading case, the horizontal constant design
PEd = 40kN/m acting around the whole frame circumference.

With respect to the fact that the horizontal carriers of the
frame are assumed to act only in one direction (pressure in the
direction toward soil), it is necessary, in the meaning of the ter-
minology used in the majority of commercial static programs,
to carry out the nonlinear stability calculation. The majority of
software programs recommend in such a case that the stability
calculation is carried out “manually” by gradual increasing the
external loading and monitoring the nonlinear response of the
model. The critical load is reached and the deformation corres-
ponds to the first natural mode shape of the stability buckling
at the moment when the magnitude of the load is such that the
structure collapses. This procedure was applied here only for
the determination of the basic shape of the frame buckling (lon-
ger sides are deformed in the direction inside the shaft, shorter
sides are pressed into the soil). In this case the modified
Newton-Raphson method (MNR) with ten loading increments
was used; less than 100 iterations were carried out in each step.
Internal forces were calculated for the initial geometry of the
structure, i.e. for a structure without imperfections. It is appro-
priate to recall the fact that it is still a materially elastic global
analysis, which takes into consideration neither the contingent
plasticisation of cross-sections (development of plastic hinges)
nor its influence on the redistribution of internal forces.

After it was evident which way the frame would collide, the
model for subsequent calculations was modified: the linear carriers
on the longer sides were removed (they do not come in useful) and,
on the contrary, they remained on the shorter sides and were chan-
ged to the “elastic” type, it means for compression as well as ten-
sion (which situation, however, will not come about). This modifi-
cation allowed for carrying out standard linear stability calculation,
which is very important for the following assessment.

This procedure was applied to the determination of the coef-
ficient of critical load a,, = 40.7 and definition of the first natu-
ral shape of the stability buckling of the frame (see Fig. 6). The
importance of the coefficient is obvious from relationship (1).
Ncr
Ngq

where N, is the elastic critical force of the beam with non-

weakened cross-section for the respective man-
ner of buckling and

NEg is the normal force in the same beam at the acti-
on of the design load

The first natural shape exhibits significant deformation of the
longer sides of the rectangle and corresponds to the stability

failure of longer beams.

ey

ac‘r,l =



Vzhledem k tomu, Ze vodorovné podepreni rdimu je uvazova-
no jen v jednom sméru (tlak smérem do zeminy), je nutno ve
smyslu ndzvoslovi uzivaném ve vétsiné komercnich statickych
programu provést nelinedrni stabilitni vypocet. VEétsina softwa-
ru doporucuje v takovém pripadé provedeni stabilitniho vypo-
¢tu ,ruéné“ postupnym zvySovdnim vnéjSiho zatiZeni
a monitorovanim nelinedrni odezvy modelu. V okamziku, kdy
je velikost zatiZeni takova, zZe dojde ke kolapsu konstrukce, je
dosaZeno kritického zatiZeni a deformace odpovidd prvnimu
vlastnimu tvaru stabilitntho vyboceni. Zde byl tento postup
pouzit jen pro stanoveni zdkladniho tvaru vyboceni ramu (delsi
strany se deformuji smérem do Sachty, krats{ strany se zatlacu-
ji do zeminy). V tomto pripadé byla pouZzita modifikovana
Newton-Raphsonova metoda (MNR) s deseti piirustky zatiZe-
ni, v kazdém kroku bylo provadéno nejvyse 100 iteraci. Vnitini
sily byly vypocteny pro pocatecni geometrii konstrukci, tedy
pro konstrukci bez imperfekei. Je namisté pripomenout, Ze se
stdle jednd o materidlové pruznou globélni analyzu, ktera nezo-
hlednuje piipadnou plastifikaci prufezu (vznik plastickych
kloubu) a jeji vliv na prerozdélen{ vnitinich sil.

Poté, co bylo ziejmé, jakym zpusobem ram zkolabuje, byl
model pro navazujici vypocCty upraven: liniové podpory na del-
Sich strandch byly odebrany (neuplatni se), naopak na kratSich
strandch byly ponechdny a upraveny na typ ,,pruznd”, tedy
v tlaku i v tahu (ktery ale nenastane). Tato uprava umoznila
provést standardni linedlnf{ stabilitni vypocet, ktery je pro dalsi
posouzeni velmi vyznamny.

Timto postupem byl stanoven soucinitel kritického zatiZeni
acr = 40,7 a definovan prvni vlastni tvar stabilitniho vyboceni
ramu (obr. 6). Vyznam soucinitele je patrny ze vztahu (1).

NCT
Neg’

kde N, je pruznd kritickd sila prutu neoslabeného prufezu
pro piislusny zpusob vyboleni a
Ng,; je normélovd sila v témZe prutu pfi pusobeni ndvr-
hového zatiZeni.

Prvni vlastni tvar vykazuje vyraznou deformaci delSich stran
obdélniku a odpovida stabilitnimu poruseni delSich prutu.

