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MAREK ROTKEGEL*

CONTRIBUTION TO THE PROBLEM OF FRAME CLEAR INTERVAL DETERMINATION
OF RECTANGULAR STEEL SUPPORT

PRZYCZYNEK DO ZAGADNIENIA WYZNACZANIA ROZSTAWU ODRZWI OBUDOWY
STALOWEJ PROSTOKATNEJ

The study presents compact calculation methods regarding clear interval between rectangular
support frames. Two-prop, threc-prop and four-prop supports were taken into consideration. All final
formulac were reduced to the simplest forms, what has an influence on the reduction of the calculation
time. When knowing the valuc of the rock mass pressure, the sclection of suitable frame clear interval
takes merely several minutes.

The study consists of two parts:

+ derivation of formulac for individual types of support,

» methodology of sclection of frame clear interval.

Key words: rectangular support, load-bearing capacity, selection

Odrzwiowa obudowa prostokatna nic jest zbyt czgsto stosowanym S$rodkiem zabezpicczania
wyrobisk chodnikowych. Jednak analiza konstrukcji wskazuje na celowo$¢ jej stosowania w wiclu
przypadkach. Obudowa ta charakteryzuje si¢ prosta budowa. Stosowanic prostych odcinkéw ksztat-
townika pozwala uzyska¢ obudowg niedroga, o nicograniczonej liczbic wariantow wymiarowych.
Dodatkowo proste clementy pozwalaja unikna¢ wykonywania ogromnych, zbednych wytomoéw w stro-
pic, w przypadku zbrojcnia $ciany utatwiaja zabudowg sckcji obudowy zmechanizowanej, zwigkszaja
przestrzeii mancwrowa przy wprowadzaniu sckcji oraz upraszczaja konstrukej¢ skrzyzowan $ciana-
-chodnik. Przyktadowe usrednionc parametry clementéw obudéw zestawiono w tablicach 11 2.

Mimo wymicnionych zalet obudowa ta zabezpiccza mnicj niz 1% dtugosci wszystkich wyrobisk.
Przyczyn takicgo stanu rzeczy mozna si¢ dopatrywa¢ w niezbyt wysokicj nosno$ci oraz w trudnosciach
zwigzanych z jcj obliczaniem, zwlaszcza w przypadku odrzwi obudowy tréj- i czterostojakowe;j. Praca
sktada si¢ z dwoéch czgsci:

» wyprowadzenia wzoréw dla poszczegélnych typéw obudowy,

« mctodyk doboru rozstawu odrzwi,
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W modeclach obliczeniowych przyjgto obciazenic ciagle ¢ rownomiemic roztozone na dtugosci
stropnicy. Obciazenic to dziata w plaszczyznie odrzwi prostopadle do stropnicy, a jego wartos¢ wynika
z ci$nicnia gorotworu gq. Przyrownujac catkowitc obcigzenic w modelu obliczeniowym do catkowitego
obcigzenia pochodzacego od ci$nicnia gorotworu (1) otrzymuje si¢ zaleznos¢ migdzy ciSnicnicm
gorotworu a obciazeniem ciagtym (3).

Odrzwia obudowy dwustojakowej potraktowano jako rownomicrnic obciazona belkg, podparta na
koncach (rys. 1). Reakcjc podporowe okreslone sa wzorami (4) i (5). Po podstawicniu (3), zamieniajac
R4 i Rg na nosnosci stojakow A i B otrzymujc si¢ maksymalne dopuszczalne rozstawy odrzwi zc
wzgledu na no$nosci zastosowanych stojakow (58) i (59). Natomiast po wykonaniu podstawienia (3)
we wzorze (6) oraz zamianie Mg 45 na maksymalny moment zginajacy przenoszony przez ksztattownik
stropnicy Mg, otrzymuje si¢ maksymalny rozstaw odrzwi zc wzgledu na moment przgstowy (60).
Jako dopuszczalny rozstaw odrzwi obudowy dwustojakowej przyjmuje si¢ najmnicjsza z wyznaczo-
nych wartosci.

Obudowg trojstojakowa traktowano jako rownomicrnic obciazona belkg podparta na trzech
podporach (jak na rys. 2). Uklad obliczono metoda superpozycji przez zastapienie belki dwuprzgsto-
wej dwicma jednoprzgstowymi (rys. 3). Suma wartosci ugigé (7), (8) obu tych belek w micjscu
odpowiadajacym podporze $rodkowej musi sig¢ zerowac (9). Z tego uzyskuje si¢ wartos¢ reakcji Ry
(10). Pozostate rcakcje (12), (14) wyznaczono z rownan momentow (11) i sumy rzutow sitnao§ Y (13).
Po podstawicniu (3), zamieniajac R4, Rg 1 R-na nosnosci stojakéw A, B i C otrzymuje si¢ maksymalnc
rozstawy odrzwi zc wzglgdu na no$nosci zastosowanych stojakow (62), (63), (64). Gdy reakcja skrajne;j
podpory (R lub R) osiaga wartos¢ ujemna, wartos¢ obliczonego rozstawu odrzwi (62) lub (64) takzce
jest mniejsza od zera i jest wtedy wskaznikicm niewla$ciwego rozmicszczenia stojakow. Warto$é
momentu zginajaccgo podporowego (17) uzyskuje sig z przeksztatcen rownan momentow zginajacych
(15) 1 (16). Po podstawicniu (3), zamicniajac Mg na dopuszczalny moment zginajacy ujemny Mg, .11
otrzymuje si¢ maksymalny rozstaw odrzwi ze wzglgdu na moment podporowy (65). Natomiast micjsca
wystgpowania momentow przgstowych (18), (19), okreslono przez przyrownanic do zera pochodnych
rownai momentéw zginajacych w odpowicdnich przedziatach. Wartosci momentow przgstowych
okrcslaja zaleznosci (20) i (21). Po podstawicniu (3), zamieniajac Mg,z | Mgge na dopuszczalny
moment zginajacy dodatni Mg,,.,; otrzymuje si¢ maksymalnc rozstawy odrzwi ze wzgledu na mo-
menty przestowe (66) i (67). Dopuszczalnym rozstawem odrzwi jest najmniejsza warto$é z obliczonych
(62)-(67).

