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l.0 Introduction'

This report summarizes a study undertaken by Harstead
Engineering Associates (EEA) on behalf of Louisiana Power

and Light Company to evaluate the structural adequacy of

the Waterford 3 Nuclear Power Is26nd Structure (NPIS)
basemat.

The following major evaluation items are addressed in

this report:

a) The geometric criteria employed'by Ebasco to fornu-

late the finite element model used to evaluate

the structural adequacy of the basemat;

b) The magnitudes and distribution of the loads em-

ployed by Ebasco to evaluate the structural

adequacy of the basemat;

c) A benchmark comparison between an initial HEA test

run (in which only the finite element used to model,

(h the basemat is revised) against the comparable

Ebasco basemat computer analyses;

d) A detailed comparison between a final HEA computer

analysis and the corresponding ba'semat shear and

moment capacity.

.
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2.0 Ebasco Basemat Computer Model
.

The finite element model and the corresponding loads
and load combinations generated by Ebasco to perform a

;. structural analysis of the basemat were transmitted by
Ebasco to a permanent HEA file (on'a computer system
operated by-United Information Seriices) on

September 1, 1983.

Additional supporting documentation which describes -

the formulation of the geometry and the loads used to

analyze the basemat is found in References 1 - 3.
_
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3.0 Finite Element Model Geometry i

3.1 Drawings and Plots

The extent of the finite element model of the base-

mat and additional structures modeled by Ebasco is

detailed on a series of five Ebasco drawings (References

4-8) , which show the plan cf the basemat, as well as

additional plans and elevations of floors and walls lo-
!cated above top of mat.

In order to confirm the modeling s'hown.on these

drawings a number of computer plots were executed and

are contained in Appendix A: the plan of the basemat at .

elevation -41.0 ft (one plan with node points numbered,

one plan with elements numbered), elevations A through

i D, and elevations at column lines T2, 1FH and 7FH.
I

3.2 Basemat. Finite Element

The STARDYNE computer code used by Ebasco to per-; i

form the structural analysis of the basemat enables the

use of two types of triangular plates.

( As noted on page M-60 of Reference 9,

f "Two types of triangular plates are available:

(1) A linear curvature compatible triangle

| which simulates thin plate behavior (without

consideration of transverse shear effects)

for non-sandwich structures (see Reference Aj
(1)) and (2) the " Martin" element which simu-

lates thin or thick plate behavior in a

sandwich or homogeneous (solid)" structure. The

" Martin" plate must be used when transverse

shear effects and/or transverse shear stresses

are desired. A denser nodal grid mesh is

desirable with this element. See Reference

; A (2) , page M-200".

l .
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3.3 HEA Benchmark Run,

In order to confirm the validity of the basemat

internal shears and moments obtained by Ebasco using the
; thin plate (type 1) element, a benchmark run for the

load combination designated as " South to North Design
Basis Earthquake" was executed. See Section 4 for a de-

tailed discussion of the loads and load combinations used
in the analysis.

This HEA benchmark run contained the following two
revisions to the input geometry:

. a) the " Martin" plate element was used to model the

basemat;

b) the local coordinates of a number'of finite ele-
'

ments contained in the basemat were. rotated to
become parallel to the global coordinate system
of the basemat, in order-to facilitate interpre-

tation of the output shears and moments.
) Page 1-4 of the HEA calculation contained in Appendix

B shows a typical basemat element, describes the formula-

tion of the local coordinate system for that element as

a function of node point order (connectivity) and de-

( fines the global coordinate system used to reference the

locations of the node points.
'

Pages 1-6 through 1-8 of the Appendix B HEA calcula-,

tion tabulate the identification numbers of the basemat
.

elements having their element coordinate axes rotated
~

parallel to the global coordinate axes, and the respec-i

|

| tive angles of rotation.

Page 1-5 of the Appendix B HEA calculation defines

the positive sense of the membrane forces Fx and Fy, the

transverse shears Fxz and Fyz, and the bending moments

Mx and My with respect to the element local coordinate
a' axes. -Note that the positive sense of the transverse

.

4
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shears Fxz and Fyz, as shown on page 1-5, is opposite to
the definition given on page M-70 of Peference 9.

The letter and two-page attachment contained in

Appendix C document the sign convention for the trans-

verse shears used in this report.

3.4 Benchmark Shear and Moment Plots
Appendix D contains three calculation pages excerpted

from the Reference 3 Ebasco calculation book.
Page El indicates the plan of the basemat at eleva-

tion -35.0 ft, and shows section marks A-A and B-B. Pages

E4 and E7 show plots of the shear and moment in the base-

mat along section B-B for the load combination containing

the North to South Design Basis Earthquake, for three

different soil spring moduli, as well as a plot of the

design envelope. -

The shears and moments derived from the HEA bench-
() mark run are superimposed on these plots, and are labeled

"HEA (Variable Modulus)" .
The extraction and interpretation of the shears and

moments..from the HEA computer run is also detailed in,

| Appendix D. The shear and moment output for tha basemat

finite elements cut by section B-B are tabulated, the

local coordinate system for each of these elements is

defined, and either Fxz or Fyz and Mx or My (along with

the appropriate sign) is plotted based on the orienta-

tion of the local coordinate system and the sign conven-

tion defined for the shears and moments.

Note that the rational procedure defined above for

the selection of the shears and moments to be plotted

. does not accord with the procedure used by Ebasco. See
I

pages E36 and E49 of the Reference 3 Ebasco calculation.

l .
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There is an excellent correspondence between the

plot of the REA benchmark moments and the plot of the

moments (for variable spring modulus) generated by
Ebasco, and this was expected.

The correspondence between the equivalent shear plots

is not as good, even if the differences in the procedures

used by EEA and Ebasco to select the magnitude and sign
,

of the shear to be plotted are taken into account. -

The decision was therefore made to retain the " Martin"

finite element for the fonnal structural analysis, which

incorporates additional revisions to the model geometry

(see Section 3.5) and to the magnitudes and distribution

of the input loads (see Section 4.1) .
,

3.5 Simulation of Shield Building Wall

Ebasco sfmulated the stiffness of the Shield Build-

ing wall by a series of 3 ft wide by 40 ft deep beams

() spanning between (adjacent) ' node points 21-40.
The moment of inertia of the beam about a horizontal

3 4
axis (3 x 40 /12) is 16000 ft . The magnitude of the

! moment of inertia employed in the Ebasco computer anal-
4yses was 1600 ft .

In order to simulate the Shield Building wall more,

4realistically, a moment of inertia of 250,000 ft was

selected, equivalent to a beam 100 ft desp. Review,

f

( Section A-A of the Reference 10 Ebasco drawing, which

( shows the cylindrical portion of the Shield Building

wall to be 10 ft thick from top of mat (elevation -35.0

| ft) to elevation -18.17 ft, and 3 ft thick thereafter to

elevation 184.07 it.

|
:

.

|
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- 4.0 Loads and Load Combilnations
4.1 Dead and Seismic Loads

The dead and seismic loads employed by Ebasco in
their computer analyses were reviewed by HEA against the
applicable Ebasco calculations (References 1-3, 11).

The total Reactor Building dead loads tabulated by

Ebasco on page 39 of Reference 1 were reviewed, as shown

on pages 2-1 through 2-3 of the HEA calculation contained

in Appendix B.
,

As shown therein, the total dead weight of the

Reactor Building less the weight of ,the concrete shield- .

ing is 108,270 k, which yields a uniformly distributed

load of 6.1 ksf over the circular area having a radius of

75.5 ft to centerline of Reactor Building wall, and con-

tained within the ring of basemat node points 21-40.

