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ABSTRACT

The free vibration mode shapes have certain special properties, which are very useful in
structural analysis, especially in the dynamic analysis. A brief review of eigenvalues
eigenvector (natural frequencies at corresponding mode shapes) is presented The static
analysis for a numerous number of N-Types and Warren system of trusses with variable
parametric studies such as, intensity of loads, number of panels, panel length, interior and
exterior heights, types of materals, ... and so on are carried out using stiffness method The
eigenproblem equation is solved by common methods with condensation if required The final
results for first and second fregquencies are fitted to muitiple regression programs to get the
final empirical formulae. Finally, comparisons between exact and computed values of
frequencies are demonstrated.
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I-INTRODUCTION

In many engineering problems, such as linearized buckling or vibrations, it is needed to
know the eigenvalues (natural frequency), and the eigenvector (mode shapes) for structures.
In static analysis of structures, the eigenproblem solution is reserved to know the critical
loads. A complete dynamic analysis and the application of the response spectrum for seismic
design of structures require the determination of eigenvalues eigenvector. The natural
frequencies of a structure indicate whether or not the structure is likely to respond
dynamically. The shapes of the modes will indicate in which way the structure is likely to
respond and the best position for placing artificial dampers if required.

Numerous techniques of structure -having few and large numbers of degrees of freedom
are used. For a system having a few degrees of freedom, the direct and Viavello-Stodoala
methods are applicable to use and easy to handle calculations. The most common iterative
method is the Jocobi's method [1]. Also, iteration methods [2 and 3] have a wide use in
computation techniques for structures with a large number of degrees of freedom .1t is often
necessary to reduce the problem size by simplifying the structure (the mathematical model) or
by condensing the stiffriess and mass matrices. There are a lot of methods in this field [4, 5, 6,
7,8,9, 10and 11]. A brief review about famous and interesting methods [12] are mentioned.

Because only the first few lower frequencies are of interest in application of structural
dynamic [12}; this work iz focused about the computation of first and second natural
frequencies by obtained empirical formulae with a large varieues of properties and
dimensions. Finally, A comparison between computed frequencies using obtained empirical
formulae and exact values of frequencies with a percentage of errors is demonstrated.

-Methods of computation eigenproblem:
If it is assumed that the natural frequencies and mode shapes are not significantly affected by
the amplitude of vibration, then both eigenvalues and eigenvector may be found by the
eigenproblem equation:

LK 1@ [M T[{a} = {0} i s i s i . (D
Where

[K]= The tangent stiffness matrix of struciure at the static equilibrium position;
[M]z The lumped or consistent mass matrix;
fa}= The corresponding mode shapes ; and

2
@ = The N*N diagonal matrix of the square of the natural frequencies.

The formulation of Eq (1) is an important mathematical problem for eigenproblem and its
nontrivial solution requires that, the determinant of the matrix factor of {a} be equal 1o zero

as:

| [K]= @M ]| =400 s i s i R O



Mansoura Engineering Journal, (MED. Vol, 27, No. 4. December 2002. C.77

2-STEP BY STEP ANALYSIS

This work is carried out for N-systein and Warren simply supported trusses for many
variations of geometry of struetures and their properties. This analysis is achieved through the
following steps: -

1) The static analysis of Warren and N-systems of simply supported trusses shown in Figs
(1) and {2), respectively is carried out, using the stiffness method FORTRAN program
and the Egyptian code. First author constructs this FORTRAN program code. All types
of analysis are proposed with the following parametric studies for both types of simply
supported trusses.

¢ Number of panels ranges between 6 and 14.

» The panel lengths range from 1.5 to 3 m, with step interval of 0.25 m.

¢ The uniform distributed loads on the upper chord members are taken as .5 (0 4 t/m
with 0.5 t/m step intervals.

e The exterior height of a truss, hl, is taken as 10% ofits span, while the interior
height, h2, ranges from 10% to 15% of its span.

e The roof slopes were taken as O % to 10 % with steps of 2 %

» The used material was mild steel with intensity of 7 85 v/m” and modulus of elasticity
o 2000 vem’.

