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Fig. 5.4b shows the second mode of the combined
structure. This is essentially the first mode of the
columns deforming in opposite directions with very 1little
beam deformation. The frequency of it is higher than the
component frequency.

Observation of the third mode (Fig. 5.4c) indicates
that this is essentially the combination of the first mode
of the columns deforming in the same direction and the
first mode of the beam. In this case, the sum of the cor-
responding frequencies of the components is nearly equal
to the third frequency of the combined structure.

The fourth mode (Fig. 5.4d) is primarily the second
mode deformation of the beam with first mode of the columns
deforming in opposite directions. This frequency is less
than the sum of the corresponding frequenqies of the component
modes. |

Observation of the fifth mode (Fig. 5.4e) indicates
that this is essentially the third mode of the beam with very
little column deformation. The fifth frequency is similar

to the third frequency of the beam.

5.4.5 Column frequency > beam frequency

The first mode of the combined structure is essen-
tially the first mode beam deformation with very little

c¢olumn deformation. The frequency of the combined structure
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is close to the first frequency of the hinged-hinged beam.

Fig. 5.5b shows the second mode of the combined
structure. This is the combination of the first mode of
the columns deforming in opposite directions and the
second mode of the beam. In this case, the second
frequency of the combined structure lies between the first
frequency of the column and the second frequency of the
beam.

The third mode is the combination of the first
mode of the columns deforming in the same direction and
the first mode of the beam. This frequency is greater than
the sum of the corresponding frequencies of the component

The fourth mode is the combination of the first
mode of the columns deforming in opposite directions and
the second mode of the beam. In this case the sum of
the corresponding frequencies of the components is comparable
to the frequency of the combined structure.

Fig. 5.5e shows the fifth mode of the combined
structure. This is essentially the combination of the first
mode of the columns deforming in the same direction and
the third mode of the beam. The fifth frequency of the
combined structure is different from that of frequencies

of the component modes.
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5.4.6 Column frequency >> beam frequency

The first five modes of the combined structure
are given in Figs. 5.6a to 5.6e with reference to the
member X axis.

The observation of the mode shapes indicates that
they are essentially the beam modes with very small amount
of column deformation. The frequencies of the combined
structure, in this case, are nearly equal to the frequencies
of the hinged-hinged beam. This shows that when the fre-
quency of the column is far greater than that of the
beam, the frequencies of the combined structure is

close to that of the hinged-hinged beam,
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CHAPTER VI

CONCLUSIONS

The following conclusions are arrived at, based

on the theoretical and experimental investigations,

l.

The comparison of the natural frequencies of the portal
frames determined by finite element method and experi-
ment indicates good agreement between the two sets.
Hence it is concluded that the theoretical approach
used is reasonably accurate for practical purposes.

The theoretical analysis by treating the structural
connections as rigid gives reasonably accurate results
in the working range.

The comparison of the frequencies computed by the finite
element method and the conventional method indicates
good agreement for both beam and column. Therefore

the finite element method can be used to predict the
dynamic properties of structural systems.

The effect of added mass on the top of the columns is
found to have more influence on the fundamental fre-
quency rather than on the higher frequencies. The
different added masses result in different dynamical

systems with different dynamic properties. This

82
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indicates that the proper estimation of the mass

of the structural system is important preceding the
analysis and design.

When the column frequency is very small (Table 5.4)
compared to the beam frequency, the first and second
frequencies of the corresponding combined structure
are nearly equal to the first frequency of the column.
When the column frequency is very large (Table 5.9)
compared to that of the beam, the observation of the
frequencies of the corresponding combined structure
indicates that they are very close to the hinged-

hinged beam frequencies.
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APPENDIX I

COMPUTER PROGRAM OUTLINE

A computer program was written to analyse a simple
portal frame, by direct assembly technique. This program

can be used for frames with rigid and non-rigid connections.

