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ABS18&C.T

ThiB report deals with the analysis carried out for the

evaluation of earthquake induced stresses and deflections in two

1050 mm diameter heavy water- upgrading towere; for Kaiga Atomic

Power Plant Site.

The analysis of upgrading tower has been carried out

for two mutually perpendicular horizontal exitations and one

vertical excitation applied simultaneously. The upgrading towers

have been analysed using beam model taking into account Soil-

structure interaction. Response spetrum analysis has been

carried out using site spectra for 235 MWe Kaiga site.

The seismic analysis ha6 been performed for both

the towers with supporting structure alongwith concrete pedestals

and raft foundation. The towers have been checked for its

stability due to compressive stresses to avoid buckling so that

the nearby safety related structures are not geopardised in the

event of SSE loading.
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1.0 Introduction

This report deals with the seismic analysis of two identical

single Heavy Hater upgrading towers of 235 MWe Kaiga Atomic

Power Plant. Each Upgrading tower is made up of a column sump,

14 column sections, a reflux condenser, a vent condenser and a

reboiler. The total height of the single tower is 56 meters and

its weight is 70 Tons (approx.). Weight of the structure which

supports both the towers is 264.2 tons jtapprox.) and the weight

of concrete pedestals and raft taken together is 1143 tons

(approx.). The upgrading towers are required to be designed for

OBE (Operating Basis Earthquake) and shall be checked against



total collapse under SSE (Safe Shutdown Earthquake) considering

the height of the distillation columns so that the nearby safety

related structures do not suffer any kind of damage

(Ref.10).During the course of analysis, it was agreed that

the design of distillation columns (e.g. thickness of column

sections) would not be altered , and it would be

qualified seismically by evolving the supporting structure of the

towers in such a way that the induced seismic stresses are within

the allowable limits. This ic an economical proposition because

the towers are made up of SS 304L. Analysis of the towers was

perfox'med in various steps which are as follows:

(1) Modelling of towers

(2) Analysis Of Supporting Structure

(3) Evaluation of equivalent model of supporting structure,

(4) Modelling of raft, concrete pedestals & coil structure

interaction

(5) Analysis of towers with supporting structure,

(6) Checking the stability of tower and

(7) Checking the effect of wind load on tower

(8) Calculation of stresses.

This report gives details of all these steps, results of

analysis and the conclusions arrived at.

2.0 Description of The Upgrading Plant

The upgrading plant at Kaiga consists of two

numbers of distillation towers along with its accessories and the

supporting structure. The distillation columns and the supporting



structure rest on concrete pedeetale which in turn rest on a

common raft foundation .Both the distillation columns at their

bottom have a sump which gets supported on a skirt. Part of the

sump support (Skirt ) is made out of S.S 304 L and the rest is

made out of IS2002 Gr 2A material.

Each distillation tower consists of 14

number of column sections containing tower internals. Each column

section is of 1050 mm I.D. and 3250 mm height fabricated out of

S.S 304 L plates (Ref. Fig.l), The first three column

sections are made out of 18 mm thick plate while the remaining

eleven column sections are made out of 12 mm thick S.S. plate.

Bach tower has its own column sump .packed sections,

reboiler,reflux condenser and vent condenser(Ref. 12). Each

column section weighs about 4.0 Tons. The column section are of

flanged typ . which are seal welded after erection. The column

sump is of 1400 mm O.D.,14 mm thick and 2000 mm in height. Column

sump and ekirt assembly weighs around 8.2 Tons. The reboiler is

connected at the bottom and condensers are located on the top of

the distillation tower. The weight of the reflux condenser is 5.0

Tons. The sump water while passing through the vertical thermo-

syphon reboiler.gets vapourised due to steam heating . All the

vapours get condensed in the condensers and are returned as

reflux. Both the vapour and the liquid reflux flowing counter

currently get exchanged their heavier and lighter isotopes . Thus

D20 concentration is enriched to the required grade in the sump.

The tower is supported at the bottom and in addition it is

provided with five numbers of lateral supports at various



elevations of the supporting structure with the reqired gap

between the support and the column section.

3.0 Mathematical Modelling

3.1 Modelling of Towers

Lumped mass beam modelling has been used in the analysis.The

first step in lumped mass beam modelling is to convert the real

structure into a system of lumped masses and segments suitable

for mathematical analysis. The response of tower to a given

excitation is determined by its mass, stiffness and its

interaction with the foundation.

Finite element model of distillation columns along with

supporting structure was made so as to represent mass and

stiffness proporties from base to top. An assemblage of beam

elements with straight centroidal axis and of uniform cross

section connected at structural joints with masses concentrated

at selected structural joints designated as nodes has been used

for discretising the towers. The characteristics of a lumped

mass model are described by the masses lumped at nodal points,

segment height, moment of inertia, area and shape factor at the

mid section of each segment. The portion between the lumped

masses is assumed to have uniform cross-section.

The FEM model of both the towers and their supporting

structure consists of 216 nodes and 213 elements (segments) as

shown in Fig.2. Nodes 1 to 85 have been used to discretise the



tower-1 and nodes 130 to 214 have been used to discretiee the

tower-2, nodes 86 to 128 have been used to represent framed

supporting structure and the rest of the nodes are used for

discretising the civil structure.

3.2 Modelling of Supporting Structure

The supporting structure has sot 4 built uj» columns. Each

column is a built up section made of two ISMC 400 with 10

to 25 mm thick plates welded to their flanges (Ref.13). In the.

plan, these columns are connected by four horizontal ISMB 300

beams at various levels as shown in Fig.3. In the elevation

these beams are connected by cross bracings made up of angles ISA

150 x 150 x 12, ISA 150 x 150 x 10 , ISA 130 x 130 x 10 and ISA

100 x 100 x 8 . The complete structure rests on 4 concrete

pedestals which in turn are resting on raft foundation as shown

in Fig.4. These four concrete pedestals and tower pedestals are

joined by rectangular concrete beams in the plan at EL. -1000. ,

EL. -4350. and EL. -7650.0 . The height of supporting structure

is 57.927 meters.

The supporting structure, therefore, is a 3-D space frame

type of structure which consists of a number of beams and columns

and supports both the towers. Modelling of such a space frame

type of structure alongwith the tower for carrying out the

dynamic analysis is not feasible because the problem would then

become too complex requiring large computer memory space and

computer time. In order to solve this problem , an equivalent



beam model of the supporting' structure has been evolved which has

been used alongwith the towers for the purpose of dynamic

analysis. A 3-D space frame model of supporting structure (

Fig.5) has been subjected to static loading in three directions

at its top elevation. The deflections & rotations caused by

these loadings at various levels have been subsequently used for

arriving at the geometrical properties of the equivalent beam

model. Computer code SAP-IV (Ref.l) has been used for the anal-

ysis .For the evaluation of properties of the equivalent beam

model, x-direction loads of 100 kg each have been applied at

nodes 1, 3, 4, 5, 7 and 8 respectively (Fig.5) For Y-direction,

the loads of 100 kg each have been applied at nodes 1, 2, 3, 5, 6

and 7 respectively. For evaluating the properties in vertical

direction, load of 100 kg each has been applied at nodes 1, 3, 5

and 7. For finding out the polar moment of inertia of the

equivalent beam, a torque of 400 kg-mm has been applied at the

center of the structure at top level.