2) Each type of truss with its properties and data assumptions is designed according to
Egyptian code [13] with the following limitations and considerations: -

e Each Warren truss is designed as six groups of members such as one group for each
upper chord, lower chord, exterior verticals and interior verticals, and two groups for
diagonats.

* Each N-system of truss is designed as five groups of members such as, one group for
each upper cherd, lower chord, interior verticals, exterior verticals, and diagonal
members.

e The tension members are designed considering the allowable tension stress as |
u‘cmz, while for compression members, the allowable buckling stress was taken as
0.8 t/em’.

» The construction conditions are satisfied with minimum section of two angle 60x 60x
6 mm

3) The solution of eigenproblem equation for each case of trussis carried out using a
FORTRAN program proposed by first author taking into consideration the lumped and
consistent mass matrices.

4) The final obtained results throughout the multiple regression [14] FORTRAN program
with accuracy up to ten parameters to get the empirical formulae used to compute the
fundamental frequencies for simply supported trusses.

3- OBTAINED RESULTS

Some samples of results are drawn to show the variation of frequencies  Considering
Warren and N-system of trusses with 2m panel lerigth, 6, 8, 10, 12, and 14 panels, interior and
exterior heights of 10 % of truss span, and the variation of the uniform distributed loads
acting on upper chord members starting with 0.5 t/m and ending with 4 t/m, the results are
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drawn in Figs. (3) and (4), respectively. Also, the corresponding mode shapes for first and
second natural frequencies for Warren and N-trusses with intensity of load of 1t/m are shown
in Fig (5) and (6), respectively. These results showed that: -

¢ Increasing the intensity of the uniform distributed loads decreases the frequency
values.

e Increasing the span of truss decreases the frequency values.

* The value of each frequency in case of N-system of truss is smaller than the
corresponding value in case of Warren- truss. This difference is small. The use of
consistent mass matrix instead of lumped mass matrix gave remote changes in
frequency.

¢ The corresponding mode shapes shown in Figs. (5)and (6), and other modes for
higher frequencies (not drawn) showed that these two frequencies (first and second
frequencies) are enough. They can happen whereas other higher modes do not
happen for these types of trusses.

4-EMPIRICAL FORMULAE

For a simply supported Warren and N-system of trusses, this work leads to the following
approximate expression for the first and second natural frequencies in cycle per second
(c.p.s5).
w; = Rl.Rm.Rh.Rﬂ. Ry L1171, and 2
(3)

Where

i=1s the frequency number ;

- R is given by:
R|:C°+ch.ai .......... e e e e (4-2)
Where i=1,2,3,4 and 5.

1 which a is the panel length of truss by meter; and coefficients C, and C; for first and
second frequencies in both types of trusses (Warren trusses with W symbol, and N-system
of trusses with N symbol) are given in Tables (1) and (2), respectively.

- Ry, is the coefficient of effect of the uniform distributed loads (w t/m) en upper chard
members.
The values of this coefficient for both types of trusses with panel lengths of 1.5, 2, 2.5 and
3m are given in Tables (3), (4), (5), and (6), respectively.

- R, is the coefficient used to take the effect of variation of roof slopes
The values of this coefficient with all considered variations of roof slopes with panel
lengths of 1.5, 2, 2 5, 3m for both types of trusses with all vanations of number of panels are
given in Tables (7, 8, 9 and 10), respectively.

- R, is the coeflicient for the effect of modulus of Elasticizy.
Considering the modulus of Elasticity used in this work as 2000 t/m’, the value of Re

with modulus Ec is equal to (4-b)

c
2000
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- Ryis the coefficient used to take the effect of intensity of material used in the design of
truss sections. Considering the material used in this work is mild steel with an intensity of
7.85t/m’ and total mass of truss ¥ 15, the value of Ry with other material with total mass of

truss of 7 (¢ is given by:

Ry= s (4-¢)

143

Yic = Span of trusses » Intensity of loads + 3 Aj Y.

where i=123,. ..........NM
NM = Total number of members
A; = Arsa of members,
v;=Intensity of reference material assteel ( 7.85t'm’ ).

Y «« = The same equation with design material instead of steel.

