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ABSTRACT

Thie report deale with the analysis carried cut for the
evaluation of earthquake induced stressses and deflectione in  two
1050 mm diameter heavy wuter upgrading towers for Kaiga Atomic
Power Plant Site.

The analysis of upgrading tower has been carried out
for two mutually perpendicular horizental exitations and one
vertical excltation applied simultaneously. The upgradiﬁc towers
have been analysed using beam model taking into account Soil-
gtructure interaction. Response spetrum analysis has been

carried out using site specira for 235 MWe Kaiga site.

The -seismic analysics hae 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 atresses to avoid buckling so that
the nearby safety related structures are not geopardised in the

event of SSE loading.
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Selsmic Analveis of Two 1050 mm Diapeter Heavy Hater
Upgrading ITowers [FEor 235 M¥a EKaiga Atomic Power FPlant
- gite
By

R.S.Soni, H.S.Kushwaha, S.C.Mahajan, A.Kakodkar

Reactor '‘Engineering Division
And

Suresh Narwaria, T.G.Vardarajan, H.K.Sadhukhan
Heavy Water Diviseion
Bhabha Atomic Research Centre

Bombay-400 085

1.0 Introduction

This report deals with the seismic analysis of two identical
single Heavy HWater upgrading towere of 235 MWe Kaiga Atomic
Power Plant. Each Upgrading tower is made up of a column sunp,
14 column sections, & reflux condenser, a vent condenser and a
reboiler. The total height of the single tower is 46 meters and
its weight is 70 Tons (approx.). Weight of the structure which
supports both the towers is 264.2 tons (approx.) and the weight
of concrete pedestale and raft taken together is 1143 tone
(approx.). The upgrading towers are required to be designed for

OBE (Operating Basis Earthguake) and shall be checked againet



total collapse under 3SE (5afe Shutdown Earthquake) considering
the height of the distillation columns s0 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
qQualified selsmically by evolving the supporting structure of the
towers in such a way that the induced seismic streeses are within
the allowable limits. This is an economical proposition because

the towers are made up of 85 304L. Analysis of the towers was

performed 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 & goil structure
interaction

{(5) Analysis of towere 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

N e e

The upgrading plant at Kaiga coneiste of two
nunmbers of distillation towers oclong with 1ite accessories and the

supporting structure. The disgtillation columns and the supporting

A



structure rest on concrete pedeetals which in tarn rest on a
common raft foundation .Both the distillaticn columns at their
bottom have a sump which gete esupported on & skirt. Part of the
sump support (Skirt ) is made out of S.5 304 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
gsection is of 1050 mm I.D. and 3250 mm height fabricated out of
5.5 304 L plates (Ref. Fig.l) The first three column
sectione are made out of 18 mm thick plate while the remaining
eleven column sections are made out of 12 mm thick 5.S. plate.
Bach tower has 1its own column sump » Packed sections,
- reboller,reflux condenser and vent condenser(Ref. 12). Each
column section weighs about 4.0 Tons. The column section are of
flanged tye. which are seal welded after erection. The column
sump is of 1400 mm 0.D.,14 mm thick and 2000 mm in height. Column
sump and skirt assembly weighs around B.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
Tonse. 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 <ounter
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

= —— o ————— - ——

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 1into a system of lumped masses and segments suitable
for mathematical analysis. The response of tower to a given
excltation 1s determined by its mass, stiffness and its

interaction with the foundatiocon.

Finite element model of distillation columns along with
supporting structure wag made 8o as to represent mass and
setiffness proporties from base to top. An assemblage of bean
elements with straight centroidal axis and of uniform croes
section connected at structural joints with masses concentrated
at 8elected structural jointe designated.as nodes has been used
for discretising the towers. The characteristics of a lumped
~hass 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
etructure consists of 216 nodes and 218.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 discretise the
tower-2, nodes 86 to 122 have been used to represent framed
supporting structu;e and the rest of the nodes are used for

diecretising the civil structure.

