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Preface

The body armor thar LS. forces wear in Afghanistan is effective against ballistic threats: There
have not been any known penetrations of the body armor or faralities when the currently issued
body armor was struck by projectiles it was designed o stop. However, the combar loads thar
dismounted soldicrs and marines carry on patrol are very heavy, and a large portion of this load
is due o body armor.

Congress asked the question, How can body armor weight be reduced? Congress's per-
ceprion is that the Department of Defense has been slow in developing and deploying lizhter-
weight body armor, In Section 125 of the National Diefense Authorizarion Acr for Fiscal Year
2011, Congress requested thart a federally funded research and development center conducrt a
study of lightening body armor. RAND Arroyo Center was selecred o perform this study and
was sponsored by Dr. Scorr Fish, Army Chief Scientist, Assistant Secretary of the Army for
Acquisition, Logistics and Technology.

This document should interest those involved with lighrening body armor and the combar
loads of dismounted soldiers and marines.

The research was conducred in RAND Arroyo Center's Force Development and Technol-
ogy Program. RAND Amoyo Center, parr of the RAND Corporation, is a federally funded
research and development center sponsored by the Unired Stares Army.

The Project Unique Identification Caode (PUIC) for the project thar produced this docu-
ment is HOQD 16049,

For more information on RAND Arroyo Center, contact the Direcror of Operations
{velephone 310-393-0411, extension $419; FAX 310-451-6952; email Marcy_Agmongirand.
org) or visit the Arroyo Center's website ar hropefiwww.rand orgfard /.
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Summary

The body armaor that U5, forces wear in Afghanistan is effective against ballistic threars: There
have not been any known penetrations of the body armor or faralities associared with the threat
of projectiles thar the currently issued body armor is designed 1o stop. The bady armor is heavy,
howeves, constituting approximarely 30 percent of the total load thar is carried into combat by
a dismounted soldier or marine.

Congress has asked the question, How can body armor weight be reduced? Congress's
perceprion is that Deparement of Defense (Dol)) has been slow in developing and deploy-
ing lighrer-weight body armor. In Section 125 of the Nartional Defense Auchorization Acr for
Fiseal Year 2011, Congress requested that a federally funded research and development center
conduct a study of lightening body armor. The RAND Arroyo Cenrer was selected to perform
this study.

The study focus is on soldier protection from ballistic threars—borth small arms fire and
fragmenting munitions. The study concentrares on reducing the weighe of the torso armer,
since most of the body armor weight is in protecting the torso area of the body. Protection
of the torso area is provided using soft body armer vests with ceramic plare inserts, and che
ceramic plates are heavy. The weighe range of a full-up torso body armor ser is 27 1o 38 prounds
for small to exera-large sizes.

Body armor must be capable of meeting two requirements. Firse, the ceramic places canner
be penerrared when struck by multiple ballistic rounds in a well-defined shor pattern, Second,
the backface deformarion {2 surrogate measure of blunt force trauma) thar occurs when the
buller impacrs the ceramic plare must be no greacer than 44 mm, as measured by indentarion
depth in the test marerial backing the plare. This depth is based on limited 1977 research using
anestherized animals. Additional machemarical modeling predicred thar a backface deforma-
tion of 44 mm or less would resulr in a praximum 10 percent probabilicy of lethalicy.

Comparison of Approaches

The four approaches o lighten bady armor—refining requirements, using modular configu-
rations, improving resting, and improving marerials—are compared in Figure $.1. In some
respects, refining requirements is the most difficult approach w implement: Changing the pro-
CEFIES NECESFATY 1o meet requirements is not very difficult, but the decision 1o change require-
ments in the first place is. A change from the currently accepred threat round that the body
armor must be capable of stopping ro a less capable round {in terms of muzzle velocity, buller
type, of caliber) would have serious CONACUETHES il thee :_:h:-l_r:gc were larer shown o be wnowar-
ranted and additional lethal casualties resule.
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Figure 5.1
Comparison of the Four Approaches to Reducing Body Armor Weight
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The least dithoulr approach is the use of modular body armor configurations, simply
because the decision to use modular body armor has already been made. However, thisapproach
carries the largest risk. I a commander decides o use a less effective body armor configura-
tion {i.e., a bower level Body Army Protect Level [BAPL]) and his choice proves 1o be incorrect,
avoidable casualies could result. The other two approaches we considered—improving wsting
and improving marerials—involve some difficulr choices bur should not lead 1o carascrophic
OO TS,

Each of the approaches requires Army and broader Dol coordination befors it can be
implemented. Both refining of requirements and using the medular body armeor approach
require high-level coordination because of the potential risk. Improving testing requires
approval from the (Ofhce of the Director, Operational Test and Evaluation (DMOT&E), and
developing better materials requires funding and time.

With regard o estimared weight reductions, greater increases in reduction may be pos-
sible if some of the approaches are considered synergistically. For cxample, a larger weighe loss
should be achieved if the benefirs derived from reduced requirements are combined with rhe
benefits gained from improved testing coupled with medular conhgurations.

Conclusions

The conclusions of this study are a5 folbows:
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« Today, no “silver buller” material solution exists that will gready reduce body armor
weight,

* Some means {mainly nonmarerial) are available char can reduce body armor weight.

= A combination of material and nonmaterial approaches o lighten body armor will result
in grearer weight reducrions.

= Synergy of modular conceprs may lead o greater weight reduction fe.g., integration of
hard and soft body armor designs).

= Further reducrions in weight will require a significant investment of money and time.

A 10 percent reduction in weight appears to be about the most that is realistic in the short
term if overall protection is to remain constant. Even this small increment will be quire diffi-
cult o achieve, however, A longer-term solution to reducing body armor weight likely involves
the developmen: and integration of new marterials. However, the rechnelogy is currently oo
immarure 10 make reliable cstimares abour the weight and protective effectiveness of new
marerials.

There are some nonmaterial solations available that can resule in a greater than 20 percent
weight reduction. Por example, with modular body armor conbgurations, a 43 percent reduc-
tion results when BAPL 2 is selected instead of BAPL 5. The problem is thar the choice of
the appropriate BAPL is a difficule decision. Also, a large inventory of body armor vests and

plates must always be available to provide the vatous plates and vests in all gzes 1o forward 1o
combar areas.

A combination of marerial and nonmaverial approaches should resulr in greater weighe
reduction. For example, if the plates are over-designed for the threar, then the requirements
and testing procedures could be changed, resulting in thinner and lighteraveight plates.