The following notes must be taken into considerations:
I- Total mass = total weight / gravity acceleration.

2-  All coefficients given in Tables (1) and (2) are computed with a uniformly distributed
load of § t/m”.

3- The values of Rm and Rh in Eq. (3) are given as unity in case of a uniform load of lvm’™,

4- For any panel length not mentioned in atl tables, linear interpolation technique for just
upper and lower values to required value is used.

Finally to examine the empirical formulae mentioned in the expression (3) and (4).
for computation of the first and second natural frequencies for both types of simplv
supported truss are given in Tables {11)and (12).

5-COMPUTED EXAMPLE

With reference to Tables (11), and (12) for case number (10), with N-system of truss, §
panels, 2m panel length, hy=1 6 m, h;=1.92 m, slope 4%, Ec= 1800 t/om?, intensity of loads =
3t/m, Eq. (4 - a) using Table (i), R1 for first frequency is:

) "

R, =16.32886-17.99504.(2)+ 10 44851-(2)~3. l05822.(2):-0.434465-(2)4—0_020434. (:;
=73.584 {Table 1)

R,=00918, (Table 4)

Ruy=107 {Table 8)

R.= @:0949. .R,= Zo _ 5—9=1_012,
2000 Vi 4.95

B =3.584,0918.1.07.0949.1.012=338 (cps)
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6-CONCLUSION

This work is concentrated about producing the empirical formuiae to calculate the first
and second natural frequencies for simply supported Warren and N- system of trusses. It is
concluded that the formula given in (3) gave a good accuracy and easy computations for
frequencies. A comparison between exact results using computer programs and corresponding
computed frequencies using the formula given in (3) showed that the difference didn’t exceed
0.5%. Also, we can conclude that this formula given in (3) is valid with all variable
dimensions {spans, slopes, loads, heights...etc) for both types of trusses.
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Fig( 1-a} : Warren - system of truss with parallel chords
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Fig{ 1-b} : Warren - system of truss with inclined upper chord
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Fig( 2-a): N- system of truss with parallel chords
W t/m'
‘ 3 Sinch. .
hl2 hl
Span=nxa —

Fig( 2-b) : N - system of truss with inclined upper chord
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Fig (5-a) first mode shape with 1t/in as uniformly distributed load (Warren truss)
M1 =3.143cps

Fig (5-b) second wiode shape with 1t/im as ueiferinly distributed load (Wairen truss)
M2=7895¢ps

Fig (6-a) flust mode shape with 1U/m as dniformty distributed load (N-system fuss)
W =3095¢cps

Fig (6-b) second mode shape with

[t/ as uniformly distiibuled load (N-system truss)
W2=729cps
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Table (1) :Coefficients C, for first natural ferquency in both types of trusses

NO OF PANELS j
YPE OF " RUSS 6 8 10 12 14
Co W 23.854390 | 15.699460 9.653907 8.936804 9.8346342
N 23952910 | 16.328860 | 11.750310 10.094640 8.651513
w -27.886040 | -16.592610 | -6.789466 -6.934849 | -10.777110
Ci N -27.025300 | -17.995040 | -11.927240 | -10.480030 | -8.224527
W 16.932540 9.410130 2.474560 2941155 7.022154 |
& N 14.581520 | 10448510 7.160754 6.807590 4.741590
w -3.659229 -2.809395 -0.391738 -0.589959 | -2.341217
Cs | N -3.707807 -3.103822 -2.418480 -2.59747C | -1.566111
\ W 1.015320 0.416274 0.018457 0.043812 0.482124
Cs N 0.361263 0.434465 0.432958 0.541365 0.281348
W -0.077267 | -0.023338 0.000000 0.000000 -037538
Cs N 0.000000 -0.020434 | -0.032083 -0.047410 -0.021571

