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STANISEAW STALEGA*

ANALISIS OF THE LOAD CAPACITY OF A SKELETAL SUPPORT CONSTRUCTION FOR USE
IN DOG, OR BLIND-HEADING JUNCTIONS

ANALIZA NOSNOSCI SZKIELETOWYCH KONSTRUKCJI OBUDOWY ODGALEZIEN WYROBISK
KORYTARZOWYCH

The paper presents a new type of steel rib construction for the support of dog, or blind-heading
junctions. The design, developed by the author, is currently being manufactured in the “Labedy” Steel
Plant.

Calculations of the strength of the support under assigned external loadings sct up by rock mass
were made using PRO-MES RAMA 3D program.

The values obtained for the moments of bending and stress, and the internal strength of the elements
of the structure lic within permitted limits.

From observations and in-situ examinations it was demonstrated that the structure could find
a useful application in the difficult geological and mining conditions in hard coal mines.
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W pracach badawczych 1 konstrukcyjnych obudowie potaczen wyrobisk korytarzowych po$wigca
sig znacznie mnicj uwagi niz obudowie samych wyrobisk (Chudek 1982). Dotychczasowa praktyka
projektowania i wykonywania obudowy odgalgzien wskazuje, ze dla danego odgatezienia jest wy-
maganc indywidualne obliczanie wymiaréw kolcjnych odrzwi oraz obliczenic kazdorazowo diugosci
i promieni gigeia clementéw tukowych dla poszezegélnych odrzwi (Niechciat 1970; Kowalski ct al.
1989). Do wad tego typu konstrukeji nalezy koniccznos¢ stosowania nietypowych tukéw o réznych
krzywiznach, wykonywanie duzych wytoméw, stosowanie specjalnej technologii wykonania, niejed-
nokrotnie dodatkowego wzmacniania obudowy za pomoca kotwi badz obetonowania. Proby zastoso-
wania trwalszych konstrukcji obudowy odgalgzien prowadzone byty m.in. w Zaktadzie Badawczo-
-Rozwojowym Budownictwa Gérniczego BUDOKOP (Wojtusiak 1975) oraz w kopalni ,Bogdanka”
(Ghuch, Limburski 1987).

Na podstawic dokumentacji oryginalnych konstrukcji, opracowanych w Giéwnym Instytucie
Gornictwa (Statgga 2001), uruchomiono produkcj¢ na skalg przemystowa w Hucie ,Labedy” w Gli-
wicach typoszereg obudéw odgatezien od wiclkosci odrzwi W8-WIS.

* GLOWNY INSTYTUT GORNICTWA, PLAC GWARKOW 1, 40-166 KATOWICE, POLAND.
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Komplet obudowy odgatezienia (rys. 1) sktada sig z cztero- lub pigcioelementowych tukowych
odrzwi przejsciowych 1 zabezpieczajacych odcinek wyrobiska wejsciowego przed portalem, portalu 2,
wspornika 3 oraz trzyelementowych odrzwi uzupetniajacych 4. Konstrukcyjne elementy wspornika
wyposazone sa w faczniki 5 umozliwiajace dwuprzegubowe, sworzniowe potaczenie tukowych ele-
mentow odrzwi obudowy. Zaré6wno portal jak 1 wspornik w swoich dolnych czg$ciach maja segmenty
upodatniajace 6, ktore zaczynaja pracowac po przekroczeniu okre$lonych obcigzen portalu i wspornika,
powodujacych $cigcic sworzni usztywniajacych konstrukcjg i zgniatanie stosu z impregnowanych ptyt
debowych o tacznej wysokosci 500 mm.

Szkieletowe konstrukcje obudowy modelowano elementami, ktére przenosza sity osiowe, sity
poprzeczne, momenty skrgecajace i momenty zginajace.

Wryniki obliczen przedstawiono w formie rysunkéw ugigé, rozktadu sit wewngtrznych, reakeji
1 napre¢zen.

Obliczenia wytrzymato$ciowe obudowy odgatezien typu ,Eabgdy” przeprowadzono przy wy-
korzystaniu metody elementéw skonczonych (Zienkiewicz 1973 ). Postuzono si¢ programem kompu-
terowym PRO-MES 5.1.RAMA 3D. Po wprowadzeniu wymaganych danych oraz zatozefi i warunkéow
brzegowych wykonano obliczenia, w wyniku ktorych uzyskano wartosci sit wewngtrznych, naprezen
oraz przemieszczen elementow obudowy powstatych na skutek dziatania zatozonego obciazenia zew-
netrznego. Na tej podstawie, przy znanych parametrach wytrzymatosciowych przekrojéw poprzecz-
nych elementéw obudowy, obliczono warto§¢ maksymalnego obciazenia zewngtrznego, jaka moze
przenies¢ ta obudowa.