The magnitude of the distributed dead load acting,

() over the above defined area was therefore revised from

5.3 ksf to 6.1 ksf for the formal computer analysis.

An additional 39,680 k was distributed equally to node

points 21-40 to account for the dead load of the Reactor
~

Shield Building, which had not been input by Ebasco.

The Design Basis Earthquake (DBE) seismic loads used
|

by Ebasco for the Fuel Handling Building and Auxiliary

Building in their computer analyses were reviewed

against the maximum accelerations tabulated on page 5

of the Reference 11 Ebasco calculation (FHB mass Nos.
l
1 29-32, AB mass Nos. 33-38, from page 2 of that calcula-

tion), and were found to be consistent.

The DBE seismic loads used by Ebasco for the Reactot

' Building Internal Structure in their computer a.talyses

were compared against the base shear and moment tabulated

on page 5 of the Reference 11 Ebasco calculation.

.

$
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As reviewed on page 2-4 of the HEA calculation con-

tained in Appendix B, the base shear used in the Ebasco

computer analysis is approximately 70 percent of the

base shear tabulated in the referenced Ebasco calcula-
tion (not considered critical) , while the total moment

is substantially higher. The magnitudes and distribution,

of the total base shear and moment as generated by Ebasco

were therefore left unchanged.

Finally, the total base shear and moment used by

Ebasco for the Reactor Shield Building in their computer
,

analyses were reviewed against the base shear and moment

tabulated on page 5 of the Reference 11 Ebasco calculation,

and were found to be consistent, as shown on page 2-6 of

the Appendix B HEA calculation.

The decision was made, however, to re-distribute

the base shear and moment in accordance with simple beam

.fh theory, as shown on pages 2-7 through 2-11 of the Appen-

dix B HEA calculation.

4.2 Load Combinations

Four load combinations were analyzed in the formal4

HEA computer run:

j a) Normal Operating
| b) DBE East West Seismic

c) DBE North to South Seismic

d) DBE South to North Seismic

These load combinations -contain the component loads and

corresponding load factors originally formulated by
,

| Ebasco. There were, however, revisions made to the dead

and seismic component load files, as noted in Section 4.1.

!

.
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5.0 HEA Computer Analysis

The formal HEA computer run executed to assess the

structural adequacy of the basemat was run with the

changes to the input geometry and loads previously noted

in Sections 3 and 4.

The primary objective in performing this computer

run was to make a direct comparison between the analysis

shears and moments derived from this analysis, and the

point-to-point shear and moment capacity of the basemat,

which is a function of the number, size and placement of
'

the rebar.

5.1 Basemat Shear and Moment Capacity

The reinforcing steel contained in the basemat is

detailed on three Ebasco drawings (References 12-14).;

As shown on the referenced Ebasco drawings, the top

rebar is #11,0 6 in each way, over the entire mat. The

ifh bottom reinforcement varies fran zone to zone, both in the

E-W and N-S directions. The shear reinforcement is dis-

tributed over two broad bands located on either side of

the Reactor Building. The distribution of the bottom

steel and shear reinforcement is detailed on pages 1-10

through 1-12 of the HEA calculation contained in Ap -

pendix B. The point-to-point shear and moment capacities
! of the basemat are given on pages 1-13 through 1-15 of

that calculation.

5.2 Analysis Review Criterion

As detailed on pages 2-12 through 2-14 of the HEA

analysis contained in Appendix B, the analysis shears for

j elements adjacent to basemat node points 21-40, the peri-
'

meter of the Reactor Building, are not evaluated in this

Report, because the Reactor Building was modeled only in

a global, rather than in a detailed, sense. That is, the

| 9

!
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dead and seismic loads imposed on the basemat by the

Reactor Building and Internal Structure,were modeled,

and a series of deep beams were modeled (see Section

3. 5) to simulate the stiffness of the Reactor Building,

but no detailed finite element model of the lower portion

of the Reactor Building is contained in the structural

model originally formulated by Ebasco.

This assumption is consistent with the assumption .

made by Ebasco. See Section II, pages 3-4 of the Refer-

ence 2 Ebasco calculation book.
_
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5.3 Analysis Shears and Moments

There are approximately 600 basemat elements. For,

'

each element there is a corresponding line of output which

tabulates the membrane forces, transverse shears and

moments. In order to review this output in a systematic

manner the following approach is adopted:

a) any shear ' force greater than 172 k/ft is tabulated,
where 172 k is the lesser shear capacity of the

basemat;

b) any positive moment greater than 1915 k ft/ft is
,

tabulated, where 1915 k~ ft/ft is the lesser
.

moment capacity of the top rebar;1

c) any negative moment greater.than 3643 k ft/ft is

tabulated, where 3643 k ft/ft is the least moment

capacity of the bottom steel..

This summary is performed for each of the load com-

kk binations tabulated in Section 4.2, as shown on pages 3-l'
through 3-6 of the Appendix B KEA calculation. Each anal-

ysis shear and moment summarized is then evaluated with

respect to the shear and moment capacity of the basemat

at that location.
-

As shown on pages 3-1 through 3-6 of the HEA calcu-

lation, there were only four entries tabulated for moment
! greater than the least moment capacity of the bottom steel

(elements 192-195, S to N DBE), which were less than the

corresponding basemat moment capacities at those locations.

The analysis, therefore, clearly confirms the design

adequacy of the basemat with respect to the internal

moments generated by the imposed loads.

i A total of thirty-five shears cre tabulated with

magnitudes in excess of the lesser shear capacity of the

| basemat.

s

11 ,
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Twelve of these shears act on elements located in
,

areas having shear reinforcement and have magnitudes less

than th? higher shear capacity of 270 k in these areas

(see page 1-13,of the Appendix B HEA calculation) .

The remaining twenty-three tabulated shears are

evaluated with respect to Equations 11-4 through 11-7

of ACI Standard 318-71, which permit a detailed calcula-

tion for the allowable shear stress (instead of the de-

fault magnitude specified in Section 11.4.1) for members

subjected to axial compression. See pages 3-7 through-

3-15 of the REA calculation.

Of these twenty-three shears all'but three satisfy
i

the detailed code requirements: the shears acting on ele-

ments 172, 188 and 199 for the load combination which con-

tains the S to N DBE. ~

The following table summarizes the analysis shears

hk and shear capacities for these three elements.

Element Analysis Shear
| Number Shear Capa' city

(k) (k)
172 429 420

188 232 204

199 433 422
.

These magnitudes o.f analysis shears in excess of

| shear capacity can be re-evaluated with respect to a more

realistic concrete compressive strength. For example, a

test report appended to the Reference 16 Ebasco Concrete
,

|
Masonry Specification entitled " Compressive Strengths of

Cores Taken from Placement 499-19 (4-28-76) Lab. Nos.
A0826-A0838" by Peabody Testing, sunmarizes the results

.

k "

12
.
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of compressive tests performed on thirteen cores taken

sixty-nine days after concrete placement. The compres-

sive strengths varied from a minimum of 4360 psi to a

maximum of 5930 psi, with an average compressive . strength
of 4979 psi.

As the cores were tested on July 6, 1976 (sixty-nine

days after date of concrete placement, as previously noted),

the average compressive strength can be conservatively

employed to re-evaluate the shear capacities of elements

172, 188 and 199.