Table(2): Coefficients C; for second natural ferquency in

both types of trusses

NO OF PANELS =

/mnwss 6 8 10 12 14
~ W v | 62052980 | 42715350 | 36.433390 | 31.619800 | 30.430030
’ N 58.696020 | 48274230 | 37155740 | 29.305750 | 26.230690
W -67.715020 | -39.960520 | -36 102380 | -32.210950 | -35.133620
Ci N -64.799760 | -37.972850 | -42.144690 | -30.892920 | -28.520930
W 38.352600 | 18.089050 | 17.676560 | 163883490 | 21.043580
C: N 36742140 | 36767170 | 25.470560 | 17.131070 | 16.838300
W -12.036810 | -3840161 | -4.114121 | -3.975774 | -6.527968
G N 11306630 | -12.863410 | -8.430673 | -5.070652 | -3.452091
W 2040227 | 0305943 | 0363729 | 0369076 | 0.982516
Cy N 1814331 | 2375100 | 1435364 | 0749359 | 0.915127
W -0.148838 | 0.000000 | 0.000000 | 0.000000 | -0.054348
Cs N -0.120331 | -0.182286 | -0.103262 | -0.042355 | -0062481
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Table (3} :Coefficients R, with panel length 1.50 m,

NO OF FIRST FREQUENCY SECOND FREQUENCY
Weight | PANELS {c.p.5) (c.p.s)
vm’ ba
TYPE OF 6 8 10 12 14 6 8 10 12 14
TRUSS
( Wyl (384 [ 1322 | 1236 [ 1159 | 1115 | 1.389 | 1.363 | 1.327 | 1.288 | 1.262
0.3 N 1384 | 1320 | 1.235 | 1.t65 | 1.130 | 1.389 | 1.370 | 1.337 | 1.304 | 1.28]
w 0875 | 0929 | 0949 | 0964 | 0973 | 0.842 | 0.870 | 0.890 | 0.903 | 0.912
1.5 N 0892 | 0.934 [ 0.944 | 0.951 | 0.558 | 0.837 | 0.858 | 0.870 | 03878 | 0884
ﬁ w 0.841 | 0909 | 0939 | 0952 | 0965 | 0.764 | 0.803 | 0.828 | 0.843 | 0.853
2.0 N 03847 | 0.899 | 0918 | 0,930 | 0.941 | 0.745 | 6.77t | 0.786 | 0793 | 0807
W 0830 | 0.504 | 0.931 | 0.948 | 0961 | 0.710 | 0.752 | 0.777 | 079 | 0809
2.5 N 0829 | 0.836 | 0.908 | 0923 | 0.934 | 0.691 | 0.723 | 0.743 | 0.758 | 0 769
w 03829 [ 0900 | 0.927 | 0.946 | 0.957 | 0668 | 0.709 | 0736 | 0758 | 0789
3.0 N 0819 | 0880 | 0903 | 0517 | 0.929 | 0.6537 0.688 | 0709 | 0724 | 0736
W 0.827 [ 0.395 [ 0925 | 0.944 | 0955 | 0.633 | 0673 | 0705 | 0724 | 0.737
3.5 N 0.814 | 0875 | 0.89% | 0915 | 0927 | 0.623 | 0.658 | 0681 | 0.697 | 070y
W 0826 | 0892 | 0924 | 0.942 | 0.954 | 0603 | 0.642 | 0.674 | 0.6%5 | 079
4.0 N [osi2 [ 0871 [ 0896 | 0912 [ 0912 | 0598 | 0632 [ 0.657 | 0673 | 067
Table (4) :Coefficients R, with panel length 2.0 m.
NG OF FIRST FREQUENCY SECOND FREQUENCY
Weight ||[PANELS (c.p.5) {c.q.5)
tm’ N
TYPEOF | % g 8 10 121 14 P 8 10 12| 14
TRUSS,
w 1340 | 1222 | 1134 | 1.085 | 1.064 | 1374 | 120 | 1267 | 1231 | |209 |
05 N 1317 [ 1210 | 1340 [ 5106 | 1.092 | 1376 | 1333 | 1.294 [ 12638 | 1246
W | 0963 | 0.965 | 0979 | 0.983 | 0.986 | 0.870 | 0.893 | 0.904 | 0510 | 0.4i5
L5 N 0926 | 0947 | 0959 | 0.967 | 0.974 | 0.349 | 0.862 | 0.870 [ 0.876 = 0.832
W[ 0924 10959 | 0969 | 0979 | 0982 | 0.791 [ 0820 | 0833 | 0.845 | 0.851
2.0 N 0.903 | 0.932 | 0.946 | 0.958 | 0966 | 0.772 | 0.795 | 0.80% | 0.819 | 0827
W | 0922 | 0953 | 0.966 | 0.976 | ¢.978 | 0733 | 0762 | 0.779 | 0794 | 0.800 |
15 N || 0892 | 0.924 | 094l | 0953 | 0961 | 0721 | 0.747 | 0764 | 0776 | 0.7%1 |
W | 0920 | 0.947 | 0.964 | 0973 | 0.976 | 0.687 | 0.716 | 0.738 | 0730 | 0.75%
3.0 N[ 0839 | 0998 | 0936 | 0950 | 0.959 | 0.682 | 0708 | 0726 | 0.739 | 0.749 |
W [ 0918 | 0.946 | 0.962 | 0.970 | 0574 | 0.648 | 0679 | 0702 [ 0714 | 0727
35 N 0885 | 0961 | 0933 | 0.947 | ¢.956 | C.648 | 0.676 | 0.69+ | 0708 [ 0718
W | 0915 [ 0944 | 0961 | 0968 | 0973 | 0.615 @ 0648 | 0672 | 0.684 | Vv
4.0 N 0883 | 0914 [ 0032 [ 0945 | 0945 [ 0619 | 0.649 [ 0.668 | 0633 Jﬁsﬂ
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Table (5) :Coefficients R, with pane! length 2.50 m.

