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Tab B
Enclosure (1)*
Memo dtd Apri] 13, 1979

COMMENTS ON THE INITIAL STRUCTURAL REVIEW
OF THE ORNL TUNGSTEN=-SHIELDED CASK
(DOCKET 71-5597)

(Version ()

This structural review was based upon submittals to datel’2xx and within
the scope of structural features of the cask described therein.

This review placed emphasis upon the radiobiclogical public threat posed
Dy the subject Cask, to the exclusion of criticality threats, on the
basis that the radioactive materia; contents would be nonfissile. In
that the radioactive material contents were not limited, with respect

to source term or isotope, the most threatening nonfissile radioactive
isotopes were assumed.

The applicant's position that those contents qualified as special form
in compliance with 10 CFR 71.4(0) is acceptable in the interim pending
response to staff comments requesting that compliance be.demonstrated.

mittals supporting the assumption that such defe .ts were to be either
precluded during fabrication or inspected against. Based upon the

As a consequence the staff considers crack-through of the shielding to
be a credible possibility and that such cracks may constitute radiation
stream paths. The credibility and expectation of the formation of such
Paths was emphasized in this review as constituting the consequence most
threatening to public health and safety.

“In substitution for Enclosures (1) and (2) to Reference (2), Tab H, herein.
**Numbers in superscript refer to references listed in the attachment to this
Tab.
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1. Provide complete specificitions, as-built details and installation
instructions for the eight five-eighths inch diameter studs, nuts
and lockwashers which anchor the closure.

Staf ' Concerns Upen Which This Comment Is Based:

a) The staff notes that 5/8-inch diameter studs are small enough
to be torqued through yield by a workman using standard tools.
The staff would consider such an event an impairment of the
integrity of the containment. The staff concludes that the
applicant should impiement a requirement that a torque wrench
be used so as to preclude this possibility.

In any, cace it is the position of the staff that initial
tightening should always be carefully controlled. In the
absence of such controls the design of threaded connections for
strength loses its meaning.

b) In its reviecw the staff notes that it is feasible to 1ift the
cask using a cable, ropa or similar sling tied snugly around
the base of the shear ring at the top of the cask. Such a
lifting mode is expected to impair the integrity of that safety
device, depending upon the actual strength of the 1/16-inch
tack welds joining the ring to the closure flange. There
appears to be no practicai way of precluding such a lifting
mode, without modifying the cask (e.g., provide a filler on the
stiffener plate). (see 1(e), below)

c) The staff noted that, pertinent to top drop;* (a) the studs
protrude a significant amount** above the nuts, and (b) the
studs seem to be anchored by tack welding into pre-drilled
holes in the slip-on flange (only nominal tack welds are
shown). Details were vague on the drawings submitted.

The staff is concerned that an impactive load on the ends of
the studs will tend to drive them through the nuts and the
slip-on flange by whatever amount they protrude, possibly
rupturing the nuts in the process. Since the holes in which
the studs are pressed or fitted into the slip-on flange appear
Lo be drilled completely through that flange, it appears that
the nuts are the only element capable of significantly resis-
ting such a mode of deformation. Depending upcn the material

n
Review of this drop under normal transportation conditions ‘s presumed
permissible since the applicant adopted that pos-ibility as credible.5
*XNot furnished or shown in submittals.

5 -

o

o
Cad



properties of the nuts and studs,* either or both may strip
their threads leaving the closure either loose or detached
depending upon the arount of protrusion of the studs. The
staff considers this a ‘-edible and safety significant possi-
bility yet to be resalvec

d) With respect to shearing off the top flange, the staff consid-
ers resolution best accomplished as part of the evaluation of
the thirty-foot drop condition.

For side drop, due to the sixteen-inch diameter base plate, the
cask is expected to reorient itself to the 74-degree corner
drop orientation immediately following contact. That orien-
tation is discussed under corner drop herein (see 1 (f), 1(g),
and 1(h), below) and should be considered a primary impact
condition, irregardless of other possible interpretations.’

e) Also pertinent to 1(c), above, the applicant evaluated top drop
assuming that all energy was absorbed in the protruding studs
and nuts. This assumption was considered acceptable by the
staff as criteria for the design of those studs and nuts.
However, the applicant did not demonstrate that such a criteria
was complied with. The staff will evaluate this aspect inde-
pendently pending submittal of the details and specifications
for those components.

In that the applicant did not evaluate the fracture strength or
limit state of the nuts, there was no basis to presume that the
nuts do not break under accident conditions.

The staff considers an evaluation of the fracture strength of
the nuts to be necessary to assure that these nuts do not all
fail under the criteria adopted by the applicant. The staff
has undertaken such an effort and intends to report its con-
clusions in a supplement to this report. Nevertheless, due to
the lack of detail in submittals to date (specification of nut
and Tockwasher material and dimensions, protruding length of
stud) tne results of that effort will be contingent upen the
receipt of more detailed, supplementary information from the
applicant.

f)  The applicant evaluated two corner drop orientations, one
through the center of gravity of the cask and one at 74 degrees
from the longitudinal axis.

x
Not furnished or shown in submittals.



The applicant analyzes these cases assuming the shear ring
remains in place, i.e., the 1/16-inch bevel partial penetration
welds remain intact. While the staff does not accept such
small welds as structurally significant, the staff dces concur
that the ring will probably function as a restraining device
for the duration of impact. It is assumed lost for puncture.

g) Noting a 1/32-inch minimum radial clearance for both the shear
ring and the plug, the staff evaluated the shear capacity of
the eight 5/8-inch diameter bolts with such a displacement
imposed, discounting any contribution to the resistance by the
shear ring. The result indicated that the bolts would be
overstressed by over 400 percent with respect to ultimate
strength. The staff did not interpret this to mean that all
the bolts would fail with certainty. Rather, based upon
favorable assumptions and statistical aspects of the
dimensional tolerances of the bolt hole pattern, only those two
or three studs instalied essentially flush with the side of the
bolt hole towards the impact point would be severely damaged.

A key element in this evaluation was the assumption of a
1/16=inch gap between the blind flange (closure) and the
slip-on flange of the open cask. This value was taken from -
dimensions shown as "reference" on the drawings submitted. A
small gap enhances the contribution of the shear ring but

ac ,ravates the insult to the studs. And vice versa for a

1 gJer gap. The real advantage to a larger gap is to permit

* e polts to respond more in bending. deflecting over 1/32-inch
«1thout shearing at which point the plug comes into contact
with the cask internal surface. Only subsequent to such
contact will the structural response more closely simulate the
mathematical model adopted by the applicant, i.e., the residual
kenetic energy will be absorbed by crushing.

