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MIL~STD-20SH

FOREWORD .

1. This military standard is approved for use by all Departments and
Agencies of the Department of Defense.

2. Comments (recommendations, additions, or deletions) and any pertinent
data that may be beneficial to this document should be addressed to:
Commander, Military Traffic Management Command Transportation Engineering
Agency (MIMCTEA), ATIN: MITE-TR, PO Box 6276, Newport News, VA 23606-0276.

3. This revision provides new design criteria for slinging and cargo tiedown
provisions. It also provides test requirements for cargo tiedown provisions.
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1. SQOPE

1.1 erage. This standard establishes dimensional limits, design
cons:.deratlons, posn:lonlng requirements, and strength requlrements for
slmglrg (to include hellcopter external air transport (EAT)) and tiedown
prov:.sn.ons for llftmg or tymg down tanks and other tracked vehicles,
tactical wheeled vehicles, hellcopters and other mllltaxy equipment shlpped
assembled or disassembled in unboxed or uncrated condition and for tying
cargo or accessories to such equipment.

1.1.1 Excluded equipment. This standard excludes external provisions on
cargo containers (for example, ISO containers, CONEXes, and MILVANs). It
also excludes helicopter and aircraft cargo tiedown provisions.

1.1.2 Military equipment for helicopter external air transport (EAT).
Although the design of the sllnglng provisions is covered in this standard,
items of equipment requlrlng helicopter EAT certification must also meet the
static 1ift and helicopter flight-test requirements of MIL-STD-913.

1.1.3 Military equipment for airdrop. Even though airdrop design criteria
for military equlpme.rrt are specified in MIL~STD-814, m:.rements for
Tiedown, Suspension, and Extraction Provisions on Mllltarv Materiel for

Airdrop, equlpment must also be transported by surface modes. Therefore,

slinging and tiedown provisions for alrdrop-designed equipment shall meet
both the requirements of this standard and MIL~-STD-814.

1.2 Application. This standard applies to the following:

a. All new developmental, nondevelopmental, military-adapted
comercial items, and reprocurements as noted above.

b. Modified equ:.;merrt when the modifications result in changes to
slmgn.ng or tiedown requlrements (for example, provision relocation or item
weight increase).

1.3 Classification.

1.3.1 Slinging and tiedown provisions, Slinging and tiedown provisions are
classified as follows:

Class 1. Slinging provisions.

Class 2. Equipment tiedown provisions, including supplementary
points of tiedown. ’

Class 3. Multipurpose provisions.
Class 4. Cargo tiedown provisions provided within cargo
campartments

Class 5. Cargo tiedown provisions provided for cargo platforms of
flatbed trailers amd flatracks used as demountable truck
and trailer beds.
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1.3.2 Equipment types. Equipment shall be classified as follows: .

Type I. Cambat vehicles (for example, armored carriers,
self-propelled artillery, tanks, and recovery vehicles).

Type 1I. Tactical ard support vehicles (for example,
semitrailers, trailers, trucks, materials handling
equipment, construction equpment modified commercial
equipment, support vehicles, and other vehicles).

Type III. Support vehicles (standard commercial equipment, such as
construction equipment, materials handling equipment,
trucks, and other vehicles).

Type IV. Other military equipment, including helicopters, shipped
unboxed or uncrated and lifted separately, each as an
individual unit. .

1.4 Metric equivalents. Metric equivalents shall conform to FED-STD-376.
Conversion tables are in appendix D.

2. APPLICABIE DOCUMENTS
2.1 Govermment documents.

2.1.1 Specifications and standards. The following spec1f1cat10ns and
standards form a part of this document to the extent specified herein.

Unless otherwise specified, the issues of these documents are those listed in
the issue of the Department of Defense Index of Spec1f1catlons and Standards
(DODISS) amd supplement thereto cited in the solicitation (see para 6.2).

SPECIFICATTONS
Federal
RR-C-271, Chain and Attachments, Welded and Weldless.
Military
MIL-P-514 Plates, Identifjcation, Instruction and Marking,
Blank.
MIL~P-15024/9 Adrcraft Icading Dataplate.
STANDARDS
Federal
FED-STD-376 Preferred Metric Units for General Use by the
Federal Goverrment.
Mili
MII~STD-810 Environmental Test Methods and Engineering

Guidelines.
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MIL~STD-913 Requirements and Procedures for the Certification
of Externally Transported Mllltarv Ecuipment
of Defense Wi Aircraft.
MII~STD-1791 Designing for Internal Aerial Delivery in

Fixed Wing Aircraft.

. .
{Unless ctherwise indicated, copies of federal and military specif

and standards are avallable'fmn the Standardization-Documents Ordexs Desk
Building 4D, 700 Rabbins Avenue, Philadephia, PA 19111-5094.)

2.1.2 Other Government documents, drawings, and publications. The following

dooments form a mart of this dooument to the eytrent S"‘“’“:Lfled herein.

Unless otherwise %@@ the issues are those c1ted in the solicitation.

LoV PR | F- .L

DODISS Department of Defense Index of Specifications
and Standards.
Joint Military
AR 70-44/0PRAVINST 4600.22/AFR 80-18/MC0 4610.14/DIAR 4500.25 - Research
and Develcpment, DOD Engineering for Transportability.

Code of Federal Requlations (CFRs)
CFR Title 49 - Transportation

(Coplcs of the DODISS are available on a yearly subscription basis from the
Superlntendent of Documents, US Goverrment Prmtmg Office, Washington, DC
20402. A microfiche copy of the DODISS is available fram the Standardization
Documents Orders Desk. AR 70-44 and CFR Title 49 can be cbtained fram the US
Goverrment Printing Office.)

2.2 Order of precedence. In the event of a conflict between the text of
thlsstandardanithereferencesmtedherem, the text with the most severe
requirements shall take precedence.

3. DEFINITIONS

Slinging provision (class 1). An mtegral part of the eqtupment
ccmlmonly called a padeye, lug, eye, or lJ.ftmg attachment, which may include
nonremovable shackle or ring. A sllngmg pmv1s10n prov1des a means of

Ade il 2 e P, VR T I, Ty

attaching a shackle or hook to the equipment for safe lifting.

Ecquipment tiedown provision (class 2). An integral part of an item,
comrronly called a tiedown eye, fixture, attachment, or prov1smn which may

include a nonremovable shackle or rJ.ng A tiedown prov:Lsmn has an opem.rg

'S & ) S I
for attaching a shackle, hock, and tiedown cable or chain to the equipment

for tiedown purposes during sh:.;me.nt
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3.3 Multipurpose prw1s:.on (class 3). A smgle pm1s1c>n that meets the
requirements of this standard for both slinging and equipment tiedown.