In order to validate the properties , the equivalent beam

model as shown in Fig. 6.0 has been analysed for the same static

loadings as the 3-D space frame model of the supporting structure

and the results of both the models have been compared at

some selected elevations as shown in Table 1.0. This ensures

that the equivalent beam model truly represents the behaviour of

the actual supporting structure.



3.3 Node11inA of Raft, Concrete Podescale and Soil-Structure

Interaction

Having established the mathematical model for the tower and

its supporting structure, it is necessary to include the

modelling of concrete pedestals and the raft on which they rest.

The concrete pedestals and the raft have been nodelled as beam

elements with appropriate geometrical properties. To evaluate the

properties of concrete pedestals, it is modelled as a 3-D space

frame model has been used (Fig.7). This 3-D space frame model

has been subjected to static loading in three direction at its

top elevation. The deflections and rotations caused by these

loadings at various levels have been used to find out geometrical

properties of equivalent beam model of concrete pedestals

(Fig.8). Table-2 shows the comparision between 3-D space frame

model and equivalent beam model for deflections and rotations for

the same static loadings. Masses of concrete pedestals and raft

have been lumped suitably at various nodes. For this purpose,

the weight density of concrete has been assumed to be 2.54

T/cu.m.

The foundation conditions may have considerable effect on the

response depending upon the nature of the soil and extent of its

interaction. The soil-structure interaction has been given

due credence in the formulation of the mathematical model by

introducing the frequency independent linear soil springs at the

base . The soil at the base has been represented by rotational

springs KTX and KTY , transtational springs KX and KY,



verticil spring KZ and torsional spring KT whose stiffnesses have

been evaluated on the basis of half space theory (Eef. 2 and Ref.

3) ae given below:

KX or KY = 2 (1 + y ) G J3,\ ,/iE

2
KTX or KTV = G/{1 - V ) [if . BL

KZ = G/(i - V) jBa •'/BL, and

3
KT = 16 GR /3 ,

Poisson's ratio of foundation medium,

Shear modulus of soil, = -^r Vs

2 2

4 / B L ( B + L ) / 6/T = radius of equivalent

circular raft,

P - Weight density of soil,

B = width of basemat perpendicular to the direction

of horizontal excitation,

L = length of basemat in the direction of horizontal

excitation.

, pz = constants that are function of

dimensional ratio, L/B, which are found

using Fig.3300-3 of Ref.2
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The foundation properties used for 235 MWe Kaiga site are

given below:

Vs= Shear wave velocity of rock = 1600 m/sec

V = Poieeon'B ratio of rock = 0.15

(* = Weight density of rock = 2.5 T/cu.m

The effect of side soil has been neglected in the

analysis because the back fill soil is loose in nature (Bef.ll) .

Table 3.0 shows the values of soil spring stiffnesses used in the

nodel. Boundary elements of code SAP-IV (Ref.l) have been used

for modelling these stiffnesses as shown in Fig. 2. The soil

damping for translational .rocking and torsional modes has been

assumed to be that of the super-structure which would give

conservative results

4.0 Method of Analysis

Finite element computer code SAP-IV(Ref.1) has been used for

the analysis. The analysis was carried out for both the

dietillation towers alongwith their supporting structure.

Response spectrum method of analysis has been used to qualify the

towers during SSE and 08E events. The ground motion response

spectra used for 235 MWe Kaiga site (Bef.ll) are as shown in

Fig.9.0 and Fig. 10.0 . The OBE acceleration values at various

frequencies have been taken as half of the SSE values. The

structural damping value of 3% of the critical damping has been

used for SSE conditions and 2% of critical damping has been used

11



for OBE conditions for towers ,steel supporting

structure,concrete pedestals and soil (Ref.4). For the purpose

of dynamic analysis, static value of modulus of elasticity has

been used as given in ASCE standard (Ref.2). All the six degrees

of freedom via. 6x, Sy, &z , Q x, 0y and Q>z are allowed

at each node. The connections between the tower and its

supporting structure at various levels have been established by

coupling the two horizontal translational degrees of freedom ( x

and y) of the two structures through the use of end release code

option available in the computre code SAP- IV.

In order to carry out the response spectrum analysis, the

programme first calculates the undamped natural frequencies and

mode shapes of the structure. Having obtained the frequencies

and mode shapes, it does the response calculation for each mode

using modal superposition method. Material damping has been

assumed to be same in all the modes. The total response is then

obtained by combining the responses from various modes either

using square root of sum of squares (SRSS) method or ten percent

method depending upon the closeness of the modes (Ref.5). First

sixty modes have been selected for the purpose of analysis so as

to excite all the modes upto 33 Hz. The total mass participation

in various directions upto 60 modes is as shown in Table- 5 The

rigid body mode response due to rest of the mass (called missing

mass) has been evaluated using equivalent static method and has

been combined with the dynamic response in an SRSS manner. The

spatial combination has been performed using SRSS method (Ref.5).

12



5.0 Check for Stability of the Tower

The D20 upgrading towers would be subjected to

axial compreseive stresses due to its self weight. la addition to

this, the seismic loading would also give rise to axial and

bending type compressive stresses. The tower, therefore, needs

to be checked for its stability due to these compressive stresses

so ae to avoid its buckling. The stability check for the tower

is required to ensure that the nearby located safety related

structures are not damaged in the event of an SSE loading. In

order to carry out this check, it is first necessary to evaluate

the buckling load for the tower under various modes of failures

and then perform the check as per the relevant design code.

The tower is designed as per ASME Code Section VIII, Div.l

(Eef.6). This code, although, requires the evaluation of

seismic stresses in the vessels, it does not give s. clear cut

methodology for performing the stability check. A survey of

various available design codes to arrive at a suitable decision

was therefore made. As per the design practices given in various

codes, a thin cylinder under axial compression may fail in one of

the following three ways.

(i) By plastic yielding when the stress in the material reaches

the yield stress i.e. fc = fy , where fc is the

critical buckling stress and fy is the yield strength of

material.

13



<ii) By buckling of the complete cylinder as a strut (Eulers

buckling). This would happen when induced stress reaches

the critical stress given by:

2 2 2
fc = (klE A r )/ (2 L )

where, kl = critical stress factor which depends upon

the supporting conditions of the vessel,

E = Young'6 modulus,

r = external radius of vessel &

L = length of vessel.