Obudowg cztcrostojakowa traktowano jako rownomicrnic obciazona belkg podparta na czterech
podporach (rys. 4). Do obliczenia reakcji podporowych i momentow zginajacych w stropnicy wyko-
rzystano mectodg trzech momentow. Z réwnan trzech momentéw (22) i (23) otrzymano zalcznos¢ na
momenty podporowe (26) i (28). Po podstawicniu (3) i zamianic Mg i M na dopuszczalny moment
zginajacy ujemny Mg otrzymujc si¢ maksymalny rozstaw odrzwi zc wzglgdu na momenty pod-
porowe (79) i (80). W dalszcj kolcjnosci z rownan momentoéw (30) i (32) otrzymano wartosci rcakcji
skrajnych podpoér (31) i (33). Stosujac zasadg superpozycji dla dwoch sasiednich przgset wyznaczono
rcakcjec w wewngtrznych podporach (37) i (43). Po podstawicniu (3) i zamianic Ry, R, Rc i Rp na
nos$nosci odpowicdnich stojakéw otrzymuje si¢ maksymalne rozstawy odrzwi zec wzglgdu na nosnosci
stojakow (75)—(78). Znajac rcakcje podporowe przystapiono do wyznaczenia momentow przgstowych.
Roéwnania momentéw zginajacych maja postaé (45), (46), (52). Natomiast micjsca wystgpowania
momentoéw przgstowych (47), (48), (53) okreslono przez przyréwnanic do zera pochodnych rownan
momentow zginajacych w odpowiednich przedziatach. Podstawiajac za x we wzorach (45), (46), (52)
wyrazenia (47), (48), (53) otrzymuje sig¢ warto$ci momentow przgstowych (49), (51) i (54). Zakres
stosowania wzoréw zawgzono do rozstawow stojakow w odrzwiach spetniajacych warunki (56). Ich
spetnicnic pozwala na zachowanic poprawnosci toku obliczen, daje korzystne przebicgi momentow
zginajacych w stropnicy, to znaczy wszystkic momenty podporowc maja wartosci ujemnc, a momenty
przgstowe wartosci dodatnic. Jednocze$nic w potaczeniu z warunkami (50) i (55) wyeliminowano
mozliwos¢ obliczania warto$ci nicistnicjacych momentow przgstowych. Wigkszos¢ projcktowanych
odrzwi obudowy prostokatnej speinia tc warunki. Po podstawicniu (3) 1 zamianic Mgy, Mggci Mgcp
na dopuszczalny moment zginajacy dodatni Mg, otrzymuje si¢ maksymalne rozstawy odrzwi zc
wzglgdu na momenty zginajace przgstowe (82), (83) 1 (85).
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W tablicy 3 dla niektorych rozstawow stojakow w odrzwiach obudowy cztcrostojakowej zebrano
wartosci wspotczynnikow K, K7 1 Kg. Wspdtczynniki te pozwalaja na obliczenic rozstawu odrzwi zc
wzgledu na:

* najbardzicj obciazony stojak — K

* najwigkszy moment podporowy — K5

* najwigkszy moment przgstowy — Ky.

Stowa kluczowe: obudowa prostokatna, nosnos¢, dobor

Symbols
S — width of mine working [m]
d — clear interval of frame [m]
90 — rock mass pressure [MPa]
q — continuous load acting on the roof bar [MN-m™!]
F, — forces originating from model load (continuous) [MN]
F,, — forces originating from rock mass pressure [MN]
R, — supporting reaction of prop A [MN]
Rg  — supporting reaction of prop B [MN]
Rc  — supporting reaction of prop C [MN]
Rp  — supporting reaction of prop D [MN]
Mg  — bearing moment in the roof bar above the prop B (only in three-prop and four-prop
support) [MN-m]
My — bearing moment in the roof bar above the prop C (only in four-prop support) [MN-m]