Vypodlet vnitinich sil

Déle byla obdobnym zpusobem provedena geometricky neli-
nedrni analyza stejné konstrukce pro ndvrhové zatizeni (veli-
kosti pgg = 40 kN/m). Vysledkem jsou prubéhy vnitfnich sil na
idedlni konstrukci s uvdZenim postupného pretvareni vlivem
pusobiciho zatiZzen{ (obr. 7).

Klasifikace soustavy

Klasifikace soustavy ve smyslu normy (v normé odst. 5.2.1)
byla autory podrobnéji popsdna v [2]. Struéné feCeno, pokud je
hodnota soudinitele ., mensi nez 10 (resp. 15 v pripadé plas-
tické globdlni analyzy), je nutno pfi provadéni globdlni analy-
zy uvézit vliv pretvoreni konstrukce na pribéhy vnitinich sil.
To je moZno provést nékolika zpusoby, podrobnosti je moZzné
najit v norme.

Z toho plyne, Ze hodnota soucinitele kritického zatizeni se
muZe pro rizné pruty v rdmci jednoho modelu liit. S ohledem
na ziskany tvar vyboceni (a tedy predpoklddané nejslabsi misto
konstrukce) byl pro dalsi vypocet uvazovan prut na delsi strané
ramu.

Hodnota N, potom vychazi

Ng = Ngg.a = 42,3.40,7 = 1722 kN
PrestoZe hodnota soucinitele &crl neni mensi nez 10, bude
v dal$im vypoctu zohlednéna deformace ramu. Autori zde zvo-
lili pouziti geometricky nelinedrni globdlni analyzy (GNA).
V konkrétné uvadéném &iselném prikladu byl ovSem stejny typ

ey
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Calculation of internal forces

Further on, the geometrically nonlinear analysis of the same
structure was carried out for the design load (magnitude
PEq = 40 kN/m). The results of the analysis is the internal force
diagram for an ideal structure with gradual deformation due to
the acting load taken into consideration (Fig. 7).

System classification

The classification of the system in the meaning of the
Standard (paragraph 5.2.1 of the Standard) was described in
more detail in [2]. In brief, if the value of coefficient xcr is
smaller than 10 (respectively 15 in the case of plastic global
analysis), it is necessary during the course of the global analy-
sis to consider the effect of the structure deformation on the
variation of internal forces. It can be carried out in several
ways; details can be found in the Standard.

It follows from this fact that the value of the coefficient of
critical load can vary for various beams within the framework
of one model. Taking into consideration the buckling shape we
obtained (and hence the presumed weakest point of the structu-
re), the beam on the longer side of the frame was considered for
the further calculation.

The resultant value of N is then

New = Ngg- @ = 42.3:40.7 = 1722kN

Despite the fact that the value of coefficient Xcrl is not smal-
ler than 10, the frame deformation will be taken into account in
the subsequent calculation. Here the authors chose the use of
the Geometrically Nonlinear Global Analysis (GNA). Of cour-
se, the same type of analysis was carried out already in the
“manual” stability calculation, which means that the classifica-
tion of the system has practically no importance in the concre-
tely presented numerical example (nevertheless, the geometri-
cally nonlinear analysis was carried out).

Assessment of the frame in the ultimate limit state

The beam on the longer side of the rectangle will be assessed.
The basic frame is interrupted in the point of the greatest ben-
ding moment and internal forces are transferred only by a K21
cross-section strap. According to the Standard it is necessary
for the beam assessment to meet the following conditions:

Ney vaEd
+k B 21 and @)

Xy Nag " i Mg

Yw v

M

Neg hy — <1 3)
Xz Ny XM e

v Y

where

Ngq and My, gq are design values of the compressive force
and the greatest moment relative to the y-y
axis which act on the beam;

Nrr and Mgr  are characteristic values of compression
(respectively bending) load-carrying capaci-
ty of the cross-section;

Xy and x are buckling coefficients at planar buckling;

Xir is coefficient of tilting;

kyy, kzy are coefficients of interaction.

The excavation support is secured against tilting continually
by bracing, it will therefore be necessary for the assessment to
determine only the values of buckling coefficients yy and x:
and values of interaction coefficients kyy and kzy. The characte-
ristic values of the compressive, flexural and shear loading
capacity of the cross-section (using plasticity) are:

NpL.re = A . fy = 2642 . 295 = 779 .4kN and
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analyzy proveden uZ pfi ,,ruénim® stabilitnim vypoctu, fakticky
zde tedy klasifikace soustavy nemd zZaddny vyznam (provedena
byla kazdopadné geometricky nelinedrni analyza).