The staff notes that a deformation of approximately 0.3 inches
in crushing for the corner drop and 0.18 inches for the
74-degree drop were predicted by the applicant. The staff
considers such deformations to be independent and additional to
the above 1/32-inch deformation since the latter will dissipate
an insignificant amount of energy.

h) As previously noted, virtually any side drop orientation will
result in the 74-degree impact orientation as an immediate
(primary) event.* The staff used the consequent increased
Tikelihood of that event as a basis for emphasizing it herein.

E3 e
An unresolved issue described as differing judgment by the staff.s
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Provide supplementary information on the properties of the sintered
tungsten shield material as follows:

a)

b)

c)

d)

e)

f)

)
h)

Chemical properties (relative to reaction with stainless steel;
rhemium and yttrium content)

Fabrication method (relative to this cask; estimate residual
stress; grain size distribution through thickness; annealing
(if any)).

Fracture toughness properties, including range of ductile-
to-brittle transition temperature (DBTT) and relative QA
requirements.

Poisson's ratio. (considering sintered tungsten nonisotropic
due to interstitial and other imperfections, this property may
be unigue).

Mechanical properties as a funct’2n of temperature. (expected

to vary over a wide range as a function of imperfections; from
-40°F to 1500°F).

Ductility. (elongation at yield; QA requirements).

Specific energy absorption capacity (if available).
Oemonstration that the material always fractures in an inter-
granular manner. (intergranular cracking is characteristic of

creep tests; such tests are not analogous to transportation
conditions).

staff Concerns Upon Which Tnis Comm.it Is Based:

a)

b)

The absense of especially corrosive agents in the design
assures the staff that there appears to be no basis to suspect
noncompliance based upon exclusively that consideration.®
Nevertheless, the staff would appreciate a basis for concluding
that other types of corrosion are precluded also, which it
cannct do in the absense of the information regquestad above.

The staff notes that repetive exposure to a 50-g longitudinal
shock Toad*® or the four-foot free drop in the normal condition

An unresclved issue described as a differ’'1g judgment by the staff.S
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c)

d)

of transport (i.e., tied down as shown under Cases | through 3)
may cause local damage (crack-through) of the tungsten shielding.

The applicant offers nc evaluation of vibration, substituting
judgmental rationalizations based exclusively on eight years of
performance. The applicant did not describe usage during this
pericd. The staff finds the conclusion that vib-ition is of no
serious concern to be unsupported by such an approach.*

The staff noles that the cask is obviously very stiff (has a
very high natural frequency) and relatively small (can be hand
carried or moved). The staff reitarates its concerns about the
susceptibility of the tungsten shielding to crack-through and
intends to study the credibility of such an event in more
depth. In the interim, the staff again relies upon compliance
with 10 CFR 71.54 to preclude shipment in sucnh an event. The
staff retains concern that simple visual examination, as
specified by the applicant, is not expected to be effective in
detecting such cracks.** The staff shall base its independent
assessment upon minimum criteria applicable to small and medium
size1 casks representative of industrial practice.®

Key faatures which argue for a favorable licensing decision
are: (a) the contents are solid form and nonfissile (and thus
will not leak),*** (b) the closure is virtually immune to
insult from vibration, and (c) the overall structural concept
of the cask incorporates multiple structural redundancies such
that gamage due to fatigue would have to be extensive before
containment integrity would be significantly impaired. These
features are not particularly helpful with respect to shielding
integrity, however.

The staff did not unconditionally accept all the applicant's
assumptions concerning the extaent, or localization, of deforr .-
tion. The results of the analysis could be characterized ¢
criteria compliance with which remains to be demons*rated

“An unresoived issue described as a differing judgment by the staff.s
**The cask is not described as painted.
***The applicant is presumed capable of showing that the contents qualify
as special form.
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for the cask as a whole. While the guantitative estimates of
local damage based upon crushing of stainless steel appear
reasonable, the staff noted that (a) the deceleration forces
would excite the cask as a whole, (b) the tungsten shielding
has a much Tower modulus of elasticity than the stainless steel
and (c) the shielding is considered prone to cracking. On this
basis the staff assumed that the shielding would undergo
plastic deformation at least of the same order of magnitude as
the stainless steel and probably crack. Accounting for such
deformations, the staff still found the cask acceptable hereir
with respect to containment but not shielding.

The staff does conclude that cracking through the tungsten
shielding will be localized. Cracking is expected to pripagate,
at least partially, throuvih the thickness due to dynamic stress
wave interaction at the apex of the hemispherical dome shield
closure (bottom of cask) and, due to compaction, at the interior
interface with the top, slip-on flange. Such cracking may be
most easily detected by inspecting for radiation streaming at
these points. The fact that such cracks will be hidden and
difficult to detect aggravates the staff's concern.

e) The applicant seemed to demonstrate that the yield strength of
the tungsten shielding was not exceeded under assumed
worst-case drop conditions. The staff noted that worst-case
with respect to maximum stress probably does not correspend to
that case analyzed. Worst-case with respect to stress will
probably correspond to that case causing maximum combined
s*ress on a given structural feature and no single worst-case
need be shared by such features.

f) The high inertial loads imposed upon the low modulus tungsten
shielding material is expected to cause that material to act as
a load on the interior 1/8-inch liner, probably crushing it
inward upon the contents. This possibility has not been
evaluated. The significance of such an event will depend upen
an assessment of the vulnerability of the capsule containing
the radioactive material, distinct and independent of special
form requirements, and the account for the insult in subseguent
insults. (see 3(d), below).

g) A four-foot or 30-foot drop onto the bottom of the cask® may
result in opening a gap between the shielding and the slip-on
flange at the top. However, such a gap would probably not form
a direct stream path. Stresses at the apex of the hemispherical

“Keview of this drop under normal transportation conditions is presumed per-
missible since the applicant adepted that posstbility as credible.?
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h)

i)

i)

shield closure would be compressive (instead of tensile as for
top drop) and probably result in a zone of crushing of the
shielding material around that point. The consequent formation
of cracks is less clear than for a top drop and still remains
to be resolved.

The applicant did not evaluate bottom drop (drop on the 16-inch
dimeter base plate), assuming instead that the corner drops
evaluated were more critical. The staff concern is based upon
the potential for reducing the thickness of the shield material
at the crown of the hemispherical bottom and crack-through at
that point. The staff is precluded from assessing such effects
by the lack of the above material properties for the tungsten
shield material.