Za podstawg do utworzenia dyskretnego modelu obliczeniowego (rys. 2) postuzyta dokumentacja
konstrukcyjna obudowy odgatezienia nr BK-946.00.00 (archiwum GIG-BG) , wykonana z wyko-
rzystaniem wspomagania komputerowego (Pacze$niowski, Skrzynski 1995). Na rysunku 3 przedsta-
wiono usytuowanic ksztattownika konstrukeji no$nej w modelu.

Dla obliczanej konstrukcji przyjeto obciazenie rOwnomiernie roztozone, dzialajace na odcinku
réwnym 0,60—0,65 diugosci elementu stropnicowego odrzwi (PN-92/G-15000/05).

Warto$¢ obciazenia catkowitego odrzwi przyjgto w taki sposob, aby odpowiadala obciazeniu
roztozonemu liniowo g, = 0,1 MN/m (rys. 4).

Model podparcia uktadu (warunki brzegowe) przedstawia rysunek 5.

Wyniki obliczen przedstawiono w postaci graficznej oraz liczbowej. Obejmuja one nastgpujace
wielkosci charakteryzujace zachowanie si¢ modelowanej konstrukcji, przy zalozonych warunkach
bszegowych, pod wptywem dziatania przytozonego obciazenia zewngtrznego:

* przemieszczenia weztdw konstrukeji wzdtuz gtownych osi uktadu wspdtrzednych;

» reakcje w wybranych punktach podparcia konstrukeji;

« sity wewngtrzne wystgpujace w elementach konstrukeji:

— sily poprzeczne T}, T, wzgledem gtownych osi ksztattownika,

— sily podtuzne N,

— momenty zginajace M,, M, wzgledem gtéwnych osi ksztattownika,

— momenty skregcajace M, wzgledem osi przechodzacej przez $rodek $cinania przekroju
poprzecznego ksztattownika;

» naprezenia $Sciskajace i rozciagajace w przekroju poprzecznym ksztattownika.

Wyniki obliczen. dla obudowy, ktorej konstrukcja no$na wykonana jest z ksztattownika HEB 450,
za$ odrzwia z ksztaltownika V29 przedstawiono na rysunkach 6 i 7.

Na podstawie uzyskanych wynikow obliczen wyznaczono maksymalng warto$¢ wystepujacego
w odrzwiach napre¢zenia o, przy mimosrodowym $ciskaniu, wyrazonego wzorem (1).

Warto$¢ naprgzenia o,, powodujacego powstanie przegubu plastycznego okre$lono wedhug
wzoru (2).

Na podstawie powyzszych zaleznosci okre$lono warunek wytrzymato§ciowy wyrazony wzorem (3).

Z przytoczonych zaleznosci wynika, ze dla elementéw konstrukeji, obeigzonych zgodnie z zato- -
zonym schematem, warto$¢ obciaZenia roztozonego liniowo ¢,.,, powodujaca powstanie przegubu
plastycznego na skutek osiagnigcia przez stal granicy wytrzymalto$ci na rozrywanie okresla wzér (4).

Wartosci catkowitego maksymalnego obciazenia dla rozpatrywanych przypadkéw zostaty przed-
stawione w tablicy 1.
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Badania dotowe w kopalni B (rys. 8) polegaly na prowadzeniu cyklicznych (comiesigcznych)
liniowych pomiaréw szerokos$ci i wysokosci portalu i wspornika w charakterystycznych punktach,
wielko$ci osiadahh w weztach upodatniajacych obu ram oraz zsuwéw w ztaczach odrzwi obudowy.
Mierzone warto$ci przemieszczefi elementéw obudéw przedstawia rysunek 1. Pozostate konstrukcje
réznily sig miedzy soba gabarytami portali i wspornikéw oraz liczba odrzwi przej$ciowych i uzu-
petniajacych.

Wyniki sze$ciomiesigcznej akcji pomiarowej dowiodly, ze po tym okresie pracy obudowy wokét
wyrobiska w gérotworze wytworzyla sig i ustabilizowata obszarowo strefa odprezona.

Analize statystyczng wynikoéw pomiaréw dotowych przeprowadzono za pomoca programu kom-
puterowego STATISTICA. W obliczeniach zastosowany zostal modut ,,estymacja nieliniowa”, poz-
walajacy miedzy innymi na zdefiniowanie przez uzytkownika wiasnej funkeji regresji. Pod uwage
brano szereg funkcji, z ktérych najwierniej zmiany szeroko$ci portalu i rozpigtosci wspornika oraz
zmiany wysoko$ci upodatnienia odzwierciedlaty funkcje logarytmiczne. W tablicy 2 zestawiono
funkcje regresji, natomiast na rysunkach 9—11 wybrane przebiegi funkcji regresji z zaznaczonymi
punktami z pomiaréw.

