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ABSTRACT 

The Shippingport Atomic Power Station in 
Shippingport, Pennsylvania, is being decommissioned 
and dismantled. This government-leased property will 
be returned, in a radiologically safe condition, to its 
owner. All radioactive material is being lemoved from 
the Shippingport Station and transported for burial to the 
DOE Hanford Reservation in Richland, Washington. The 
reactor pressure vessel (RPV) will be transported by 
barge to Hanford. This paper describes an evaluation of 
the structural response of the RPV to the normal and 
accident impact test conditions as required by the Code of 
Federal Regulations, Title 10, Part 71. 

INTRODUCTION 

The Shippingport Atomic Power Station in 
Shippingport. Pennsylvania is being decommissioned 
and dismantled under the Department of Energy (DOE) to 
return the government leased property in a radiologically 
safe condition to its owner, the Duquesne Light 
Company. All radioactive material is being removed 
from the Shippingport Station and transported to the DOE 
Hanford Reservation in Richland, Washington for burial. 

Prior to the start of decommissioning, all of the 
nuclear fuel was removed from the reactor pressure 
vessel (RPV) and shipped offsite. Since then, the integral 
reactor pressure vessel/neutron shield tank (RPV/NST) 
was rilled with a light-weight concrete material to form a 
transport package. The concrete-filled RPV/NST package 
will be transported by barge to the Hanford reservation. 

* Work performed under the auspices of the U.S. Department 
of Energy by the Lawrence Livermore National Laboratory 
under Contract W-7405-Eng-48. 
**The technical work upon which this paper is based was 
performed by the following individuals of LLNL: S. E. 
Bumpus, C. K. Chou, M. A. Gerhard, J. Hovingh, D. J. 
Trammer, and M. C. Witte. 

Since the RPV contains radioactive components and 
materials, the RPV/NST package must be certified for 
transport by DOE prior to shipment. To obtain a 
Certification of Compliance for packaging a Safety 
Analysis Report for Packaging (SARP) must be prepared 
to demonstrate that the packaging design, manufacture, 
operations, and quality assurance meet DOE safety 
criteria. An important aspect of the SARP is the 
structural evaluation of the RPV/NST package under 
impact and puncture conditions. The Lawrence 
Livermore National Laboratory (LLNL) was asked to 
evaluate analytically the RPV/NST package for the 
impact and puncture conditions. This paper discusses 
the structural evaluation of the RPV/NST for impact 
conditions (Ref. 1). 

The Shippingport RPV/NST package, a Type B 
Category II package, weighs approximately 900 tons and 
has the dimensions of 17.5 ft. in diameter and 40.7 ft. in 
length. With this weight and size, it is extremely 
unlikely that the loadings associated with the 
hypothetical accident conditions specified in the Code of 
Federal Regulations, Section 10 Part 71 (10 CFR 71), such 
as a 30 foot free drop onto an unyielding su.-face, will 
occur during its one-time shipment from Shippingport 
Station to Hanford Reservation. Despite the low 
occurrence probability of these loads, the package has 
been evaluated for those tests specified in 10 CFR 71 to 
expedite the certification process. 

A special characteristic of this package is that it 
contains only irradiated nuclear components that will 
not break up into small pieces even under severe crush 
conditions. Also, all radioactive components are cast in 
concrete to form a monolithic solid piece. The objective of 
this work was to perform a structural evaluation of the 
Shippingport RPV/NST package for impact loads in 
accordance with 10 CFR 71. Due to the large size of the 
package, it was not practical to perform full-size tests. 
Instead, the evaluation was based on structural analyses 
supplemented with benchmark tests to increase our 
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confidence in the computer analysis codes for this 
specific application. Nonlinear finite-element structural 
analyses were performed, using computer codes that can 
simulate concrete behavior under a confined 
environment in order to evaluate the RPY7NST package. 

The concrete in the Shippingport RPV7NST package 
serves multiple functions and is an important part of the 
package. These include: 

1. The concrete serves as an impact-energy absorbing 
material through confined compression for both the 
normal conditions of transport and the hypothetical 
accident conditions. 

2. The concrete serves as a filling material to hold 
various parts of the package together in their 
respective positions. 

