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POSOUZENI DULNI OCELOVE LICHOBEZNIKOVE VYZTUZE
PODLE CSN EN 1993-1-1 EUROKOD 3

ASSESSMENT OF STEEL COLLIERY SUPPORT FOR TRAPEZOIDAL
FRAME ACCORDING TO CSN EN 1993-1-1 EUROCODE 3

JAKUB DOLEJS, MICHAL SEDLACEK

1 0vOoD

V lednu 2009 prestala platit predbézna evropskd ocelarska
norma CSN P ENV 1993-1-1 a v dubnu 2010 byla ukoncena plat-
nost soub&zné platné Geské ocelarské normy CSN 73 1401. Od té
doby je nutné pri navrhu ocelovych konstrukci postupovat podle
jediné platné normy CSN EN 1993-1-1 Eurokéd 3: Navrhovani
ocelovych konstrukci — Cdst 1-1: Obecnd pravidla a pravidla pro
pozemni stavby [1] (dédle jen norma). Pozadavky uvedené
v norm¢ se vztahuji i na ocelové konstrukce pouZzivané
v podzemnim stavitelstvi, jako jsou napiiklad vdlcované profily
dalni vyztuze.

2 OCELOVA DULNI VYZTUZ

Vélcované profily dulni ocelové vyztuZe jsou dnes pouZivany
predev§im pri razbé §tol a pfi hloubeni jam, stavebnich Sachet
a Sachtic. Hlavni vyhodou ocelové dulni vyztuZe je schopnost
prenaset zatizeni ihned po instalaci, na rozdil od prfihradové
vyztuze typu Bretex, kterou je nutné doplnit stifkanym betonem,
¢imz vznikd urcitd casova prodleva mezi instalaci vyztuze
a schopnosti staticky puasobit. Dalsi vyhodou je znalnd tvarova
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variabilita pri¢ného fezu, mezi zdkladni tvary patii podle [8]:

— LA ... lichobéznikovy prufez se sklonem boc¢nich stran 1:4

— LB ... lichobéznikovy prufez se sklonem boc¢nich stran 1:6

— KC ... kruhovy prufez

— 0O ... obloukovy prufez s boénimi stranami priubézné zaob-
lenymi

— OR ... obloukovy prufez s rovnymi konci rovnych dila

V CR se pouzivaji predeviim tzv. korytkové profily (zna&i se
pismenem K) a profily typu Toussaint-Heintzmann (znalf se pis-
menem TH), které vyrabi Acelor Mittal Ostrava, a. s.

Za timto znacenim ndsleduje cislice, kterd udava zaokrouhle-
nou hmotnost profilu v kg na 1 metr (pfesnd hmotnost jednoho
metru profilu K21 je 20,74 kg a profilu TH21 je 20,92 kg).

Pro vyrobu nejéastéji pouzivaného profilu K21 se pouzivé ocel
znacky 11 500.0, jejiZ mechanické vlastnosti a chemické sloZen{
jsou uvedeny v [6]. Tato ocel ma mez kluzu 295 MPa a pevnost
v tahu 470 + 610 MPa. Pro vyrobu profilu TH21 se pouZiva ocel
znacky 31 Mn 4, jejiz mechanické vlastnosti a chemické sloZen{
jsou uvedeny v [7]. Tato ocel ma mez kluzu 350 MPa a minimaln{
pevnost v tahu 550 MPa. (Tab. 1)

3 NAVRH A POSOUZENI OCELOVE DULNI VYZTUZE

Ocelové dulni vyztuz se spojuje do ramu, které jsou vétSinou
kolmé na osu dila. Pfi navrhu pri¢ného fezu dila je vhodné vycha-
zet z geometrického tvaru rdmu, ktery je obvykle predepisovén,
viz napr. [8]. Pfi posouzeni rdmové konstrukce vyztuZe je nutné
podle [1] provést nasledujici kroky:

1. klasifikace prurezu

2. Kklasifikace soustavy

1 INTRODUCTION

In January 2009, the preliminary European steel-related standard
CSN P ENV 1993-1-1 became invalid and, in April 2010, the vali-
dity of the parallel Czech standard CSN 73 1401 was terminated.
Since then it has been necessary when designing steel structures to
proceed according to the only valid standard CSN EN 1993-1-1
Eurocode 3: Design of steel structures — Part 1-1: General rules and
rules for building [1] (hereinafter referred to as the standard). The
requirements contained in the standard even relate to steel structures
used in the underground construction industry, e.g. support frames
from rolled steel sections.

2 STEEL COLLIERY SUPPORT FRAMES

Rolled profiles for steel colliery supports are today used first of all
during the excavation of adits, construction pits, construction shafts
and manholes. The main advantage of steel colliery support is its
ability to carry loads immediately after installation, in contrast with
Bretex-type lattice girders, which must be complemented by shotc-
rete, owing to which fact the ability to take loads lags behind the
moment of the support installation. Another advantage is the signi-
ficant variability of the cross-section; according to [8], there are the
following basic geometries:

— LA ... trapezoidal cross section with the sides inclining at 1:4
— LB ... trapezoidal cross section with the sides inclining at 1:6
— KC ... circular cross section

— OO0 ... vaulted cross section with continuously rounded sides
— OR ... vaulted cross section with straight ends of straight parts

Trough sections (marked by letter K) and Toussaint-Heintzmann
profiles (marked TH) produced by Acelor Mittal Ostrava a.s. are
most frequently used in the Czech Republic.

The above mark is followed by a figure stating the rounded weight
of the profile in kg per 1 metre (the exact weight of one metre of
K21 and TH profiles is 20.74 kg and 20.92 kg, respectively).

Steel grade 11 500.0, the mechanical properties and chemical
composition of which are presented in [6], is used for the producti-
on of the most frequently used profile, K21. This steel has the yield
strength of 295 MPa and the tensile strength of 470 + 610. Steel qua-
lity 31 MN 4 is used for the production of TH21 profiles. Its mecha-
nical properties and chemical composition are presented in [7]. This
steel has the yield strength of 350 MPa and the minimum tensile
strength of 550 MPa. (Table 1)

3 DESIGN AND ASSESSMENT OF STEEL COLLIERY

SUPPORT FRAMES

Elements of steel colliery support frames are joined together to
form frames, which are mostly perpendicular to the tunnel centre
line. When a cross-section of the tunnel is being designed, it is rea-
sonable to start from the geometrical shape of the frames, which is
usually prescribed, see e.g. [8]. The following steps have to be
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. zavedeni pocatecnich imperfekci

. volba typu stabilitniho vypocetniho postupu

. provedeni globdlni analyzy (vypoctu vnitinich sil)

. posouzeni v meznim stavu tinosnosti — stabilitni posouzeni
pro ohyb a osovy tlak (interakéni podminky)

. posouzeni spoje, tzn. odpor vyztuze proti prokluzu

8. posouzeni v meznim stavu pouZzitelnosti

AN Nk~ W

~

3.1 Klasifikace prarezu

Norma [1] (ddle jen norma) umoznuje provedeni plastické global-
ni analyzy, tedy vypo¢tu vnitrnich sil za predpokladu vzniku plastic-
kych kloubu na prutové konstrukci. Plastickd globélni analyza obvy-
kle vede k hospoddrnéj§imu ndvrhu, oviem muiZe byt provedena jen
pfi spInéni normou udanych podminek (odst. 5.6 normy).

Jednd se zejména o dostateCnou rotaéni kapacitu prufezu
v misté vytvoreni plastického kloubu. Ta se ovéfuje pomoci tzv.
klasifikace prufezu, tedy prirazeni tiidy prafezu. Jsou rozliSeny 4
tiidy prufezu oznacované &islicemi 1-4 (tabulka 5.2 normy), pri-
&em?Z plastickou globéln{ analyzu umoZnuji jen prutezy tridy 1.

Klasifikace se provadi na zakladé:

— tvaru prufezu (zejména poméru tloustky a $ifky jednotlivych

&asti prurezu),

— rozdé€leni napéti po prurezu (ohyb, tlak, ohyb + tlak),

— maximélniho dosaZeného napéti (meze kluzu).