Posouzeni ramu v meznim stavu vinosnosti

Bude provedeno posouzeni prutu na delsi stran€¢ obdélnika.
V misté nejvétsiho ohybového momentu je zdkladni rdm preru-
Sen a vnitini sily pfenasi pouze piflozka s prufezem K21. Podle
normy je pro posouzeni pruti nutno splnit nasledujici podminky:

NEd k MVECI

+ =1
Xy Nk Yoxe M V.RK ‘ @
M1 7w
Neq +k My <1 3)
Xz NVri i }L’LTMy,Rk
i Y
kde
NEeqd a My g jsou ndvrhové hodnoty tlakové sily a nejvet-
$itho momentu k ose y-y, pusobici na prutu;
Nrr a MRk jsou charakteristické hodnoty Gnosnosti pru-
fezu v tlaku, resp. v ohybu;
Xy a Xz jsou soucinitele vzpérnosti pfi rovinném
vzpéru;
Xir je soucinitel klopent;
kyy, kzy jsou soucinitele interakce.

Proti klopeni je vyztuZ prubéZné zajiSténa paZenim, pro po-
souzeni bude tedy tfeba stanovit pouze hodnoty vzpérnostnich
soucinitell x, a x: a hodnoty interakénich soucinitelt kyy
a kzy. Charakteristické hodnoty dnosnosti prufezu v tlaku, ohybu
a smyku (za vyuziti plasticity) jsou

Npire = A . fy = 2642 .295=779 4 kN a

My piric= Wpiy . fy= 84211 . 295 =24 84

Stanovi se soucinitele vzpérnosti x, a ). ProtoZe ve sméru
osy Sachty je vyztuZ prubézné zaji§téna proti vyboceni, je

x:=1.

Soucinitel vzpérnosti yy pro vyboceni v roviné ramu je
mozné stanovit napiiklad s vyuZitim vysledki stabilitniho
vypoctu. Pomérnou Stihlost Ize stanovit ze vztahu

A_y _ Ay _ ’2 642:295 _ 0,67.

\‘ Nera 1722000
Soucinitel vzpérnosti y, (kfivka ,,c* pro U prufez):
xy=0.74.

Pro zajimavost je mozné vypocitat vzpérnou délku odpovida-
jici Stihlosti stanovené stablilitnim vypoctem.

Ay = Ao A = anE.Az ™ ’%.0,67 = 56,2,
y

5 3191000
Lcr.;v = fly Ly = 56,2. e = 1953 mm,

coZz pro délku prutu 3200 mm odpovida zhruba

Lery =061 L.

Dile se vypoctou soucinitele kyy a kzy. Pro jejich stanoveni se
vyuZije doporucend priloha B normy. Nejprve se stanovi podle
tabulky B.3 normy souclinitel ekvivalentntho momentu Cipy
(tab. 2).

ProtoZze momenty v rdmovém rohu a uprostfed del$i strany
maji zhruba stejnou absolutni velikost (lisi se znaménkem),
vychézi

Cmy=0,1-08.0x5-(-1)=0,1-08-(-1)=09.

Soucinitele kyy a kzy jsou podle doporucené prilohy B.1
normy (tab. 3). ProtoZe je rdm po celé délce kontinudln¢ pode-
pren, neni nachylny ke zkrouceni, navic lze uvazovat souéini-
tel klopeni hodnotou X; 7= 1.

My piri = Wpiy . fy= 84211 . 295 = 2484

The coefficients of buckling y, and ), will be determined.
Because the reinforcement is confinually secured against buck-
ling in the direction of the shaft axis,

X:=1.

The coefficient of buckling y, for buckling in the frame plane
can be determined, for examplé, with the use of the results of
the stability calculation. The relative slenderness can be deter-
mined from the relationship

A.fy 2 B42 .295
Ay = i —— (),67
] N 1722 000

The coefficient of buckling y, (curve ,,c* for U-section):

Xy =0.74. “

For interest, it is possible to calculate the buckling length
corresponding to the slenderness determined by the stability
calculation

anE-Az ™ /%-0.67 = 562,
:

3191000
2642

Loy =2y. 10y = 562- = 1953mm,

Which, for the beam length of 3200mm, roughly corresponds to

Lery =0.61 L.

Further, coefficients kyy and k; will be calculated. The recom-
mended annexe B of the Standard will be used for the determi-
nation. First the coefficient of the equivalent moment Cpy will
be determined according to table B.3 of the Standard (Table 2).

Because the size of the points in the frame corner and in the
middle of the longer side is approximately identical (they dif-
fer in the sign), the result is

Cmy=0.1-08.05-(-1)=0.1-0.8-(-1)=0.9.

Coefficients kyy and k; are according to the recommended
annexe B.1 of the Standard (Table 3). Because the frame is con-
tinually carried throughout its length, it is not prone to twisting;
in addition, it is possible to assume the torsional index value
Xir=10.

: N,
Gy | 1+ (4, - 0.2) 5

my Nﬂ
kyy = min Fdy =11
= Nrea
Ciny | 1+ 08
¥agq
09(1 + {067 - 02) —223 )
¢ : = 0,74.779,4

= min =0.93

1o
03 _——
L (J o U.?fl—.??‘).~'l-)

kzy =0.6 kyy =0.6.0.93 =0.56
After inserting into the interaction conditions, the following
results:

Ngg Mgy _ 42.3 0.93 223 B
. Ngk VY xip-Mypipe | 0.74-7794 + 0 1.0 2484
¥ yan ¥ M1 1,0 T 10

=007+0.83=090=<1

and

Nea Mea  _ 423 . 223 _
Nark ZY xurMypigle | 10x779.4 ' % 2484

2 yma YM1 1.0 ' 1.0

=0.05+050=055=<1
The frame conforms to the combination of compression and

bending.



