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1.0 INTRODUCTION

The purpose of the analysis reported herein is to determine the effect on the spent
fuel pool structure of a postulated event in which the fuel pool wall temperature rises
to 150°F. This rise in poo! wall tempe ature causes a temperature gradient to develop
through the thickness of the concrete slabs of the pool wails and the floor. Thermal
moments and shear forces are developed in these structural elements due to the
temperature gradient. The moments and shears for the thermal load are combined
with the moments and shears due to the other mechanical loads. These combined
moments and shears are checked against the moment and shear capacities at the
various critical sections of the pool structure to determine the structural adequacy of
the pool. Structural adequacy of the walls that support the pool is also checked.

A thermal analysis of the spent fuel pool structure was performed to determine the
temperature distribution in the floor and walls. These temperatures are determined as
a function of the time into the transient as well as through the thickness of the
concrete slab based on 2 nool wail temperature of 150°F anc ambient air temmperature
of 70°F. - ‘

The stress analysis of the spent fuel pool structure under the thermal and mechanical
loading is performed by the finite element method. The ANSYS computer code was
used for this purpose. The mechanical loads that are applied to the pool structure are
dead weight and hydrostatic pressure. The dead load on the floor slab includes the
weight of 3| ft. of water contained in the pool, the weight of the spent fuel racks
(both the existing and the new), the weight of other equipment and the weight of the
fioor slah itself. The only dead load applied to the walls is trze hydrostatic pressure

due to water in the pool.




2.0 SUMMARY OF RESULTS

A summary of the least margins calculated for ine pool floor, pool walls, and support
walls is provided in Table |. The shear and moment margins represent the ratios of
the shear and moment capacities to the calculated values of shear ind momet. The
development length and splice length margins represent the ratios of the actual
lengths to the required lengths. A margin greater than or equal to one therefores
indicates acceptability.

For the pool floor and walls, all average shear, local shear, development length, and
splice length margins are greater than one, as is the moment margin for the pocl floor.
Only at two locations in the south pool wall is the moment margin less than one.
These locations are in a region of high internal restraint (i.e., at wall-to-wall) and in a
region of discontinuity (i.e., at a transition in the thickness of the wall). Being that
the area in which the capacity is exceeded is local, this condition is of little concern.
The load that would have been carried in this area is distributed to the surrounding
areas which are more than adequate to carry the load.

The support walls have margins greater than one with respect to all applicable

parameters; namely shear, moment, and development length.



TABLE | SUMMARY OF LEAST MARGINS

Pocl Pool Support

Floor Walls Walls
Shear, Average 2.10 1.42 1.63
Shear, Local 2.15 2.53 NA
Moment 1.57 0.23 1.51
Development 1.18 1.25 1.87
Length (1)
Splice NA 1.06 NA
Length (2)

(1' see page 8-4.
(2) see page 8-5.
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3.0 CONCLUSIONS

Based on the resuits presented in the pr=vious secticn, it is concluded that the pool
floor, poc: walls, and support walls are adequate to withstand the postulated event in

which the temperature of the pool wall rises to, and remains at, 150°F.
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4.0 TLOAD COMBINATIONS AND ACCEPTANCE CRITERIA
The forces (or moments) for the various loading conditions are identi‘ied as follows:

O = Dead Load
Ta = Thermal Load for Abnormal Condition

No other loading conditions are considered for this analysis.

Let U be the section moment or shear capacity. The load combination used to

establish the structural adequacy of the pool is:

U; D+ Ta
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5.0

INPUT INFORMATION

The structural details of the pool structure are taken from the drawings listed i

Reference |.

Material Properties:

Reinforcing steel: The type of reinforcing bars used is Grade 40.

Modulus of Elasticity = 29,000,000 psi. (R=f. 2, Section 8.5.2)
Yield strength at 150°F = 39000 psi (Ref. 3)

Concrete:

Compressive strength (Ref. %), f'c = 3000 psi
Density of concrete = 150 lb/ft3

Modulus of Elasticity, Ec’ is

EC = 57000/3000 = 3,122,000 psi (Ref. 2, Section 8.5.1)

Poisson's ratio = 0.17*

Coefficient of thermal expansion, CZC, 1s
o{c = 0.0000055 in/in/oF (Ref. 2, Appendix A, Section A.3.3.(d))
*Poisson's ratio for concrete varies between 0.15 and 0.2. An exact value for

any particular concrete type is not known. Consequently, an average value of

0.17 is used.
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6.0 MATHEMATICAL MODELING