Zatfidéni prarezu bude vyuZito i pozdéji pii posouzeni prufezu
a prutu.

3.2 Klasifikace soustavy

Na zdkladé klasifikace prafezu se muZe uZivatel rozhodnout
bud pro plastickou globélni analyzu, nebo pro pruznou. Pro ram
tvofeny prvky s prufezem tfidy 1 je moznd plastickd varianta, pro
ostatni pouze pruzna.

Dile je nutné klasifikovat soustavu (rdm) s ohledem na stabilit-
ni chovani. V prednorme [7] byly zavedeny vyrazy ,,posuvné®,
resp. ,,neposuvné* styCniky, které vystizné popisovaly chovani
rdmu pii vyboceni prutl v rovin€. Norma [1] uZ tyto vyrazy pro
klasifikaci neuziva a zatfidéni ramu se provadi na zékladé stabi-
litniho vypoctu. Ovétuje se podminka

cr

a, = N =10 v pfipadé pruzné analyzy a
Fd (3)
a, = ;:“’ =15 v pripadé plastické analyzy, kde

FEd

F.  je kritické zatizen{ pro celkové vybocent,

Fr;  je navrhové zatiZeni konstrukce.

Pokud je podminka (3) splnéna, posta¢i provedeni globdlni ana-
lyzy 1. fadu s uvdzenim polate¢ni geometrie konstrukce. Pro

Tab. 1 Zdkladni priiezové charakteristiky profilu K 21 pro pruzny vypoclet

Oznaceni Jednotky Hodnota
Materidl - mez kluzu fy MPa 295
Hmotnost G kg/m 20,74
Plocha A mm? 2642
Moment setrvagnosti ly mm* 3191000
Vzdalenost hornich vidken od tézisté Yh mm 51,89
Vzdalenost dolnich vlaken od tézisté Yd mm 52,11
Pruzny prifezovy modul hornich viaken Wh,y.el mm3 61500
Pruzny prifezovy modul dolnich vidken Wd,y.el mm® 61240
Staticky moment plochy v tézisti Sy mm? 42 130

Sitka profilu v mist& fezu vodorovnou
téziStovou osou t mm 13,96

Tuel

conducted according to [1] when assessing a supporting frame
structure:
1. classification of the cross-section
2. classification of the system
3. introduction of initial imperfections
4. selection of the type of the stability calculation procedure
5. execution of a global analysis (calculations of inner forces)
6. assessment for the ultimate limit state — stability assessment for
bending and axial pressure (interaction conditions)
7. assessment of the joint, i.e. the sliding resistance of frame ele-
ments
8. assessment for the limit state of serviceability

3.1 Cross-section classification

The standard [1] (hereinafter referred to as the Standard) allows the
plastic global analysis, i.e. the calculation of inner forces under the
assumption of the development of plastic hinges on a framed structu-
re, to be carried out. A plastic global analysis usually leads to a more
economic design, but it can be carried out only when the conditions
set by the Standard are met (see paragraph 5.6 of the Standard).

Among them it is, first of all, the sufficient rotational capacity of the
cross-section in the location where a plastic hinge developed. The
capacity is verified by means of the so-called cross-section classifica-
tion, which means assigning a class to a cross-section. Four classes are
distinguished, using figures 1-4 (see Table 5.2 of the Standard), where
the plastic global analysis is possible only for cross-section class 1.

The classification is conducted on the basis of:

— the cross-section geometry (first of all the proportion between the

thickness and width of individual parts of the cross-section),
— distribution of stress on the cross-section (bending, compression,
bending + compression),

— maximum stress achieved (yield strength).

The classification of a cross-section will be even used later for
assessing a cross-section and a rod.

3.2 Classification of the framework

The user can decide on the basis of the classification of the cross-
section whether the plastic global analysis or elastic analysis is to be
used. The plastic variant is possible only for a frame consisting of ele-
ments with the cross-section class 1; the elastic variant is the only pos-
sible for the other elements.

Further it is necessary to classify the framework with respect to the
stability behaviour. The pre-Standard [7] introduced terms “sliding”
or non-sliding joints, which aptly described the behaviour of a frame
in the case of in-plane buckling of rods. The Standard [1] no more

Table 1 Basic cross-sectional properties of a K21 profile for elastic calculation

Symbol Units Value

Material - yield strength fy MPa 295
Weight G kg/m 20.74
Cross-sectional area A mm? 2,642
Moment of inertia ly mm* 3,191,000
Distance between the upper fibre and

the centre of gravity Yh mm 51.89
Distance between the bottom fibre and

the centre of gravity Yd mm 52.11
Elastic sectional modulus for upper fibre Wh,y.el mm3 61,500
Elastic sectional modulus for bottom fibre Wd,y.el mm?® 61,240
Static moment of area at centre of gravity Sy mm?® 42,130
Profile width at the level of a horizontal

axis passing through centre of gravity t mm 13.96
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pomer kritického a ndvrhového zatiZeni mezi 3 a 10 norma umoz-
nuje zjednoduseny zpusob zavedeni Ginku 2. fadu, pro poméer
mensi nez 3 je nutno pouzit vypocet zohlednujici prerozdéleni
vnitfnich sil vlivem deformace ramu.

Stabilitni vypocet v obecném pripadé ovSem nelze provadét
,ruéné“, navic ani neexistuje jeho obecny algoritmus. Vétsina
softwarovych programu nerozliSuje globdln{ vlastni tvary vybo-
¢eni, které jsou pro klasifikaci soustavy podstatné a tvary odpovi-
dajici tvaru vyboceni lokalniho prvku (napf. sloupek zdbradli,
diagondla ztuzidla apod.), stabilitni vypocet je navic nutno pro-
vést a vyhodnotit pro vSechny stabilitni kombinace oddélené. Je
ale mozné opét pouzit konzervativni pristup, ktery bude podrob-
néji popsan v odstavci 3.4.

3.3 Zavedeni pocatecnich imperfekei

Zavedeni pocateénich imperfekci (nepfesnosti) konstrukce
uzce souvisi s volbou stabilitniho vypocetniho postupu popsané-
ho v dalSim odstavci. Norma rozliSuje imperfekce soustavy
a imperfekce prutu. Imperfekce prutu (po¢ate¢ni prohnuti) mohou
byt pouZity pro pfimy vypolet vzpéru prutd, potom se tedy neu-
vazuje soucinitel vzpéru. Imperfekce soustavy (pocatecni naklo-
nénfi) zohlednuji pocateni naklonéni celé soustavy (rdmu).

Normou uddvané hodnoty prutovych imperfekci zde nebudeme
uvadet. Imperfekce soustavy jsou pozadovany podle nésleduji-
cich vztaha:

¢ =¢, otn O, )
kde ¢, je zékladni hodnota ¢, = 1/200;
oy, redukéni soucinitel v zdvislosti na vySce sloupu h;
o 2 2
= — s 1 —_
" h "3
h vyska konstrukce v metrech;
o, redukéni soucinitel pro podet sloupt v fadé:

sa, =10 .

oy = 0,5(1+i) ;
m
m pocet sloupt v fadé. Pocitaji se pouze sloupy, jejichzZ
svislé zatiZeni N, neni mensi neZ 50 % primérného
zatiZzeni sloupt v posuzované svislé roviné.

Oba druhy imperfekci 1ze nahradit ndhradnim zatiZenim, které
vyvodi podobné Gc¢inky. Na obr. 4 je naznaceno zavedeni globdl-
nich pocatecnich imperfekci pomoci vodorovnych sil.

Pro nékteré typy pozemnich staveb lze globélni imperfekce
zanedbat, pokud je konstrukce zatiZzena vyznamnym vodorovnym
zatizenim. V pifpadé dalni vyztuZe tato pravidla oviem neni
mozné pouZzit.

