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

COMMENTS ON THE INITIAL STRUCTURAL REVIEW
OF THE ORNL TUNGSTEN-SHIELDED CASK

(DOCKET 71-5597)
-

(Version C)

the scope of structural features of the cask described thereinThis structural review was based upon submittals to date'2** and withinl

.

by the subject cask, to the exclusion of criticality threatsThis review placed emphasis upon the radiobiological public threat posed
basis that the radioactive material contents would be nonfissile.In

, on the

to source term or isotope,that the radioactive material contents were not limited, with respect
isotopes were assumed. the most threatening nonfissile radioactive

The applicant's position that those contents qualified as special form
in compliance with 10 CFR 71.4(o) is acceptable in the interim pending
response to staff comments requesting that compliance be demonstrated
That aspect shall be reported upon in a supplement to this report.

ance with 10 CFR 71.2.(a) independent of the applicant's positionstaff would prefer to have information sufficient to demonstrate compl-
. The

statements.3

The staff notes that sintered tungsten is prone to initial imperfections(voids; cracks, etc.).4
mittals supporting the assumption that such defe .ts were to be eitherThe staff could discover no bases in the sub-
precluded during fabrication or inspected against.

be present at the most unfavorable location and the shielding materialabsence of assurance to the contrary,the staff assumes such defects to
Based upon the

to be vulnerable to crack propagation, i.e., crack-through.

As a consequence the staff considers crack-through of the shielding to
be a credible possibility and that such cracks may constitute radiationstream paths.

The credibility and expectation of the formation of such
paths was emphasized in this review as constituting the consequence mostthreatening to public health and safety.

'In suostitucion for Enclosures (1) and (2) to Refere
** Numbers in superscript refer to references listed in the attachment tnce (2), Tab H, herein.Tao. o this

_ _ _ - _ _ _
__

_
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1. Provide complete specifications, as-built details and installation
instructions far the eight five eighths inch diameter studs, nuts
and lockwashers which anchor the closure.

Staf' Concerns Upon 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 imolement a requirement that a torque wrench
be used so as to oreclude this possibility.

In any, case 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 revicw the staff notes that it is feasible to lift 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 practical way of precluding such a lif ting
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
t*1e studs are pressed or fitted into the slip-on flange appear
to be drilled comp!etely through tnat flange, it appears that
the nuts are the only element capable of significantly resis-
ting such a mcce of deformation. Depending upon the material

^

Review of this drop under normal transportatiori conditions is presumed
permissible since the applicant adopted that possibility as credible.s

**Not furnished or shown in submittals.

_ , . _ _ _

466 1R



-3-

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

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.5

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 lockwasher material and dimensions, protruding length of
stud) tne results of that effort will be contingent upon tne
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 snown in submittals.

. n q'
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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 does 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 installed 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
ap pavates the insult to the studs. And vice versa for a
1 ger gap. The real advantage to a larger gap is to permit
+ e colts to respond more in bending. deflecting over 1/32-inch
uithout 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 tne 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, /irtually any side drop orientation will
result in the 74-degree impact orientation as an immediate
(primary) event.* The staff used the consequent increased
likelihood of that event as a basis for empnasizing it herein.

x

An unresolved issue described as differing judgment by the staff,".

A66
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2. Provide supplementary information an the properties of the sintered
tungsten shield material as follows:

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

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

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

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

e) Mechanical properties as a funct#ca of temperature. (expected
to vary over a wide range as a function of imperfections; from
-40 F to 1500 F).

f) Ductility. (elongation at yield; QA requirements).

g) Specific energy absorption capacity (if available).

h) Demonstration 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 Uoon Which Tnis Comm: 1t Is Based:

a) The absense of especially corrosive agents in the design
assures the staff that there appears to be no basis to sus;;ect
r.cncompliance based upon exclusively that consiceration."
Nevertheless, the staff would appreciate a basis for concluding
that other types of corrosion are precluded also, which it
cannot do in the absense of the information raquestad above.

b) The staff notes that repetive exposure to a 50 g longitudinal
shock load *6 or the four-foot free drop in the normal condition

<

An unresolved issue described as a differ: 1g jucgment by the staff.".