Tab. 2 Soucinitele Cm ekvivalentniho konstantniho momentu
Table 2 Coefficients Cm of the equivalent constant moment
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Pribéh momentu Rozsah Cy @ Cnz @ Crir
Moment curvature Scope Cny and Crz and Cpur
rovhomérné zatizeni soustfedéné zatizeni
Uniform load Concentrated load
A<sys<1 0,6 +0,4y <04
Osas=<1 A<ys=1 0,2+0,8as> 0,4 0,2+0,8as> 0,4
1=<o05<0 O=sys=1 0,1-08a,=<04 0,80, < 0,4
1<y<0 0,1(1-y) - 0,80, > 0,4 0,2(-y) - 0,8 < 0,4
0< h=1 dA=sy=<1 0,95 + 0,05¢, 0,90 + 0,10¢,
1< a,<0 O<sy=<1 0,95 + 0,05¢, 0,90 + 0,10,
a, = M,/M, 1<y<0 0,95 + 0,05¢¢, (1+27)) 0,90 + 0,10¢x, (1+23p)N°

Soucinitel ekvivalentniho konstantniho momentu pfi vybo€eni s posuvem styénikl(i se ma uvazovat Cry = 0,9 nebo Cmz = 0,9.
The coefficient of equivalent constant moment at buckling with displacement of joints is to be considered Cny = 0.9 or Cnz = 0.9.

Cry, Cmz @ Cri7 S€ Maji stanovit v zavislosti na pribéhu momentu mezi pfislusnymi body podepfeni nasledovné:
Cny, Cmz and Cii7 are to be determined in dependence on the development of the moment between respective carrier points as follows:

Soucinitel: osa ohybu: body podeprené ve sméru:
Coefficient: bending axis: points carried in the direction:
Cy y-y zz

Crnz zz y-y

Crir y-y Y-y

Tab. 3 Interakcni soucinitele kij pro pruty, které nejsou ndchylné ke zkrouceni
Table 3 Interaction coefficients kij for the beams which are not prone to twisting

Interakéni Typ prifezu Pfedpoklady navrhovani / Design assumptions
soucinitele Cross-section type
Interaction Pruznostni navrh — prafezy tfidy 3 a 4 Plasticitni navrh — prafezy tfidy 1 a 2
coefficients Elastic design — cross-section classes 3and 4 | Plastic design — cross-section classes 1 and 2
kyy | priifezy, pravouhlé i N ' Neg
- ¢ |1+064, — 5 Coy|1+liy -02—F"—
duté prafezy ”“'[ TR Na f;ww] m’[ 2 ]XyNRk 7 v
| —sections, rectangular N Neg
hollow sections =Cpy |1+06—F4 =C, |1+08—F
" erRk ! Vi ] ! XYNRk e _
Kz | prifezy, pravodhlé duté prifezy kzz 0,6 kzz
y | —sections, rectangular hollow sections
ke | prifezy, pravodhlé duté prifezy 0,8 kyy 0,6 kyy
/ | —sections, rectangular hollow section
| proFezy o [1 [ - us}i)
l-sections . XzNre / Yy
i NE:I
sz 1+U,EAZ —NEU 5Cn‘|z [1+1‘4x NRI( ."}’Mi]
HzWNric /e i
kzz Neg N
e g oy 2C.|1+086 C . |1+li,-02 Ed
pravouhle duté prufezy . [ aNew # ¥ J mz[ * { )XZNRK / T
| —sections, rectangular hollow sections N
<Cr[1+08  Neo ]
XNaw / rn ;

Pro | a H-prifezy a pro pravouhlé duté prifezy naméahané osovym tlakem a rovinnym ohybem M,,eq mize byt kzy = 0.
For |- and H-cross sections and for rectangular hollow cross-sections subjected to axial compression and planar bending Myeq, it is possible that kzy = 0.
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Obr. 3 Modelovani deformace prurezu MKP [3]
Fig. 3 FEM modelling of a cross-section [3]

. T . N.E‘d
Cny | 1+ (4, = 0.2) ——
¥y
ky, = min & =
- NEd
Cmy | 1+ 08570
¥

09(1+(067 02) 2 )
' ' 0,74.779,4

42,3 )
0,74.779,4

kzy = 0,6 kyy = 0,6 . 0,93 = 0,56
Po dosazeni do interakénich podminek vychdazi:

= min =093

0,9 (1 +0,8

Ngg Mg, 423 22,3
|k, = +056——— =
N gk XLr-My oK 1.0x779.4 10 24,84
Xz WX
Y1 VM1 1.0 1,0
=007+0,83=090=<1
a
N M 42,3 22,3
Lk ——— = — +056———— =
¥, XMyl RE 0x779,4 10 248
%y YM1 1.0 ! 1.0

=005+050=055=<1

Rd4m na kombinaci tlaku a ohybu vyhovuje.