Opracowany typoszereg obudoéw odgatezien wyrobisk obejmuje praktycznie wszystkie przypadki
zabudowy ich polaczen w réznych warunkach geologiczno-gérniczych, poprzez zmiang wielkosci
profilu belek no$nych, ksztattownika odrzwi{V29, V32 lub V36) oraz rozstawu odrzwi w zaleznosci od
prognozowanego obciazenia ze strony goérotworu.

Analizowane konstrukcje skutecznie zabezpieczajg wyrobiska przed deformacjami. Nosne ramy
obudowy (portal i wspornik) pracowaty w zakresie odksztatcen sprezystych, a w tukowych odrzwiach
obudowy, poza niewiclkimi zsuwami w ztaczach, nie stwierdzono nadmiernych odksztatcen plas-
tycznych. Swiadczy to o prawidtlowym doborze elementéw obudowy odgatezien, tj. wytrzymatosci
belek nosnych ram obudowy i wielkosci ksztattownikow tukowych odrzwi, do istniejagcych warunkéw
geologiczno-goémmiczych 1 wystgpujacych obciazen ze strony goérotworu.

Narastanie obciazen ze strony gorotworu zachodzilo w okresie 3—6 miesigcy, liczac od momentu
zastosowania obudowy, po czym odksztatcenia jej konstrukcji wykazywaty charakter malejacy i ustalat
si¢ stan rownowagi uktadu gérotwoér-obudowa.

Z uwagi na roznorodno$¢ warunkéw geologiczno-gériczych wystgpujacych w Gérnoslaskim
Zaglebiu Weglowym, decydujacych o wspotpracy obudowy z gérotworem karbonskim, uwaza sig za
niezbedne, aby kazdy indywidualny przypadek zastosowania konstrukcji odpowiedniej wielkosci
z typoszeregu byl poprzedzony rozeznaniem warunkéw geotechnicznych w miejscu jej zabudowy,
w celu okres$lenia wartosci obciazen konstrukeji.

Stowa kluczowe: bezpieczenstwo, gornictwo, obudowa chodnikowa, wytrzymatosé, dobor para-
metrow

1. Introduction

In the Polish coal-mining industry, numerous junctions of horizontal access headings
are made annually, often under difficult geological and mining conditions. In the works
devoted to research into and construction of headings, remarkably little attention is
paid to the support of dog heading junctions in comparison with that devoted to the
support of the heading excavations themselves (Chudek 1982). The simplest and most
commonly-applied assumptions made in the evaluation of the working conditions
a dog heading support system tend to dismiss the junction as being only one part of
the whole section.

Such an assumption allows the analysis of structural loadings and interaction with the
surrounding rock mass in a flat, or 2-D system allowing the values of loads or internal
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forces in the support per unit of excavation length, to be obtained. Such a simplification,
when constructing junctions, is inadequate, since the character of loads imposed and the
forces exerted by junction support system are 3-dimensional, or spatial.

The most frequent heading-junction resembles a letter y in plan view. Its support
structure consists of multi-element, flexible, arched frames, the width and height of
which increases as the junction itself is approached. It is at this point that the heading
reaches its largest dimensions, both in terms of height and width, thereby exposing the
support structure to the largest rock-mass loading. Yet, considering the dimensions of
the support-frame members, it is here that the lowest levels of load bearing capacity
occur. Besides, in roof of the corner a space, allowing for hazardous gathering of
methane and causing an extra air flow resistance, occurs. Also the increased roof height
at the convergence of the heading creates an elevated pocket with reduced air movement
and the risk of localised methane build-up.

The practise followed hitherto when designing a support system for a particular
Jjunction demands that frames be mechanically analysed and designed on an individual
and sequential basis, involving the length and radii of curvature of various elements.
(Niechciat 1970; Kowalski et al. 1989).

The faults of such a construction method lie in need use non-standard arches of
various curvatures, large scale excavations, the application of a special techniques and
often extra reinforcement using bolts, or concrete.

A unique design for a specialised support system for use at junctions has been
developed at BUDOKOP, the Research and Development Plant of Mining Buil-
ding (Wojtusiak 1975). The fundamental load-carrying element of the support con-
stitutes three arched steel ribs joined radially in plan. The additional provision of
a separating rib, in a plane of symmetry with the side-ribs allows the influence of
uneven settlement of the rib-foundations to be absorbed by load-bearing structure.
To enable the support-structure and the surrounding rock-mass to act co-operatively
rather than in opposition the central joining-point of the arch-ribs is rock-bolted
into position.