1TI,,f
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of transport (i.e. , tied down as shown under Cases 1 through 3)
may cause local damage (crack-through) of the tungsten shielding.

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

The staff notes that the cask is obviously very stiff (has a
very high natural frequency) and relatively small (can be hand
carried or moved). The staff reiterates 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 ia sucn 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
size 1 casks representative of industrial practice.6

Key f3atures 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 tne cask incorporates multiple structural redundancies such
that camage 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.

d) The staff did not unconditionally accept all the applicant's
assumptions concerning the extant, or localization, of deforn-
tion. The results of the analysis could be characterized c.
criteria comoliance with which remains to be demonstrated

*An unresolved issue described as a differing judgment by the staff 3
**The cask is not described as painted.

***The applicant is presumed capable of shcwing that the contents qualify
as special form.

kbh \
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for the cask as a whole. While the quantitative 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 lower 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 tne tungsten
shielding will be localized. Cracking is expected to pr3pagate,
at least partially, throgh 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 fcct 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 correspond to
that case analyzed. Worst-case with respect to stress will
probably correspond to that case causing maximum combined
s' cess 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 sucn an event will depend upon
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 suosequent
insults. (see 3(d), below).

g) A four-foot or 30-foot drop onto the bottom of the cask * may
result in opening a gao 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

" Review or tnis drop under normal transportation conditions is presumed ;er-
missible since the applicaat adopted that possibility as credible.5

khb
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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.

h) 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.

i) The applicant seemed to posture that a demonstration of com-
pliance with the 30-foot drop condition constituted a priori
ccmpliance 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 apolicant is expected to account for
this aspect using criteria appropriate to the environmental -

conditions applicable to each type of lesser drop or shock
conditions.

j) 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 least twice as sensitive to deforma-

tion as the stainless steel.

L, h
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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 limit 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 craued zone expected at that point. (see 2(g),
above)

k) The inertial loads 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, to 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.

1) The applicant adopts an impactive load criteria (Section 1.5.1.2.,
Ref. (l.c), p. 30; F = 346 KIPS) whose basis is unclear. While
the staff expected such a value to be based upon an "$5T =
70,000 in-lb/cu. in." curve, no such curve was submitted. (see
Ccmment 5, staff concern 5(e))

m) The applicant should explain (3) hcw 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))

6 \
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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 conoitions. As a minimum, furnish:

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

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

c) Demonstration that the contents do not impair either shielding
or containment fcom 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 Uoon 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(d)(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 does
not expect that damage to be of an extent sufficient to require
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 small size of the cask, 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 assumctions to date.

While such stresses are judged acceptable in themselves, they
are not considered insignificant. In other parts of this

review the staff considered allowab!e stresses reduced a like

x

An unresolved issue described as a differing judgment by the staff,3_

466 136
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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.

c) 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.

d) 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 t,y impairing shielding integrity from the
inside. The staff shall require more information to resolve
this concern.

e) A four-foot drop onto the top of the cask was evaluated 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.

f) 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 swelling
of that material sufficient to rupture the s7ecial form capsule
pending submittal of information sufficient to succort such a
review. In so doing, it shall account for cumulative cask
damage directly affecting the contents. (see 2(f), above)

L\
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4. Provide a demonstration that puncture does not result in loss of
confinement or unacceptable impairment of shielding assuming the
puncture device impinges upon the following areas subsequent to, and
accounting for, damage f rom 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 centents or inertial loads of shielding, or
both.

Staff Concerns Voon 'ahich This Comment Is Based:

a) A basis of concern is shared witn Comment 1 and 2, above, in
that insufficient fac'.ual information was submittid 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.

c) 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 .