3.2 Modelling of Supporting Structure

The supporting structure has got 4 built up columne. Each
column ie & built up section made of two ISMC 400 with 10
to 25 mm thick platee welded to their flanges (Ref.13). In the
plan, theee columns are connected by four horizontal ISMB 300
beams at various levele ac shown in Fig.3. In the elevation
these beames are connected by crose bracings made up of angles ISA
150 x 150 x 12, 1ISA 150 x 150 x 10 , ISA 130 x 130 x 10 and 1ISA
100 x 100 x 8 . The complete structure reste on ¢ concrete
pedestale which in turn are resting on raft foundation as shown
in Fig.4. Theee four concrete pedestals and tower pedeetals are
Joined by rectangular concrete beams in the plan at EL. -1000. ,
EL. -4350. and EL. -7850.0 . 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 hés 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 subdjected 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 bean
nmodel. Computer code SAP-IV (Ref.1) has been used for the anal-

yeis .For the evaluation of properties of the equivalent beanm
model, x-dlirection loads of 100 kg each have been applied at
nodes 1, 3, 4, 5, 7T and 8 respectively (TFig.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, 1load of 100 kg =ach hae 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 regults 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 tle behaviour of

the actual supporting structure.



3.3 Modelling of Raft, Concrete Pedescals and Soil-Structure

Having established the mathematical model fqr the tower and
its supporting structure, it 1s necessary to include the
modelling of concrete pedestals and the raft on which they rest.
The concrete pedestals and the raft have been modelled as beanm
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 lcading in three direction at ite
top elevation. The deflectione and rotations caused by these
loadings at various levels have been used to find out geometrical
properties of equivalent beam model of conciele 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 scil and extent of its
interaction. The soll-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,



vertic:l spring KZ and torsional spring KT whose stiffnesses Lave

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

3) as given below:

KX or KY

KTX or KTY

KZ

KT

where,

bY4 =

(9]
1

Bx, Py .

= 2(1 +v)G Br/BL

.

G/(1 ~Y) By .BL

t

= G/fL-VY) Bz +BL,  and

3
= 16 GR /3 ,

Polsson’s ratio of foundation medium,

pel
Shear modulus c¢f s0il, = ég Vs

: Ca o
\3/ BL{(B + L )/ 6K = radius of equivalent

circular raft,
Weight density of soil,
width of basemat perpendicular to the direction

of horizontal excitation,

length of basemat in the direction of horizontal

excitation.

ﬂz = 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
Y = Poisson’se ratio of rock = 0.15
P = Weight density of rock = 2.5 T/cu.m

The effect of side so0il has been neglected in the
analysis because the back f£ill soll is loose in nature (Ref.1ll)
Table 3.0 shows the values of soil spring stiffnesses used in the
model. Boundary <elements of code SAP-IV (Ref.l) have been used
for modelling these stiffnesses as shown in Fig. 2. The goil
damping for translational ,rocking and toraional modes has been
assumed to be that of the super-structure which would give

conservative resulis

4.0 Method of Analysis

- —— > o o o

Finite element computer code SAP-IV(Ref.1) has been used for
the analysis. The analysis was carried out for both the
distillation towers alongwith their supporting  structure.
Response spectrum method of analysis has been used to qualify the
towers during SSE and OBE events. The ground wmotion response
spectra used for 235 MWe Kaiga site (Ref.11l) 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
etructural 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 ,5teel 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 viz. &x, 8y, &z , ©@ x, Oy and 6z are allowed
at each node. The connections between the tower and ite
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
programpe first calculates the undamped natural frequencies and
mode shapes of the structure. Having obtained the frequencies
and mode shapes, 1t doee 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 conmbined with the dynamic response in an SRSS wmanner. The

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

12



5.0 Check for Stability of the Tower

-~ o —— T Y — — " et - ———— -

The D20 upgrading towers would be sublected to
axial compreseive stresses due to ite self welght. In addition to
this, the g&eismic loading would aleo give rise to axial and
bending type compresgive estrecses. The tower, therefore, needs
to be checked for ite etability due to these cowmpressive etresses
8o as to avoid its buckling. The stability check for the tower
is required to ensure that the nearby locazted safety related
structures are not damaged in the event of an SSE loading. In
ordef to carry out this check, it is firet necessary tc 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 ASHE Code Section VIII, Div.1l
(Ref.B). Thie code, although, requires +the evaluation of
seismic stresses in the vessels, it does not give = clear cu£
nethodology for performing the stability check. A survey of
various available deeign cedes to arrive at a suitable decision
wag therefore made. As per the design practices given in various
codee, a thin cylinder under axial compression may fail in one of

the following three ways.