NOOF FIRST FREQUENCY SECOND FREQUENCY
Weight [PANELS {c.p.s) (ee®
tm® ~J
TYPE OF | g 3 10 12 14 § 8 |.10 12 14
TRUSS -
w i 1259 [ 1.142 | 1.085 | 1.063 | 1.05) | 1.335 [ 1.268 | 1.226 [ 1201 [ 1.185
0.5 N 1239 | 1.145 | L.101 | 1.083 | 1073 | 1.352 | 1.304 | 1.270 | 1.248 | 1234
W 0968 | 0989 | 0938 | 0.990 | 0.995 | 0.875 | 0.982 | 0.897 | 0.904 | 0.909
L3 N 0951 | 0.967 | 0975 | 0981 | 0985 | 0.862 | 0.877 | 0.887 | 0.894 | 0.900
W | 0.965 | 0981 | 0983 | 0.987 | 0.950 | 0.794 | 0.812 | 0.824 | 0.335 | 0.84
2.0 N 0935 | 0.957 | 0.967 | 0.974 | 0979 | 0.790 | 0.811 | 0.824 | 0334 | 0.840
W | 0963 | 0946 | 0980 | 0983 | 0.988 | 0.733 | 0752 | 0.770 | 0740 | 0789
2.3 N 0931 | 0951 | 0.962 | 0.969 | 0.976 | 0.737 | 0.759 | 0.774 | 0.786 | 0.794
W || 0.960 | 0.974 | 0.979 | 0.980 | 0.987 | 0.684 | 0706 | 0.726 | 0.735 | 0.749
3.0 N 0027 | 0948 | 0959 | 0966 | 0972 | 0.6%4 1 0.718 | 0.735 | 0746 | 0.735
W | 0957 | 0972 | 0.977 | 0978 | 0985 | 0.643 | 0.6568 | 0.689 | 0.700 | D715
3.5 N 0924 | 0946 | 0957 | 0965 | 0972 | 0.658 | 0.684 | L.702 | 0716 | 0.726
W | 6954 | 0969 | 0.075 | 0976 | 0.983 | 0.610 | 0.636 | 0.657 | 0669 | 0.685
4.0 N || 0921 | 0.944 | 00556 | 0.964 | 0.964 | 0.627 | 0.655 | 0.674 | 0689 | 0.689