A synergy of modular conceprs may also lead 1o grearer weight reducrtion. Soft and hard
body armor should be developed and procured as one frem. Today’s practice is to simply add
hard plate inserts 1o a soft vest, bur a systems approach would design a single body armor con-
ceprt thar oprimized the characrerisrics of the rwo components.

Further reductions in weight will require a significant investment of money and time.
Changes o the plare design could reduce the plare weight. For example, variable-thickness
plates could be constructed that provide greater protection over the chest portion of the rorso
than over the abdemen portion. However, variable-thickness plares would involve changing
the manufacturing process and the testing procedures.

Answers o the cight issues specifically raised by Secrion 125 are presented in the main
body of the document.

Recommendations

As a resulr of our examination of the issues associated with reducing the weight of body armor,

we propose four top-level recommendations:

L BAPL % includes an improved outer tactical west wich fooor, back, and zide plages, while BAPL 2 uses 2 plice carrier
withmar the side plages.
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= First, development of significanaly lighter, nexe-generation body armor using advanced
technology materials will require more research, development, tesr, and evaluation
(RDT&E) funding. though we have nor acrempred 1o quanrify thar requirement. The
various RDOT&E program clements also need to be berter coordinared, and the various
service efforts should be mutually supporting,

= Second, the threat level requirement should be consistent with the threar environment
being encounrered roday and anricipared in che furure.

* Third, the requirements-develapment process needs 1o be reviewed o ensure thar coor-
dination among the relevant stakeholder offices is continuous as requirements are devel-
oped. Making optimal trade-offs berween protection, weight, ergonomic impact, and
cost requires ongoing interaction ameny the user representative, the rechnical commu-
nity, and the resource providers, from the start of requirements assessment to the publica-
tion of the requirements document.

* Fourth, performance—including weight—should be included as a contract award selec-
tion criterion when awarding producton contracts for body armer. Currently, products
that meer the threshald criteria are selecied solely on a cost basis by the Defense Logistics
Agency, so prospective producers have no incentive to improve body armor performance
beyond the threshold.

We also propose five specific recommendarions:

* Exceprions should be made to the Berry and Kissell Amendments, which limit the design
and manufacruring of soft body armor intended for ULS. service members to American
and Canadian producers. If offshore sources offer improved body armor solutions, they
should not be denied to our service members.

= The 1977 Pracher study that provided a preliminary correlation of morrality and backface
deformarion on soft body armor should be updated by conducting new research using
taday’s body armor (soft and haed). Mew dara will help improve requirements generation
and make testing more realiseic.

« Field commanders may be reloctant o utilize 2 BAPL lower than the maximum wirh-
out some sort of decision aid rool 10 back up ctheir assessment. The development of the
Operational Requiremenes-based Casualey Assessment (ORCA)NModular UNEC-based
Vulnerabilicy Estimation (MUVES) model should be continued and used 1o hep develop
a decision aid char field commanders can use to make BAPL decisions,

= A comprehensive crauma dara colbection and ::::]}'.-:i.\: [Process should be established o
herrer inform researchers, developers and decisionmakers.

= Finally, rescarch should be conducted to better underszand how body armor weight
degrades soldier combat performance. There is 2 trade berween individual prorection
and individual—and unit—effectiveness. That trade space is not well understood today,
so making assessments cencerning develepmental requirements and abour BAPL during
operations is currently difficuls,
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CHAFTER ONE

Introduction

This report documenrs RAND Arroyo Center support to the ULS. Army in responding o
Section 125 of the National Defense Auchorization Act for Fiscal Year 2011 (P.L. 111-383).
The research on lightening body armor was performed over a two-and-a-half-month period.
The curoff dare of the rescarch phase was mid-June 2011, The research consisted of lierature
reviews, interviews, independenr analyses, and a synthesis of the study findings. Besides pro-
viding general condlusions, the specific questions that are raised in Section 125 are addressed.
Both top-level and specific recommendarions are made regarding lightening body armor.

Purpose of the Study

Congressional concerns abour efforts across the depariment of Defense (DoD)) o develop
lighter-weighe body armor resulted in Secrion 125 of the Narional Defense Authorization Act
for Fiscal Year 2011. Section 125 directs Dol to contract with a federally funded research and
development center o study how the Dol effort 1o lighten body armor could be improved.
Congress directed thar the study be performed by an independent, objective analysis eam
composed of analyses thar undersrood both advanced marerial rechnologies and combar opera-
tions. The RAND Arroyo Center was sclected by the ULS. Army to perform this study.

The basis of congressional concern is a perceprion by some in Congress that Do has
been slow in developing and deploying lighter-weight body armaor. Congress believes thar this
muy be due to the research and development (R& D) procurement approach that the Army
currently has in place o develop and introduce lighrer-weight body armar,

The body armer study requirements listed in Section 125 are as follows:

1. Assess the effecriveness of the process used by the Secretary [of Defense] o identify and
examine the requirements for lighter-weight body armor systems.

2. Determine ways in which the Secretary may more effectively address che research, devel-
opment, and procurement requirements regarding reducing the weight of body armor.

The rescarch reporred in this document addresses these rwo study requirernents.
Section 125 also staves that the study must address the following issues:

1. the requirement for lizshter weight body armor and personal protective cquipment and
the ability of the Secretary [of Defense] w meet such requirements

2. innevarive design ideas for more modular body armer thar allow for scalable prorecrive
levels for various missions and threars




2  Lightening Body Armor

3. the need for research, development, and acquisition funding dedicared specifically for
reducing the weight of body armor

4. the efficiency and effectiveness of current body armer funding procedures and processes

5. industry concerns, capabiliries, and willingness to invest in the development and pro-
duction of lighrweight body armor iniriarives

6.  barriers preventing the development of lighter weight body armor {including such bar-

riers with respect B technical, insticutional, or inancial E:-n::.l.'r]r:mx:l-

changes 1o procedures or policy with respect 1o lightweight body armor

other areas of concern not previously addressed by equipping boards, body armor pro-

ducers, or program managers.

oo

These issues fall under four general areas:

= requirements for lighter-weight body armor and the ability o meer them

= innovarive design ideas and requined funding for reducing body armor weighe

* harrersiconcerns thar prevene the development -::Fligﬂutﬁr-wu'lt;ht hesdy armaor

= efficiency/eflectiveness in current funding procedures and processes and required changes
o procedures and policy.

Ta perform the required analyses in the allotred rime period, the study focused on the

maost imporeant aspects of body armor protection—ballistic chrears and rorso protecdon.