In the Lublin Coal Basin, in view of very difficult geological and mining con-
ditions, in the 1980s, many changes concerning excavation and the construction of
heading support structures , as well as the technology of its implementation at junction
points, were introduced (Gluch, Limburski 1987).The essential element of the junction
support — structure consists of, as applied in the “Bogdanka” Mine, a bowl shaped
junction headwall, which allows load-bearing capacity to be increased and, also, to
redistribute stress-patterns more evenly (prevent the nodal accumulation of stress
concentrations). In order to risk collapse of the divergence pier (the divergence pier is
the pillar of material where the two headings diverge) into the excavation , the
headwall was dug out in such a way that the corner of the connection was shifted as far
as possible towards the body of coal so that its width became 1.0—-1.5 m. The headwall
was formed in a spherical shape connecting the roof and wall part of the excavation
with ceiling part with the aid of vertical pillars and the side parts with the aid of
horizontal arches. The support was made from V type channel-bar. Across the width
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of the corner, four vertical arches made from double V-29 section were fixed, which
rested with their ends on the largest support frames whilst the vertical arched resting
on the frames of the entry headings and the largest frames of a branching heading.
The vertical arches were joined to the horizontal ones by hook bolts and formed
a steel grating.

In addition these solutions, it is possible to roof-bolt the rock mass and/or spray
concrete which, does not however, always result in a considerable increase in load-
-bearing capacity of the support-structure. The necessity seek new solutions de-
signed to ensure the full stability of support-structures for dog heading junctions,
remains.

2. Characteristic of the skeletal construction of a junction support

On the basis of a unique design, evolved and analysed at the Central Mining Institute
(Statgga 2001), the production of a standardised series of junction-types has been started
at the “Labedy” Steel Plant on an industrial scale. The frame size of the supports ranges
between WE-W15.

A set of supports (Fig. 1) consists of four-or five-element arched passage frames,
a protecting section for the entrance excavation before a portal, a portal 2, a bracket 3,

Fig. 1. Skeleton support construction of junctions of “Labedy” type

Rys. 1. Szkieletowa konstrukcja obudowy odgatezien typu “Labedy”
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and a triple complementary frame 4, thereby supporting the entry excavation and
branching connections of the excavations. The dimensions and shapes of arc elements
are dependent on the junction geometry. The portal and bracket are made from con-
struction elements in the form of box welded plate girders or a double-tee bar, possessing
front plates set perpendicularly or at an appropriate angle to the longitudinal axis of the
elements allowing them to be connected with the aid of bolts.

The constructional elements of the bracket include plates 5 allowing the arched
elements of the support frame to be connected using twin bolt. This solution is charac-
terised by its simple structure which does not require any labour-consuming processing,
ensures joining of the connection of frame arches with the load-bearing support-
structure and the reduction of both horizontal force component, acting on the frames
and bending moments in the connectors, and also in the structural beam formed by
the girders. Hence it eliminates many faults occurring in solutions of other firms
(Heintzmann, FAZOS) where the shape of link-mechanisms sets up unfavourable stress
concentration in girder-seatings and eyes connecting with roof-bar ends.

Both the portal and bracket at their bottom parts possess likening segments 6, which
come into effect after pre-set loads of the portal and the bracket are exceeded causing
the bolts stiffening the construction to shear off and compressing a 500 mm pile
of impregnated oak plates. This ensures the flexibility of fundamental load-carrying
elements of the junction support-structure. Flexibility of passage-supplementing frames
is gained by arch-connecting elements of these frames 7. The other elements of the
support such as sprags, cladding linings, are installed in accordance with appropriate
regulations for installing arch-supports made from V-section shapes, while for cros-
swise frame stabilisation of the passage frames, sprags of controllable length are
essential, whereas supplementing frame stabilization can be achieved by the use of
sprags of adjustable or fixed length.

3. Numerical testing of support structure

The skeletal support-structure has been modelled with elements which transfer axial
forces, transverse forces, twisting moments and bending moments. The elements have
been connected by stiff nodes, which only after joints were locked could result in
neutralization of an sufficient inter-nodal forces. According to assumptions made
in PRO-MES system nomenclature they are treated as “beams”.

For the assumed scheme the following loads have been calculated:

« linear and angular dislocations,

 internal forces of components required for the model type,

¢ reactions,

o stresses.

