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MOMENTI SAVIJANJA I NAPONSKO STANJE U ZASTITNOJ
STROPNOJ POLICI EKSPLOATACIONOG POLJA, KOJA SE
OSTAVLJA IZMEDPU RAZLICITIH TEHNOLOGIJA

EKSPLOATACIJE

Izvod

deded

U radu se analizira zastitna stropna polica kao kontinualno opterecen gredni nosac pravougaonog po-
precnog preseka. U ovom slucaju staticki neodredene velicine su momenti u osloncima. Oslonacki momenti
su odredeni primenom jednacine ,, triju momenata“ po Klaperjonu. Kontrola napona u grednom nosacu je
sprovedena polazeci od diferencijalne jednacine elasticne linije koja ima oblik po drugom izvodu.

Kljucne reci: gredni nosac, moment savijanja, reakcija u osloncima, Klaperjon, kriticni presek

i maksimalni moment savijanja

1. UVOD

Zastitna stropna polica se ostavlja u sten-
skom masivu kada se Zeli preci sa jedne na
drugu tehnologiju eksploatacije mineralne
sirovine. U rudniku kamene soli ,,TuSanj“ u
Tuzli, BiH, u jednom vremenskom intervalu
koris¢ene su istovremeno dve tehnologije
eksploatacije. Do -250 horizonta koris¢ena
je komorno-stubna metoda eksploatacije sa
klasi¢nim miniranjem u komorama, a ispod
-250 horizonta koris¢ena je tehnologija tzv.
kontrolisanog izluzivanja soli buSotinama sa
-250 horizonta.

Da bi se sprecili deformacioni uticaji
stenskog masiva izazvani jednom tehno-

* Institut za rudarstvo i metalurgiju Bor, Srbija
Rudarski institut, Tuzla, BiH

logijom eksploatacije na deo stenskog ma-
siva koji se eksploatiSe drugom tehno-
logijom, nad celim eksploatacionim poljem
mora se ostaviti zastitna sigurnosna stropna
polica. Taj princip vazi i za prelazak
povrsinske eksploatacije na pod-zemnu ek-
sploataciju istog rudnog tela.

2. PRORACUN ZASTITNE POLICE
EKSPLOATACIONOG POLJA

Zastitnu policu eksploatacionog polja
mozemo smatrati i tretirati kao kontinuirano
opterecen gredni nosaC pravougaonog po-
precnog preseka, sl.1. U ovom slucaju sta-

" Ovaj rad je proistekao iz Projekta broj 33021 , IstraZivanje i pracenje promena naponsko
deformacionog stanja u stenskom masivu* in-situ“ oko podzemnih prostorija sa izradom modela
sa posebnim osvrtom na tunel Kriveljske reke i Jame Bor*“, koga finansira Ministarstvo za
prosvetu, nauku i tehnoloski razvoj Republike Srbije
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ticki neodredene veli¢ine su momenti u  osloncima.
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SL. 1. Staticka Sema stropnog nosaca eksploatacionog polja

Pretpostavimo kontinualni nosa¢ sa (n)
oslonaca, tada je staticki neodreden (n-2)
puta uz pretpostavku da su u krajnjim oslon-
cima pokretni zglobovi. Jedan od nacina da
se odrede oslonacki momenti jeste primena
jednacine ,.triju momenata“ po Klaperjon-u.
Obzirom da se radi o nosacu kontinuirano
optere¢enom 1 jednakim rasponima, to je

Mi
—

Mo

ocigledno da ¢e momenti M; do M, imati
istu vrednost. Prema tome, zadatak se moze
svesti na sledece jednostavno resenje,
razmatraju¢i kontinuirani nosa¢ sa Cetiri
oslonca, sl.2, koji ¢e biti u ravnotezi ako se u
krajnjim presecima iskljuce transverzalne
sile (d7) 1 (IT) i oslonacki momenti.

Ao A

Mz M3
~ \‘
\
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Az Az

SL. 2. Nosac sa Cetiri oslonca

Vezau osloncima (1) i (2) je kruta, tj. us-
lovi pre i posle deformacija ostaju nepro-
menjeni. U osloncima (1) i (2) moraju se
javiti momenti (M) i (M,), a elasti¢na linija

P

- v Q
g

nosaca mora zadovoljiti uslov (B;+p,=0), sl.
3, drugim re¢ima, uglovni koeficijenti tan-
gente na elastiCnu liniju u tri raspona su isti
sa razli¢itim predznakom.

o

e T

SL. 3. Oblik elasticne linije

Iz navedenog uslova, a pretpostavljajuci da je
moment inercije kao i modul elasticnosti isti,
to se po Klaperjon-u dolazi do izraza

MO 'Zl +2M1(ll +12)+M2 13 +6R01 =0 (1)
Ml 'll +2M2(12 +l3)+M3 ’13 +6R02 =0 (2)
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Ry
osloncima (1) 1 (2)

Jednacine (1) i (2) vaze za bilo koja
dva susedna polja.