Unosnost priifezu ve smyku se stanovi podle odstavce 6.2.6
normy

¥, =4 fy = 25 2553kN > Vga = 47 kN
iRl uz-ﬁrmn . '\!’El,{] . Fi
Jesté je potreba posoudit kombinaci momentu, osové sily
a smyku:

Vpira = 2553 kN > 2Vgg =2 . 47 kN = 94 kN

Vyhovuje, jednd se o maly smyk.

Posouzeni spoje

Spojeni jednotlivych dilu dulni ocelové vyztuze je provede-
no tfmenovym spojem. Tento spoj je primdrné navrZen jako
poddajny, tzn. Ze pti dosazeni uréité sily dojde k prokluzu
spoje. Unosnost timenového spoje (tzn. odpor vyztuZe proti
prokluzu) je ddna predev§im utahovacim momentem a me-
chanickymi vlastnostmi spojovaciho materidlu, tzn. tfmene,
spojky a matic. Pro vySe uvedeny timenovy spoj je nejnizsi
prumérnd hodnota odporu vyztuze proti prokluzu 150 kN,
normdlova sila v misté spoje je 42,28 kN, spoj tedy bezpecné
vyhovi.

Vypodet prihybu

Pretvoreni konstrukce je stanoveno nelinearnim vypoétem pro
zatizeni snizené soucinitelem zatiZeni V= 1,5. Zatizeni po obvo-
du rdmu md tedy charakteristickou hodnotu pg, = 26,7 kN/m,
maximdlni posun pro charakteristickou kombinaci je 12 mm, coz
odpovidd zhruba L/266.

REZ 1-1 REZ 2-2

a
=

A A A A AA

83 m

s
e ' B e ]

YV T v v v

I 35 m

Obr. 4 Geometrie Sachty
Fig. 4 Shaft geometry

The shear loading capacity shall be determined according to
paragraph 6.2.6 of the Standard

Vport = Aur 2 = 1499 —
PR m.ﬁ-}’mn 510

In addition it is necessary to assess the combination of

= yoke 255.3kN = Vea = 47kN

moment, axial force and shear:
Vpi,Rd = 255.3kN > 2VEgg =2 ATkN = 94kN

It is satisfactory, the shear is small.

Joint assessment

The connection of individual elements of the colliery steel
reinforcement is carried out by a joint. This joint is primarily
designed as a yieldable joint, which means that the joint yields
when a certain force is reached. The loading capacity of the
sliding joint (i.e. resistance of the joint to yielding) is given
first of all by the tightening torque moment and mechanical
properties of the joining material, i.e. the yoke, the intercon-
necting piece and nuts. The lowest average value of the rein-
forcement resistance to yielding is 150kN, the normal force at
the point of the joint is 42.28kN; the joint is therefore safely
compliant.

Deflection calculation

The deformation of the structure is determined by
a nonlinear calculation for loading reduced by the load coeffi-
cient yy=1.5. The loading around the frame circumference has
therefore the characteristic value pg, = 26.7kN/m, the maxi-

] T T el T T
I b
=21 Spl Sef
N
LL‘)(
R L
= TR
B | i I Py RN 2

Obr. 5 Prutovy numericky model
Fig. 5 Numerical beam-based model




Obr. 6 Prvni tvar stabilitniho vyboceni ramu
Fig. 6 First shape of stability deviation of the frame

Druhy zpusob — primé reSeni II. Fidem

Zéasadnim rozdilem oproti vySe uvedenému zpusobu posou-
zeni je zahrnuti imperfekei pfimo do vypocetniho modelu.
Pokud se zavedou globdlni (naklonéni soustavy) i lokdln{ (pro-
hnuti prutt) imperfekce do geometrie konstrukce, posuzuji se
potom uz pouze prufezy, zatimco v predchozim postupu se pro-
véad€lo posouzeni prutd. Postup posouzeni timto zpusobem
obsahuje tyto zdkladni{ kroky:

1. Stabilitni vypocet
Zavedeni celkovych imperfekci
Nelinearni globdlni analyza (vypocet vnitrnich sil)
Posouzen{ prifezu rdmu v meznim stavu Gnosnosti
Posouzeni spoje, tzn. odpor vyztuZe proti prokluzu
. Posouzeni v meznim stavu pouZitelnosti

Stabzhtm vypocet

Stabilitni vypocet se provede na pocdteCnim tvaru rdmu.
Postup i vysledky jsou tedy stejné jako v predchozim pripadé.