6.1 Finite Element 'Model

The structural analysis of the reinforced concrete spent fuel pool under dead weight
and thermal loading is performed using the finite element method and the ANSYS
computer code. The walls and the floor of the spent fuel pocl are modeled using plate
elements having both in-plane and bending displacement capabilities. The rectangular
shell element, STIF 43, of ANSYS is used for this purpose. The element accepts
uniformly varying thickness, and this option is used in modeling the south wall,

In Figure |, the model in which the walls have been laid flat in the plane of the floor is
shown with the element numbering.

The cress-sectio:.s, east-west and north-south, of the spent fuel pool are shown in
Figures 2 and 3. The plan at the fiour ievel is shown in Figure 4. The arrangemant of
walls supporting the pool slab is shown in Figure 5. These figures show the relevent
dimensions of the walls and the floor and the thicknesses of these concrete slabs that
are used in the analysis.

The dimensions of the floor slab used for the analysis is the distace between the faces
of the opposite walls. Such an assumption is appropriate for the analysis of
rectangular tanks and is used in Reference 5.

As a result of the heating of the concrete by the pool water, the inner surfaces of the
pool walis are hotter than their outer surfaces. Similarly, the top surface of the pool
floor is hotter than the bottom surface. Restraint to free thermal expansion is offered
by the continuity of the pool structure. This results in elastic strain gradients and
hence elastic curvatures being developed across the thickness of the floor and the
walls. This in turn results in thermal moments being developed across the cross
sections of the pool floor and walls. The nature of the thermal moments is such that
the outer surfaces of the walls and bottom surface of the floor are in tension while the
inner surfaces are in compression. This condition exists at all locations of the walls

and the floor, regardless of whether they are near to or away fiom the joints.
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The design of the pool structure is such that the joints between the walls and the fioor
can be considered rigid to resist negative tending moments. A negative bending
moment is defined as that creating compression on the outside faces of the walls and
lower surface of the pool floor. The dead loads on the pool floor and the wails develop
negative moments at the joints. Therefore the use of rigid joints in the model for dead

loads is appropriate.

The thermal bending moments create tension at the outer surfaces of the walls and the
vottom surface of the floor. The reinforcements near the outer surfaces of the north,
east and south walls are not continuous with the reinforcement near the bottom
surface of the pool {loor. These thermal bending moments cannot be transferred from
the walls to the flcor through the joints. Therefore, these joints are treated as pinned
for the thermal stress model. The joirts between the wes? wall and the floor and those

between adjacent walls are considered as rigid.

In order to estanlish a pinned connection between the'pool floor and the ncrth, east
and south walls, the nodes at the connections are defined with separate node numbters
for the walls and the floor. All degrees of freedom between the corresponding nodes
with the exception of the rotational degree of freedom that reflects the pinned
connection are coupled between the sets of two nodes.
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6.2 Support Conditions

The manner in which the pool structure is supported by the walls beneath the floor s'ab
is shown in Figures 4 and 5. The modeling of these support walls is depicted in Figures
6 and 7. The floor slab is simply supported on these walls along the north, south, and
sast edges. It is free along the west edge. Under the given loading, bending moments
develop in the wall and floor slabs due to the rigid nature of the joints between the
walls and floor. Also, the critical section for shear in the floor slab is along the line
where the walls and the floor are connected. These are taken into consideration in
deciding the support conditions.

Along the east edge, the floor is supported on an 18 inch thick and 30 inch high
reinforced concrete stub wall. The lower end of the wall is fixed to the concrete
foundation. The horizontal displacement restraint along this edge is provided by -the
flexural rigidity of the wall in the east-west direction. The arrangement of the
reinforcement at the intersection of the support wall and the floor slab is such that
the joint can be considered pinned. The wall offers restraint to horizontal
displacement of the floor slab in the direction parallel to the plane of the wall. In this
case the wall acts as a deep cantilever beam under shear. The horizontal restraints
offered by the support wall both transverse to its plane and parallel to its plane are
modeled by elastic translational springs. The vertical support is also modeled by the

springs whose stiffness is the same as the axial stiffness of the =ast support wall.