Cargo tiedown provision (clagses 4 and 5). A padeye, attachment, or

prcv;Lsmn, integral to the transporting media, for securing cargo or
accessories.

3.5 Gross weight (GW). The weight of the basic equipment plus the weight of
any associated support items of equipment and cargo attached to, contained
within, or projected as payload for the egulpnent {for example, shelters).

For llght tactical vehicles, crew weight is considered as payload. The
weight of ammunition, fuel, water, and lubricants necessary to render a
system combat ready is also considered as payload.

3.6 Set (permanent deformation). Any permanent change in the original
dimensions or shape of the slinging or tiedown provision resulting from an .
applied force.

3.7 Static load. The anticipated maximm resultant load imposed on the eye
or other slinging provision when an item, at GW, is suspended in a specified
slinging configuration without movement.

3.8 Design limit load. The applied force (static load times the load factor
(LF)), or maximum probable force, that a slinging or tiedown provision,
mcludlng its cou'mectlrgstructuralmnbers can withstand when subjected to
its most severe transport envirorment. This load must be less than the yield
load.

3.9 Yield locad. The force at which a slinging or tiedown provision, .
inclwi.mg its connecting structural members, exhibits a permanent deformation
or set.

3.10 Ultimate Joad. The force (not less than the design limit load times
1.5) a | 513 inging or tiedown provision, including its connecting structural
menbers, can sustain without breaking or rupturing.

3.11 Helicopter external air transport. A mode of transportation by which
an item(s) 1s suspended beneath a rotary wing aircraft for the purpose of
transporting the item(s).

3.12 gStatic lift test. A test cons:.stmg of rlggmg the item in the EAT
configuration and statlcally lifting the ltem to verify the rigging
configuration and identify clearance problems.

3.13 Helicopter fll@t-test;m. A test consisting of flying the item(s) in
1tsEATrggmgconf1guratlon, ngmlltaryalrcraft This test is used to
verify stabllity during flight and that the ltem can withstand the dynamic
forces induced by flight.
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4. GENERAL REQUIREMENTS

4.1 Slinging, equipment tiedown, miltipurpose provisions (classes 1, 2,
and 3 for types I, TI, ITY, and IV eguipment).

A
4.1.1 Number. Types I and IT vehicles within the scope of this standard
shall have four mﬂ.tlwrpose provisions. If spec1f1ed in the equ:.;ment
speuf:.catmns, four slinging prov1smns and four tledcmm prov1s1ons or a
carnbination of multipurpose, sllngmg, and tiedown prcv1slons my be
provided. Types III and IV equipment shall have four m:ltlpurpose provisions
or four slmqmg pmv:.slom and a minimm of four tleciown prov151ons or a
cambination of mﬂtlmxpose slmgmg, and tiedown prov1510ns, or, if
specified in the equipment specifications, the options in paragraph 4. 1 3 may

hﬁ nvnri Aol TF wrahdimlas A Arasdrevcseds avwes coded meanT $end  Fm P T P \ g

LY LACad. Al VO ITD WL u.iu.l.pu::ul.. daie€ SeC llliallsael IoT SR, un-,.“.:se

requlments shall apply to each section ard to the vehicle when assembled.
4.1.2 location.

4.1.2.1 2All provisions. All provisions shall be located so that:

a. Not less than 1 inch of clearance shall be maintained between
the sl:mg cables and chains, tiedown cables and chains, or the textile

portion of helicopter slings and the equipment, except when a structure (such

ey =1 I e | -~ et A
as an coverhead guard, tracks, tanks attached to the chassis, and so forth),

spec:Lfled by the contractor, has stnength to withstand contact with the sling
or cable without permanent deformation of any part of the equipment, and
contact will not adversely affect the sling or cable.

. b. Provisions do not interfere with the functioning of the
equipment.
¢. Increase in equipment square or cubage is minimized.

d Mavimm annnc:l:1h1'l1hr t+tn the rrrari

.
b=
] iR L S aiedidte el e s R e L -y =

4.1.2.2 glinging provisions. S$linging provisions shall be located so that:

a. All slinging pmv1s10ns proude dynamic stability during crane
lifting and helicopter EAT. Slinging provisions should be located above the
center of gravity (0G). If this is not poss:.ble, lenglng prov:.s:.ons shall
be located so the line connecting adjacent slinging prov1510ns is located
cutside a 120° cone formed with the apex at the OG and its axis of rotation
abaut the vertical axis (fig 1).

b. The attached sling apex does not exceed a height of 24 feet
abovethelmrestextrelnltyoftheequlpmentvdmnmspended with each sling
leg at the maximm 45° true angle (fig 2).

c. The slinging pm\rlsn.ons allow at least a 1-inch clearance between
the sling leg and any part of the item of equlgnent The 1-inch sling leg
clearance should exist when the sling leg vertical angle is 0° to 45° toward
the central apex (fig 3).
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Spreader bars, when required, should be integral in the design of the
equ:.;ment Spreaderbarsmtlntegmltothesystemshallmtbeusaiunless
spec:LfJ.ed in the new equipment spec:.f:l.catlon. Stowage provisions must be
provided to ensure the spreader bars stay with the item.

4.1.2.3 Equipment tiedown provisions. Tiedown provisions shall be located
in the elevation view so that the tiedown legs may be placed from
vertlcally downward to 45° from the vertical and, in the plan view, 90° to
either side of the principal direction of the tiedown provision (fig 4).
Tiedown provisions shall be located so as to restrain the weight ‘of all
structural members above the chassis of wheeled vehicles or on the hull of
tracked vehicles. If possible, tiedown points on the equipment should be
located symmetrically about the vehicle or item of equipment, higher than the
G, swivel 360°, and rotate 180°. Tiedown provisions shall be located such
thatcablesaremtreqmredtogomﬂerthevehlcletorestramtheltan

4.1.2,4 Deviations. Modifications or special considerations that deviate
from the above requlmnents shall be directed to the approprlate Service
transportability agent. The designated agents are listed in joint regulation

AR 70—44/0PNAVINST 4600.22/AFR 80-18/MCO 4610.14/DIAR 4500.25.

4.1.3 Qgg;onfgr‘l_:y@glnamwﬂu_lmt IftypaIIIaxﬂIVequlprrent
do not have class 1, 2, or 3 provisicns, the contractor shall specify, to the
materiel developer, pomts to be used for slinging and tiedown. The selected
pourtsshallueettherequlrementsmsectmns4arﬁ50fthlsstatﬂarﬂ If
holes are used as tiedown provisions, ﬂaeyshallbefomedm‘l‘hemaln
structural members ard shall conform to figure 5.

e

shall be rounded, or chamfered and smooth to prevemt cutting of the sllnt; or
tiedown cables.