Mg,p — span moment in span A—B [MN'm]
Mggc — span moment in span B—-C [MN'm]
Mgcp — span moment in span C-D [MN-'m]
a, b, ¢ — clear intervals between props in frame [m]

dy — frame clear interval in consideration of the load-bearing capacity of prop A [m]
dg — frame clear interval in consideration of the load-bearing capacity of prop B [m]
dc  — frame clear interval in consideration of the load-bearing capacity of prop C [m]
dp  — frame clear interval in consideration of the load-bearing capacity of prop D [m]
dyp — frame clear interval in consideration of the bearing moment in the roof bar above
the prop B (only in three-prop and four-prop support) [m]
dyc — frameclear interval in consideration of the bearing moment in the roof bar above the
prop C (only in four-prop support) [m]
dy4p — frame clear interval in consideration of the span moment between props A and B [m]
dygc — frame clear interval in consideration of the span moment between props B and C [m]
dycp — frame clear interval in consideration of the span moment between props C and D [m]
dy, — frame clear interval in consideration of the load-bearing capacity of the most loaded
prop [m]

dppoa — frame clear interval in consideration of the maximum bearing moment [m]
dypr; — frame clear interval in consideration of the maximum span moment [m]
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Prani — nominal load-bearing capacity of prop A [MN]

PL.xg  — nominal load-bearing capacity of prop B [MN]

Puaxc ~ — nominal load-bearing capacity of prop C [MN]

Po.xp  — nominal load-bearing capacity of prop D [MN]

Mg, .1 — maximum positive bending moment transmitted by the section [MN'm]
Mg — maximum negative bending moment transmitted by the section [MN-m]
K,—Kg  — auxiliary coefficients dependent on clear intervals of props in the frame

Q — figure field of bending moments in the isolated span caused by primary load
E — Young’s modulus [MPa]

1 — moment of inertia of cross-section [m*]

1. Introduction

The rectangular frame support in a means not very often used to protect roadway
workings. The analysis of construction indicates, however, the usefulness of its
application in many cases. This support is characterized by simple construction —
a complete frame consists of a simple roof bar, borne on props, performed most often of
two elements connected by lap joint. The use of simple section segments for the
construction of a frame allows to gain cheap support, with an unlimited number of
dimensional variants. This gives the possibility to adapt the support to the size of
a specific mine working. Additionally a simple roof bar allows to avoid the performance
of huge, redundant breakouts in the roof, and in case of longwall reinforcement it
facilitates support setting when using powered supports in longwall face development.
In top roads and bottom roads, however, it simplifies the construction of face-end
support. Simple wall elements — props have an influence on the increase of the
manoeuvre space when introducing sections.

Despite the numerous advantages mentioned above, this support, according to the
results of analyses, protects only less than 1% of length of all mine workings. We
can suspect the reasons of such a state in the not very high load-bearing capacity
resulting from the geometry and parameters of individual elements. Table 1 shows the
load-bearing capacities of steel friction props. Table 2, however, indicates the maximum
values of bending moments transmitted by section. Table 2 takes into consideration the
location of section in the roof bar and connected with it changes of maximum values of
bending moments Mgp,.x1 and Mgnax11- The data presented in Tables 1 and 2 constitute
the averaged results of investigations. In case of using them for calculations it is
necessary, according to the standard PN-76/B-03001, to reduce them taking partially
into consideration the safety coefficient resulting from the possibility of occurrence of
material strength values lower than characteristic values.

An additional shortcoming may constitute difficulties connected with calculations,
especially in case of three-prop and four-prop frames. Different studies published
recently concerning the design of roadway working support (Chudek et al. 2000),
(Drzezla et al. 2000) present methods of calculation of internal forces in frame elements,



Load-bearing capacity of steel friction probs (Skrzynski 1999)

Nosno$¢ stalowych stojakéw ciernych (Skrzynski 1999)
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TABLE |

TABLICA 1

Nominal load-bearing capacity Pp,,x [MN]

Type of prop
2 clamps 3 clamps 3 clamps + resistance clamp
Sv2l 0.140 0.200 0.250
SV2s 0.160 0.250 0.300
SV29 0.180 0.300 0.360

TABLE 2

Averaged maximum bending moments transmitted by sections made of steel of 34GJ grade
(Pytlik 1999; Rutka et al. 1999)

TABLICA 2

Usrednione maksymalne momenty zginajace przenoszone przez ksztattowniki wykonane ze stali
w gatunku 34GJ (Pytlik 1999; Rutka i in. 1999)

Type of Section

Location of section in the roof bar

trough bottom
towards the roof

A

trough bottom
towards the floor

|9

Mgmaxi IMN'm] | Mgpax [MN'm] | Mgiaa IMN'm] | Mgyayg [MN'm]
V25 0.0669 0.0474 0.0474 0.0669
V29 0.0799 0.0569 0.0569 0.0799
V32 0.1124 0.0801 0.0801 0.1124
V36 0.1262 0.0871 0.0871 0.1262

bearing capacity reactions and clear intervals of frames, however, often they require to
reach for additional literature. The aim of the author was to derive and present compact
formulae, allowing a “mechanical” and quick determination of the clear interval of
frame of rectangular support.
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2. Assumptions and derivation of formulae

The object of the study constitute, as it has been mentioned above, the manners of
determination of the frame clear interval of rectangular frame steel support. Three types
of this support were taken into consideration:

* two-prop support,

» three-prop support,

+ four-prop support.

In calculation models the continuous load ¢ was adopted, evenly distributed at the
length of the roof bar. This load acts in the frame plane perpendicular to the roof bar, and
its value results from the rock mass pressure gg. This pressure should be determined in
conformity with compulsory regulations — instructions and rules of support selection
(Chudek et al. 2000; Drzezla et al. 2000; Rutka et al. 2001). One should take into
account, that in accordance with the assumptions of the PN-76/B-03001 standard, this
load must take into consideration the partial safety coefficient, dependent on the
probability of occurrence of loads with not more advantageous values.