Considered most significant and credible by the staff is the
formation of cracks at the apex of the hemispherical shield
closure (bottom of cask see 2.d, above). Crack-through is
expected. The staff considers the possibility safety signifi-
cant with respect to the formation of radiation stream path(s)
and requires it to be resolved.

A four-foot or 30-foot drop onto the corner of the top flange*
was evaluated to a limited extent by the applicant, again not
accounting for the inertial loads on the overall cask. The
staff will access the effects of combined stress on the cask
and report its conclusions in a supplement to this report.

The applicant seemed to posture that a demonstration of com=
pliance with the 30-foot drop condition constituted a priori
compliance with all other drop conditions. The staff notes
that a safety relevant aspect not accounted for by this
approach is that lesser drops can reasonably be expected to
occur more often. The applicant is expected to account for
this aspect using criteria appropriate to the environmental
conditions applicable to each type of lesser drop or shock
conditions.

The staff notes that a) the yield strength of the shielding is
nearly three times that of the stainless steel, (b) the density
is over twice that of stainless steel, (c) there appears to be
no relationship between yield strength and specific energy
absorption, (d) the modulus of elasticity of the tungsten is
approximately one-sixth that of stainless steel, and (e) the
shielding material is at leust twice as sensitive to deforma-
tion as the stainless steel.



k)

1)

m)

The staff assumes that impact on the bottom could be elastic
for the four-foot drop (except for local buckling of the
1/4=inch stiffener plates), and the reactive force would be
concentrated at the apex of the hemisphere (because it is so
much stiffer than either the base or stiffener plates, or
both). In any case, this opinion should be confirmed.

The staff concludes that a reasonable upper 1imit on plastic
deformation (crushing) at the crown for a 30-foot drop is
1/4=inch. While this would represent a reduction in overall
shielding thickness by ten percent at that point, more signif-
icant is the cracael 7one expected at that point. (see 2(g),
above)

The inertial lcads imposed on the tung ten shielding are
expected to induce longitudinal compaction of the tungsten
shielding. This, together with the relatively low modulus of
elasticity of that material, is expected to result in (a)
partial callapse of the inner, one-eight inch liner, and (b)
crack through at the apex of the hemispherical end (bottom) of
the tungsten shielding. The applicant evaluated neither
possibility. The staff considers an evaluation of both (a) and
(b), above, sufficient to resolve concerns about the shielding,
but considers an evaluation of (b), above, tc be of most direct
significance to the safety review. The staff may initiate such
ar evaluation assuming conservative material properties and
shall report its conclusions in a supplement to its report on
the initial structural review.

The applicant adopts an impactive load criteria (Section 1.5.1.2.,
Ref. (1.c), p. 30; F = 346 KIPS) whose basis is unclear. While
the staff expected such a value to be based upon an "SST =

70,000 in-1b/cu. in." curve, no such curve was submitted. (see
Comment 5, staff concern 5(e))

The applicant should explain (3a) how the values of 70,000 and
230,000 in=/cu. in. were derived from the experimenta. data and
(b) the definition and application of the dotted lines in
Figure 1.13, Ref. (1.c), p. 33. which seem to be implicit in
the calculations. (see Comment 5, staff concern 5 {(c))
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3. Provide sufficient descriptive detail of the contents to enable the
staff to account for the response of those contents subject to
environmental conaitions. As a minimum, furnish:

a) Details of the capsule(s) (weight, c.g., shell, shape, dimen=
sions, matarials, etc.).

b) Details of each capsule interior support system used to mount
the special form material within the cask cavity.

c) Qemonstration that the contents do not impair either shielding
or containment 7.om the inside during accident conditions.
(account for sharp edges and inertial loading of the shielding
material).

d) ORNL Drawings 74-3855, 74-3856, and others sufficient to
describe the capsules to be shipped.

Staff Concerns Upon Which This Comment Is Based:

a) The staff does not concur with any of the following positions
adopted by the applicant: (a) the dead load can be applied as
a reduction factor (especially twice) and still comply with
10 CFR 71.31(4)(1),* (b) the stress analysis shown is fully
representative of the tie-down arrangement indicated as Case 3.
As a result the staff considers the attach points susceptible
to damage under conditions of normal transportation but doces
not expect that damage to be of an extent sufficient to regquire
a license condition based upon 10 CFR 71.31(d)(1). The staff
considers the demonstration that the contents are able to
comply with the these criteria still pending and expects this
concern to be resolved in conjunction with 3(b), 3(c), 3(d) and
3(e) below.

b) The structural concept of the cask incorporates certain fea-
tures which contribute to the formation of relatively high,
localized stresses due to thermal effects. [Due primarily to
the smail size of the rask, low modulus of the shielding
material and capability of the outer containment shell to
sustain damage without impairing cask integrity, the conse-
quences of thermal cycling are not considered significant by
the staff based upon submittals and assumptions to date.

while such stresses are judged acceptabie in themselves, they
are not considered insignificant. In other parts of this
review the staff considered allowable stresses reduced a like

' -
An unresolved issue described as a differing judgment by the staff.3
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c)

a)

e)

f)

-11-

amount, especially in its evaluation of combined effects. A
consequence for example, is that vibration and fatigue evalua-
tions take on added safety significance. The staff reserves
its final conclusion on this matter pending review of the
information requested above.

Several bases of staff concern are shared with Comment 2,
above, shown as 2(c), 2(d), 2(e), 2(f), 2(g), 2(h), 2(1), 2(k),
2(1) and 2(m) therein.

Separately, the staff notes that flat-ended cylindrical
capsules (of various sizes) are to be shipped as contents
always with at least a 1/2-inch air gap all around. Such a
shape and clearances would imply a requirement for some sort of
interior support system which has not been described in
submittals to date. Such a support system could have a
significant effect on evaluations of response to drop and
vibration conditions Ly impairing shielding integrity from the
inside. The staff shall require more information to resolve
this concern.

A four-foot drop onto the top of the cask was evaiuated by the
applicant to the extent of estimating overall decelerations and
local deformations. The applicant did not access the effect of
those decelerations on the cask as a whole and assumed all
deformations to be concentrated exclusively at the closure
studs. The staff expects the effects of such loads on the
contents to be accounted for.