Extreme values (envelopes) can also be obtained for each result, calculated according
to attributes. These extreme values could be assigned for each component independently
or according to indicated value in association with other factors.
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The system values allows to be read at any point, not only at model’s nodes.
The results are presented graphically in the form of bending diagrams, internal
force-distributions, reactions and stresses.

3.1. Method of calculation

The calculation of the strength of the “Labedy” type junction support were carried
out using the method of finished element (Zienkiewicz 1973). PRO-MES 5.1. RAMA
3D computer program was employed for this purpose. After introducing the necessary
data, assumptions and boundary conditions, the calculations were carried out. These
resulted in a series of values of internal strengths, stresses and dislocation of support
elements which occurred as forces produced by the assumed external loading took
effect. On the basis of these results and taking into consideration recognised strength
parameters, cross-section of support elements, and the values of maximum external
loads which could be transferred by the support were calculated.

In making the calculation the requirements of standards PN-93/G-15000/02,
PN-92/G-15000/05, PN-93/G-15000/03, PN-H-93441-3;1994 and PN-90/B-03200 were
taken into consideration.

As a basis for the elaboration of a discrete calculation model (Fig. 2) the con-
structional documentation of junction support Nr BK-946.00.00 (archive GIG-BG) was
used, with computer assistance (Paczesniowski, Skrzynski 1995)

GROUP: 1

ELEMENTS: 562 T N . Rl NODES: 937
Co-ordinates

Labedy 10-10-10-30
450HE_29 GIG PRO-MES 5.1

Fig. 2. Discrete calculation model (system geometry) of junction support

Rys. 2. Dyskretny model obliczeniowy (geometria uktadu) obudowy odgatezienia
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In order to design a discrete calculation model for PRO-MES program in analysed
frames:

the structure was divided into elements and appropriate node geometrical para-
meters were assumed,

geometrical and material features of particular elements were defined,

places and directions of load actions were defined,

elastic constraints were replaced by equivalent static supports of adequate
stiffness,

the defined values were written down in a format according to the requirements of
PRO-MES program.

3.2. Assumptions

The smallest values of material parameters. were assumed for the calculations,
using materials in the library of typical materials (among other things steel, wood) of
PRO-MES program, namely:

steel of the following parameters:

— young’s modulus 205000 MPa,

— poisson ratio 0.3,

— specific gravity 0.077 MN/m3;

portal and bracket tractable material,

wood of the following parameters:

— young’s modulus 9000 MPa,

— poisson ratio 0.065,

— specific gravity 0.006 MN/m3;

bearings, on which the support is founded: of 1.0-10 MN/m ( stiff bearings along
fibres);

bearings representing passive resistance according to PN-92/G-15000/05 (model
of walls reaction) of stiffness 2.7 MN/m;

bearing representing the action of support spatially-stabilising (strutting): of
stiffness 15.0 MN/m;

the area of active roof-load reaction according to PN-92/G-15000/05, that means
in the area of the width equal to 0.6-0,65 of the free length of roof elements of the
arch-support frames.

The strength characteristics of non-standardised shapes for support elements were
calculated with the aid of MOMBEZ 3.2 modulus of PRO-MES 5.1 program.

33. Data for calculation

The construction documentation of header-junction support-structure Nr BK-946.00.00
(Archive GIG-BG), analysed with computer assistance, formed the basis for the formu-
lation of a discrete calculation model (Fig. 2) (Pacze$niowski, Skrzynski 1995). For the
description of cross-sections of particular support elements has been assumed:
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Closed welded profile of 450 mm high manufactured by the “Labedy” Steel Plant
of the following parameters:

— cross-sectional area 4 = 0.022400 m?,

— moment of inertia of cross-sectional area 7, = 0.00076228 m*,
— index of elastic bending W, = 0.0003388 m3.

Double-tee bar HEB 450 of the following parameters:

— cross-sectional area 4 = 0.021800 m?,

— moment of inertia of crosswise section 7, = 0.00079890 m?,

— index of elastic bending W, = 0.0003551 m3.

Shape V29 of the following parameters:

— cross-sectional 4 = 0.003700 m?,

— moment of inertia of crosswise section 7, = 0.0000016 m?,

— index of elastic bending W, = 0.0000937 m3.

Shape V36 of the following parameters:

— cross-sectional area 4 = 0.004570 m?2 ,

— moment of inertia of crosswise section 7, = 0.00000972 m?,

— index of elastic bending W, = 0.0001365 m>.

The limit of material plasticity R,, = 340 MPa.

Immediate tensile strength of the material R,, = 540 MPa.