3. The concrete serves as a strengthening material to 
prevent catastrophic failure of the outer shell. 

4. The concrete provides additional shielding. 

All analyses were performed with the LLNL 
computer code's DYNA2D/3D (Ref. 2,3). These codes have 
been used extensively in the past ten years. However, to 
provide additional confidence in these codes using the 
concrete model, especially for the special geometric 
characteristics of the Shippingport RPV/NST package 
and the confined environment of the concrete under free-
drop conditions, a demonstration combining tests and 
f i n i t e - e l e m e n t a n a l y s e s w a s p e r f o r m e d . T h i s 
demonstration included three elements: 

1. Drop tests of a model that has similar geometric 
characteristics of the Shippingport RPV/NST 
package, including the actual mechanical 
properties of the concrete used in the BPWNST 
package. 

2. Finite-element analyses of this model using DYNA 
codes with the concrete material model. 

3. Evaluation of the analytical results against the test 
results. 

The demonstration was performed using a 
simplified test model and related benchmark analyses. 
This demonstration provides the confidence that was 
needed to use DYNA codes for the Shippingport 
RPV/NST package without full-scale testing. Once 
confidence in the confined-concrete model in the DYNA 
codes was gained for the special geometry of the 
RPV/NST package, the structural evaluation was carried 
out. The structural evaluation included impact end 
drops, side drops and oblique drops for the hypothetical 
accident conditions. The major components of the 
RPV/NST package, as shown in Figure 1, are the RPV 
and closure head, the thermal shield, the upper and 
lower core barrels, the filler plates, the bottom plate, the 
NST. the lifting beam and skirt, the concrete fill 
material, and some structural components of the reactor 
core, which are stored in the RPV cavity for disposal with 
the package. 

The NST annulus is filled with 120 to 130 lb/ft' 
density concrete having a minimum 28-day compressive 
strength of 2000 psi. The concrete mix was designed to be 
fluid enough to fill all holes and voids in the package 
during pouring operations. The 5-in. annular space 
between the inner wall of the NST and the RPV is filled 
with a 4-in.-thick blanket of fiberglass insulation and a 1-
in. thickness of the same concrete material. In addition, 
the underside of the lifting beam is filled with this same 
concrete material. The vessel was supported vertically 
on 24 equally spaced pads welded to the outside of the 
vessel below the outlet nozzles. These pads rested on 
horizontal, radial, cylindrical pins mounted on the heavy 
ring girder portion of the NST. The pins allowed the RPV 
to expand and contract with respect to its supporting 
structure without inducing high stresses. These support 
pads are not needed for package shipment because the 
void spaces are filled with concrete, which provides 
lateral support. 

The RPV internals include the thermal shield, filler 
plates and core barrel. These components, as well as the 
RPV wall, are radioactive, tn addition, other radioactive 
steel components were loaded into liners and placed with 
the RPV. The radioactive contents are nondispersible 
(i.e. remain below the radioactive release limits for 
accident conditions). Also, the radioactivity was caused 
by neutron activation and is interspersed over a large 
volume in components such as the core barrel. 
Significant radiation shielding is provided primarily by 
the RPV's thick-wall. The external radiation levels can 
increase significantly only if the RPV/NST package fails 
catastrophically and allows large components such as 
the core barrel to become exposed. 

Concrete and steel materials are primarily used in 
the construction of the RPV/NST package. The steel 
provides structural strength: the NST outer shell 
confines the package radioactive contents; and the RPV 
wall provides radiation shielding. The concrete provides 
additional shielding of the radioactive contents, holds the 
various parts of the RPV/NST in position to form an 
integral monolithic solid package, and acts as an energy-
absorbing material under normal and hypothetical 
accidental impact conditions. 

The material description required for analyzing the 
RPV/NST package depend on the computer model used 
in the analysis. The steels in the RPV/NST package are 
represented by the DYNA kinematic/isotropic elastic-
plastic (Type 3) 1 material. The concrete is represented by 
the pseudo-tensor concrete/geological model (Type 16) 
material. The vessel insulation is represented by the soil 
and crushable foam (Type 5) material. Appropriate 
properties were identified for each of the RPV/NST 
materials as required for the three different DYNA types 
of materials. 