The staff assumes that the radioactive material shipped will
not undergo transformation to a gaseous state under these
conditions. The staff will review the possibility of sweiling
of that material sufficient to rupture the stecial form capsule
pencing submittal of information sufficient to support such a
review. In so doing, it shall account for cumulative cask
damage directly affecting the contents. (see 2(f), above)

——
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4. Provide a demonstraticn that puncture does not result in loss of
confinement or unacceptable impairment of shielding assuming the
puncture device imping=s upon the following areas subsequent to, and
accounting for, damage Trom a thirty-foot drop on to, areas:

a) on edge of closure blind flange transverse to the longitudinal
axis of the cask assuming the shear ring is lost and some studs
have been damaged in the drop.

b) At center of bottom face following bottom drop.

c) At points opposite to interior damage caused by inertial point
loads from the ccntents or inertial loads of shielding, or
both.

Staff Concerns Upon Which This Comment [s Based:

a) A basis of concern is shared with Comment | and 2, above, in
that insufficient factual information was submitt:d to permit a
staff assessment of puncture effects on the closure and the
shielding.

b) The applicant did not evaluate the case of impingement of the
required puncture device on the closure as damaged in the free
drop condition. The closure is expected to become readily
detached if such an account is made.

¢) The applicant addressed puncture only to the undamaged cask.
The cask is expected to be severely damaged in several possible
modes when subject to free drop. The puncture evaluation
should account for cumulative worst case conditions to comply
with 10 CFR 71.36(a).*

x i
An unresolved issue described as a differing judgement by the staff.3
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The applicant is requested to furnish the following:

a)

b)

c)

d)

e)

A copy of References 5 and 17 as cited on pages 52 and 53 of
the SARP.

"WPS specifications" and other specifications cited or implied
on page 50 of the SARP.

An exn'apation of how the values 70,000 and 230,000 in=Ib/cu in
were durived from the data shown and cited (see pp. 5 and 24 of
the SARP).

The definition and application of the dotted lines shown in
Figure 1.12 of the SARP.

The basis for the value of "F" shown on page 30 of the SARP.

Staff Concerns upon Which This Comment [s Rased:

a)

The staff finds the submittals to date to be unnecessarily
vague and incomplete with respect to a factua) basis in the
absence of this information, all of which is considered
materially relevant tu specific engineered safety features.
This request is based upon 10 CFR Part 71.62(b) and (c) anc
Jjustified at face value.

466 139
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Staff Concerns Considered Supportive of License Condition, Pending

Resolution By The Applicant.

a)

b)

d)

Lifting the cask at only one attach point would clearly damage
the cask and should not be permitted.

The staff concurs with the applicant's conclusion that local
failure at the tie-down attach points will not impair either
the containment or shielding capability cf the cask under the
criteria specified in 10 CFR 71.31(d)(1). However, in arriving
at this conclusion, the staff took inte account the following
positions and assumptions.

1) The staff assumes shipment only by either rail or highway.

2) The staff relies upon compliance with the provisions of
10 CFR 71.53 and 10 CFR 71.54 as necessary and sufficient
to preclude the accumulation of damage. The staff con-
siders such compliance to be easily demonstrable since the
components affected are accessible and the types of damage
expected easily detectable. The staff may supplement or
interpret these as to preclude credible threat pending its
review of the additional information requested herein.

3) The staff assumes that tension-only type tie-downs will be
used at all times. The staff also assumes that these
tie-down devices will not be installed as tc induce a
significant residual load at the attach points, consistent
with the applicant's implicit assumption.

The applicant may be required to use instrumentation appropriate
to the detection of cracking through the tungsten shielding in
all inspections required by 10 CFR 71.54.

The staff has initiated an independent effort to evaluate, and
pessibly resolve, some of the concerns expressed herein. [t is
quite possible that the applicant may be able to show that the
sintered tungsten is sufficiently crack resistant. [f not, the
the applicant should consider implementing special handling anc
inspection procedures assuming that cracks are existent. At
present the staff considers the cask vulnerable to nearly any
kind of drop and may recommend cnnditioning the type and
frequency of inspections. The staff shall report its conclu-
sions in a supplement to this report.
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Enclosed References

The following two references are attached in supplement to the staff
concerns discussed herein and reciprocal and ¢ 'nsistent in intent with
several of the requests for supplementary information shown therein.
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This memsranz {3 sutmissas in ~ecuses #=n ssafirmaticon of RS
culacsry sc3izisng and soliciss Aere: fars re3ily and imsifeiely
incarsorizas 1 Ticansing sctions. Thess =23 S 4nC 2glicias ~ar2
) dis::vers-. 1= pars, during licansa reviaws <cerein un atizely qis-
covery Cayssas sigmficans cslavs ang ef"-'s-‘ 28s in trat reviaw
pracass. Tha :323ctives than irs i3 {dan=id, ias formuiate mususlte
unsgrstancdas’s soifcies ang 2esitiens ::u-r:: gnrancing: (1) ovamll
efficiancy 37 2 3ranca; (2) muzual unz arstiiding of the Zasis fz-
licansing 23c°si2as; (3) mere cansiszans rs:-. n; ang (3) simaly
1ceq:i¥fc3“:‘ T oefficial zalicias ane intzmrzcizias aspiifcsdie 22

10 7R Par= T’.."

[t 1s alsc =y =e=22 %3 discaver ins dis
a¥ some oFf mazs sssiticns.

wers discaverec 2%

iaw precassss,

] X .
placa. Speci<ic mesylns of 2 revisw weuls =3
in 2ars, on "3 Sasfs of thesa tisretsdira
ticns. Iasisanca 2a clarificazicn inc somm:
wou'ld Rave {mIisas an addisisma’, aveisas 2,
schecuia.  [a wy jucgemens, 1S s3smas i]lezs
°3 72CURST INET Thsse s2s3iticng 3@ sammicias

¥ 2 gressing [ic3nse revigw scrscule. I oo

ng 1T is Rariia mecuastad, Nar ctha 4
RPISTICas SImitsTanciy and 3m g ssume sasts.
ST Jast avariy laiding s che gisSsvery :f
CT8S 23nngT 22 cafinttzly ciadirmed ar vami s
Fesilicns was <es fully Tlirtfras az tha iz
imclamentas, lasSla My reauast for sueh 2l:
recuestac I3 mngur in ligansing 3¢%isns sas
[ 312 s0 2n <2 as3umseicn mat 5AC ma: Sy
SCsTlcns 45 §337%2 InQ 2raviia i resscnss -
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C. £. Maclcnald -2 -

gasa-dye-~" ~ 3asis 324 have Seen :31d 3y ather memsers of the staff

e was conmen sractice. [ find this ¢iscsvery %5 be unsatiling.
[ considar 1t precer, consistant and constructive 23 exgect you 3
tika the af 1rna°1:s canfimmatory action racuasstad. [ sutmit this ree-
Quast now 4s timeiy ind in the zelief that furzzer dalay would cemgrs-
@isa the creaidilicy of the reguast.