When equating the entire load in the calculation model to the entire load originating
from the rock mass pressure (1), one obtains the dependence between the rock mass
pressure (acting at the surface), and continuous load (acting at the roof bar length) (3).

SF, =3F,, )
S =qoSd @)
q=9od €)

2.1.Derivation of formulae for two-prop support

The calculations of two-prop support do not afford any difficulties. The frame is
treated as a uniformly loaded beam borne at ends (Fig. 1).

L

Fig. 1. Calculation scheme of frame

Rys. 1. Schemat obliczeniowy odrzwi
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The supporting reactions (Jakubowicz, Orto$ 1966; Niezgodzinski, Niezgodzinski
1996) amount to:

g, =2 ©
2

_q8 (%)
Ry =2
£ g

After carrying out the substitution (3), converting R4 and Rp into load-bearing -
capacities of props A and B (Ppax4 and Ppaxp) respectively and converting the
equations, one obtains maximum frame clear intervals in consideration of the load-
-bearing capacities of applied props (58) and (59).

The maximum bending moment occurs in the middle of the beam lengths and
amounts to:

2
Mg 45 :ﬁ @
2

After carrying out the substitution (3), converting Mg,p into the maximum bending
moment transmitted through the roof bar section Mg, and converting the equation
one obtains the maximum frame clear interval in consideration of the span moment (60).
As permissible frame clear interval one assumes the lowest from the determined values.

22.Derivation of formulae for three-prop support

In calculations three-prop support was treated as an uniformly loaded beam borne on
three bearings. Fig. 2 shows its scheme.

Such a beam is singly statically indeterminable. The system has been calculated by
use of superposition (Jakubowicz, Orto$ 1966; Niezgodzinski, Niezgodzinski 1996).
The beam has been substituted for two one-span beams, as in Fig. 3.

q
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‘]?“4 >
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Fig. 2. Calculation scheme of frame

Rys. 2. Schemat obliczeniowy odrzwi



Fig. 3. Idea of conversion of a statically indeterminable system into statically determinable systems

Rys. 3. Idea zamiany uktadu statycznie niewyznaczalnego na uklady statycznie wyznaczalne

The values of deflection of beams in the place of bearing B amount to:

3 2 3 7
leqS a.l_a__l_a_ @)
121 |2 52 458
__Rga’d’ (®)
2 3EIS

The sum of deflection values of both beams in the place corresponding with the
bearing B must be equal to zero:

Y1+Y2:0 (9)

Substituting to formula (9) the expressions (7) and (8) and carrying out simple
conversions one obtains the value of reaction Ry in the function of clear intervals of
props A, B and C as well as continuous load:
a® +4a*b +4ab* +b° (10)

ab

q
B, =1.
g

Successively from the equation of moments towards the point A (11) has been
determined the reaction R (12):

2 11
R :g.—a2+ab—i~3b:Z (12)
g b

Then from the sum of force projections to the axis Y (13) the reaction R4 has been
determined (14):

SFy =qS —R, —Rg —Rc =0 (13)
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_1_3a2+ab—b2 (14) .

R
A 8 a

After carrying out the substitution (3), converting R4, Rg and R into load-bearing
capacities of props A, B and C, Ppax 4, Praxs and Paxc respectively and converting the
equations one obtains the maximum clear intervals of frames in consideration of the
load-bearing capacities of used props (62), (63), (64). In case, when the reaction of the
extreme bearing (R4 or R¢) reaches a negative value (lack of initial load of prop), the
value of calculated frame clear interval (62) or (64) is also lower than zero. The negative
value constitutes then an index of inappropriate spacing of props and indicates the
necessity to change their clear intervals.

The bending moments occurring in the roof bar have the following courses dependent
on the

* span A-B:

x’ (15)

* span B-C:

. 16
as<x<a+b MngA-x—qx—2-+RB(x—d) (16)

Assuming as x the clear interval of beams A and B (x = &) one can determine the value
of the bearing bending moment (above the prop B):

g -’ a7

q 2 2
Mg=L-(-a”+ab-0")=
=5 Ty

After performing the substitution (3), converting Mp into the permissible negative
bending moment Mg,.x;1 and converting equation one obtains the maximum clear
interval of frame in consideration of the bearing moment (65). In connection with the
presentation in Table 2 of absolute values of negative bending moment, in the formula
(65) also has been taken into consideration the change of signs.

The places of occurrence of span moments were determined by equating to zero of
derivatives of equations of bending moments in suitable intervals. And so one has
obtained

« for span A-B:

x_3a2 +ab-b* (18)
8a
« for span B-C:
rﬁaz +7ab +5b* (19)

8b
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Substituting for x in the formula (15) the expression (18) one obtains the value of the
span moment in the span A-B:

Mg g ===

128 a

9
q (3(12 +ab—b2] (20)
However, substituting for x in the formula (16) the expression (19) one obtains the
value of the span moment in the span B—C:

2
B _9q . —a® +ab +3b° 2D
B¢ 7108 b

After performing the substitution (3), converting Mg,z and Mgpgc into the
permissible positive bending moment Mg,y and converting the equations one obtains
the maximum clear intervals of frames in consideration of span moments (66) and (67).
In order to simplify the calculations and to avoid a possible situation of calculation of the
value of a not existing span moment (maximum of bending moment in the span), one
should determine frame clear intervals only for the longer span.

