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SECTION I
GENERAL

1., Purpose and Scope. This TOP provides guidance for preparing test
plans to evaluate the transportability characteristics of military equip-
went whether towed, self-propelled, or moved by carrier over highway,
off-road terrain, railway, waterway, or by air,

a. The tests in sections II and III are used as applicable to the
particular test item and test type. A development test II (ET) plan,
for instance, will include the subtests that will satisfy the criteria
of the ROC, DP, or other governing document. A development test III
test plan will include the subtests pertinent to the contractual pro-
visions of the applicable military specifications and suitability cri-
teria as estaplished by the test directive. Environmental tests, as
dictated by the size and nature of the test items, may require a combina-
tion of chamber testing of components and on-site climatic tests, The
applicable system engioeering TOP/MTP will indicate requirements peculiar
to the test item commodity group.

b. All tests specified herein are not applicable to all test items,
The test planner will be selective to include only those tests needed to
satisfy the requirements document for the specific item to be tested.
Data from previous and similar tests and data obtained by concurrent

tesring (para 19) will be comnsidered to avaid duplication and reduce the
scope or testing,

2. Background,

a, In compliance with DOD Directive 3224,1, the Secretary oi the Aray
established an "engineering for transportability' program (AR 70-~47) to
insure that newly developed items of materiel meet the appropriate require-
ments, and that procured materiel can be efficiently transported in
accordance with operational requirements.

b. Transportability 1s an important factor in maintaining the
"inventory in motion' concept of the modern, highly mohile army, Mareriel
must be able to survive transportation in a military environment without
reduction in functional performance. The environment imposes numerous
constrainte luvolving impacts, vibratiouns, interferences, and repetitive
motions requiring attention to blocking, bracing, slinging, tiedown, and
containerization in connection with the stowage, orientation, suspension,
or transfer of cargo. Adequacy of design depends upon compatibility with
the transportatlion media and performance after handling and transport.

The media cover a wide range of air and surface vehicles and materials
handling equipment, Supporting facilitlies and systems may be simple or
complex. A single item in transit may be gsubjected to a considerable
variation of envirormment, orientation, and forces ranging froum negligible
to potentially destructive., Test procedures are seleztive to insure

that apvrapriate paramarera of rthe ftem's inranded sarwige are encompassed,

-
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~. This TOP 1is based upon reference 16 (app. A).
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3. Equipment and Facilities., Equipment and facilities are indicated
in the applicable paragraphs below.

STCTION II
TEST PROCEDURES

4, Preliminary Activities,

a. The procedures governed by the following TOP's/MIP's are per-
formed as prerequisites to conducting the other test phases:

TITLE PUBLICATION NO.
(1) Initial physical characteristics 10-3-500
1-2-504
(2) Technical inspection 2-2-500
(3) Training and familiarizatien 10-2-501

1-1-045 (Backgro:nd Document
7-1-002 (Background Document

b. Upon receiving the test package, the test director inspects and
evaluates the transportability guidance contained, addressing himself
specifically to the shippii.g, handling, and transportation of the test
item. If there is no transportability guidance or the guidance contained
1s not considered satisfactory, the test director notes and records the
deficiency, When insufficient guldance is contained, the procedures in
this TOP will be followed where applicable, All methods of lifting, tie-
down, or cther means of restraining used will be documented and sent with
the test results to the Transportation Engineering Agency, Military
Traffic Management Command, 12388 Warwick Boulevard, P. O. Box 6276,
Newport News, Va. 23606.

¢, When expedient and practical, transported materiel 1is observed
at original 3hipping sites, in-tranait, and at receiving and inter-test
sites to obtain maximum transportability data concurrently with necessary
transportation operations assoclated with the test. Such data are used
where valid to conserve further testing effort,

5. Lifting and Tiedowm Attachments.

a. Objective. To determine whether the lifting and tiedown attach-
ments for cargo to be transported comply with standard requirements.

b. Standards. MIL-STD-209D. MIL~-STD-814A.

¢. Method.
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{1) The lifting and tiedown attachments are meagured for confor-
mance with the dimensional requirewments and subject.d to the calculated
static lateral, longitudinal, and vertical forces as required by MIL~-STD-
209D, A dynamometer is used to measure forces in the statiec pull tests,
Throughout all tzansportability teats, the liltiag and tiedown attach-
ments are observed for adequacy with respezt to strength, accessibility,
and ease of securing, utilizing, and relecsing, and the data are recorded,

(2) For air droppable materiel, tiedowns and attachments are
tested for conformance with MIL-STD-814A (see para 13).

(3) TFor tiedown devices for aircraft (hooks, chains, scraps,

and =ension and quick-release mechanisms), requirements are described in
TOP/MIP 7-2-100.

d. Data Requirved.

(1) Observations and drawings regarding restrictions in cthe use
of tiedowns and 1lifting points during all transportability tests; mea-

surements of lifting and tiedown attachments, including number and loca-
tion.

(2) The 4direction and measured force in pounds of each sctatic
test applied and the location of the cargo tiedown and lifting a.tach-
mencs that were subjected to each pull, Measurement data are presented

in the format found in figure 1 and in other tabular cor narrative form
or sketches required,

(3) The adequacy of the supplied, or suggested, cargo handling
slings; the need for spreader bars; and the probable damage to the test
item through sling use,

e, Analytical Plan. Measurements and data are compared with the
requirements of MIL-STD-209D or MIL-STD-81l4A to detexmine to what degree
the test item meets the standard requirements, Deviations are analyzed
to asceitaln their impact on ctransportabiliry, and a resulting judgment
1s made as to whether the test item has met the standard requirements.

6. Rail Transportability.

a. Objective, To determine whether the test ltem can be transported
by rail.

b. Standards, AR 70-44, AR 55-355, FM 55-15, TB 55-100, MIL-STD-810C,

and Association of American Railroads Rules.

¢, Methods,

{1) Humping Tesi, 1Tne test item must not be domaged by the
humpiug test specified in the guidance documents., If not specified, the
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1. There shall be nc interference within Cp and Cs that could

Cy, and Cg.

2. Dimensions will be annotated as follows when applicable:

isk at applicable dimension).

b, Does not meet minimum restrictions (indicate by double
asterisk at applicable dimenaion),

NOTES: Eye may be similar to any eye shown.
Eye may be designed to aswivel.

guidance.)

interfere with engaging a shackle and pin in the eye. Either
side of th: eye may be used as the datum irow which to measure

a. Meets or exceeds minimum restrictions (indicate by aster-

(Extracted from MIL-STD~209D, See this standard for additiomnal

Figure 1. Format for Presenting Data on Static Pull Test
Lifcing and Tiedown Attachments.
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"rail 1cpact" test of MIL-STD-810C will be assumed. Other possible
tests are described by the Association of American Railroads (AAR), -
AR 55-355 and TB 55~100. (The test of MIL~STD-810C is generally con- '
sidered a test ¢f the test item, whereas the others are considered

tests of the tiedowns and blocking methods.) For the tests of MIL~STD-
810C and TB 55-100, the appropriate document will be consulted. The P
AAR and AR 55-355 method 1s described below. <

Impact 1s accomplished by securing the test item on a rail- :
car and propelling the car, by means of a locomotive (or by inclined rampl), -
into a series of stationary buffer cars., (A minimum of 300 feet is
required between the stationary and impacting cars to provide sufficient
distance for the locomotive to accelerate the impact car to the de-
sired velocity, The locomotive, impact car, and buffer cars require i
a minimum of 650 feet of reasonably level track for conducting this test.)

The test item is loaded, blocked, braced, and tied down on
the Ifreight car in accordance with procedures contained in the appropriate
technical manuals, (If the technical manuals fail to contain appropriate
instructions or if the instructions do not comply with the AAR rules
governing the loading of defense material on open top cars, procedures
recommended by the test agency and concurred with by the developing agency
are used, An example 1is in app. B.)

, An electric timer, to determine the approximate speed of the
loaded railcar at {impact, is placed on the tracks approximately 10 feet
ahead of the point of impact., The electric timer 1is operated by passage
of the impact car., Accelerometers are positioned at selected locations
on the test item and rallcar deck to measure impact forces in the verti-
cal, lateral, and horizomtal directions. (TOP/MIP 2-1-006 describes
further instrumentation procedures.)

i
tdat

The buffer railcars, consisting of two to five railcars having
a total gross weight of more thap 169,000 pounds, are coupled together
with couplers extended, and their brakes are set. Buffer cars shall have
conventional couplers with a travel not exceeding 5 inches. Commonly
known cushioned couplers shall not be permitted.

The ifmpact car is then subjected to instrumented impacts at
speeds of 4, 6, and 8 mph, + 5 percent, respectively, in one direction,
by accelerating the impact car to the desired speed using a locomotive
equipped with a fifth wheel calibrated to 0,10 mph. The loaded car is
released approximately 50 feet from the stationary buffer railecars and
allowed to coast until it impacts them.

lan incline ramp facility may be used in lieu of a locomotive to acceler-
ate the impact railcar it the facility provides the capability for re-
versing the direction of the impact car.
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The impact car is then reversed, and the test executed in
the opposite direction at 8 mph,

After each impact, the load 1s inspected to determine the
amount of load shift, condition of blocking and bracing, and evidenze of
possible failure of tiedowns or equipment damage, Once the test has begun,
there 1s no readjustment of the load nor any reconditioning of the brac-
ing, chock material, or tiedowns. If the initial test 1is cousidered a
failure, the test is rerun provided a revised loading methed is considered
feasible, Following the completion of the tests, the test item i3 exa-

mined for any displacement or damage, after which a functional and opera~
tional checkout test is conducted.

(2) Railroad Clearance., The test item, while loaded on a domes-
tic or foreign service railcar or both, depending on test requirements,
is passed through a rail clearance device to determine anv restrictions
within the AAR International Universal Gage (formerly Berme) and Composite
clearance diagrams (figs. 2, 3A, 3B, and 3C). If the load has clearance

restrictions, the disassembly necessary to achieve the clearance is
accomplished and recorded.