The attached policiss and posisicn summarias have Ssen formulatad
Sasad on oral descristicns anc dir -..:es Jy yoy, Sr yeur reprisanti-
tive, Mr. R. 0. Ccartarsiin. As such, they are not claimed £3 have iny
dcc::zn:ary Sasis cr 23 ce Mliy resc1ve4 as sagun. They are ¢an-

idared subject t3 mdification tswards clarifyin '.o basic sesicicn.

Thay were 311 des'-i'ad as the of¥ictial ,CS':T:n sf the FCTR 3ranch,
Iﬁct'eﬂﬂlﬂ’ of any sarzicular licansa casa. Thay have Deen catagorizad
ts dancta theose ;csf:':ns and gelicias considared 33 2e the mest relg-
vant 3 safety.

L su.ﬂi this recques: uncer the assumstion of gocd 'af:h in that this
discussion iils Be :2ka3n in the csnstructive sanse ‘n which it is
intandegd. [t @y sincare hega that affirmacive rasponse £3 this
r-cuest will sa—ve 23 strengthan URC's vital regulitsry program ang

pesture.
<f4 /(:;fé’ﬂﬂ"
R G c,,—,
Structyral Iaginazer
Foi] 3r1n=:
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FCTR PCLICIES AND PCSITION

Sacary A

-

folicwing are fdantifiad 25 most relsvanc sublic safaty:

The “essantially unyielding herizental surfice” (17 o3 7,
Agc. 8) impactad aftar 3 30-720% 2res is dlways assumsd o ex-
tangd for a distancs teyeng the sackige impact contacs area and
maximum dimensicn 3f ths packaga, regardlass of the siza of %2
paciaga. [t i thus imslied shas such suricss, as large a3
50 faet in diamessr, are always undsr She sackaga. (This posi-
“ien is csnsicarec uncansarvative ane in neeg af qualificasion.)

Critaria ind ser<armanza limizazisns adoccad oy the agzlicant

€20 Ce 2ccactac al faca value fn tha real or a2carsnt 23ganzz af
an acll7asnie, sciantifzally scund sasis so long as it is
“intuitiveiy” reascragis. Lavels of "intuisien” nave 3een 2B~
sarved £o vary csonsidarialy, sSoth wish reszect t2 individual
reviewer and licansing casa. (Thi 2slicy is cansidersd subiace
£o aluse througn intarsracacicn, and centrilitary to incensistanc
regul atary pracsics.)

10 CFR 71 can Se intarsrzzad as nos requiring thal thas 10-3-2-g
1e24 during nermal transssr=zzicn e mtually camdined and/zor
ccmoined incapengently with daad lcad. (Th's pesicicn s csnsidar
uncinsarvative, sutject 3 ibusa thrauct .

- L -
3 ‘en, and con-
- ' - v ] -
tritutary o incsnsistant regulatsry ;2

Comslfance with the vibrizion requiremenzs (10 273 71, Ace. A)
can le, anc usually is, demonsTricad on tha Sasis =7 o=icars
prsccsad 3y tha apoiicant, assaszses on 2 Cisa~dy=:i:352 tasis. Tre
effacis of the jusserting syscam (Smick Srailar gr ma¢] ear) caz
J@, 3nd usudily are, ignsree. Acmintssrativa car=-als (oparscing
rFCUiraments) 2ec2s3ary I3 SuUSIOrT NS demonstraccce af comoi fancs
a73 2358 SUSJeCT I3 rRquUItion 3T the dizcresicn o7 cSe $2:fF, 2a
4 C3s@-dy-cala 2as's, ang :na3!! not 2e accrassaz iy carsidicitian
cangitions (322 3 celew.). Critar<: iczaczazla 23 ==a ARE s23%f
are casel oa zasct licansing 2c2icns ind are yet 23 2 fareulicag
or cammiilad . (Comoiiancs with visratisn resuirzrsncs ar

a5 3 manlar oFf 2ractica, assigrad Tow zrisricy 2n¢ 3r9 3siy ~+

i
Se nca-qovarning. This z0sisicn 3nd shesa aricticas irs car

- - =i, . - .- . - i - e -
&3 Se uncinsarvacive and gsazr SUIrY 8 1agsnsigtant ¢

- - s 3 e - I3 . 4
ine 0-f2¢: dimensicn in the 20-7F30% 4rep ayrcceetizal agaidans
& 3 I . = s+ N N -
can Se {atarcretad 1S N2 measurs of frea fall distince frem tha
4 . .- ’ -y ~ - - -, - : - -
CRnlar ¢Ff gravity (L) oF the zask, ~itaer than from %8 Sgrtame
MCST exIramily oF INe Cask, IS the target surfice ang incesancaat
\
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(cantinued)

¢f dres orientaticn. [t s hall net 5e %2ksn as the maximum

dissarca traveled by the CG ner 2cssunt for recrianzation
e the cask during imgacs. Tne lastar affact g-all be Sresucss
insignificans in all casas. (Tais pesitica snsidarss 3

is ¢2
ka uncansarvative and lacking sciancific sasis.)

The 30-fset drag hypcthetical accidant iavelves anly vesrsical
translacion. DOiszlacaments im 2]l other dsgrass af freasscm
are ilways assumed zers. (Tl sgsitisn is cansidarsd I3 le
uresnsarvative anc lacking scisntific basis.)

MAC cannet impesa licansing csndizisns percinent =3 the re-
cavary cperaticns follcwing an accident. IS is afficial palicy
nec 9 r-qu ata any asgect of & credd ‘3]s scaicens cenditisn.
ARY Qu:x.- ~npeat sosad a5 2 cansaguanc: oFf fayizy recsvery
gzzrazions is intarcratad is .evc~c saa gco22 3F reguiaiiry -
thorit (.nis sgsition is csnsidared very arc:: arvative anc
in czn?lies wizh my ur:s*s.-n::n; af NRC's mission.)
MAC sianct imoese licansing csndizicns cnat regulata concitions
er .s:ac.s af snizmant aftar thRat shigment sarmencas, i.2., 2
s3 anfircad Semseen defartirs: ind arrival, For axampiz, |
during 4 snizment, the cackags ig sither axocsac 3 sngic
s=3= 3xzzed she regulaticns, ra3senas in axc2ss o7 ragu.atavy
¢anstraints, or atheryiza suffsrs zamage, that s cment 22nnct
sa inmarristad for timeiy csrvective ac:::n. Angtser axamsis |
s=a 3¢sizicn that the maximum sgeed of 2 snizmsnt cannct 2@
raquiacad or enforcad. (Thig sesision is consilarea very un=
c. 1garvative and in canflics wizh ay uncarsianging oF MRC's aissisn.)
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Catacers A .3 s

1

1.