3.4 Volba typu stabilitniho vypocetniho postupu

Do vypoctu konstrukee je nutno zahrnout vliv vzpéru a klopeni,
souhrnné oznaCovanych jako d¢inky 2. fddu. Konstruktér muZe
volit mezi nékolika zpusoby vypo&tu. Lisi se obvykle presnosti,
hospodarnosti vysledného ndvrhu, pracnosti a poZadavky na soft-
warové vybaveni a také vhodnosti pro jednotlivé typy konstrukei.
V zésadé€ je mozné postupovat tiemi zpusoby:

A. Imperfekce soustavy, vzpér a klopeni ruéné

Do modelu se nezavadéji prutové imperfekce, pouze imperfek-
ce soustavy (naklonéni). Po provedeni vypoétu vnitrnich sil se
provede posouzeni prutu (odst. 6.3 normy), pii¢emZ vzpérné
délky se mohou brit rovné systémovym délkam, tedy Lo < L.
Algoritmus vypoctu je potom ndsledujici:

e Zavedou se imperfekce soustavy

¢ Rozhodnuti o fddu vypoctu podle

F

_ or .

a, =—*L==210:
Ed
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uses these terms for the classification; the classification of a frame is
conducted on the basis of a stability calculation. The following condi-
tion is to be verified:

F
e, =—= 10 in the case of the elastic analysis and
Kd
3

o, = F = |3 in the case of the plastic analysis, where
ol

F..  is for critical load for the overall buckling,

Fg; s for the design load acting on the structure.

If the condition (3) is met, it is sufficient to carry out the 1st—order
global analysis, taking into consideration the initial geometry of the
structure. For the proportion between the critical load and the design
load ranging from 3 to 10, the Standard allows the simplified method
of introducing 2nd-order effects, while the calculation allowing for the
re-distribution of inner forces resulting from deformations of the
frame is prescribed for the proportion smaller than 3.

In a general case, a stability calculation can be carried out “manu-
ally”’; on top of that, there exists no general algorithm for the calcula-
tion. The majority of software programs distinguish neither their own
global shapes of buckling modes (buckling eigenmodes), which are
significant for the classification of the frame, nor the shapes corres-
ponding to the shape of buckling of a local element (e.g. a railing post,
diagonal braces etc.); in addition, the stability calculation has to be
carried out and assessed separately for each stability combination.
Although, it is again possible to apply the conservative approach,
which will be described in more detail in paragraph 3.4.

3.3 Implementation of initial imperfections

The implementation of initial imperfections (inaccuracies) of the
structure is closely related to the selection of the stability calculation
procedure, which is described in the next paragraph. The Standard
distinguishes sway imperfections and imperfections of a rod.
Imperfections of a rod (initial deflections) can be used for the direct
calculation of buckling of rods; this means that the buckling coeffici-
ent is not taken into consideration. The sway imperfections (initial til-
ting) take into consideration the initial tilting of the entire framework.

We are not going to present the values of rod imperfections referred
to in the Standard. Sway imperfections are required according the fol-
lowing relationships:

¢= ¢() Op Oy “4)
where ¢, is the basic value ¢, = 1/200;
oy, reduction coefficient depending on the height of
columns h;
2 2
G =—— put ==& =10
'\.'II 1 ’ 3 >
h is for the height of the structure in metres,
O reduction coefficient for the number of columns in
arow:
an= @, =“—sal
Eidl
m the number of columns in a row. Only the

columns the load Ng, acting on which is not lower
than 50 per cent of the average load acting on the
columns in the vertical plane being assessed.
Both types of imperfections can be substituted by an equivalent
load which induces similar effects. The introduction of global initial
imperfections by means of horizontal forces is outlined in Fig. 4.
Global imperfections can be disregarded for some types of building
structures if the structure is loaded by a significant horizontal load.
However, these rules cannot be applied in the case of colliery support
frames.
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., < 10 ==> 2. fad nezanedbatelny

., > 10 ==> 2. fdd zanedbatelny

* Vzpér a klopeni pomoci soucinitela ¢

e Vzpérné délky systémové: L., <L

* Posouzeni — interakéni podminky podle odst. 6.3.3 normy:

Ney +k, M, gq + AM, g, +k, M, gq + AM, g4 & )
Ay NE‘.!S Xur My gy M, r

Y Y Ymi

Nes | » Mgy + AM, g4 vk, Myga + AM, g4 <1
Xz N XurMy g M, gy ©)

Ym Y Y

kde

Neg, Mygq a M, gq jsou ndvrhové hodnoty tlakové sily a nej-

vétsich momentd k ose y-y a z-z, pusobici na
prutu;

My gq. AM, gq momenty v dusledku posunu téZistové osy pro
prufezy tiidy 4,

Xy @ X souCinitele vzpérnosti pfi rovinném vzpéru;

Xt soucinitel klopeni;

kyy, kyz, kzy, kzz souCinitele interakce.

B. Metoda ekvivalentnich prutu (sloupu), vzpér a klopeni ruéné

Pri tomto postupu se nezavadéji imperfekce prutu ani soustavy.
Provede se vypocet podle teorie 1. Fadu. Stejné€ jako v pripadé
A se posuzuji pruty podle odst. 6.3 normy. Vzpérné délky se sta-
novuji z tvaru globalniho vyboceni, tedy Ly > L.

* Model bez imperfekci

e Linedrni vypocet (1. tad)

e Teoretické vzpérné délky, tj. s posuvem sty&nika

 Vzpér a klopeni pomoci soucinitelt y

e Posouzeni — interakéni podminky podle odst. 6.3.3, zde (5)

a (6).

...L,>L

C. 2. rdd, imperfekce soustavy i prutové imperfekce (primé
reSent)

Piimé feSeni spolivd v zavedeni prutovych imperfekci
i imperfekei soustavy pfimo do vypocetniho modelu. Provadi se
vypocet 2. faddem bez ohledu na velikost soucinitele ..., vzpér se
zohledni ohybovym momentem, ktery je vyvoldn pocatecnim
prohnutim prutd. Provaddi se posouzen{ prufezt podle odst. 6.2
normy.

TuoufHel

3.4 Selection of the type of the stability
calculation procedure

The structural calculation has to take into consideration the effects
of both buckling and lateral torsional buckling, which are overall
referred to as second-order effects. The designer can choose from
several calculation methods. They usually differ in the precision, eco-
nomy of the final design, work consumption and requirements for
software, as well as suitability for particular types of structures. In
principle, it is possible to proceed using the following three methods:

A. Sway imperfection, buckling and lateral torsional buckling —
manual assessment

Only the sway imperfections are introduced into the model, no rod
imperfections. When the calculation of inner forces is finished, the
rods are assessed (paragraph 6.3 of the Standard); in so doing, it is
possible to take effective lengths equal to system lengths, i.e. Lop < L.
The calculation algorithm is then as follows:

e Introduction of sway imperfections

* Decision on the calculation order according to
a.=—%2==10.

Ed
O, < 10==>2nd order cannot be disregarded
o, > 10 ==> 20nd order can be disregarded
* Buckling and lateral torsional buckling by means of ) coefficients
e System effective lengths: L., <L
* Assessment — interaction conditions according to paragraph 6.3.3
of the Standard:

Ny s M, gq + AM,, ¢, o M, gq + AM_ ¢4 < 6
Ay Nm o XiT A "'y Rk = A "':.F?k
T T Tmi
Ned - M, g+ AM ¢y - Mgy + AM ¢y e
X2 Ve e Xrh !y Rk o M, p, 6)
i T mi
where
Ngg, My gq and M, g4 are for design values of the compression
force and largest moments to axes y-y and z-z,
acting on the rod;
Myg4, AM, g moments induced due to shifting of the gravity
axis for cross-section class 4,
Xy and ), buckling coefficients at in-plane buckling;

Xir lateral torsional buckling coefficient;
kyy, kyz, kzy, kzz interaction coefficients.