Zavedent celkovych imperfekci

Norma rozliSuje dva zdkladni typy imperfekci zavadénych do
vypoctu: globdlni a lokdlni. Jejich aplikace je pomérné snadna
v pripadech tradi¢nich rdmu (naklonéni soustavy a prohnuti
prutl), pro sloZitéjsi konstrukce muaZe byt jejich zaveden{
obtizné a navic nejednozna¢né. Norma proto umoziuje pouzit
obecnou alternativu k vySe uvedenému postupu. Je mozné jako
jednu spole¢nou globdlni a lokdlni imperfekci uvaZovat kritic-
ky tvar vyboceni konstrukce v pruzném stavu reprezentovany
funkci n.,.. Absolutni velikost imperfekce je moZné stanovit
Z vyrazu:

SRS

n —e Ncr n _ €p NRI«: n 4
init =€ Ner == N, (
o Eincr,max - AZ Eincr,max -
kde
L
Va1
NRk 1—y.22 P ©)
= Ay | .
A= el je pomérna stihlost konstrukce (6)
cr

a je imperfekce pro prislusnou kfivku vzpérné pevnosti, x je
soudinitel vzpérnosti pro prislusnou kiivku a prufez,

otk je nejmensi ndsobek soustavy osovych sil Ng, v prutech
pro dosazeni charakteristické unosnosti v nejvice namdhaném
prufezu (bez vlivu vzpéru), tedy
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mum displacement for the characteristic combination is
12mm, which corresponds approximately to L/266.

The second procedure — direct solution by the 2nd order

The basic difference against the above-mentioned method of
assessing is the incorporation of imperfections directly into the
calculation model. When global (tilting the system) and local
(deflection of beams) imperfections are introduced into the
structure, only structures are assessed, whilst the assessment of
beams was carried out in the previous procedure. The assess-
ment procedure consists of the following basic steps:

1. Stability calculation

2. Introduction of global imperfections

3. Nonlinear global analysis (calculation of internal forces)

4. Assessment of the frame cross-section in the ultimate

limit state
5. Assessment of the joint, i.e. The resistance of the reinfor-
cement to yielding

6. Assessment in the ultimate state of applicability

Stability calculation

The stability calculation is carried out on the initial shape of
the frame. The procedure and results are therefore identical
with the previous case.

Introduction of global lmperfectlons

The Standard distinguishes two basic types of imperfecti-
ons introduced into the calculation: global and local ones.
Their application is relatively easy in the cases of traditional
frames (the system tilting and deflection of beams); their int-
roduction can be difficult and, in addition, unambiguous for
more complicated structures. The Standard therefore allows
for using a general alternative to the above-mentioned pro-
cedure. It is possible to consider the critical shape of struc-
ture deflection in elastic state represented by function 7., to
be one common global and local imperfection. The absolute
magnitude of imperfection can be determined from the
expression:

L L P P )
iR CO e T e R L= s TP
i Efnc'r,max o )lz Elncr,max o
where

i

Vi

€y = a(ﬁ ) NRk m , for %)
A= % je pomérnd Stihlost konstrukce (6)

QCT

a is imperfection for the respective buckling strength curve,
x is the buckling coefficient for the respective curve and cross-
section,

oy k i the smallest multiple of the system of axial forces
Ng, in beams for achieving the characteristic loading capacity
in the most stressed cross-section (without the buckling effect),
therefore

Ngic
Quire = N_r ™
Ed

a., is the lowest multiple of the system of axial forces in
beams for achieving the critical buckling at the elastic calcula-
tion, therefore

N.c ¥
NE‘{!.

Where N,, is the critical force in the critical beam and Ng, is
the design value of the normal force at the same place,

Aoy = (®)
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Obr. 7 Nelinedrni kombinace NC1, konstrukce bez imperfekci, NE,, (vlevo
nahore), My, (vpravo nahore) a V. g4 (dole) (Pozn.: Hodnoty normdlovych sil
v obloukovych cdstech ramu nejsou vyznaceny)

Fig. 7 Nonlinear combination NC1, structure without imperfections, N, (left
top), My, (right top) and V, gq (bottom) (Note: The values of normal forces in
the curved parts of the frame are not indicated)

Mp, is the characteristic flexural loading capacity of the cri-
tical cross-section, usually M, g, or M, gy, Ng;. is the characte-
ristic load bearing strength of the critical cross-section when an
axial force acts, usually N, gy.

The multiple in the denominator expresses the bending
moment at the critical cross-section caused by imperfection 7,
therefore

Mgqg = E”Fc‘;',max )

Even this procedure has its limitations. In general, it is not
possible to verify with absolute certainty whether the first natu-
ral shape represents the most unfavourable variant. Of course, it
is possible to examine a larger number of natural shapes, which
surely increases the time demands on the structural analysis.