Kako je My = M; = 0, dolazimo do ko-
nacnog oblika:

M (L +1)+ My I3 +6Ry; =0 (3)

1 Ry, - celokupna reakcija u

M1’11+2M2(12 +13)+6R02=0 (4)

Obzirom na jednake raspone / = const.,
tada je vrednost apsolutnog c¢lana ce-
lokupne reakcije

Ro1 =Rpp
6(Ryy — Rz ) =
1 3 3
= E(Qn Ay + q()1+1))' l(n+1)

q — kontinuirano opterecenje

(6))

Za q = const. i [ = const. izraz (5) po-
prima slede¢i oblik:

1
6(Ry —Roz)zgql3 (6)

Reakcija u osloncu (0) je:
_ah My
2 L
Izraz za transverzalne sile u tacki (1) je:
Ty =q; -1y = 4y

Ay

g; -l M -M,

dl} =

2 /
Reakcija u osloncu (1) je
Al = lTl + dTl

Transverzalne sile koje se odnose na
oslonac (2), imaju vrednost:

Ty =q; -1, =dT
dT, = Db + My
2 Iy
Reakcija u osloncu (2) je
Ay, =T, +dT»
Obzirom na poznatu vrednost desne

transverzalne sile u tacki oslonca (2),
reakcija u osloncu (3) ¢e biti:

Ay = q3l5 —dT,

Vrednost sveukupnih reakcija u oslon-
cima je:

Zq:A0+A1 +A2 +A3

Kriti¢ni presek i maksimalni moment
savijanja u I polju odreduje se iz sledece
jednacine:

4y 4

X =— Imax =5

a 24,
Kriti¢ni presek i maksimalni moment
savijanja u II polju:
dT, dr?
X === Mjpmae =——-M
B 29,

Na osnovu do sada iznetog, stropna
polica je kontinuirano opterecen nosac sa
16 oslonaca sa konstantnim rasponom, pri
demu su momenti savijanja M, i

Mi5=0, M; do M4 sujednaki.

Reakcije u osloncima 4; do 44 su
jednake Ay = A4;5.

Transverzalne neparne i parne sile u
osloncima  su  jednake [T} =[Tq3,
dT, =11, 4, takode su maksimalni momenti
savijanja u sredini raspona jednaki.

3. PROVERA NAPONA U STROPNOJ
POLICI EKSPLOATACIONOG
POLJA

Polaze¢i od Cinjenice da je stropna polica
greda prizmati¢nog preseka sa kritiénim mes-
tom maksimalnog momenta savijanja, moze

- 1> ,
se napisati M ,,,, = —% , odnosno maksi-
. N M,

malni napon savijanja je o ,,, = -

Za bilo koju vrednost x duz raspona
stropne grede imamo:

2 2
ql”  gqx
M =L 7

U tom slucaju jednacina elasti¢ne
linije imace oblik po drugom izvodu:
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2 2

gl gx
IEY"=-M +1 -2 8
P (®)
Odnosno, integralenjem po x —u
2 3
IEY':%-x—%+cl 9)

Konstanta ¢; odreduje se iz uslova da u
tacki (0) za x = 0, tangenta na elasti¢nu
liniju je horizontalna tj. y* = 0, §to znaci
da je i ¢; = 0. Ponovnim integralenjem (9)
dobije se:

2.2 4

gy =9 e (10)

16 24

Prema kriticnom mestu ugiba za
I ... y .
x:E i izjedna¢avanjem (10) sa nulom,

dobije se vrednost konstante ¢,

2 2
OZL(LJ — (11)
16 (2 24
5q14
=247 12
27384 (12)

Jednacina elasti¢ne linije dobice ko-
nacan oblik

EY =—L (2422 —16x* —514) (13)
384E

Ugib u sredini raspona za x :é

roo 5q1%
M 384
Moment inercije
3
g=bn
12
h — visina stropne grede
b=1,0
Otporni moment preseka:

bl
6

Odnos izraunatog napona savijanja i
grani¢ne vrednosti otpornosti stene na
savijanje daje koeficijent sigurnosti

(14)

or
o

n =
maxrac.
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BENDING MOMENTSAND STRESSSTATE IN THE PROTECTIVE
ROOF SHELF OF EXPLOITATION FIELD, LEFT BETWEEN

X%k

DIFFERENT MINING TECHNOLOGIES

Abstract

This paper analyzes the protective roof shelf as a continuous loaded carrier beam of rectangu-
lar cross section. In this case, the statically undetermined sizes are moments in the supports. Sup-
port moments are determined using the equation of "three moments" by Clapeyron. Stress control
in the carrier beam is carried out starting from the differential equation of elastic line that has a
form per the second statement.