DATA INPUT:

The following data are needed in the analysis:
a) Total number of nodes and total number of elements.
b) Number of degrees of freedom for each element.
c) Material properties: Young's modulus of elasticity, etc.
d) Transformation matrix for each element.

The following computer programmes were used in the
analysis

Subroutine SNARK:

Subroutine SNARK transforms the 3x3 element matrices

from local co-ordinate systems to global co-ordinate system.

Subroutine STIFF:

This subroutine calculates the 6%x6 stiffness matrix

for each element. Expressions for the matrix are taken from
reference 7. The 6x6 matrix is partitioned to 4 submatrices
of sixe 3x3. Each submatrix is transformed from local

co-ordinate system to global coordinate system by calling

the subroutine SNARK. Then the submatrices are assembled to
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get the 6x6 element matrix in global system.

Subroutine AMASS:

Subroutine AMASS calculates the 6x6 mass matrix for
each element, in global coordinate system; consistent mass

matrix is taken from reference 7.

Subroutine INVMAT:

INVMAT is a library subroutine used for the inversion

of the assembled stiffness or mass matrix.

Subroutine EBERVC:

The library subroutine EBERVC calculates the eigen-

values and eigenvectors of an unsymmetric matrix.

Main Program:

The main program utilizes the above programs to

compute eigenvalues and mode shapes, and also displacements,



RUN(5)
LOADER {PPI.OADR)

SETINDF .

REDUCE » ”

LGOe ,

N OONONON

6400 END UF RECORD
PRUGRAM TST (InFPUTsOUTPUT »TAPES=INPUT»TAPES=UUTPUT)
*****-‘k b TR R R A T R R e R R i R o A R R PR o N S e R N I I Y

#* #*
¥* 3
% ‘ *
H¥ANALYSIS OF CUMBINED SYSTowm WITH ROTATIUN SPKRINGS IN BEAY *#
3* ) . *®
#* %
#*

>: 3%

**w*xxwxw'kk%xa-\*i\*un*h‘x%*nﬁ-nrnww;.kn*w*.‘l-n-“»(m’n'x,&kkn [ RR R R XX e L
DIMENSTUN O(353933)s 0(35955)sALPHALZ3) sN(353)
DIMENSION DMAT(33933)
DIMENSTON uAl(33933)9AMA0(3$95§),AFHtu(53)9VAL(J)93§),N‘(Ludi
DIMENSIUN CClou)
DIMENOSIUN RESAM(595) sUMASTS5 95 ) sWiiAT(595) 9 CipAS{H e ) s IRNIZU )
COMMUN/ZBLUNL/ T3 j)/BLvNZ/TT(5oj)/BLUhj/bF(696)/”LU"7/Am(u;oJ
READ (592 )NLLEMNJOIN
2 FORMAT(215) '
JOINT=3%NJCI N
DO 13U I=1suUOINT
DO 130 J=19JOINT
SAM(IsJ)=Ueu
AMAS(T oJ)=Ueu
13C CONTINUE
KOUNT=1
4 READ(D92)XPlseYP1lo XPZ’YP49E9L’Y’YJ9AHEA9AL’lFKUm;l]U
5 FORMAT(4F lVUeld9s2ETel/4F1lle4s21D)
NQITE(O’S)XPlyYPl9XP29YP"t069Y’YJsANtA9AL,IFhUMa[TU
- READ(5+22)RHO
25 FORMAT(Flue4)
READ(De79)((T(IeJd)sJd=1l93)s]l=1e3)
15 FORMAT(ZF1lUe3)
CALL JTIFFF(XPIﬁYPL’XPZ’YHc9L9b’Y9YJ’APtA’AL9NQUV])
CALL AMALL (AL sARKLAsYusRHUSANLWING ) - .

134 IF(1FRUMeEwevIGU TU HUL

DO 13Y 1=1s3

DO 135 J=1s3.