The MRC es {e2isn with resssct %3 1Q CF2.71, Acsamsix A
Cancizion 5 (Free .r*.,. is t2 presums that such 3 drs

gl B A

mac2 "in :ﬁe ncrmal c-“af:f.n of trinsce

d
rSs ghed
to 2 venicla ang in an oriansaticn c:rres:::ciﬁ. &3 trat

adoptad 3y the agsiicant for normal Sransgcrtation. he
cask nasd not de cansidered <datachaldle, :nz cradiailisy or
pessidility of datacrment nead not bDe avaiuacad or asssssad,
and impacs undsr altarnats, more savere oriantaticns is gra-
cludes 3y this jesiticn and the imolied assumoztions. [ is
peraissiala t2 consider more savere sriantaticns snly wnen
this possidiid 7 is acgotae 3s o redisle by the ap2licane.
(This pesition is 2snsidared uncansarvative, and lacziag 3
sound ~c ‘ecsive 22s57s.)

P-ne'*"‘~g ar suncture devicas (19 CAR 71, 3c2. A, Son

-

on 3 ang 10 CF= T, Agp. 8, Concicion 2) have 3§ finis
Iau gzt (they canncs de infinica "flag gcleas”). The freae
E- ]

-, — -

- -

measuyre ssacifizg with 2ach of thas2 requiremants {s the fras
dis.arca hetueen the cular surtica of the zacx2gs ang She 93
-

=
of the cenetrating/zunciure davica. The kinalic anergy of the
cask 1s 3asad 2n zhis c'stanc= only ane sreclucdes, 5 in:er:re
tation, .ustzera:f:n or acssunt of penatration/suncsuy
discanc? or asssciatag disssraicns. (This zesisien i35 yncen-
sarvativa and licking a sound ogjecsive Basis.)

L

3, Resistanca cacsisilities adcotad oy the ipelicaat and tasad on
tes:.“g sncyld e 22330%3a 2asad on 2 reviaw 7 that tasting.
[a the atsence of 3 descriztion of that tasting, they zmay &
3C‘::13: if in::f:fveij eis52n2012 2n¢ Jaszc 2n indsrancent
anzlysis by the RC st3#f, [f essancial infcormacsicn is nec
sutmictad or is netT adequata 0 sussorT such an analvsis as -
subminsed, then Sasgting must eicher 3¢ sccseptac 1T facs vaiuyse,
en a judgement 33s5i3, or the certificaticn danies. NRC will
net im=esa 3 sareifizaticn 2sacitian on such 12813 or ariiarda,
regarzlass af their real or agzarent meris. Thei: issumsctions
gdscted Sy the $13ff necassary =3 suscers 2 i‘:e:S"; dacision
angd %35 judgement may, 3t ths spticn of yoursaif, Ba
discussad aniy in She Safsty Svaluyaticn Resers (322). [n ne
€232 can they Je mads e suniecs of zercificasion candivigns.
(At issua is .n'r »a lactar sars of this formuiasisn. This
sasisicn and 2ol is 2ansizered contrilystsry ¢ iagsasistant
regu.aticn and ta;, sn 3 casa-oy-<a32@ tasis, S2 uncansarvacsive.)
4. [z has been HRC's cSriccice 3 a€c20T agpiicaticng zertaianing €3
cansants of paciagas only. For sych 3ppiicatisms, it {s NRC'
cosisicn chat the scize of staff review exclyde cangileration
or revisw, fnclidiag re-reviaw, of he conlainmanc or alements
gthgr Shaa She csfiants descrited i suen assiicaticas. 0
) amT ‘!ﬁzﬁw'\‘*};ia
- &'1 :. 4 -"-a ""“;‘h
w/a b WS
e = o - - R S, o8 S M

hee 148
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(22ntinued)

28 OF reviaw

effect, the NRC $taf® is required 20 1imis the sc2
slicant 23 be

5
0 1ssues adootad 31t the discreticn of the assli

'
|

audressed in the arsliicasicn. The introductica of issuas sarzi-

nent t3 the containzant or packaging fs not cermistad unless
otvicusly justified. (Raviaw of such agelicaticns .j:ic311;
dcas not pravtdt g@itner acsass 2 '~xes or time £ reviaw
ascects of & gack°~:ng This practica is considares urcin-
sarvative an a Car -3y-cas2 dasis.)

“Back®icting” is never sermitiad. This position has seen
descriced 3s 3 Divisicn-wide sasition. (‘1 3 .cs~:‘cn is esr=

S":é?’!ﬁ Jnesnservactive ang contridutsry to ingsnsistans regelz-

tory practics.)
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The f3llcwing are itams whose relevance %3 zublic safazy has no:
cleariy estaplisned, Sut wncse sractiza is 38i2¢%24 20 3n =%e Sa

that they asbscurs the !fcansi:; :sf's"n-ﬂa<11g Irecass a ¢ are
cayses of inefficisnciss and ineffactivaness in 'RC's r uliatsry
mission:

1.

3!‘”

€3
rees

An SER intanded for sublic fssuanca should e acdorssssd =2 ==

Tay puslic exclusively and camnet snow tacanmically samsiax
ditcussicns. Fures 'er, suct SER's shall net reflacs negativaly
en aicher the acolicant or the 2p2lican

T's sutmitials., \Mega
tive iSa&SS ants of sa‘a*y issies cdevalngad 3y :he %% s:a‘f
shall e 7ilad, iF ngs destmvad, 15 sarsanz] ngtce ~221: 124
By individual s:aff -sv.ewars. 314 shall nes Se districusad

gutside tha FCTR 3ranes.

