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On January 11, 1990, Solt' Service Water Pump p208A was being i

transported from the maintenance shop (on tiff first floor of the New
Administration- Building) sarcuto to the Intake Structure Building.-
The pump, - without the motor attached, was being ' carried in a

,

'

horizontal orientation, supported by slings from fork!!ft trucks at
1

#

-either end. The pump assembly is shown on BEco Drawing M8 4, Rev. 1y
E4, and has- an overall length in excess of 42' from its discharge head
baseplate to the tip of the suction bell.

L

The pump' discharge head was leading and ~the bow 1/ impeller end
c was following. The lead'end was passing through the overhead door,'

on the north side of the maintance shop, and was just beginning to -

.make a' turn. The rear forklift and bow!/in.pe11er portion of the
pump was sdll within the building line of the maintenance shop.

~.
'

Just pri6r to the turn of the lead forklift, the individual' who was
directing the hand 11ag' operation had walked toward that operator.

- t-

and had his back to the rear forklift, As the lead forklift operator
began to execute a turn, the bow 1/ impeller end fell to the floor. None
of the people present actually. saw the bow 1/ impeller end as it was
falling,

immediately after the bow 1/ impeller. end fell, it was observed that
one of the five column sections had a 360 degree through wall
fracture. The fracture occurred in the second 80" column section upo

'

from the bow 1/ impeller 'ond, approximately 3" from the- flange away
. from the bow 1/ impeller end. The pump dischstge' head was still

L, suspended in the sling from the lead end forklift. The column
sections from the fracture back to the bow 1/ impeller and were
resting flat on the ground, The impeller / bowl with its sling was

j leying on the concrets surface just inside the overhead door. The two|
:

1
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L, abutting column- sections- were laying on the povement just outelde
the building. The impeller shaft was intact preventing significant
axial or lateral separation at the fracture. gubsequent examination

.

showed it did not experience any permanent deformation.- The
position' of the impeller / bowl and was such that the forks of ths : ,

forklift were no longer. directly over the sling point, as if the sling
had been pulled off the forks.

The impeller / bowl end was estimated to be somewhere between .4"
"~ - en& -12" abova the maintenance shop floor when the accident

occurred. Tho' pump- end, suspended in its sling, was estimated to be
approximately 12" 2 24" off the ground. The most likely accident ,

soonario is that the forklift movements were not fully coordinated |
,- resulting in the slings of the rear forklift slipping off the forks. A less '

likely scenario is that the column section fractured suddenly under
its own weight, and then slipped off the forks of the rear forklift. The
evidence supporting the former is as follows: -

* The pump had been lifted and moved 'some distance before the
accident. Thus it was successfully " proof tested", and had sustained l
its own deed weight. |

|

* The front s11 ass were restrained from coming off the forks by an- |
"A" frame assembly while the rear slings were not. The rear slings
depended on friction to remain on the forks if the purnp were to
move away from the forklift.

* The position of the rear forklift and the. impeller / bowl immediately
after the accident suggests relative movement occurred in a

g direction which would pull the slings off the forks. -

,

The purpose of this calculation is to estimate the bending

' _i stresses in the pump casing resulting from a drop of 6 to 12
inches of the impeller and of the pump onto a six inch
concrete slab on grade.

-.- __ __
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2.0 Method of Analysis

-The pump casing is modeled as a beam with lumped masses.= An
energy balance approach is used to estimate the stresses in
the beam after impact with the concrete slab. The work i

associated. with' the gravity forces . acting over the

displacements due to angular rotation of the pump just prior
to impact is calculated. The work is then equated to the .,

strain energy of deformation of the beam after impact. |
'

L
-Additional work done by the forces acting - over ,the beam,

displacements are neglected for the - strain energy |
!' '

'

calculations.. This is conservative. The strain energy is

calculated by - replacing the beam by a series of springs
representing the stiffness of the beam at the ' mass points.
Each spring exactly represents the resistance of the beam to

<

the kinetic energy of the mass. The spring forces are then
calculated by conservation of energy. These forces represent a

,

' '

the dynamic loads imparted on the structure from the masses. iandThe forces are used to calculate beam shears, . moments
Due'to the stiffness of the concrete / soil -

bending stresses.
spring, the frequency of response near the contact point will . -i

be much greater than the natural frequency of the pump casing . A', ely
-

(approximately0 6 Hz, Reference' 4.1.3), therefore high 4l
frequency contact forces will not significantly alter the 47 j

The concrete soil spring $Pstresses near the break location.is assumed rigid and acts as a support point after the initial WF N
impact. Local forces near the contact point were not p -
investigated. 1 pje

.
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3.0 Summary of Results

The highest banding stresses occur at about 17-feet from the
impeller an.d of the pump. The actual break occurred at or

The maximumvery near the predicted point of highest stress.
stress ranged from about ?9.dksi for a drop of 6 inches, tow.9
kai for a 12 inch drop. These represent lower bound value.
due to conservative estimates of the pump flange and bearing '

weights, and neglect of additional work energy associated witha the beam deflections.
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x ta 'l Distance to location i

1

1 10
'

1 1

k : = 3 * E * I ' l -' Spring stiffness of beam at
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i 7 se9.6 se67 .3
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W := W'l- total weight-

W
m := - total mass

9

W '

w. is weight at location 1, i= 2 to 16-

i le ,, .

x

W 3 i

w :=- F se -w' Force at location 1:-

11- 2e i 2 i ,1 . due to gravity

|
. .

x

1

'd kinetic energy at each sprins.-Ke := F ' -

1- i . ,1 ,
.

,

.

.5.

Me.

1

6 to 2' - deflection of ~ the beam at location i
1 .k
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.
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Fs - := $ 'k restoring force at location i
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:Per the above graphs and tables, the maximum predicted stress
is at location 7. corresponding to e.4 x 516 inches, or 17.2
feet from~the impeller end of the casine. Actual failure occurred
at approximately 17.4 feet from the end. Agreement is excellent
with'the predicted results.

,

Since Ps, the restoring force. is a function of the square root of Ke. then
' Fs.. V (Shear ). M.- (Moment) and fb (Sending Stress) are also a
function of Ko. Ke is proportional to d. therefore the above parameters are
a function of the square root of d. the distance the impeller end of the pums

shaft casing fell before striking the ground.

-The predicted bending stresses for free fall distances greater than
g 6 inches are as follows *
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