Two different formulations were used for the 
concrete fill in the RPV/NST package. Both formulations-
are grout-like because sand is used as the aggregate. 
Both concretes were formulated to be lightweight, have 

1 The material "Type" refers to one of the DY?v'A2D/3D options 
for the modeling of material constitutive behavior. 



good flowability, and have a low heat of hydration. The 
concrete in the RPV is formulated to be slightly expansive 
to insure that the components and Vandenburgh liners 
in the RPV are firmly fixed in place. The concrete in the 
NST region is formulated to have essentially zero 
expansion and little or no shrinkage. 

Material Type 16, the pseudo-tensor 
concrete/geologic model, was chosen for use in DYNA 
because this material type has softening and 
confinement accounted for in the coding. Material Type 
16 has a "default" input set that is based on common 
concrete and requires only the compressive strength of 
the concrete to be specified. However, because the 
concrete in the Shippingport package is a grout without 
large aggregate and uses large amounts of flyash, more 
than the compressive strength is required in the analysis 
to model the concrete in this package. 

In order to model concrete, several property values 
such as the shear modulus (G), Poisson's ratio (v), 
tensile cut-off stress (sigf), cohesion (a 0). and pressure 
hardening coefficients (ai and a 2 ) are needed in 
simulating concrete behavior with Material Type 16. The 
Stanford Research Institute (SRI) was contracted to 
measure the required properties. The NST concrete 
must not only hold components in place, but must also 
act as an energy absorber end prevent excessive 
deformation of the NST outer shell. Test samples were 
prepared by Construction Engineering at the 
Shippingport site under the direction and quality 
assurance program of General Electric. The samples 
were prepared from a full t.uckload batch size to 
simulate what would be u<ied to fill the NST vessel. The 
samples were 4 inches in height and 2 inches in 
diameter. 

The material tests at SRI were conducted after the 
concrete had cured for approximately 42 days. The main 
tests that SRI conducted were the confined triaxial tests, 
with confirming pressures of 0, 2, 4, and 8 ksi. The load 
path in each of these tests starts with equal axial and 
radial loads (a hydro-static loading condition) up to the 
specified confining pressure for that test. Then, the axial 
load is further increased beyond this specified confining 
pressure while the radial load is maintained at this 
confining pressure. The test with zero confining 
pressure is a special case, which corresponds to the 
standard concrete test for compressive strength. 

The soil and crushable foam model (Type 5) is used 
with DYNA2D/3D to represent the insulation. The input 
for this model includes the following information 
parameters describing pre-yield stress and post-yielc 
behavior, bulk unloading modulus k, and a pressure-vs-
volumetric strain curve for the material. Since the 
insulation has virtually no elastic strength, the yield 
strength is to be 1.7 psi. and an elastic shear modulus of 
1.0 psi is input. The pressure-vs-volumetric strain data 
is given in Table 1. The bulk unloading modulus used is 
1.481 xl0< psi. 

Table 1 Pressure and volumetric strain properties for 
Shippingport RPV insulation. 

Pressure (psi) Volumetric Strain 

0 0 
3.7 x 102 .2.5 x 10-2 
6.2x102 -6.9 xlO"1 

1.2x103 -9.8x10-1 
3.8 x 103 .1.4 

Benchmark Tffffs 

A benchmark study combining tests and finite 
element analyses was performed. The purpose of the 
benchmark tests was to demonstrate that results of the 
structural analyses of the package using the DYNA 
codes are a reasonable representation of its real 
structural behavior. The general approach for per-
forming the benchmark validation was to analyze the 
structural response of test specimens and then compare 
these results with the actual experimental drop tests. 

Before benchmark testing of DYNA could be 
performed, the benchmark specimen configurations and 
drop heights had to be defined. The benchmark 
specimen had to have all the major significant geometric 
characteristics of the RPV/NST package and had to use 
the same concrete as in the NST fill of the package. In 
addition, the benchmark testing had to be designed such 
that all significant structural and dynamic parameters 
would be tested at least over the range" .hat apply to the 
RPV/NST package. For example, the information of the 
outer NST shell was important. The benchmark testing 
had to be planned such that the expected level of 
deformation of the NST shell would be reached in the 
benchmark experimental test. 

Sensitivity studies were performed with DYNA 
analytical models to establish the benchmark specimen 
configuration and test drop heights. All experimental 
tests were planned to be performed using an 
"unyielding" drop pad. In the following two subsections 
the sensitivity study performed is discussed and the 
benchmark specimen configuration selected is described. 
Full size, 1/10 and 1/100 size models of the RPV/NST were 
analyzed for a 30 foot drop onto an unyielding surface. 
The results of the analyses for drops onto the round end 
are compared with the full scale RPV/NST analysis. 