Table (6) :Coefficients R, with pane!l length 3.0 m,

Weight Pﬂ?ﬁg FIRST FREQUENCY ' SECOND FREQUENCY
vm’ “He {c.p.s 4 {c.p.s)
TevEor | 8 10 12 14 6 g | 10 12 14
TRUSS
[ Wy 1181 | 1.094 | 1056 [ 1.0a4 [ 7029 [ 1299 | 1.237 | 1200 | 1178 | 1161
05 | N 1173 | 1105 | 1.083 | 1.069 | 1.056 | 1334 | 1289 | 1.263 | 1.246 | 1.231 |
W | 0987 | 0.992 | 0.990 | 0995 | 0.994 | 0.875 | 0.889 | 0.891 | 0.900 | 0.901
13 [N 0968 | 0980 | 0985 | 0588 | 0990 | 0878 | 0894 | 0903 | 0910 | 0 9I3
W | 0984 | 0984 | 0986 | 0992 | 0991 | 0.790 | 0802 | 0.817 | 0.926 | 0831
2.0 N 0961 | 0.971 | 0978 | 0984 | 0.986 | 0.804 | 0.822 | 0.835 | 0.845 | 0851 |
[ w0981 | 0981 | 0984 [ 0988 | 0989 | 0726 | 0743 | 0.760 | 0769 | 0.75]
15 N 0.956 | 0967 | 0.975 | 0.980 | 0582 | 0.747 | 0.769 | 0.783 | 0 794 | 0.800 |
W [[0977 [ 0979 [ 0982 | 098 | 0.987 | 0.676 | 0.695 [ 0.714 | 0.725 [ 0.738
3.0 N | 0.953 [ 0965 | 0973 [ 0978 [ 0981 | 0.701 | 0.726 | (.743 | 0755 | 0.764
w0973 [ 0976 [ 0979 | 0983 | 0.935 [ 0635 | 0656 | 0.676 | 0689 [ 0702 |
3.3 N 0949 | 0963 | 0971 | 0977 | 0980 | 0.663 | 0689 [ 0708 [ 0.723 [ 0.732
W | 0969 | 0.973 | 0.977 | G931 | 0.983 | 0.660 | 0623 | 0643 | 0857 | 0671
40 TN 0.946 | 0.961 [ 0969 [ 0975 [ 0575 | 0.630 | 0658 | 0677 | 0693 | 0693 |
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Table (7) :Coefficients Ry, with panel length 1.50 m.

Stope NOOF FIRST FREQUENCY | SECOND FREQUENCY
AKLS (c.p.s) {c.p.s)
“{;E ™6 8 10 12 14 6 8 10 12 14
TRUSS
% W || 1.064 | 1042 | 1036 | 1.033 | 1.031 | 1.006 | 1.0OL | 1,002 | 0.999 | 0.998
2% N [ 1.064 | 1.046 | 1.035 | 1.033 | 1.032 | 1.004 | 1.001 | 0.998 | 0.996 | 0 994
W |[1.126 | 1.090 | 1.069 | 1.063 | 1.060 | 1.010 | 1.000 | 1.000 | 0.996 | 0994
4% N | 1127 [ 1.092 | 1.067 | 1.064 | 1.061 | 1.008 | 1.001 | 0.994 | 0.990 | 0 987
W | 1.186 | [.135 | 1.099 | 1.090 | 1.086 | 1.011 | 0.997 | 0.997 | 0.991 | 0.989
6% N 1188 | 1136 | 1.101 | 1.092 | 1.088 | 1.010 | 1.000 | 0990 | 0.984 | 0979
W[ 1243 [ 1ISU [ 1130 [ 1016 | 1116 | 1.OIL | 0.994 | 0.992 | 0984 | 0982
8% N 1246 | 1ISL | 1135 | 1117 | 1112 | 1.011 | 0.999 | 0.986 | 0.976 | 0 94u
W || 1208 [ 1.231 | 1.167 | 1.140 | 1131 | 1.011 | 0.993 | 0.987 | 0.976 | 0 974
107 N 1301 | 1,232 | 1175 | 1.t43 | 1.135 | 1.012 | 0.999 | 0.982 | 0.969 | ¢ 960

Table (8) :Coefficients R, with panel length 2.0 m.