Study Caveats

The study has two major cavears. First, the smudy’s focus is on soldier protection from ballistic
threars; nonballistic threats are only indirectly considered. Ballistic threars include small arms
fire and fragmenting munirions from improvised explosive devices (IEDs), land mines, and
indirect fires. TEDs are very effective fragmenting munitions. They have killed more mroops
in Afghanistan than any other weapon rype. Soft body armeor is designed wo protect against
shrapnel from fragmenting munitions.!

Second. our research focus is limited to torso armor, since mast of the body armor weight
is in protecring the rorso area of the body. Since rechnological advances are being made in
other soldier personal protective equipment areas, there was less need o investigare them. For
example, the advanced wchnology helmer currently being developed is made from ulera-high-
malecular-weight polyethylene and weighs slighely lees than the cureent Kevlar helmer. Face
protection masks and groin protecrion are also being developed. In contrast to these lighter-
weight components, protection of the torso area s provided using soft body armer vests with
ceramic plate inseres, which are effective bur heavy.

L Safr armor was designed to provide fragmentation protection and was based on an ey smdy of land mines and gre-
nades. Although soft and hard armor were mor designed o proeect agains the TED threar, chey dio have a cormin proecrien
Jewel againse shrapnel from IEDS or orber thisars, Hand armor prosides maich higher frapmencation (shraprel] procecrion
tham soft ammes. Howseer, the overpresswre from an [ED blas & a differem story. Recene research shows thar sofr armos
has almuest mo elfest an everpressune, bur hand aemer has soene level of overpresasre reduason, Le., provides same degree of
peecectian if the cverpeessure Is the caase of the injury. The primary concem for wrso proteciion againss a blas has bemn
|l.|.rlg1'r.|';||.'_r. Huvewever, i Appasars [{F= T} Funﬂ injitry caisad by hlast everpressuse is rare in the feld. according 1o the medical
l_i_'||1'||1'hu|'|il::|ll1. imury amalysiz, (D, James {3 ?J'E":'IP TEC Roldier. privare communicasson, fune 290, 11




Introduction 3

Research Approach

The analysis was performed following a three-prong research approach thar consisred of licera-
ture reviews, intervicws, and independent analyses.

Literature Review

The literature reviews consist of assessments by the Army Auwdin Agency, the Government
Accountability Office (GACY, the Do} Inspecror General (Dol? IG), and the Board on Army
Science and Technology (BAST) of the Narional Academies. ‘These asscssments concentrated
o1 TEECING, IS50eE,

Interviews

Both on-site and telephone interviews were conducred with 18 organizations thar are involved
with body armor development and procurement. These included eight separate Army organiza-
rions: Program Execurive Office (PEO) Soldier (Haymarker), PECQ Seldier/Program Manage-
ment {I'M) Soldier Protection and Individual Equipment, PEO Cuntmcting Office, the 15,
Army Training and Dectrine Command (TRADOC) Mancuver Cenrer of Excellence, the
Army Research Laboratory (ARL}, the Natick Soldier Research, Development, and Engineer-
ing (RD&E) Cemer, the ARL Survivabilicy/Lethality Analysis Direcrorare, and the Aberdesn
Tesz Center (ATC). In addition, we interviewed two Navy/Marine Corps organizarions, the
Ofhee of Naval Research (OMNR) and Marine Corps Systems Command (MCSC) (Infantry
Combar Equipment, Armor and Load Bearing Team [PM-ICE]); LLS. Special Operations
Command (5OCOM} and the Defense Advanced Research Projects Agency (DARPAY; the
Orhce of the Director, Operational Test and Evaluation {DOTE&E); two dvilian testing facili-
tics, Chesapeake testing and HP Whire; and five bady armor vendors (Ceradyne, Coorseek,
BAE Systems, Honeywell, and Dulont). The vendors represent two plate manufacturers, two
soft armor providers, and one incegraror.

Independent Analyses
Ohur independent analyses concentrated on furure marerials for soft and hard body armor. Per-
formance potential and cost were investigared.

Organization of This Document

The organization of this reporr is as follows. In Chapeer Two, we present background on some
issues associated wicth body armor operations, cffectivencss, and requirements. In Chaprer
Three, we describe four approaches to lishtening body armor and assess cach. In Chapaer Four,
we provide an overall comparizon of the four approaches, present our general condlusions, and
specifically address each of the eight congressionally raised issues. Finally, in Chaprer Five we
provide horh wp-level and specific recommendarions.




CHAPFTER TWIO

Background

The purpose of this chapter is to set the stage for our analysis, in Chapter Three, of four
approaches o lightening body armor. In cthis chaprer we discuss three related points, each of

which highlights an issue thar affecrs body armor.

Soldier Combat Load Is Daunting

The first poine is char soldier combar load is very heavy and dewrimental w combar perfor-
mance. Body armor is 2 significant contriburor to this overall load.

Average Combat Loads for Soldiers and Marines

Dismounted soldiers fighrting in Afghanistan carry very heavy loads relative 1o their body
weighe, Figure 2.1 shows such a soldier, carrying a full combar load. Table 2.1 shows che
combar loads for three duty positions under three operational load conditions—average hghr-
ing load, average approach march load, and average emergency approach load.

The average hghting load includes the following items: bayoner, weapon, clothing,
helmer, body armor, load-bearing equipment, and a reduced load of amnmunirion. The average
approach march load includes the fighring load irems and, in addition, a basic load of ammu-
nition. a small assaule pack, and a lightly loaded mucksack or ponche rell. The average emer-
gency approach march load includes the approach march load and, in addition, a much larger

Table 21
Average Combat Loads for Army Soldiers in Afghanistan, 2003

Syurage Approach Auerage Emergenoy

Awarage Fighting Load March Load Approach Load

Weight  Percentage of Whaight F-en:pnng_q af Weight P«:trnnnta‘g_n of
Duty Pasition {pownds)  Body Weight  (poamds}  EBedy WWeight  [pounds)  Body Weight
Riffernan E EL El 55 127 )
Soquad Futiimatic 74 a5 11 63 B A
rifleman
Glemsn martar & ig 108 B4 142 By
qunner

SURCE: Task Force Devil Combinged Arms Assessment Team (Devil CaAT), “The Modern Warrior's
Cambat Lead: Dismdunted Operations in ﬁ.f!]hél'll-‘i-ﬁﬂ. Aprid-hay 2005." FL. Leawemsorth, Kan: LS,
.I’q.l"l"l'l:f Center tor Army Lessons Learmmed, 2003,

WOTES: 48-72-howr average massion duration, Load indudes body armar with teno small arms protection
insert (34F1) plates and no meck ar croteh quards (12,5 Ib).
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Figure 2.1
An Army Soldier Carrying a Full Combat Load

SOURCE: Task Force Devil Combined Arms Asseszment
Team (Dewvil CAATE “The Modermn Warrbar's Comibat Load:
Dissngunted Qperations in Afghanistan, Agrik-bay 2003, 7
Ft. Legwerneeirth, Kan.: LS, Aney Canter far Armry LEssons
Leamed, 20032,

b MR14EE2

rucksack. All three combar loads include 2 body-worn hydrarion sysrem thar can contain up o
three liters of warer and weigh up 1w nine pounds full.