The 1/10 size was selected for performing the 
experimental benchmark tests. This size is large enough 
to relate dynamic and structural responses (including 
instrumentation) to the RPV/NST package and to use 
fabrication methods similar to those used for the 
RPV/NST package but yet small enough to test on 
existing drop pads. Two analytical models were 
generated according to the description of the test 
specimen. One is a two dimensional finite element 
model for the DYNA2D analysis of end drops which take 
advantage of loading and geometric symmetry. The 
other is a three dimensional model for the DYNA3D 
analysis of side drops and corner drops. 



Both benchmark analytical models used the DYNA 
material Type 16 to model the concrete. The expected 
compressive strength of the concrete is approximately 
3850-4240 psi during the testing period from 28-35 days 
after filling the specimen with concrete. The 
compressive strength of 4240 psi was used in all 
benchmark analyses which is the average value 
measured by SRI in defining the material Type 16 
properties at 44 days. The benchmark analyses used the 
concrete material properties measured at SRI. 

The benchmark drop tests were conducted by 
VVestinghouse-Hanford Company (WHO at a drop facility 
furnished by Battelle Pacific Northwest Laboratories 
(PNL). The fundamental comparison to be made between 
the benchmark experimental test results and the 
analytical predictions are deceleration and gross outer 
shell deformations after impact. It was anticipated that 
gross deformation would be measured directly for 
comparison with analytical results. Experimental 
decelerations were measured using triaxial piezo-electric 
accelerometers mounted on the vessel simulating the 
RPV. 

One measure of the validity of the analyses is a 
comparison of the computed deceleration time histories 
with the experimental time histories for the 
corresponding drop configuration. In both cases the data 
presents instantaneous values of deceleration that 
include higher harmonics of the impulse (ringing). 
These higher harmonics were removed to some extent in 
the test by the use of a filter in the accelerometer signal 
circuit. The accelerometer readings of the early test 
drops, 1A, IB, and 2B were invalid because the ringing in 
these test specimens overloaded the charge amplifier. 
This problem was resolved in subsequent tests by 
incorporating a filter. Consequently, only test numbers 
2A, 3A, 3B, 4, 5, 6A, 6B, and 7 are used for comparison of 
deceleration time histories. A summary of the 
comparison between computed and experimental peak 
decelerations is shown in Table 2. Note that, in nine out 

of eleven free drops, DYNA conservatively over predicts 
the deceleration loads or impact forces. 

A second measure of the validity of the analyses is a 
comparison of the deformed shape of the drop tesi 
specimens with the deformed shapes predicted for the 
corresponding drop test configuration. The most 
dramatic structural deformations occur at the point of 
impact of the test specimens with the target plate. This, 
was true for the round end, corner and side drops but not 
for the flat end drop. For the round end and side drops 
the area of the "footprint" is relatively easy to estimate 
since it is circular for the round end drop and' 
rectangular for the side drop. For the corner drop, the 
area of the footprint is irregular and its size is indicated 
by its largest and smallest dimension. 

Figures 2 and 3 compare the computed deformations 
for each of the drop configurations with on-site 
measurements of the deformed areas. A summary of the 
predicted and measured deformations is shown in Table 
3. The differences, in terms of percentages, ranged from 
practically zero to 28.6%. The largest difference in the 
deformations is associated with side drop 2B which also 
had a 1 foot drop and as previously pointed out. and is 
sensitive to any deviation from an absolutely horizontal 
impact. 

The purpose of the benchmark tests was to 
demonstrate that the results of the structural analyses of 
the package using the DYNA codes are a reasonable 
representation of its real structural behavior. The two 
measures of the validity of the analyses used were 
deceleration time histories and gross outer shell 
deformations. Where the conditions of the drop test 
matched closely with those assumed for the benchmark 
analyses, the agreement between computed and 
experimented results was remarkably close 
Considering the large number of variables contributed by 
assumed material properties, geometric idealizations of 

Table 2 Comparison of measured peak deceleration with calculated peak 
deceleration. 

Calculated 
Peak Measured 

Test Deceleration Peak %<» No. Test Description <B> Deceleration Diff. 