(3) Railcar Compatibility. A study is wmade, when required, to
determine whether the test item dimensions are compatible with those of
varlous cars of the potential rail carrier. The physical dimensions of
the test item are compared with the dimensions of the access and storage
areas of various railway cars (table 1).

d, Data Required, The data required will include: the aumber, size,
location, and type of lashing supports and blocking; time, persornel, and
type of equipment used to load and unload the test item; ease of loading
and unloading; direction of humping (front or rear); speed of railcar;
diagrams and explanations of loading and type of material used for load-
ing; measurements of weight, height, and vertical clearance of the test
item; capacity, size, and type of railcar used for the test; speeds,
measured g-forces, potential safety hazardg; effects on the test item,
iucluding deficiencies, shortcomings, or limitations observed during
tcansport operations. Photographs of rail humping and clearance tests
are taken as required to illustrate interferences or damages,

e, Analytical Plan. Data are summarized in narrative, tabular, and
graphic form, showing resulring neak and c¢ritical values, times, and
measurements in relation to requirements in the governing standards.
Sketches, lists of materials, and developed procedures are included for
incorporation in transportability documents. Deviations are znalyzed
as to their extent and impact on transportability, and determination
made as to whether the test item 1is capable of transport by rail.
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Cars bullt new or rebuilt on and aftver January 1, 1958
must be 3o designed that no part shall be less than
2-3/4" (6,985 cm) above the top of running rail under
all allowable wear and spring deflection conditions,
_ Figure 3C. AAR Diagram, 56-1/2-Inch Gage, Domestic Service,
s
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7. Highway Transportability

a. Objective. To determine the degree of deterioration of a test item's
operatlion, function, and interfacing, when transported over and off highways.

b. Standards. AR 70-44; AR 70-47; Limits of Motor Vehlcle Sizes
and Weights, International Road Federation (IRF); Legal Maximum Dimensions
and Weights of Motor Vehicles Compared with American Association of State
Highway and Transportation Officials (AASHT0) Standards; and TM 55-650.

¢. Methed.
(1) Transported Configuration.

(a) The test item 1s prepared for shipment in accordance
with the procedures in the appropriate technical manuals for movement over
highways. The item is loaded, blocked, braced, arnd tied down on a low-bed
semitrailer or other appropriate vehicle designated as the prime mover.
(If che technical manuals do not contain tiedown instructions, procedures
recommended by the test agency and concurred with by the developing agency
are used.) A loading diagram is provided for the method of tiedown. Once
the item is securely loaded, the item and mover are inspected, measurad,
and compared with the limits for widch, height, length, grcss weight, and
axle-wheel loading for unrestricted movement, as in agpendix ¢ (rable 5, !
for the US, and tables 6a through d for foreign countries). The measure-
ments and weight are recorded.

(b) The test item 1s then transported for 7 miles over g
highwav test course with the transporting vehicle negotiating five right
and five left 90-degree turns, in an alternate pattern, to evaluate the
turning characteristics of the venicle and test load at intersections for
unrestricted movement on principal highway systems. Turning diagrams are
prepared by the test agency as follows:

{1} Standard wideth of rvadway 15 shown vecsus cléar widih
required for a 90-degree and a 180-degree turm.

(2) A trace of the inside and ocutside overhang and the
outside front wheel of the loaded vehicle is measured
(appendix C, figure 5, Highway Turning Diagram) and
compared with highway limitations to ensure
unrestricted movement.

(¢) Instrumented emergency stopping tests are conducted at 19,
20, 30, and 45 mph to test the adequacy of the tiedown systems and to measure
the force levels to which the test load has been subjected. In addition,
driver reaction time (when required) and the average stopping distance of the
vehllcle are cowpated wiih ihe specillcaiivus vi the Iuievstate Commerze Conm
mision and the Atomic Energy Commission for traffic movement. AfZer each
emergency stop test, the load and tiedowns are inspected to determine the
amount of load shift, condition of blocking and bracing, and evidence of
displacement or damage. Following these tests, an operational and functional
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checkout 1s made to determine if damage was sustained by the test item.

The checkout must include pre-test performance checks and adjustments by
setting up and operating the test item in accordance with the manufacturer's
instructions. When the transportability test is completed, these performance
checks and adjustments must be rerun to determine the changes.

{(d) The dimensions and test results are compared with the
requirements for geographical locations using appendix C (table 5, figure
6, and table 6) to determine if restrictions to highway movement exist.

A computer program (SEO 276,00 Highway Vehicle Limits by Area), writcen
in PL-1 language, is used at US Army Aberdeen Proving Ground for chis
purpose. The passage of vehicles (loaded or unloaded) over highways in
105 foreign countries, 50 states of the US, the District of Columbia, and
Puerto Rico can be determined by the progsam. Other agencies may use
this program by accessing the computer at APG or by mailing the required
data to the Commander, US Army Aberdeen Proving Ground, ATIN: STEAP-MT-G
(Analytical Branch), Averdeen Proving Ground, MD 21005, and requesting a
run of the program. To use the program, the test director must obtain
the following computer input data with the test item loaded on the trans-
port vehicle:

Vehicle widch.

Vehicle heignc.,

Vehicle length (single vehicle).

Trailer length (if any).

Semitrailer length.

Vehicle length (truck and semitrailer).

Single axle load.

Tandem axle load.

Gross welght limits.

Type of vehicle (fig 6, app C, TOP 1-2-500).
The units specified may be either metric or British. If the actual measured
value of the test item and transport vehicle exceeds the legal limit in any
state or country then the state or country, the restriccing limits, and

remarks will be printed out. No printour is made excent whaere legal
limits are exceeded.

It 1s the responsibility of the user of this progran
to ensure that up~to-date dimensional and weight restrictions have been
inserted into the computer program. The authoritative source for the
dimensional and weight limitations for vehicles traveling over highways
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of the wirld are shown below together with the address of the organization
responsiple for thier pubiication:

Docvment/Data/Publisher Geographical Coverage*
"Limits of Motor Vebicle Sizes Africa; North, Central, and
and Weipgnts', International South America; Europe; Asia;
Road Federation, 1023 Wash- Middle East; and Oceania.
ington Building, Washington, Document lists restrictions
DC 20005. for countries in each of the

geographical areas listed above,

Lega) Maximum Dimensions and States of the United States;
Weights of Motor Vehicles, District of Columbia; Puerto
American Association of Rico; Norcthwest Territories;
State Highway and Transporta- and Nova Scotia.

tion Officials (AASHTO), 444 N,
Capital St., N.W., Suite 225,
Washington, DC 20001.

*Where geographical areas appear in beth documents, such as Puerto Rico,

United States, etc., the AASHTO limits will be considered the authoritative

source.
(2) Over-Highway and Off-Road ltesting.

(a) Highway and off-road (cross-country) tests are performed
to determine the capability of the test item and component assembiages
(all components, equipment, accessories, and tiedown facilities), while
mounted as onbeoard cargo on the prime mover, to withstand the shock and
vibration to which a military vehicle is subjected when traveling over
primary and secondary rcads at speeds between 25 and 60 mph and over
off-road (cross-country) level and hilly terrain at speeds between 5 and
20 mph. These tests are conducted on test courses representing typical
primary and secondary roads and off-road terrain selected according to
the type of equipment as shown in tabie Z (I0F 1-1-0ll). 7The test item
is loaded on its prime mover and tied down as in (1) (a) above., It is
then transported over the preselected courses, which will include portions
of primary (paved) and secondary (improved dirt and gravel) roads and
off-road (hilly and level cross-country) terrain as specified in the
table. The routes selected must provide an adequate representation of
the above surfaces for each type of equipment tested and must lend them-
seleves to repeated use to form a comparative base for future testing.

A towed test item (trailer-mcunted), when required, is subjected to the
same tests. When towed or self-propelled items are to be subjected to
fording, beach mobility, over-the-shore soils trafficabilicy, and adverse-
envir ynment tests, TOPs 1-2-510 (when published) and 2-2-612 are consulted.

l4a
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(b) 1If che test item {s a self-propelled vehicle, vehlicle
recovery opzrations are included in a portion of the highway and off-
road testing. Using the appropriate malncenance vehicle, or the vericle
specified in the MN, the test item is towed over sections of the highway,
secondary, and cross-country courses. This is accomplished to ensure
the comparibility of the test item with the maintenance vehicle and to
ensure that the test item can be retrieved if disabled. During towing
operations the maintenance vehicle (or equivalent) and test item are
required to negotiate four 90-degree turns in alternate directions.

After this, the maintenance vehicle backs the towed test item in a straight
line for between 40 and 50 feet. The towing vehicle and the test item

are then backed while making turning maneuvers to both the left and

right to simulate backing the test item into a maintenance shed or stall.
During this entire portion of the test, the maintenance vehicle and test
item are inspected continually to ensure unrestricted movement and to
ensure that proper driver visibility is maintained in both towing and
backing operations. The maintenance vehicle and the test item are in-
spected to ensure proper electrical <cnnections and that towing pintles,
lifting or tiedown eyes, and cables used in recrieving operations or

movement are compatible. Recommended towing operations are documented
and photographed,

14B
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(c) Off-road soils trafficabilicy caca, if required -
for transportability guldance documents, is obtained uasing procedures A)
described in TOP's/MIP's 2-2~-€19 and 2-2-801. ‘>

(3) Maximum--Environment Testing., When tests to the maxi-
mum attainable extremes are specified, either the complete test item
and cargo or major system compouents are wounted in a jig or fixture; -
and input loads are supplied by shock, vibration, or special dynamic v

load=-producing devices, (TOP 1-1-050, formerly TOP/MTP 2-1-003, pro-
vides general guidance,)

(a) Shock Tests, Shock loading is applied at the
cargo bed or interface between the cargo and the vehicle and at cther
cricical points dictated by the design of the vehicle, Shock directions
are vertical, lateral, and longitudinal and progress in the following
sequence for each direction: one each of 4 g's for 20 milliseconds,

6 g's for 40 milliseconds, 8 g'as for 60 milliseconds, and 10 g's for 80
milliseconds. After the 10-g shock 1s administered, an additional 10
g's for 80 milliseconds 1is accomplished, Shock input 1s then increased
at S5-g increments (80 msec) until the failure load is reached. Failure
i3 determined when signs of yileld, collapse, fracture, or fatigue are
apparent from instrument readings or visual observations,

(b) Vibration Tests At the time of the writing of this
TOP, some vibration schedules, and the documents describing them, are in a
state of transition. The nature of the vibration test therefore must be in
accordance with the latest document describing schedules, or in accordance
with the customer's desires. MIL-STD-810C, Method 514, TOP 1-2-601, and
letter instructions concerning specific commodities should be consulted to ‘y)
determine the applicable levels and duration of vibration for the particular -
commodity. Due to limited capacity of laboratory vibration equipment
(30,000 force pounds), such tests are praztical generally only for rela-
tively small component and cargo items. Real time vibration tests of
vehlicles and vehicular transported items are conducted on the Washboard
and Belgian Block vehicle test courses (see TOP 1-1-011). (m the Wash-
board course, sinusoidal vibration is achieved up to about 1.25 Hz fre-
quency, with vehicle speeds limited for safety Teagons to about 5 mpn.
On the Belgian Block course, random vibration is achieved to frequencies
up to about 7 Hz with vehicle speeds up to about 20 wph. In arranging
vibration tests, Background Document TOP 1-1-050 should be consulted.