The vertical wall near the west edge of the floor slab is supp. ted at its bottom end on
a 12 inch thick floor slab which is relatively flexible out of plane. This wall,
therefore, is not treated as a support. There is a 6 inch wide &4 foot deep vertical
shear key along the length of the west wall between this wall and the adjacent
concrete around the reactor vessel. This concrete is supported by a thick reinforced
concrete wall that goes all the way to the foundation. Fowever, there is a 3/4 inch
Fesco board vertical expansion joint between the west wall and the adjacent concrete.
Therefore, only the verti~al _upport along the shear key is considered. The west edge

of the floor slab is considered o be free.
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Along the south edge the floor is supported vertically by a 24 inch thick reinforced
concrete wall which is supported at the foundation. Vertical restraint is modeled by
vertical springs with their spring constants representing the axial stiffness of the wall
in the vertical direction. Horizontal restraint is offered by the rigid plate structure.
This structure extends all the way from the east edge to a distance of 18'-6". Beyond
this distance and all the way to the west edge, the floor slab is supported by a 3'-6"
thick reinforced concrete wail. Horizontal restraint to the displacement ot the floor
slab is provided by the flexural rigidity of the wall in the north-south airection.
Vertical restraint is provided by the axial stiffness of the wall in the vertical
direction. The horizontal restraint in the direction parallel to the plane of the wall is
provided by the wall acting as a shear wall. Also, the connections at the support are
treated as pinned connections.

Along the north edge, the floor slab is supported by the 24 inch thick reinforced
concrete wall that extends to the foundation. This wall supports the floor and also
provides a certain degree of horizontal restraint due to its flexural ridigity for bending

in the north-south direc cion,

The wall also offers a horizontal restraint to the floor displacement in the direction
parallel to the plane of the wall. In this case the wall acts as a cantilever shear wall.
Here also, a pinned connection between the support wall and the floor slab is

considered,

The various horizontal and vertical restraints offered by the support walls to the
displacement of the floor slab are modeled by linear translational springs in the
ANSYS model. These springs represent tie existing restraints (o the pool structure
displacements and the forces in the springs give the various forces applied to the
support walls, These forces are used in the analysis of the support walls. The ANSYS

STIF-40 combination element is used for this purpose.
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7.0 LOAD CONDITIONS

The two load conditions tor the pool structure considered in the analysis are as

follows:

l.

Dead Weight Loads (D): This load is applied to the we'ls and floor of the pool
structure. For the walls the only load is the horizontal hydrostatic pressure due
to the water contained in the pool. For the floor this load consists »f the weight
of water and thr weight of fully loaded racks and other equipment stored in the
pool.

Abnormal Thermal Load (Ta): This is due to a temperature differential
developed across the thickness of the spent fuel pocl fioor and wall slabs. The
temperatures for the thermal stress analysis are determined from a thermal
analysis. The maximum temperature of the inside concrete surface is taken *o
be 150°F.
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7.1 Hydrostatic and Other Dead Loads

The height of the peoo! walls is 31 ft. above the pool floor. The level of water is
normally 2 ft. below the top level of the walls. However, in the finite element model
the walls of the pool are 31 ft. high and for conveniencez, the pressure is applied
assuming the depth of water to be 31 ft. The density of '™ ler is 62.4 lb./ft3. The
pressure on the floor is therefore 13.4 psi. The ANSYS element STIF 43 accepts only
uniiform pressure on the surface. The linearly varying pressure is converted to a step
varying pressure. These uniform pressures are than applied to the corresponding
elements,
€

The weights of the racks and other equipment are taken from References 6 and 7.
Their buoyant weight is 246,200 !bs. The total area over which tnis load acts (that is
the total area of the racks and the equipment) is 56330 inz. Assuming that the total
load is uniformly distributed over this area, the intensity of pressure is 4.4 psi. This
pressure is applied over the entire floor area of 74880 inz. Applying the total load to
tne pool floor in this manner results in this load being overestimated by a factor of
1.33 since the entire floor area is considered loaded while in reality only 75% is
actually loaded. This overestimate of the equipment weight loading by 33 percent is
more than sufficient to account for the approximation made in uniformly distributing
this load.

To the water and equipment pressure must be added the additional load due to the

weight of the concrete floor slab itsell. This additional pressure is 6.2 psi. The total

pressure to be applied to the floor is therefore 24 psi.
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7.2 Thermal Loading

If the pocl water should rise in temperature, the pool walls and floor will be heated
and will experience a rise in temperature. Thermal gradients will be developed in
these structural cormponents eventually resulting in thermal stresses, moments and

forces.