Safely assumed is the lower value of the normal force on the
longer side of the frame:

- &
288 35 7
5 ,,:q' W A7 o®
1955 \\?L__LAE_L,— éf -m!’
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Ngg; =423 kN.
Further calculated is
Ngp 7794 184 and
= —_—— — R an
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Obr. 8 GNIA, nelinedrni kombinace NC2, konstrukce s celkovou imperfekci,
ohybovy moment M,

Fig. 8 GNIA, nonlinear combination NC2, structure with the overall imper-
fection, bending moment M,

Obr. 9 GNIA, nelinedrni kombinace NC2, konstrukce s celkovou imperfekci,
normdlovd sila Ny, (Pozn.: Hodnoty normdlovych sil v obloukovych Cdstech
rdmu nejsou vyznaceny)

Fig. 9 GNIA, nonlinear combination NC2, structure with the overall imper-
Jection, normal force N, (Note: The values of normal forces in the curved

parts of the frame are not indicated)



Auitk = 7 N
a., je nejmensi ndsobek soustavy osovych sil Ng, v prutech

pro dosaZeni kritického vyboceni pri pruzném vypoctu, tedy

NCT’

N Ed

kde N, je kriticka sila v rozhodujicim prutu a Ng, je ndvrho-
va hodnota normélové sily v témze miste,

Mgy, je charakteristickd tinosnost rozhodujiciho prufezu v ohybu,
zpravidla M,; g nebo M, gy, Ngy je charakteristickd dnosnost roz-
hodujictho priifezu pfi piisobeni osové sily, zpravidla N, gy.

Sou¢in ve jmenovateli vyjadfuje ohybovy moment
v rozhodujicim prufezu vyvolany imperfekei 7,.,., tedy

Mgq = Eh]n:::r,max )

I tento postup v8ak md svd omezeni. Nelze obecné s absolutni
jistotou ovéfit, Ze prvni vlastni tvar vyboceni reprezentuje nej-
nepriznivéjsi variantu. Je samozfejmé mozné vySetrit vetsi
pocet vlastnich tvarQ, coZ ovSem vyrazné zvySuje ¢asové néro-
ky na staticky vypocet.

Bezpecné je uvazovdna nizs§i hodnota normalové sily na dels{
strané ramu:

Ng, =423 kN.

Ddle se vypocita

N, 779,4
M = ——= = —— =184 a

Neg
- a 8,4
I = 0,67.
ey 40,
Této relativni $tihlosti odpovida pro vzpérnostni kiivku ,,c* hod-

nota xy = 0,74. Imperfekce pro kiivku ,c*“ a = 049. ProtoZe je
relativni Stihlost Ay, > 0.2, je moZno vy¢islit amplitudu imperfekce

Aer =

®)

1
. Mee 1750
eo = a(i, — 0,2) N 1_—;’12 =

24 840 000
779 400

Nelinedrni globdlni analyza imperfektni konstrukce (GNIA)

Zatizeni bylo totozné jako v predchozim pripadé u NCI.
Pouzity software (SCIA Engineer 15) umoznuje zadat zatiZeni
na konstrukci, na niz je aplikovano pocéate¢ni zakriveni kon-
strukce: zvoli se konkrétni stabilitni tvar a amplituda imperfek-
ce. Nasledné byl proveden nelinedarni vypocet Modifikovanou
Newton-Raphsonovou metodou, stejné jako v predchozim pri-
padé€. Vysledky vnitinich sil (NC2) jsou na obr. 8-10.

Posouzeni prurezu v meznim stavu tinosnosti

Posouzeni prifezu na kombinaci momentu a normélové sily
se provede podle odstavce 6.2.9 normy. Zdkladni vztah ma tvar

Mgq < My ra, (10)

kde My g, je navrhovy plasticky moment tinosnosti reduko-
vany v dusledku pusobeni osové sily Ng,.

Hodnotu redukovaného momentu tnosnosti lze vycislit
nésledovné

Nea \F 12,142
Muyns — Mypa | 1= ~——2) |-2454(1 —( — 24,76 kNut = 22,6 kNt

= 0,49(0,67 — 0,2) 1=74mm

ol Rl 7794

prufez vyhovuje.
Unosnost prufezu ve smyku se provede obdobné jako
v predchozim pripadé
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Hoitt ke 18.4

— = 0.67.
oy 40.7

Value )y = 0,74 corresponds to this relative slenderness for
buckling curve “c”. The imperfection for curve “c” a = 0.49.
Because the relative slenderness is Ay > 0.2, it is possible to
enumerate the imperfection amplitude

My 125
eo = al(l, — 0.2) =~ — Y1 _
0 (} )N}ml—,}’.;{.z
= 0.49(0.67 02)24840000 = 7.4
- U 779400 T

Nonlinear global analysis of an imperfect structure (GNIA)

The load was identical with that used in the previous case at
NC1. The software used (SCIA Engineer 15) allows for intro-
ducing load on a structure to which the initial curvature of the
structure is applied: the concrete stability shape and amplitude
of the imperfection is chosen. Subsequently the nonlinear cal-
culation using the Modified Newton-Raphson Method was car-
ried out, identically with the preceding case. The results of
internal forces (NC2) are in Figures 8-10.

Assessment of the cross-section in the ultimate limit state

The assessment of the cross-section for the combination of
a moment and a normal force is carried out according to paragraph
6.2 of the Standard. The basic relationship has the following form:

Mgg < My Ras (10)

where My g, is the design plastic loading capacity moment
reduced as a result of the action of normal force Ng,.