As the permissible frame clear interval one should assume the lowest value from the
calculated ones (62)—(67).

23.Derivation of formulae for four-prop support

In calculations four-prop support was treated as an uniformly loaded beam beared on
four bearings. Fig. 4 shows its scheme.

Such a beam constitutes a twice statically indeterminable system. For the calculation
of supporting reactions and bending moments in the roof bar one has used the three
moment method (Jakubowicz, Orto§ 1966; Zuchowski 1996). Such a system is divided
into one-span beams, as in Fig. 5.

BEERERE HHJHQHDX,
/jﬁ /\B /A\C 4?
Ra . Re Re . Ro

i S‘ |

Fig. 4. Calculation scheme of frame

Rys. 4. Schemat obliczeniowy odrzwi
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fep

Fig. 5. Idea of exchange of a three-span beam for three one-span beams

Rys. 5. Idea zamiany belki trojprzgstowej na trzy belki jednoprzgstowe

The three moment equations have the form:

MAa+2MB(a+b)+MCb=—6(QAB%+QBC %} (22)
MBb+2MC(b+c)+MDc:—6(Q,BC_1b)_'+QCD %) (23)

where:
AB :% Qpc :% Qcp :‘IIL; (24)
a':a":% b':b":g c’:c”:g (25)

Solving the system of equations (22) and (23) one obtains the dependence on bearing
moments: !

M, :—%-K1 (26)

& _b(b> +c*)=2a’ +b*)(b+c) (27)
! b2 —4&(a+b)(b+c)

(28)

M. =-2.k,
4
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_b(a’ +b>)-2b> +c* Y(a+b) (29)
b® —&a+b)(b+c)

K,

In the above-mentioned formulae the expressions including the clear intervals a, b, ¢
of props as coefficients K; (27) and K; (29) were separated. After carrying out the
substitution (3), converting Mp and M into the permissible negative bending moment
Mg maxir and converting the equations one obtains the maximum frame clear interval in
consideration of the bearing moments (79) and (80). In connection with the presentation
in Table 2 of absolute values of negative bending moments, in the formulae (79) and (80)
the change of sings was taken into consideration.

From the equation of moments for the span A-B (30) towards the point B one obtains
the value of reaction R4 (31):

. 30
Rya-L My = 0
2
7 :1_2a2—1<, (31)
4 4 a

From the equation of moments for the span C-D (32) towards the point C one obtains
the value of relation Rp (33):

(32)

q _2c2 =K, (33)

Using the principle of superposition for two neighbouring spans A-B and B—C one
can determine the reaction Rp: '

By =02 M My (34)
a a

b M M 35
R =y >
Rp =Rp, +Rpp (36)
Ry ZE.KB.K4 (37)

4
K, a+b+c (38)

- b(3b? +4ab + dac + 4bc)
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_(3a’b+2a*c+4ab® +3abc —2ac? + b c+b> —be?)(a+b) (39)
a

Ky

In a similar manner one can determine the reaction R

Ry 20 Mc My o)
2 b b

Ry -2 Mc Mo @
C C

Re =Ry +Rep (42)

Re =%K3 K (43)

_(3bc? +2ac* +3abc+4b*c-2a’c+ab® +b* —a’b)(b +c) (44)
C

Ks

After carrying out the substitution (3), converting R4, Rp, Rc and Rp into load-
-bearing capacities of adequate props and converting the equations one obtains the
maximum frame clear intervals in consideration of the load-bearing capacity of props
(75)-(78).

Knowing the supporting reactions one can start to determine the span moments. The
equations of bending moments in the spans A-B and B—C have the form:

2 45
0<x<a Mg:RAx—% (45)

2 46
a<x<a+b Mg:RAx—%+RB(x——a) (46)

The places of occurrence of span moments have been determined by equating to zero
the derivatives of equations of bending moments in adequate intervals. And so one
obtained:

» for span A-B:

24 -K, 47)
4q

X

« for span B-C:
v R4 +Rp (48)
q
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Substituting for x in the formula (45) the expression (47) one obtains the value of the
span moment in the span A-B:

o 49
" i(z__K_J g
AB 32

The extremum of the bending moment Mg occurs in the span A—B only then, when
x calculated according to the formula (47) satisfies the dependence 0 < x < a, what
resolves itself into the verification of the following condition:

K |<2a” (50)

When the condition (50) has not been satisfied, one should not determine the values
Mgyp and dyp4p.

Substituting for x in the formula (46) the expression (48) one obtains the value of the
span moment in the span B—C:

. K 2 (51)

In order to calculate the span moment for the span C-D, for simplification one has
changed the beginning of the coordinate system from point A into point D and the sense
of axis x into an opposite one (in relation to the presented in Fig. 4). Then the equation of
bending moments has the form:

2
32
0<x<c Mg:RDx—giz— =

The place of occurrence of the span moment has been determined as previously. And
so one has obtained in the new system of coordinates for the span C-D:

r Ze* ~ K, (53)
4c
Substituting for x in the formula (52) the expression (53) one obtains the value of the
span moment in the span C-D:

2
g 962 _ K, (54)
Mgep =2 | =——2
32 c

The extremum of the bending moment Mg, occurs in the span C—D only then, when
x calculated according to the formula (53) satisfies the dependence 0 < x < ¢, what
resolves itself into the verification of the following condition:
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K, |<2c? (55)

When the condition (55) has not been satisfied, one should not determine the values
Mgcp and dycp.