An unresolved issue described as a differing judgement by the staff.3

n
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5. The applicant is requested to furnish the following:

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

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

c) An exchnation of how the values 70,000 and 230,000 in-lb/cu in
were derived from the data shown and cited (see pp. 5 and 24 of
the SARP).

d) The definition and application of the dotted lines shown in
Figure 1.13 of the SARP.

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

Staff Concerns uoan Which This Comment Is 3ased:

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

9
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6. Staff Concerns Considered Succortive of License Condition. Pending
Resolution By The Apolicant.

a) Lif ting the cask at only one attach point would clearly damage
the cask and should not be permitted.

b) 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 into account the following
positions and assumptions.

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

2) The staff relies upon comoliance 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 to induce a
significant residual load at the attach points, consistent
with the applicant's implicit assumption.

c) 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

d) The staff has initiated an independent effort to evaluate, and
possibly resolve, some of the concerns expressed herein. It is
quite possible that the applicant may be able to show that the
sintered tungsten is sufficiently crack resistant. If not, the
the applicant should consider imolementing 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.

[y [b ,kb
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Enclosed References

The following two references are attached in supplement to the staff
concerns discussed herein and reciprocal and c. nsistent in intent with
several of the requests for supplementary information shown therein.

.
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, . - .

. . . - . .
. -.-..~.. ~ ,- __ . . . f- .,. . ; _ _ . _ . . _:. , . . .=.,. _ . . . . ; (

._ T J".ir osec.D.a.%eWC.,T5Gh.thT.Ceput: A cit. Is reec;;:i:ed tbt 'seme :ccr: bin:.tinn of. y. .l
ment cf the Army interim.. pc_siti.o. n. as re;=ds

Screes,. c: ele =:i=s, and . frequencies; tht .wculd _ _._.,
.

._.e.n.. nee.riu eensider:tiens of shock. =d v:.bratica c'-My and 'str.ndardiz,e th.e r . .d :.:tren.cth .cf . .. . .,;
.

equire
.. . . . _ .. .

envircnments .aduced by tr:nsportation. It also bread mnge ci car;:cs wculdie s most u.wful tecL
. (
' . . ,

furni.sh.es. -basic-. tcusportatica rengi... ering desi;n, .. W. erk to data in. dis ses h:s Lcen .c:cmplished on ^
. .

5-- a= d. -
. , . . . :-. .

. par , meter.s..fc.r .w22.r: . d._.. . avcLVraent .'20r.::::t - ~ elected :.::me. .-:.C cemplete.scient::.: methec. !cgy. . : . r
.. -

c r

in c:niun:::c. .w;th-tunspertshility.tet mile . requires a broad hackgr:undsf. field stucicule:igneL .. [
u=;: ...t,

. ;, ,a.. gen.,3,._ .. ~.;
. .._.-.. : -- ;n m-

. ,_.,. . pecidef.ny forf this 'pur<ese/ Ceni. der.:LI:. effort . ... . t,..
.s.

2. Scope. The inferme. tic ~n centained.in this . has been expended, and enou;h studies hr.ve been p. . - .
-

en..e .o .2.,1.L~ny cargoes ar.c- m *. eendbeted to.dev.e!c;>, empirte dy ,certain. sh..ech and -L. bulletm. :s spph. u
s n.- ,- r -1

..particular for rr,il,-sir scs, add hidsrty ricdei c~f +-vicmtlen prcduew. _ fac.om,' ,u,,..:
-

cse Ec. 7 . _c;. ; ---gtort am ~.- . . g
tansport. Shocks aad vibraticEare 111:stude.s . ptmera:td publishe hyrry initir.tv r better : - y
envelopes 'cf data dat inc!cse. eMuE.'2cEel- igmtereh:n;e,s d ecmpan(scof.transpeqcayhec(f.c . . ,ns,

a., .. . and vibrau,en data; : Iso, to,,meresse. utmmuca c ,, ..-E.
..~

. Lew _ , . ,.
dL,: m 2:u.e.dny m..,h. ih..