(4) Bridge Compatibility., Vehicles with test loads are
checked for conformance with the AASHO (American Association of State
Highway Officials) bridge design loading specifications for two=-axle
trucks, two~axle truck-tractors, and a one-axle semitrailer (app. C, .
fig. 7). Dimensions and weights of tracked vehicles for movement on
highways and bridges are shown in appendix C, figure 8. 5Stress on a
bridge resulting from movements of vehicles is computed and compared with
the apecific test vehicle type or configuration. The width of the vehicle,
spacing of axles, placement of the vehicle, contact areas, flocor strength,
and speed are included in the evaluation. (Relationships for a number of

16
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o~ special vehicles have been computed, such as the ratiags of a lowboy-

I type vehicle and a congtruction-equipment-type vehicle tested on H20-S16-44
and HI5=S12-44 bridges as shown in app. C, fig. 9. This illustrates the
criticality of loading relative to span length and axle load distribution.)
Vehicles passing over a bridge and inducing stresses of less than 100

T | percent of the allowable working stress are permissible for normal opera-

. tions, Vehicles creating stresses of berween 100 and 133-1/3 percent are

. considered safe and permissible for occasional use. Stresses of 133-1/3

o to 167=2/3 percent are considered to bz safe for emergency use only but

- may cause some permanent damage to the atructure, Vehicles imposing

stresaes greater than 167-2/3 percent are considered to be unsafe for
passage, To maet highway mobility requirements in the Unitec’ States,
wheeled and tracked vehicles must possess axle loads and spacing, or
contgct area distributionm, that permit crossing of H15 bridges without
creating stresses in excess of 133~-1/3 percent of allowable working stress.
Further comparisons will include the design loadings for all bridges
carrying mainline traffic for compliance with requirements of the AASHO
roadway bridges of H20=516=44 or accepted alternate loadings, whichever
is the stronger, Crossroad bridges are designed to the criteria for the
specific highway and are included for comparison when required. (For
additional guidance and procedures gsee TM 55-650.)

d, Data Required. Data will include the number, aize, locationm,
and type of lashing supports and blocking; time, number of personnel,
and type of eguipment used to load and unlcoad the test item,; aad ease of
loading and unloading. Measurements of weight, height, vertical clearance,
length, grose weight, and turning characteriacics are taken. Speeds,
astopping distance, shock forces, and reaction time are measured during
the stopping and impact tests., Shock effects, backing and turning dia-
grams as needed, safety hazarda, deficiencies and shortcomingsa, or limita-
tions during traasport operatiouns are recoxded,

e. Analytical Plan, Measured and observed data are compared against
the predetermined criteria for analysis of performance, FPhotographic
sequences are studied for evidence of slipping, wear, or interference,
Data are summarized and tabulated to show peak and critical measurements
and displacements. Shock and vibration data are analyzed on an extreme
value statistical basis., Plots and curves are used when appropriate,
Narrative analysis is used for failures and important events,

8. Marine Transportabilicy.

a. Objective, To determine whether the test item can be transported
- by marine vessels,

b, Standards. AR 70-44, TM 55-513, TB 55-100, MIL-SID-167B,
MIL-STD=-209D,

c. Method, Marine transportability testing 13 composed of the
following!
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(1) 1Lifting. Tnhe test item is properly prepared for marine
transport as prescribed in the appropriate technical manuals. Recording
accelerometers are mounted on the test item to obtailn shock reudings
along the longitudinal, trangverse, and vertical axes, when required.

To simulate dockside loading, the test item is lifted off the ground

by a mobile crane (or other suitable lifting device) to a height simu-
lating ship deck height (up to 40 feet) and held for a period of 3 minures.
(Two guy lines are attached to the test item to guide and steady it

during the si-ulated 1ift, The standard multileg sling assembly (l7-ton
capacity) is used when applicable for slinging the test item for simulated
loading and unloading operations. The compatibility of the lifting
assembly with the slingirg eyes and conformance with the requirements of
MIL-STD-209D, paragraph 4.1.2.2 for maximum allowable apex height and 1lift
angle are determined.) The load is rotated 90° to the extreme left,
reversed 180° to the right, and reversed again 90° left to the original
gtarting position. The test item is then lowered to within 4 inche: of
the ground and released to free fall the remainder of the distance to the
ground., Once this has been accomplished, the test item is inspected for
damage. If mor2 rigorous free~fall tests are required, and the capability
of the lifting gear permits, the load is lifted to the maximum height of
the crane and allowed to free fall approximately half the distance to the
ground or deck, at which point it is abruptly stopped. Acceleration and
deceleration forces are measured., The test item is then lowered to the
ground, and a functional and operational check is conducted. All signs

of impending failure of the equipment or its lifting or tiedown devices
are recorded and photographed,

(2) Sea Movement Simulation. After the lifting test, the test
item 1s loaded aboard a ship-motion simulation facility (which is capable
of simulating ship loading conditions, hold or deck space, tiedown, and
ship pitch and roll). For maximum exposure after the test item is in
place and properly stowed, a seaway-induced loading, simulating transport
on a ship for up to 20 days and up to Beaufort Sea State Condition 12,
is accomplished. For an environment less severe than that of Beaufort
Sea State Condition 12, the test item is placed or stowed on the simu-
latiag facility and subjgcted to rolls up to 30° at frequencies to 15
seconds and pitches to 5 at frequencies to 20 seconds for a minimum of
1 hour. Test sequences are designed to simulate increasing levels of
force on the Beaufort Scale.3 After each test the load is inspected to
determine the amount of damage to the test item and adequacy of stowage
and tledown provisions. Recording transducers and strain gages are
selectively placed and wonitored at critical stress and energy points.

(3) Vessel and Test Item Compatibility. A study is wade of
various oceangoing vessels to determine the compatibility of the test
item with marine stowage and handling provisions. (Where vessels are

The Beaufort Scale is a measura of the open sea state (surface and wave
acrion) reaulting from various wind speeds. This scale may be used in
conjunction with the Sea State vs Surface Environment developed by Dr.
Alfred J. Carsola (app. D, fig. 10).
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readlly available, the study may be supported by some actual trials

and measurements.) Cowmparison of the test item physical characteristics
with the hatch and hold dimensions and cargo handling gear (app. D, table 7)
is made. From this comparison an estimate is made regarding the cap-
ability of the item to be tranaported by various type vessels. An eval-
uation is also made of the capabilities of amphibious vehicles and landing
craft with respect to loading and securing the test item and unloading.

it onto the beach. (For information on the characteristics of these
vehicles see app. D, table 8.) The study, depending on requirements,
encompasses the physical aspects of ramp negotiation, roll-on/roll-off
maneuvering, loading, and tiedown arrangements, The review of ramp per-
formance includes a comparison of ramp incline and land and ship inter-
secting angles with vehicle angles of approach, departure, break, and
crest, as well as effects of beach gradients and gradeability capabili-
ties of the vehicles, Coumplete logistics-—sver-~the—shore (LOTS) per-
formance test requirements will be given in TOP 1-2-510 (when published).

(4) Cargo Movement, If feasible, the test item is loaded on
actual oceangoing vessels, using the ship's cargo handling gear or
customary dockside 1ifts, and stowed and secured using the specific
cargo restraints., The presence of combustibles, Lf any, in the test item
i3 noted. Recording instrumentation, including strain gages and acceler-
ometers, is applied at selected points to record angles of roll, pitch,
and yaw, and the data are correlated with the envirommental data logged
by the ship during its voyage. When practlcal, the test item is inspected
periodically during transport as well as at the dDeginning and end of the

voyage.,
d. Data Required. The following data are obtalned:
(1) Type of ship or simuylation gear used,

(2) Length of time and number of people required to rig the test
irem for shipment.

(3) Measurements of acceleration and deceleratiom.
(4) Equipment used in loading and difficulties encouutered,

(5) Maasurements of lifting eyes and sling lengths and apex
anygles,

(6) Location of stowage.

(7) Adequacy of broken stowage space in wings betwee1 decks or
in nther cargo areas used peculiar to the particular shir used,

(8) Method of securing test item,

(9) Duration of simulation or voyage and angles and periods of
pitch, roll, and yaw encountered,

(10) Condition of bracing and securing gear during and after the
voyage,
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(11) Direction of shift (if zay).
(12) Amount and type of damage.

(13) Vehicle and ramp angles of approach, departure, break, and
crest, and gradeability capabilities of the test item.

e. Analytical Plan. Collected data are analyzed to determine whether
the test item complies with AR 70-44, paragraph 4d and TB 55-100, para-
graph 5. The various data are summarized and tabulated to show peak or
critical measurements, displacements, and interferences. Supporting
photographs, sketches, and curves are included as appropriate. Narrative
analysis 1s used for failures and other test incidents.

9., Terminals Handling and Movement. General procedures for tests of con-
tainers and packaged equipment are included in Group 5000, FED-STD-101B.
Those tests most pertinent to transportability, both surface and air,

are discussed below,

NOTE: Special procedures apply to the testing of munitions. For trans—
portability tests of these items refer to TOP's/MIP's 4-2-€01
(drop tests), 4-2-602 (rough handling), and 1-2-601 (vibratiom).

a. Objective, To determine the capability of the test item to with-
stand handling by mechanical hendling equipmont and

aJ —— a a w - L 2% 2.
gipmont and O Jdétéermiiié tae avililly

of the packaging and packing methods to provide protection to the contents.
b. Standards. TB 55-100, FED-STD-101B, MIL~STD-810C.

c. Method.

(1) Mechanical Handling Test, This test determines the capability
of the test item to withstand handling by materials handling equipment and
includes 1lifting and transporting by forklift truck, hoisting with slings,
hoisting with grabs, pushing, towing, and conveying. The tests are per-
formed according to FED-STD-101B, method 5011, and the data indicared there-'
in are recorded., Tor some equipment provided with skids, a skidding test is
performed as follows: The unit is skidded across 100 feet of each type of
level road surface (paved, gravel, dirt) using appropriate prime moving
equipment and a towing bridle or bar. A dynamometer is attached between the
bridle or bar and the towing vehicle to determine towing resistance over the
specified terrain, Skids and towing eyes are inspected for deformation or
damage.