(1) By plastic yielding when the stress in the material reaches
the yleld stress 1i1.e. fc = fy , where fc is the
critical buckling strees and fy 1is the yield strength of

material.

13
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{i1) By Dbuckling 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 = (k1E Rr )/ (2 L ) ,
where, k1l = <c¢ritical stress factor which depends upon

the supporting conditions of the vessel,
E = Young' s modulus,
r = external radius of vessel &

L = length of vesesel.

(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:

{ 3
fc k2 E t / NB8(1 - V) . r s

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:
2
fm = W/ (27X x,.t ) + ¥/ (" ry, t)

The maximum stress fm 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

14



comprecsive estresses shall be the leuct of

(1) 256 % of critical buckling etress with a factor of 50 % for
tolerance
(ii) 50 % of specified minimum Sy and at the temperature , where
Sy is the yield strength of vhe material
(i1i) 100 % of avarage stress to produce a creep rate of 0.01 %
per 1000 hours .
(iv) 100 %of 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 deesign and
therefore the allowable compressive stress values corresponding

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

6.0 Effect Of Wind Lozd On Distillation Tower

Anaiyseie 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 deegigned
it for this loading. Since the dlstillation towers are connected
to the steel supporting structure at five locations, there would
be a transfer of locade to the towers due to wind loading. This
effect could not be simulated by M/S Chemicon because their
model includes only esteel supporting étructure and does not

include mathematical repreeentation of distillation towers. It

15



was therefore,decided to use the equivalent forcee generated due
to wind loading at various levele of stesl supporting setructure
in present model and evaluate the effect of these forcee on the
disgtillation towers only.The deeizgn adeqacy of steel supporting
structure for wind lzading has been checked by M/S Chemicon. The
wind forces used in the analysis are given in Table-15 (Ref.

14).

7.0 Results

Table- 4 shows the freoquencies & modal participation factor
of first sixty modes of vibration for two towers 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 BSSE loadings respectively. Table- 8¢ 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
lecading. Fig.11 and Fig.i2Z respectively show the mode shape for
first two modes of vibration for touwers 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

A



respectively show the stresses and deflectlon in the tower for

wind loading.

7.0 Discussions

(1)

(2)

Appropriéte modelling of tower and its supporting structure
plays a key role in the scismic qualification of the towers.
Modelling of. complete structure alongwith the towers ie
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‘behaV1our
is a true representation of the actual structure, as shoun
by results given in Table 1.0. This is a very important
etep in this anlaysis which decides the accuracy of the
analysis performed. Modelling of soil-structure
interaction alongwith the concrete pedestals and raft also

are important in this respect.

The tower has been qualified with five 1lateral supports
without altering its design which 1s 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 1its supporting

structure is quite stable.

i7



9.0

(1)

(2)

(3)

(4)

Conclusions

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 1locations along their height from the
supporting structure. It is, therefore, recommended to use

the five-supports tower design as a standard one.

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 frequancy of the
system 1is 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
The maximum deflecticns in X, Y and 2 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.

The maximum stress levels as in various sections of the
tower are kept well below the allowable limits s0 as to
avoid failure due to instability. The wmaximum induced
setresses due to weight and seismic loading(SSE) and

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

18



(5)

(6)

(7)

10.

(1)
(2)

(3)

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
euch as pressure, temperature etc shall also be combined
wlth these stresses to check the tower for stability.

The maximum stress in the tower for the case of wind load is
5369.0 pei 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 gives forces /moments at the base of
seteel structure for wind loadings

The base shears and base moments induced duc 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.