51.89 _I

104

52.11

54

54

Obr. 1 Pricny Fez profilem K21 a TH21
Fig. 1 Cross-section through K21 and TH21 profiles
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* Model s prutovymi imperfekcemi i s imperfekcemi soustavy

 Nelinedrni vypocet (2. fad)

* Posouzeni prufezi podle odst. 6.2.9., zde (7), popf. (8).
Klopeni (popf. vzpér z roviny) se zohledni obvykle dal§im
ruénim posudkem.

MEgg < My Rd, (N
popf. pii pruzném posouzeni
1y
Oxea = (8)
Yo

Vyznam znacek je uveden v norme.

3.4.1 Vhodnost postupu pro vypocet ramové konstrukce

Obecné neplati, Ze 1ze za vSech okolnosti pouzit v§echny postu-
py. Pro rdmovou konstrukci dalni vyztuZe Ize za jistych piedpo-
kladu postupovat podle vSech tif algoritmi. Metoda A je pro tento
ucel vhodnd a doporucend, je ovSem nutné zadat imperfekce sou-
stavy a potom rozhodnout o fadu vypoctu na zdkladé vypoctu
soudinitele a.;, coZz muZe prindset jisté obtiZze. Metoda ekviva-
lentnich sloupt (B), kterd je nejméné pracnd (odpadd stabilitn{
vypocet i aplikace imperfekci) se obecné pro ramové konstrukce
nedoporucuje, protoZe zanedbdva vliv 2. fddu pro pricel (stropni-
ci), navic je nejméné hospoddrnd. Prednorma [2] umoznovala
zvétsit momenty v prficli od posuvu styéniku o 20 %, coZ predsta-
vovalo bezpecny postup. Tato norma uz dnes ovSem neplati.

Metoda C, pfimé feSeni 2. fddem se zavedenim obou typu imper-
fekci, je pouzitelnd a vede k hospoddrnému ndvrhu. Nelze ovSem
opomenout jeji jednoznané nejvetsi pracnost a ndroky na software.

Dilni vyztuZ neni oviem typickd rdmovd Kkonstrukce. Je ve
vodorovném sméru podepfena souvisle po celé vySce odporem
zeminy, kterd ji soucasné zatéZuje. Pro dobfe aktivovany rdm
(Obr. 2) 1ze predpoklddat vyboceni pouze v rovin€ kolmé na osu
dila. Pfipojeni vyztuZe na osténi rovnéz zabranuje klopeni.

Obr. 2 Aktivované ramy
Fig. 2 Activated frames

20. rocnik - €. 3/20M

B. Equivalent rods (columns), buckling and lateral torsional

buckling — manual assessment

When this procedure is used, neither rod imperfections nor sway
imperfections are introduced. The calculation is carried out according
to the 1st-order theory. Rods are assessed in the same way as it is in
the A case, according to paragraph 6.3 of the Standard. Effective
lengths are determined from the shape of the global buckling mode
shape, therefore L¢ > L.

* Model without imperfections

e Linear calculation (1st order)

» Theoretical effective lengths, i.e. with the displacement of joints

...Lg>L
* Buckling and lateral torsional buckling by means of ) coefficients
e Assessment — interaction conditions according to paragraph
6.3.3, herein (5) and (6).

C.2nd order, sway imperfection and rod imperfections (direct

solution)

The direct solution lies in the introduction of rod imperfections and
sway imperfections directly into the calculation model. The 2nd-
order calculation is carried out, no matter the magnitude of coeffici-
ent ,; buckling is allowed for through the bending moment which
is induced by the initial deflection of rods. Cross-sections are asses-
sed according to paragraph 6.2 of the Standard.

* A model with rod imperfections and sway imperfections

¢ Non-linear calculation (2nd order)

* Assessment of cross-sections according to paragraph 6.2.9, here-

in (7) or (8). Lateral torsional buckling (or out-of-plane buckling)
is made provisions for by an additional manual assessment.

Mgg < MnRa, @)
or, in the case of an elastic assessment
Fopns __f',
el =T (8)
MO

The meaning of symbols is explained in the Standard.

3.4.1 Suitability of procedures for frames

It generally does not apply that all of the procedures can be used under
any circumstances. As far as a colliery support frame structure is concer-
ned, it is possible under certain conditions to use all of the three algo-
rithms. Method A is suitable and recommended for this purpose, however,
it is necessary to introduce sway imperfections and then decide on the cal-
culation order on the basis of &cr , which may carry certain difficulties.
The equivalent columns method (B), which is least laborious (the stabili-
ty calculation and the application of imperfections is not carried out) is not
in general recommended for frames because it disregards the effect of the
2nd order for cross bars (overhead beams) and, in addition, it is less eco-
nomic. The pre-Standard [2] made it possible to increase moments in the
cross bar induced by the displacement of joints by 20 %, which represen-
ted a safe procedure. Nevertheless, this standard is today invalid.

Method C, the direct solution through the 2nd order, introducing
both types of imperfections, leads to an economic design. Of course,

Obr. 3 Zavedeni globdlnich imperfekci
Fig. 3 Introduction of global imperfections
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Obr. 4 Nahrazeni pocdtecnich imperfekci soustavou ndhradnich vodorov-
nych sil

Fig. 4 Substitution of initial imperfections by a system of substitute horizon-
tal forces

3.5 Ciselny priklad

Pro posouzeni ocelové konstrukce podle [1] byl zvolen lichobéZni-
kovy piicny fez Stoly LB.07 s vyztuZi z védlcovanych profila K21.
Spojeni jednotlivych dild dalni ocelové vyztuZe je navrZeno tfmeno-
vym spojem se dvéma tfmeny. Konstrukce tvori symetricky rdam se Sik-
mymi stojkami, které jsou kloubove uloZeny. Rimové rohy jsou zaob-
lené. Cely ram je liniové podepten radidlnimi a tangencidlnimi pruzi-
nami. Radidln{ pruZiny pusobi pouze v tlaku, tangencidln{ liniové pod-
pory pusobi pruzné. Tento systém simuluje uloZeni rdmu provizorni
vystroje do podloZnych patek (obr. 5). Podélnd vzddlenost rdmu je 1 m,
je uvazovano svislé navrhové zatiZzeni pricle hodnotou

P.ip=30kN/m?=30kN/m

a vodorovné zatiZen{ stojek

Pyep =10 kN /m* =10 kN / m.

Hodnoty zatiZen{ jsou urceny podle klenbové teorie M. M. Protod-
jakonova pro ruzné tvrdé bridlice, koeficient pevnosti horniny f p=3.

Klasifikace

Provedeme klasifikaci prafezu K21. Jak je vySe uvedeno, rozhodu-
jici je geometricky tvar prufezu a zpusob namahani. Na pocatku vypo-
¢tu obvykle neni zcela jasné, jaké vnitini sily se budou v konstrukci

TuoufHel

the unambiguously highest laboriousness and demands for software
cannot be forgotten.

Nevertheless, a colliery frame is not a typical frame structure. It is
supported horizontally continually, throughout its height, by the
ground resistance, which at the same time applies the load on it. It is
possible to assume that a well activated colliery frame (see Fig. 2) can
buckle only in the plane perpendicular to the tunnel centre line. The
connection of the reinforcement to the lining also prevents lateral tor-
sional buckling.

3.5 Numerical example

A trapezoidal cross-section through LB.07 adit with the support
consisting of rolled profiles K21 was chosen for the assessment of the
steel structure according to [1]. The connection between individual
segments of the colliery steel frames is designed by means of a stirrup)
joint consisting of two stirrups. The structure is a symmetric frame
with slanted hinged props. The frame corners are rounded. The whole
frame is linearly supported by radial and tangential springs. The radi-
al springs act only on compression, while the tangential linear sup-
ports act elastically. This system simulates the bearing of the tempo-
rary support frame in supporting footings (see Fig. 5). The longitudi-
nal spacing of the frames is 1 m; the design load acting on the cross
bar is assumed to be

P.gp =30 kN /m?> =30 kN / m

and the horizontal load acting on the props to be

Pyep=10kN /m? =10 kN / m.

The load values are determined according to the arch theory for sha-
les with various hardness, with the rock strength coefficient f = 3.