Soldiers in Afghanistan in 2003 wore lighteraweight body armor, Their protection con-
sisted of a vest with two small arms protective insert (SAPD) plates. Today, Army body armor
is generally heavier, as much as twice thar worn in 2003.

It has, of course, been long recognized that too-heavy combar loads can reduce soldier
effectiveness. In 2001, GEN Eric Shinseki, Army Chief of Staff, expressed a goal thar the
combar load of the individual soldier serving in the Furure Force was not to exceed 50 pounds,
This goal was to be reached by 2010, bur thar has nor been realized.

Marines carry combar loads thar are similar in weight o what Army soldiers carry.
Figure 2.2 shows the acrual assaulr loads for six Marine Corps duty positions on combar
patrols. The dara are from a 2007 Naval Research Advisory Commirtes (NRAC) pancl study
thar addressed the issue of lightening the combar load.! The NRAC study also recommended
a maximum assaule lead of 50 pounds.

Load Impacts Performande

The U.5. Marine Corps is adamant that heavy loads are detrimental to combar performance.
MNumerous anecdores abound that camment on the consequences of carrying heavy loads. As
a Marine Corps officer put it in MNevember 2006, "We were ordered o wear everything every-
where in the mounzains all the time . . . even if you were in great shape, you couldn't keep up

U Waval Ressarch .ﬁ.d'-'imr:-'fl'l;vrn.-nh:n,-:.']jg'lumi:'ul;nlz Lead,” brichng o Honorable Dichores #. Ecver, Sssisrane Serre-
wary f |_|'|..' Huv:\.‘ lar Resesanch. l:"h."ull']a.lp.'l'u.'rl.l: znd .';cqui;ni:ln.-.‘i'.'r'l:crnl'-cr 0T
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Figum 2.2
Individual Combat Loads for Marines, by Position
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LOURCE: Mavasl Rausarch fdvisery Commities, “Lightening the Load, ™ briefng to Honorable Delones b, Eite
Ausmtant Seoretary of the Naey Tar Busearch, Dewelopment and Acquisition, September 20607
RRME TElfhe2 D

with the enemy.™ Or, as it was phrased ar the August 2005 Marine Corps Moncommissioned
Officer Lessons Learned Conference, "Ounces equal pounds and pounds equal pain.”

The MRAC study proposed several material solutions 1 help reduce the load. They include
lighrer body armor, caseless ammunition, lighrweight weapons, integrared optics, advanced
barteries, and overall systems integration. OF all of the marerial solutions, the NRAC felr thar
the biggest savings could be Eil.i.l:ll.'.d from lightening body armor. The NEAC also investigated
other means of lightening a squad’s load. They included offioading cerrain items and ransfer-
ring the load via manned/unmanned ground and aviation vehicles, enhancing human perfor-
mance through tacrics and ctraining, and using a systems engineering approach o reducing
weighr.

It is interesting 1o note thar the loads carried by various infantry units through history
cxpericnced a sharp increase starting in World War I Up until then {from the Greek Hoplites
and Roman Legions through the Civil War), the loads were in the 40-pound range. By the
time World War 11 started, the combar loads had increased w 85 pounds and have remained

at this level or higher ever sance.

Pawal Besearch Advisory Commineee, 27, p. £3

¥ Joseph Enapik, "Physivlogical, Biomechanical and Medical Aspecs of Soldier Lead Carriage,” mesting on Soldier
Mdorbalisy, J{"upll:u. Canada, BTC MP0%G, Tune 200,
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Heavy loads can severely impact a soldier or marine's combat performance.# Figure 2.3
illuserares the effect of combar load on a marine’s performance.’ (Similar results apply o a
soldier on a dismounted patrol) For a rifleman, increasing his load from 50 pounds (goal)
to 25 pounds (acrual today} reduces the marching distance thar a soldicr/marine can traverse
in eight hours by 35 percent {from approximarely 17 wo 11 milesh. (However, as shown in
Figure 2.3 by the dorred verrtical lines, the model did not cover the grearer weight carried by a
squadl leader.) The decrease in distance covered over time is also likely o be impacted by the
terrain in which the soldiers or marines are operating and the weather conditions where the
operations are taking place.

Other studies have been performed rhar consider different performance measures for
soldiers and marines. One such study looked into the physical performance of soldiers who
were wearing personal protective equipment (PPE). In this study of 21 military personnel, the
researchers observed a performance reduction during the funcrional field rests, along with dec-

Figure 2.3
Performance Decreases as Combat Load Increases
25
Rifberan Lquad keader
20— fasanlt]) {assault]

-
il

Masching distance in & haurs (miles)
=

s pd e dRdeaEE TR ERIRERE AR RN ER AR R ERAREENEN

I

a I | i | 1 |
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SURCE: Unpublished findings from a 1982 fSwmy study by B F Galdman,

MNOTE: The conditions are for a l\.lw?ighl_ ol 171 paruns, a mlk]rl.g surface compesed of dirt, a1 peroent
grade, and a waek lewel of 350 Kealhour.

L E L

¥ Long-term injuries ase slso heing blansed an excesdne combar boads. A newspaper report fownd rhar the number of sol-
diers medically revired From che Army with 4 kst one susulvsbeleal condidon increased neary wenfold from 2005 w
AL :l.'cnn:ling frie] ..’;rm_t' scatimics. Lhe i.'hﬂ'-':-' combar Inads conrribuirad ge 3 ri:u;ug nambaer nf_l’.'l-r_l'.:n:'qan arsd |r.H_'| W
WELETANS n::l:m._ﬂ-.w-.l:h d:n:'rtmri-.!e artlriris, cervical sraine, 1.F|ir\.;|_I infuries, and ocher ousculoskeletal inparics. [Amocziced
Press, "Combne Soklices Are Carrying Too Much Weight,” Searde e, February 15, 2011}

¥ The coree shewn in this figure & based an an Ay swdy developed wing B F Galdman'’s unpablished findings on
metaholic eneigy cost mosleling, A curvent rovicw of meabalic com models i summarized by Alhert Adams 111, “FEffeas
af Extremdrey Armor on Mecabolic CGose and Gair Biamechanics,” thesis, Warchestes Podyrechaic lastiture and 1LE, Ay
Marick Saldier Research, Drevedopancnt and Engineering Cenger, 20000
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rements in rdiovasoular performance, balance, and scrength when wea ring PTE (a system of
Kevlar front and back plates and an unlined combar helmer).®

In another study the physical work performance, energy cost, and physiological farigue
experienced by military personnel were examined when wearing body armor. In chis study of
34 milicary personnel, the findings indicare a significant metabolic cost with increased exercise
while wearing body armor.”