The reaction forces transferred at the five lateral supportis
to the supporting structure are as given in Table-10 and
Table-11 for SSE and OBE respectively. The design of

supporting structure suall take care of these forces
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- SO1L SPRINGS 0SBD 7T0 ACCOUST FOR SOIL STRUCTORE IBTEBACTION
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BATURAL  FREQUENCIES AHD KODAL PARTICIPATIDN FACTORS FOR

FOR YARIOUS MODES FOR TOWER WITH 5-SUPPDRTS
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CONTD, TABLE-A

FREGUENCY

HOOE FARTICIPATION FACTOR
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BASS PARTICIPATION 1B VARIODS DIRECTIONS FOR YHE TOMER WITH 5-SOPPORYS
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STRESSES AT SALIEAT POINTS OF TONER WITD 5-SOPPORTS FOB SSE LOADING
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DEFLECTIONS & SALIENT LOCATIONS YOR 7HE TOKEB WITH 5-SUPPORTS FOR SSE LOADING
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DEFLECTIONS AT SALIIBT LOCATIONS FOR TES T0KER WITE 5-SUPPORTS FOR OBE LOADING
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SEISHIC FORCKS TRANSYERED AT LATERAL SUPPOR?S 03 SUPPOBTING
STROCTURE DOS TO SST LOADING
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148L8-13

SRISHIC FORCES AMD MOMERTS IN STESL STRUCTURE ,COKCRET
DUE T0 SS& LOADIRG

BLEVATION ¢ LOCATION | I ! ¥y ! F2 ' ¥y
» H H | 74 : It ! Kef v Kgf s
--------- et B e Rt LI TEEL
51921, ) ROOY Y0.202985 ! 0.412085 [ 0.274685 ! 0.
51857,  ; STEEL STR | 0.293K5 to0.41205 ¢ 0.27585 - | 0.260R9
48987 ¢ STEEL STR : 0.323B5 R Tk 13 ! 0.38185 ' 0.37689
45607. | STEEL STR ! 0.4610% t0.46MS V047385 1 0.48309
42487, ) STEEL STR | O0.437B5 Y 0.47585 +0.558E5 t 0.55989
39307, § STEBL STR ) 0.42715 1 O0.48105 ! 0.63385 t 0.69788
36057. | SITEEL STIR ! 0.471R% ! 0.50585 1 0.69685 1 0.80389
32131, ) STEBL STR | 0.5020% 10.50485 V' 0.T46E5 ! 0.91888
19557, % STEEL STR | 0.6175 1Oo0.56785 - 1 0.783E% 1 0.102810
26307. ) STEEL STR ! 0.639K5 1 0.59985 + 0.B35ES i 0.134E10
22687, | STERL SIR | 0.64785 + 0.60485 { 087085 ' 0127510
19807. | STEBL STR ; 0.6271% ! 0.62685 ¢ 0.903185 1 0.138E10
16557. | STEEL STR | 0.631B5 ! 0.64985 v 5.930E8 1 0.150810
13237, ) SYERL SIR ! 0.631D% + 06725 v D.95685 ' 0.164E10
10087, ) STREL STR | 0.659I5 v 0.132E8 V097185 ' 0.176110
6307. | SYEEL STR | 0.697K5 v 0.7708% ' 0.9958% ' 0.190E10
3116, ) STEEL STR I 0.73BS v 0.810E5 to0.10188 1 0.205816
0. ) GR.LEVEL | 0.76705 10842 t 0.10286 ! 0.225810
-1000. | COB PEDXS ! 0.855R5 1 0.10186 Y0117 ¢ 0,236810
-§350. | CON PEDES | 90.125K6 1 0.12036 v 01218 ) 0.261E10
-165. ! COM PEDES : 0.151X6 1 0.15586 v 0.12886 i 0.281510
-10500. : BAFY TOP ! 0.16386 t 0.166k6 1 0.13786 1 0.323810
-12000. ) RAFT BOT | 0.137R6 v 0.19286 i 0.18256 i 0.341810
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TABLE-14