Classification

We will carry out the classification of K21 cross-section. As menti-
oned above, the geometrical shape of the cross-section and the loading]
mode decide. At the beginning of the calculation it is usually not total-
ly clear which inner forces will exist in the structure. For that reason,
either an assessment is carried out to be further improved or an elas-
tic global analysis is conducted directly, conservatively, and the clas-
sification is performed subsequently, on the basis of its results.

In the case of colliery frames, it is possible to expect that combined
loading by axial pressure and bending will act on the props and the
cross bar (overhead beam). Table 5.2 of the Standard contains classi-
fication rules for these cases, specifying the exact proportion between
the compressed and tensioned parts of the cross-section. It is conse-
rvatively possible to assume the entire cross-section to be compressed.

Another difficulty emerges at the moment of the interpretation off
the cross-section geometry. The Standard distinguishes inner and pro-
jecting parts of a cross-section or tubes. K21 cross-section can again
be conservatively assumed to be a cross-
section consisting of one inner part (the

Stropnice — Overhead beam

bottom of a trough) and two projecting]
parts. The favourable effect of the expan-
ded sides (walls) will be eventually dis-
regarded.

Stojka - Prop

2450

Then the following condition must be
\ met for Class 1:
i a) for the projecting parts
L8 ¢ . {ﬁ
L5 —=9=9 , )
T e I
! where ¢ is for the length of the projec-
"._ ting part
I

t is for thickness of the part
fy is for the yield strength.

In our case the result is (for an average
thickness of the wall of 10.3 mm - as

Obr. 5 Staticky model ramu
Fig. 5 Static model of a frame

specified by the program) as follows:




TuouHel
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o B35 [33
f_zJ_S:(JEE()‘(jZK) |£ =0 lﬁ:s,
r 103 V7 V295

the condition is not met.

b) for the inner part
£ <33e=33 235 (10

t \’ /
where c is for the length of the inner part,
t is for the thickness of the part,
Jy is for yield strength.
In our case, we consider the actual dimensions

£ .3 svenmean o
' \

the condition is met.

It turned out that if we disregard the favourable
effect of braces at the upper end of the walls, it is
not possible to apply class 1. We will further
assess the wall for class 2:

95 1235 235

RS T I | L R
1103 V 1 V2905
again, the condition is not met,
for class 3

.95 235 235

L = a3 S oA [ w14 !—“ -
1103 \ £ V295

the condition is met.

Obr. 6 ZatiZeni ramu, schéma podepreni a rozdéleni ramu na pruty
Fig. 6 Frame loading, chart of the bearing and division into bars

vyskytovat, a proto je proveden bud odhad, ktery se déle zpresiiuje,
nebo se rovnou konzervativné provede pruznd globélni analyza
a klasifikace se provadi a7 na zakladé jejich vysledku.

V pripadé dulni vyztuZe lze oekévat ve stojkéch i pricli (stropnici)
kombinované namédhan{ osovym tlakem a ohybem. Tabulka 5.2 normy
udéva pro tyto piipady klasifikani pravidla pro presny pomér tlatené
a tazené Casti prarezu. Konzervativné lze uvaZovat cely prifez tladeny
(coz muze vést k vys¥i ti{dé prafezu).

Dalsi obtiZ nastdva v okamZiku interpretace tvaru prufezu. Norma
rozliduje vnitini a pfe¢nivajici &asti prafezu, popr. trubky. Prirez K21

N vz

1ze opét konzervativné povaZovat za prafez s jednou vnitini ¢asti (dno
Zlabu) a dvé precnivajici ¢asti. Priznivy t¢inek rozsiteni bo¢nic (stén)
na konci bude zanedbdn.

Potom pro 1. tfidu musi byt splnéna podminka:

a) pro pre¢nivajici ¢asti

235
C<9e=9 |=2 i )
t :
kde ¢ je délka pfecnivajici ¢dsti

t je tloustka Casti
fy je mez kluzu.
V nasem piipadé vychézi (pro primérnou tloustku stény 10,3 mm
— stanoveno programem)

95 {235 ’235
%=ﬁ=9,2598=9 7‘ =9 295 =38, nenf splnéno.

s ¥z

b) pro vnitini Cést

235
€ <33=33 |22 (10)
t :
kde ¢ je délka vnitini &asti,

t je tloustka ¢asti,
fy je mez kluzu.

We will conservatively leave class 3 for the
whole following calculation. Then the global ana-
lysis and assessment of elements have to be con-
ducted in the elastic way.

A note on the classification of the cross-section:

The classification of K21 cross-section was carried out
according to Table 5.2 of the Standard for a U profile, but K21
profile is much more complex and dissected. This simplificati-
on leads to the categorisation of the cross-section as class 3,
which is very conservative as far as the assessment is concer-
ned, but does not allow us to make use of the plastic reserve of
this profile. The authors had two reasons for this step: difficul-
ties with the determination of the magnitude of the shearing
area Av according to paragraph 6.2 of the Standard (the calcu-
lation is not presented for a general cross-section) and general-
ly higher uncertainty in determining the load acting on the geo-
technical structure. Despite this simplification, the use of the
cross-section is insignificant. The use of the plastic reserve in
the case of this cross-section would be probably possible in rea-
soned cases, on the basis of a more thorough analysis.

Critical load coefficient

Taking into consideration the reasons mentioned above in
paragraph 3.4.1, we will head towards the recommended met-
hod A. The design values of loads have to be taken into account
in the stability combination. Support rigidity values are taken
into account according to [12] as follows:

Radial rigidity:

= ,in our case k; = 10 MN/m?>.
ril+v)

k

Tangential rigidity kt was guessed to be 0.1 MN/ m3.

SCIA Engineer 2010.1 program was used for the calculation.
The magnitude of the load taken into consideration is shown in
Fig. 6.

The values of coefficients o, according to condition (3) are
presented in Table 2; Fig. 7 shows the corresponding buckling
eigenmodes.

=89

‘I“J
N
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V nasem pripadé odecteme priblizné rozméry

¢ 46 [235
Py 33=33:=33 295 =29 je splnéno.

Ukdzalo se, Ze pokud zanedbdme priznivy vliv vyztuh na hornim
konci stén, nelze konzervativné povazovat za tiidu 1. Proverime
sténu déle pro 2. tfidu:

> _92s10e=10 |22 =|01/§=3,9
10,3 17/ 295

pro 3. tfidu

£=£=9.2514£=]4 B2 =14 §=12.S , je splnéno.
r 103 & V295

Ponechdme konzervativné tfidu 3 pro cely nésledujici vypocet.
Globdlni analyza i posouzeni prvki musi byt potom provedeny
pruzné.

Pozndmka k zatiideni prifezu:

Zatridéni profilu K21 bylo provedeno podle tabulky 5.2 normy
jako profil U, profil K21 je vSak podstatné slozitéjsi a ¢lenitéjsi.
Provedené zjednoduSeni vede k zafazeni prufezu do 3. tiidy pru-
fezu, coZ je z hlediska posuzovani velmi konzervativni a na stra-
né bezpenosti, avSak neumoznuje vyuziti plastické rezervy
tohoto profilu. K tomuto kroku vedly autory dva duvody: obtiZe
se stanovenim velikosti smykové plochy Av podle odstavce 6.2.6
normy (pro obecny prufez neni vypocet uveden) a obecné vyssi
nejistota pri stanoveni zatiZeni geotechnické konstrukce. Pres
toto zjednoduSeni je vyuZiti prafezu nevyznamné. Vyuziti plas-
tické rezervy u tohoto prufezu by v odivodnénych piipadech na
zdkladé dukladnéjsi analyzy pravdépodobné bylo mozné.

Soucinitel kritického zatiZeni

Vzhledem k davodim uvedenym v odstavci 3.4.1 budeme sméfo-
vat k doporucené metodé A. Ve stabilitni kombinaci je potreba uva-
zovat ndvrhové hodnoty zatiZeni. Tuhosti podepreni jsou uvazovany
podle [12] nésledovne:

Tuhost v radidlnim sméru:

= Ed’ej
"or(l+v)

opét neni
splnéno,

c
t

, v naSem pifpadé k; = 10 MN/m>.