(iii) By local buckling with the formation of axial and

circumferential stress waves on the surface. This would

occur when the induced stresses reach the critical buckling

stress given by:

fc = k2 E t / V3(l - if") . r

where, k2 = a constant determined from chart C-47 as

given in the code.(Ref.7)

In the case of combined bending and direct axial stresses,

the highest compressive stress occuring in a cylinder subjected

to an axial load W and a bending moment M is given by:

f m = W/ (2 A rm. t ) 4 M/ ( A IV) t )

The maximum stress fin should be limited to the lowest

critical stress found as above divided by an appropriate safety

factor. As per ASME code VIII (Ref.9), the allowable



compreeeive (stresses shall be the loact of

(i) 25 % of critical buckling stress with a factor of 50 % for

tolerance

(ii) 50 % of specified minimum Sy and at the temperature , where

Sy is the yield strength of the material

(iii) 100 % of avarage stress to produce a creep rate of 0.01 %

per 1000 hours

(iv) 100 Xof the allowable stress in tension

The failure modes due to Euler's buckling and local buckling

normally require very high compressive stresses to be developed

in the tower. This fact was studied as given in Ref. 8 . It was

concluded from this study that the buckling mode caused due to

plastic yielding is the one which governs the design and

therefore the allowable compressive stress values corresponding

to SY/2 has been used for checking the tower against buckling.

6.0 Effect Of Hind Load On Distillation Toner

Analysis for wind load has been performed by M/S Chemicon.

M/S Chemicon has evaluated the distribution of wind pressure

along the height of steel supporting structure and has designed

it for this loading. Since the distillation towers are connected

to the steel supporting structure at five locations, there would

be a transfer of loads to the towers due to wind loading. This

effect could not be simulated by M/S Chemicon because their

model includes only steel supporting structure and does not

include mathematical representation of distillation towers. It

15



was therefore,decided to use the equivalent forces generated due

to wind loading at various levelc of steel supporting structure

in present model and evaluate the effect of these forces on the

distillation towers only.The design adeqacy of steel supporting

structure for wind leading has been checked by M/S Chenicon . The

wind forces used in the analysis are given in Table-15 (Ref.

14).

7.0 Results

Table- 4 shows the frequencies & jnodal participation factor

of first sixty modes of vibration for two towera along with

supporting structures. In order to reduce the stresses in the

tower, analysis with five supports was carried out. Table- 7 and

Table- 6 show the deflection and stresses at salient locations of

tower for SSE loadings respectively. Table- 9 and Table- 8

shows deflection and stresses at salient locations of tower for

OBE loadings respectively. Table- 5 shows the mass participation

in various directions, Table- 10 and Table-11 show the lateral

forces transferred on the supporting structure at the five

support locations for SSE and OBE loadings respectively. Table-13

and Table-14 respectively show the seismic forces and moments in

the steel structure concrete pedestals and raft for SSE and OBE

loading. Fig.11 and Fig.12 respectively show the mode shape for

first two modes of vibration for towers supported at 5 locations

to the supporting structure. Table- 12 shows the reaction

forces/moments at the base of each tower.Table-16 and Table-17

16



respectively show the stresses and deflection in the tower for

wind loading.

7,0 Discussions

(1) Appropriate modelling of tower and its supporting structure

plays a key role in the seismic qualification of the towers.

Modelling of. complete structure alongwith the towers is

rather time consuming and uneconomical from the point of

view of computer memory and time. An equivalent model of

the structure has been, therefc ^ evolved whose behaviour

is a true representation of the actual structure, as shown

by results given in Table 1.0. This is a very important

step in this anlaysis which decides the accuracy of the

analysis performed. Modelling of soil-structure

interaction alongwith the concrete pedestals and raft aleo

are important in this respect.

(2) The tower has been qualified with five lateral supports

without altering its design which is desirable from the

point of economy and at the same time ensure the safety

of other safety related structures located nearby by

making sure that the tower alongwith its supporting

structure is quite stable.

17



9.0 Conclusions

(1) From the various studies conducted above it is concluded

that in order to have minimum induced• stresses in the

towers in the event of SSE earthquake, they shall be

supported at five locations along their height from the

supporting structure. It is, therefore, recommended to use

the five-supports tower design as a standard one.

(2) A close look at the mode shapes of the tower alongwith its

supporting structure reveals that the tower and the

supporting structure both behave as a single cantilever

beam in the first two modes. The first frequency of the

system is 0.7043 Hz which is a bending type of mode.

Response of the complete system is predominantly governed

by the first ten modes. In order to ensure the

convergence of response and excite all the modes up to 33

Hertzs, sixty modes have been considered for the analysis

(3) The maximum deflections in X, Y and Z directions at the

top of tower (with five supports) are 14.13 cm, 13.83 cm

and 0.2 cm respectively whereas at the top of supporting

structure are 14.67 cm, 15.1 cm and 0.30 cm respectively.

(4) The maximum stress levels as in various sections of the

tower are kept well below the allowable limits so as to

avoid failure due to instability. The maximum induced

stresses due to weight and seismic loading(SSE) and

missing mass in the tower shell is 9420 psi for the case

18



of five supports along the height of the tower at the

bottom of section -14 . However, it is worth mentioning

here that the stresses induced due to all other loadings

such as pressure, temperature etc shall also be combined

with these stresses to check the tower for stability.

(5) The maximum stress in the tower for the case of wind load is

5369.0 pel and the maximum deflection at the top of tower

is 20.34 cm ,22.04 cm and 0.25 cm in X , Y and Z direction

respectively. Table-18 givee forces /moments at the base of

steel structure for wind loadings

(6) The base shears and base moments induced duo to seismic

event for each tower are as given in Table-12.

The seismic forces and moments in steel tower.concrete

pedestals and raft are given in Table-13 and Table-14

respectively. It is worth mentioning here that the civil

structures shall be designed for these forces and moments.

(7) The reaction forces transferred at the five lateral supports

to the supporting structure are as given in Table-10 and

Table-11 for SSE and QBE respectively. The design of

supporting structure si«all take care of these forces
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TABLM

COKPiEISIOI 07 D I M C T 1 0 I I 0 J 3-1 BOWL i»D MOIVALIH BUS BOWL FOS SUFFOBTIHG STECCTOEE

um-
TIOJ

IE

57827.0

36075.0

2305T.0

TJ--600.D 16

3-D lit

wi-i»«: »OM

i

e.l675Il!0.41»-4
1

1

0.56S71 !0.28501-4
1
1
1

S.2471B 'O.ltSI-4
I
(
1
1

KD-6UB

m-m\ BOT-T

0.1621110.42921-4
1
1
1

0.5659 !0.2Bt5!-4
1
1
1

0.2515110.172CI-4
1
I
I

n=600.0 EC

3-0 m

IfL-T 118

0.162011

0.56345

0.24720

BOM

0.42661-4

0.29S1E-4

0.1890E-4

EW-BU8

DFI.-T U

o.ieisn

0.56599

0.24051

EOT-I

0.42921-4

3.2885X-4

0.17201-4

3-D FIB

m-i 8K

0.2068M

0.60011-2

0.234SE-2

IQO-rlll

ori-z a

0.2063M

O.$O5iE-2

0.2SBIB-2

E2--400.0 16-BH

3-C FID

BOT-Z

0.24121-7

0.403H-!