SEISXIC FORCES AND MOMENTS IB STEEL STBUCTURE ,COMCRETE PEDESTALS AND RAFT
DBE T0 OBE LOADING

ELEVATION | LOCATION | 31 ‘ Iy ; f f .} : By ! -1 ;
n i ] kgt o Lt It | kfws | kin | gtwe
---------- i Rt bt e R e R
§1e21 1 Roor { 0.167TES ¢ 0.236ES P0.148 0. i 0. ' B H
51857. ) STEEL STR | 0.1E8ES v 0.207ES R ¢ 014488 ¢ 0.10288 i 6. H
18887 + STEEL 578 { 0.18485 v 0.23485 1021086 ) 8.21609 i 015489 ) 0, i
45807, | STEEL STR | 0.2621 i 0.26385 ' 0.26085 ; 0.296K9 ¢ 0.22419 0 0. i
42487 i STERL STR | 0.246K5 i 0.26885 i 0.307E5 i 0.34089 | 9.20288 0 H
39367, | STEEL STR 1} 0.283E5 ¢ 0.270R% Vo 0.348K5 1 0.334E9 ¢ 0.33419 ¢ 0. )
35087, ) STEEL SR [ 0.26485 - | 0.2485 v 038288 i 0.452E9 1 0.36289 io '
32137, | SYEBL STR [ O0.281B5 ) 0.283B5 i 0.405ES ;051889 ¢ 042988 ' 0. i
20551, | STREL SIR [ 0.347ES ¢ 0.33085 ¢ 043385 1 0.57188 + 0.303E9 HE R ¢
26307.  § STEBL 5TR : 0.36085 tODLNTES o 0.45085 ¢ 0.6689 1 §.58388 ¢ 0. H
12987, | STEEL 51 | 0.3G4E5 ¢ 0.33885 v 0.47885 { 0.708K9 i 0.67388 1 0. ‘
19807, | STBEL STR { 0.343E5 21 3 t 0.49585 i 0.76689 ¢ 0.75438 i 0. !
16857, 1 STBEL STR t 0.3505 + 0.361E3 i B.51IES 1 0.83189 1 0.840E9 0. H
13237. | STREL STR { ©0.30I5 ! DIUE i 0.52585 ¢ 0.904E8 1 093188 i 0. :
10057. | STREL 5TR | 0.366E5 v 0.404E8 i D.5JTES 1 0.968E8 1 0.101E10 R :
6807. | STBEL STR { 0.3898% i D.431ES tO0.54TES ¢ 0. 140810 1 0.109819 V0. 1
3170, | OTREL STR i 0.41185 vO0ME) ¢ 0.55435 0112810 O.UMIE 0 :
0. L GR.LEVEL ) 0.43085 ) 047385 ) 0.558ES i 0.124B10 | D.128R10 ' :
-1000. | CON PEDES | 0.539} ¢ 0.571E5 ¢ G.65585 i 0130510 1 0135310 : 0.14888 H
-4350. ¢ COB PEDES | O0.T1IES 1 0.7380% HERIES ¢ 0143810 v 0147510 1 0.148K8 '
-1686. ) (0¥ PEDES { 0.852E5 + 0.878B3 ¢ 0.TI4ED i G.161510 i 164810 i 0.14088 H
-10560. ) RAFY Y0P | (0.8258% T 054185 A i 0.179810 i 0181810 1 0.14888 H
-12600. | RAFT BOT | 0.104B6 + 0.106E6 i 0.881E% 1 0.183E10 + 9.191510 : 0.14818 :

HOTE: I ABD Y ARE TWO EORIZOBTAL DIBECIIONS AKD I 1S A VERTICAL DIBRCTION
(REEFR F1G. BO. 2)
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TBLE-17

DRFLECTIONS 8T SALIERT LGCATIONS FCR T4F TOXER #ITD £-5DPFONTS FOB WIKD LOADIKG

i
: 3
(oATIoR ! :
! BEIGET | RODE
Lo
Y048 BASt R
1 ]
] 1
YNT COND CRNTRE 1532610 | 82
; g6

STRUCTORE BASK 10.00
1]

STROCTURE T0P 1579200 {128

)
!
]
)
[}
1
]
1
[}
s
]
{

DFL-1 BY

9.202
.48

10N53-2

VDTL-YEE  DEL-l N
S— S
Do ! 2586

1 []

Coag 158




T4BLE-18
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SUPPORTING STRUCTURE
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