The following table summarizes the results of the

re-analysis.

.

Element Analysis Shear
Number Shear Capacity

(k) (h)
.

172 429 456.s

q' - 188 232 223; a
199 433 459

O'ly the analysis shear for element 188 exceeds then

re-computed shear capacity, by about 4 percent. We judge

this to be acceptable, because of the proximity of element

188 both to the Reactor Building and to an adjacent zone

of shear reinforcement, and because this slight overstress

is localized.

HEA, therefore, additionally confirms the design

adequacy of the basemat with respect to the internal shears

generated by the imposed loads.

,

t
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5.4 Plots of Analysis Displacements

Plots of the vertical displacements of the basemat

for the four load cases generated are presented in Ap-

pendix E.

A number of qualitative observations can be made
'

which confirm the validity of the structural analysis,

and provide additional insight into the response of the

finite element model to the applied loads.
*

Note, for example, that the contours of constant

vertical displacement are symmetric with respect to the

vertical centerline of the Reactor Building for the Normal

operation load combination, while they are skewed for
~ the load combinations which contain the E-W, N to S and

S to N Design Basis Earthquakes.'

Note also that the inter.nal bending moments and shears

are functions of the second and third derivatives of the

ff($ displacements. Therefore, the moment and shear acting on

Iany_ element whose normal is tangent to a constant dis-

placement contour will be nominal (zero for a beam), while

the moments and shears acting on any element whose normal
'

i is perpendicular to a constant displacement contour will

be local maxima.

.Furthermore, the more closely spaced the contours

of constant displacement, the greater the magnitudes of

the moments and shears.

It is clear, for example, that the most highly

stressed regions within the base mat for the E-W DBE and

the N to S DBE (or for the S to N DBE) occur at different

locations, as would be expected.

It is finally observed that the southerly region of

, the basemat underlying the Reactor Auxiliary Building is
i loaded relatively lightly with respect to the northerly

i

e

14
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region of the.basemat, which supports the Reactor and

Fuel Handling Buildings.

5.5 SRSS of Basemat Shears
To quantify the observation made in Section 5.4 that

the most highly stressed regions within the basemat occur

at different locations, the square root of the sum of the

squares (SRSS) of the shears generated by the E-W and
N to S Design Basis Earthquakes were generated, as tabu-

lated on page 3-17 of the Appendix B HEA calculation.

The sample of elements for which this calculation

was performed included all elements initially tabulated -

on pages 3-1 through 3-6 of the HEA calculation, for

which the analysis shear exceeded the lesser shear ca-

pacity of the basemat.

Excerpted from that tabulation are the six largest

SRSS values of the shears Fxz and Fyz, along with a per-'
,

ws cent increase in the magnitude of the shear, computed
;r

with respect to the larger component.

,

Element -

Numbers (Fxz) EW (Fxz)NS SRSS % INC

353 16.7 66.1 68.2 3.1

261 -16.1 45.7 48.5 6.0

150 - 8.4 36.6 37.6 2.6

| 172 -34.1 13.4 36.6 7.4

188 16.3 31.9 35.8 12.3

| 404 32.9 9.2 34.2 3.8

|

|

:

!

i
,

*
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Element
' Numbers (Fyz)EW (Fyz)NS SRSS % INC

261 -46~.1 -24.9 52.4 13.7

230 38.1 21.9 43.9 15.3
391 -39.8 -16.1 42.9 7.9

188 13.5 26.6 29.8 - 12.1

235 -15.9 -21.1 26.4 25.2

211 9.8 -16.8 19.4 15.8

,
.

Recalling thab'the lesser shear capacity was exceeded

for all of the elements tabulated (for at least one load

combination) , we first note that relatively little shear

capacity is employed to resist the internal shears gener-

ated by the SRSS response of _the Design Basis Earthquakes.
It is finally noted that the percent increases in the

SRSS shears calculated with respect to the larger compon-O* ents are naminal.

EEA therefore concludes that a load combination con-

taining the SRSS of the Design Basis Earthquakes will not

significantly alter any of the analysis shears and moments,

and therefore need not be evaluated.

-

,
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6.0 Discussion of Results
,

The basis of our evaluation of the basemat was the
,

finite element analysis of the model and loads as modi-

fled by HEA. All the elements are assumed to be homo-
,

geneous uncracked concrete as far as stiffness relation-

ships are concerned. For each plate element of the
.

computer model, moments, shears and axial forces are

calculated for each plate element. In addition, displace-

ments at each node are calculated for each load combina-

tion of interest. Vertical displacements have been plotted

and are presented in Appendix E.

The controlling load combinat' ions are:
a) Normal Operating

b) DBE East West Seismic

c) DBE North to South ~ Seismic
d) DBE South to North Seismic

| The East-West component of the earthquake was taken

in only one direction due to the symmetry of the struc-

ture about a north-south axis. On the other hand, the

North-South component of the earthquake was taken from

North to South and from South to North. This was required

due to the lack of symmetry about an east-west axis.'

The moments and shears due to the EW and N to S

(or S to N) Design Basis Earthquakes are greatest at dif-

farent locations and, therefore, an SRSS combination would

.

not significantly increase any of the design values.

Therefore, this combination was not required for the eval-
'

untion of the basemat.

While the perimater walls and a few major walls were

represented in the finite element model, many walls were

ignored. This is conservative because such walls would

assist the basemat in carrying loads and in redistributing

.
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any moments and shears which might be substantially
greater than in surrounding areas.

A review of the results indicates the response of the

structural system to the load combinations. Under normal

load conditions the maximum displacements occur under the

Reactor Building. This is because this region has the

softest soil springs and the greatest dead loads. It is

very evident for the normal load conditions that the
'

establishment of variable soil springs will result in

greater calculated ~ shear and moments as discussed in the

Reference 17 EEA Report.

We are in complete agreement with the conservative
-

selection of the variable soil springs based upon the

expected soil subgrade modulii.

The seismic loading combinations in general ~did not

control as much as the normal loading conditions due to

(f) the fact that the dead load is increased by a factor of

1.5 and 1.1 in normal and seismic load combinations,

respectively. Inasmuch as the Waterford 3 plant is in a

low seismic site, the dead load is the major load.

Since the basemat is located well below grade, active

soil pressures are acting on the perimeter walls during
~

normal conditions. During seismic events passive soil

pressures will develop on the face of the perimeter wall

| which is being pushed into the soil by the earthquake

forces.

! With'the resultant moments, shears and axial forces,

the adequacy of the various sections of the mat was in-

vestigated to the requirements of ACI 318-71. In general,

the stresses due to bending moments are well belo,i the

| , allowables for all of the controlling load combinations.
| In no case was it found that the reinforcing steel stresses

! .

1
.
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were close to allowables; in fact, the imposed bending
moments were usually only a fraction of the section

capacity.

While a similar situation exists for shear, there

are a few cases where the applied shear is very close to

structural shear capacity as developed by ACI 318-71.,

However, the ACI capacity reduction factor, d, for

calculation of shear capacities is 0.85. This factor is
'

applied during design due to uncertainties in random

phenomena which could cause loss in strength. These phen-

omena cover items such as isolated drops in concrete ,- +

strength, reinforcing steel, and errors in the placement

of reinforcing bars. The basemat was constructed under -

controlled conditions, and avidence of strengths indicates
'

' that values are well above the minimum. For example, the

age of the basemat concrete is now almost seven years,i
,

fh so that the concrete strength is considerably above the

28-day strength which was conservatively used in the cal-

culations. Since the mat is twelve feet thick, errors in

the placement of steel would have .little effect on the
,

section geometry. In fact, the job records indicate no

problems in placement of reinforcing bars.

f A very strong case, indeed, could be made for justi-

fying substantially increased section shear strengths.