0.243»-t

IQ0-EU1

1OT-2

1

0.24T3I-7

0.40561-C !

0.24461-8



mii-z

COBPiJISIOl OF DiniCTIOl FOS 3-D B09SL ADD W>miUT Mi l HOWL (08 COSCKSTE FEBSSTiLE 1 BAFT

I U U -
TIOI

IK

19500.0

6150.0

2559.0

n=6«0.8 16

3-9 f O

DfL-X II

O.lOil-1

0.4621-2

o.mi-2

lor-r

J.13551-5

0.10311-5

0.6831-6

19.0-Bttl

Wl-IIB

0.101-1

0.461-1

0.121-2

IW-I

0.1J5I-5

0.1121-5

0.J351-S

rr-6oo.o (c
3-D IIB

sn-i n

0.95911-2

S.41KI-Z

0.12421-2

10T-I

0.11531-5

0.94051-6

0.61161-6

m-mi

DfL-T KB

. . . . . . . . .

0.9591-2

0.4221-2

0.12TI-2

IOM

0.1151-5

0.9591-E

0.S43SI-6

r2=500.0 (G

3-D nil

tti-i it

0.23SII-3

0.1361-3

0.63141-4

w-im
ML-J n

0.23561-3

0.13811-3

0.64011-4

11=414.4 K-M

3-D FU

aor-z

0.2911J-9

0.1J2T1-J

0.11961-10

1W-B1U

EOT-I

0.29SOI-9

0.11271-9

0.10001-10 !

Z-3



TABLE-3

SOIL SPBIUGS OSSD TO ACCO03T FOR SOIL 5THDCT0SE IBTEBACTIOH

IODS

91

II

1.S86E7

IT

1.775E7

12

1.97987

III

U 3 5 I H

ITT

8.274E14

m !

1.111E15 i

II-- TBAHSlATIOIAl SPB'*G 18 Z-9IBSCTI08 (IGF/HIJ)

IT: TMXSliTlOllil SFBIIG 11 T-DI1ICTIOK (IGF/KB)

U - TEAHSL4T1Q1AI SF1IIG ID Z-DI2ICTIOK {fGF/BS)

l!I= BOCIIRG SPSIBG 4BO0T I-iUS (IGF HH/E&D)

ITT: B0CII8G SFB1B6 ABOUT T-AI1S (IGF HH/EAD)

ET2- TOKT101AL SPKI1G ABOUT I-4IIS (I€f BB/EAD)



TABLE-4

KftTURAL FREQUENCIES A.N3 BODAL PARTICIPATION FACTORS FOR

FOR VARIOUS MODES FOR TC«Efi WITH 5-SUPPDRTS

NODE

1
2
3
4
5
6
7
3
?
10
11
12
13
14
15
16
17
18
1?
20
21
22
23
24
25
26
27
in
IS

2?
30

FREQUENCY
HERTZ

0.7043
0.7282
2.799
2.930
3.115
3.376
6.879
6*932
7.190
7.279
7.5<4
7.5£^
7.792
8.142
9.326
9.715
9,848

10.30
10.69
11.39
11.54
12.42
12.55
13.91
14.57
14.84
15.40
15.49
15.59
15.B4

X

0.3710E-4
0.5664E1
-0.1Z60E-1
-0.2488E1
0.1416E-2

-0.2762E1
0.3004E1
0.6613
0.6500
-0.1 To
0.7770E-1
0.8543E-1
0.3216E-1

-0.8368E-2
0.1B36E1
0.1836
0.2941E1
0.6777E-1
0.6938
0.3089
0.1337E-2
0.8884E-1
-0.2662EI
-0.3494E-1
-0.1437E1
0.1590E-2
0.4C07E-1
-0.1400
-0.1051E1
-0.1790

NODE PARTICIPATION

i V

0.5720E1
-0.3485E-4
0.2202

-0.1405E-2
0.3688E1
0.1565E-3
0.6463
-0.1S27E1
-0.3522E-1
-0.4639
0.3263E-2
-0.3929
-0.1882E1
0.B741E-3
-0.3929E-1
-0.8689
-0.4044E-1
0.3469E1
0.3438
0.21BOE-1
0.9521

-0.4062
-0.1356E-1
-0.2657E1
-0.2545E-I
0.1282
-0.6132E-1
0.3941
0.2872E-1
0.1568E-1

FACTOR !

z :
-0.1U5E-2 !
O.2040E-2 !
-0.1291E-3 !
0.2495E-2 !
-0.3215E-2 !
0.94J2E-2 !
.I.5220E-1
0.1583E-1 !
0.7962E-1 !
-0.3060E-2 !
0.6804E-2 !
-0.1059E-3
0.5656E-2 !
0.4421E1
-0.8738E-1 i
-0.3908E-2
0.1619 • ,

-0.2090E-1 !
-0.6334E-1 !
0.3716E1
0.1742E-3 !

-0.8328E-2 !
0.2543
0.2203E-2 !
-0.1380
-0.3307E-2 !
0.3754E-2 !
0.6460 I
-0.6017E-1 !
-0.4740E-1 !

2.5



CONTD. TABLE-4

-

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

HERTZ

16.48
17.17
1B.01
18.74
19.23
19.30
20.19
21.56
23.33
23.78
23.86
23.87
24.68
25.40
26.72
26.89
28.77
28.85
29.04
30.25
30.49
31.10
31.25
31.31
31.39
31.83
33.39
34.22
34.50
35.22

X

C.2467E1
-0.6014E-1
0.2824E-2

-0.5375E-1
-O.6233M
-0.9719
-0.1223
0.2I26E-2
0.9034E-5
-0.4912
0.2292E-1
0.1000E-1
-0.7193
-0.2274E-1
0.2449
0.3232E-1
-0.63B2E-1
0.353BE-1
0.1970E-2
-0.1429E-1
-0.4506E-1
-0.6365E-1
-0.4557
0.3342E-1
0.3271E-1

-0.1486E1
-0.1059E1
0.B689E-1
0.6949E-2
-0.1509

HDDE PARTICIPflTIOS

-0.5232E-1
-0.2M3E1
0.1392

-0.6449E-3
0.9910E-2
0.4607E-?
0.1472E-2
-0.478iE-l
-0.7475E-1
-0.5629E-2
-0.7023E-1
0.4701
0.7520E-2

-0,4529
-0.5384E-1
0.7012
0.4754E-1

-0.4450E-1
-0.2451
-0.4019E-1
0.4749
0.1699
0.1284E-3
-0.1605E-1
0.4114E-2
0.17A4E-1
0.9468E-1
-0.5421E-1
0.1439

-0.5512

FACTOR

2

-0.1402
-O.4593E-1
0.4893E-2

-0.3255E-1
-0.3313E1
-0.2831E-1
-0.2870E-1
-0.1135E-1
0.210BE-2
0.4377
-0.1941E-1
-0.1B13E-2
-0.3526E-1
0.4336E-1
0.6468
O.2594E-1
-0.1945E1
0.9454
-0.1190
0.4956E-2
0.2044E-1
0.5391E-1
0.1623E1
0.2179E1
0.9940E-1
-0,1693
-0.5243
-0.1O94E-1
-0.1036E-1
0.2J74E1