--

Increased use of 'c gd. : . .
. - -- . . .. - - ..cx: sang e cs ng s m..th..dtfM;y. _.y .U3. Gener:1. a. e oe, sen-

sitive, =d d:n;;ercus. Items 2nd incm=ed impc:- stated in m:$ematical and :ncehanical termin0!-
~

,8-

cs
.

e;r. . _ . _ . . St::ce of such mu...tu'/ items h:.ve ests. h. he<1 an
.

.. . ....,a . . . . . ., ,

_. . te
. .

y

n. r. cat e ,uimment for fermal guidance :s r.e;rds * d.
The' data .nd ~uid..e.l.in.es. c.ont: ice.d. ._in .this _.. 1D

.

~ n
tr=spert:tica envircnmen:s.-.__The increasing va . _ bui!etin -e:mprise the Department

.

- . . _
_

_ .. .
of the Army, C

.

. riety cf b,:,$ m:.h.t:ry car; es anc trans;:cr vemc:.es L ne:. r.s m mnsport:*.icn.Jnterim .;csiticn. . 'I.,mn3 ... 3,- wi:5
their difierin; si:c, m=s, .and ! stern:1. cur.h - p=mtica Corps effor s will be ecutinucus .n. keep up

.

cnia; has ecmpliented de proces.r of establishing mvith techn:Icgien! advances; de basic facters will be
-

y
specide ;;uidelines useabic for s'br'edd r=;e of Items .7fil!Jdstad u required, and additional Hndings will be
and c:miers.

~ .' ~ " ;' * . "

- included to extend townrd de develop =cnt of .' '.
J-
i

-@r :Certsia. data.can. be-espt jsheslT:i_cw [n the.,_dcGnite.:::1pis precedure. _. . . . , - rci
bi ,

Scid of tanspert.: cn. shoc:q and. vibra;ien tht ._7 ._ .. . , - _._ ._ . ._ _. _ dwill ha c:::::=ely heipful for technical ecmmuni - .4. R:!l. 2. The car;c and its r:s:::ini=;:ystems
:.}.}eatiens 2nd as a tect for :: !y:ie:1 compa-ison shcu!d be espable of vithstsudin; a tmusport:$:n

The firi:t ' step is to'cht:in ~2iid dse''ichierstien ~ shock envircnment simulated by three su::: sive
'nputs to a tanspcetatica sys'em that ue k.da- rail impactt in both :: directiens ci IC-mi'.a-per-
pendent of the cpectien:1 chameteristics, ',cch .ts -hcar scvent',- for priority, hi;h value, and ze:mit:ve
the phytical state cf the ri";ht of vay, im5r.ct :pe-d, car; es and 3 mi':s per hcur fcr ;;0ncr.I trccp vap. f.ise. suta, and '.= ding ste. Jtem this ;:cint, odcr ~per*. =r;;:es. 1.:e,str:am t (or the e:r moving hefer: . Qfr.ctora mn he Inesented that ne detsmined vhoHy impa:O m's Le either . funy ! ded car havin; :. ''{cr . . part by the mcch:nimi makeup =d oper. mirimum mil '. cad efy33.WO pounds with .t stand.ational :hu::teristics ci the tanzportatica system, ;-

and that are peculi;I to the : pacific system. 3rd '.: wel draf:;:n,9 the nr containing the en;o .$hein.; studied, v.-hicher-r has the ;; ten:ce wei;;h: ' h.
. 3 . _ . . . . -

- - ~ - - ~ . ..* *-*.. . . . . -~~ .a
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5. The stresses in the re training membera narhic :.tres, .:ss of 50 screent of the st: tic
should to Ie:s than one-half the yic!d strength r,f yield attength .: the materi ,b. The static .strescsthe material in the static, or restmined condition. occasioned by nornul tiedown procedurr9 should not q'-.
The ccmhined Str. tic and dynamic stre .<cs mu.st not execed 50 percent of the ste. tic yic!d stren;tth' cf
exceed the static yield strer;;th' er the material in the materials. .