2A 1' side drop 452 257 + 43 
3A 30' round end coiner (axial direction) 679 966 -42 

30' round end comer (radial direction) 397 337 + 15 
3B 30' round end corner (axial direction) 445 429 + 4 

30' flat end corner (radial direction) 237 226 + 5 
4 45' round end 1218 1067 + 12 
5 45' side drop 4274 3002 + 30 
6A 30' round end 1015 1352 -33 
6B 30' flat end (deceleration) 4506 1594 + 65 

30' flat end (acceleration after impact) 818 407 + 50 
7 30' side drop 3985 1155 + 71 

(D% DifF - Calculated Peak - Measured Peak x 100. 
Calculated Peak 



Table 3 Comparison of measured deformations with predicted deformations. 

Test Area of Footprint 
No. Test Description Predicted Measured % Diff. ( 1 ) 

1A 30' round end drop 80 SO 0 
2B 30' side drop(3) 210 270 -28.6 
3A 30'round comer drop 6 . 0 x l l . 2 < 2 > 7 .5x l0 .8 '2> 
3B4 30'flat comer drop 4.4 x 11.6<2> 5.5 x 17<2> 
4 45'round end drop 110 130 -18.2 
5 45'side drop 310 290 6.5 
6A 30' round end drop 80 85 -6.3 
7 30'side drop 210 240 -14.3 

(1) ~ Diff P™*"1*"1 Aran - Memnr»H Area ^ 1 0 p 

Predicted Area 

(2) These represent only maximum dimensions of the footprint. They cannot 
be used directly for computing footprint areas. 

(3) This specimen was dropped twice-1 foot and 30 foot drops. 

the computer model, instrument response uncertainties, 
testing conditions and on-site measurements, the close 
agreement between the experimentally measured and 
the calculated results, provides a large degree of 
confidence in the ability of the DYNA code to predict the 
structural behavior of the Shippingport package under 
normal and accident conditions. 

Shinningnort Package Analyses 

The normal impact test required for the shipping 
package is a free drop of one foot onto a flat, unyielding 
horizontal surface, striking the surface in a position for 
which maximum, damage is expected. The hypothetical 
accident impact test required is a free drop from thirty 
feet onto a flat, unyielding horizontal surface, again 
striking the surface in the orientation expected to 
produce the greatest damage. 

The three-dimensional finite element model of the 
Shippingport package was used to perform detailed 
impact analyses of the package. The Shippingport 
package model is composed of concrete surrounding the 
vessel, grout inside the vessel, the head and flange, the 
vessel itself including the nozzles, insulation 
surrounding the vessel, the ring girder, the outer shell, 
the plates making up the lifting beam, and bolts 
attaching the lifting beam to the head. The 16 lifting bolts 
between the lifting beam and RPV closure head are 

' modeled as 16 circular beams. The 42 bolts between the 
closure head and vessel flange are modeled as 16 bolts 
with increased cross sectional areas. The shell/concrete 
and lifting beam/concrete interfaces are modeled as 
frictionless contact surfaces which disallows normal 
forces between the shells and the concrete. An exploded 
view of the model is shown in Figure 4. This full size 
model was used for the detailed impact analysis of the 
package. 

The 30 foot side drop is critical because localized cracking 
might occur in the end plate and outer shell, whereas, 
the 30 foot flat corner drop is critical because the. bolts 
holding the vessel closure in place are subjected to high 
shear forces. 

This analysis was performed with DYNA3D. The 
analysis uses an initial velocity of 527.5 in/aec in the 
negative y direction of the model. The 0.676 sixain in the 
end plate is sufficiently high that it is reasonable to 
expect ductile rupture to occur. However, as shown in 
Figure 5, which displays the maximum principal stress 
contours, this principal strain is highly localized and 
though rupture may initiate at the point indicated on the 
figure, this rupture will arrest before reaching the values 
corresponding to contour B, namely 27.8 ksi, which is in 
the elastic strain region. In the okirt, a maximum 
principal strain of 0.174 indicates that the possibility for 
rupture may exist. However, the ductile rupture may not 
be initiated since the strain pattern is nearly uniaxial 
and the maximum principal strain is less than the 
uniaxial fracture strain of 0.20. Should rupture initiate 
at the point indicated on the figure, this rupture will 
arrest before it reaches contour E, namely 32.3 ksi, which 
is in the elastic region. 