IFROG=1+3%([FROM=1)

JFROG=J+3%* ([ FRUM=1)

ITOAD=1+3%([Tu=-1) .

JTOAD=J+3% ([ TU-1) K

COAMIUIFRUGsJFIRCOYI=SAMT IFRUGIVFIRVG)+SF (1 sJ)

SAMIIFRUGIJTUAD ) =AM I FRUGIJTUALI+SF (Ll sJd+3)

SAMUITCOAD o JFRUG) =SAM{TTUAL s JFRUG)+SF (1439 J)

SAMITITOAD s JTOAD Y =SAM( I TUAD s JTUAD ) +SF (I +39J+3)

AMASTTIFRUGJFRUG) =ARMAS( [FROGS wFRUG)+AM( | oJ )

AMASUIFRUGU TUAD) =ANMASTIFRUGsJTCAL) +ANI( ] y U+

AMALETITUAD s JFRUG) =AMAS (T TUAU sur RuG) +AM (L +59d )

AFMASTTITUAD s JTUAD I =AMAS (L TVAL s TUAD ) +AM( [+ 59 J+3)
135 CONTInUL



NNONNNO N

5¢1

502
15

16V

9

23
698

703

704
721
706
797

708

QU0

911

9ul

GO TO 15

DO 5U2 [=193

DO 502 J=193

ITOAD=I+3%(1T0O-1)

JTUAD=J+3%(]110-1)
bAm(lTOAUoJAqu)-bAﬂ(liuAquIUnu)+aF(l+asJ+3)
AMAS (L ITUOAD s JTUADL ) =AMAS( 1 TUADs v ICADI+AA(T+39J+3)
CONTINUE

IF (KOUNT e ENe NELEM)IGO TT 160
KOUNT=KOUNT+1

GO T0 &4

WRITE(Hs9)0AN.

FORMAT(1Xs9L1lveld)

WRITE(6916) _
FORMAT(LX 9o LYXe*AMALH)

WRITE(Os1U)AMAS

FORMAT(1Xs9t 1ue2)

N=33

CALL INVMAT(AMAS 8339339 1E~u7slIERRNL)
IF(IERReGTev) LO TO 711

DO 23 I=1sN :

DO 23 J=1sN

DMAT(IeJ)=Vevu

DO 23 K=1lsiN

DMATII s J)=DHATII o IV +AMAS( T oK) ¥SAM(KeJ)
CONT 1NUE

DO 7U3 I=1N

DO Tusu=1sN

VAL({IsJ)=Uebl

IF(lebled) VAL LlJ)-L.b

CONTINUE

CALL CDLKVC(bHAngb,l,duv9.uly.uulinUuooJ39V“L'a)
DO 7G4 I=1eN
AFREQ(I)=5QRT(ABS(DMAT(191))) /602832
PRINT 721

FORMAT(1Hu e *EIGEN VALUES IN RAD/OSEC¥s//)
PRINT 7u6 o (AFREQ(I)sI=1en)
FORMAT(1Xslubl2e4/)

PRINT 707

FORMAT(1IHus ¥ETGEN VECTUR®9/)

PRINT 7uBs((VAL(TeJlsI=lon)sd=isn)
FORMAT(IHUSL1E12e49/)

CALL INVMAT(AMAS93393391E-U7sIEXRONI)
DO 9uu [=1lsNiN

DO Julu JU=lseiN

ALPHA({] )=uvev

BllsJd)l=vev

D(lsd)=Lew

DO 9uuw K=1sN
b(X’J)-o(IoJ)+VAL(nvI)‘ADAb(k9J)
PRINT Yailetd

FURMAT (1XsLlEL12eb49/)

DO 9vl I=1sN

DO 9G1 JU=1lsN
ALPHA(I)Y=ALPHA(TL ) +u(leJ)

