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SYNOPSIS

4 turbogenerator building with complex frames has been studied for
seismic forces, using three analytical models. The effects of joint
rotations and axial deformations on the dynamic characteristies and the
seismic response are studied. Suitability of block model and plane frame
models for seismic analysis of such buildings is examined.

INTRODUCTION

A nultistoreyed reinforced concrete building with complex frames
such as involved in a large capacity turbogenerator building presents
many problems in the analysis for earthjuske forces. The rigorous method
considering all possible degrees of freedom including torsion in the
dynamic response computations is rather complicated and therefore not suit-
able for preliminary design purposes. An approximate method is therefore
resorted to in practical problems which provides for the torsional shears
in the structure on account of unsymmetrical configuration of the structure
elements.e Results of analysis of a typical building of this type are
presented to demonstrate the procedure. The building has been considered
as a block and also an assemply of set of plane frames. The block
analysis assumes floors as rigid elements and considers only the stiffness
of columns. Individual frames are studied using two analytical models =
one assuming girders to be infinitely rigid eclements and the other conside-
ring joint rotations and also axial deformations. The results obtained in
the three cases are compared.

THE SEISMIC ANALYSIS

Ground floor plan of the building chosen for study is shown in Fig 1
and typical cross frame elevations in Fig 2 & 3. For the purpose of
dynamic analysis, the building is considered in two ways = one treating the
entire building vibration as one block in any direction.and the other
considering the individual frames as independent units. The two models
thus assume different action of the horizontal diaphrams between the frame
grids. ’

The stiffness matrix for the block analysis could be assembled
straightway since floors were assumed rigid and hence the column stiffnesses
were lumped together. In the case of individual frames, however, it is not
possible to organise the stiffness matrix as easily since the beam flexibi-
lity permits Jjoints to rotate. The generalized stiffness matrix works out
much larger in size which is not convenient for the purpose of determination
of first few fretuencies. For this purpose the flexibility coefficients at
certain selected points of mass concentration (floor levels) were obtained
from the generalized flexibility matrix of the structure. This reduced
flexibility matrix was then used to compute the freguencies and mode shape
of the franes. '
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Computation of Seismic Shearss Modal shears corresponding to the
design earthquake spectra, in the first three modes were computed and
combined using the guadratic law. If the frames or the block el?ments
were regular and symmetrical, member forces could be easily ohtalneq from
these shear forces. However, since generally it is not so, corrections
must be made on account of torsion resulting from unsyametrys. An approxi-
mate method for working out additional shears due to this is explained in
brief, in the following para.

Figure 4 shows a typical plan at any storey level in a framed
building. Assuming that the floor girders are rigid element, the center
of gravity (Xp) of botal seismic shear (8) in the storey is worked out
from the origin, as shown. The center of rigidity of _columns in a stoxey
is worked out as Xy and eccentricity is obtained as (Xc_ - XF). The design
eccentricity e, is taken as 1.5 times this value. Additional shear on any
colunn line or frame is computled as,

St - - S‘e(X XG)})X vee (1)
A I )
1Y

in which I, is the polar stiffness of the system and Ax is the stiffness
of column line or frame, situated at distance X from origin. The walues
St x computed from efn 1 are then added to original walues of shear to
get increased shears on account of torsion. Reduction in shear as would
be ipdicated by & mirmus value of St,x is usually ignored for design
purposes.

PRESENTATION OF RESULTS AND DISCUSSION

Complete modal anzlysis of the building (Fig_ 1,2 and 5) was carried
out as mentioned earlier. e natural periods for the block model and
those for the individual frames in the first three modes, in the two direc~
tions are given in Table~I. It is seen that the block analysis gives
shorter periods throughout compared to the periods of individual frames
when calculated considering joint rotatioins and axial deformations. . How-
ever, the individual frames without joint rotation indicate periods which
are considerably shorter. For some frames the periods work out even
shorter than the one Fiven by block analysis. The reason for this feature
is that these frames have Very stiff columns as compared to others and as
such demonstrate the effect of Jjoint rotation at girder levels. I% is
observed that the frames have some variations in the periods in hoth the
directions and the scatter is of the same order.

Sheer forces ovtuained from model analysis are modified to take into
account the effect of torsion as explained above.s It is seen that the
maximum increase in shear in cnd frames could he as much as 30%. This walue
however, is very much related with the floor plan of the building.

Seismic forces computed for the individual frames are combined approp=-
riately in order to obtain the shears for the entire building. These are
then compared with the results obtained from the bloclk analysis in the
bransverse and longitudinal direction. MToble-II demonstrates this compari-
son wherein seismic shears for the three analytical models are shown, in
the longitudinnl and the transverse directions. t is seen that block
&n&lys:!.s gives higher seismic shears compared to those obtained from
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assembly of individual frames. The effect of joint rotation in frames as
exhibited in Table~I is present in Tehle-II also and the shears do get
affected on account of the changes in period. he consistent comparison
in the seisnmic shears in both the directions is iateresting.