4.1.4 Classes 2, 2, 3, 4, and 5 provisions!' surface. The material edges

4.2 Shackleg. When required as slinging and tiedown provisions, shackles
shall conform to RR-C-271, Type IVA, class 3.

4.3 Hub attachments. Hubs shall not be designed for or used as slinging or
tiedown points.

.
4.4 Removable Hl."u“ siocns. Provisicns that can be ¢ u‘”‘.‘u“ wed without the use of

tools shall not be used. A tiedown or slmgmg provision that doubles as

ancther device, such as a towing provision, shall not be used if the

seoorﬂaryfl.n-nctlmrequlresrawvaloftheshackleorrmg Figure 6 shows

exanples of tiedown/towing provisions that do not require removal of the
shackle/ring.

4.5 Cargo tiedown provisions (classes 4 and 5).

4.5.1 Nurber. 'Ihemnnberofcargotledcwnpm\rlsmns shall be determined by
the design and size of the cargo campartment or platform; however, no carge
campartment or platform shall have fewer than four provisions.

4.5.2 Jlocation.

a. Class 4 tiedown provisions shall be recessed inside van-type
vehicles and the cargo campartment of trucks and trailers (with metal-stake
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bodles) Spacing of provisions shall be about 18 inches un center along each
side and end of the cargo body of the vehicle, with spacing between
prov151ons adjusted as necessary to avoid vehicle structural members.
Provisions on the side and end walls of cargo bodies shall be as close to the
floor of the cargo body as practical. The center of the side and end tiedown
provisions shall be not more than 6 inches nor less than 4 inches from each
of the four corners of the cargo bed/wall.

b. Class 5 tiedown prova.smns shall be located on the perimeter of
thecargobedsoasnottomcreasethedlmensmnsofthebed Spacing of
provisions shall be about 18 inches on center along each side of the vehicle,
with spacing between provisions adjusted as necessary to av01d vehicle
structural members. The center of side and end tiedown provisions shall be
located not more than 6 inches nor less than 4 inches from each of the four

corners of the cargo bed/bulkhead.

4,6 Freezing. All slinging, tiedown, and cargo tledmm prov151ons shall be
designed to prevent the movable parts from freezing in place during cold
weather. (Dram holes shall meet the requirements of CFR Title 49 for
ammmition shipments.)

4.7 Stowable slinging provisions. "“Hideaway" provisions, which are
nonren'ovablepartsoftheequ;xnentarxicanbestcwedoutoftheway, are
acceptable where other types of slinging eyes would interfere with loading
arnd unload:mg of cargo. The contractor shall provide instructions for the
servicing of the retracting mechanism.

5. DETATIED REQUIREMENTS

5.1 i_:mt_hofgy&;andpmusmns The LFs in this section have been
established to account for the dynamic loads likely to be encountered during
hlghway, rail, marme, and air. ‘transport. LFs have been adopted for reasons
of snnpllc;Lty, convenience, economy in testing, and repeatab].llty of test
procedures and results. However, since statically applying the IFs cannot
precisely reproduce the effects of many of the actual dynam1c loads found in
ope.ratlon, factors such as characteristics of load appllcatlon, load
repetltlon, load reversal, and equipment life must be considered in the
d%lgn process. The deSJ.gner mst also determine the amcunt, if any, by
which the provision should exceed the de31gn requlreme.rrts of this section.
Allowances should be made for the physmal ard chemical propettles of the
material (for example, fatigue, corrosion and galvanic action on account of
dissimilar metals and harsh enviromments), and for normal wear and tear

during the expected life of the equipment.

5.1.1 Class 1 slinging provisions. Eguipment with helicopter EAT

i shall meet the requirements of paragraphs 5.1.1.1 and 5.1.1.2.
All other equipment shall meet the requirements of paragraph 5.1.1.2.
Slmgn'gpmvlsmnsshallneettherequlratentsofparagraghsSlllarﬂ
5.1.1.2 at the item of equlpment 5 GW. If the GW of the 1tem of eqmnpuent
exceedsthehellooptersllft capablllty but can be reduced in weight to
fall within the helicopter's lift capablllty the GW (for para 5.1.1.1 only)
will be based on the helicopter's maximum 11ft capability.
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5.1.1.1 For eguipment with helicopter EAT requirements. Each class 1
provision, including the connection to the structural member(s), shall meet
the following requirements:

a. A de519n limit load of not less than the lift point IF taken
from appendix A times the static load. The static load is determined by a
static test(s), based on use of the specified helicopter external cargo sling
set(s), or by mathematical analysis. A sample problem that shows how to

determine the required strength of the slinging provisions is in appendix B.

b. An ultimate load of not less than 1.5 times the design limit
load.

c. The slinging provisions shall be tested for validation in
accordance with paragraph 5.5 of this standard.

d. Equipment with a helicopter EAT requirement shall also meet
MII~STD-913.

5.1.1.2 Crane lifting requirements. Each class 1 prov151on, including the
connection to the structural member(s), shall meet the following

requirements:

a. A de519n limit load of not less than 2.3 times the static
load. The static load is determined by static test or by mathematical
analysis, based on the sllng legs converging at the apex to form 45° vertical
angles, or on sling legs with lengths not longer than 12 feet, whichever is
less severe, when the i1tem is suspended in a level attitude. A sample
problem shcwn_ng how to determine the required strength of the slinging
provisions is in appendix B.

b. An ultimate load of not less than 1.5 times the design limit
load,

c. The slinging eyes or provisions shall be tested for validation
in accordance with paragraph 5.5 of this standard.

5.1.2 Class 2 tiedown provisions. Each class 2 provision, 1nclud1ng the
connection and the structural frame, shall w1thstand its proporticnate share
of the follw1r1g loadmgs 4.0 times the GW in the forward and aft direction
ofmelorxglttldmalaxlsoftheequlpment 20tmestheGW1nthedownwaJ:d
direction of the vertical axis, and 1.5 times the GW in each direction of the
lateral axis. These inertial forces (loadumgs) shall be applled statically
and n’xdepemlently. The directional load (design limit load in each
direction) shall be distributed among the tledown eyes or prov:.s:.ons that
would effectlvely resist motion along that axis. Distribution of the load

the tiedown provisions shall be based on the tiedown procedures used to
meet MIL~STD-810, Method Number 516.4, Procedure VIII, and MII~STD-1791. A
sanpleprdalanthatshowshwtodetennmeﬂlerequlreistrengﬂuofthe
tledown provisions is in appendix C. No permanent deformation or set of the
prov:.s.lon or other equipment structural components shall occur as a result of
application of the loads to the tiedowns. The ultimate load that each
tiedown eye or provision can withstand shall be at least 1.5 times the design
limit load.
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5.1.3 Class 3 multipurpose provisions. Each class 3 provision shall meet
the requirements of both slinging and tiedown provisions in paragraphs 5.1.1
am 5'1'2.