PRINT 912



912 FORMAT(1Xe*ALPEA 15%9/)
PRINT QuU2s(ALFHA(T)sI=1sN)
QU2 FORMAT(1Xslutl3ess/)
DO YU3 [=1is
oo 2032 J=1eN
QU4 wllsd)=UelL
DO 904 I=1sM
DO 904 J=1sN
9U4 B(IsJ)=VAL(LIsv)¥*¥ALPHA(L)
PRINT 9U5s0 i
9u5 FORMAT(1IXsllbEl2eb% /)
DO Yub J=19iN
906 CN(J)=Ueu
BETA=ULLUO
XS02=Ue5/1luvev
Wl=AFREG(21)
DO 9G7 J=1seN
W2=AFREQ(J) ‘
XXX=0WRT((leu=wWlk®2/wW2#%2) #2444 U%(LETARWLI/WZ) *%)
CR(J)=X502% (leu/XKX=1eU) :
9U7 CONTINUL
PRINT 9U89(CN(J)eu=1sN)
QU8 FORMAT(1XsllE1l2e3s/)
DO 9u9 I=1eN
DO 9U9 J=1sN
QU9 DI(TsJ)=b(lsU)*CKNIJ)
PRINT Qlu o ((D(Isudsl=LsiN)su=1sN)
910 FORFAT(IH1e/(11lELZ2eb4s/))
711 PRINT 712sIERR
712 FORMAT(LID)
STUP
END



SULROUTIRE SIIFFF({X1sY1loacaY2sc9GsVeYusARsALYKI)
COMAUN/ZBLONIZT(393)/BLORZ2/T1(593)/BLOR3/SF(696)/8LUNT/AM(Or0)
DIMENSTION Xa(333)95K(393)e'xli(393)9sUK(393)
WRITE(6+25)T
25 FORMAT(1Xe3E1le4)
DO 7 I=1+3
DO 7 J=193
RK{IsJ)=ueu
SK(I’J):‘UOU-
GK(IsJ)=Ueu
UK(T1sJ)=0eu
-7 CONTINUE
JF(KNT eEQe H)0GC TO 6UL
IF(ANT oEWe 1UIGU TO 0792
RK(lsl)=12eux*Ex*Y/AL/AL/AL
RK(Ls3)=6eUkE*Y/AL/AL
RK(2s2)=G*YJ/AL
RK(3s1)=RK(1s3)
RK(3s3)=40%E*Y /AL
SK(1le1)==RK(1s1)
SK(193)=RK(1s3)
SK(Z2e2)==RK(zs2)
SK(3e1)==RK(391)
SK(393)=Ueb¥RK(393)
QK(191)=5K(1ls1l)
QK (193)=SK(341)
QK(2s2)=5K(2+2)
OK(Ls1)=SK(1s3)
QK(3+3)=3tZ290)
UN(1lsl)=xK(1lsl)
UK(1e3)=0Kk(sel)
UK(Z232)=Rinlzsd)
UK(2s1)=0K(2s1)
UK(333)=RK(2+93)
Co Tu 100
Y E=ExY/(AL¥AKL)
EJ=L##Y/ (AL¥AK])
Al=lau+EJ
A21=)ed+leukcll
A3l=1eU+be s¥J
AN22=1e0
Ad2=160
AA=1.U+4.U*;J
GO TO 623
602 EX=CxY/(AL¥Ar2)
EK=E*Y/ (AL¥AK. )
Al=1eU+EK
All=1leu
A3l=1ev _
A22=1e0+2eu*tEK
A32=1eU+3U¥EK
AA=]1 e U+b o C*EK
6U3 RK(Llei)=(l2eu¥E=*Y/AL®**3 )% (AL/AA)
RK(1s3)=(beuXERY/ALK¥ )X (ALL/AA)