2.G



TABLI-5

IISS P1BTICIFITI0I I I WBIOIIS DUICT101S FOB TBI TONIK HIT! S-SOFFOITS
{FOB 60 IIODIS)

US!
S BASS PABTICIP1I10I II TAIIQDS DIBECTIOI

TOIH IIT1 5-SDPP08TS 57.30 55.40 40.70

2 7-



TABLK-6

STEESSSS AT SILIIBT POUTS OF TOWS WT3 5-SGPPOBTS JOB SSE LOiOIHG

LOCAIIOB

SCIBT BASS
COOT SDBF BICI
HSOILII SDPPOBT 1-B14B
BITHI BIBS
BITS! BIRD
CBASBIL OF IIBOILI1
SSELL Of IIBOILU
COLDBB SICTIOB BO.1 ( l t .Bf l TBI.)
COLOBB SICTIOB 10 .2 [ l t . B B TBI.)
COLOBB SICTIOB B0.3 (18.BB TBI.)
COLOBB SICTIOB BO.l (12.BB TBI.)
CQLBBR SICTIOB BO.5 (12.BB TBI.)
COLOBR SICTIOB BO.E 112.811 TBI.)
COLOBB SICTIOB BO.7 (12.BB TBI.)
COIOBI SSCTIOB BO.B ( 1 2 . B K T B I . )
COLOBB SICTIOB B0.» ( 1 2 . B B T B I . )
COLOMB SSCTIOB 1 0 . 1 0 ( 1 2 . B B T B I . )
COLOUR SECTIOB BO. 11 (12.BB TBL)
COLOBB SSCTIOB BO. 12 ( 1 2 . B B T B I . )
COLOBB SICTIOB BO.13 (12.BB TBI . )
COLOBB SICTIOB 10 .14 (12.BB TBI.)
YiPOGI BOOB
EIFLOX COKDIISH BICI
SBILL Of IHLSI CORD.
CHANEL Of BIFLCI COBD.
IOZZLI C01XICT10B
SHSLL OF TEXT CORD.
CBABHIL OF TIBT COBD.

IL.RO

1
8

11
13
16
18
20
24
26
28
30
32
34
36
38
40
42
44
48
48
50
52
55
75
80
82
08
90

rowa-i

: STSISS
Ifi/SUB

4.92
5.90

15.13
1.10
1.26
.32

).99
1.51
1.24
3.86
5.36
5.42
5.06
1.74
1.98
1.78
1.04
1.30
3.99
4.35
6.27
3.68
(.96
5.55
0.24
8.56
1.77
1.125

STRESS
PS1

7239.00
8681.00

22242.00
6039.00
6266.00
1942.00
1463.00
6643.00
6236.00
5679.00
7882.00
7961.00
7443.00
6981.00
7323.00
7037.00
5944.00
6327.00
5876.00
6407.00
9225.00
5414.00
7293.00
8170.00

362.00
12586.00

2614.00
184.00

IL.BO

" "

116
123
126
126
131
133
135
139
141
143
145
147
149
151
153
155
157
159
161
IE?
lit)
167
170
190
195
197
203
205

rOMEB-2

STRESS
ILG/Sg.KH

4.86
5.88

12.64
3.60
3.67
1.15
0.88
4.50
4.24
3.87
5.37
5.43
5.08
1.75
1.99
1.79
1.05
1.30
1.01
1.38
6.40
3.79
5.14
5.65
0.25
8.57
1.77
1.127

STSISS !
PSI :

7148.00 !
6646.00 !

18593.00 !
5282.00
5403.00 !
noi.oo :
1305.00 !
6623.00
6242.00 !
5702.00 ;
7906.00 !
7995.00 I
7471.00 !
6995.00 !
7343.00 !
7053.00 ',
5954.00 !
6323.00 !
5902.00 !
6450.00 !
9420.00 !
5586.00 !
7558.00 I
8307.00 i
375.00 !

12611.00 1
2616.00 !

187.00 !

SOPPOITS it !L!?m0RS: IL-13237.00 BB (SICTIOB-3)
IL-22987.00 BB (SICTIOH-6)
IL-32737.00 BB (SSCTIOB-9)
IL-42487.00 BB (SICTIOB-12)
IL-48987.00 BS (SECTIOB-14)

2 . 3



TABLS-7

u r u c n o i s IT SiLiiiT LOCATIOXS FOR m TOMB a m &-SCPPOSTS FOB SSS LOADIHG

1

1

LOCITIOJ I
! BEI6BT
! HR

" " " " " ' i "

1

TOUIB B4SI IO.PO

SUKP TOP 15299.0
1

SKCTIOI - 3 TOP 115049.0
I

SICTIOI -6 TOP 124799.0
t

SICTIOI -9 TOP !34549.0
1

SICTIOI-12 TOP 144299.0
i

S1CTI0I-H TOP I5079J.0

nnn con emu ;52586.0
1

TUT con c u m 153397.0
1

STHL STIOCTni TOP 157927.0

I0SI

1

9

28

34

40

46

50

69

82

129

DFL-I Si

5.94

12.83

30.9

52.53

78.23

109.0

131.6

138.5

141.3

146.6

SFL-T SB

6.75

14.10

31.75

52.21

76.6

106.4

128.69

135.3

135.33

151.25

DFL-I HJ

1.60

1.62

1.66

1.77

1.88

1.95

1.99

2.002

2.006

3.07

BODE

130

138

157

163

169

175

179

195

211

1

DFL-I U

5.94

12.82

30.9

52.55

78.23

109.05

131.6

138.53

142.4

OKZB-2

DFL-T IK

6.75

14.10

31.75

52.21

76.60

106.56

12S.6

135.3

138.0

DFL-Z1H !
I
I

* - - - '

1.60 i

1.62 !

1.66 !

1.77 •

1.88 I

1.97 !

1.99 !

2.002 1

2.D06 !