The temperature distribution for the specified maximum wall temperature is
determined from a thermal analysis. Typical temperature distributions shown in
Figure 8 are nonlinear across the thickness of the slab under consideration. For the
purpose of the stress analysis these are converted to equivalent linear temperature
distributions using the procedure suggested in ACI 349-80. The base temperature of
which the concrete is free of thermal stresses is taken as 70°F as suggested in ACI
345-80. The equivalent linear temperature distribution will be a combination of a
mean temperature (uniform over the thickness) and a linear gradient (across the

thickness). These are express~d as:
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The integral .n the express on for AT is the moment of the arca under T(y) about the
section center line. T(y) is the noniinear temperature Aistribution for this analysis.
Tmean and AT are determined from the nonlinear temperature distribution by
numerical integration using the trapezoidal rule.

The maximum values of AT from these graphs and the value of Trnean at this time
are used in the analysis.

A typical graph of T and AT is shown in Figure 9. This thermal loading is

mean
applied in seven steps for the abnormal thermal loading case.



8.0 SECTION STRENGTH CAPACITIES

The ANSYS computer runs give the moment and shear at the various locations of the
poo! structure. The resuits for the different loads are combined in the manner
previously described. These moments and shears are then compared with the section

moment and shear capacities to determine the margin of safety.

8.1 Moment Capacity

The moment capacities of the sections are calculated using the section properties and
are based on the ultimate strength theory (Reference 8). The equations are modified
to take into account the axial forces acting on the section. Due to the light
reinforcement and large depths of the sections, the steel tension controls the ultimate
capacity and the calculations fall in the region below the Pb alshced line in the

interaction diagram shown below. P
4
§ N
)
"
v
3
o
£
c P — — -
Pbclancd
< —
3 / Ml
3
H
-?

The existence of axial force influences the moment and shear capacities. In general
tensile axial force decreases the section strength capacities whereas compressive axial
force increases the strength capacities. For beam shear cor one-way action the effect
of axial forces on shear capacity is determined according tc ACI 349-80 Section
11.3.1.2 (Eq. 11-8) for compressive axial force and Section 11.3.2.3 (Eq. 11-9) for
tensile axial force. For local shear or two-way action the effect of axial! forces on
shear capacity is determined according to ACI 349-30 Section 11.11.2.2 (Eq. 11-37a.
11-37b and 11-37¢). The axial forces that occur in the pool structure are considered in

calculating the section moment capacity in the following manner.
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forces.

The strain and force diagrams are shown in the sketches above. Consider a | foot
width of the slab. Using force equilibrium and strain compatibility, the neutral axis
depth C is calculated from:

. (/2)(0.357€IX0-85)C * 87ooo,4;(‘/£_;_=_/_)-,4_,7§+/,-:°

F is treated positive if in tension. The stress in compression steel is calculated as

’ ) d a
4" = (87000) L3 )
/s [

If 'f‘J)lfyl, C is recalculated using f'_ =

Once the depth of the neutral axis from the compression edge is determined, the

ultimate moment capacity is calculated from

Mt = (o 9)[(7,47{’/‘@)’0/- o. 425‘c)
* Ay 1 (o) +F (= £) fia L

n




8.2 Shear Capacity

Since no shear reinforcements are provided, the average shear strength capacities of

concrete for a section extending in a plane across the entire width are calculated from

AV 2¢//‘:Téd(/+ 270%) Tet2, £/ 4

when the axial force F is positive in compression, and

¢ L= 2¢de(/ :’OO A4 Wez[“?)k}//—?

when F is negative in tension. is equal to 0.85. b and d are defmed on page 9-3.

The local shear strength capacities checked on an element by element basis are

calculated from
2] = (% + V) T2, £y /37

u}kre

- [ 5,4//"47?* RAL sy

¢

p’ s .
G = 4 /£ 4;,//,;47 A2 & 137 c

where f (tmz) is the membrane stress in the slab or wall acting over b, (bz), to be
taken as positive for compression and negative for tension. ¢ is equal to 0.85. h is
the slab thickness. b1 and b2 are the total lengths of that portion of the perimeter

for which VCl and ch are computed.