any restraining system 7emponent during the dy 5. Particular emphasis must' be p!:ced en the
n mic portion of the impact loadin;;. ' Additional eTcets of stackin; carp for shipbc:rd transport.I mar;; ins of ufety ms?beduired during desi;;t of- St cking may subject the c:rp, the cer;;o container,
the restr:ining systems because of the e:rgo's pc , or the restr:ining system to severe Icading con- .

culiar nature, 'r:In ufety censidemticus, or ' ditions. As the dyn mic and static ! cads are re. --

accident efTecta cond. der:tiens. sisted b} c:eh succeeding lower unit of c:rp in de. _ _ . . .

For design purpcser, the shock environment stack, le cumulative clicet on the bottrm units- c.

contained herein should be treated as a de5 nite . .must be censidered .i.n. design. " The same con-
lo ding prcduced by the environment. No s:Tet r sider: tion ss.reprds staching :nd dynamic leading
facters are inciuded in the envircnmental statements _
Er dsts. must bc ;iven in the hori: ental pI:ne, since Ion;;i-

tudinal acce!crations will :!sn e:use : Ioad buildup
d. The cargo and its restraining system theuld on the end unit unless Icad dividing measures are'

he able to with<ts:id ivithcut f:ih:re or impendinIta' en. EITec s ci c:rp stseking are most treu-l
failure, t=nsport: tion ~ vibratica envircnme:lt mbicseme in se: tisceport beesuso cf ::htively br;e-

. equiva! cat to one. prcduced by over-the-read move ... carp hohls which accommed te excessive stackin;.
ment in : 150. car train. The c ?'Ir:nsporting the Fiore 2 presents pidance .s to the nature ofe.
er ;o should have standsrd f.eig!d. es: suspension .the ::. induced sece!er:tions n de cer;;o. Theand dr:ft ;;::rir.nd shculd be c::asidered for the end data are a plot of an enveley e of the maximum

~

.

of the train c:r pcsiticn. -Vibr:tions, both inter- - values of the vibrations in the frequency r:nge of
t:ittent r.nd continuous, ihduld be of : dur: tion'. O to 15 eyeleshecciiil'"21Iisiioren is : time-histeif- - -*

. equiv.!ent to the input frem %CCO miles.of C'. ass I '. envelopei of ;de maximum shcek environment'

.ruihcads containhI; at'le:st 50-pe cent long =sx - messured. ,
: mum g=de3.,

. .. . J. The time reecmm Vd for app!!c:tica of
- ' -e7 Envelopes .of the-' maximum -env.ironmen. tal. _,the.v.ibr:tio.n._~is 20 'dayi.

s

v:Iues reecrded durm;,.,,r:nsporte t:en Ccrps studies .. s resemmended dat D.

,

100 shcek applientions be censidered de minimum %
for bcth shee!: and vibration are shomt in Spre 1. mquirement.-

' .-
' '

T:iese values were recorded whi?e using st:ndard *

e:mmerei21 rail c:rs imcacted at 10 mph. ')ats G. Air. a. Induced shock an..Wvibfatio..n envire. ~~'~n-
frequencies :re limit:d b'y Sca:mp cf respense of ments forair t=nsportation.2re :iof==!!y censidered ~~'

. the reecrding instrument:ti n; hence, higher cre .Jthe Ie st severe as ce;:rds leadin; of de c:rp and
. . QuC ,, d.'.*.. 've. . ."' te. .'. 'i.et ere re*Mrd. ,.w . .- * its restr:Ining system. ::eters of chine safety4 m

.CC8 CIC2rU., and mi:s.t:ry v: Ice of the e:rp dicmt: - ~ ~. -f.
' J.