TABLS-8

STiESSJtS AT SJLIMT POUTS OF TOIIEB KITH 5-50PP08TS FOK OBi LOADIHG

LOCiTIOH

SII8T BASE
COLONS EOMP KECI
BCBOILES SOPPOST 1 - B I U
BITBI BEHD
SITSK BIRD
C m t i i Of RS801LIK
SBELL Of EIBOILft
COLCMI SICTIOH 8 0 . 1 (18.BB TBI.)
COLOKI S E C T 1 0 U 0 . 2 (18.HI TBI.)
COLDBI 5KCTI0B 110.3 {18.HS TBS.)
COMBS SSCTIOX 8 0 . 4 (12.SB TBI.)
COHJHI SECTIOH 1 0 . 5 (12.HB Tfl l . )
C O O T SICT10B BO.6 (12.118 TBI.)
COLUU 5ECTI0I HO.7 (12 .SS TSX.)
COLUBI SICTI08 1 0 . 8 (12.KH TBI.)
COLON S K H 0 J HO.9 (12 . IB TBI.)
CQLOHB SSCTIOH B0.10 (12.811 TBI.)
COMWI SSCTIOB 10 .11 {12.HIS TBI.)
CQLOHI SBCT1CH 10 .12 (12.1H TBI.)
C0L0H SECTI08 1 0 . 1 3 (12.8R TBI.)
COLOHB SICT10B SO. 14 (12.BB TBI.)
U P O N BOOD
B1FL0I COfiDSSSSI H C I
SHELL Of BEfLOI COSD.
CB1B8EL 0 ! EIFLDI CORD.
mm COSHSCTIOS
S1ELL OF VERT COKD.
CBJ8HEI OF m i C08D.

TOHSE-1

EL. 80

1

0
0

11
13
16
18
20
24
26
28
30
32
34
35
33
40
42
44
45
43
SO
52
55
75
80
82
83
90

smss
K/SQ.KH

3.27
3.S2
9.33
l.U
2.67
0.31
0.60
2.99
2.80
2.56
3.55
3.54
3.23
3.07
3.16
3.01
2.55
2.6S
2.45
2.64
3.71
2.19
2.59
3.23
0.15
5.01
1.13
0.C7

SIBJSS
PSI

4S1T.00
5774.00

13716.00
3738.00
3779.00
1202.00
696.00

4407.00
4127.00
3767.00
5220.00
5207.00
4844.00
4524.QO
4658.00
4430.00
3753.00
3924.00
3610.00
3888.00
5459.00
3230.00
4257.00
4752.00
224.00

7378.00
1662.00

115.00

TOKEJ-2 !

EL.BO

il6
123
126
126
131
133
135
139
141
143
145
147
149
151
153
155
157
159
1S1
163
165
16T
no190
195
197
203
205

STRESS
IG/SJ.W)

3.25
3.90
7.86
2.24
2.23
0.72
0.54
2.79
2.80
2.5T
3.558
3.557
3.30
3.08
3.17
3.02
2.55
2.66
2.46
2.66
3.79
2.26
2.93
3.28
0.157
5.02
1.13
O.OT

STBISS !
PSI

•779.00 !
5735.00 i

11566.00 !
3301.00 i
32T9.00 !
1060.00 !
803.00 !

4377.00 !
4124.00 i
3779.00 !
5231.00 !
5221.00 !
4861.00 !
4532.00 !
4669.00 !
4439.00 !
3755.00 !
3920.00 !
3623.00 !
3913.00 !
5573.00 i
3329.00 !
4403.00 i
4830.00 !
232.00 i

7393.00 !
1663.00 1
117.00

suppom KL-13237.00 HI (SECT10B-3)
!l-22987.00 BH (SKT10B-6)
8L-32737.00 Hit (SSCTIOX-9)
EL-42487.00 SB (5KTI0K-12)
EL-48887.C0 M ISSCII0B-14)



TABLE-9

DIMCT10IS IT SALIHT LOCATIO1S FOB TBI IOXEJ HITS 5-SDPPOBTS FOB OBE LQADIHG

1
1
t

IOCATIOI !
i I11GBT

! m
. t - • -i

j

TOKIl BiSI 10.00
1

SOUP TOP \im.i
i

SICT10I -3 TOP ! l » « . O
1

SICTIOI - t TOP :247U.O
1

SICTIOI -9 TOP I3UU.0
t

SICTIOI-12 TOP M4299.0
1

SICT10MI TOP J50799.0
1

mm cow cum iusiu
TUT COID CIITII \imi.0

t

STIIL ST1DCI01I TOP I&7927.0

SODS

1

9

21

34

46

46

SO

S3

82

129

1

DFL-I m

„ _

3.27

T.OT

17. OS

28.8

42.9

59.8

72.2

76.1

77.65

«0.49

rom-i

DFL-T BH

3.72

7.77

17.47

28.6

42.0

63.39

TO. 56

74.2

57.7

82.99

DFL-Z KB

0.88

0.89

0.98

1.D1

1.04

1.10

1.111

1.112

1.116

1.56

mi
_

130

138

157

163

169

175

179

198

211

]

DFL-I Oil

3.28

7.07

17.06

28.8

42.9

59.8

72.29

76.1

77.67

rOHXB-2

m-T n

3.72

7.77

17.47

28.8

42.8

58.3

70.56

74.2

75.T9

CJL-Z KH !

0.68 !

0.89 !

0.98 !

3.01 i

1.04 !

1.10

i.in !
i

1.112 !

1.116 i



TABLE-10

SIISHIC rOBCKS TUISKIID IT LITEBAL SBPPORTS Oil SUPPOBTIHG

STEDCT'JBE M S TO SSE IO1DIHG

SLEV&TIOH
H

13237.

22987.

327J7.

42487.

(8987.

LOCATIQH

SICT1OI-3

SKTI01-S

SICTI01-9

5ICT10M2

SICT108-14

n
Hi

„„ . . .

0.193SS

0.12315

0.U3E5

0.14015

B.noss

FJ :
Uf

0.78314
1

0.852S4

0.77014

0.105SS

0.226E5



TABLE-11

SIISHIC fOJCSS TSAKSFESED IT LATIBAL SOPPOBTS OH SOPPOETIHG

STIDCTUBI DDI TO OB! LOADIKG

ILI7ATI0I
II

mn.
22917.

32737.

424(7.

4898?.

LOCATIOl

S5CTI0B-3

SICTI01-6

SICTIOI-9

SICTIOI-12
I

SICT1O1-14

Fx
Iff

0.5*714

0.739E4

0.64214

0.80914

0.93714

ut :

0.4am '

0.43714

0.&99I4

0.12915 ;



TABLM2

SIIS8IC IEACT108 FOJCIS AKD BOKEITS AT TBE BASE Of EACH UPGRADING TONES
(ILIBS1T 110.1 ADD BLEBEHT ,10. 116)

FOBCI C0SP0H1T

h

F?

Ft

Hx

tj

it

N I D I FOB

0.103E5

0.77614

9.27915

0.34218

0.4T8E8

0.41818

SSI

Igf

Ut

Ut

Ui

w

LOADIHG

aa

aa

M

?ALDI FOB OBE

0.588E4

0.43714

0.16815

D.181S8

0.270S8

R.237E8

LOADUG i

Hi I

Igf !

U(

Igf n

lit a

Ut n

HOTB : 1 , 1 1 1 kll GLOBAL DI8JCTI0H (EEF. FIG-2)



TABIM3

SIISHIC FQBCES UH HOMERTS IH STEEL STBOCTOHI .COSCRETE FSDKSTALS AND UU
DUE TO SSii LOADING

ILIUTI01
i t

5T927.
51857.
48987.
<5607.
42487.
39307.
3S057.
32737.
29557.
26307.
22S87.
19807.
16557.
13237.
10057.