I+t may, however, be pointed out that if seismic forces obtained from
plock analysis, are distributed to various fraases, in proportion to stiff-
ness at sach level, and then compared with the forces obtained for these
frames considering them as individual units, the situation may be quite
different. In fact, seismic forces in the two cases viz. block analysis
and individual frane analysis work out very differently. Howewer there
is a good and consistent comparison hetween the results of individual
frame analysis with and without joint rotation. The reason for variation
of seismic force in the two cases is the non-uniform distribution of
masses associated with individual frames at various storey levels,

CONCLUSIONS

The analysis of building as presented in this paper shows that the
two analytical models lead to different natural periods and seigsmic forces
for the building. It is seen that the effect of Jjoint rotations and axial
deformations is to elongate the veriods which do affect the seismiec
response considerably. This aspect is quite significant and must be
included in the analysis. Torsion due to unsymmetrical configuration of
structural elements must bhe considered for determining final shears in
the frames and therefroan the member forces. In choosing the model for
determination of member forces, much will depend on the type of framing
and concentration of loads over the building at various floorse.

ACKNOWLEDGEMENTS

Discussion with staff of School proved very useful in formulating
the analytical model for torsion. Assistance of Sri Suresh Chand in
computations is gratefully acknowledged.

REFERENCES

1e 4Arya, Anand Se., Chandra, Brijesh and Gupta, Satyendra P., "Seismiec
Anzlysis for Turbogenerator Building for NAPP" EJS 75-12, Report of
School of Research & Training in Barthguake Engineering, University
of Roorkee, Roorkee.

2. 4Arya, Anand S., Chendra, Brijesh and Gupta, Satyendra P., "Seismic
Analysis of Service Building for NAPP" BEQS 75-28, Report of School of
Research & Training in Barthguake Engineering, University of Roorkee.

3. Blume, John A., Newmerk, Nathan M. and Corning, Leo H., "Design of

Multistory Reinforced Concrete Buildings for Earthquake Motions"
Portland Cement Association, Chicago, Illinois 1961, ppe 72=73.

2641



- <o £
{ g 3
iy g
2 2
:
w @
Qi lgé
5 1r <«
e
3 429
! g 7 38
Pl X B:
pd u-g <
g

S
|
1
!
'
4

9

-
-
-9
e

1000
-
i
— . DOOO

- 300

bod
1
H
1
o
5

' g 1 :

8‘ i
00: L
g o ‘
< e
: § ¢
-i-O L 8 B ”'"“'”“:'“

¥

o]

]

F1G. 3 _CROSS-SECTION OF THE BUILDING ALONG GRID F

2

; ;
*;:.e;w, b L —:}———iﬂ
g Iy
A o] - X 'l\l '
Sait S
]
:L‘ﬁ& YT e ....i -

N
oo L a0

1

1
IX00Q
[3R, sk
Cmoooil
£L21000]

2642



ST°0 6T°0 TN*0 05°0 65°0 L9°0 6T°0 NT°0 TT°0 €T°O
$5°0 16°0 TTI°T 06°0 £8°0 TO°T $9°0 99°0 €9°0 ZT¥°0
LP°T S6°T LS*T 0Z°T 02°T Q€°T 22°T 0€°T LI"T €0°1

80°0 TT*0 99°0 9€°0 6%°0 SG*0 LZ°0 €Z°0 €2°0 ST*0
2G°0 ¥L°0 TO°T $5°0 ¥S°0 L5°0 95°0 0S°0 9¥*0 SZ°0

TE'T 6L°T 89°T £9°0 06°0 €6°0 06°0 £6°0 6£°0 S5°0

€0Z°0
SLv o

vsLto

oT 6 8 L 9 S 14 € Z T
(pepnTout uor3lejox jutol
X uorjewmyogyap Terxe) 0T ®3 T SpPTiH JO spoTIdd