After carrying out the substitution (3), converting Mgz, Mggc and Mgcp into
a permissible positive bending moment Mg, and converting the equations one obtains
maximum frame clear intervals in consideration of span bending moments (82), (83)
and (85).

The scope of use of the above-mentioned formulae has been narrowed down to clear
intervals of props in frames satisfying the below mentioned conditions:

10<a<32m (56)
10<5H<35m
10<¢<32m

a1C a3

The satisfaction of all dependences (56) allows to preserve the correctness of the
course of calculations. One obtains bearing moments with negative values, and span
moments with positive values. In case the last condition is not satisfied (56), it is possible
to continue the calculations, but one should keep in mind, that a possible negative
frame clear interval in consideration of moments in the roof bar forces the adoption of
absolute value and conversion of Mg ax Int0 Mg OF conversely and repetition of
calculations. Simultaneously these conditions in connection with the conditions (50) and
(55) will eliminate the possibility to calculate values of not existing span moments.

The decided majority of designed frames of rectangular support satisfies the con-
ditions presented above.

Additionally in Table 3 for some clear intervals between props in four-prop support
frames the values of coefficients K¢, K7 and Kg were gathered. When using props with
equal bearing capacity, these coefficients allow to calculate the frame clear interval in
consideration of:

+ the most loaded prop — K,

 the greatest supporting moment — K3,

+ the greatest span moment — Kg.

3. Determination of frame clear interval of two-prop support

Fig. 6 shows the calculation model of two-prop rectangular support. In order to
determine the maximum frame clear interval one should determine it once in con-
sideration of the load-bearing capacities of props and once again in consideration of
the maximum bending moment occurring in the roof bar. As maximum permissible
frame clear interval one should adopt the lowest value from the calculated ones (57).
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q [MN-r7]

Fig. 6. Scheme of load of two-prop rectangular support

Rys. 6. Schemat obciazenia obudowy prostokatnej dwustojakowej

If both props are characterized by equal load-bearing capacity, then the calculations of
frame clear intervals d4, dp can be limited to the determination of only one of them. In
case of use of props with different load-bearing capacities it is enough to determine to
frame clear interval in consideration of the prop with lower load-bearing capacity.

d<min(d,,dg,dp) (57)
Frame clear interval in consideration of the load-bearing capacity of prop A:
dA :2PmaxA (58)
908
Frame clear interval in consideration of the load-bearing capacity of prop B:
dB — 2PmaxB (59)
908

The frame clear interval in consideration of the span bending moment occurring
between the props A and B (in the middle of the roof bar length) should be determined
from the dependence (60):

- 8Mg maxl (60)
dpag = -5
905
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4. Determination of frame clear interval of three-prop support

Fig. 7 shows the calculation model of three-prop rectangular support. In order
to determine the maximum frame clear interval one should determine it once in con-
sideration of the bearing capacity of props and once again in consideration of the
moments occurring in the roof bar. As maximum frame clear interval one should adopt
the lowest positive value from the calculated ones (61):

d<min(d, ,dg,dc.,d g dyap 9 ypc) (61)
Frame clear interval in consideration of the load-bearing capacity of prop A:
d, = Proax 4 . 8a (62)

90 3a® +ab—b?

Frame clear interval in consideration of the load-bearing capacity of prop B:

dB - PmaxB . 8ab (63)

90 a’ +4a’b+4ab? +b>

Frame clear interval in consideration of the load-bearing capacity of prop C:

dC — PmaxC i 8b (64)

g0 3b% +ab-a’

Fig. 7. Scheme of load of three-prop rectangular support

Rys. 7. Schemat obciazenia obudowy prostokatnej trojstojakowej
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The negative value of clear interval d4 or d¢ calculated from the dependence (62) or
(64) means the lack of initial load of prop A or C. The possible negative frame clear
interval d4 or d¢ should be treated as an index of the above-mentioned situation and it
should not be taken into consideration in the formula 61. Purposeful is then the change of
the clear interval between props.

Frame clear interval in consideration of the supporting bending moment in the roof
bar above the prop B:

_8Mga  at+b  8Mg g 1 (65)

dyg = : =
‘I a3 +b3 qo a2 —ab+b2

The frame clear interval in consideration of the span moment occurring (or
a moment, that can occur) between the props A and B as well as B and C should be
determined only for the longer span according to the dependence (66) or (67):

e ifa=>b, then:

d vag :128Mgmaxl ( a ]2 (66)
qq 3a? +ab-b*
* if b>a, then:
d MBC = 128]‘/[gmaxl ( b jz (67)
: 99 162 +gb—a*