[



luv

20

(39l )=Rn(le3)
WK{292)=06¥YJ/AL
RK(3e3)=(Goeust#tY/AL)*(A3L/AA)
SK(1l91)=-RK(1sl)
SK(ie3)=RK(391)%#(A22/A21)
SK(292)=~RK(2+2)
SK(39i)==RK(391)
SK(393)=2eu*c*Y/{AL*AA)
WK(lel)=0R{1isl)
GK(1l93)==-rR&(391)
GK(292)=551L9<)
WK(291)=0K{293)
QK(393)=0r13932)
UK{le1)=R(1s1)
UK(1s3)==5K(1s3)
UK(2s2)=RK(csd)
UK(osl)==0K(1sa)
URN(Z90)=(LeUHEXRY/AL)XLASL/AA)
DO 8 I=le3

O 8 J=1l+3
TT(Jsl)=T(1IsJ)

CONTINUE

CALL SNARK(RKslsl)

CALL SNARK(OKelsel)

CALL SNARK(WKelsel)

CALL ONARK(UKselel)

VO 20 =193

DO 2u J=193
SF(IsJ)=RK(IsJ)
SF(lsJ+3)1=5K(1sJ)
SFl+2s0)=QK1ieJ)
SF(I+3sJ+2)=uN(1sJ)
CONT i NUE '
RETURN

END



6V

SUBROUTINE AMALSS(ALsARsYJsRFOIKNT)
COMMION/ZBLORLZ1(3e3)/7BLUKZ2/T1(3553)
COMMOII/BLOKIZAM(6en)

DIMENSION AX (393 s0R{283)9CK(303)oLnt393)
DO 7 I=193

DO 7 J=1+3

AK(T9J)=Cel

T BK(I19d)=0led

CR(IsJ)=Ued

OKtlsu)l=Uueu

CONTINUE
B=RHO¥AL*¥AR/ (4206 vu¥386eV)

‘AK(191)=156e0%B

AK(1s3)=22e UXAL¥*B
AK(292)=140e UXYJIXE/AR
AK(391)=22e v xAL¥*D
AK(393)=4eUk*AL®ALID
BK{1ls1)=bbeusy
BK(le3)==13eU¥AL*L
BK(2s2)=TUeux*YJ¥U3/AR
BK(391)==8K(1+3)
BK(393)==3eUxAL¥ALXY
CK(ls1)=8K({1lsl)
CR(193)=8K(2+1)
CK(2e2)=BK(232)
CK(39s1)=K(193)
C¥(2e3)=BR{593)
DK(lsl)=AK(1is1)
DK(1ls3)==AK{1s3)
DK(262)=AK(242)
DK(3s1)==naK{3s1)
DK(3s3)=aK(3+3)
CALL SNARK(AKs1s1)
CALL ONARK(LAN91lsl)
CALL ONARBR(Cnslsei)
CALL SNARK(DKelsel)
LO 2u [=1+3

DO 2uU J=1s3
AM(1lseJ)=Ak(1sJ)
AM(T o Jd+3)=8BK(1eJ)
AM(TI+39J)=CR (] sJ)
AM(L+3eJ+2)=U(]9J)
CONTINUL

RETURN

cND
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14

16

17

SUBROUTINLZ OnARN(AsILsJUl)
COMMOI/LLCKT/ZAM(E S

COMMON/ZLLLERLI/T(393)/BLUKZ/TTIV393)7bLLUAR3/S51(650)

DIMENSION Al393)988(393)s0D(393)
DO 12 1=193

DO 12 J=1ls>

B(I’J)=Uob

D(IsJ)=Ue"s

CONTINUE

DO 14 I=1s>

DO 14 JU=1le3

DO 14 K=1+93
B(Ied)=B(IsJ)+A(TK)*T(NsJ)
CONTINUE

DO 16 1=193

DO 16 J=1+3

DO L6 K=1ls>
DIIsJ)=D(Ted)+TT{leR)®3(xsJ)
CONT INUE

DO 17 I=1s3

DC 17 J=1+3

AT ed)=D(1eJ)

Cumvi [
RETURN
END
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