However, without taking advantage of this, the results

indicate that the basemat has adequate shear strength

for the i,mposed load combinations.
| The basemat is very structurally redundant and is

very capable of carrying loads well in excess of the ap-

plied loading combinations. This is due to the fact that

if local capacities were exceeded, there would be a re-

distribution, rather than a progressive failure.i

.

19 *
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In fact, there is no structural reason why the.

basemat could not consist of individual building mats

or even spread footings and still function very well.

The use of a continuous monolithic mat combined with the

very low soil bearing pressures provides the structurally

most conservative foundation solution.

.Although the top and bottom reinforcing appears

quite substantial it is quite low when compared to the

concrete area. From a structural point of view, this is

very beneficial since the basemat will possess greater-

ductility. Furthermore, the concrete compressive stresses

due to bending will be quite low, probably up to.only

about 10% of the 28-day compressive strength of the con-

crete.

6.1 Comparison of Results with Previous Analyses and Design

Due to certain refinements, more complete and con-
,,

Qyp sistent results were obtained which were used in this

evaluation, as discussed in Section 5.

It must be kept in mind that the top and bottom rein-

forcing bars were conservatively selected on the basis

of primarily manual computations and, therefore, the

quantities of top and bottom reinforcing are well in ex-

cess of ACI 318-71 requirements. This also applies to

shear except for a few isolated elements in which the
,

applied shear did approximate the capacity as r'equired

by ACI 318-71.

6.2 Effect of Cracking on Structural Response

Cracking of the type evidenced at the top of the

Waterford 3 basemat is expected in reinforewd concrete

construction, and is assumed in establishing the struc-

tural capacity requirements in the ACI 318 Code. The

fundamental reason that cracking has little influence on

the structural capacity is, of course, that concrete is

20.
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not assumed to have tensile strength, the tensile forces

being carried by the embedded reinforcing bars. The-

reinforcing bars are bonded to concrete'by adhesion as
well as the mechanical interlock' of the deformed reinfore-
ing bars themselves. The loss of bond across a very narrow
crack is insignificant. If a crack exists where compres-

sive forces will develop, the crack will tend to close up
so that the compressive forces are_ transmitted in bearing
in local regions across the crack. Therefore, while the

crack may still be in evidence it will have closed suf-
.

ficiently to transfer the compressive forces.

The effect of the closing of a narrow crack on the

total compressive strain of the concrete is negligible

for widely spaced cracks.

The completed analyses were performed using currently
accepted methods for the design of reinforced concrete

h structures in nuclear power pl. ants. For a complicated

model such as was developed for the Waterford 3 basemat

and superstructure, this was a formidable task in itself.
'

Nevertheless, consideration was given to refinements such

as incorporation of cracking. While this would have in-

troduced complex nonlinearities into the analysis, 'its

effect upon the structure would have been negligible.

Therefore, such exotic approaches were discarded. The
general low state of stresses calculated offers further

justification for this assessment.

6.3 Conclusions and Recommendations
The results of the finite element analyses indicate

~

that the basemat will be functional for all the required

load combinations for the design life of plant. The

minor amount of cracking is insignificant in affecting

structural response and has no effect whatsoever on the

structural integrity of the mat.
.
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The fundamental purpose of a foundation is simply to

transmit-the dead weight and any other applied loads to

competent soil. ' Of all the foundation systems that are

possible from a structural point of view, the continuous

monolithic 'basemat provides the most conservative system.
Furthermore, this type of foundation tends to smooth out

locally high soil bearing pressures. Such large con-
.

struction tends to be most susceptible to cracking from
'

benign causes such as_ shrinkage, differential soil settle-

ment, and temperature changes., However, the evidence of
such cracks should not be a cause for concern any more

than deliberately constructed expansion joints would have
~

been a cause for concern. The cracks are expected and

should not deflect consideration of the inherent superior
~

structural capability of multiple redundant structures'

i such as the Waterford 3 basemat.

( ,The present soil bearing pressures are a small frac-
tion of the soil capability and are in fact less than the

pressures existing in the soil prior to the start of

excavation and construction. .Thereforc, the functional

i requirements of the design have been met.

The major loading on the basemat is, of course, al-

ready present, namely, the structural dead load and

equipment load. The observations of the basemat covered

in the Reference 17 HEA Report provide additional corrob-

oration not usually encountered when a structure is

under design.

In closing, the information presented herein as well

as in the~ Reference 17 HEA Rwport are the result of an ex-

amination of all aspects of the design of the basemat.

While the seepage of water from the cracks precipitated.

22
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the investigation, all aspects of the design were con-

sidered, not just that which could be associated with

the cracks and seepage. It is our conclusion that the

design of the mat is extremely conservative, which, under

the circumstances in which the design was carried out,

we consider prudent and justifiable. Therefore, we see

no need for any remedial measures or the necessity of

additional analysos.

.
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'HARSTEAD ENGINEERING ASSOCIATES * INC. PR J. NO. b30$
A 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C~ L !\
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SUBJ. SU B0lV. SHEETPROJECT W3,
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HARSTEAD ENGINEERING ASSOCIATES * INC.
A 169 KINDERKAMACK ROAD PARK RIDGE, N. J. 07656 C- T 7,\- ~

PROJECT W3 susJ. susoiv. SHEET,

CLIENT LP4L P_B_EP_sy Ad 5 DATE39/a7/83
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PR OJ. NO. 55ON
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PROJECT W3,
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f 'HARSTEAD ENGINEERING ASSOCIATES * INC. PROJ. NO. 8 ~5 04
A 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C~ *1= ~ *? |
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SUBJ. SUBDIV. SAEET
PROJECT W3,
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1 e 82') O s

@ Aia.sA Nsi os. wooss 2i_ 4o

(7 s. 5)* .=. g 7 9 o 7, g77

| p = 5. o s z c.t w
w

dMANGE E S A S 4. o VA. t v 6 O r 5 'S *-To 61

ESAsco twPuT ot D N OT AGCOUMT ;:o 2_

W T OF d o M c g2.E T E SRlELD:

| Nots: VALUE o 1: 6 fttELP U S E o S Y . I+64 I N .g.
do M PU T 64 rd. u M 38527+ 9697 * 4 82|9
dO M PME S W E LL W i T14 54,3-10 *-

!

'i

N J

. -~ .. . - - ._ _ _ __ _ ___.___-_ _ - _ _ -_ _ . - - . - - . __ _ - __ - - - , _ _ _ - - .



a "m

.. ..