6S07.
3770.

0.
-1000.
-4350 .
-7650.
-10500.
-12000.

LOCATION

IOOF
S T I l l STI
STIIL STI
5TIEL STI
STIIL STI
STIIL STI
STIIL STI
STIIL STI
S T I l l STI
STIIL STI
S T I l l STS
STIIL STI
STIIL STI
STIIL STI
S T I l l STI
STI l l STI
STIIL STI

6i. inn
COI FIDIS
COI PIDIS
COI PIDIS
MFT TOP
BAFT BOT

! Fi
Iff

0.292915
0.29315
0.32315
0.46115
0.43TI5
0.42TI5
0.47115
0.50215
0.61715
0.63915
0.64715
0.62715
0.63115
0.63715
0.65915

, 0.69715
0.T34I5
0.76TI5
0.95515
0.12516

1 0.15116
0.16316

! 0.18716

! Fy
Hi

0.4120E5
0.41215
0.44315
0.46M5
0.475E5
0.48115
0.50515
0.50415
0.58715
0.59915
0.60415
0.626E5

, 0.649E5
! 0.672E5
, 0.732E5
! 0.770E5
! 0.810E5
1 0.842E5
' 0.10116
1 0.12916
! 0.15516
! 0.166E6
! 0.19216

F:
Igf

0.Z746E5
0.275E5
0.381E5
0.473E5
0.558E5
0.633E5
0.696E5
0.T46E5
0.793E5
0.835E5

, 0.870E5
, 0.901E5

0.930E5
, 0.956E5

0.977E5
0.995E5

! 0.101E6
1 0.102S5
1 0.11716
! 0.12116
! 0.128EE

0.13786
, 0.162S6

Hi
Iff sn

0.
C.250X9
0.37619
0.48319
0.55919
0.697E9
0.60319
0.918S9
0.102110
0.114110
0.127S10
0.138110
0.150E10
0.164E10

o.neno
0.190E10
0.205110
0.225810
0.236110
0.261S10
0.291110
0.323810
0.341E10

Mr
Igf i i

0.
O.17£I9
0.270S9
0.39319
0.51519
0.59419
0.68319
0.78819

, 0.90719
0.105110

, 0.122E10
0.136110

, 0.152E10
, 0.169E10
1 o.imic

0.198E10
1 0.213110
! 0.234110
, O.245E10
, 0.268110
! 0.297110

0.327E10
, 0.315E10

u :
iff u :

0. I
0. !

o. :
0. !
0. !

o. :
0. !
0. !
0. !

o. :
0. !
0. !

o. :
o. :
o. :
o. :
0. I
0. !
0.25616 !
0.25618 !
0.25618 i
0.25618 !
0.256ES !

HOTS: I AID T iBI TUO BOIIZOBTAl DIIECT1QHS AS3 I IS A VERTICAL DIHECTIOK
(EEFI1 FI6. SO. 2)
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TABLE-It

SSISHIC FOBCES AHD BQHEMS IH STEEL STEOCTUKE .COHCRETE PEDISTiLS AND BAFT
DOE TO OBE LOilllHG

ILE7ATI0S
11

5T92T.
51857.
48987.
4S807.
42487.
3930T.
35057.
32737.
28551.
26307.
22987.
19807.
16557.
13237.
10057.

6807.
3770.

0.
-1000 .
-4350.
-7650 .
-10500.
-12000.

IOCAT1OH

JOOF
STEIL 5TE
STEEL STB
STIEL STR
STEEL STB
STBBL STB
STEEL STB
STEIL STB
STEEL STR
STEEL 5TB
5TEIL STB
STEEL STB
STEEL STB
STEEL STB
STEEL STB
STEEL STR
STSEL STB
GH. LJVIL
COM PEDES

, COS PEDES

: cox PEDES
, BAFT TOP
1 BAFT BOT

Fx
Igf

- - - -
0.1677E5
0.168E5
0.184ES
0.26215
0.246E5
0.283S5
0.264ES
0.281B5
O.347E5
0.36015
0.364X5
0.3<3I5
0.35015
0.354X5
0.366E5
0.3&9B5
0 . 4 1 M
D.430E5

, O.539E5
0.T11IS

, 0.86215
! 0.S25E5
1 0.10416

h
W

0.23EE5
0.237X5
0.234E5
0.263E5
0.266E5
0.270E5
0.248E5
0.283E5
0.330S5
0.337E5
0.338E5
0.349E5
0.361E5
D.374E5
0.4O4E5
0.431E5
0.45415
0.4T3W
0.571E5
0.735S5
D.8T8E5
0.94115
0.106E6

Fi
I«f

0.140
0.151S5
0.Z10S5
O.260E5
0.307E5
0.343K5
0.3B2E5
0.40SE5
0.435E5
0.458S5
0.478E5
C.495E5
0.5UE5
0.525K5
0.537E5
0.547E5
0.55415
0.656E5
0.655E5
0.679S5
0.714E5
0.759E5
0.881E5

Bx
Igf M

0.
O.144S9
0.21619
0.296E9
0.340E9
C.394E9
0.452E9
0.515S3
0.571E9
0.636S9
0.708E9
0.766E9
0.831S9
0.904S9
0.SE8E9
O.14OS1O
0.112EIG
0.124E10
0.130E10
0.H3I10
G.161E1O
0.179E10
0.189E1D

By
. hi ii

0.
0.102E9
0.15419
0.224E9
0.232S9
0.33419
0.3B2E9
0.439E9
0.503E9
0.583S9
0.673E9
0.754E9
0.B4OE9
0.93119
O.1O1E1O
0.109S10
0.117E10

, 0.128E10
0.135E10
0.HTE10
0.164E10
Q.131B1G
0.191S10

H2 !
Ut II

o. :
o. i
o. :
». !
«. :
0. !

o. :
o. :
o. :
0. i
0 . i

o. :
o. :
o. :n I
" < |

o. :
o. :
o. :
0.148S8 1
0.14618 !
0.148E8 i
0.14818 !
0.14818 |

IOTE: I A8D T ABE TIN IOB120XTAL DIBECTIOBS ARD I IS A VERTICAL DIBECTIOfl
FIG. KO. 2)

3b



TABLM5

K I D LOADS APPLIED &LOHG TBS

BEICflT Of STEEL SWCTIIBI

ELE7ATIOS
•i

S7927.
51857.

mm.42(87.
39307.
36057.
32737.
29557.
26307.
22987.
19807.
16557.
13237.
10051.
6807.
3770.

0.

LOAD !
h :

10500. !
10497. !
7019. !
748D. J
7353. !
T222. !
7086. !
6953. I
6621. !
6652. !
6485. !
6332. !
6CB2. !
5S12. !
5806.

o. :
0. !
0. •

. TABLE-16

STEISSSS AT SiLIEST POUTS OF TONER FOB

lilDD LO1DIHG

L0C&TI08

SHIT BASE

SICT-1 (18 Thk.)