5. Determination of frame clear interval of four-prop support

Fig. 8 shows the calculation model of four-prop rectangular support. In order to
determine the maximum frame clear interval one should determine it once in con-
sideration of the load-bearing capacity of props and once again in consideration of
moments occurring in the roof bar. As the maximum frame clear interval one should
adopt the lowest value from the calculated ones (68):

d<min(d,,dg,dc,dp,dyg>d pc 9 mag >4 mse 9 mep ) (68)

Further formulae (70)—(85) along with commentaries have application for the clear
intervals between props satisfying all mentioned below conditions:

10<a<32m (69)
10<b<35m
10<¢c<32m

atc

b

<23
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Fig. 8. Scheme of load of four-prop rectangular support

Rys. 8. Schemat obcigzenia obudowy prostokatnej czterostojakowe;j
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The above-mentioned conditions are satisfied for the majority of used four-prop

rectangular roadway supports. In case any of the above-mentioned conditions are not
satisfied, one should use methods known in the field of strength of materials (for
example the method of three moments) or the presented methodology, but in a conscious
manner; i.e. when taking into account the remarks included in point 2.3 after the
formulae (56).

In order to rationalize further calculations one has introduced the coefficients K;—Ks

K,

K,

b? —4a+b)(b+c)

_b(a® +b*)=Aa+b)(b’ +c?)

K

b? —4a+b)(b+c)

a+b+c

" b(3b2 +4ab + dac + 4bc)

_ (3a2b +2a’c +3abe +4ab? —2ac* +b*c+b°

taking the proportions between prop clear intervals in frames (70)—(74):

_b(b® +c)=2Ab+c)(a’ +b°)

—bc?)(a+b)

Ky

a

(70)

(71)

(72)

(73)
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_ (3bc? +2ac? +3abc +4b%c —2a*c +ab® +b* —a’b)(b +c) (74)

C

K

Frame clear interval in consideration of the load-bearing capacity of prop A:

d _PmaxA . 4a (75)
4=

Frame clear interval in consideration of the load-bearing capacity of prop B:

dB — PmaxB i 4 (76)
90 K3k,
Frame clear interval in consideration of the load-bearing capacity of prop C:
dC == PmaxC B 4 (77)
90 K;3Ks
Frame clear interval in consideration of the load-bearing capacity of prop D:
dD s PmaxD . 4c (78)
qO 2c 2 == K2

In case the value of the calculated clear interval d 4, dp, dcordp (75)—(78) is negative,
one should take into account the lack of initial load of prop A, B, C or D and the necessity
to change the clear intervals a, b or c.

Frame clear interval in consideration of the bearing moment in the roof bar above the
prop B:

_ Mgt 4 (79)

d yp
90 K,

Frame clear interval in consideration of the bearing moment in the roof bar above the
prop C:
dMC - Mgmax[[ i (80)
q0 K,

The frame clear interval in consideration of the span moment between the props A
and B (82) should be determined only in case the inequality (81) is satisfied:

K| < 24 81)

(82)
_ Mg max] 3202

dMAB -
q0  (K;—2a%)*
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Frame clear interval in consideration of the span moment between the props B and C:

Mg maxt 32 (83)
90

dypc = g
(1<31<4 +2a——’) -8K;K a

a

The frame clear interval in consideration of the span moment between the props C
and D (85) should be determined only in case the inequality (84) is satisfied:

K, |<2¢? (84)

Mgmaxl . 3202 (85)
90 (K, -2c)

dMCD =

Simplified manner of calculation of frame clear interval and four-prop support

In order to simplify the calculations, the coefficients K, K7, Kg for some clear intervals
between props with equal load-bearing capacity were specified in Table 3. As the maxi-
mum frame clear interval one should adopt the lowest value of the calculated ones (86).

d< min(d_\'t > dM[)ad > derz) (86)
Frame clear interval in consideration of the load-bearing capacity of props:
g, <P g (87)
st
90

where K 1s the minimum in consideration of the absolute value factor from among the
occurring at the right sight of the formulae (75)—(78). This can be presented in the
following form:

(| 42 || 4 | 4c | (88)
K¢ =min
'2“2 1||K K4‘|K3 5 |202 ‘Kz‘
Frame clear interval in consideration of the maximum bearing moment:
deo(l Mg 7S maxIl K (89)
9o

K7 is equal to the lowest of factors occurring at the right side of products (79) and

(80), i.e.
90
K, =min i,i ©0)
K, K,

The frame clear interval in consideration of the maximum span moment:
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TABLE 3
Coefficients K¢, K7, K3 for the clear interval between props A and B equal to:
1.25m (¢=1.25m); 1.50 (¢ =1.50 m); 1.75 (@ = 1.75 m)
TABLICA 3
Wspotczynniki K, K7, Ky dla rozstawu stojakéw A i B rownego:
1,25 m (a = 1,25 m); 1,50 (a = 1,50 m); 1,75 (a = 1,75 m)
a[m]lb[m]lc[m]| K¢ | K7 | K | |a[m]|b[m)lc[m]| Ko | K7 | Ky | |a[m]|b[m]lc[m]| K¢ | K7 | Ky