Keywords: carrier beam, bending moment, reaction in supports, Claperyon, critical section,
maximum bending moment

1. INTRODUCTION

Protective roof shelf is left in the rock  the deformation effects of rock massive,
massif in the case of transfer from one caused by one mining technology of the
technology to another technology of min-  rock mass that is exploited by the other
ing the mineral raw materials. In the rock  technology. This principle is also applied to
salt mine "TuSanj" in Tuzla, B&H, two transfer the open pit mining into the under-
mining technologies were simultaneously  ground mining the same ore body.
used in a time. The chamber-pillar mining
method was used up to -250 horizon with 2. CALCULATION THE
the classic blasting in chambers, and the PROTECTIVE ROOF SHELF OF
technology of so called controlled leach- EXPLOITATION FIELD
ing of salt was use below -250 horizon The protective shelf of exploitation field
with drill holes from -250 horizon. can be considered and treated as a continu-

The protective roof shelf must be left ous loaded beam carrier of a rec-tangular
over the entire exploitation field to prevent  cross-section, Figure 1. In this case, the

* Mining and Metallurgy Institute Bor, Serbia

** Mining Institute, Tuzla, B&H

™ This paper is produced from the project no. 33021 “Researching and monitoring changes in stress-
deformation condition of rock massif “in-situ” around undergraund facilities with development of
model with special emphasis on Krivelj river tunnel and Bor pit”, which is funded by means of the
Ministry of Educatio, Science and Technological Development of the Republic of Serbia
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statically undetermined sizes are the mo-

ments in supports.

M1 M2 i M1z Mia
B e ?l[kNIm J] o R
!!
I
T
24!24!24| 10x 24 !24!24!24
L=384 (m)

Fig. 1. Static scheme of roof beam of the exploitation field

Suppose a continuous carried with (n)
supports, then it is statically undetermined
for (n-2) times with an assumption that the
movable joints are in the end supports.
One way to determine the support mo-
ments is to apply the equation of "three
moments" by Claperyon. Since it is a
carried a continuous loaded carrier and
with the same ranges, it is obvious that the

Mo M1

i

moments M; to M;, will have the same
value. Therefore, the task can be reduced
to the following simple solution, consider-
ing the continuous beam with four sup-
ports, Figure 2, which will be in equilib-
rium if the transverse forces (d7) and (I7)
and support moments are excluded in the
final sections.

M2 Ms

T \‘

Ao Aa

Az As

Fig. 2. Carrier with four supports

Connection in supports (1) and (2) is
rigid, i.e. the conditions before and after
deformation remain unchanged. In the
supports (1) and (2), the moments (M)
and (M,) must appear, and the elastic line

el

of carrier must satisfy the condition (B1 +
B2 = 0), Figure 3; in the other words, the
angular coefficient of tangent on the elas-
tic line in the three ranges are the same
with a different sign.

1

- ]
Mo = MM? i Ms

T’

T

Fig. 3. Form of the elastic line
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From the specified condition, and as-
suming that the moments of inertia as well
as the elastic modulus are the same, accord-
ing Claperyon, the expression follows
MO 'll +2M1(ll +12)+M2 'l3 +6R01 =0 (1)
Ml ’11 +2M2(12 +l3)+M3 '13 +6R02 =0 (2)

Ry and Ry, — overall reaction in
supports (1) and (2)

Equations (1) and (2) are valid for any
two adjacent fields.