(2) Stackability Using Dunnage. Ability of the shipping con-
tainers or packages to resist loads such as that imposed on the bottom
container in a stack, or on a container supporting top dunnage and super-
imposed loading, is determined, The tests described in FED-STD-101B,
method 5016 are performed.

(3) Superimposed-Load Test (Without Dunnage). Ability of the
shipping container to resist loads superimpused on their tops without
benefit of top dunnage is determined. The tests described in FED-STD-
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101B, method 5017 are performed., For failuve testing of stacked loads,
waights are added in appropriate increments, allowing 10 minutes at each
weight, and increasing total weight to the point of failure. Instcru-
mentation and photography are used to measure and record stresses and
deflections. Lifting and slinging failure tests may be conducted in a
sinilar manner, increasing specimen weight to the point of faildure.

(4) Drop Test, Various drop tests are specified and must be
selected based on the requirements of the particular item being tested.
Unless otherwise specified, t .sts are conducted within the ambient temper-

ature range of +32° t¢ +110° F. Following are references for specific
test methods:

Transit drop MIL-STD-810B, method 516, procedure II
Cornerwise drop FED~STD~101B, method 5005

Free fall FED-STD-101B, method 5017

Edgewise dron FED~STD-1018, method 5008

Munitions TOP/MIP 4~-2-601, 4-2-602

If failure testing is required, the following procedure i3 used: The
drop surface is instrumented to measure the total force of the drop
through the entire shock cycle, using column support of the contact

piate and measuring forces through the colurmne by means ¢f wultichaancl
recording strain gages and accelerometers. For edgewise drops, the

first drop 1s from a 2-inch height which is increased at 2~-inch intervals
until failuyre for each end. Cornerwise drops are conducted similarly on
each of two diagonally opposite corners. Analyses of fallures will in-
clude peak readings of forces and accelerations in conjunction with the
associated impact velocities and frequencles,

(5) Incline-Impact Test. These procedures determine the ability
of the container or packages to protect the conten’ ; or resist impacts
on thelr surfaces or edges during locading ramp ope: itions. The tests
testing. The inclined track facility used for conducting the tests is
described in Freight Contziner Bulletin 673, Association of American
Pailroads, If failure testing is required, the following procedure
should be used: Apparatus is strengthened to withstand high failure
loacs. Either the specimen, secured on the dolly, 1s impacted against
the barrinr as described in FED-STD-101B, method 5023, or the dolly is
impacted against the barrier to test the inertia load on the specimen.
Accelerometers, strair gages, velocity and displacement traasducers,
and a ti-qer are required. Both specimen and backstop are instrumented
to record dynamic force flow and impact. Impacts are run, for each end
of the item, in a sequence using l-foot ramp increments from 2 feet to
a ramp height that produces failure. Readings and mechanical measures
bectween index points are vecorded [or each run numper. High speed pnoto=
graphy (128 frames per second) 1is used as appropriate to document impacts.
Plots, time histories, and tabulated data are presented showing enrergy
flow and peaks.
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(6) Pendulum Impact Test. This procedure determines the ability
of containers and packages to protect contents or resist horizontally
applied impacts., Tne tests described in FED-STD--101B, method 5012 are
performed for normal proof testing. For failure testing, the apparatus
is strengthened to withstand high impact forces, and the backstop is
instrumented to measure the entire force of impact. Impacts are made at
l-inch (vertical height) incrzuents to point of failure, on each end of
the specimen. Pendulum hight versus peak impact force ia recerded.

N

(7) Rough Handling Test.. For some equipment, speclal handling
tests are designed to sinulate the treatment that may be accorded the
item through the bumps, drops, or loosz transport by hand or conveyance
in gervice use, TOP/MIP 4-2-602 covers procedures for these tests for
items such as rnunitions, rifles, rockers, radios, and mortars. 7Tests
for other matariel may be selected from methods of MIL-STD-810C.

(8) Cargo Compatibility. Vehicles required to be evaluated in
respect to cargo loading adaptability (i.e., to condicions and procedures
encountered in loading/unloading operations during terminals transfer of
various types of cargo) are subjected to the procedures of TOP/MIP 2-2-537,
These tests usu-~lly can be integrated with other terminals handling and
transporting procedures.

(9) Containers. Special procedures for tests applicable to the
transpertabllity of containers are included in the following TOP's/MTE's:
10-2-080, Containers and Pallets; 10-2-211, Packaging and Containers;
10-2-21%4, Large Cargs Contaliners; aud 10-2-215, Coutainers Handling and
Accessgory Equipment (when published). The abcve documents contain test -
planning aids such as a container requirements checklist and schematic
test course lavouts for block operation and mobiiity and terminals hand-~
ling operationa. Specific test plans are developed for the contalners
themselves or for items transported within the containers as indicated in
the requirements documents,

c, Data Required, The following data are recorded at the end of
each subtegt perfornmed:

(1) Operational performance data for all specification require-
ments,

(2) Dimensions of the test item, spacing, size and type of fas-
teners, methods of closing and strapping, details of handling provisions,
and net and gross welghts.

(3) Description of the contents of the container, including
blocking, bracing, and cushioning.

(4) The results of the test, describing the final condition of
the container and the number of deflections under load.

(5) Shock and energy forces, duration times, and measurements
of strains, deformatinas, and deflections.
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. e, Analytical Plan. Measured and observed data are comparad against
(A§ the predetermined criteria for analysis of performance. Data are summar-
ized, tabulated, plotted, and graphed to show peak and critical measure-
ments, Photographic sequences are studied for deflections and damages.
Superimposed loads are computed by the methods described in FED-STD-101lE.
Shock data are analyzed on an extreme value atatistical basis, Failures
and test incidents are reported by narrative analysis,

.. 10. Alr Transportabilicy - Fixed Wing Intermal.

a. Objective, To detearmine the capability of the test item to be
transported by fixed wing aircraft,

N b. Standards. AR 70-39, AR 70-44, TM 55-450-15, TB 55-100,
: | MIL-STD=-209D, MIL-STD-810C, and TO 10-9 series (Air Force).
Coe Method.

(1) 1In planning for air movement of supplies, scale drawings
(templates) of the cargo to be loaded are used with the scale drawings
of the floor plan of the aircraft in detarmining the air transportability
of the cargo itema, All drawings of the cargo are at a scale of 1/4 inch =
1 foot. The cargo templates are positioned to make maximum use of the
aircraft gpace. When using cargo templates in load planning, a 10-inch

space is required between caigo itema. {(Tor usable diwensiovns of alrcraft
see app. E.) After positioning the cargo, computation is made to deter-
mine whether the aircraft will balance within the desirable center-of=-
gravity limits,

| (2) A primary consideration in aircraft loading is the pressure
(in psi) exerted on the floor of the aircraft. In the floor of the air-
craft will not support the concentrated weight of the test item, load
spreaders are placed beneath the item to increase the floor bearing
area and uniformly distribute the weight over the cargo floor, Indi-
vidual wvheel or axle loads and general floor loading, as jetermined
from the plan view af the equipment, muat conform to the fuselage zone
and compartment limitation for the aircraft concerned.

(3) Once the general movement planning has been completed, the
test item is subjected to the temperature-humidity-altitude test described
| in MIL-STD-810C, wethod 518, procedure I. This test ig performed only
vhen the test item will not be stowed in pressurized, air-conditioned
cargo spaces during internal air traunsport. The test is not conducted
if the test item, when properly packaged, will not be adversely affacted
- by exposure to cycling between low temperature/low pressure and high
‘ temperature/high humidity (as encountered in flight between extrenme
environments).

(4) 1If an aircraft simulation facility cannoct be obtained, a
study 1s made Ot the appropriate Army and Air Force alrcratt (app. kL,
table 12) to compare the test item's physical characteristics with those
of the aircraft involved, From this comparison the adaptability and
capablility of the aircraft for transporting the test item can be deter-

. mined, If further information 13 needed, reference shouid be made to
e ™ 55-450-15.

23



C 1, TOP 1-2-500 22 July 1976

(5) Before any physical testing, the test item is inspected.
The location of, and data on, all tiedown, hauling, and 1ifting points -
are recorded and compared with the aircraft tiedown points, All anchoring
points must be compatible. The lifting and tiedown eyes must conform
with the deasign criteria of AR 70-39 and MIL~STD-209D.

(6) The cargo restraint factors normally caused by emergency
landing are based on an aircraft vertical velocity at touchdown of 10
fps. It is recommended that the restraining system be capable of
sustaining a minimum of 20 load applications based oa the factors
shown in table 3 either separately or in combination, depending om which
is wmost severe. After aach series or after completion of the test, the
restrsining system and restrained test item are inspected for degradation
or fracture. ThLese cargo restraint factors are ultimate values for the
evaluation of internal cargo movement,

Table 3 - Controlled Emergency Landing Factors

For items of a size that For larger items
Direction can bte transported in a requiring transport

C-130 and C-141 airplane in C~5 airplanes
Fowardoooo'oooocooool 800 se0sessssree essees 3.0
sideliitﬂil‘.l.OQ!..ii 1'5 0 00060 0¢4s 000 00 000 105
vertLCal up....'l‘.... 200 e 080000000 L B Y ) 2.0
Af:l................l. l.s 26809000000 LB IE B IR N 1!5
Vertical dowheeseeeere 4e5 svevencnacas ceeees 8,5

NOTE: The above factors include a built-in safety factor of

1.5 except for the forward factor in the first column,
which {includes a safety factor of 4,

(7) During physical testing the test item 1s subjected to
shock amplitudes equal to the following without loss of serviceability:

(a) Acceleration of 3 g's for 50 to 100 milligae
applied independently along both the longitudinal and vertical
in each direction,

(b) Acceleration of 1-1/2 g's for 50 to 100 milliseconds
applied independently along the lateral axis in each directiou,
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(8) Upon completion of the simulated controlled emergency
landing tests, the crash landing load test is performed., Por this test
the test item is required to withstand crash landings without damage of
the major components even though it may be unserviceable after the tesc,
The following procedure is performed: A minimum load equivalent to 9 g
is applied in a forward direction (as loaded) for 50 to 100 milliseconds.
When the equipment is of such size or configuration that it can be loaded
into cargo aircraft in either of two reverse positions (i.e., a truck
that can be drivem forward or backed into the alrcraft), the above load
wust be met in bath directions relative to the test item, When the
loaded position is fixed or spacified for an item (i.e., a truck that
can only be driven forward into the aircraft), the above load require-
ment need be met only for the forward direction and a locad equivalent
to 2 g shall be applied in the rearward direction. For cargo carried
on a wheeled or supported vehicle, a minimum load equivalent to 4~1/2 3
is applied vertically downward for a winimum of 3 seconde.