In a third study, the physiological, lnemechanical, and performance of 11 enlisted Army
MEN Mot WEATIng Armor, an armor vest, of a vest plus extremity armor were tested on separare
days in walking, running, and three maximal-effort tasks. The maximal-effort tasks were five
continuous 30-m rushes, five minutes of repetirive lifting of a 20.5-kg box, and an obstacle
course run. The study demonstrared thar performance on maximal efforts was poorer when
extremity armor was worn than when armor was not used or only the armor vest was worn;
thar the use of extremity armor increases the users’ merabolic cost while performing soldier
tasks and alters gair biomechanics compared with no armor or an armor vest alone; and thar
there were significant changes in walking and running biomechanics when extremicty armor
was worn compared with not wearing armor.®

Body Armor Weight Contributes to the Overall Load

Teday's body armer is heavy and represents a large amount of the combat load thar a sol-
dier carries. The weighr of a full-up rorso body armor set mnges from approximarely 27 w
38 pounds, for small to extra-large sizes, respectively.? (In our analysis, we have used a medium
size body armor set [32 pounds] in our weight comparisons, realizing that the conclusions
based on it also effectively apply o the other sizes)

A 10 percent reduction in body anmar weight is not thar easy o achieve.® Moreover, as
we discuss below, a 10 percent reducrion lessens the soldier’s toral combar load by only a few
pounds. While every pound rthat is shaved off the soldier’s load is imporrant, three o four
pounds only make 2 small dent in the effort to reach the 50-pound geal "

The challenge is what marerial and nonmarerial solutions are available t achieve larger
weight reducrions.

% ML Dweddaio, . Chnawe, D, Swain, 5. Bingleb, 5. Marrison, and T Maiak, *Fhysical Parformance Dhecrements in Milicary
Persannel Weaskng Personal Pronective Equipanent (PFE)," poser presenracion ar the Sympasiem oo Human Perfpemance
Enhancemem for MATC Miliarny Cperations in Sofa, Bualgases, Cuomeber %-7, 2004,

" Hichard Ricciardi, Parricia A. Dhewster, and Laara A, Talbed, “Metabalic Demands of Body Armor on Physicsl Perfor
mance in Simulared Condirions,” Moy Medicine, Seprember L, HMIE, pp, B17-524

5 Leif Hasselquisr, Caralyn K, Bensel. Brian Corner, Karen M, Gregorarek, and Jefeey M. Schiliman, “Underurancing
the Physiolugical, Blomechanical, and Performance Efscus of Body Armaor Use,” Ziiok Armerp Srience Conference Proceedings,
Orrbanidi, Els.: Manck Seddeer Rsearch, Develeprent and Enginoering Cener, Dhecember 2008,

T Weiplsz are for 2 wrso see consisting of an improved cuarer racrical vest (ITV) with deliodd peosecsne and enbanced

small arms prosecrion inserclenhanced side body insert [ESATESBI) coramic plares.

" “For places, 2 L0 peecest weight rechuerion for ESAM conrimues o challenge induwsery™ (Mackck Soldier BDEE Cences
body armar averview hrir:Hn[_\-__ Mlarch 31, M11L

" The decreinal fighrieg, load is scowally $8 pownds, ooc 50 0BG P o Fuller, Program Execurive Offcer Sobdier, temi-
mony before the Hawse Armed Services Commimes, March 17, 20015
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Current Body Armor Is Effective

The second point is that today’s body armar appears to be effecrive. ULS. Rep. Roscoe Bardlert
(R-MD) has stated:

Orur troops and ctheir families should be reassured ro know thar w date rhere hasn't been
a single faralicy from a failure of currently issued body armer, Specifically, the Army and
officials from the Joinr Trauma Analysis and Prevention of Injury in Combar {JTAPIC)
program found thar shere hasn't been any penetracions of body armor or a faraliny asod-
ared with whar the cursently issued body armor was designed to stop.=

Statements like this suggest that there have not been any penetrations of body armor or
fatalities associated with the threar thar currendy issued body armor was designed o stop.
Indeed, we were not able o uncover any cvidence that current body armor is not cffecrtive
against the threat for which it is designed. However, while data are routinely collected on sol-
dier injuries and deaths, there may be missing information. For instance, plates are often not
returned or associated with the stricken soldiers or bodies. This means thar the darabase may
be missing critical information.

In 2004, a theater rrauma system was in place for collecting dara on mrauma parients and
implemenarion of a performance improvement program. Daa collected on trauma patients
included demographics, mechanism of injury, physiology, diagnostics, treatments, and our-
comes, and this information was placed into the Joint Thearer Trauma Registry (JTTR). Dara
collecrion in the tranma regisery continues today, as does the performance improvement for
raumE care across che continuem. The iy dara collecied :]ﬂll"l.'g with |:ll:‘:u.1._:,r AFTNIGT WO 15
given to the Joint Trauma Analysis and Prevention of Injury in Combat (JTAPIC) program
for analysis. [f adequare dara have been collected, the effectiveness of today’s body armor could
b .;_]uam:i['u:d. However, we were unsuccessful in nb[aining casualry dara from the [TAPIC
program.

While today's body armor appears to be effective, it may also be that the body armeor is
over-designed for che threats thar our soldiers and marines are facing in Alghanistan. (J TAPIC
dara should also be able o help answer this quesdon.) While casualty data are reported in
specific case studies, further analysis of che complete dara is needed 1o betrer understand the
tollowing;

1. Deoes body armor protect against ballistic threats?
Whart is killing our sobdiers? Concussive blast? Shock? Headshors through the helmer?
Headshots in noncovered arcas? Meck or cthroar shors® Torso shoes chrough the soft
armor? Torso shots through the places? Exsanguinations because of a severed limb or
artery oot covered by body armaor? Such informarion is needed.

3. 'There should be a report on every penetrating wound. Who has these reports and whar
is done with the data?

We recommend thar [TAPIC identify and analyze casualty rrends and circulare irs findings
among the body arnvor research communiry.