Tuhost v tangencialnim sméru kt byla odhadnuta na 0,1 MN/m?.

Pro vypocet byl pouzit program SCIA Engineer 2010.1. Velikost
uvazovaného zatiZeni je patrnd z obr. 6.

Hodnoty soucinitelt a,, podle podminky (3) jsou uvedeny v tab.
2, na obr. 7 jsou vykresleny odpovidajici vlastni tvary vyboceni.

Tab. 2 Soucinitele kritického zatiZeni

Soucinitele kritického zatizeni

Cislo vlastniho tvaru Oy

18,57
46,57
64,40
122,76
156,46
212,34

Do B[N —

Protoze podminka (3) je splnéna uz pro prvni vlastni tvar, je
mozné pokracovat globaln{ analyzou 1. fadu s uvdZenim imper-
fekci soustavy (postup A). Obecné je nutné jeste ovéfit, Ze prvni
vlastni tvar vyboceni odpovidd pravdépodobnému kolapsu celé
konstrukce a nejednd se jen o lokdlni nevyznamny efekt (napf.
vyplnovy sloupek zdbradli v modelu schodisté, neaktivni lano
apod.). 1. vlastn{ tvar vyboceni jednoznaéné odpovidd konstruk-
ci s posuvnymi sty¢niky.

Tuel
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Obr. 7 Vlastni tvary vyboceni ¢. 1-6
Fig. 7 Buckling eigenmodes No. 1-6
Table 2 Coefficients of critical loads
Coefficients of critical loads
Buckling eigenmodes Oler
1 18,57
2 46,57
3 64,40
4 122,76
5 156,46
6 212,34

Since condition (3) is met already for the first buckling
eigenmode, it is possible to proceed with the 1st-degree global
analysis, taking into consideration sway imperfections (proce-
dure A). In addition, it is generally necessary to verify whether
the first buckling eigenmode corresponds to the probable col-
lapse of the whole structure, that it is not a local, insignificant
effect (affecting, for instance, an infill post of a handrail in the
model of a staircase, an inactive cable etc.). The Ist buckling
eigenmode unambiguously corresponds to the structure with
sliding joints.

Imperfections

The initial imperfection is, according to (4):

" ¢ -

o=0,.a .a = 300 1.1 =0.005

We substitute tilting of the structure by a horizontal force
acting at the level of the cross bar:

I.,=¢.N.,,=0005.214=032kN.

Inner forces

It is obvious at first sight that this is only a slight increase in
stresses; the asymmetry will manifest itself only in the second
decimal place (it is not displayed). Resultant inner forces on the
frame with the original loads with the horizontal force I,
added to them are presented in Fig. 8.

Prop assessment

A colliery support frame is loaded by a combination of
a normal force, shear force and a bending moment. Because we
have categorised the cross-section as class 3, it is necessary to
carry out an elastic assessment according to relationships (5)
and (6). Since in our case lateral torsional buckling is preven-
ted and biaxial bending does not occur in this case, the relati-

onships are simplified:
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Obr. 8 Prubéh ohybovych momentu, normdlovych sil a posouvajicich sil
Fig. 8 Curvatures for bending moments, normal forces and shear forces
Imperfekce Ny . M, g4 i
NORIr . . L =
Pocéatecni 1mperfeklce je podle (4): Xy Nag WM,
=¢,.a, .a =——-:.1.1=0,005 Vi Yt
¢ q)l) 1 ¢ 200 . y
Naklonéni konstrukce nahradime vodorovnou silou v drovni pricle: —Edl g TNES )

I,=¢.Ny,=0005.2.14=0,32 kN.

Vnitrni sily

Na prvni pohled je vidét, Ze jde jen o nepatrné zvySeni namédhani,
nesymetrie se projevi aZ na druhém desetinném misté (neni zobraze-
no). Vysledné vnitini sily na soustavé s puvodnim zatiZenim doplné-
nym o vodorovnou silu 7, jsou na obr. 8.

Posouzeni stojky

Rém ocelové duln{ vyztuZe je namdhan kombinaci normélové sily,
smykové sily a ohybového momentu. ProtoZe jsme zafadili prafez do
3. tfidy, musi byt provedeno pruzné posouzeni podle vztahu (5) a (6).
ProtoZe je v naSem piipadé zabranéno klopeni a nevyskytuje se zde
Sikmy ohyb, vztahy se zjednodusi:

Neg +k, —My'Ed =1,
Xy Nre M, gy

Y Y

Neq +k,, M, gq =1
Xz Nk M gy

Yw Vi

Charakteristické hodnoty tinosnosti prufezu v tlaku a ohybu jsou
Npe=A.f, =2642.295=T194 kN,

M,

ek = Wery - f,=61,5 .10 . 295 = 18,07 kNm.

Stanovime soucinitele vzpérnosti X8, ProtoZe v podélném smeru
dila je stojka prubézné zajisténa proti vybodent, je

Xy=1-

Vzpérnou délku pro vyboeni v roviné ramu budeme uvaZzovat
systémovou podle odstavce 3.4A, tedy rovnou délce L.
L =L=2400 mm,

cry

Ddle uréime pomérnou Stihlost

1—‘=_:£_‘. l=& __l_=0,324
o, A 3191000 83,8
2642

7,=939¢=939 |22 2039, _g38
V7 295

a ndsledn€ soucinitel vzpémosti x, (uvaZujeme kfivku c pro

U prufez):

Az 'VF!k = 11?.* Fik

T ]
At M1

Characteristic values of the bearing capacity of the cross-sec-
tion in compression and bending are as follows:

Npp=A . f,=2642 .295 =779 A kN,

Myerpie = Wery - f,= 61,5 .10°.295 = 18,07 kNm.

We determine buckling coefficients ) and x_,. Because the
buckling of the prop in the longitudinal direction of the tunnel
is prevented,

x,=1.

We will consider the effective length for buckling in the
plane of the frame to be given by the system, according to para-
graph 3.4A, therefore its length will be identical with the prop
length L.

L”,y =L =2400 mm,

Further we determine the relative ratio of slenderness

— L | 2 400 |
T o O ARG PR T
0, A [3191000 838
V1 2642
235 [235
A =939,=939 || —- =939,/ i =838
\ £ V295

and subsequently the buckling coefficient Xy (we use the ¢
curve for a U cross-section):
X, = 0,65

Then the coefficients kyy and kzy are calculated. For their
determination, we use the recommended appendix B of the
Standard. First we determine the equivalent moment coefficient
Cmy according to Table B.3 of the standard (here in Table 3):

According to the 1st stability buckling eigenmode this is
a frame with displacement of joints, therefore, according to the
note in the Table 3.