'HARSTEAD ENGINEERING ASSOCIATES * INC. PR*'' N** d*b 3* A
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AOc t Tion AL ~ tcAo ADDED SY itEA "

u e4if cre.M Lo 40 wit 4.s oj 2 sac.To fl 8 LO 4 '

l. 7 4 o 7 6 C ca . I - 5 2) 14 3 2, c,,s
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'HARSTEAD ENGINEERING ASSOCIATES * INC. PROJ. NO. 830A

. A 169 KINDERKAMACK ROAD. PARK RIDGE, N. J. 07656 C- '2. ~ 'L *:
SUBJ. suBDiv. 5HEET

PROJECT W3'
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k 'HARSTEAD ENGINEERING ASSOCIATES * INC. PROJ.NO. f ~5 o .d.
'

:
A 169 KINDERKAMACK ROAD, PARK RIDGE. N. J. 07656 C~ L A=*~2-' ~ ~'

susJ. susolv. SHEET| PROJECT W "b
CUENT t 94 L PREP.BY d lk DATE 9 /19 /h
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d.c N PO~TE 4 D'/14 h M t <-
VALUES AN A LYSij!
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SUBJ. SUBDIV. SHEET'

PROJECT W "S,
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'HARSTEAD ENGINEERING ASSOCIATES * INC. PROJ. NO. f$"b C @
f.oA 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C- ~2 e Q -

SUBJ. SUBDIV. 3HEET
PROJECT W "S,

CLIENT LF4L PREP. BY d !+ DATE '1[%f)
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T&lFLD & trl L D 1 4 G

\

N 1 's
'

-

e 4

# I
\ %

/\< v,% D, N .

'

s

x ',
i

n
- s , _ _. ._

s (g * 7

'-N (Tf t)

-

/ 3 Si k
s

'

\ --

.dh
Kg , ,

'

/' '
,

M (Gro L AL r4 ;

. . . .

| M , = I . y. x to ' x r s .s s t u c' = o
57003;

Mm= I404k ''U IE * %3 4 k

NA = |40 4 x tid 3G* 815 k=

Mg- f 4 0 4 7. tf4 S4' 15 S G k=

Mf = 19 o 9 x s t u 1 2.* IS3 5 k=

Nj* I40 4 x 1 ( 4 T O' 11; o 4 h=

.

*

L ;
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y 'HARSTEAD ENGINEERING ASSOCIATES * INC. PR *'' N** 8 0 * ''
A 169 KINDERK AMACK ROAD, PARK RIDGE. N. J. 07656 C~ L L | 2.- -

PROJECT W3 SUBJ. SUB0lV. SHEET'

CLIENT L T ki RREP_BY ^ o h DAT E'39.M, 2 2
'

CHCKD.BY de|f DATElof$[g3SUBJECT &A EMA* ;4riL4A1 F0AC&5

CO M P A R;30 4 0F A U A!!!!! 70 ICES A40 MOMEUS
.

AMD D i!! G M A l f. 0 W k & L f 5 1

LIVIIW C li f f L; A ,s
,

THitE ALE h t y t a x. %00 714triELElA: ti T S
CoufAINED IU ft1 I A Il u A T, WirA AsMA47 toALPS-
PouDING Liuts op ourtur. !4 OLDEE To LIVIEW
TX*3 00Trur ;M A STITTMAric MAU4CF, THE FOLLOW;4G

~

A P T t o ACR IS A D o r FF D, F0I A LFVIFW 0F f!E
t&FAL3 F%t AuD FYY' AUT SRE A $ F o A Ci G A F k TE R

of 1715fMAM T3 i L E S S E F. O Fr F A T, ALLOWALLFg:$ , A- E U L h T F L ,
,

| F0E A AFV!FW OF rea M o u r u T! MX A40 V, Y ,
P t L f r LE G A LL TRAT F Q I f f IV 5 MoMEMT G 2 H E & A TFS

d ., i t 4 510 N 14 T&E To ? !TC E L, W Rr l L E 4 EG A T IV 2 M0MENf
| G E M E F hTFS TE 4 S lo 4 lu rag so rro u tr g r t ,
1

| TH ERT F o L F, A4T P o s : 7 IV E M0MFMT CEFATEF TH A N
j 19 ; 5 3 X / l, T if f I. E I S E I M 0 M F UT OA T A Ci 77 0F TMG
'

707 TFEL, 1: 7 A L U L 4 PE D, W iF I L E ANY 4GATlY;
1

MoMEMr C&Ekiff TR A U %Qqb I K f t, vtE LEAST
MoMEHf t k P A C l ?'T OF F it & LOTToM ' T E E. L, 15
TAtulATED.

!

| EAstD Uro4 T&G L OC A T 10 NS O F r it e F I N. t T E 2 L E M ; il 'I |
04 W it ! C R T dr: 2 StrAK3 AND M cM f 4 TS kCT A
DILfCi GoM P A A ::o N 11 FR E M MApE 5 F F M[ E E N
T il E A N A l'f 5ft S it iT A L : AND M o M E il T! AUD ? .' E+
CO L LE S f o M D I N O 15- E A A A40 MoMGHT SAPAC!r?
OF 't it i Eh$EMAT AT T H E T E ' L G C A T I O )1 3 .

310 T 1 TIAT .i ~ F f !i l 7 5 E L i M 2 U T M O D E '. A: G E U r A A TD
ti ELAICO WipFLS r a ; A f A C o T. EUtt0: 4G :4 .A

'

d G '. 0 : A '. CE4!E o n '. '' . A 7. E V ( I W OF f3; EEAr: 0

L -

J

.
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'

y 'HARSTEAD ENGINEERING ASSOCIATES * INC. PROJ. NO. 820H .

LA 169 KINDERKAMACK ROAD PARK RIDGE N. J. 07656 C- L :5- -

SUBJ. SUBDIV. SHEETPROJECT w 3'

CLIENT LI+L PR EP. BY AC5 DATE U G !G

CHCKD.BY 4 % DATElo[5[%3SUBJECT L A .31 M h i I 4 T E A H A t F o r, c ; 5

CO M P A KISO M OF A 4 A L Y S 15 FoECES A4D uou 5 4 73
A4D D 2 i t re M h L!.0 W A LI F S , C0 4.

lev ( E W CLITEL!A
*

C h L C U L A T 10 u E M f ! Ti i D | COMMON FDN MAT DATID
,

07/ &*/ 7 ", CLEAE'T FST A E!;!k 2 5 7 5 : .' M O D I ;'.: MG

P R O C E D U & f. , 4 2 G. f l 0 4 I ' DISCI:PTf00 0F TEFr

M o D i t ', P P . 3 - 4, NOTE 5 teat t .f i R f A c r o l: ;&IE L D

WALL WAS MO D E LL E D ET TWE M TT I:G!D LIkM3 j

O M to P OF WW ic H WELE PLACfD T W E u TT 3rr 5Y
4 0 F T. V E' E P itE LSAMS. IT IS k L5 0 MOTkO T&h7
f45 WElG#7 0F FPI 14 T E A M A L 3 r t rJ C T U E F of itE

lt. E A c r o A Li t L D I M G 15 FVfMLT D;37&!50TED To
THE Sh5EMAT F L W W E 4 TS , L O T T .'t 4 T M0 M0 DEL OF
tti 14 f E L M A L !T FUCT O LF HAD Erru FOP.MULAfrD,

S E C 7 i o n E , ' L o k D I M G I U T U T ', ? ?. 9 -: 0, cavi1~t$ A

s ' F k t A M D M o u f H T (. ro :s A r P . : F C Toc o N e t u t t. A t r o +

do D E rolH TS 2,!- 4 0) 70 A c c c o u r F o x T !t re EFFECTS
OF :AArgquAXE ou fri S E ; E". D LU!LD:40, A3 W. f '. L AS

COMcFMTL A rf D SHEALS AUD McMENT5(?o L1 APP':tP70.

| EkSE V A T do D E Polurs W Irai4 tti tnIELt t o t L C : M G,T To
,

| A, cc o o u t FCL TrG FFFEc; 0F ZA&fHQUAsi 04 Td;
'

IMTFKMkl STLUGTULS.

l TRI! M O D EL',:4 G PLoCEDUAE WILL Til'D V A L '. D
| SHEARS AMD M C M E 973 140UCfD ET T&E AEOVE

Co u C E u f L k TI C Lo A D1 E V F A7 W R F A5 ! 4 t it C E A S E V. A T
LUT 14 TR5 t u M EDI A T E V!C : M IT T O F f :10 tH :1 L D
L 'J : L L ; M G . ~ !t i FCLL3WIMG C T- ! I E L A A F- f T+EAFFCEF
IMPloTED 7 o T. PFE A N A li: [0 SH F A E5 A M L M O M F fl S

ACT!HG OM F I 4171 E L E IA E M TS LOCATED MEA & i :f f
'

'

y iHIAA 50;tD;MG.