Al1 taxt and language of such S23's shall Se su:'°'“ %8 ap-

- -

preval ang medificazian By she Srznc Caiaf, or nis recrasanca

-

/

g L

tive, without notics. Qbjacsicns to such mecificatiens 3y in-

dividual sta¥F nemsers cin e over=yulad at tha 2iscretian af

-

the 3ranch Chiaf or nis desznasaz '!:P!Séﬁ:i:fl!. Cocumanta-

tion of sucn cbjasticns is discouriced ang usa of 9ffie+a]

-y - N

resgurcas 3 daveies ing gresant cb;af“'rs {s congidared the

T,-_....o- ad o7 f,.i,’r.::fgg- .e uR: .::.;.' ¢ A - - ..-:.-..'.
il amasendy il ew e 2len@s 3% S30CL” WITHQUT resamvatisn,
excaoTicon, Ir mingrity viawceing, 3ad =2y 2@ srsciucdac wenm
danoting their reservaticns or sxc2otisns as zart of thgire can-
currenca,

It is the NEC sosition that wgulizary Guicdes muss incluca
language cemmiting 211 the MRC stasf %o srezzzaziznca of rasy!
anc metihcds descriles ia thosa Guicss withgus axgasiiaa. In
Jour werss, “tne Guilss weyld sarva ng 23nsImictiva suressa
withcut such 2 comttmancs.”

N drafling cartificacas anz SE3'3, there axiics 2ieca1in RO

:ef"; 14 definiticns o
the word "and." [2 is
3

-~ -
dne gv¥ thesa garsiins o3

. 3 - . v e -
g¥#icial pelicy ts intararet *anc” %3
mean “ana/2r’ a4t the opticn of the NRC stase, sbvi ating he

need to use "anc/cr."
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‘_T‘?ur..bsc.. TU DRI sy TorTh .‘ftDcpa.n‘-- g It isTocozmized - thut some™ combiuation of e
ment of the Army interim pesition as regards . forces, acceleracions, and- ’mqmcxu that would
_ppg-,neor'ug considerations of sheck and vibration

BT T Y T gy g o -
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classily and standardize the required strength of 2 T T
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environments nduced by transportation. It also broad mange of cargoes would be a most wseful tool ) ;
furnishes - hasic transportation ‘engi..ering design - Work to date in this area Lias Leen accomplished on - - ¥
> pnr;me'.crs.i'or...-garﬁ and. davaloprient ?.w:-.a “salaeted ‘tama- X complets seiemt if2 methedology a0k
"~usage in ~cnxx.::c'..c .svith -*nnspcr‘abxhty :of mile . -requires 2 hroad Sacl sground of field stucies dlesigned  _ £
A e L Al LD T speieally or thia purpose. Considoralls effors &
2. Scope. The information ontained ja this _ has been cvperm:.ed and ennugh studies have Leen - t}
bullctm is applicable o all Army cargoes and in~ - conducted o deveiop, empirienily, certain shoek l;_!fi__._ i
.particular for rail, ais, sea, ma_m‘hmwg a -nbr.mon preducing~ faetors, «- TTiése ﬁcto:s are = . e
transport. Shocks zad vibrations are illustrated as usm:i’publulud “here” to initiate” 3 Letter : - e {,,
envelopes of data that inclose. maximum itcel- -.ixnwc‘anandmmo{ taaspoltation shock PRl 3
cr-t.cm. - g et L and vibration data; also, toTucrease utilization of = _ ks
T existing dats TR idizaNy "e3iVIsNiRg a .nez.“.odhroz.,"‘ ——y
3. Generzl. ‘a. Iacreased use of. ‘. gilé, sen- stated in mathematical and mechagical torming - Lk
sitive, and dangercus ilems md..xumaad impaos- ogr. - - s e et . =
tance of such military items have established an - S = e o = E
Jirgeat_requirement for formal zu'.danca as regards | d. _The data .nd p guidelines contained in this {
traasportation environments. The increasing va- " builetin wumprize the Departnient of the TAmy, E_"
riety of both military cargoes and ir transpore venicies - - Liier oF T: siisportation. jutecim pesition. . Transe I :t
-wit* their differing size, mass, and- internal sush- . pastation Corps efforss will be sontinucus Qxeepun ___ j
joning has complicated the process™ of suahsnmz - "m:.‘x technological advances; she Lasic faesars will | be . =
spectiic guidelines useauu: .or a bread r:'.nge of § ...ems "adjdstad as requirsd, and additional indiugs will e £
and carriers, e ~  includad to extend toward the deveioprzent of 3™ ° £
or-Cwm-dau-c:n bo—est;bushed npw in"the' " detnitea ..'z.l-.-: procedure. _ . _ . = i
field of tmansportazion shock and. vibmticn that - _ .. - - - 34
will ba extromely ‘uezpml for tecanical communi- . 4. I‘»...d. 2. Thecargoandits rest...xm*g svstems ;3’
eations and as 3 tcoi for amalyties! comparison should te capable of wi thstanding a .m.mpor:;:;an o
The Qist step is o obtzin 2 ise “acteleratica © shock environment simuluted by thres susceesiv f.:
inputs !0 a transpertation sysiem that are irde- mil impaets in both sas dirsstions of lu-uu.e-ccr- j
pendent of the operaticnal charactoristics, “geh as — hour sevenity for griority, high value, aud seusitive -
the physical st..:c of the right of way, imracs ipeed, cargces and 3 miles per hour for goneral traon supe .,j
®3 nats, JJ'G G..., =L, Tmm this goms, o:.:‘:c‘ — -"'Of'. cargnes. ‘Thsstrikine »lorthe carr .10""3'7 befors 3 :f
factors 22 lie presented that are determined whoily 1 pact) must Le either a fully lcaded ear Ravir ng s ot
“or in part Ly the mechanieal makeup and oper- micimum ...! laad of 1'3‘.) OU0 pounds with a stanud-
ational characteristics of the transportation system, ard-4: wvel drale ...:‘7( he car containing the ca args =
and that are peculias L0 the specific system. o i beinyg ':x.me-.. mc‘m\*r has "\c ~rca er \vc""\' ~ -1:
s e s abe | ae eews . ~— L:
TAco mu—-mr 2
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b. The stresses in the restraining members  namie stross .25 of SO ereent of the static
should 2 less than one-half the yield strenuth of yivld strenzth 4 the materinis. The statie strexses ,
the material in the statie, or restrained condition.  secasioned Ly anrmal tiedown procedures should nat :
The combined static and dynamic stresses must nat  excoed 20 percent of the static yield strenmsh® of

N

exceed the static yield strength® of the material in  the materials. . 4
any restraining system ¢omponent during the dy- ~— 5. Darticular emphasis must be placed on the
namic portion of the impact loading. “Additional  effects of stacking eargs for shipbeard tmm'sor.‘..