According to 10 CFR 71, the package is subjected to a 
30 foot free drop onto a flat, essentially unyielding, 
horizontal surface, striking the surface in a position for 
which maximum damage is expected. In the finite 
element analysis of the Shippingport package, a worst 
impact angle needs to be determined before a comer drop 
analysis can begin; otherwise, many analyses with 
various impact angles would have to be performed to 
capture the worst package orientation. Performing 
many corner drop analyses is not practical because the 
complete Shippingport finite element analysis model 
used here is quite large, and computation cost is high. 

The orientations of most interest are the 30 foot drop 
on the side and the 30 foot drop on the flat end corner. 

To select the worst impact angle, we used the three-
dimensional benchmark model Figure 6 and a simplified 



Shippingport model. This model, although much 
simplified compared to the complete Shippingport 
package model, still retains the overall characteristics of 
the package. By comparing the analysis results for many 
drop angles and studying the stress and strain conditions 
of those models, a reasonable selection can be made. 

For the flat end corner drop, it is apparent from the 
variation of effective plastic strain with drop angle for the 
outer shell that the worst damage will be experienced for 
very shallow angles. As a limit, the worst orientation for 
the outer shell is the side drop. For the KPV, the worst 
orientation still appears to be the CG-over-corner impact 
orientation. 

Of concern for the flat end corner drop is the effect of 
a lateral shear force on the bolts attaching the RPV head 
to the vessel. To determine the critical drop angle for the 
maximum shear force in the plane of the KPV flange, we 
computed acceleration as a function of drop angle. It 
appears that the deceleration increases as the drop angle 
decreases. We regard drop angles between 15 and 20 
degrees to be most critical. Therefore, the analysis for 
the corner end drop was performed with the drop angles 
of 15 and 20 degrees. 

Even though the closure studs are seated in 
spherical washers, they were conservatively modeled as 
beam elements fixed at both ends. The shear forces on 
the studs cause bending stresses to exceed the yield 
strength at the assumed built-in ends. Consequently, the 
rotations at the built-in ends allow lateral displacement 
of one end of the stud relative to the other. Since the 
distance between the flanges is fixed, this lateral 
displacement tends to stretch the stud thereby inducing 
axial stresses, A survey of the elements representing the 
studs show that the maximum axial and shear stresses 
vary respectively, between 3.2 to 10.0 ksi and 34 to 55 ksi. 
The yield strengths of the stud material are 100 ksi in 
tension and 50 ksi in shear. Consequently, even though 
the bending stresses at the built-in ends exceed the yield 
strength, the studs maintain their structural integrity. 
It is clear that the outer shell is taking most of the load 
during impact. 

Summary and Conclusion 

The purpose of this analysis was to evaluate the 
structural response of the Shippingport package to the 
normal and accident impact conditions defined by 10 CFR 
71. The structural analyses show that there is only one 
condition, namely the 30 foot side drop, in which the 
likelihood of local ductile rupture is high at the juncture 
of the skirt and lower end plate. Because of the large 
stress gradient, the rupture will not progress far enough 
to compromise the ability of'the outer shell to perform its 
function of protecting the concrete shielding and 
confining the radioactive components as long as brittle 
fracture is of no concern. The reactor pressure vessel 
experiences stress levels in the vicinity of the nozzle 
wall/vessel junctions that exceed yield. Since the brittle 
fracture properties of the RPV are not known, it has to be 
assumed that local cracking will occur at the peak of the 
stress gradients at the nozzle junctions. However, since 
the RPV is not relied upon as the primary confinement 
barrier, the worst consequence of the formation of cracks 

is the possibility of radiation streaming from the interior 
of the RPV. As long as the concrete shield remains 
intact, the radiation from the cracked RPV will have little 
effect upon the environment and will not exceed 
regulatory limits. 
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I.IIIT Figure 2 Analytically predicted deformation due to 30 
Mueraa m u i n m foot round end drop. 

Figure 1 Cutaway of the Shippingport RPV/NST 
package. 

Figure 3 Footprint from 30 foot round end drop 
(Specimen 6A). 
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Figure 6 An exploded view of the 3-D benchmark 
analytical inodeL 

Figure 4 Full size complete model for Shippingport 
package. 
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Figures Contours of maximum principal stress in 
the lower end plate for 30 foot side drop. 