L a

_ _ - . _ _ _ _ .. _ _ _ _ _ _ -._
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y 'HARSTEAD ENGINEERING ASSOCIATES * INC. PROJ. NO. MO4
A 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C ~7 3 '1-'

SUBJ. SUBDIV. SHEETPROJECT W%,

CUENT LP4L PR EP. 8Y d W DATE 10/S/4
SUBJECT 3ASE MhT TAlT#dMhl N ECES CHCKD.BY Ad b DATElo/5[g3

N o i2.M A1 O P6RATIcN d = i.5 (o+L% t.1CLtfi)'l.oS543

El E M F:XZ FYZ MK My 4.cMMENTS rey py

'333 188 - 257 -G |3 -2/o 4 NJ A '
~334 174 | 4 's N1 A ';

'

335 - 23g NA'
.

33I7 -173 'L4. -4t3 - 45 9 5 17 '2., o V ,' -l%7 - t3 o
3}y '252 NA',

| 3 39 ToL N4'
\ 34o t3 c. MA'

344 - 23 t, NA'

i 345 tog NA'

|@ M 259 9A'
'

I 3so 25 - 231 -73I. -2207 W A, ' -13 5 -185
'

352 2co -26) W A'

354 -137 MV
'367 14 3 yA'

358 -232 NA'
39% )is u A.'
311 '31l, NA'
400 14 0 NA
4 06, -l Ti 4210 o te '

'

4 25 i S '2, 4^'

436 ; toi uA'

551 -1C7 133 NA-
384 11% MA-

,

,

t

Y J

_ _ _ . -. . -_ . . . . . _ _ _ _ - _ _ - - _ _ - - _ _ _ . _ - _ _ _ _ - - . - . - - . - - _ _ - . - - .
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] 'HARSTEAD ENGINEERING ASSGCIATES * INC. 'R*''N** O 3 O "I
; A 169 KINDERKAMACK ROAD, PARK RIDGE. N. J. 07656 C~ T- 3 'R*

SUBJ. SUBDiv. SiiEET| PROJECT W z,,

CLIENT L. P t L. PREP. BY di N DATEIJ/5;fl
SUBJECT B'AG.E N AT 2.M TE Cl AL Fo f c E S MCKD,BY Ad 5 DATE10/S[.33

l

D6E G. W S EIS M ic, d.= 1 1 (c+L"), [.o ( El-+ s e 5 2.,)

t

ELEM F%2, FY Z. MX My 4 oM M suT3 F% F y',

|

| 18 - 15] < 2 7o on'
154 'Z12 < 17e .oA'
I 7'2 2.70 4.27o a is '
14 4 - ISI *A'

.

14 5 -11 2 NA'
14 6 -l73 NA'
)T7 '2z5 NA'
310 417 MA'
334 434 WA'

g~ 334 517 N A'
~

340 -19l NA'

344 -867 MA-.

345 4 33 175 uA-
34G 74l

'

MA'
35c -G z7 4A'
35l l'76 ti t & WA'
352 - 258 - 383 44'

353 19 * 13 -241 - 45D 7 17 "L Y -94 - I S' 7
35c -24o NA'

757 341 s ot - MA-

35% 251 W A'
~5 84 '2.11 N4-
39| -g t. < 2. 7 o o x '

"398 747 'I %, NA'

349 14 8 -34'E N A'
400 159 '2.06 NA'
4d 3G7 - 19 - 4 51 -l'276 > 27 o or u t r.it - ios _ 3 ,, g

'

i 446 - 389 llo -527 -lG71 > '2.7 o ' m r.U - lo s -3g

415 3% - c. - 119 7 -18 cf >z7o o x ses r. : _i35 3 27

61 iN St cTI o dg + on ,

. _ _ _ - _ _ . _ _ . _ _ _ _ _ . . _ . . _ . - _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ . . . . _ _ _ . _ _ _ - _ - _ . - _ _ . _ _ . _ _
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PR*'' N*' 80**'

HARSTEAD ENGINEERING ASSOCIATES * INC.
A 169 KINDERKAMACK ROAD, PARK RIDGE. N. J. 07656 C~ M~ % ==4~

SUBJ. SU BDIV. SHEET
PROJECT W ~3*

CUENT L. P i L. PR EP. BY 4 W DATE IC/5/D
SUBJECT 5 A 5 5 iA A 7 (urf E p A L F o 6c EJ _CHCKD.BY..Ad 6 DATEL O/ E[MI

DSE fiE W 6 51s Nic

.

_ELEM f:XI frYZ N% Nty doMMS4TS 1:X FY

43o 142 <27o oK'
435 -9 87 17 7 NA-
458 11 5 128 dA'

'# .4

j ,'

1

|

O

%

i

'g a
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'HARSTEAD ENGINEERING ASSOCIATES * INC. PROJ. NO. 8h04
5A 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C- #7_- 3 -

PROJECT W3 SUB1 SU BDW. SHEET

[N3
CLIENT LT4L PREP. BY 4 O DATE 10 (3
SUBJECT f,A iMAT t 4 T i F. v A L F O T. C E 5 .CH CK D. BY Adb DATE0l

SOUTN To N oit.TW 6EISMic DSE

El-Eg FX 4 FY7 MX My 40MMENTS 1:p( Fy'
,

13 4 -7.10 19 - 641 - 436 y|72 oE s EE t !! -237 -G5-

1% -142 -18 -689 - 541 il71 SK ti: F 13 -237 -55-

14 & 171 65 - 37/ -241 >|72 3x u t r. :5 -251 79.

|So 171 105 - s94 ~\ s ss >(72 at s s t r-t % -209 - 45-

17 1 4%1 17 7 --354 -t348 y 270 n: o m 33,p- -jj g 339g

188 - l-1. c -23 1 -11 o s -tBog > 17 i-- m k "r[,,j5j k- -314 -l o o
-

(90 4o. -14 1 - 909 554o v i 7t. 4A - 72 - 2 8 'f
Ifl -)8 | MA
14 1 -24, 141 -929 -4025 N A - 5 14 s A s. 4. 6stz-ud au
li3 -24,4 - 4 33o 4A-5 M4e c G3rz-w.* a le'

g 14 4 }95 - 3779 N HIM48 < G38 2 m om. /

IA5 . -l92. 57o3 u n -slu s a <J ,3sz m u g -

"2.| | 174 % - || /,4 -14g5 717o y< -I l9 -531-

735 -12 18 2 - 744 -i3oj <27o oW'
243 -264 25 1 - f.o 6 2o41 427o 14 A- -24z - t i c.,

24l 221 4270 av'
274 -l73 - uA .