Coefficients kyy and kzy are according to the recommended
appendix B.1 of the Standard (here in Table 4). Because the
prop is supported throughout its length, it is not prone to tor-
sion.
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Tab. 3 Soucinitele Cm ekvivalentniho konstantniho momentu

Tuel

Table 3 Coefficients Cm of the equivalent constant moment

CnyaChy,aC,
Prubéh momentu Rozsah my = ~ma 7~ miT
T RS Range Rovnomérné zatizeni Soustredéné zatizeni
Uniformly distributed load Concentrated load
dsysl 0.6+04y=04
O<oas=<1 l=sy=<l1 02+080,=04 02+080,=04
0<ys<l 0,1-080,=04 0,80 = 0.4
-1 <
=0<0 | <o 0,1(1-3) - 0,80 = 0,4 02(-) - 0,80, = 0.4
M, WMy, O<ay<1 dsysl 0,95 + 0,050, 0.90 +0,100;,
O<y=<l 0,95 + 0,050, 0,90 + 0,100y,
@, = My/M -l<o, <0
¥ 1<y<0 0.95 + 0,0504(1+2) 0.90 + 0,1004(1+2)NP

Soucinitel: osa ohybu: body podeptené ve sméru:

Souginitel ekvivalentniho konstantniho momentu pfi vyboceni s posuvem styéniku se mé uvaZovat Cmy = 0,9 nebo Cy, =0.9.
Cry, Cimz @ CLT se majf stanovit v zdvislosti na prubéhu momentu mezi piislu§nymi body podepieni ndsledovné:

The equivalent constant moment factor for buckling with displacement of joints is to be considered to be Cmy =0.9 or Cy, =0.9.
Cmy, Cmz and Cirr are to be determined with respect to the moment curvature between respective supporting points as follows:

Factor: bending axis: points supported in the direction:
Cmy y-y Z-7 Cmy y-y Z-7Z
mz zz y-y Cz Z-7 y-y
CmLr y-y y-y CmLr y-y y-y
Xy = 0,65 ||
Dile se vypoctou soucinitele kyy a kzy. Pro jejich stanoveni vyuZije- e |isoer —Ne 09:1+06 0824 32900
me doporucenou piilohu B normy. Nejprve uréime podle tabulky B.3 . N, ‘ ; P s, 179000
normy soucinitel ekvivalentntho momentu Cmy (zde tab. 3): =i [ ) BT, 10 .
Podle 1. vlastniho tvaru stabilitntho vyboceni se jednd o rdm ' ' '
Yoo p N 32900
s posuvem sty¢niku, proto podle pozndmky v tabulce: Cm‘ =09 C l1+06 \ ‘ 0911406 o
Soucinitele kyy a kzy jsou podle doporucené prilohy B.1 normy (zde X =8| | [ 0,65+
tab. 4). ProtoZe je stojka po celé délce kontinudlné podeprena, neni : : s
ndchylnd ke zkrouceni.
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Obr. 9 Priibéh srovndvaciho napéti

1.0

Tfmen — Stirrup

Spojka — Coupling

Fig. 9 Equivalent stress curvature

Obr. 10 TFmenovy spoj
Fig. 10 Stirrup joint
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Tab. 4 Interakcni soucinitele kij pro pruty, které nejsou ndchylné ke zkrouceni
Table 4 Interaction coefficients kij for bars which are not prone to torsion
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Interak¢ni Predpoklady navrhovani / Design assumptions
soucinitele | Typ prurezu
Interaction | Cross-section type Pruznostni navrh — prurezy tridy 3 a 4 Plasticitni navrh — prurezy tridy 1 a 2
coefficients Elastic design — cross section classes 3 and 4 | Plastic design — cross-section classes 1 and 2
Or Ghlé = . - N,
I Pl’flrelo)j, praVOU.hle Cmy(l +0.67, Ne Cmy [1 + (/‘..y _0’2) Y Edfv
k duté prurezy %y Ne I Ky Nri ! T
w I sections, rectangular, N e liaas Ney
. =C_[1+06— B = +08 —F —
hollow sections my 2N e my %N Yans
I prifezy, pravothlé duté prufezy
kyz I sections, rectangular, Vo 0,6 kz,
hollow sections
I prifezy, pravothlé duté prufezy
kzy I sections, rectangular, 0.8 kyy 0,6 kyy
hollow sections
» C'mz(l +(22:-0,6) A)
I prufezy Na i
fsections ¢ |1+0,6%, e s sztl + 1,47NE“, ]
bz me KoV I XzNew /Y
Ny _
- = sz[l + 0,67){2 N fwm] Cm(l +({Az-0.2)— A*’IV i ]
Pravotihlé duté prurezy KeNei Vit
Rectangular hollow sections < sz( 1408 NE“', ]
XNe Y
Pro I a H-prafezy a pro pravouhlé duté prurezy naméhané osovym tlakem a rovinnym ohybem My g4 muze byt &,y = 0.
For I and H cross-sections and rectangular hollow sections loaded by axial pressure and in-plane bending My rq , the kzy may be equal to zero.

Yo ih 2 32900 193 60-10° 4 6 03120375
= N 3 . o 775 Wby B e B e
C,p, |1+0.6%, —&— 09- I+U.6.0,824% z, Mo Wom g5 7090 1807 .10
o= 0,65- 1220 ) Yu 10 10
k,, = min Han 2 min 10 =
N, . M, 32900 600" P
g b e N, 09-l1+06 32900 Nt =000 * ) T =0.04+025=029=1
iy » N, N ! T79 000 2. == = 1.0 = il
X, 0,65+ : W, = 1.0 1.0
Yan 1.0 o o

=it (0-93] —~093 After inserting into the interaction conditions, the result is:
094) 7

k,=08k,=08.092=0,74
Po dosazeni do interak¢énich podminek vychazi:

The prop is perfectly satisfactory for the combination of
compression and bending.
Assessment of shear carrying capacity of the prop cross-

section
We determine the value of the maximum shear stress in the
prop cross-section:
Vi & 9800 .42130 295
P (kN o L. . = 0 7 W 2 (905 M
ST 3191,10".13.96 Vies V3 1.43
PAL +———iA) Assessment of equivalent stress in the cross-section
Al - — AVAN — - — = A= A-A-A M We add the calculation of the equivalent stress. The maxi-
PB1 -~ X8V M L Y : mum value is found in the frame corner:
B | S |-Ii f 205
| & [0 43¢ =110 MPas - === =295 MPu
| N
: | | | Varo
I |
ll I F Assessment of the cross bar (overhead beam)
[ I . - .
: | 1! We will use a similar assessment procedure even in the case
e ' {200 f the frame cross bar. Ch istic values of th i
0 Cay Col 100 150 CA1 Cai  Z ) of the frame cross bar. Characteristic values of the carrying
capacity of the cross-section in compression and bending are

identical as in the case of the prop:
Nu=A.f,=2642 .295=7794 kN,
Myerre = Wery . fy=61,5.10% . 295 = 18,07 kNm.

Obr. 11 Prdce spoje
Fig. 11 Action of the joint
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Ny M,, 32900 6,0.10°
Ay k I +093 =0,06+031=0,37<1
¥ N ™ My s 779000 18,07.10° ’
¥ Y 1,0 1,0
N, M,, 32900 6,0.10°
Ly k. = +0,74 =0,04+025=029=1
gl Man 572000 18,07.10°
T Yani L0 1,0

Stojka na kombinaci tlaku a ohybu bezpeéné vyhovuje.
Posouzeni smykové tinosnosti prurezu stojky
Stanovime hodnotu maximalniho smykového napéti v prufezu stojky:

V,, S, _ _ 5
v, VoS, 19800 :12130 e R T 25
“ 1t 3191.10°.13.96 Yao V3 143

=170,3 MPa

Vyhovuje.

Posouzenti srovndvaciho napéti v prirezu

Doplnime vypocet srovnavaciho napéti. Maximdlni hodnotu dosta-
vame v rdmovém rohu:

Jo #3770 =110 MPasi-g-Z% MPa

" “ Yao 10

Posouzeni pricle (stropnice)

Obdobny postup posouzeni pouzijeme i v pripadé rdmové pricle.
Charakteristické hodnoty tinosnosti prufezu v tlaku a ohybu jsou stej-
né jako u stojky:

Nu=A.f,=2642 .295=T7794 kN,

Myyef‘Rk = Wel,y fy = 61,5 . 103 . 295 = 18,07 kNm.

Stanovime soucinitel vzpérnosti y. Vzpérnou délku pro vyboceni
v roviné rdmu budeme opét uvazovat systémovou podle odstavce
34A, tedy rovnou délce L.

Lery=L=1750 mm

wale 11750 1o

YUd T2 [3191000 838
2642

2 =939=939 |22 _939 2 _g38
f 295

a ndsledné souCinitel vzpérnosti x, (uvaZujeme kfivku ¢ pro
U prufez):

X, =0785aC,,,=09

Soucinitele kyy a kzy jsou podle doporucené prilohy B.1 normy (zde
tab. 4). ProtoZe je stropnice po celé délce kontinudlné podeprena, neni
ndchylnd ke zkrouceni.