The value of the reduced loading capacity moment can be
enumerated as follows:

My pa — -t.-:..,.-,,.(: - (\" ) ) - 24.-‘:34-(1 (= - )_) — 24.76kNm > 22,6kNm.
Nyt Rat S

The cross-section is satisfactory.

The shear capacity of the cross-section is carried out similar-
ly to the preceding case

L = 11499. 2 = 2553kN > Veg = 47.3kN
V3-¥Yma V310 ' N '

The cross-section is satisfactory.In addition, it is necessary to
assess the combination of the m loment, axial force and shear:
Vorra = 255.3kN > 2V, =2 . 47.3kN = 95kN

It is satisfactory, the shear is small and the flexural loading
capacity does not need to be reduced.

The calculation of deflection using the second procedure will
not be carried out here.

Assessment of the joint

The interconnection of individual components of the colliery
steel reinforcement is carried out by means of a sliding joint. This
joint is primarily designed as a yielding structure, which means
that when a certain force is reached, the joint yields. The load-car-
rying capacity of the sliding joint (i.e. the resistance of the rein-
forcement to yielding) is given first of all by the tightening torque
moment and mechanical properties of the joining material, i.e. the
yoke, interconnecting piece and nuts. For the above-mentioned
sliding joint, the lowest average value of the resistance of rein-
forcement to yielding is 150kN, normal force at the joint place is
42 07kN; the joint will therefore be satisfactory.

Calculation of deflection

The deformation of the structure is determined by a nonlinear
analysis for loading reduced by the loading coefficient y,=1.5.
The loading around the frame circumference has therefore

Vn LRd = AL-'Z .
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v, =4 Ly = 1499 25 2553 kN > Vey = 47,3 kN
pLRd — Ez.\@, Yoo - . \GLU - » Fd — »
Jesté je potreba posoudit kombinaci momentu, osové sily
a smyku:
Viira = 2553 kN > 2VEa =2 473 kN = 95 kN

Vyhovuje, jednd se o maly smyk, ohybovou tnosnost neni
potieba redukovat.

Vypocet pruhybu druhym postupem zde nebude proveden.

Posouzeni spoje

Spojent jednotlivych dild dulni ocelové vyztuZe je provedeno
trmenovym spojem. Tento spoj je primdrné navrzen jako pod-
dajny, tzn. Ze pri dosazeni urcité sily dojde k prokluzu spoje.
Unosnost tifmenového spoje (tzn. odpor vyztuZe proti prokluzu)
je ddna predev$im utahovacim momentem a mechanickymi
vlastnostmi spojovaciho materidlu, tzn. tfrmene, spojky a matic.
Pro vySe uvedeny tfmenovy spoj je nejnizsi praimérnd hodnota
odporu vyztuZze proti prokluzu 150 kN, normélova sila v misté
spoje je 42,07 kN, spoj tedy bezpe¢né vyhovi.

Vypodet prihybu

Pretvoreni konstrukce je stanoveno nelinedrnim vypocétem pro
zatiZeni sniZené soucinitelem zatiZeni y,= 1,5 ZatiZeni po obvo-
du rdmu ma tedy charakteristickou hodnotu pg, = 26,7 kN/m,
maximdlni posun pro charakteristickou kombinaci je 12 mm coZ
odpovida zhruba L/266.

ZAVER

Norma CSN EN 1993-1-1, kterd plati pro ndvrh ocelovych kon-
strukci pozemnich staveb, umoZnuje vyhodné vyuZit nové moznos-
ti ndvrhu pomoci inZenyrskych softwarti. Clanek prezentuje piiklad
posouzeni vyztuzného rdmu Sachty dvéma zpusoby. Prvnim je ana-
lyza pocatecniho tvaru rdmu s vyuZitim stabilitniho vypoctu pro sta-
noveni celkové Stihlosti s posouzenim rozhodujiciho prutu, druhym
zpusobem je nelinedrni analyza imperfektni konstrukce a nasledné
posouzeni rozhodujictho prifezu. Autofi zde oproti svému pied-
chozimu ¢ldnku [2] vyuZili plastické rezervy prafezu
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Obr. 10 GNIA, nelinedrni kombinace NC2, konstrukce s celkovou imperfek-
ci, posouvajici sila V.,
Fig. 10 GNIA, nonlinear combination NC2, structure with the overall imper-

fection, shear force V.,

a characteristic value pg, = 26.7kN/m, the maximum displace-
ment for the characteristic combination is 12mm, which appro-
ximately corresponds to L/266.

CONCLUSION

The CSN EN 1993-1-1 standard, which is applicable to the
design of steel structures of building structures, allows for
using new designing options by means of engineering softwa-
re. The paper presents, for example, the assessment of the rein-
forcing frame by two methods. The first one is the analysis of
the frame in the initial shape using a stability calculation for the
determination of the overall slenderness with the assessment of
the critical beam; the other method is the nonlinear analysis of
an imperfect structure and subsequent assessment of the critical
cross-section. The authors used, in contrast with their previous
paper [2], the plastic reserve of the cross-section.
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