¥ SCongresman Rostor Pardece Reasswres Troops and Their Families Thar They Are Frosecoed by Efoiive Body Armor
in Irag amdd Abghaniszan,” press rcdcase, [anuary b, 2001,
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Body Armor Must Be Capable of Handling Multiple Ballistic Round
Penetrations and Limiting Backface Deformation

The third point is thar wday’s body armor has two key requirements: It must be capable of
handling multiple ballistic round penetrations and limiting backface deformarion (BFL). Boch
Fequirements are SIANgEnt to mect.

The purchase descriprion for personal armur prowetive inseres stares thar the ceramic
plares must be able o stop three rounds spaced in a well-defined shot pattern. In addirion
to mreeting this penetration requirement against different ballistic rounds, body armor plares
muest also meet other condirions {temperature extreme, fuid resistance, alitude rest, fungus
test, erc). In arder to sarisfy all of these requirements, the ceramic plates are necessarily heavy.

The ability to limit BFD is another stringent requirement, BED is a surrogate measure of
blunt force trauma. Clay is used as the backing in tests where BFD is measured as the depth
of the crater created after buller impact. Based on 1977 research findings by Pracher, Swann
and Hawking, 44 mm indenration has been accepted by the Army as the maximum accepted
deprh_ 0

These test requirements are for che current Army X-small arms protection insert (XSAPI)
rest procedures. Other test requirements have been used thar vary slightdy wich plare type and
time."”

Bath the multiple ballistic round penerration and the maximum backface deformarion
requirements force the vendors to produce heavy ceramic plates with adequare backing marerial,

Basis for the Two Reguirements

The requirement thar body armor be able to handle multiple ballistic round penetration is
based on 2 conservative decision approach and the desire to protect against chis rype of artack
in-thearer,

1 Punchase Diescriprion, “Persanal Arnyy X Small Arms Proceceive Inserr,” FOUPD 07138, Auguse 25, 2010,

W Convention dictates char che crager in by reslsing from a ballissic s be called baclface defoemarien (BEDY, bt it is
mare aggurarcly described ax backface signanare (BFE) The degree of plase defarmarion (BFDY) in a ballisic rest bs scrsally
kewx than the resalring coater (BF5). {J. It F. Broe and M, |. van der Jagr-Diewekom, *Whar Dhoss the [ndenr in Plastilina
Mleand” Pesomal Armoar Sysems Symposiom (PASS), Quebes Ciry, Canada, Seprember 13217, 200100

" B. Prather. . Swann, and . Hawking, Backfrer Signarsrer of Soft Rody Armors ad the Avovicsed Trauma Efferts, Aber.
e Proving Groand, M. Chemical Spssems Labaesiary, Movember 1977

¥ Curvent DOTECE requirements state thas 60 plates are oo be vemed imnine environmenrs, under ambiers candisions
ard by sht aircler™ {Stamalarad for Lor Avcepaance Tzsring of i Sody Armspe, memsrandum 2 Jaly 2000}, The 60-place design
is replicared for each threar. The [MOTEE standard does nor specify the specific theears e testing, Far any threar, the fol-
fowing ix required o soccessfully pass the fiesr anick: sese [FAT)
= Tar che firsr shon, the 43 perosni lwer conbdence baund far ohe prodabilay of no i_'\-.ml-h 0 peiksiraiin i grewo
tham orequal vo 0.5
= For the second shot, the 90 percent lower confidence bound for the probability of no complere penceratian is greares
than ar equal 1 0T,
*  Forche Brse shor, wish 0 percent confidence the 9 percert upper colerance limic for the BFTY & Jess chan 44,0 nam,
*  Fur the second shog, with 90 percent confidence che 30 percent upper colersnce limir for the BFD i less chan
4.4 mm.

17 Fou l.':ﬂm['ll.'. the March 2010 ESAPL PIF used & Pt syseem 4 deermine Sese articke rest (FAT) Failisres based an e
and second shot peneerations and BEDY preaier dhan 44 mom, while che December 2009 X5APD D alas used a poing syseem
bt 2 43 mom BELY requirernene wich a passifail criveris thar difesed by ithreas oppe.
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The BFLY requirement is based on 1977 study by Prather, Swann, and Hawkins, com-
missioned by the Narional Institute for Law Enforcement and Criminal Justice of the Law
Enforcement Assistance Administration. The purpose of the study was 1o develop 2 simple,
readily available backing marerial for wse in characterizing borh the penerrarion and deforma-
tion effects of ballistic impacrs on soft body armor and relate this deformarion 1o the injury
potential of nonpenetrating ballistic impacts.,

Prior to the stedy, 20 percent gelarin had been used 25 a backing marerial for the study
of ballistic impacts on soft body armor materials. However, a major limiration of gelatin is the
near toral recovery of any deformarion that may occur, The only way 1o analyze deformarions
in gelatin is through the use of high-speed photographic rechniques. The Prather studly was
able to establish thar Roma Plastilina 1 clay was a second oprion thar could be used wo correlate
clay deformarion to injury and tissue deformartion. Because the day exhibited very lirde recov-
ery, a readily available impact cavicy could be used for BFD measurements.

To escablish the acceptable BFD, a model was formulated using experimental data sets
obtained from tests on anesthetized animals, for which physical characteristics of the impace-
ing projectile was known. ™ Based on the model and tests done with the clay, Pracher, Swann,
and Hawkins concluded that “A depth of deformarion grearer than 50 mm is associated with
the probabilicy of lethality of approximarely 15%.™ This is shown in Figure 2.4. They also
wrote, "However, the available data is limired and hence no solid conclusions can be drawn as
yet regarding the effect of deformarion depth.™ Regardless, the limired data were used a3 the
basis for mathematical maodeling thar prediceed thar a BFD of 44 mm or less would ensure a
probability of lethality no greater than 10 percent.

The 44 mm standard should be corrected in three ways. First, this standard was estab-
lished in tests with soft body armor. Second, the mode] created ro equate clay BFD o rissue
deformation and lethality was based on limited dara. Third, injury data from buman ballistic
impacts were not readily available in the past, and the BFD standard thar was set has not been
validared. The 44 mm standard should be reevaluared using the human ballisric impacr and
injury dara from the conflicts in Afghanistan and Iraq thar PEO Soldier and JTTR collecr and
submir o JTAPIC.

Summary

These three related issues—rthe goal of reducing average combar loads, the effecriveness of
current combar armor, and the requirements that body armor must meer—inform our assess-
ments of the approaches to improving body armor. In Chapter ‘Three, we discuss four such
approaches.