8.3 Regquired Development Length

Required development and lap splice lengths were calculated in accordance with ACI
349-80, Chapter 12. Per this code, the basic development length of rebars in
tension is given as follows:

Basic 1 = 0.06 Ayt / ff:
But not less than .0004 dbfy.

Additional applicable factors shall be
l. 0.8 for bars laterally spaced 6" apart minimum,

2 1.4 for top reinforcement, which is horizontal reinforcement so placed that more

than 12 inches of concrete is cast in members below the reinforcement.

3, (As required/As provided), when reinforcement in a flexural member is in excess
of that required by analvsis.
In no case shall Id be less than 12 inches,

The tension lap splices can be divided into three classes per ACI 349-80, Secticn
12.16.2

TABLE 12.16 - TENSION LAP SPLICES

A, provided* Maximum percent of A,
R ——— sphiced within required
A, required 'ap length
50 78 100
Equai to or Class A Class A Clas3 8
greater than 2
Less than 2 Ciass 8 ClassC Ciass C

‘Rauo of s of MMIOICEMEnt FOWGed 10 NeR Of TENIOICEMent BQuIed Dy
ANBiY IS 31 SDVCE JOCatOn

Minimum length of lap for tension lap splices shal. be as required for Class A, B, or C
splice, but not less than 12 in., where:

Class A splice.......... 1.0 ld
Clas Baplice ..oconvene 1.3 ld
GO oS o 0o ssis 1.7 14
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Ir one location, namely in the socuth wall at 5'-6" from the east wall (see Figure 4), the
lap splice was not sufficient to meet the ACI 349-80 criteria. For this case, a
calculation was performed which took into account the particular grade reinforcement
and amount of cover provided in the design. This was done as follows. From Ref. 9,
which is referred to in the Commentary on ACI 318-77 as reference 12.3, it was
propused, after a nonlinear regression analysis of test results of beams with lap splices
taking into account the effects of length, cover, clear spacing between splices, bar
diameter, concrete strength, and tranverse reinforcement, that "the length of a
tension lay splice ls shall be computed as for development length ly with appropriate
cover C determined from a -onsideration of the clear cover and the clear spacing
between the splices", and "for deformed bars in tension the development length | d (in
inches) shall be computed as the product of (a) the basic development length and ib)
the applicable modification factors."

The basic development length for Grade 60 reinforcement is

Fa /o/2oodb
RS ST

where d Diameter of rebar

"

o

©

0.8 = Capacity reduction factor
Coefficient to account for tranverse reinforcement

n R
"

lesser of clear cover or clear spacing between splices
Per Ref. 9, in our case, the applicable modification factors (i.e., the factors by which

the abcve expression is to be multiplied) are 0.6 for Grade 40 reinforcement and 1.3

for top reinforcement.

8-5



>
9.0 ANALYSIS METHOD

9.1 Thermal Stress Analysis

When the thermal gradients are applied to the initially uncracked cross section of the
pool walls, the restraints to rotation will cause moments to be developed in these
sections. The magnitude of these thermal moments is a function of the degree of the
restraint, stiffness of the cross section,and the applied thermal gradient.

For a given restraint and thermal gradient, the thermal moment is a linear function of
the flexural rigidity of the cross section. The thermal moment increases with the
thermal gradient until the extreme fibe. tensile stress in the cross section reaches the
vaiue of the modulus of rupture of the concrete., As soon as the extreme fiber stress
exceeds the modulus of rupture, the tension concrete cracks thereby reducing the
section stiffness considerably. This relieves and reduces the thermal moment
considerably. In a continuous structure with varying degrees of restraint and stiffness,
the process of cracking, changing of the structure stiffness, thermal moment relief
and redistribution takes place continuously with the increase in the thermal gradient
until the maximum applied thermal gradient is reached. The thermal moment at any
stage of the heating is dependent on the continuous changes in the stiffness caused by
the thermal gradient up to and including that stage. The oroblem is nonlinear in
nature. In this analysis it is solved using a step-by-step procedure by applying the
Tmean and AT seyuentiaily.