SICT-4 (12 M . )

STEiSS
Eg/Sq.u

3.65

3.23

1.90

STRESS !
PSI !

I
I

I

5369. !

<?53.

26C2.

3 7



TABLE-17

DSH.SCTIOSS IT SAUEJT LCC4TI0SS K1 m IOSEB HTB 5-iOPPOSTS FOB MHO MADIKG

LOCATIOS

TOME BASI

TUT COM CHTII

ST80C708I BASI

STWCTOSI TO?

BIIGST
Ha

0.00

53297.0

0.00

S7327.0

mi

1

82

86

129

1

DFl-I HI!

9.202

203.44

9.191

224.4

OXSM

DFL-J n

30.72

22D.4S

10.72

2(2.2i

DFl-Z tt

2.5E6

2.586

0.000

0.00

80DI

130

211

1

DH-I K>

9.202

203.(3

OXII-2

m-Y IB

10.12

220.4

SFI.-Z KH !
1

1

2.see 1
2.516 !



TABIS-18

FOICIS AID 80UIIS IT THE BASS OF

STIIL STtBCIOU FOR HIHD LOiDIBG
(ILIBIIT KO. 93 )

IO1CI COIF.

ft

fy

Fx

Ki

»r
Hi

TILOIS !

103(00. Iff I

102900. Kg! !

0. lit

i.nm hi n!

3.34919 III u

0. Iff • !



VENT CONDENSER

REFLUX CONDENSER

CYLINDRICAL SHELL
(14 SECTIONS)

FLANGE JOINTS

COLUMN SUMP

SKIRT

REBOILER



TOWER 1

TOWER 2

VENT CONDENSER

REFLUX
CONDENSER

COLUMN SUMP

Fig. 2 F.E.M.' -DEL OF TWO DISTILLATION
A

NOUS;-

lULOIMENSIONS ARE IN MO

I BARE NUMBERS DENOTE NODES

3. ENCIRCLED NOS. DENOTE ELEMENT Not.

1 0 DENOTE COLUMN SECTIONS FIANGEO JOMTS

TOWERS WITH SUPPORTING STRUCTURE



7000-.. L.

EL. 57927_

IS MC 200 1TYP)

ASA 130x130x10-
(TYP)

BRACING

EL. 36057 -

ISMB 300 (TYP)
FLOOR BEAMS

2-ISMC tOO* 1

2 PL. 350x10thk

ITYP)

EL.230S7 -

FLOOR LEVEL ••

7000

— r
1355

"55
1

I EL.D057-

EL. 0

2-ISMC400*
U, PL 35Gx2Sthk

(TYP)

ASA 150x150x10
(TYP)

V ALL DIMENSIONS ARE IN mm.

Fig. 3 3-DIMENSIONAL SKETCH OF SUPPORTING STRUCTURE (PLAN AND ELEVATION)



PLAN

— .

600x1000

600x1000

f- ~ s

v •

11

1

1
1
t

. v.

!

1

\

J

'—>

—

•

-7-

r -

_ _ _ - T

_ _ S
p

r
•tfs*:

TOWER PEDESTALS

STRUCTURE
PEDESTALS

RAFT

ELEVATION
NOTE .- ALL DIMENSIONS ARE IN run.

Fig. 4 CONCRETE FOUNDATION DETAILS OF TOWERS AND THEJR
SUPPORTING STRUCTURE

t3



— EL. 57927

EL. 51857

EL. 49057

— E L . I.5BO7

— EL. 1.2557

EL.39307

1 EL. 34057

— EL 32807

—EL.29557

— EL. 26307

-EL. 23057

' —EL. 19807

EL. 14557

—EL.13307

' — EL. 10057

?-2 — EL. 4807

.3770

: 1) BARE NUMBERS OCNOTE NODIS. 12) ENLIIICUD IIUHUERS UEIIOU [UMtNT NOMBtRS (31 AIL OlMENSiONS ARE III I

Fig. 5 3-0 F E M MODEL OF SUPPORTING STRUCTURE lOeveloped view] '

-.1.



2 .,

EL- 57927

0

EL-36057

0
•EL-23057

0

EL= 0.0

NOTES:-
1. BARE NUMBERS DENOTE NODES

2. ENCIRCLED NUMBERS DENOTE
tLEMENT NUMBERS

3. ALL DIMENSIONS ARE IN mm

Fig. 6 EQUIVALENT BEAM FOR SUPPORTING STRUCTURE



1 I I.

10

(Pi
It

(7)
IB

22

.11 JL1Z

60

(V

a . iasoo

EL: 9500

-u-
£L. 6150

EL. 2850

* M _ S

PLATE ELEMENTS

1??*' 77^
1. BARE NUMBERS DENOTE NODES
2. ENCIRCLED NUMBERS DENOTE
ELEMNTS Nos.

3. ALL DIMENSIONS ARE IN mm.

Fig. 7 F .E .M. MODEL CONCRETE PEDESTALS



11

©

2 ,,_ EL, 6,150

©

©

EL. 10,500

3 EL. 2.850

-EL 00

NOTES:

(1) BARE NUMBERS DENOTE NODES
(2) ENCIRCLED NUMBERS DENOTE

ELEMENT NUMBERS
(3) ALL DIMENSIONS ARE IN mm.

Fig. 8 EaUIVALENT BEAM FOR CONCRETE
PEDESTALS

47



O-o

2 <
1.00

0.30

0-5

NOTE :- ACCELERATION VALUES ARE TO BE MULTIPLIED

BY 1960.0 TO GET ACCELERATION VALUE IN mm / S E C '

1.5 3.0

FIG. 9 SMOOTHENED DESIGN REPONSE SPECTRA OF HORIZONTAL MOTION FOR KAIGA SITE FOR SSE



5.97 r-

0.33
OS

NOTE:-
ACCELERATION VALUES ARE TO BE MULTIPLIED
BY 1412 TOGET ACCELERATION VALUE IN mm/sec

1.0 15

PERIOD (SECOND).
2.0 25

FIG.10 SMOOTHENED DESIGN RESPONSE SPECTRA OF VERTICAL MOTION
FOR KAIGA SITE FOR SAFE SHUT-DOWN EARTHQUAKE



TOWER-2

211

SUPPORTING STRUCTURE

12 9

126

i. 117

15b

130
8b.

62 TOWER-1

r

2**1 LATERAL

f 4 * SUPPORT

LEGEND:-

UNDEFORMED

DEFORMED

CONCRETE PEDL.
RAFT

91

FIG.11 FIRST MODE SHAPE OF TOWER WITH
SUPPORTING STRUCTURE (Y-Z PLANE)

TOWER-1

TOWER-2 ~

4 SUPPORTING

STRUCTURE

,VENT CONDENSER

' SEFLUX CONDENSER

LEGEND:-

UNDEFORKEO

DEFORMED

CONCRETE PEDL.

RAFT

fIG.12 SECOND MODE SHAPE OF TOWER WITH
SUPPORTING STRUCTURE ( X - Z PLANE)

SO
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