5.1.4 Classes 4 and 5 cargo tiedown provisions.

a. Each class 4 provision shall withstand the forces in the table
below in the vertical, longitudinal, and lateral directions:

TABIE I. Load requirements for class 4 provisions.
Ib Ib Ib

Load-carrying range 0 - 3,000 | 3,001 - 10,000 |[more than 10,000
of equipment

Ioad-can:ymg capacity
(des:;gn load) of each 2,500 5,000 10,000
tiedown provision

The ultimate load each cargo tiedown provision can withstand shall not be
less than 1.5 times the design limit load.

b. Each class 5 provision shall withstand a force of 15,000 pourds in
the vertlcal longltmimal and lateral directions w1thout exceedlng the
design limit load. If the flatbed trailer or flatrack is issued with basic
issue item tiedown assemblies (chains, load binders, shackles, and so forth)
with a safe workmg load greater than 15,000 pounds, the design limit load of
the class 5 provision shall meet or exceed the safe working load of the
tiedown assemblles (Title 49 CFR 393.102). The ultimate load that eac:h ca:rgo

tiedown provision can withstand shall not be less than 1.5 times the design
limit load.

5.2 Provision dimensions.

E 2 1 ™1 =] m 1 YW YIRS 1 AT
5.2.1 Classes 1, 2, arnd 3 slinging, tiedown, and multipnpose provisions,

Classes 1, 2, and 3 provisions shall conform to the dimensions specified in
figure 5.

5.2.2 (Class 4 cargo tiedown provisions. Class 4 provisions shall have
g{_;e‘n_l_rgc: of not less than 2 inches (51 mm) in diameter and shall have a
thickness ofmtgreaterthanthree—fourthsofanmch (19.0 mm). The
prov:.s:.ons shall have the capablllty to accept 2-inch steel banding without
causmg tearmg of the banding. An example of an acceptable class 4 tiedown
is shown in figure 7.

5.2.3 Class 5 cargo tiedown provisions. Class 5 provisions shall have

of not less than 2 inches (51 mm) in diameter and shall have a
thickness of not greater than 1 inch (25 mm) The prov;leons shall have the
capablllty to accept 2-inch steel banding without causing tearing of the
barding. An example of an acceptable class 5 tiedown is shown in figure 7.
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5.3 Directional capabilities of cargo tiedown provisions.

£E 1.1 Tace A carvey Fiadsam nryvowicione Mace 4 rmrewicimne chall navymit +h
= ey o A Ldatd 7K U‘wu"'ll e b W e bord bl d Mt B s AW e = e H‘.\J' et oVl Bl L MAAL L F‘-‘lu—h ek

cargo rirg to mwt;t; a minimm of 180° and have an included angle of lateral
movement of not less than 150° (fig 8). If possuble, the provisions shall be
designed to swivel to meet the included angle requirement.

)

5.2.2 CQlass 5 cargo tiedowm nrovisions. Class § nrovigions shall have an

included angle of lateral movement of not less ss than 90° (fig 8) and rotate a
minimm of 90° from the vertical toward the longltudlnal centerline of the
vehicle. If posszble, the provisions shall be designed to swivel to meet the

included argle requirement.

5.4 ﬂgur_es. Illustxatlons are not intended to preclude requirements that
are cotherwise specified in this standard.

5.5 Analysis and test considerations.

5.5.1 General. All slinging, tiedown, and cargo tiedown provisions shall be
tested attached to the equlpment. 'IEst:.rg may be accamplished using a frame
assembly, provided all load-bearing structures (structural components in
tension and compress:.on) are included in the frame assenbly. For test
purposes, only wire rope, wire rope with a thimble loop, chain, or a shackle
attached to the prov1510n shall be used. Textile straps, such as nylon and
polyester (Dacron) and synthetic ropes, shall not be used. The loads applied
during testing shall not be less than the design limit load requirement and
not more than 10 percent in excess.

5.5.2 Slinging provisions.

a. Prior to First Article, Preproductlon Qualification, or Production
Proveout testlng, the contractor shall proVJ.de to the materiel developer,
des:.gn limit and ultimate loads for the provisions to show they meet the

slinging requirements of section 5.
b. The analysis and testing shall meet the following requirements:

(1) A static pull to the required de51gn limit load shall be
conducted on all provisions; however, all provisions do not have to be tested
at the same time.

(2) The angles and loads shall coincide with the procedures shown
in apperdix B or by static lift in accordance with paragraphs 5.1.1.1 and
5.1.1.2.

(3) The points used to apply the load to the equipment shall be
located so they do not interfere with or reduce the loading on the structural
menber next to the provisions.

(4) Loads in the sling legs shall be measured with an appropriate
measuring device, such as a load cell or dynamcmeter.

(5) The load applled to each pmv1s10n shall be not less than the
required design limit load and shall be applied for not less than 90
seconds. (Note: For helicopter transport, the required design limit load

will be based on the highest IF required in app A.)
10
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(6) No visible permanent deformation or set in the provision or
cther equipment structural components shall result from application of the
loads to the provisions. A possible failure indication during the initial
material analysis shall be justification to use more detailed analysis and
testing methods (for example, calibrated measurements, finite element
analysls, magnetic particle inspection, x ray, fatigue testing, ultimate
testing, and so forth). When measuring devices are used, deformation shall
not exceed a 0.2 percent offset. Weld cracks will constitute test failure.

(7) The contractor shall provide a material analysis showing the
ultimate load is not less than 1.5 times the required design limit load for
the provisions.

5.5.3 Tiedown provisions.

a. Prior to First Article, Preproduction Qualification, or Production
Provecut testing, the contractor shall provide, to the materiel developer,
design limit and ultimate loads for the provisions to show they meet the
tiedown requirements of section 5.

b. The analysis and testing shall meet the following requirements:

(1) A static pull to the required design limit load shall be
conducted on all tiedown provisions; however, all provisions do not have to
be tested at the same time.

(2) Loads applied to each provision shall be measured with an
appropriate measuring device, such as a load cell or dynamometer.

(3) The points used to apply the load to the equipment shall be
located so they do not interfere with or reduce the loading on the structural
member next to the tiedown provisions.

(4) Loads applied in the longitudinal, vertical, and lateral
directions shall be applied statically and independently for not less than
6.0 seconds and shall be not less than the required load in each direction.

(5) No visible permanent deformation or set in the provisions or
other equipment structural components shall result from application of the
loads to the provisions. A possible failure indication during the initial
material analysis shall be justification to use more detailed analysis and
testing methods (for example, calibrated measurements, finite element
analysis, magnetic particle inspection, x ray, fatigue testing, ultimate
testing, and so forth). When measuring devices or gauges are used,
deformation cannot exceed a 0.2 percent offset. Weld cracks will constitute
test failure.