18 [lara for three animal species were used in the analysis. The darshase consisned of 30 live cobores each, of goats. swine.
andl diorgs {Vicoe Clare, James Lewis, Alexander Mickiewicz, and Larry Sturdivan, “Bloor Tragma Dara Collecrion,” Edge-
wound Arseral, Aberdeen Prowing Ground, EB-TR-75016, May 1975). In a relaed study, goars were used thar wore lighe-
I.l,.m[:_h; zaft body armor ':,H.H.FPII:-'!IiH Diivisgan 1-A, “Tacktace Signanuan .'_';l_ln'l_'!r l!:ﬁng Armarcd Goars” tnrerma] repor,
urdaredh

1 Pracker, Swann, and Hawlins, 1977, p. 10

20 Prosher, S, and Hawkins, 1977, po 10,




Figure 2.4

Prababkility of Lethality as a Function of Backface Deformation
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CHARTCR THREL

Four Approaches to Lightening Body Armaor

In this chapter, we discuss four approaches for lightening body armor and assess their poten-
tial. Both marerial and nonmarerial means are considered.

The first candidare approach w lightening body armor is reassessing the threar and refin-
ing requirements, As we mentioned in Chaprer T, a big driver in designing body armor thar
will provide adequare proection is the threat that the body armor will encounter. I the plates
are over-designed relative to the threar, then weight can be shaved off the ceramic plazes, and
this reduction will permir the vendors w inroduce more innovarion into their plae designs.

A second approach invalves wsing modular body armor configurations to better march
the protecrion to the expected threar. As we will discuss larer, this approach is already available
but comes with great risks.

A rhird approach is to improve the Army's westing procedures 1o eliminate any excess
variation in the tests, such as by reformularing the clay so thar it can be used ar ambient tem-
peratures. Such changes may reduce the need o over-design the plares in order to pass the tests,
and thus potentially allow for lighter-weight body armeor 1o be constructed.

A fourth approach is w develop new soft and hard body armor marerials thar are inher-
ently stronger relative to their weighr. This deveopment will most likely require more research,
development, test, and evaluation (RDTE&E) funding and may require changes in the procure-
ment process thar is used today to procure body armor as 2 commodity item.

Refining Requirements

We start our analysis by looking ar refining requirements as an approach o lighren body
armor. Because the derails of threars that the body armor must be effective against are clas-
sified, our discussion of requirements is limited. We use unidentified threars in place of the
classified threars the relationship berween threar and requirements can still be explained using

the newional threars,

Assessing Threats
Eight threats have been devised that cover a range of calibers and projectile types for ESAPI

and X3API ceramic inserts. These are labeled as follows:

= Threar A
¢ Threar B
* Threat €
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* Threar [D—the mosc stressing type, and the former rest standard
Threat E—less stressing than Theear [, and the cursent rest standard
* Threat F

= Threar X

* Threac Y

The current line of ceramic inserts has been designed 1o protect againsr a worst-case
scenario—conflict with a nation-stare thar is well funded and considered a near-peer military
competitor 1o the United Seares. While it is important to prepare for a large-scale conflice
against a sophisticated adversary, current ceramic inserts are over-designed for the threar posed
by the Taliban, al Qaeda militants, and other belligerents currently opposing UL, forces in
Adghanistan, Over-design means a heavier plate than necessary to counter the threar. The mili-
tary, realizing this, has stepped back from using the most stressing round available (Theesr [)
and is now using Threat E as the primary standard, a move that will likely result in ceramic
insert weight reducrions,

Figure 3.1 shows the protection level of current body armar against the threaes ooourring
in Afghanistan and Iraq. The x-axis shows the frequency of employment of the threat rounds in
the current theater of operations. The y-axis shows the relative lethality of a given chrear round
against ceramic-plate prorecred bedy armer. Soft body armor alone protects against shrap-
nel from fragmenting munitions, and the addition of SAPI will successfully defend against
AK-47 ball ammunirion. The ESAPT and XSAPI |'.l|.ﬂ1'-l:.$ W d_r_;ignmi [ profect Hg:tinsr AF IO -
piercing ammunition, which is rarely employed by our current enemy. The new resting sran-
dard, Threar E, is more likely to be encountered in the barrlefield {although sill rare) chan
Threae I, which is 2 test round not available on the world marker.

Figgure 3.1
Effectiveness of Body Armor Against Different Threat Types

W e
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3
f L] Threat ¥
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Tailoring Body Armor as a Means to Lighten Bady Armor
While a certain amount of armor overmarch is desired. extensive overmartch has operarional
costs, such as excess weight and bulk thar reduces the maneuverability and mobility of the
wearer.! One relatively simple weighe reduction sechaique is to allow commanders w railor
body armor to match the current threar level in thearer. For example, the threar in Afghani-
stan today is primarily fragmenting munitions, 7.62mm x 39 ball bullers, and 7.62mm x 54R
ball bullers. Current body armor provides excessive overmarch against those threats, and its
weight could likely be reduced if designed ro the threar. If the threar were o increase (ro armor-
piercing rounds, for example}, the level of body armer protection could increase as well.2

The military tends o be risk-adverse and requires its plares to withstand trauma in worse-
case scenarios (muzzle velocity against armor-piercing bullets) instead of the dara-supported
threat. And leaders are understandably relucrant to make the decision o scale down threar
requirements, lest they be bamed for a soldier death or injury due o projectile-armor over-
match. Yet, due to several large purchascs over the past decade, the military now has a wide
variety of ceramic plates in invenrory (SAPI, ESAPL, XSAPL, and soon light SAPT [LSAPI])
designed to protect against a variery of threars. With this inventory, commanders could railor
body armor levels based on the current threar, without additional cost ro the Army.

Using Modular Configurations

Mexr, we book at modular configurations as an approach tw lighren body armor and discuss the
merits and risks of this approach.

Combar conditions can vary greatly based on the mission, the threar, and the environ-
mental conditions, such as elevation. Accordingly, field commanders must be able to adjust
body armor to minimize the detrimental effects of weight and hear without unduly scrificing
protection. To enable these adjustments, requirements developers have established language 1o
specity how body armor must be configurable for the range of combar conditions.

Requirements developers have parsed the configurabiliry of body armor inte three aspects:
modulariry, tailorabilicy, and scalabilivy. The draft Soldier Protection System Capabilicy Deevel-
opment Document defines these terms as follows:?