' margins of safety may e required during desizn of~  Stacking may subject the eargo, the cargo container,

" the restraining wystems because of the cargo’s pe-, or the restraining sysiem to severe lcading con- .
culiar najure, *rain sfety econsiderations, or  diticas. As the dynamic and static !oads are ree
aceident effeets conviderations. A sisted by cach succeeding lower unit of cargo in the

¢. For design purpeses, the shock eavironment  stack, ke cumulative effect on the hottem units
contained herein should Le treated as a dednite _must lLe considered in design. ~ The same con-
loading preduced by the envirunment. No safetv  sideration as-regards stacking and dynamic leading
faciors are inciuded in the environmental statements  must he given in the horizontal plane, since longi-
or data. ' tudinal aceelerations wiil zlsn ~ause a load buildup

. d. The cargo and its restraining systen should ..0a the end unit urless load dividing measures are

* be able to withstand without failure or impending  taken. Efee.s of cargn stacking are most trou-

failure, a transportation” vibration environment ~bieseme in sea tiansport beezuse of relatively large
equivalent (o one. preduced by over-the-road myve-, ¢argn holds which accommeodate excessive stacking.
ment in 3 150-car train. The cx? Transporting the ¢. Figure 2 presents guidunes 3 to the nature of
¢ 0 should have standand freight car suspension  _the sea-induced accelerstions n the cargo. The .
and draft gear, and should ke considered for the end data are a plot of an envelo, * of the maximum
of the wrain wr pesition. - Vibrations, both inter- - yvalues of the vibrations in the frequency raage of
miltent and continuous, théuld be of a durstion’ 0 to 13 eyeles/second AlEs shown is a tim&history = ~ -
"equivalent to the input from 3,000 miles.of Class I _-envelope® of the maximum shock environrient

rullreads contiiniug at Teast 30-percent long max- ~measured. X -
imum grades. N1 o .+ 4. The time recomm ed for application of
=" -&” Eavelopes of the- maximum -eavironmental . -the vibration is 20 days. s recoinmended that

values recorded durg Transportstion Corpsstudies 100 shoek applications e considered the minimum
for both shoek and vibration are shown fa Sgure 1. pguirement. . ) ) .
el 51 s gt ot 1 6 Al . Todundshosk i .
h siey are limited by the_gange of responss of ~men'ts forair t.':n:pomt:on_ue'nomz:;:;' considersd
) u,.{ recording instrumientation; heace, higher ‘re- .. _f.hc least faverc as egarcy leading of the cargo and
; Quency datz were Slternd befare recording. its restraining system. _Fac:orsro(_p!ane s_a._t'a;::g”;__j_ >
weoofo I8 i3 recommended” that 2t leust sit apli- - ccst'c_f cargo, and miitary ‘3‘!“ of '..‘n': cargo dth:t:;.
ations of the masimum shoelk Fecsierscicn be " the :ngi:c{:_ degree a.f reliability for :;:e strengt of
applied consistont with thres sar impacts {rom each ° Cﬂ"‘;O ;i’d its .'eqt:':!.mmg' systema, .\_‘.m.y g:cngth T
dircction. It is recommended that 3 vibration ting | 8ty faetors arc’empioyed both in design aad
be consmistent with a 3,0C3-mile trip, and that desigh - opemiion m_’, fehrning s-;!te'n'u” ;nv.-_mv'.x:g -
increascs for s“’.c::" be made ‘-)Y ’nc'n.'mg the :iﬂh:. ) tmn.fgrort, '-\':f.-l ":QIIF'Q(IUCHF ZﬂUlhpl".‘:‘.:lOﬂ .36:;0:‘3
of vibration mther than by adjusting the ampli-” ;p"".“gfi .to Ry ,');S n cn\"t.'::xmv:.x‘zil’ Gf‘u' g =0
e or e fmquener. e St M8 Spaiity s o e e
: sl CLAULATIVE erTor on e inaccuras periict
S. Sea. 2. Tor sea transporiation, eargs and  of the data thal is praportioned or multinlied for
its restraining syetem should Le capaile of su=tzining __ eaictr or design reasnns. =
an environment oesasioned by a seaway-induced b. Forair transport, the carmo and its restraining
Wading an 3 traneport <hip ronsequent 0 20 daysof  system should e capable of withstan ing all the
Beauford Sea State Candition 12 During this  airerait vibrations oceasioncd for’ a time peried
fondition, the components of the jestramning SY®-  comsistent with 1o mavimum ranze of the airerast.
¢ tem should agt exiilit 2 combined stade and dy- It is sousidered important hat the ampiitude and

s . N T .Y 2
- *Aa . by be mervwtrn Sagiety hf“ Masenialy (ASTRD, - 1 - | : \»2 ',45 m ..n !5!
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frequeney of the vibrations he acrurately duplicated
and that safety factors be applied in terms of the
length of the vibration. It is recommended that
the restraining system be designed to sustzin the
vibration for 2 period three times us lung 25 would be
anticipated based on the mission of the aireraft. )

¢ The shock zecclemtion nermally occasioned by
landing should he based on a veloeity at touchdewn
for the aireraft of 10 feet per second. Agzin, any
salety factors should Le applied by increasing the
number of shocks rather than the severity. It is
recommended that the restraining system be capable
of withstanding 20 landing shecks with no signs of
failure or impending failure to any of the com-.
Ponents,

d. Eavelo~es of the maximum data resorded in
the Transportation Corn ficld studies thus far are
shown in figure 3. TL : data are fromn tests in
which short recording periods were used and where

igh input loadings were simulated consistent with
test safety. It isanticipated that with the inclusion

e ————
CAASHO=Ammencas Asvociation of Siate Ilichway Clcials.

of data taken under emergeney conditions,
aecelerations will be somewhat higher.

7. Highway. a. For highway transporta:
the cargo and its restraizing system shoulc
capable of sustaining the loadings incident !
1,000-mile road trip over a paved highway
condition deseribed by AASHO®*—P3I** inde
For all shecks and vibrations, the stresses in
restraining system should not exceed the 3
strength®®® of the material, nor should they ex
one-half the yicld strength*®® of (he haterial w
static load conditions.

b. Enavelopes of maximum values recorded du
Transportatien Corps field studies for both st
and vibration are shown in figure 4. i is rec
mended that the vibratien time for d ign purp
be consistent with a 3,000-mile trip and that de
safety factors, if any, Le applied hy increasing
time of vibration. For design purposes, it is rec
mended that the restraining items be designe:
withstand 20 shock applications.

-

PPl ' revent Serviersiuliiy [ndes, reference: ilichway [lesnreh Noard Sreeiad Meporr. Na. 61-C,

STTAL publiviwd By (he \ineriesn Sumvery lor Treting Listenais (ASTM.
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