In the present case T and AT are applied in seven steps. Since the ternperature

mean
at the two surfaces of the slabs are to be input into ANSYS, T.m (inside temperature)
and Tout (outside temperature) at each step are calculated from Tmean and QT. For

the first step 0.47 % and 0.4QAT are applied and a thermal stress analysis is

performed. These vahe;: are chosen on the consideration that the cracking is initiated
in the structure at approximately this temperature level. The cracked status of the
structure is determined on an element-by-element basis by comparing the sum of tne
deadweight and the thermal extreme fiber tensile stress (just calculated) in each

direction, that is X and Y, with the modulus of rupture fr' The modulus of rupture fr



is equal to 7.517‘;. If an element is found cracked in any of its two ortnogonal
directions (parallel to the reinforcements) the moment of inertia in that direction is
changed from l8 to | - In calculating lC g+ COnsideration is given to the sign of the
total bending moment. Positive bending moments create tension at the outer surfaces
of the wall and bottom surface of the floor. With these changes in the finite element
model implemented, the thermal input corresponding to 0.5 Tmean and 0.5 AT is
applied and a thermal analysis performed. The model is updated based on the total
extreme fiber tensile stresses at this stage and the next step temperature applied.
This procedure is carried on step-by-step till the specified AT and the associaied
T — reached. At the temperatures where the forces and moments are to le
calculated for the load combinations, several calculational iterations are required.
This accounts for the effects of cracking up to and including this temperature. The
status after two iterations was found to be acceptably stable. Two iterations were
performed for 0.6 AT and 0.8 AT cases. For maximum A T an. associated Tmean
an additional iteration was peformed. Therefore, three iterations were performed for

this case.

The shear forces develop primaril;, as a resuit of gradients in the thermal bending
moments. The magnitudes of these forces depend on the values of the bending
moments and the manner in which they change along any section. These bending
moments are a function of the thermul gradient and structure stiffriess, the latter
depending upon the nature of cracking of the structure. Therefore, shear forces are
calculated at several stages of heating, such as for 0.6 AT, 0.8 AT and AT, and
compared (o the shear capacities. Since the bending moments are relieved and
redistributed to neighboring regions of the cracked section, they are compared to the
moment capacities after application of the maximum thermal gradient.

ANSYS plate element stiffnesses are calculated from the plate thickness and © It is
not possible to input different thicknesses in the two directions of cracking. Also, the
thermal curvature is calculated using the overall thickness of the plate. Ther fore,
the orthotropic nature of the elements is introduced by using different values ot the

elastic moduli Ex and Ey.

First the moment of inertia of the cracked section is calculated in the two directions.

In the uncracked region, E_ (or EY) is given the value E_. In the cracked region the
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value of Ex (or Ey) used is E ety
and a new finite element model is developed.

or = Ecl /1_. This is done on an element by element basis

The calculation of the moment of

inertia of the cracked sections is described below.

)
" "
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modulus of rupture of the concrete.
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In these calculations the compression steel is not considered.

9-3



The values of fr, of the concrete and the uncracked section moment of inertia, Ig are

given by

fe s/l

u'/ge/': Z = overall O’e)ﬂ‘)r 074 concre*e_



9.2 Support Wall Analysis

In the ANSYS finite element model the support walls are represented by springs, the
spring constants of which are so determined as to provide the degree of restraint
offered by the support walls to pool floor displacements. Since these springs are
nrovided only at the nodes along the edges of the pool floor, each of them provides the
integrated effect of the strip of the wall it represents. For instance, in Figure 10 the
spring element (1) represents the shaded strip 'abcd' of the wall, spring element (3)
represents the shaded strip 'efgh' of the wall and so on. The forces on the wall act
along the top edge 'aq'. The output from the ANSYS computer analysis corisists of
forces in the springs, and they represent the total force applied over the length of the
elemental strips of the wall. These forces are converted to a uniformly distributed
load on the walls and then used to determine the structural adequacy of the walls.

Thesé forces on the walls consist of axial, transverse (or out-of-plane) shear and in-
plane shear forces. The support walls are checked for the transverse shear force, the
bending moment at the base of the wall due to this transverse shear force and the in-
plane shear force. The effect of axial forces are considered with the bending moment
and the shear forces while determining the section strength capacities. Wherever
appropriate, the effect of slenderness ratio and moment magnification factor are
considered while analyzing the walls. Especially, ACI 349-80 Sections 10.11.3, 10.11.4,
10.11.5, 11.10.6 and 11.10.7 are used in determining the structural adequacy of the

walls,
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Figure 1-

Finite Element Model
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in this view to lie
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