d. Data Raquired. The following data are collected:
(L) Typa of alrcraft used for simulation cr plenniug.
(2) Equipment used for loading,
(3) Number of people ueed in loading.,
(4) Centnr of gravity of test item on the alrcraft,
(S5) Ploov presaure computations (if needed).
(6) Type, number, and direction of cargo restrainte used.
(7) Angle of tiadown used,
(8) Diagram of loaded test item,

(9) Duration, temperature, humidity, and altitude that the
test item is subjected to during the temperature-humidity-altitude test,

2. Analytical Plan. Measured and obsarved data are compared with
the predetermined criteria for analysis of performance. Data are
sumrarized, tabulated, charted, und graphed to show critical measure-
ments and charactariatizs, Interferences are measured and described.
Shnck data are analyzed on an extreme value statistical baais, Narrative
analysis is used to describe failures and reportable test incidents,

11. Afir Transportability « Rotary Wing Intarnal,

a, Objective. To determine the capability of the test item to be
transported by rotary wing aircraft in an internal configuratian.
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b. Standards. AR 70-39, AR 70-44, TM 55-450-9, TM 55-450-15,
TB 5$5-100, MIL-STD-810C,

¢, Method,

(1) Flight and Taxiing g-lLoad Tests. When performing this
test, a rocket sled or inclina plane equipped to handle the weight of
the tegt item and capable of applying the specified g-load for a minimum
of 0.1 second is used. The test item is mounted on a pallet equipped
with cargo tiedown points identical to those used in the aireraft/pod
involved, including configuration, location, and loadcarrying strength,
The test item is placed on the pallet in the desired orientation and
tied down, c¢r otherwise secured, in the same mammer and using the same
tiedown provisions as those which will be used in the aircraft/pod
involved, Unless otherwise specified, the procedures and equipment used
shall be as described in TM 55-450-Y, The mounted test item is then
rolled down the incline plane, or otherwise accelerated, and stopped so
as to produce the following applicable accelerations:

(a) Cargo Without Pod, A specified acceleration of 3 g
is applied independently along both the longitudinal and vertical axes
in each direction, or as indicated in the maneuver and gust envelopes

(V-N diagrams) of those aircraft considered suitable for transporting
the test item,

(b) Cargo Attached to a Pod. When the test item is to
be transported while attached to a ped, or is spring mounted, partly or
wholly protected, and the pallet orientation ia the same as when stowed
in the aircraft involved, vibration testing is performed using MIL-STD=-
810C, method 514,2. Acceleration levels are as indicated in figure
514.,2-7 of MIL-STD-810C. After vibration, the test item is inspected
and placed in an operational and functional condition. Any damage,
deficlencies, or shortcomings are recorded. A deteimination of the
cause of damage 1is made, Upon complete analysis of the damage, another
packaging or tiedown method will be recommended.

(2) Ramp Negotiation Test. The test item is moved up to, over,
and down the ramp assembly of the appropriate aircraft, If an aircraft
cannot be obtained for the test, the test is conducted on an equivalent
ramp negotiation course. During the test, observations are made to deter-
mine whether all portions of the test item (except the wheels or track
gear) remain clear from contact with the ground, ramp assembly, or Lop
horizontal landirg deck. All clearances, unrestricted or restricted,
are measured and recorded.

(3) Emergency Alrcraft Landing Loads Tests., After the test
item has passed the operational evaluatiom, it is repackaged for traqs—
port and mounted on the pallet for g-load testing. Usiang the alrcrafc
simulacion device, the test item 13 subjected to the following acceler-
ations:
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(a) A minimum of 4~1/2 g's vertically dowmward for a

minimum of 0,1 second for a test item stowed in a pod/cargo compartment

which imposes a load on the wheels or other floor supports in & downward
direction. '

(b) A minimum of 8 g's in either direction applied inda-~
pendently along each horizontal axis for a minimum of 0.1 second while
the test item orientation is the same as when stowed in the aircraft.
After teating, the teat item is inapectecd for any damage; it need not,
however, be serviceable after being subjected to this test.

{(4) Physical Characteristics. The physical characteristics of
the tesat item are compared with the internal ramp and loading door charac-
teristics of the appropriate helicopter, I1f any restrictions are found,
the test item is disassembled so that loading can be accomplished. If the
test item 1is too large, bulky, or heavy, however, another type of trans-

portation will berrecommended.
d. Dat;-Required. Ihe following dsta are acquired:

(1) Type of item shipped.

(2) Weight, dimensions, and cubage of test item.

(3) Load capacity of tiedowns,

(4) Hoisting and hauling fitting polnts.

(5) Shipping weight.

(6) Orientation in flight, when critical.

(7) Center of gravity of test item,

(8) 1Instructions for special servicing.

{9) Precautions to be observed during loading and unlcading.
(10) Restrictions and clearances for loading, including ramp.
(11) Any disassembly of the item required for loading.

(12) G~forces encountered in testing.
(13) Reduction of tire prescure to meet loading standards.,

e. Analytical Plan. All data are analyzed to insure that the test
item has met the criterlia for air transportabilicy found in AR 70-139,
AR 70-44, TM 55-450-15, and TB 55-100. Data presentation is by means
of summaries, tables, charts, graphs, and narrative analysis of failure
incidents, interferences, and effects of shock forces.
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12, Air Transportability - Rotary Wing External,

a. Objective., To determine the capability of the test item to be
transported by rotary wing aircraft ii an external configuration.

b, Standards. AR 70-39, AR 70-44; TM's 38-250, 55-450-8, 55-450-11,
55~450-19; TB 55-100; MIL-STD's 810C, 814A; letter, MIT-TRC, 17 March
1975, subject: External Helicopter iift Criteria,

¢. Method. Prior to physical testing, the test {item is inspected
and the locations and conditions of all tiedown, hauling, and 1lifting
points are recorded. A check {3 made to insure that points correspond
with the slinging points of appropriate aircraft. All dangerous or
hazardous materiel is identified and packed in accordance with TM 38-250.
The following inspections and tests are conducted:

(1) Conformance to Class of Materiel (Based on Projected Frontal
Area). Frontal area ratio (FAR), 1f not provided, or if required to be
validated, is computed as the item's weight (pounds) divided hy the
maximum area (square feet) projected on a vertical platue perpendicular

to the line of flight as the suspended item 1s rotated about a ertical
axis. Classification i{s stated as follows:

Type A materiel: TFAR = 60 lb/square foot or greater,
Type B materiel: TFAR = less than 60 lb/square foot.

(2) Dimensions of Lifc Points, Lift points on the test itcm
are measured to determine conformance with dimensions shown on figure
16, 17, or 18, appendix H, selected depending on whether suspension is

single or multipoint, number of 1ift points, and weight range of the
test item.

(3) Location of Lift Points. Locations of points are measured
in both the measured and horizontal planes of the suspended test item,
Location of the test item's center of gravity (C.G.) will have been
determined for both the empty and loaded condition, if different. Mea-
surements are taken to determine whether the following criteria are met:

(a) Vertical Plane. For four-point and three-point 1lift
configurations, all 1i1ft peints shall be located above the C.G. If this
requirement cannot be met, the C.G. must £2ll within a triangle whose apex
angle 1s 120° and whose base leg is formed by & iine between the 1lift
points (fig. 19, app. H). Fur two-poiut and single-point suspension, the
11ft points shall be located above the C.G. at a height that will leave
at leaat 60 percent of the maximum projected vertical area below the
1lift points.
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(b) Horizontal Plane. All 1lift points shall be located
within a 28~foot-diameter circle with the C.G. as the center, as far
apart as practical. Points shall be symmetrical ahout longitudinal and
vertical axes pasaing through the C.G. Limited asymmetry is permitted
provided that the ratio of the largest to the smallest vertical force
does not exceed 1.2, For multipoint suspensions the angle between the

vertical and line of action (fleet angle) shall not exceed 209 for the
suspended item,

(4) Strength of Lift Points. Each lifting point is tested by
applying loads according :o the following two conditions, withstanding

the larger force without permanent deformation to slinging eye or con-
necting structure:

{a) A working load equal to the maximum static resulting
tensile force determined by calculating the sling leg static resultant
force at each 1lift point, times a load factor as follows:

Type A materiel - 3,2 (item weight less than 20,000
pounds or greater).

Type B materiel - as specifically stated for the
particular item or obtained from
the Transportability Agent (MIMCIEA).

{(b) Ultimate strength equal to the working lcad times a 1.5
factor of safety (computed as to maximum static resultant force on the
lift point times the load factor times 1.5). For items that can be
shipped in a loaded or unloaded condition, 1lift point strength is cal-
culated for the loaded conditionm.

(5) Sling Leg Clearance. There shall be a clearance of at
least 8 inches between the centerline of any sling leg and any
appurtenance of the materiel when freely suspended.

(6) Flight g-Load Test, The test item is inspected and properly
prepared for external air movement as prescribed in TM 55-450-8., Once the
tast item has been prepared for shipment and an accelerometer has been
attached to the test item pallet, the load is attached to a load~lifting
and drop facility, The lifting device will be high enough to permit the
bottom of the cargo to clear the ground by not less than 5 feet when it
is suspended by the maximum expected sling or sling assembly length.

The cargo is supported above the ground a sufficient distance to allow
it to fall freely before its downward motion is stopped by a nonslipping
hoist drum brake. The distance that the cargo falls up tuv ithe time the
brake is applied must be controllable, and is measured with an accuracy
that is within ¥ 5 percent of the desired value. The deceleration 1s
measured by an accelerometer mounted on the cargo pallet or on the most
rigid pertion of the test item. Unless otherwise specified, the peak
amplitude of the vertical deceleraticn during the drop will be 4,0 g,
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(7) Long and Short Sling Suspension Test, The test item 1s
rigged using the shortest sling length that will be used in service, and
the load is suspended from the 1lifting crane hook at a suitable distance
above the ground, The test item is dropped a distance of 6 inches, at
which time the resulting forces are recorded., Using the g-load reading
obtained, the trial and error method is used to determine the distance
that the test item must fall to obtain the specified vertical deceleration
in g's. Once the vertical deceleration distance has been cbtained, the
test item 1s dropped at that distance a total of six times. The test is
then repeated while using a long sling.