28 6 3 L 9 S 14 € Z T

(pTBTx UsYe3 ®ICOTI) OT ©3 I SPTIH JO SPOTIAJ

PTbTa Usyey
8I00T3 UITM
POTIad Mdorg

*ON
apon

NOoOIrwo-ayzIa

TSTYITASNYHEL

0¢°0 6C¢°0 TZ°0 GO0°T ST°0 92°0
€€°0 6V°0 LP°0 62°T 6€°0 G¥°0

96°0 TT*T S9°T 6V°T 9%°T 92°T

9T*0 0T°0 €T*0 LI*0 ¥T°0 6T°0 6TZ°0 €
ST°0 €€°0 PP°0 T¥°0 9€°0 62°0 8veE*n [4
69°0 T6°0 29T E¥V°T ¥¥*T ¥5°0 €86°0 T

d q a 0. € Y
PSpPNTOUT UOTIRIOW-3I[L ISP
TBTXe) J 03 Y §pPTIH JO spoTIad

S q a ) € Y
(PTHTx usye3 sx00TT)
d 03 ¥ 8pPTIH JO 6poTxad

PTIDTI uayel <oN
SI00TF Y3ITM apow
potxad 3ooTa

NOILOZIWIA

TYNICALIONON

$T3A0ON TYOILATYNY SNOTHVA HNISN HNIATING THL ¥OS NOILWIEIA J0 SAOTHAL TRIALYN - I FT9YL

2643



ST f - - - 0L $9 1§ - - azk | - - - 9fT 62T €9T
2 - - - - - - - - nrean
we | : 0L Lo- cel £Et ETE bEE own 2.« MNS - = - 0Tb veE TOE o 9Ly 0vo 605 | Geog| - - - viz vz B2 ofe omn moa mﬁ. Aneant
- €% | - - ZITETT €6 €17 - - = -~ b < na-onT
19Tz | 99T €62 60T LTz 06T £6T 687 977 ZTE vmm 6STE|Z0Z 65€ LET 6bE LzZ ¥eT ¥ - so €T 0T =7
TE SSE 4TS POV n9+any
90 | - - _ $6T L L 6TE L6T SLT Sv Sv ..? €Te
ww. DDk mwa =2 - wmh - - Té 9€T €ET OLT 95T - - - mww« T LZT $6v ALt Lot 20t zit - A0STTY
- - - - - - e b I S-S DTy TS -« - ane
6257 | TeT 651 69 76 Te Sz vy ore ize ooz | vez|eet 2oz ze on on 2 Y e lo . |ST | oo - - - v osTo - - - |oo
gevT | T2t 6ot 69 zE TE€ ST ¥ €TE LZE 867 | 9TOZ|ZOT Z9Z ZG 09 95 9 €S OSE S5 TLY | 0[oT| TTE ZOE LOT ©6 L6 %6 ®6 Y8BT T7Z €TZ | NGeTTIT
ore S5 6L LE T 66 6T OLT 9tz zST TFT | TIST|LE TS OF 69T 06 °ST SOT 222 927 Z9E | ezLT| £ST °ST °ST UST <ST §9T wiT ZPT T(T LZZ | 00911
e | - - - 8o e oo o WrTee - - - 2T - - - - - 96T | geor| - - - ¥ - = - - 16 | ne-vzr
ots |ev o 2o e 2L OTT TUC SET UST | g0 | - - - e 26 66 OTT €T LT 00z | soef| - - - 2Ty 19 T9 99 zL T~ 9T~ | noeozT
¢ SS TV ¥9 T pL Ge | 6%Z9 |LE 6V ¥S ST €9 9 YL ¥P 99 6% | gpIT| Lz (Z LT 9ET 9ET OET 9ET 9ET OET CvZ | MOTET
DT 6 8 L 9 v € 7 T 0T 6 ¢ L 9 PSP
_ S v £ 7 T 0T 6 %L 2 O RO R
S Ut ey tak foraoL UT Teaus ] s 0T o3 T ®pyap UY xesus T ST T PeTaE UT eSS “pata
T oy °3¢ XOJIP TeIXe -euy prin ._PIBTI uaye3 siocory s18ATRUY pPTIS pYBII ueNey SI00T3 Mwm%?:t oot
NOTIOTMIA ASUAASNWAIL
698Z|6ZL ©€6 6T 6LT €ZZ 965 00s€ | §66 POTT 26T  °LT 22T €69 269 TPZT 9VOT €9 oL €ET 660T| Nnenay
TeT | - - 62 2 - - L - - - L - - €s | - - 8% S - = |09°907
wzizLo STe 99 IET 2T 9T 9TTE | S8 980T LVT  6ET VET bSL 98TE|SZOT TSTT 2z2 12T ZET LL9 | 09°90T
- - s - _ T Z - p T - 2 s - = - S - - NTTT
ez | - - - e - - 8T - - - 8 - - LT | - - = Lt - = ] 00°TTT
g50T{0€S S9L 2ZTT ¢ 90T esv zssz | €99 v06 TTT SE 80T SL9 ovoz|9LL  HEOT ETT 68 EIT STS | 0n°TTT
€€ZT(9SE 6% - - -  ozE €2ST| @¢b 819 - - - (oF epcT{RoE 066 - - - 065 | 00°9TT
69L |9¥T 9S€ - ° -~ - (92 £06 €9 L9 - - - €L 0%6 [oLT sob - - = So% | on-TeT
ovs |62 zee - - ST § £6S v6 697 - - - nET 6€9 |PST  wvT - - = I8Z | 00°9TT
Lz | - o9t - - - gzt 80€ - wt - - - ToT %9 | -~ zaT - - - zot | 0o-Ter
3 E d 5§ ¥ I E; d 5 4@ ¥ 3 T [ S I &)
uns 303 V DTID UT I¥eus <Touf | MAs J 03 ¥ eDTID U IeeUS nns T 53 ¥ €pTa5 U IWeus | AT
*3oy°3p’ *2038p TeRTXR -BUY PTAD PIBTx uoyel SI00TF *eUY PIXD PIOTX UYWL SI00TJ -WUY Y20Td
NOIZOAYIG TVNIGALIONOT
SsTaAdT SNOIUVA IV (SANNOL NI) UYIHE +0 HOSIMVETOD IITIEQ

2644