7 75 -455 16/. NA-
'310 - 516 N A. '
367 433 MA' a

'39 8 290 NA' |
4 15 247 WA' !
4 26 151 NA- |

435 SIG la 7 NA' i

434 245 N A' |

4 74 . 219 W A'
'

4s2 -sti N A. - ;
, .

139 -+33 is -ios -is c 2 u zt o r. ~ n s,.x,y ..- n w -we
c,

L30 -[g3 < 17 0 0X 4
I

188 -3!5 !!9 -339 -G'8 4A- -| 2 2 -974

| R O Y. F,7 I M S P I C " : 0 4 |( -

. - . . . . _ - ._ . - - _ _ . . - - . _ _ _ . - _ _ _ _ _ _ - - _ _ - - - _ _ _ . . _ _ _ . _ _ _ - - - _ _ _ _.
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'HARSTEAD ENGINEERING ASSOCIATES e INC. PROJ. NO. 8'O4
A 169 KINDERKAMACK ROAD, PARK RIDGE. N. J. 07656 C- 'L - ~h G,-

PROJECT wt SUBJ. SUBDIV. SHEET

CUENT L ? 4 '- PREP. BY 6 |Y DATE(0/5/D7

SUBJECT EA 3 Ld A I 84 If f " Al F O T C f 5 mm, BY .A<i b DATE'0/5/83
.

WORT 4 To SouW 4EisMic pse

BLEM FXT P/E Ny My L o M MENTS 12,4 iT-
172 776 45 -173 - G14 > 272 * -t 4 o -186

'

276 4 14 "Lil NA'
! 287 -lGo - st + NA'

'286 iso 17L M A'

| 290 140 MA'
3 06 If6 MA'
31o 590 ISS NV
3|| -7 84 NA'

,

| 333 18 6 - 301 M A'
~

334 4|| 225 4A'
fg 335 -3o7 NA'

~

777 -156 11 M h '~

738 -32f NA'
339 151 NA'
340 - 315 NA'
343 - 117 -5 4A-
344 5 -315 NA'
345 451 NA'

346 -3M M A'
347 '2.1 o -5 WA'
35o -3 eg N A-
351 -4 t4 : ils 44'
352 -to s ! - 3s o MA-
353 24 6 | i4 WA-
356 1-23g NA'
357 -438 til W A'
358 lot.-170 i i NA'

'
3119 2% NA-

'

i 1.

391 Iso -739 wA-
,

t i *ot ey INsF6cT.
,

. - - . _ _ _ _ _ - . - - - -- ._. . . _ _ _ --. __. _ - - _ - _ _ _ _ _ - _ .
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'
PROJ. NO. ?bC4

'HARSTEAD ENGINEERING ASSOCIATES * INC.
A 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C- 2. - 5 ~7

SUBJ. SUBDIV. SHEET
PROJECT w3.

CUENT LIfL PREP.BY $4 DATElo[G[f3
SUBJECT EkiE M A 7 14TE&4AL FoLCI3 fdiCKD.mBY M.b DATE;o,'7/8 3

M o it.M AL
-ElEM 199' - --

YM Ax = ( Yt ?'- + 76 ' * 40 4 '/Fr
f>w = o.ot

P c H + ) . ..o r A 4 - _4 o *
2_5 -~ 1. o

Rann
' h~E

g - W t.e sa r y ,. g99' 4944)*l?}g-

6 (nMa)
F -% 8 '

N w - k)ulkh|) * 841-1,(,8(4,f,))s OWN' m'

k"h (, -

hk h).2h 75OD Ca) I"+ b5S, u.(i33) : > >/
0

,

bl~ 3'S Q(v2)(W) ufr ey _ 4og--c_

T3 ht)(od
t

| h % d k!L.
|

d) -= o.85|

| /, 13 + kx408 g p- yys y 434 t/m -

,

L '
>

.

- - . - . ,_m .m_.__m. . _. , . . _ _ - - , . . . , , _ _ . . _ . . - - . _ . _ - _ . . . _ _ . _ , _ . _ _ _ . _ , - - . - _ _ , _ _ _ . . _ . . - . _ . _ _ , . _ , _ _ . , . -
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PROJ. NO. 8334 |y *HARSTEAD ENGINEERING ASSOCIATES * INC.

.:-) I
A 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C- '2 3- -

PROJECT W3 SUBJ. SUBDIV. SHEET |

PREP. BY 4 N DATE 10[/7 '8 3y'OCLIENT L I & I-
,

SUBJECT E A 5 E LA A T I 4 7 & A W A-!. F o & C i .3 f.JICKO.BY Ad8 DATE 10 |,

|
|N09. MAL

ELEM IM CRECX E G. !! - 7 '

Mm= Ma-Mg ( 4 h - d)
_

8 c.cr

s . s n u - ts a w n - a n
' ra. x s

2
,

c. o s s e s -ii -a -
.

'
' '

Act m 2,g
.

m.e

H. (12)(\35) \ + L5o
: 405c. . r

. , sac 2 0n

"V 98'gsem

50s) - q u.% > Ms % oy:. 9a +

,

i

_ - . _ - - . . . .-. - - - - _ . .. . - _ . - - - _
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HARSTEAD ENGINEERING ASSOCIATES * INC. PR OJ. NO. 850%
A 169 KINDER'(AMACK ROAD. PARK RIDGE. N. J. 07656 C- ~2 ~ ~5 - |0

PROJECT w3 SUBJ. SUBDIV. SHEET-

CLIENT L f + !. PR E P. BY 4 14 DATE 16-6-% y,
SUBJECT SA:5WAt G4MKuAL F0ECES _CH.CKD.BY Ad5 DATE 10/6/83

'

kJ o rc M A L

E LEM 19 5 (c,o #,()
.

k

.

(0-0) \/c - 553,3 ?7G.
_ 37o "di,

5D1XIH)

k ,()]O) : '3 I 4 > I 8 ~/ O I#"'

.

ELEu 18 Is
'

.

th 4-5 rEEPE- I f il @ G, 4 If G 12 i As = y gl.fr. 4- 4.co =to,24:q;

ks 10 tf t/r Vu d = L e L4 X ( 13 3/ f 1.) J . 5 '7 1 0s

V[ q = 1919 IX/r Mu t s ii
M y, = L 3 4 lic/r

! 4.c(

USf (ft-7)' M rn = 1919 - A 3 u. (4 x t y. 4 - 13 3)l

4 39 IX/tI =

-

f L. A

ffE d &T (ti-G ): %. (i.i h oo o t150ox/lo.MN,
s

Lo 4 x(!33/l )){ :: x ; 3 3'kA %3* 1000.
, ,

Vc = 1 LX+131X = 314 x 5 ( li- g) :
/

(11-2) : 353.3 5+
-

=
_ 902 t oE

\[t 5(it')i33
,

j
| .

X 3L4K= 1 -[ g X 7 1.0t} Z OE..