—
NODES:
SECTIONS: 6 ‘I Labedy 10-10-10-30 b |
3/HEBA50

- N

Section nr :3
Description : HEB 450
Cross-section area F: 21800mm”2

Area to cut Fy’ :0.0mm"2

Area to cut Fz’ :0.0mmA"2

Torque moment Js : 4420000 mm"4
Moment of interia Jy’:117200000 mm~4
Moment of interia Jz':798899968 mm"4

v
] k
Labedy 10-10-10-30 %

GIG
450HE_29 PRO-MES 5.1

Fig. 3. Location of HEB450 I-section in the computational model

Rys. 3. Usytuowanie dwuteownika HEB450 w modelu obliczeniowym
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In Fig. 3 the localization of the shape of load-carrying construction in the model
is presented. As a shape of the sprags, a bar of circular section and strength cha-
racteristics equivalent to parameters of adjustable sprags used for supports, was
assumed.

In order to calculate the construction, a uniformly distributed load , acting within
a length equal to 60—65% of the length of frame roof element (PN-92/G-15000/05), was
assumed. The detailed calculation procedure to obtain a value for the structural load is
specified, among other things, in Instructions (1988).

The value of total load of the frame was assumed in such a way so that it is equivalent
to linearly distributed load g, = 0.1 MN/m (Fig. 4).

The model of the support-system (boundary conditions) is presented in Fig. 5.

Making use of the above discussed data and assumptions, calculations of the follo-
wing specification of shapes of “Labedy” type ,load-bearing junction support frames of
10-10-10-R30-P size, were carried out:

Profile of junction load-carrying Profile of frame elements
e structure
« HEB 450 V29
e Welded 450 mm V29
* Welded 450 mm V36
« HEB 500 V29
SCHEME: 1 Load continuous Constant

Labedy 10-10-10-30
450HE_29 GIG PRO-MES 5.1

Fig. 4. Model of load having impact on junction support

Rys. 4. Model obciazenia dzialajacego na obudowe odgatezienia
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Supports: 226 Stiffness Nodes: 937

Z Stiff

Y 2700N/mm

Z Stiff kv

Labedy 10-10-10-30

450HE_29 GIG PRD:HES .5.1
Fig. 5. Model of system bearing (boundary conditions)
Rys. 5. Model podparcia uktadu (warunki brzegowe)
+ HEB 500 V36
« Welded 500 mm V36
« HEB 550 V36

3.4. Results of calculation

The results are presented in graphical and numerical form. They consists of the
following quantities characterising the response of modelled structure, at assumed
boundary conditions, and under the influence of an imposed external load:

 dislocations of construction nodes along main axes of co-ordinate system;

+ reactions at selected points of support-structure;

+ internal forces occurring in structural elements:

— transverse forces T, 7T in relation to main shape axes,

— longitudinal forces N,

— bending moments M, M, in relation to the main shape axes,

— twisting moments M, in relation to the axis going through the cutting-off centre
of the cross-sectional shape;

+ tensile and compressive stresses in cross-sectional shape.

Calculation to determine the strength of a load-bearing support structure made from
HEB 450 sections, with frames from V29 section, are shown in Fig. 6 and 7.
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Variant : 1 (x1)

kY=2.176°

£X=10.41mm
§Y=-82.02mm
£2=-8.632E-5mm
kX=-0.8158°
kY=-0.2406°
kZ=1.105°

£X=0.1834mm
£Y=-4,072mm
£Z=-69.13mm
kX=0.1777°

k2=0.02538°

Load continuous

Scale: x 4.785

fX=-5.157mm
£Y=0.8651mm
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Fig. 6. Dislocations of construction nodes of junction support

Rys. 6. Przemieszczenia weztdéw konstrukcji obudowy odgatezienia

Fig. 7. Map of reduced stresses o, in support elements

Rys. 7. Mapa naprezen zredukowanych o, w elementach obudowy




571
3.5. Analysis and interpretation of calculations
On the ground of the theoretical (modelled) results obtained the maximum value of

stress &, at off-centre compression, occurring in frames, is expressed by the following
dependence:

M 1
c. :[ﬂ+—gj [MPa] M
A WX max
where:
N — value of axis force [MNm],

M, — value of bending moment [MNm].

The value of stress o, causing the occurrence of plastic joint has been defined as
follows:

R,(m+n
=R g @
s
where:
n — reinforcement material index, expressed by the dependence
Ro=Ry .
n=—"—"2 (dimensionless),
e
m — geometrical reinforcement index (dimensionless),

¥y — material index according to PN-90/B-03200 equal to 1.15 (dimensionless).