(8) Operatiocnal Test, If an aircraft is obtained for the test,
the test item is rigged and test flown by the aircraft, during which the
aerodynamic stability of the slung load i3 observed. Note is wade of
test item characteristics during flight in respect to trailing attitude,

rotation, oscillation, and clearances of slings against rubbing or chafing
actions, o

(2) Tnspections. After each subtest described in (6) through
(8) has been completed, the test item is visually inspected and subjected
to a functional check, if appropriate, Any evidence of physical or chem
ical damage. includiag liquid, gas fumes, or air leakage, is recorded;
and a determination is made as to the cause of thc damage. Photographs

are taken of the test ltewm as negessary.
d. Data Required. The following data are collected:

(1) Dimensional and strength measurements of tiedown and slinging
points, number and location.

(2) Cowpatibility of test item with aircraft slinging provisioms.

(3) Tiedown diagrams of pallet loads, if applicable,

{4} CSuspensicn digtances

(5) Deceleration rates and g-loads.
(6) Sling lengths and types.
(7) Observations on in-flight load stability,

e. Analytical Plan. Measured and observed data are summarized into
narrative, tabular, and charted form and are analyzed for compliance
with stated requirements. Analysis of failures, incidents, and effects
of stresses is made.

‘A

Ao
LI oL

[ L . - -
Lilanudporca

a. Objective. To determine the capability of the test item to be
airdropped from aircraft,.
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b, Standards. AR 70-39, AR 70-44, TM 10-500, TM 450-15, MIL-STD- ~
6698, MIL-STD~810B, and MIL-STD-814A.

¢. Method, The test item 1s inspected for location and compatibility
of tiedown and lifting points. Data obtained from previous tesis (paras 5
and 12) are used when appropriate. A check is made to insure compatibility
of test item points with lcad anchoring points of the aircraft or airdrop -
platform. Tiedown, suspension, and extraction provisions are checked for -
number, location, dimensionz, and clearances as required by MIL-STD-814A,
(See TOP/MIP 2-2-512 for airdrop of vehicles.) A high-speed camera is o
sel. up to record the effects of the tests on the test item. :

(1) Design Check. The test item is prepar.d for airdrop bv
either the suspension or extraction methcd or both, as appropriate,
following guidance in TM 10-500 and MIL-SID-669B. The rigged load is
weighed and measured for conformance with the requirements of MIL-STD-
814A and for compatibility with the designated carrier aircraft. Static
pull tests are conducted on suspenusion or extraction ayes or components
to check compliance with the design details of MIL-STD-814A,

(2) Initial Tescs. If specific provisions for energy dissipa-
tion are not provided, the prepared system is initially subjected to de-
celeration force levels less than the g plus 1, or 19,5 times the item
alrdrop welght, specified t ; MIL-STD-669B, using trial force levels as
recommended by the developer. Selected low force levels are progressively
increased, observing for indications of damage, to the maximum ratio of
g plus 1, or 19,5 plus or minus 10 percent.

(3) Ground impact Test (Low Velozity). The test item 1is -
assembled, secured, balanced, and cushioned (in accordance with MIL-SID-
669B) on a pallet or other appropriate carrier. The test item is then
attached to a cargo lifting hook of a load-lifting and dropping facility.
(The lifting device will be high enough to permit the bottom of the cargo
to be raised 2 minimum of 12.7 feet = the equivalent of 28.5 fps free
fall - above the ground. The ground will be leval, of reinforced ccncrete
or similar rigid material.) The cargo is attached to the lifting hook
using the same slings, devices, load couplers, and hardware as are used
to suspend the cargo from the recovering parachute in actual practice.

An accelerometer is attached to the cargo skids, platform, or pallet.

When this has been accomplished, the test item 1is ra‘sed of¢ the ground
until its lower edge 1s positloned at 12.7 feet. The load attitude is
corrected, if necessary, to insure level suspension. The cargo is allowed
to free~-fall to the ground, and the drop h«ight and miximum accelerometer
reading are recorded. The platform or skid shall strike the impact sur-
face at an angle not greater than 2-1/2° in any direction to insure valid
results.

(4) Rollover and Tipover Test. The rollover and tipover test
tor an item tha. 1is to be airdropped is conducted on.y on a test item
whose minimun width 1s not greater than one-fourth of its heighet. The
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orientation of the test item in space will be the same as when it impacts
the ground during this test, The test item is subjected to the test pro-
cedures of FED-STD-101B, methods 5014 and 5018 for rollover and tipover
tests,

(5) Functional Checks. Functiounal checks are conducted on
test items after the above test phases as required to insure ttem inte-
grity., Photographs are examined for evidence of effects of motion or
damage. Any need for deviations from prescribed procedures or limlta-
tions in the referenced standards is fully described along with appro-
priate remedlal actions when appropriate.

d. Data Required.

(1) Dimensional and strength measurements of tiedown, lifting,
and anchoring points, number and location.

(2) Compatibility of the test item with the airdrop platform
and the alrcraft.

(3) Tiedown diagrams.

(4) Restraint g-rfactors.

(5) Free-fall acceleration.

(6} Load characteristics as rigged.

\7) Observations on design compliance and adequacy of standard
procedures as indicated in <(5) above.

e. Analytical Plan. Collected data are summarized in narrative,
tabular, and charted form, and are analyzed for compliance with the
stated requirements. Analvsis of failures, incldents, and effects of
stresses i3 made, suppourted LUy the phutcgraphs when advantageous.

14, Shock.

a, Objective, To determine the capability of the test item to
withstand expected dynamic shock stresses that occur during normal trans-
portation,

b. Standards, MIL-STD-810B.
¢. Method, The shock test procedures indicated below may be used
when the test agency determines that additional shock testing, or testing
different from that in preceding subtests, is required to satisfy the
criteria requiremeuis,
(1) The test item is prepared for shipment as directed in the

appropriate technical manuals. The test item is rigidlv attached to a
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shock machine table capable of producing the shock envirorments described
below. The shock table i3 calibrated and instrumented for the tests.
(See app. F for representative cargo shock environments.)

(2) For testing under laboratory conditions, TOP/MIP 6-2-541,
which covers basic design, transit drop, crash safety, high intensity,
and bench handling tests, is consulted. For the testing of vehicles (or
of cargo carried on vehicles) over controlled test courses, TOP/MIP 2-2-
808, which covers the determination of field shock induced during opera-
tion over rugged terrain courses, is consulted,

d. Data Required, The following det. 3 are obtained and recorded:
(1) Test procedure used and time duration,
(2) Shock pulse selection, shape, peak value, and duration.
(3) Temperature extremes, if any.
(4) Filters used, if any.
(5) Amount and type of damage.

e, Analytical Plan, All data collected are analyzed to determine
whether the test fiem conforms with thie staied requiremenis.

15, Vibration,

a, Obiective. To determine whether the equipment is constructed
to withstand, without performance degradatiaon or malfunctions, the dvna-
mic vibrational stresses for which it was designed.

b. Standards. MIL-STD-167B, MIL-STD-810B, TOP/MTP 4-2-804,
MIL-STD-810C (when issued), TOP 1-2-601 (when issued).

c. Method, The procedures indicated below may be used when the

3L agancy Ao d har addded aca .JL- ed A -d
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differant from that in the preceding subtests, is required to satisfy
criteria requirewments, (For purposes of this test method, equipment 1is
categorized according to the vehicle in which it will be transported.)

(1) All equipment transported by common carrier, land or air,
is normally subjected to the vibration procedures previously described

for each mode. If those procedures are not used, MIL~STD-810B, method
514 mav be used.

(2) Any equipment transported by ship shall comply with the
previously stated requirements in paragraph 8. If further testing 1is
needed, MIL-STD-167B should be consulted for environmental vibration.
This annlies to equipment {intended for insralled chiphozrd uee and mav
be adapted for shipments that must withstand the environmental vibration
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conditions that may be encountered aboard naval vessels. (See app. F

: for representative cargo vibration environments.,) For tests of vehicles,

or of cargo carried on vehicles, over controlled test courses, TOP/MIP

2-2-808 is consulted. For laboratory testing of packaged or component

items, ammunition, and electronic or mechanical assemblies, TOP/MIP 4-2-80¢

applies, For laboratory tests of communication, surveillance, and avionic
- electronic equipment, TOP/MIP 6-2-~540 is comsulted, MIL-STD-810C and

. TOP 1-2-601 will, when issued, replace MIL-STD-810B and TOP/MIP

- 4~-2-804, respectively.

d. Data Required. Data are indicated in the applicable references
above,

e, Analytical Plan, All data acquired are analyzed to ‘nsure that
the test item complies with specified requirements,

SECTION III
SUPPLEMENTARY INSTRUCTIONS

16, Safety Evaluation, Maximum safety precautions are exercised during
all transportability operations, with emphasis on those that apply to
each particular mode of transportation used during the tests; and all
safety procedures prescribed in AMCR 385-100 are observed. Any existing
or potential safety hazard disclesed as a result of any test procedures
in this TOP i1s described in the test results, Procedures of TOP/MTIP
2-2-508 and 10-2-508 are I’llowed as applicable,

17, Human Factors Evaluation. Throughout all testing procedures obser-
vations are made and recorded with respect to the simplicity of design
inherent in the test item and with respect to ease of handling, trans-
porting, and maintenance by the user, Procedures of TOP/MTP 2-2-~803

and 10-2-505 are followed as applicable,

18, Maintenance Evaluation., Scheduled maintenance is conducted in
compliance witn instructions provided n the maintenance test package for
the test item, Unscheduled maintenance is performed as required. Main-
tenance analysis 1s developed by identifying and recording all maintenance
and downtime required during testing., Procedures of TOP 1-24501 are
followed as applicable,

19. Other Tests. Depending on the MN or other governing document, other
tests of the item may be required and realistically scheduled during ot

in conjunction with the transportability testing phase. Concurrent testing
0 obtain data applicable to more than one test phase should be practised,
when possible, in the interest of economy. Some of the more pertinent
tests or procedures are prescribed in the following TOP's/MIP's:

2«1=005, Automotive Field Test Equipment and Instrumentation
2-2-501, Amphibious Vahicle Characteristics

.; 2-2-506, Enduranca Testing of Wheeled Vehicles
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2-2-507, Endurance Testing of Tracked Vehicles
© 2=2-619, Soft=Soil Vehicle Mobility
2=2=-704, Tires
2-2-70", Tracks
2-2-800, Centar of Gravity
2-2-801, Load Distribution and Ground Pressure
7-2-100, Tiedown, Cargo, Aircraft (when published)
9-2-251, Waterway Equipment - Boat, Barge, Motor
10-2-21%, Large Cargo QOntainers
20. Planning, In planning the transp rtability test, appendix G should
be consulted. This checklist, taken {:om reference 16 (app. A), pinpoints
and relates all aspects of transportability pertinent to effective test
planning, completeness, and scheduling. On completion of tests, a

completed appendix G should be provided to the DT (II)(ST) agency for
use in further test planning.