As My = M; =0, it is come to the final
form:

2M1(11+12)+M2'l3 +6R01=0 (3)

M1’11+2M2(12 +13)+6R02=0 (4)

Regard to the same tanges 1 = const.,

then the value of absolute member of the
overall reaction

Ro1 =Rpn
6(Ryy — Rz ) =

1 ®)
= E(qn : 13 + q(n+1))' l(3n+])

q — Continuous load

For ¢ = const. and / = const. expres-
sion (5) has the following form:

1
6(Ro; —}302)25913 (6)
Reaction in the support (0) is:
Ay = ol My
2 I
Expression for transversal forces at
point (1) is

Iy =q;-l =4y
dleqi'll M -M,
2 /
Reaction in the support (1) is
A] =lTl +dTl

Transversal forces relating to the sup-
port (2) have value:

ITy =q; -1, —dT

iy <42 M
2

Reaction in the support (2) is

A2 =IT. 2+ dT. 2

Considering the known value of the right
transversal force at the point of support (2),
the reaction in support (3) will be:

Ay = q3l3 —dT,

Value of overall reactions in supports
is:

ZqZAo-i-Al +A2 +A3

Critical section and maximum bending
moment in the field I is determined from
the following equation:

2

4y 4
— Mg =
a 24,

Critical section and maximum bending
moment in the field II:

2
Xy Zﬁi M max IdL—Ml
q 29,
Based on the above mentioned, the
roof shelf is a continuous loaded carrier
with 16 supports with a constant range,

where the bending moments M, and
Mi5=0, M; to M4 are equal.
Reactions in the supports 4; to Ay

X1 =

are equal A4y = 4;5.

Unpaired and paired transversal forces
in the supports are equal [T} =IT3,
dT, =1T}4, also maximum bending mo-
ments in the mid-range are equal.

3. CHECKING THE STRESSIN THE
ROOF SHELF OF
EXPLOITATION FIELD

Based on the fact that the roof shelf is a
beam of prismatic cross-section with critical
point of maximum bending moment, the fol-

‘ , ?o
lowing can be written M, = —%, ie.

: : : M yax
maximum bending stress is ¢, = W

For any value x along the range of roof
beam, the following is:
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2
al” |, ax” )
8 2
In this case, the equation of elastic line
will have the form according to the second
statement:

2

M, =- +

2 2
gl gx

IEY"=-M, +——-"— 8

T ®
That is, using integral per x —u

2 3
Ey = L )
8 6

Constant ¢; is determined from the
condition that at point (0) for x = 0, the
tangent on elastic line is horizontal, i.e. )’
= (0, which means that also ¢; = 0 and us-
ing integral (9), the following is obtained:
ql 22

T (10)

According to the critical point of deflec-

IEY =

tion for x :é and equating (10) to zero,

the value of constant ¢, is obtained
/

2
0=1" (ij 2 (11)
16 \2 24
Sql4
24 12
27 3 (12

The equation of elastic line will obtain
the final form

EY =—L (24252 —16x* 514} (13)
384E

Deflection in the middle of range for x = é

Ratio of calculated bending stress and
limit value of rock strength to bending
gives the safety coeficient

or
o

n=
maxrac.

REFERENCES

[1] M. Ljubojev, R. Popovi¢, Fundamentals
of geomechanics, RTB Bor, Copper
Institute, Bor, 2006 (in Serbian)

R. Popovi¢, M. Ljubojev, Principles of
Problem Solving in Geomechanics,
Bor, 2007 (in Serbian)

R. Popovi¢, Z. Kleczek, 1. Hadzihrusti¢,
Determination the Optimum Sizes of
Chambers and Inter-chamber Pillars in
the Salt Deposit “Tetima” by Leaching
the Drill Holes from the Surface,
International Symposium on
Development and Stability of Large
Underground Facilities, Helsinki, 1986
R. Popovi¢, Z. Kleczek, Stability of
Underground Chambers for Storage of
Hydrocarbons in the Salt Deposits,
Archives of Mining and Geology,
Tuzla, 1989 (in Serbian)

Z. Kleczek, A. Radomski, Podzimne
magazynowanie, Prace naukowe
Mongrafie CMG KOMAG, Gliwice,
2005

R. Popovi¢, 1. Hadzihrusti¢, M. Ljubo-
jev, Basic Principles of Sizing the
Underground Storage of Hydrocarbons
in the Rock Salt Deposit, Copper No.1,
2009

Group of Authors of the Mining Institute

(2]

(3]

(5]

(6]

(7]

4
L (14) Tuzla, Feasibility Study of Rock Salt
max . . . .
384E ) Exploitation by Leaching the Drill Holes
Moment of inertia Below -250 Horizon of the Mine
bh3 "Tusanj", Tuzla, 1980 (in Serbian)
J:? [8] R. Popovi¢, Z. Kleczek, Vertical and
. Horizontal Stress Change in Rock Salt
h— h
b :h]e;)g t of roof beam Around Rooms Made by Controlled
Resis:cant moment of section Salt Solution in the “Tusanj” Salt Mine
bh - Tuzla, International Symposium,
=23 Krakow, 1998.
6
No 3, 2012. 40 MINING ENGINEERING