... .f....It is ree:mmended that at Ichst six sspli- .
esticas of the m :imum shoc!c'ficeeier:tica be the highest deg ee of Feliability for de strength cf ''

applIcd censistent with three c:r imp = cts frc= cach j 'e:rp':nd'Its restminia; sfstems, Many str:n ;th .. -- -
direction. It is reecmmended t!at 2 vibr:tica ti.nc s:Tcty f::ters at: employed both in desip 2nd
he consistent with a 3,CCO-miic trip,:nd that dcsip opemtica for restmining systems involving ai-
incre: es fcr saictv be made bv incrc:-ing the tinw. . tmarpert, with censequent, multipiicatica factora
of .-ibr:dca mthbr th a by $d'usting. Sc ampli - ppped to the basic environmental dr.ta. The
tude er de frequency. bas (c p sculd be espceinity accuma in order .o

.

muumae cuma!ative error on Se in:::u~.te ;crt:en5. Se:. - 2. 7:r se: t=nsport: tion, car;;o and of the dr.tr.15 is pr: portioned er multiplied fcr
its restmininbetem should be e:p:L:e cf su~teining ..f:icty, or dein , reasons.
an enviren=cnt oc=sioned by : .caway. induced . 5. For air t=usport, the c:rp and its restn,ining

,
<

- loading en s t=usport ship cenequent to 20 days of system shcuid he ::pab!c of withsmadia:; .!! de
. Ilcauford Set State Condition 12. . Dudug this airem:t vibmtions oce:sfoned for' a tin;c .nericd- conc.. .itron, the components of de restmining sy*- consistent with i ac m:ximum ran.;e of the air:mit.

p should not, cnibit : ecmbined st:dc and dy- It is considered important that de :mplitude and
.

~ ~ ..t-...s _ . y .. y y m m,.. m.g'.
.

i _ . . . . _ . . . . _ _ . . . . _ _ _ . .

_.. . - . . _ . _ _-- - - - 7- - ( - .-G ;; 3 13 }
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frequency of the vihr:tions be securately duplicated of data taken under emergency conditions,
and that r.tfety fseters he :pplied in terms of the :cce!crations will be somewhat higher.
len;tth of the vibration. It is recommended thats.

-
-

the re.-training system he designed to >ust:In the 7. Hi;hway. a. l'or hichway tra.vperta t
'

vibration for a period tbree times as tun;:s would be the car;o and its restraining system shoule.

antierpated b:ued on the m:n:en ca the airemft. cepable cf sustaining the loadings incident *

e. The shock acceleration normally oceuioned by I,CCO. mile read trip over a paved highway.

landing should be ha.ved on a velocity at touchdown condition described by AASHO*-PSI" inder

For all shceks and vibr:tions, the stresses in
for the aircraft of 10 feet per second. Again, anY

restmining system should not exceed the ,safety feetors should be applied by increasing the,

strength"* of the material, nor should they c::,numbe.r of shocks rather th:n the severity. Itis one-half the y!cid strength" of the !!uterial u:,.j recommended th:t the restraining system be cap:ble static load conditions. ~~

of withstanding 201:nding shocks with no signs of
failure or irspending failure to any of the ecm - 5. ~ Envelopes of maximum values recorded du

Transport:tien Corps field studies for both 31- ponents.
and vibr: tion are shown in figure 4. It is ree

,_

: d. Envelo es of the m :imum data reeerded in
the Tmnspottation Cor - field studies thus far are mended that the vibratien time for desi;n pur;i

be consistent with a 5,000. mile trip and that deshown in figure 3. Th. d:t: are from tests in
which shcrt neording periods were used and where safety factors. if any, be applied by increasin;

.

time cf vibration. For design purposes, it is reehigh input !c: din;;s were simu!:ted consistent, with
mended that the restraining items he desi;ne:test safety. It is anticipated that with the inclusion withst:nd 20 shock pp!! cations.
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