Stope o d FIRST FREQUENCY SECOND FREQUENCY
N (c.p.s) {c.p.s)
TYPE |
OF 6 8 10 12 14 6 8 10 12 14
.| TRUSS
v W | 1054 [ 1.034 [ 1.032 | 1.029 [ 1.030 [ 1.004 [ 0995 | 0.996 | 0.995 | 0993
2% N || 1.048 | 1.036 | 1.034 | 1.033 | 1.032 | 1.002 | 0.997 | 0.996 | 0.994 | 0992
W || 1105 | 1.067 | 1061 | 1.656 | t.056 | 1004 | 0.990 | 0.990 [ 0983 | 0986
4% N 1.093 | 1070 | 1.065 | 1662 | 1.061 | 1.002 | 0.994 | 0.990 | 0987 | 0 983
W | 1154 [ 1102 | 1088 | 1081 | 1080 | 1.002 | 0987 | 0.982 [ 0977 | 0977
6% | N 1136 | 5.104 | 1.093 | 1.089 | 1.087 | 1.001 | 0992 | 0984 | 0979 | 6974
W |[1204 | 1136 | 1.112 | 1.104 | 1.101 | 1.600 | 0.982 | 0.974 | 0 %U 0967
8% N | U184 | 135 [ 1119 | 1114 | 1111 | 1.001 | 0.98% | 0.977 | 0.970 | 0964
[ W |[1.256 | 4171 | 138 | 1425 | 1.120 | 0.999 | 0977 | 0.969 | 0937 | G934 |
10% N 1237 | 1166 | 1.144 | 1135 | 1.132 | 1.00t | 0.984 [ 0.571 | 0.962 | 0 953 |
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Table (9) :Coefficients R, with panel length 2.50 m,

M. Naguib Abou El-Saud & Nubil Saad Balat

Stope Py FIRST FREQUENCY SECOND FREQUENCY
" (c.p.s) {c.p.s)
TR 6 8 0w | 12 | 14 6 8 0 | 12 | w4
* TRUSS
W F1.039 [ 1034 ] 1031 [ 1.030 [ 1.031 | 0996 | 0.994 | 0.995 | 0.993 [ 0.993
2% N 1041 | 1.036 | 1.033 | 1.032 | 1.031 | 0.999 | 0.998 | 0.996 | 0.994 | 0.992
W | 1.075 | 1.066 | 1.059 | 1.058 | 1.059 | 0.990 | 0.987 | 0.988 | 0.985 | 0.983
% N || 1078 | L1069 | 1.064 | 1.061 | 1.060 | 0.997 | 0.995 | 0.991 | 0.988 | 0.984
W | 1108 | 1.094 | 1.084 | 1.082 | 1.083 | 0.983 | 0.978 | 0.980 | 0.976 | 0.976
6% N H 1114 [ 1.100 | 1.062 | 1.088 | 1.086 | 0.994 | 0.990 | 0.986 | 0.980 | 0.975
W |[[052 ] 1.121 [ 1.108 | L.104 | 1.105 [ 0.980 | 0.969 | 0.971 | 0.967 | 0.966
8% N | 1153 [ 1128 | 1.118 | 1113 | 1.109 | 0.993 | 0.986 | 0.979 | 0.972 | 0.963
W | 1194 | 1.145 | 1.129 | 1.124 | 1.124 | 0.976 | 0.960 | 0.962 | 0.956 | 0936
10% N 1191 | 1134 | 1140 | 1135 | 1.12% | 0.991 | 0.980 | 0.972 | 0.964 | 0.934
Table (10) :Coefficients Ry, with panel length 3.0 m,
NO OF
Stope || PANELS FIRST FREQUENCY SECOND FREQUENCY
(c.p-s) (c.p.s)
Tgl;,‘“‘ 5 8 10 12 14 6 8 10 12 14
v| TRUSS
w1035 [ 1031 | 1.032 [ 1032 ] 1.029 | 0.994 [ 0.993 | 0.995 | 0.994 | 0992
2% N 1038 | 1.036 | 1.033 | 1.033 | 1.031 | 1.000 | 0.999 | 0.997 | 0.995 | 0.992
W | 1067 | 1.060 | 1.060 | 1.060 | 1.055 | 0.986 | 0.085 | 0.989 | 0986 | 0Y83
4% N |[1.073 [ 1.068 [1.1064 | 1.062 ] 1.059 | 0.998 | 0.996 | 0.993 | 0939 | 0.984
W |[1.098 | 1.087 | 1.085 | 1.085 | 1.079 | 0.978 | 0.976 | 0.981 | 0977 | 0.973
6% N || 1107 [ 1097 | 1.092 | 1.08% | L.084 | 0.996 | 0.993 | 0.988 | 0.983 | 0973
W || 1126 | I.IIT | 17080 | 1.108 | 1.101 | 0.970 | 0.967 | 0.972 | 0.968 | 0 964
8% N 1138 [ 1124 [ 1117 [ 11z | 1106 | 0.992 | 0.988 | 0.982 | 0.975 | 0965
W || 1155 [ 1133 | 1127 [ 1128 | 1.120 [ 0.962 [ 0.956 | 0963 | 0.958 | 0933
1% N 1.169 | 1.148 | 1.140 | 1.132 | 1.127 | 0989 | 0.983 *Lo.976 0.967 | 0.933
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Table (11) :Data assumed for trusses to check empirical formulae