Recommended changes to this publication shnuld be forwarded to
Commander, U, S. Army Test and Evaluarion Command, ATTMN:
AMSTE-ME, Aberdeen Proving Ground, Md. 21005, Technical fnfor-
mation may be obtained from the preparing activity: Commander,
U. S. Army Aberdeen Proving Ground, ATIN: STEAP-MT-M, Aberdeen
Proving Ground, Md, 21005, Additionzl copiles are available from
the Defense Documentation Center, Cameron Station, Alexandria,
Va, 22314. This document is identified by the accession number

I'4 T N s mmad o Lo AL - =
{al 55, PLinitéy O Lue L1X5L page.
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APPENDIX C

HIGHWAY VEHICLE AND LOAD LIMITS,
U. S. AND FOREIGN
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Table 5 (Continued)

NP _Not permirted. NR -MNat restricred. NS—-Nor soec:fied.
Varigus exceptions for farm and cansiruction ecuipmet; publ-c utility vehicles, hauss ailers, when, 1ubuwrban, ond schoal
buses, houlage of agr.cultural and feresr products, of wheais of venicles for safety accessorias, on designated highways, and a3 od-

“mnsteotively suthorited,

‘Y arious excephaong fa yniity vehic' -4 and loads, house railers @14 mobile hames.

| When net specified, limited 1o number passible 1n proeticol combin:tiens within permitted length Limits, various esceptions
for form tractars, mobile homes, erc.

4L egally wealied or aetoblithed by admaistretive reguistion.

3 Computed under tha faliswing conditions 1o permit comparison on o snifarm basis betwesn States with diffarent types of regu-
lation:

A. Front axle loed of 8,000 pounds.

8. Maximum mecticel wheelbase withi apoliceble length Limirs

(1} Minimman frone overhang of ] feet, mnimum specing from firat te second oule of uck tracror 8 feet.

() Inthe cave of @ 4-onle truch-tractor 1am:1-giler, reor averhang Ccompured 91 necessary 1o distribre the masimum pos-
tible vaiform loed on the moximum permitted longth of semirailer 1o the ungle drive-axie of the racter and 1o the rondem axlesol the
semitrgiler, within the permirted foad Limirs of soch.

{3) In the ¢case of gcombingtion having 3 or more oxies, mimmen possibiecombined frent and rear overhang assumed to
be 3 feet, with mazimum procTical 10od on manimum permitied length of wemitrailer, subject toco ol of toadmg on axle groups and an
toral wheaibose o oppicable.

Inciuding statutory enforcement. tolcrance o3 auplicable.
*Lwss rhan threw oniet 33 feet.
T Trasler 15 fuet.
8 Steering oxle 12,000 souwnds.
Y Qn specific ravtes 1 wban or subreen sarvice undar 10ec 10l parmit frem P.U.C. 40 feet, olso 3-onle buses with turhing ro-
divs less rhan 45 feet without resriction,

19 Buses 102 inches on highwoys of surfoced width of least 20 feat or otherwise a3 adminrsiratively autherized.

110n clats AA, o designated highways, 12 f1. § 1A, on other highways.

12Eseept Jounit combingtions may use up ta 45 H. combinmanhony 0a cortuin highways designoted by the Deparrment of

Highways,

13 Throeonle vehicles 40 faet.

13 Twg.aule trorier 18 fyer. thece-axle trarier &Q fewr.

13 Ayt transoorts permirted A7 feer.

473,280 peunds maximum, escept on roads under Rural Roads Autherity 56,300 paunds moximum.

17700 (L. 40) when L 13 18" or less; 800 L . 40) when L s grearer mon I8°, 900IL - 40) on Righway & having ne cructuras with
spon of 20" or over.

-8 Ca designated highways 40 feer.

' Auta fronsparty on designated h.ghwavs &S feet.

27 Speciol Limits ior vehicles houling timber and imber products, ores, concentrates, 3ggregates, and agn cuiryral productsinc’uding
livestock mingle oxle 18,900 pounds, tandem axle 37,800 pounds, gross weight tchle. vehicle with 2 or 4 gsles permirred 66,000
pounds mazimum ot 21-foot cale 1pac:ng, swhicly with § or more gries permitred 79,000 pounds max.mum g1 d)-fogr axle spocing,

2150 4t 1o 1oeciol cases: 1llingis. auto ansporty only, Indiang, trucks puiling hause tratiers enly, Oregon, ruci troctor semi-
tratlers ondesgagred ~ojof routes.

<3 On det.gnared nighways only.

43 Qn designared highways, 16,000 pounds on other highways.

i3 Axle spacing 14 ?00' o mare, otherwise 72 000 pounds.

3% On designatec Nighways, single axle 72,400 pounds, tondem axie 35,000 oo-snds, rolerance of 1,000 coundson taral aiail escanzes
of weight under ane or morg lim tations of axle 1004 and gross we:gnt. depending ubon the placing of 000 ¢ on the front or s1eerning
cule.

2% Aute and boat 11an10ert s ond three-unit combinations permirted 40 fewt on highways with suface width 22 feat or mare, othem
wise 50 feet for 0il combirations.

37 On designared highways, ttucks 26.5 feet and buses 30 feet on other highways,

3% Stare maintdined Rignwoys, 45 feer on other highways.

29 Class AA hignwerys only.

U Mouirnm gross weight on Closs A highways 42.000 counds. on Class B higaways 20,500 pounds.

11 Including 1ood 14 feer. voricus enceotions for vehic et houiing forear products and contrruction materials.

312Vehicles |6aded with robocca nogshaads« 103 .nches.

Y1 AUto transports 1] fear 4 incres. Maryland o0 ailows 13 ‘eet 6 inchas for venicles 1oaded with hay or strgw, o corry g
tlar giass.

b Excontion ke poles, pilings, structwel unirs, rowing theels ate., per.airred 70 fewr.

13 Lass thon 48-inch toecing, 38,600 pounds.

3% Subrect 10 anle ond tabular limirs.

17 Single axle spoced 'ess thon 9 fewt fram neorest axie Limired 10 13,200 pounds.

38 On designated highways only and liaited te ane tandem anie in cambination; athervrve 26,000 pounds.

1% Traler 40 feer.

40 Un Interstote System 47,500 pounds.

41 Vehicles 1n encass may be operoted under tpeciol Dermit obtained 1n advance; in New Jursay trom the Deportmem of Moter
Vehicles, i1n Narth Danata, rom Stare Highway Truck Reguistary Depariment,

¢20r ae prescribed by P.U.C.

43 On denigneted highweys 102 inches. Body restvicted 10 96°, additional 6° for 1ires only,

44 Trackiens trolleys ond buses 7 passengers or mare, P.5.C. corrificare 40 foer.

43 Ayta rransearts, oil heid equipment, by special permit gnly, 60 feer,

¢4 Logging venigisg parmitted 7-foat wheslbnae toleronce 19 000-3:ngle axie, 34,0000uunds tendem axle,

4" Governs gross weight permitted on highways designated bv resolution of State higheay commissian,

41 Wheeo truck-fractor was aroperly “egistersd in Pennsylvenia os of December 11, 1961, 55 feer.

49 Singlie ynit truck with 4 axie permirted 40 000 pounds.

37 Axles soeced less then & Teet 32,00 po ~ds, less rhan 12 fear 36,000 oaunde; 12 fewt or ~mre goss weight govarned by anle lim.

3! Single vehicle with J or mare a1 les spoced iaua thon 16 leer 40,000 pcundy; iess than 20 Feet 44,C0G pounds, 20 feqr or
more gaverned try axly himur.

32 Teactar semirrailer with 3 or more gxles 30oced lens than 22 ‘eer 46,000 povnds, nor leas thon 27 feet 53,900 pounds.

31 Legal limi 47 400 rounds. anle sooeing 27 ‘eet or more.

3% Foyse rroilers, aute transporte, and devble saddle meunts 0 daylight heurs, 40 fest.

33 On inteverete System, 14,000 pounds on ether ~sads.

3¢ Limited 19 3,500 pounds,

$? Tivww-axle tandem 42,700 pownds.

$Y Venicles registered before July *, 1935, permitied 1imiry -n eifect Jonuary |, 1954, For life of venicle,

59 Oniy an certain nighways. or partions Mmereof, cetsignared by Srare Roads Commissioner, and consittent with Congressional
qchon.
82 Axle Toad 21.000 peunds on 2.oxie rucks houling seeled o unpeeied forest oraducts cut crosswise or transporting mitk
trom farm 1o maruet But Aot over 'rierstare Syatem.

®i On Ciges A highways, 21l oxles of 0 venicle or combination<73 XG pounds moximym. Wheel. sale, axle jroup and o
venicie waighty on Class 3 righways are 0% of weignts inciuding tnigrance authon zed for Clays A highways,
“1 Based on ruling of Arrorney General.
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= wi o N

Type 2 Type 3 Type 2-S1

»a U »x< Ny oy

Type 2-52 Type 3-S1 Type 3-S2

whgpmy  apmamy <N

Type 2-2 Type 2-3 Type 3-2

Type 3-3

Naration

The figure shows silhouettes of most basic commercial venicle types
in regular operation as designated by code based on axle arrangement.
The first digit indicates the number of axles of the truck or truck-
tractor. The Letter "S" indicates a semitrailer, and the digit
immediately following an "'S' indicates the number of axles on the
semitrailer. Any digit other than the first in a combination, when
not preceded by an "'S'", indicates a trailer and the number of its
axles. For instance, a 2-S2 combination is a two-axle truck-tractor
with a tandem-axle semitrajiler. A 3-51-2 combination is a three-axle
truck-tractor with tandem rear axles, a semitrailer with a single
axle, and a trailer with two axles.