On these dependences the following strength condition has been specified:
c <0, 3)

It may be inferred from the above dependences that for construction elements loaded
according to assumed scheme, the value of a linearly distributed load g, causing the
occurrence of plastic joint as a result of steel reaching its uts (uts = ultimate tensile
strength) amounts to

Qe =222 [MN/m] &)

z

After carrying out the calculations according to PN-90/B-03200 and taking into
account the values of reaction sum occurring under the influence of external loads, the
values of total loads which the support is able to bear, have been obtained.

The values of total maximum load for discussed cases are presented in Table 1.

A characteristic feature of the support-structure is that its load capacity is determined
by the eclements of load-bearing structural elements (portal and bracket), additionally
keeping the frame in correct spatial alignment.
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TABLE |
Calculated values of total load of junction support-system
TABLICA |
Obliczone warto$ci catkowitego obciazenia obudowy odgalezien
¥rutils of elements ofjunc‘tion Profile of frame elements Total support load [MN]
of load-carrying construction
HEB450 V29 3.2367
Welded 450 mm V29 3.3795
Welded 450 mm V36 3.3877
HEBS500 V29 3.5010
HEB500 V36 3.5447
Welded 500 mm V36 4.1028
HEB550 V36 5.2970

The frame’s load capacity, connected with the type of section used (V29, V32
or V36) has a great influence on load uniformity, especially at values of those loads
which produce boundary stresses in the frame structure.

Steel sprags applied to the construction of adjustable length and support stabilization
‘ndex w, = 1.0, fixed on the perimeter of the portal, as well as the passage supplemen-
ting frames set at intervals of 1.2 m, ensure additional protection from buckling and
skewing.

4. Underground testing of junction support-structure

The junction was installed at Mine B within orzeskie layers in the vicinity of the
protecting pillar for shafts I, IT and III. The local geology consists of a mudstone and
sandstone series of Carboniferous formation inter-bedded by uniform and irregular coal
seams. There were no influencés of coal seams at this stage. The site of the junction on
the plan of development works, is drawn in Fig. 8.

The support structure was installed in an excavation secured by the frames of LP10
size and is adapted for transmit, primarily, loads from the over-lying rock strata in
a vertical direction and, to a lesser degree, side pressures. Taking into account, however,
the great depth of the location (1050 m), a more and versatile rock-mass influence on the
support-structure might have been expected.

The construction was protected from excessive stress concentration leading to
considerable element through the introduction of flexible connections in the support
segments at the near-ceiling parts of the portal and bracket. This resulted in the
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Support of junctions of "tabedy" type

Fig. 8. Situation junction of main mine working in support of “Labedy” type at B colliery

Rys. 8. Lokalizacja odgatezienia przekopow w obudowie typu ,,ELabedy” w kopalni B

junction support movement being characterized by component element dislocation
in the direction of the excavation.

The underground testing took place monthly and consisted of linear measurements of
the width and height of the portal and bracket at characteristic points, the amount of
subsidence in the load-distributing nodes of both frames and slides movements in the
support frame connections. The measured of support-element dislocations of the mine B
installation are enumerated in Fig. 1. Other structural components differed between one
another; on the overall dimensions of the portal and brackets and on a number of passage
and supplementing frames. The slide movements were small and ranged from 0 to 8 mm.
No movements at the sites of connections of arches were noticed.

It seemed that due to horizontal component of force of rock mass pressure affecting
the bracket, the portal might have tended to tilt from the vertical. This phenomenon was
not observed , possibly because the friction forces between the bracket and roofrocks, in
addition to that of the frames were bigger than this component. A greater flexibility of
segments at the divergence pier than the near-wall segments should be considered
advantageous as it influences, to a minor extent, a decrease in the cross-section of
excavations.

The results of the six-month measurement programme demonstrated that after this
period following the installation of the junction support-system a decompressed zone
had been territorially stabilized. This was shown by the decrease in the numerical values
of the measurements. It may also be inferred that the rate of load increase was greatest
during the month immediately succeeding the placement of the support and that after
3—6 months the increase of deformations went asymptotically down to zero.

The statistical analysis of underground measurements was carried out with the
ald of STATISTICA computer program. The modulus “non-linear estimation” was
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TABLE 2

Selected regression function of tested junction parameters

TABLICA 2

Wybrane funkcje regresji badanych parametrow odgatgzien

Parameter Regression equation Index of correlation
Width of portal S Y=-5.385065 In(x) + 5438.156 0.988
Span of bracket L =-7.766926 In(x) + 7650.636 . 0.946
Height of flexibility H3 Y=-27.91027 In(x) + 450.124 0.998

applied to the calculations which allows, among other things, the definition by the user
of his own regression function. A series of functions were taken into consideration, of
which changes of portal width, bracket span and changes of flexibility height were
most truly reflected by logarithmic functions. The scope of these functions refers to
parameter x > 0.5. In Table 2 regression function have been specified, while in
Fig. 9-11 selected courses of a regression function with marked points from the

measurements.