(6) The contractor shall provide a material analysis showing the
ultimate load is not less than 1.5 times the required design limit load for
the provisions.

5.5.4 Multipurpose provisions. These provisions shall meet the analysis and
test requirements of paragraphs 5.5.2 and 5.5.3. :

11


http://www.abbottaerospace.com/technical-library

MIL~STD-209H

5.5.5. Cargo tiedown provisions. .

a. Prior to First Article, Preproductlm Q:lallflcatlon, or Production
Proveout testn'g the contractor shall prcv1de to the materiel developer,
6951911 and ultimate loads for the provisions to show they meet the tiedown

requirements of section 5.
b. The analysis and testing shall meet the following requirements:
(1) A static pull to the requ.lred design limit load shall be

conducted on a selected sample of cargo tiedown provisions. Selection will
be based on difference in provision design.

(2) Loads applied to each provision shall be measured with a
measuring device, such as a load cell.

(3) The points used to apply the load to the equipment shall be
located so they do not interfere with or reduce the loading on the structural
member next to the cargo tiedown provision.

(4) loads applled in the vertical, longitudinal, and lateral
directions shall be applied statically and nﬂepe.ndentl for not less than
6.0 seconds and shall be not less than the recquired design limit lcad in each
direction.

(5) No visible permanent deformation or set in the provisions or
other ecuipment structural components shall result from appllcatlon of the
loads to the prcv1smns A poss:.ble failure indication dur:ng the initial
material analysis shall be justlflcatlon to use more detailed testing and
analysm methods (for example, calibrated measurements, finite element
analys:.s , magnetic particle mspect:lon, X ray, fatigue testing, ultimate
testing, and so forth). When measuring devices are used, deformation shall
not exceed a 0.2 percent offset. Weld cracks will constlun:e test failure.

(6) The contractor shall provide a material analysis showing the
ultimate load is not less than 1.5 times the required design limit load for
the provisions.

5.6 Marking.

5.6.1 Shipping dataplate. A shipping dataplate shall be furnished and shall
conform to MIL-P-514 and MIL-P-15024/9. The silhouette of the equipment in
transport configuration, which indicates the CG along each axis, location of
the slinging and primary tiedown pmv:.smns, and the location of any
alternate or supplementary points of tiedown shall be included on the
dataplate. Namenclature characters shall not be less than 0.187 inch (4.75
mm), and other characters shall not be less than 0.093 inch (2.36 mm) in
height. The dataplate shall be attached by screws, bolts, or rivets in a
conspicucus location.

5.6.2 Identlflcatlm. The identification of slinging, tiedown, or
multlpurpose pmvmlors used for transport shall be stenciled in approprlate
1ocat10nsontheexterloroftheequ1pmentmlettersmtlessthan

(25 mm) in he:l.ght. Interior cargo tledown pmvmlons do not have to be
marked. Accessories resanbln'lg prov:Lsmns unsuitable for slinging or tiedown
shall be located or designed to avoid mistaken use and marked as unacceptable

for slinging or tiedown. .
12
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6. NOTES

(This section contains information of a general or
explanatory nature that may be helpful, but is not manadatory.)

6.1 Intended use. This standard covers the design and testing of slinging,
tiedown, and cargo tiedown provisions.

6.2 Issue of DODISS. When this standard is used in acquisition, the issue
of the DODISS applicable to the solicitation must be cited (para 2.1.1 and
2.1.2).

6.3 Data requirements. When this standard is applied on a contract, the
following data item description (DID) must be listed, as applicable, on the
Contract Data Requirement List (DD Form 1423), @meptmexe DOD FAR
Supplement 27.475-1 exempts the requirement for a DD Form 1423.

Reference Paragraphs DID Number DID Title
5.5.2, 5.5.3, amd 5.5.5 DI-PACK-80880 Transportability Report
6.4 Tiedown own system. If a proposed rail tiedown procedure differs fram that

represented in MIL-STD-810, the materiel developer shall notify MIMCTEA prior
to testing.

6.5 Subject term (keyword) listing.

Cables ard chains, sling Provision, cargo tiedown
Cables and chains, tiedown Provision, multipurpose
Crane lifting Provision, slinging
Eyes, slinging Pull test

Eyes, tiedown Spreader bars
Helicopter EAT Static 1lift test

6.6 International interest. Certain provisions of this standard are the
subject of international standardization agreements (QSTAG-328, ASOC Air
Standard 44/21, STANAG-4062, and STANAG-3548), When an amendment,

revision, or a cancellatlon of this standard is proposed that will modlfy the
international agreement. concerned, the preparing act1v1ty will take
appropriate action through mternatlonal standardization channels, including

departmental tal standardization offices, to change the agreement or make other
appropriate accommodations.

6.7 Changes frcmprevlous issue. Marginal mtatlmsarenotusedmthls
revision to identify changes with respect to the previcus issue on account of
the extensiveness of the changes.

13
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FIGURE 3. Sling leg clearance requirements.
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TABLE [. Design criteria for classes 1, 2 ovis .
WEIGHT RANGE DIMENSIONS IN INCHES ARD MILLIMETERS*
ON EQUIPMENT
A MAX B MAX C, MIN** C,. MIN** D MAX D MIN E MAX E MIN
KILO- L §
LB GRAMS IN ] IN MM IN MN IN M IN MM IN MM IN MM IN MN
0 to 11,200 5,080 1 25 1 25 7 178 3 76 3.2 76 3 76 S 127 3 7%
11,200 to 22,400 10,160 1.5 38 1.125 29 9 229 4 102 35 89 3 76 S 127 3 7
22,400 to 49,280 22,353 2 51 1.5 ki) 12 305 5 127 3.5 89 3 76 -1 127 3.5| 8¢
49,280 to 100,800 45,722 2 51 1.5 i8 16 406 7 1m 4 102 3.5 89 é 152 5 127
100,800 and greater | 66,043 2.5 &4 2 S1 20 508 8 203 5 127 4 102 (3 152 5.5 139

* Millimeter conversions are rounded off to nearest whole number.

** There shall be no interference or obstruction within the dimensions € and C
that could interfere with engaging a shackle and pin in the eye. Elt,'ler sudi of the
eye may be used as the datum from which to measure CL and Cs.

NOTE: Eyes may be designed to swivel or rotate. When provisions are designed to swivel or rotate,

dimension D i, shall be met throughout the full range of motion.

FIGURE 6. Classes 1, 2, and 3 openings and clearance dimensions for slinging

and tiedown provisions on types |, ll, lll, and IV aquipment.

HB0Z-ALS TN
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FIGURE 6.