Figure 6. Vehicle Types (Legend for Table 6).
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Rear

Front Axle

Axle Load
Load 1‘6'0" \
‘ —— D

between axles

Bridge Rnadway Surface

)2 1

s

8,000 1b, (3,628,80 kg) H20-44 32,000 1b. (14,515.20 kg)
6,000 1b. (2,721.60 kg) HL5-44 24,000 1b, (10,886.40 kg)
4,000 1b. (1,814.40 kg) HIO=44 16,000 1b. (7,257.60 kg)

a = Standard H-Design Load

Tractor Tractor
Front Axle Bogie Axle Semitrailer
Load Load Axle Load
14'0" I V
" between sxles 'T"‘" ToTrThm T rmTmm T
Bridge Roadway Surface
Y yd h
{ |
8,000 1b. 2,000 1b. H20-516~44 ' 32,000 1b,
(3,628.80 kg) (14,515.20 kg) (14,515.20 kg)
6,060 1b. 24,000 1b, H15-512-44 24,000 1b.
(2,721.60 kg) (12,886.40 kg) (10,886.40 ke)

V = Variable spacing l4 feet to 30 feet inclusive,
Spacing to be used {3 that which produces maximum stresses,

b - Standard H-S-Design Load

NOTE: Bridges supporting interstate highwavs shall be designed in
accordance with the current standard specificaticns for highwav
bridges of the American Assoclation of State Highway 0Of%icials,
using the H20-516-44 loading except that to overcome deficlencies
for systems of bridges designed for guch loading ail bridges aad
floor systems with spans under 40 feet shall be designed using
the alrernate lim{tations of 2 axles 4 feer anart with each axle
weighing 75% of the rear loading of the H20~S16-44 loading.

Figure 7., Bridge Design loadings,.
C-15
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APFPENDIX E
S AIRCRAFT CAPACITIES

Table 9 - Dimensions of Aircraft Cargo Compartments

Atlrcraft
Dimenaion
C-130 C-141 C-3
Length (excluding ramp) 41 fr Q in. 70 fr O 1in. 121 fr 1 <n.
(12,497 m) (21.366 m) (36.906 m)
Widch 10 f£ 3 in, 10 ft 3 1in, 19 fv 0 {in.
(3.124 m) (3.124 m) <5.791 m)
Width cf cargo entrance 10 fc 10 in. 10 ft 3 4in. 19 ft ¢ in.
(3.302 m) (3.124 w} (5.781 m)
Height 9 frv 1 in. 9 fr 1 in. | ®*13 ft 6 ir.
(2.769 m) (2,769 m) (4,115 m)
Helght of cargo entrance 8 ft 10 in. 9 fr 1 in. 10 ft 6 in.
(2,592 m) (2.769 m) (3.200 m)

" Kneeling =~ Capabllity wiich peinaite varicus peositioning of tne cargoe
floor above the ground.

Table 10 -~ Ramp Data

Alrerafte
Dimension c-52
C-130 C-141 N
{Forsazd} (Afr)
Length 10 £c O in. 11 fc 1 in, 10 fc ! in. 13 ft 4 in,
(3.048 m) (3.378 m) (3.G79 =) (4,054 m)
Angle w/ground 11,57 10° to 15° 11.9° 3.5°
Angle w/air- b
) plane floor 11.5° 10° to 15° 11.0° 8.7
- 3.8°
L
:Two loadirg ramps - forward and afrc,.
Ramp.
[0 WS

NOTE: See 4R 70-39 for other older aircraft,
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T 5le 11 - Typical Total Cergc Loads

Aircraft
Load Condition
A-130A  C-130B  C-130E  C-1UlA c-sP
Weight:

Maximum takeoff | b 124,000 135,000 155,0C0 315,000 7.8,000
xg (56,246) (61,236) (70,308) (143,337) (320,220)
Operating? b 70,000 76,000 79,400 140,500 336,858
kg (31,752) (3u,474) (36,016) (63,731) (152,799)
Zero fuel b 102,000 111,006 117,892 204,620 543,904
kg (46,267) (50,350) (53,475) (92,f16) (2u6,715)

Hautical VYiles:
%00 b 32,560 35,700 38,u92 64,120 207 ,7u5
kg (14,742) (15,876) (17,460)  (29,185) (93,9186)
1,000 1n 32,500 32,000 38,492 64,120 207 ,9ub
Vo (lu 7u2)  (Lln,s18)  (17,uec) {29,285}  (33,31C)
2,500 15 17,800 24,600 27,020 64,129 277,046
kg (8,77u) (l0,886) (12,247) (23,785) (13,915)

3operating weight of the aircraft inciuding crew and all equipment

required for migssion but excluding fuel or parload,

SThese are desizn specifications and subject to change,

241
|
o

)
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Helicopters Side View®
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/ SHOCK AND BIBRATION ENVIRONMENTS DURING TRANSPORT BY RAIL, SEA, AND AIR
5
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3
g 1
Over-the-Road Schematic o

0 S50 100 150 200 250 360 350
Frequency (Hz)

a - Vibration, Vertical and Lateral

———————

A e

Schematic of Rail Impact

i 60 —
) Pulse | Max I |
” Curve | Time | Amp Direction | Cargo Type
50 (sec)y (g) !
r\ A 0.011] 50 |Long. & vert, | Light & Dense
i :;f Lo B L06L]30 |Long. & vert. | Heavy
S
= 30
i B
T 20 \ / <
Q /|
i 4//A \\\L
10 »
/ \h

Q0 0.010..020 .030 .0LO .0S0 .06n .070 .080 .00 170
Time (Seconds)

b - Shock

Figure 13, Cargo Environments for Rail Trauspori.
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)

Schematic (C-2 Class)

Acceleration (g)
[

a 5 10 15
Frequency (Hz)

a - Vibration, Vertical and Lateral

3
Pulse time: (.044 sec.
i~ Max amplitude: 1.5 g
~ Direction: Vertical and lateral
e 2
Q
-f
I
-
=
[
9 1 - PN
- A
///’
v
,}
0 v
0 0.010 L02G 030 040 .050 L0060

Time (S2couds)

b - Shock

Figure 14, Cargo Envircnments for Sea Transport.
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FIXED-WING HELICOPTERS

. 1|

Qo6e

Acceleration (g)

Acceleration (g)

Schematic
10
r"””d
5
0
c 200 400 600 800 1000 1200

Frequency (Hz)

a = Vibration: Vertical, Lateral, and Longitudinal

15
Pulge time: 0.100 sec,
Max amplitude: 12,0 g
Direction: Vertical

/ | N
N
5 V4 =
Q
0 0.020 .040 .060 .080 . 100 «120

Time (Seconds)

b - Shock

Figure 15. Cargo Environments for Air Transport.
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APPENDIX H
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EXTERMAL HELICOPTER LIFT CRITEERIA

SeC A-A

-

A

BN\ -

e

N

ro. .

SEC B-B
Weigrt Range of Fateriel (Pourds,
1 Life -
Point Up ro 11,200 11,200 to 22,400] 22,4C0 to 49,280 | 49,280 to 72,000 _ _
2-3/8 in. 3-7/.6 1. 5~-7/16 in. 5-13/16 {ia.
Dain (0.060 =) {0.087 r., (G.138 m) (0.147 m)
~9/l6m 3~15/16 in. 6-7/8 in. 7-9/16 1in.
Enin ~ (0.06% m) _(0.100 =) © (0.174 m) (0.193 m)
1-7/16 in. 1-7/8 1n. 3-3/16¢ fn. 3-13/16 in.
Trax . (0.036 m) (0.047 m) (0.081 m) (0.09% m)
l/4 <n. 3/8 in. 5/8 in. 3/4 1in.
Yoin (0.006 m) (0.009 _m) (0.016-m)_ (0.019 m)
Figure l6. Fitting Dimensional Requirements - Single Point

Suspension (1 Lifr Point).

o>
{
-



c1l, TopP 1-2-300

22 July 1970

SEC 8-B
Weight Range of Materiel (Pounas) ?
4 Lifc :
Points Up to 11,200 11,200 to 22,400 | 22,400 eo 49,2080 49,280 o 101,900
o 1-1/4 in. 1-3/4 1in. 2-7/8 in. 4 1n.
min 70.031 m) _{(0.044 ™) (0.073 m)_ 0.102 m)
i-7/8 in. 2~13/16 in. 3-3/8 in. 6 1n.
Eain (0.067 m)_ (0.071 m) (0.085 m) 0.152 m__
- 15/.6 in. 1-7/16 in. 1-3/4 in. 2-7/8 i
‘max (0.2 m)_ (0.1036 m) _(0.044 m) (0.072 =
3/16 .a. 5/16 in. 3/8 in. 5/6 1in.
To1in (0.G05 my (0.008 =) (0.029 =) (0.016 ) )
3 Lilc
| _®cints ]
1-3/4 ia. 2 73/8 in. 3-7/16 in 4-7/16 n.
min (0.064 m) (1.060 m) (6.087 m) (0.113 =
- 2-1/16 in 2-13/16 ir. 3-3/4 1n. 6=7,8 in.
| _“mia (0.953 m) (0.071 o) (0.695 ~) (0.174 =) )
N 1-17¢ in. 1-7/15 1n. 1-7/8 ta. 3-1/4 ia. ™
faa _ (0.011 =) {0.035 =) {3.0:7 =} i0.052 v
R i/4 in S/16 1n. 3/8 1ia. 11/16 in. i
nin (0.926 m) _ (0.008 m) _ (0.009 =) (0.017)
2 Life I
Points —
2 in. 3-1/8 in. s-1/8 n. 6 1ic.
Oz ia (0.051 =) (0.079 m) (9.195 m) (P.152 ™) J
2-3/8 tn. 2-3/L in. 4 in. 6 in. !
Emina (0.060 ) (3.070 =) ; (0.102 =) £0.152 n |
1-3/8 in. 1-15/16 1n, 2-7/8 in. 4 in. |
Toax (0.041 n) (0.049 =) (0.0713 m) (D.102 m) |
. 3% 1n. 3/8 in. S/8 in. 374 in. :
min L 5r 08 m) (0.029 =) (0.016 ) 0.019 20 __|

Figure 17.

(z, 3,

H-2

Fitting Dimensional Requirerents - Single Point Susnensicn
or & Lifr Poilrts).
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LY

-~

. ”~
| 8 X@ §
SEC B-B
o L Waight Range of Materiel (Pounda) ’ #J
t ; -
Points Up to 11,200 11,200 to 22,400 22,400 t> 49,280} 49,2%0 to-101,C00
1-1/4 in. 1-3/4 4in. 2-3/% 1in. 3-7/16 in.
Dain (0.031 m) (0.044 m) (0.060 m) (0.087 m)
2 1-1/2 1in. 2=1/8 1n. 3~i/4 ou/ 4=1/2 én.
ain (0.038 m) (0.053 m) (0.082 o) ~ (0.115 m)
T -~ 7/8 1n, 1-1/8 in. 1-11/16 in. 2-9/16 {n.- -
max (0.022 m) (0.028 m) (0.042 m) (Q0.065 m)
. 3/16 1in. 1/4 {n. 3/8 in. 1/2 in.
ain (0.005 nm) (0.02% m) {0.009 m) (0.013 =)

. Figure 18. Fitting Dimensional Requirements = Multipcint Suspension
- (4 Lift teintes).