Model: y=a*In(x)+b
y=(-5,385065)*In(x)+(5438,156)
Range of function: x>0,5
5450

5440

5435

5430

Width of portal [mm)]

5425 Lo U S— B S— ...........

VP N N WS F——— — .

5420

Months from building

Fig. 9. Width of portal in the time function of support setting

Rys. 9. Szerokos¢ portalu w funkcji czasu od zabudowy
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Model: y=a*log(x)+b
y=(-7,766926)"In(x)+(7650,636)
Range of function: x>0,5

Months from building

Fig. 10. Span of abutment in the time function of support setting

Rys. 10. Rozpietos¢ wspornika w funkcji czasu od zabudowy

Model: y=a*log(x)+b
y=(-27,91027)*In(x)+(450,124)
Range of function: x>0,5
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Fig. 11. Height of yielding element in the time function of support setting

Rys.11. Wysokos¢ upodatnienia w funkcji czasu od zabudowy
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5. Conclusions

1. The unique constructions of the “Labedy” type support presented by the author
effectively ensure the safety of the connection zones of dog heading even in difficult
geological and mining conditions. These support-systems are characterised by their
constant height along the whole length of excavation junction, and their fundamental
load-carrying elements, in the form of portal and bracket, form compact skeletal
structure with overall dimensions that ensure minimal intervals allowing means of
transport to run through the excavations.

2. The series of support-systems for dog heading junctions variable through the
change of the size of load-carrying beams, frame shape (V29, V32 or V36) and frame
span makes the system a viable proposition in various geological and mining conditions,
in relation to assumed rock mass load.

3. The analysis of calculations carried out for junction 10-10-10-R30-P, selected
from the series of types and all sizes as well as element construction types of portal and
bracket, allows the following statements to be made:

» The finished element method applied to strength calculations allowed optimal
selection of the sizes of constructional component elements to be made, not
allowing them to exceed their required strength for assumed external load con-
figurations.

» The area of the highest stresses coinciding with the area of maximum bending
moment in the load-bearing support construction occurs in the central part of
the bracket. This applies both to a load-bearing support construction made
from welded elements, or to one made from a deep-section, rolled, alloy-steel I
beam.

* The positioning of the load-bearing construction (portal and bracket) in inter
connecting excavations ensures a symmetrical bracket load and eliminates the
possibility of a twisting moment being set up inside it. The characteristic feature
of support-structure construction is the fact that its functionality is determined
by portal and bracket load capacity, additionally ensuring the correct spatial
alignment stabilization of the frames.

+ Frame load capacity, associated with the section used connected (V29, V32
or V36), affects to a small degree, the load capacity of the whole construction but
it greatly affects the uniformity of load distribution on the support, especially
at loadings causing boundary stresses in the frame shape.

4. On the basis of the measurements and observations of the “Labedy” type junction
support-system work and the opinions of mining plants applying these supports, it may
be stated that:

« The constructions analysed effectively protect excavations from deformations.
Support load-bearing frames (portal and bracket) worked within the range of
elastic deformations, and in the arched support frames, except for small slides in
the connections, no excessive plastic deformations were found. It enables the
right selection of junction support elements, that is the load capacity of the beams
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of the support frame and the sizes of arched frame shapes for existing geological
and mining conditions and loads set up by the surrounding rock mass.

e As a result of rock mass influence, the reduction in the dimensions of both
load-carrying frames (portal and bracket) in tested supports did not exceed 1.0%,
whereas the extent of flexibility of the support structure was only 16%.

* An increase in external loads occurred in the 3 to 6 month period following the
installation of the support structure. After this phase, structural deformations
decreased and a state of equilibrium was reached between the rock-mass and the
installation.

« Changes of geometry of junction load-bearing structure (portal and bracket) are
most precisely depicted by logarithmic functions.

+ In view of the widely varied range of geological and mining conditions in the
Upper Silesia Coal Basin, which are crucially dependent on the interaction of
support structures with the Carboniferous rock mass, it is considered necessary
to examine each individual case prior to specifying the appropriate support
structure. This examination must consider the geo-technical conditions present at
proposed site in order to pre-determine the probable structural loadings.

* Underground testing and observations of installed heading-support systems in
difficult geological and mining conditions proves that these structures are ideally
suited for installation at heading junctions.
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