:

A
I

. - -.-. .. . _ _ _ - - - _ _ - . . - _ _ _ - - - . - _ _ . -- - ...
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HARSTEAD ENGINEERING ASSOCIATES * INC. QROJ. NO.
8 5 3 ;-

A 169 KINDERKAMACK ROAD, PARK RIDGE. N. J. 07656 C_ - *2.,. - 3- |(

PROJECT w3 _3U BJ. SU BDIV. SHEET'

CLIENT Lf&L PR ..P. BY 4;|f DAT E le ~G * ?3
SUBJECT !A 1 Ul A T I14 i I L tl A '. F0LCES _CE |K D. BY Add DATE'0.6A3

'

DBE EW 6etss ic.
#w * Tt6 5 (r.54) .

E L 4 Of
p-

, q,7 3 ) " ,,3gq,,

P''006 Ms * 451'
p y. 106'

[li-7) Mm= 451- 1o6(#0 ' 5 us1 Gi- a)...

. .

(11-8) (: 353 l o s [ , 37 /,
i , 5 (12)(i)3,

Yg.G S A rt

72 4 O (%76- )=418 > %7 O5

4N SoTT (To,9fg77)pg S lfout.o IMc LU D E
,

, 3(l.i&) .,p g \/= 3 8~ 7 '
n.o n) g, 527-

p : Ic5 '

'~b Y ~* 311- 103(.k. b) : 44'
(.s t -O 4 - (i zo,i4 2sof c,os)(M1Dlfl}[JW-)f

-

''
| % e a.

9e.t-ol'575+ ).= .4i7 > 369 o k.
.

h

501)(133
.
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'
PROJ. NO. 8504HARSTEAD ENGINEERING ASSOCIATES * INC.

A 169 KINDERKAMACK ROAD, PARK RIDGE. N. J. 07656 C- 7.,,, |33- -

SUBJ. SUB0lV. SHEET
PROJECT _w 3'

CUENT LIIL -

P R E P. B Y 4 7 N DAT Elo -(** D
SUBJECT E A : E Ut A T I u 7 a 1. u A t i o 7. c f s _CH CK D. BY AdI"DATE0lG[33- .

I

'p B E. EW 4,Els M i c

ELE M 4\5 Y= 356
p = .c o.3 K = |19 ~1

p = i8 4

b l-M Mg ll47- 08h(4h ~54f.I99.,. 1
u. , _

'

ou2ev=c.~3)(g/Wp4-no.oi-6) vg
_

V ,, , _ es

g [3 3 0 '? 1j ~- ' h 7 T...> 2.e5 698 et

'

\/c I --- = 34 s5 353 I\ t - 02)O33)5

1

I

.

'L '

>
~_ ____ - . . _ _ _ _ _ _ _ ____.., . . -_ . . . _ . _ _ _ . _ _ . _ . _ _ _ _ _ _ _ . _ _ _ . _ . _ _ . . - _ . , _ . _ _ _ . _ . . _ _ _ _
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HARSTEAD ENGINEERING ASSOCIATES * INC. PROJ. NO. & * 3 's

A 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C- 1., - %- *5

PROJECT W3 SUBJ. SU BDIV. SHEET

CLIENT '?+l PREP. BY /A N DATE lo-4-M
SUBJECT t, A : EMA7 t u r t A V A 1. 7oAc2s .CHCKD.BY Adi DATE :o/C/23 .

6 00 Tif To NOR.TH

ELEM l'b 4 y= sto '
u 2. G 47 '
1== -> Z3 7 '

M,. 4,42 2. s 7C44 ) : u5t ( !! - 2)51 - 7 , . .

. . . ..

_

.

nk 's 4oV
yC _ 333 r, $1 2)(I13h

q (4oi) - 3 4 l ' > zio Sw

E LE M |% ,g gy Sig , ugi ry To 154
(hj \ 4(* .

ELEM 17 1 V u. = 4 I t -

M 6 Ssig
t du- .i t a

.

.

' 0''' l M= 3 s i - i t a (4. c ) - . , . u .s o c a -e)y .

%

.

t' 355 j t is ' 373
562)0U)

46
M '3 ^ 72 -'

.,

.. 9 7 -f o(3 7 8 .) 41o 2 42.1 5A: o y.,
.

( 2.7 e ir r.)
-

t ;
.

- - - - - - - - -.-.-n-- - - . - - . , - . , ., . _ - , , . - , .-,---.
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PR*' NO- *#'* \'
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APPENDIX C

STARDYNE Shear

Convention for MARTIN Element
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r stem Deveioprnent Corporation

. . A N. Sepulveda Boulevard. O Segundo, CA 90245. Telennone (213) 6151188

f

September 29, 1983
.

Mr. Andy DuBouchet
Harstead Engineering Associates
169 Kinderkamack Road
Park Ridge, New Jersey 07656

Dear Andy,

As a result of our -telephone conversation, last Monday
morning, I am sending a description of the stress sign
convention for our " thick plate" triangle element.

Please call if you have any additional questions.

| Sincerely,
~

efe A AdP
p$h Charles A. Bellb STARDYNE Division

Enclosure

CAB /mgf

4

6
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Directions of Stress Components ... Triangle Elements

$

Ascertaining the directions of the stress components, for

the triangle plate element, begins with the orientation of
the local coordinate system for each plate element. From

the input on the TRIAB cards, node numbers are associated
'

with the designations JA , JB , and JC . The origin of the

local system is at node JA, with the local X1 axis directed
toward node JB . The local X2 axis-is in the direction of

node JC , and the local X3. axis completes the right-handed
triad. Figure 1 illustrates a possible local coordinate

'

system for a triangle element; Figure 2 shows a second possible
local system for the same triangle. The choice of which node
is designated JA is left to the user's discretion. An addi-

tional option is the-AXIS' ANGLE input on the TRIAB card; this
. allows an angle between the JA - JB line and the local X1 axis.

j once a local coordinate system has been selected and identified,
a differential element can be located near the triangle center,

Figure 3.- This element has sides parallel to the local X1 and

X2 axes. The output stress values are located on the two
faces, of the differential element, that are furthest from the

local coordinate origin. Figure 4 shows the directions when
the listed transverse shear stresses are positive; a positive

stress value means that the stress arrow is in the local X3
axis direction on the indicated face. Figure 5 shows the

direction for positive direct stresses. Negative algebraic

signs, in the printed output, reverses the sense of the stress
arrows in the two figures.

L

|

r
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APPENDIX D

Ebasco/HEA.

_

Shear and Moment Plots
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HARSTEAD ENGINEERING ASSOCIATES * INC. PR OJ. NO. 83o4
A 169 KINDERKAMACK ROAD, PARK RIDGE. N. J. 07656 C~ 1. 4 :- -
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PR*d NO- ***%y HARSTEAD ENGINEERING ASSOCIATES * INC.
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PROJ. NO. 8 % 0 '-y HARSTEAD ENGINEERING ASSOCIATES * INC.
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PROJ.NO. Q S O -fy 'HARSTEAD ENGINEERING ASSOCIATES * INC.
4,

A 169 KINDERKAMACK ROAD PARK RIDGE, N. J. 07656 C- ~?, |
- -'

SUBJ. SUSDIV. SAEET
_

PROJECT W3'
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] 'HARSTEAD ENGINEERING ASSOCIATES * INC. 'R *'* N0* 0 ~b A
A 169 KINDERKAMACK ROAD. PARK RIDGE, N. J. 07656 C- ~7_ \ $- ~
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PROJ. No. 8$O4HARSTEAD ENGINEERING ASSOCIATES * INC.
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PROJ. NO. 83Qiy HARSTEAD ENGINEERING ASSOCIATES * INC.
- A 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C- %~ \

.
~/~
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