C 89

Cn::)s.e Ti?e No: of Panel (S Span R, R; | Slope | Ec Load Yts yte
' : ouss panels {m) (m) (m) (m) Yo t/em2 t/m
r | ’7w IOJ 2 20 2J 2 0 ZOOOJ 1o | 216 | 216
} 2 W 10 ( 2 20 l 2J 2 o | 2000 ﬁo 216 | 216
3 W 10 2 jiZO 2:]T7 2 J 0 2000 1.0 ¥72.I6 2.08
4 A 10 2 20 2 2 0 2000 30 639 639
5 W 2 20 2 T 24 [TFUU [ 30 J_ﬁ “17 r_ﬁ;_?__
6 \ud 25 33 35 3.5 0 2000 1.0 3.89 38
7 j W 12 r | DJ ig Tﬁ \l 0 iTDO() 1’72.0 173 4 3 84
’ SJ N 6 | J 0.9J OLI 0 1300 | 20 | 188 | 18 |
e J N 6j 1.5 ‘ 9 | 09 0.9 r 0 ] 1300 | 20 | 138 | 18
P S BN TR AT AT N T TE ETE T

Table(12) : First and second Frequencies for trusses used in table (11)

{ First Frequency Second Frequency
I i I = T | T
= L ! I :
Casc) Ry | Ry |Ry| R | Ry | 53 o B Ry | Rw ] Ry | R. | Ry z
No £ | 38¢ g =
-
3 [ J ol
R I I 1 3037 [ 3143 ] 02 | 78m | 1 . I ! y | rem 7 l w2
2 |2l \ 1 |omez| o osw |osss| 02 |7sm | 1 | 1 o Jlﬁzf I 2489 | 2497 | 0
- » —_—— s e s i - —_— -‘
3 by o | | Lol 320 |20 | a2 | 78m | v ] tale | oxen qmq] un
Pnil! T'___ I - \ S N — — ]
4 |17 [awe | ! | 3024 13029 06 | 78T nm+ ] 5815823 .
——— R 1 — - o EEm— et
503037 |09l Losy 1 U] 3202 |az08] vz | 787 [omss | ow | 1_J bl s smw 03 |
| 2253 | 1 ! 1 I 2253 2250 ] 012 | 5166 | 1 i ] 1 1 S166 | 3AS8 04
= . + | ]
7 13w laesz] I 1 320 | 3220| oo | 3627 |asa| I 1 737 rxs | oy
g | 533 jose] T 4690 4874 | 036 | 14277 0Ms ] I Co| o | i0&3T | raal o |
= e MR J Pl il
| T \ ‘ 45 - Ds
0 |38 |07 1 00| 1 1407 | 1402 | 037 | Wam|oms | 1 | a3 I ERCI N N
10 | 2581 091R | ) o7 | m‘ 'mz' 3380 | 3365 | 047 | 8438 Tams l D99(0%IS| 1012 | S8 TAN| 62