Examplas of nonremovable,

dual-purpose provisions.
20



http://www.abbottaerospace.com/technical-library

1¢

¢

1.00R

A Class 4 @

| B 1.00 {max)
‘ Class 5

(B % )

}

Sy

FLAT

.75 {max)

secTioNn A-A

NOTES:
1. All dimensions are in inches.

2. Drawing not to scale.

FIGURE 7. Examples of classes 4 and 5 cargo tiedown provisions.
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FIGURE 8. included angle requirement.
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APPENDIX A
HELICOPTER EAT MATERIEL LIFT POINT LOAD FACTORS
10. GENERAL

10.1 Scope. This a;pendlx prov:.des the procedures for calculating the
helicopter EAT materiel 1lift point ILF.

20. APPLICABLE DOCUMENTS. This section is not applicable to this appendix.
30. REQUIREMENIS
30.1 Determine the hehc_o@e_; FAT materiel 1ift point IF. The helicopter

EAT materiel 1ift pomt LF is used to calculate the design limit load for all
materiel with a helicopter EAT ra;ulrement. The IF is calculated using the
table below. The IF is a function of the helicopter EAT welght (EATWT) and
the hellcopter EA'IWI‘/maxumnu progected frontal area (MPFA) ratio. The MPFA
for a smgle—pomt load is the maximm area projected on a vertical plane as
the item is rotated about a vertical axis through the aircraft hook; for
dual—po:nt or tandem loads, the maximm projected area on a vertical plane is

in the direction of fllght.

30.1.1 mjAratlosgrﬁterthanorguiltomm;gM

(1b/sq ft). For an EATWI/MPFA ratio of greater than or equal to 60
1b/sq ft, the materiel lift point IF is a function of EATWT in accordance

with the table below.
TABLE A-I. Calculation of Materiel Lift Point IF

FATWI/MPFA EAT Weight Ioad Factor
(1b/sq ft) (1b)
> 60 0 - 5,000 3.5
> 60 5,001 - 15,000 3.2
> (48] 1R NN = A NNN 22 = O NNNNIIAR v TWATWIT' = 1R NNNY 1
: i J-I-" N N e -"-" N N - e Lv. N N N W WS - ‘u—uv‘a. J--l' uvv, J

30.1.2 EATWI/MPFA ratios between 45 and 60 lb/sq ft. For an EATWI/MPFA
ratio between 45 and 60 lb/sg ft, the materiel 1lift point IF in the abhow
table is increased by add.mg “the’ following value: -

{(EATWI/MPFA) ) .
30.1.3 EA'IWI‘M ratios less than or equal to 45 lb/sq ft. For an

EATWI/MPFA ratio of less than or equal to 45 pounds per saquare foot, the
materiel lift point ILF in the above table is increased by adding 2.4.

23
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30.2 w. For items of equipment with cargo-carrying
capablllty, the materiel lift point LF shall be calculated for the minimum
and maximum possible helicopter EATWIs. Depending upon the weights, the
lesser welght could have higher design limit load requirements. Thus, the
design limit load shall be the greater value of the EATWT multiplied by the

-n-.a.l_ RNy S Y ]

1ift point LF.

24
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APPENDIX B
SAMPIE PROBLEM FOR DETERMINING THE
REQUIRED STRENGTH OF THE SLINGING PROVISIONS

10.  GENERAL

10.1 Scope. This appendix establishes a method for determining the required
strength of the slinging provisions.

20.  APPLICABIE DOCUMENTS. This section is not applicable to this appendix.
30. NOTATTON

30.1 Symbols. The following letter symbols are used throughout this
appendix.

Ly ~ length from G to front provisions, a and b, in inches

L. - length from OG to rear provisions, ¢ and d, in inches

D, - lateral distance from OG to provision a, in inches

D, - lateral distance from GG to provision b, in inches

D, - lateral distance from OG to provision ¢, in inches

Dy — lateral distance from OG to provision d, in inches

He - height fram the ground to the front provisions, a and b, in
inches ‘

H. - height from the ground to the rear provisions, ¢ and d, in
inches

/\ - the difference in height between the front and rear provisiohs,

in inches

GW - gross weight, in pounds

V, ~ vertical load at provision a

V}, — vertical load at provision b

Vo - vertical load at provision c

Vq - vertical load at provision 4

h, - horizontal distance from provision a to the OG

hy, - horizontal distance from provision b to the G

25
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h. - horiz
[ 84

hy - horizontal distance from provision d to the OG

ontal distance from provision ¢ to the oG
VA, - vertical angle at provision a
VA, - vertical angle at provision b
VA, - vertical angle at provision ¢

VA. - vortical anale at nroviceion

=oa Sl Sy e S

L

S, - sling leg length at provision a
sling leg length at provision b

o

o

S5; - sling leg length at provision c

Sq - sling leg length at provision d

R, = static lcad on sling a

R, - static load on sling b

R, - static load on sling c

Ry = static load on sling d

T, - design limit load of provision a

T,, - design limit load of provision b

To, — design limit load of provision c

Tq - design limit load of provision d

U, - ultimate load requirement for provision a
- ultimate load requirement for provision b

U, -~ ultimate load requirement for provision ¢

Uy - ultimate load requirement for provision d
40. GENERAL REQUIREMENTS

[+ F VR f-nmn-u-e [0 Miam  mrmrode d - T Ry, . B e

= LM c:._{ua\..J.uu:: in this APl have been

established such that the free-body diagram is valid even if the front

26
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SLING APEX
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provisions are on a plane higher than or equal to the rear provisions. This

holds true becanes the valus (/\\ can ha nogsitive nemative or eqn:ﬂ to

LT — r-.n.-.‘.\..l.'w' A B e ¥ e

zero. This example demonstrates the case when the rear provisions are higher
than the front provisions.

GW = 10,000 1b
Le = 56 in., L. =79 in., Hg =24 in., H_ =33 in.

D, = 16 in., D, =17 in., D, =33 in., Dy = 34 in.

{5

50.1.1 Horizontal distance from the slinai rovisions to the vertical axis

cG.
VL2 + D2 = \/ 562 + 162 = 58.24 in. :
= V&2 + D2 = /562 + 172

= 58.52 in.

\/1_1, + Dc§ = \/ 792 + 332 = 85.62 in.

T — \ IT 2 1 ™ 2 [ "1n2 1 "“ -_— e fatal -
Ild - VL&. T Ud -— V 2 T J% = 00, UV L1lll.

50.1.2 Difference in heidght of front and rear provisions.

Define the difference in height, if any, between the front and rear
provisions as follows:

A\ = H. - Hg Note: Aisnegativewhean>Hr

t when
A 1S Bl e B > By

Fiy e T

L\ = 9 1n.

50.1.3 Determine the sling apex height, K, above the horizontal plane of
the provisions. Consider each sling separately caming from the provision to
a point on the vertical line that passes through the OG.

a. The 45° angle criterion. Assume all angles, VA, are 45° such
that each sling has a different height, K, above the horizontal plane of the
highest provision.

a

9.