C,, 14067 e 09:[1+06 ,0.6—32%%
e 0,785-
k,, =min T /| min : =
3
Cnr\- 1+0,6 NH 09- L"Uh%
} X, B 0,785
Yan v
. (0,92
=min =092
0,93
Po dosazeni do interak¢énich podminek vychazi:
N, M,, 32900 6.0 .10°
+k, = +0,92 =0,07+0,31=0,38=1

%, Nm " M_._f{._ 060779000 ]3.07,]0(' ’

Y Al Yan L0 1,0

a
N, M,, 32900 6.0.10°
- k. = 0,74 =0,04+025=0,29<1

x o T M 1j0 2000 1807 10° *

: Yan Yani ]‘0 Iv{)

Stropnice na kombinaci tlaku a ohybu bezpe¢né vyhovuje. Posouzeni
smykového a srovnavaciho napéti je ziejmé z posouzeni stojky.
3.6 Posouzeni spoje

Spojeni jednotlivych dila dilni ocelové vyztuZze je provedeno
tfmenovym spojem (obr. 10). Tento spoj je primdrné navrZzen jako

TuoufHel

We determine the buckling coefficient ). The effective
length for buckling in the frame plane is again considered to be
systematic according to paragraph 3.4A, equal to length L.

Ley=L=1750 mm

= ey ) | 750 I
A=t e =0.60
i A (3191000 B3.8
1 2642
235 235
7,=939£=939 |r — =939,/ =838
\ 7 V205

and subsequently the buckling coefficient ), (we assume the
¢ curve for a U section):

%y = 0,785
and
Cpy =09

Coefficients kyy and kzy are determined according to the
recommended appendix B.1 of the Standard (herein Table 4).
Because the cross bar is supported continually throughout its
length, it is not prone to torsion.

i
3 A 32 900
( 1+ 064 —— )9 6 0.6- seir o
" ) Ny, 0, 14+ 0.6 ,0.6 579000
4 0,785+

\ Y/ " 1.0
k_=min 7 L = min : =

N 32900
i 0.9+ 0.6 TR
¢, [1+06 N D 1+06 70000
v N 0785
. \ \ 11 S

After inserting them into interaction conditions, the result is
as follows:

129 ¢ i
Neg _oip Mgy 52900 ooy 601 — = 0,07+0,31=038=
Ny M, 779 000 18.07.10" ’
o, 2 : D=2
¥ 1.0
an Yari | 1O
and
N v 32900 6.0 .10
LI I ——= 40,74 =004 +025=029=1
N it Lo 779 000 18.07 .10°

1,0 1.0

Yun Tan

The overhead beam is fully satisfactory for the combination
of compression and bending. The assessment of the shear
stress and equivalent stress is obvious from the prop assess-
ment.

3.6 Joint assessment

Stirrup joints (see Fig. 10) are used for connections between
individual components of the colliery support frames. The joint
is primarily designed as a yielding structure, which means that
when a certain force is reached, the joint slips (see Fig. 11). The
carrying capacity of the stirrup joint (i.e. the resistance of the
support against slipping) depends first of all on the tightening
torque and mechanical properties of the connecting material
(the stirrup, coupling element and nuts). The procedure for
determining the carrying capacity of the joint (working charac-
teristics of the joint) is contained in [10] or in [11]. The result
of the test is a chart of the work of the joint (see Fig. 11), from
which the mean sliding-mode load carrying capacity of the
joint and the maximum sliding-mode carrying capacity of the
joint is determined.

According to [11], the lowest average value of the resistan-
ce or the support against sliding for the above-mentioned stir-
rup joint is 150 kN. The normal force in the joint location in
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poddajny, tzn. Ze pri dosaZeni urcité sily dojde k prokluzu spoje (Obr. the preceding calculation was 19.2 kN, which is significantly
11). Unosnost tfmenového spoje (tzn. odpor vyztuZe proti prokluzu) less.

je ddna predevsim utahovacim momentem a mechanickymi vlast-
nostmi spojovaciho materidlu tzn. t‘fmene, spojky a matic. Postup pro 4 CONCLUSION
urceni tnosnosti spoje (pracovni charakteristiky spoje) je uveden

v [10] popt. v [11]. Vysledkem zkousky je graf prace spoje Obr. 11, Traditional rolled steel sections for colliery support frames
z ndhoZ se uréf stiedni prokluzovéd nosnost spoje a maximdlni pro- | have been used till now for its advantages (the immediate abi-
kluzové nosnost spoje. lity to carry loads, geometrical variability, simple assembly).
Pro vyie uvedeny timenovy spoj je podle [11] nejniz3i primérna hod- With re§pect. tlo the transition frgm CSN standards line t.o
nota odporu vyztuze proti prokluzu 150 kN. Normélova sila v misté CSN EN line, it is necessary to design and assess rolled colli-
spoje v predchozim vypoctu byla 19,2 kN, coZ je vyrazné méné. ery steel supports according to currently valid standards,
Eurocodes. The procedure for assessing support frames accor-
4 ZAVER ding to the Eurocode, if compared with the original procedu-

res, is more complicated. It is usually necessary first to carry
out a stability calculation and select the next procedure subse-
quently, on the basis of its result. On the other hand, the

Tradi¢ni védlcovand dulni ocelovd vyztuZ je pro své vyhody (oka-
mzitd schopnost prendSet zatiZeni, tvarovd variabilita, jednoducha
montdz) pouzivdna i v soucasnosti. ) )

Vzhledem k prechodu z norem fady SN na fadu CSN EN je nutné modern approach makes better use of the cross-section materi-
provadét navrh a posouzeni védlcované dilni ocelové vyztuze podle al (plastic assessment), thus even a more economic design is

v dnesni dobé platnych norem tzv. Eurokdu. Postup posouzeni rému possible.
vyztuze podle Eurokédu je ve srovnani s pavodnimi postupy kompli- In the numerical example above, the contribution of the plas-
kovangjii. Zpravidla je potieba nejprve provést stabilitni vypolet tic assessment did not materialise — the cross-section usage rate
a dal§i postup volit a7 na zdkladé jeho vysledku. Na druhé strané even at the plastic assessment was less than 40 per cent.
modern{ pristup umozZiuje lepsi vyuZiti materidlu prafezu (plastické However, it is necessary when solving a general task for colli-
posouzenf), a tim i hospod4rnéjsf navrh. ery frames to adhere to the rules contained in [1], because it is

V uvedeném Ciselném pfﬂ(ladu se pffnos plastickéh() p()souzenf neu- possible at a certain combination of input quantities (the frame
platnil, vyuZiti prifezu bylo i pii pruzném posouzeni necelych 40 %.Pfi | geometry, loading intensity, proportion between vertical and
feSeni obecné tlohy pro dulni ramy je vSak nutné dodrZzovat zdsady uve- horizontal loads, the support rigidity etc.) that the structure
dené v [1], nebot’ pri urité kombinaci vstupnich veli¢in (geometrie may behave in a significantly different way. Even the structure
ramu, intenzita zatiZeni, pomer svislého a vodorovného zatiZeni, tuhost dealt with in the above-mentioned numerical example display-
podepfeni atd.) maZe dojit k vyrazné odliSnému chovén{ konstrukce. ed the initial stability buckling eigenmode corresponding to
I konstrukce ve vySe uvedeném Ciselném prikladu vykazovala prvni a structure with sliding joints, despite the fact that it is
tvar stabilitniho vyboceni odpovidajici konstrukci s posuvnymi sty¢ni- a support frame located in a relatively stable ground.
Ky, a to presto, Ze jde o vyztuz umisténou do relativné kvalitni horniny. Anticipating the behaviour of a structure in ground with diffe-
Piedvidat chovéni konstrukce v horning s jinymi parametry je velmi rent parameters is very difficult. The paper describes a possible
obtiZné. Clénelf popisuje mozny postup ovéfeni spolehlivosti diilni method of verifying the reliability of colliery support frames
vyztuze podle CSN EN 1991-1-3. according to CSN EN 1991-1-3.
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