1. Modular: Made up of separate modules that can be rearranged, replaced, combined, or
interchanged casily.

b Ihere are no dara chae we cowld ungover thar address o eurrers body armor affeces lechality and injury co US. forces,

dexpite the decade-long navural experiment in Irag and Afphanistan, Mor does thers seem oo be dara from operational ces-
ing, ta assess the effecs thar degraded individual perfarmance due 1o che weight and bulk of the bady has an operaricnsl
eifectiveness. These kinds of dara are crirical far develaping better reguinsmenizs,

I Cha Nging teet fequinements b meet currens barrkefickd chrears would indeed lessen plate weipht (SAPT & lighser chan
ESAPL which is Lighter chan XSAPI, Haowsrer, we must bave body armor in che invencocy oo procect against possibe worst-
case threars, in the cvene thar aur ensemies bepin e s armuor-picreing ammunizion. Therefare, we cannce simply lesen the
chircai requireners, Insusul, the rocommenelaricns come down on the side of modolasite of body asmr thas can be gailorsd

o pravect agains che current threar, bur coald alse he modified quickly i she chear increased.

* Capahilitg Devedapenens Daogumens (D0 for Sokdier Provecrion Systern Tncrement I, ACATE L, draft vession 140, 10
Dscember 2000,
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2. Tailorable: The abilicy o adapr body armor to make it suitable for a particular dury
prosition, mission, eTc.
3. Scalable: Diescribes protecrion levels thar can be upgraded or downgraded to meet a

specific threar.

An example of modulariry is adopting plare carriers in lieu of the improved outer racri-
cal vest (HOTV} for dismounted operations ar high elevarion. An example of railorabilicy is
allowing a static, relatvely vulnerable gate guard o wear groin, throar, and shoulder armor
protection bur also to remove them when more movement is required. An example of a scalable
sysrem is the Body Armaor Protecrion Levels (BAPLs) described larer in this chaprer.

These ASPLCLE -l:rfmuu:lularir}r. '[a.ihnl':r]]il.}'. amd .-i-::a]ahili:}r are somewhat similar in nacwre;
the ley takeaway is that they allow a commander o reduce the body armor weight of his sol-
diers when appropriate for the threat environment.

Examples of Modular Configurations
Like helmets and uniforms, ceramic plates (and the vests thar carry them) come in mulriple
sizes to fir the wearer propery. Different plares are available, as well, to defear varying levels of
threar. The larger the plate, and the more lethal the threat against which the plare is designed
o defend, the more the plare weighs. Special Operations Forces use a suite of plares that
includes a swimmer plate design thar allows grearer range of arm motion. Figures 3.2 shows
the ECLIPSE Selar family of plates thar were designed by the Special Operations Equipment
Advanced Requirements (SPEAR) under the Body Armor/Load Carriage System (BALCS)
program {BAE Sysrems, 2012).4

Figure 3.3 gives a sense of the variery of configurations and body armor components
that arc available. When soft armor alernatives, whether vest or plae carricr, are used in
conjunction with plates of varying protecrion level, as well as supplemental protecrion for the
groin, throat, and shoulders, the number of possible configurations becomes quite large. While
Figure 3.3 shows a group of armor systems, they are only examples and are noc currencly used
as such by any particular Do) component.

Coverage Versus Weight
While che correlation berween body armor weight and the amount of the body covered by soft
armer should be inruitve, Figuﬁ: 3.4 shosws che estimated linear rel:l.til:rn;ll'lip berweeen Coverage
and weight. In this iigure, the body armor weight includes the weighe of the inseres, What is
importanr is the slope of the curve, which is 1.1 pounds of weight per square foor of soft bal-
lisric coverage. Soft armor protects against small-caliber handgun rounds, shorgun blasts, and
fragmenting munitons, such as hand grenades. Covering more of the body wich soft armar
results in greater protection from these threats, but ar the cost of increased weight.

Figoore: 3.4 docs not explicidy ponray thenmal load, which is alse correlated w area cover-
age and is an increasing concern of requirements developers.

b The e speial operaions fores ane shie e ogere wich mene medular designs and missivn-spedihc plares i= becanse
cxablishal mission prolile allew anadl uni commamiders e acoop higho lovels of risk. This is different from the Army
anml Marine Corps forees. wh da nog have access 1o the same q:l:':'.irg.' iaf Inlulli[;nm;.-. far their mizssans and fend e wear
full promecrion beemese chey o expecr che unexpeael, {COL [Rex| Luigi E. Biever, former Diirecuor, Joine Sraff Suppon
Services and Joint Sralf [nsgecion Creneral, privaie communicatson, funs 10, 211
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Figure 3.2
An Example of a Suite of Body Armor Flates
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Figure 3.3
Example Components fior Modular Body &rmor Configurations
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Frgure 3.4
Bady Armaor Wesght Incredses s Coverage Increases
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SOURCE: Eased on data provided by P& Saldier Protection and individual Equipmiernit, private
communication, April 2011.

HOTES: The figure shows values for size mediem body armar with all plates, SPCS = Soldier Plate Carry
Bysveny 1BA = interdeptor Body Armor; DaP = deltoid and aodllary protectors: OTV = outer Tactical west;
10T m Enproved owter tactical west,

A TET ram-a s

Body Armor Protection Levels

Both the Army and the Marine Corps have established BATPLs, which are described in Table 3.1.
Like Mission Oricnted Protective Posture (MOPP) levels for CBRIN {chemical, biclogical,
rad:iu::]-;:-g:cal. or nuclear) chrears, BAPL: standardize commanders' apticns in qu'tq'nninin_g the
appropriate amount of protective equipment based on METT-C {mission, enemy, time, ter-
rain, civilians) considerations. While che Army's six BAPL levels distinguish berween two soft
body oprions (IOTV and plate carrier) o account for the different protection and weight asso-
ciated with each, the Marine Corps” four-level system does not direcr which soft bedy oprion
is used in a given BATL.

Mote thar the weights shown are for X-threar protection, which is the heaviest. Weighe is
lower when ESAPI and LSAPI plates are worn. Asymmetric plate configurarions, c.g., XSAPI
on the front and ESAPT in the rear, could alse reduce weight, These additional configurations—
whether the :l.l:rj“l:}" o n-.{just Loy pl:au: protection levels or the J'llilil:}r rer weear mismanched
plates—would necessivare additional BAPL designarions.

The Army Rescarch Laboratory’s Survivabiliy and Lethality Analysis Direcrorae {ARL/
SLAD) performs survivabilicg/lethalityivulnerability analyses using a sofrwane package called
Modular UNIX-based Vulnerabiliry Estimarion Suite (MUWVES). By inregrating the Chpera-
tiomal Requirement-based Casualry Assessment (ORCA) into MUVES, the SLAD team has
developed 2 new approach to personnel survivabilicy and casualey assessment.