1.5010.5814.22 |5.70 1.5010.60|4.44 | 5.55 1.5010.5413.47 13.96
1.7510.53 13.3414.03 1.7510.5413.47 | 3.96 1.7510.56 | 3.66 | 3.86
2.00,047]2.6513.03 2.00/0.4812.7312.99 2.00]/0.502.8412.94
1.5012.2510.43{2.1312.38 1.501225104412.17(2.35 1.50(2.25104512.2412.32
250103911.7311.92 2500391176191 2.50/040[1.80]1.89
275103511.4211.59 27510361144 ]1.58 2.75103711.471.57
3001032(1.18]1.34 3.00/0.33]1.20/1.33 3.00[033/1.2211.32
1.5010.5413.6216.23 1.5010.5513.77 1 6.08 1.5010.50|3.12 1 4.17
1.7510.4913.02 1425 1.7510.5013.12 | 4.17 1.7510.5113.26 1 4.08
2.001045124913.13 2.0010.4612.5513.09 2001047 [2.643.04
1.7512.25104112.0512.42 1.7512.2510.4212.09 | 2.40 1.75]12.251043 [2.152.37
2501038 1.69(1.94 2.5010.3811.721.93 25010391176 1191
27510.3511.41[1.60 2.7510.3511.4311.59 2751036 11.45|1.57
3.001032]1.1911.34 3.00103211.2011.33 300/03311.22:1.32
1.5010.5013.075.09 1.5010.513.16{5.43 1.5010.47 [2.74 | 4.50
1.7510.46 {2.67 | 4.57 1.7510.47 12.74 | 4.50 1.7510.48 [2.84 | 4.40
2001043228327 2.00104312.3313.24 2001044124 13.19
2.0012.25104011.93]2.49 2.00]2.2510.40(1.9612.47 2.00122510.41[2.01[2.44
2.50103711.63]1.98 12501037 11.651.96 2501037 [1.681.94
2.75103411.3811.61 7510.34113911.60 275103511.42]1.59
300(03111.17[1.35 3.00/03211.18[1.34 3.00/03211.2011.33
1.5010.46 [2.58 [3.79 1.50104712.6413.93 1.5010.44 (237 14.16
1.7510.4312.33 399 1.7510.44 1237 14.16 1.7510.44 12.44 1445
2.0010.4112.06|3.48 2.00/0.41(2.0913.45 2.0010.41[2.1413.40
1.2512.2512.2510.38[1.79 [ 2.60 1.50225]|2.25[038[1.81]2.58 1.75(2.25|2.25{03911.85{2.55
2501035]1.54]12.03 2.50103511.5612.02 5010.3611.5912.00
2751033 11.33[1.64 2751033113411.64 2751033 11.3611.62
3.00103111.1411.36 3.00/031[1.15[1.36 3001031 [1.171.35
1.50/04312.1812.98 1.50104312.21[3.04 1.5010.4112.0513.15
1.7510.4112.023.08 1.7510.4112.05(3.15 1.7510.4112.09 {3.28
2.00/03811.83]3.24 2.0010.39[1.85({3.32 2.0010.391.8913.48
250(02.25103611.6312.74 2.50(2.251036(1.6512.73 2.5002251037/1.68(2.69
2501034144211 2.5010341145[2.10 2.5010.3411.4712.08
2751032 11.26|1.69 27510321127 11.68 2751032 11.29]1.67
3.00/030}1.10]1.39 3.001030(1.11]1.38 3.00/030(1.12]1.38
1.5010.40|1.84[2.42 1.5010.40 | 1.86 | 2.45 1.5010.3911.7612.50
1.75103811.75]2.48 1.7510.38 | 1.76 [ 2.50 1.7510.3811.7912.57
2.0010.3611.6312.56 2.0010.3611.64]2.60 2.00103711.66]2.67
27512251034 1148269 2.7512.251035]1.4912.73 2.751225103511.51}12.83
25010331133 2.21 2.5010.3311.3412.20 25010.3311.3512.19
275103111.1911.74 2.75103111.19]1.74 275103111.2011.73
3.00(029({1.05/142 3.0010.2911.06|1.42 3.00(029/1.07|1.41
1.5010.371.5712.02 1.50 /037 [1.58 [2.03 1.5010.36 [ 1.5212.06

1.75 10361 1.52 12.05 1.7510.3611.5212.06 1.7510.36 [ 1.5412.09
2.00/03411.4412.10 2.00/0.341.44 2.11 \ 2001035/1.46/2.14

3.00[2.25/03311.342.17 3.0012.25103311.3412.19 13.002.25!03311.35[223
250103111.221227 2501031123229 2501031[1.2412.32

2.75103011.11]1.82 2751030 1.1111.81 2751030]1.1211.81 |

3.00/0.2811.0011.47 3.00/0.28 1 1.00 | 1.46 3.001028 1 1.01[1.46]
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Mg
_ 4"*& maxl

91
d Mprz — ( )

Ky
90

where Ky is equal to the lowest of factors occurring at the right sides of products in the
equations (82), (83), (85), what can be presented in the form:

(92)

. 32a? 32 32c2
K¢ =min X, -2 2)2, K 5 ’(K 5 2)2
—2a —2¢
‘ K.K,+2a—--1| —8K;K,a = °
a

6. Summary

The study presents compact methodologies of calculations of frame clear interval
of rectangular support along with instructions and commentaries concerning their
application. In a very abridged form the derivation of formulae was presented. The
calculations have been based on the method of superposition and the method of three
moments. The author hopes that the study will contribute to the reduction of time for the
design of rectangular frame support.
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