Il
A
N

|
D
il
.-

5 5

VAN 2
- /\ = 58.52 - 9 = 49.52

= 86.00 in.
b. The 144-inch sling length criterion. Assume all sling leg

lengths, S, are 144 inches such that each slnghasadlffemxthelght K,
above the horizontal plane of the highest provision. Based on the 45° angie

28
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criterion, the sling leg length, S, will be less than 144 inches only when
"h" is less than 144 x cos45, or approximately 102 inches.

If hy < 102 in., k,g = V1442 -2 - A
kys = /1442 - 58.24% - 9 = 122.70 in.

If by < 102 in., ko = V1442 =2 - A

Ko = V1442 - 58.522 - 9 = 122.57 in.

If h, < 102 in., kog = \/144%2 - n 2

. ko = V1442 - 85.622 = 115,78 in.

If hy < 102 in., kg = \/144% -

ks = V1442 - 86.00% = 115.50 in.

Ir

c. The largest of the eight possible values for k from paragraphs
50.1.3.a ard 50.1.3.b is K.

K = 122,70 in.
50.1.4 Check apex height, H,, above ground level.
. Hy, =H. +K Note: H, must be less than 288 inches.
H, = 155.70 in.
50.1.5 Determine sling lenaths, S.
_ 2 2
S, = VK + )2+ hy
S, = \/(122.70 + 9)2 + 58,242
Sp= VK + )2 + 12
_ 2 3 _ .
Sp = \V(122.70 + 9)2 + 58.52% = 144.12 in,
N 2
S¢ = + hg
Sg = \V122.70% + 85.622 = 149.62 in.
sa = V&2 + g’

Sq = \/122.702 + 86.002 = 149.84 in.

144.00 in.
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50.1.6 Determine the sling andgles, VA.

VA, =tan"! h, ; VA, =tanl s58.24 = 24°
K+ A 122.70 + 9

VA, =tanl h ; VA, =tanl s8.52 = 24°
K+ A 122.70 + 9

VA, =tan ' h,; VA =tanl 85.62 = 35°
X 122.70

- -1 - — -] °

K i22.70
50.1.7 Determine the vertical force component, V, at each provision.
Va = Lr - Dy, <~ e
U | — X oW
(Ly + L¢) (Dy + Dy)
Vo = 79 17
— X — X 10,000 = 3,015 1b
(56 + 79} (16 + 17)
Vi, = D,
b __I.L X __a.__ b4 W
(Ly + Lg) (Dy + Dy)
79 16
V%, = ——— X ——— X 10,000 = 2,837 1b
(56 + 79) (16 + 17)
V. = D
e = M L, B o
(Lr + Le) (D + Dg)
56 34
Vo, = ——— X X 10,000 = 2,105 lb
(56 + 79) (33 + 34)
Vv = D
a - __ M X —2 X
(Lp + Lg) (D + Dg)
56 33
Vd = —— X — X 10,006 = 2,043 1b
(56 + 79) (33 + 34)

30
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50.1.8 Determine the static load, R, for each sli leg.

S, 144.00
R,= VX = 3,015 X. = 3,297 1b
K+ /\ 122.70 + 9
Sy 144.12
R,= VX ————= 2,837 X = 3,105 1b
K+ /\ 122.70 + 9
Se 149.62
R,= Vo X —= 2,106 X —— = 2,567 1b
K 122.70 -
Sq 149.84
Ry= VgX —= 2,043 X ——= 2,495 1b
K 122.70

50.1.9 Determine the required design limit load, T. For items of
equipment without hellcopter EAT requirements, the materiel lift point IF is
2.3. For items of equipment with helicopter EAT requirements, the materiel
lift pomt LF is calculated using appendix A. The hellcopter EAT materiel
lift point IF is a function of helicopter EATWT and the helicopter EATWT/MPFA
ratio. If the equipment has a cargo—carrying capablllty, the materiel lift
point LF shall be calculated for the minimm and maximm helicopter EATWTS.

For demonstration purposes, assume that this item of equipment has a
helloopterEATandcranellftrequlranentandanMPFAof 105 square feet.
Thus, the EA'IWI‘/MPFA ratio equals 95.24 pounds per square foot. Us:Lng
ppend:l.x A, we find the materiel lift point LF for helicopter EAT is 3.2.
Since this value is greater than the 2.3 materiel 1lift point IF required for
crane lifting, 3.2 will be used.

=R, xIF = 3,297 x 3.2 = 10,550 1b
T, =R, x IF = 3,105 x 3.2 = 9,936 1b
T,=R, xLF = 2,567 x 3.2 = 8,214 1b

Td =RgxIF = 2,495 x 3.2 = 7,984 1b
50.1.10 Determine the required ultimate loads, U.

U, =T, x1.5 = 10,550 x 1.5 = 15,825 1b

U, =T % 1.5 = 9,936 x 1.5 = 14,904 1b

Us=T,x 1.5 = 8214 x 1.5

Uy = Tg x 1.5

12,321 1b

7,984 x 1.5 = 11,976 1b
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50.1.11 Testing requirements.
TABIE B-I. Pull test irements.
Argle of Pull | Slirng leg

Location for Testing Length Design Ioad Ultimate Load

(degrees) (1n.) (1b) (1b)
Front Right
Provision a 24 144 10,550 15,825 )
Front Left
Provision b 24 144 9,936 14,904
Rear Teft )
Provision ¢ 35 150 8,214 12,321
Rear Right
Provision 4 35 150 7,984 11,976
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SAMPLE PROBIEM FOR DETERMINING THE

REQUIRED STRENGTH OF THE TIEDOWN PROVISIONS

10. GENERAL

10.1 Scope. This appendix establishes a method for determining the required
strength of the tiedown provisions.

20. AFPLICARIE DOCUMENTS. This section is not applicable to this apperdix.
30. NOTATTON
30.1 Symbols.
Ty, — design limit load in longitudinal direction, in pounds
Uy, — ultimate load in longitudinal direction, in pounds
T, — design limit load in vertical direction, in pounds
U, - ultimate load in vertical direction, in pounds
Tg ~ design limit load in lateral direction, in pourds
U, - ultimate load in lateral direction, in pounds
GW - gross vehicle weight, in pounds
40. REQUTIREMENTS
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40.1 BExample.
3 SEE DETAIL A
1/ UGHT P /
7/ / __\‘ LATERAL
e / L 4 COMPONENT

SOV
AP,

OIRECTION t

~ verticat
COMPONENT

LONGITUDINAL OIRECTION JETAIL A

NOTE: Assume GW = 20,000 1b

Figure 10. Example of a tiedown procedure.

