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2. Assumptions and der ivation of formulae 
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RA =g__3a
2 

+ab-b
2 

8 a 

(14). - 

After carrying out the substitution (3), converting RA, Rs and Re into load-bearing 
capacities of props A, Band C, PmaxA, PmaxB and P maxC 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 (RA or Re) 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: 

O~x ~ a 
(15) 

• span B-C: 

a~x~a+b 
x2 

Mg=RA -x-q-+Rs(x-d) 
2 

(16) 

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

3 b3 q 2 2 q -a - 
Ms =-·(-a +ab-b )=-·--- 

8 8 a+b 

(17) 

After performing the substitution (3), converting Ms into the permissible negative 
bending moment Mgmaxll 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: 

3a2 + ab -b2 

x=------ 
8a 

(18) 

• for span B-C: 

a2 + 7ab +5b2 

x=------ 
8b 

(19) 
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K 
2 

= b( a 3 + b 3 
) - 2( b 3 + c 

3 
)( a + b) 

b 2 
- 4( a + b )( b + c) 

(29) 

In the above-mentioned formulae the expressions including the clear intervals a, b, c 
of props as coefficients K1 (27) and K2 (29) were separated. After carrying out the 
substitution (3), converting Ms and Mc into the permissible negative bending moment 
Mgmaxll 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 RA (31 ): 

(30) 

(31) 

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

(32) 

2 
Ro=:!...· 2c -K2 

4 C 

(33) 

Using the principle of superposition for two neighbouring spans A-Band B-C one 
can determine the reaction Rs: · 

(34) 

(35) 

(36) 

(37) 

K 
_ a+b+c 

3 - 
b(3b2 + 4ab + 4ac + 4bc) 

(38) 



K 
_ (3a2 b +2a2c +4ab2 +3abc -2ac2 + b2c + b3 -bc2 )(a+ b) 

4 - 
a 

In a similar manner one can determine the reaction Re: 

qb Mc Ms RCL=----+-- 
2 b b 

qc Mc MD Rep=----+-- 
2 C C 

K _(3bc2 +2ac2 +3abc+4b2c-2a2c+ab2 +b3 -a2b)(b+c) 
5 - 

C 
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(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

After carrying out the substitution (3), converting RA, Rs, Re and RD 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: 

0:<;;x :<;; a 
(45) 

a:S;x:S;a+b 
(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: 

2a2 -K 
X= I 

4a 

(47) 

• for span B-C: 

RA +Rs x=--- 
q 

(48) 
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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: 

M - q ( 2a 2 - KI ) 2 
gAB --· 

32 a 

(49) 

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

(50) 

When the condition (50) has not been satisfied, one should not determine the values 
MgAB and dMAB· 

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

(51) 

In order to calculate the span moment for the span C-D, for simpli fication 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: 

Q:::;x:::; C 
qx2 

Mg=R0x-- 
2 

(52) 

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: 

2c2 -K2 x=---- 
4c 

(53) 

Substituting for x in the formula (52) the expression (53) one obtains the value of the 
span moment in the span C-D: 

M - q ( 2c 2 - K 2 l 2 gCD --· 
32 C 

(54) 

The extremum of the bending moment MgcD occurs in the span C-D only then, when 
x calculated according to the formula (53) satisfies the dependence O < x < c, what 
resolves itself into the verification of the following condition: 
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(55) 

When the condition (55) has not been satisfied, one should not determine the values 
MgcD and dMCD· 

After carrying out the substitution (3), converting MgAB, Mg8c and Mgc0 into 
a permissible positive bending moment Mg max I 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: 

1.0 ~a~ 3.2 m 

1.0 ~ b ~ 3.5 m 

1.0~ c~32m 

a+c~2.3 
b 

(56) 

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 Mg111axl into Mgmaxll or conversely and repetition of 
calculations. Simultaneously these conditions in connection with the conditions (50) and 
(55) will eliminate the possibili ty 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 coeffi cients K6, K7 and K8 were gathered. When using props with 
equal bearing capacity, these coeffi cients allow to calculate the frame clear interval in 
consideration of: 

• the most loaded prop - K6, 
• the greatest supporting moment - K7, 

• the greatest span moment - K8. 

3. Determination of fr ame clear interval of two-prop suppor t 

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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4. Determination of frame clear interval of three-prop support 
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The negative value of clear interval dA or de calculated from the dependence (62) or 
(64) means the lack of initial load of prop A or C. The possible negative frame clear 
interval dA or de 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: 

! " # = $" %maxll & + ' = $" %maxll 
( o &3 + ' 3 ( o &2 

- &' + ' 2 
(65) 

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): 

• if & ) b, then: 

2 
d _128Mgmaxl_( & *

" #+ , 2 2 
- . / & + &' , '

• if ' > &0 then: 

d - 128Mg maxi ( b )2 
Msc- - . 1 / ' 22 &' ,&2 

(66) 

(67) 

5. Determination of fr ame 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 # 0d $ 0d c , d 3 0d " + 0d " 4 0d " #+ 0d " +4 0d " 43 * 568) 

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

l.O~a:::'.:32m (69) 

1.0 ~ b::::: 3.5 m 

LO~ c~32m 

a +c :::; 2.3 
b 
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! " #$%&' ( ) ( * ' ( ) %*&' ) +&( ' ,( * ( ' ) *&( ) &% ,* ( &-$&) ' -
C 

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

d _ PmaxA . +*
. ,,,

qO 2a2 -K, 

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

ds #/ 0 *123 4 
s« ! %! +

(74) 

(75) 

(76) 

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

de = 4maxC . 4 (77) 
qo ! %! 5

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

dD = PmaxD . 4c (78) 
s« 2c2 -K(

In case the value of the calculated clear interval 6. 768, 6' 8968 (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 *7 & or c. 

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

d _ Mgmaxll 4 
: 2 ,

; 8 ! <
(79) 

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

d _ Mgmaxll 4 
MC - 

s« ! (
(80) 

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: 

(81) 

: = 32a2 

d _ maxi 
: . 2 ,

; 8 (K1 ,( * ( )2 

(82) 
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Frame clear interval in consideration of the span moment between the props Band C: 

d _ Mg max! 
MBC - 

! "

32 (83) 

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

IK 2 I< 2c2 (84) 

d _ Mgmaxl 
MCD - 

! "
32c2 (85) 

Simplified manner of calculation of frame clear interval and four-prop support 
In order to simplify the calculations, the coeffi cients K6, K7, K8 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( dst , d Mpod , d Mprz ) 

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

d = pmax ·K st 6 
#"

(86) 

(87) 

where K6 is 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: 

(88) 

Frame clear interval in consideration of the maximum bearing moment: 

d _ Mgmaxll ·K 
Mpod - 7 

#"

K 7 is equal to the lowest of factors occurring at the right side of products (79) and 
(80), i.e. 

(89) 

(90) 

The frame clear interval in consideration of the maximum span moment: 
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