This example does not represent a particular item, but rather the way tiedown
provisions will be used based on their locations. All four pruv151ons will
be used to restrain items in the vertical and lateral directions. Provisions
3 and 4 will restram fom&s in both 1ong1tud1ml directions (fore ard aft).
However, p.l:UV.I.b.LLHlb 1 and 2 will restrain forces in only one .L‘"u;”‘gltt.ﬁh“lal
direction (aft). If bidirectional (tledmm cable restraint in more than one
direction) use of the tiedown provisions is specified in the contractor's
tiedown procedures, adecuate clearances shall be provided to meet the

requirements of paragraphs 4.1.2.1 and 4.1.2.3 for each direction of use.

40.1.1 Minimm recuired longitidinal design and ultimate loads. The
longitudinal inertia force acting through the G is:

4 X GW =4 x 20,000 1b = 80,000 1b

Assume the inertia force will be balanced/restrained by the longitudinal
force camponents of the applicable tiedown provisions to prevent movement of
the item in the forward and aft directions.

be used:

T4y, + T4p, = 80,000 1b
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Based on the assumption that all provisions are located symmetrically about

the GG,

T3p, = Ty,
each provision must withstand a longitudinal force (required design limit
load) of 40,000 pouds applied in the aft direction.

b. To prevent movement in the aft direction, all four provisions can
be used. In this example:

m m

i, ¥ Top + T

Based on the assumption that all provisions are located symmetrically about
the O3,

m Tl

r

+

Ty, = To1, = Tag, = Tar,

each provision must withstand a longitudinal force (required design limit
load) of 20,000 pounds applied in the forward direction. Ultimate load
requmements (1.5 x design limit load) are:

forward U3L = Uy, = 1.5 X 40,000 1b = 60,000 1lb

50.1.2 Minimm required vertical design and ultimate loads. The vertical
inertia force acting through the (G is:

2 XGH¥ =2 x 20,000 1b = 40,000 1b

Tt should be assumed that 'I-'h-nc Forﬂn will ha ractrainod b the '\rn1+'1r-:ﬂ forco

A eI AL A el BA Tt Tl Sl de e ek, LA L Perd BF Y Toonde Torobe ok, e Yl e

camponents of the tiedown provisions against upward ncsvement of the item.
Ty + Toy + Ty + T4y = 40,000 1b

Based on the assumption that the vertical force on each provision will be
equal,

earh Nnrewviceion 1t

.
3 q 1oady
eachl Provislon MUST WiThsiand a vertlcal I[orce (requiren cesidn LimiL 1oag)

of 10,000 pourds applied in the dowrward direction. Ultimate load

Ulv = U2V = Uzy = Uy, = 1.5 ¥ 10,000 1b = 15,000 1b

50.1.3 Minimm required lateral design limit and ultimate loads. The
lateral inertia force acting through the G is:

1.5 x GW= 1.5 x 20,000 1b = 30,000 1b
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It should be assumed that this force will be restrained by the lateral force
camponents of the tiedown provisions toward the left and right.

a. To prevent movement toward the right, two provisions can be used:
Tpg + Tyq = 30,000 1b

Based on the assumption that all provisions are located symmetrically about
the G,
Trs = Tas

each provision must withstand a lateral force (required design limit load) of
15,000 pourds applied toward the right,

b. To prevent movement toward the left, two provisions can be used:
Tig + Tag = 30,000 1b

Based on the assunption that all provisions are located symmetrically about
the G,

T1g = Tag

each provision must withstand a lateral force (required design limit lcad) of

15,000 pourds, applied toward the left, Ultimate strength requirements (1.5
X des:.gn limit load) are:

right Uyg = Upg = 15,000 x 1.5 = 22,500 1b
left Upg = Usg = 15,000 x 1.5 = 22,500 1b

(If the tiedown pattern used has the cables crossing, then the lateral force
will be opposite from that shown above.)
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OONVERSION TABLES

10. GENERAL

10.1 Scope. This appendix provides information for converting US Custamary

System measurements to metric.

20. APPLICABIE DOCUMENTS. This section is not applicable to this appendix.

30. CGMMON METRIC ABBREVIATIONS

m = meter
dm = decimeter
can = centimeter
mm = millimeter
Hz = hertz

mhp = metric horsepower
40. OOMON METRIC OONVERSIONS

40.1 Iength

1mi= 1609.35m
1yd=0.9144 m

1 ft = 0.3048 m

1 in = 0.0254 m
l1m=10 dm = 100 cm = 1000 mm
40,2 Area
l1sgyd=0.8361 sgm

1 sqg ft =0.0929 sqm

1 sq in = 0.00065 sq m
40.3 YVolune

lcuyd =0.76456 cum
1cuf1‘:‘=002831cum
lcuin.=0000016_
1litre =1.00x 10 cum
40.4 Mass

1 STON = 907.185 kg

1 ILTON = 1016 kg

1 1b = 0.45359 kg

= 0.3048 my/s? )
free fall, standard = 9.807 m/s

kg = kilogram

km = kilometer

t = metric ton

Pa = pascal

rad = radian

km/hr = kilometers per hour

1 km=0.6214 mi
lm=1.0936 yd
lm= 3.2808 ft

1 m = 39.3700 in.
lsgm=1.1%6 sq yd
1sgm=10.764 sq ft
1l sqm= 1,550 sq in.
lcum=1.31 cu yd
1l cum= 35.31 cu ft
1 cum= 61023 cu in.
lgal =0.0038 cum

1 kg = 2.2046 1b
1 t = 1000 kg
1t =2204.62 1b
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40.6 Velocity (includes speed)

1 foot/second = 0.3048 nys
1 kot (international) = 0.5144 ny/s
1 mJ.le/hour = (0.4470 n/s

kil LOME e/ RIY Cezic IYVS
40.7 Mass/Area
1 ponm—mass/footg = 4,882 kg/mg
1 pourd-mass/inch® = 703.1 kg/m

40.8 Pressure/Stress
1 pound—force/i.nchg = 6895

1 POUNnG—IrIorce/ L1oou

40.9 Anqular Measure

1 degree = 0.01745 rad
40.10 Force

1 pound-force = 4.448 newton

Thew sawa

A oA
4U. 11 BEWwWeL

1 horsepower = 1.014 metric horsepower

40.12 Quick conversjons. The following simplified conversion factors are
accurate within 2 percent for quick camputations:

Inches to centimeters - Multiply in. by 10 and lelde by 4.
Yards to meters - Multiply yd by 9 and divide by 1
Miles to kilometers - Multlply mi by 8 and divide by 5.

[ TR WU, P, Y, U g, g W E L. . JLIY - |

Pounds to Xilograms - Multiply lb by 5 and divide by 11.
40.13 Measurement Ton. A measurement ton equals 40 cubic feet of volume.
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