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Investigation Uo. 1346. 

The Physics of Armour Penetration. 

Introduction. 

At the request of Mr. H. L. Batten e  T.O. D5 e  for 
Inspector General e  Inspection Board of United KInGdom and 
Canada e  70 Lyon  Street e  Ottawa e  Ontario, wo have undertaken 
to review sonie cf the recent literature on armour and to 
abstract information which we consider to be of practical 
value. 

Tho result 	not a treatise on physics of armour 
but  rather »  an attempt to describe in simple terms what 
actually ..aapliens when projectiles strike armour. Like all 
other phenomena in nature e  it is probable that armour pene- 
.tration behaves according to exact laws. The true laws 
everning penetration have been aporoximated e  but they are 
so modified by the varyilm properties of the materials used 
that exact prediction of .performance  :IS not yet possible. 

-- G. S, Farnham, 
Chief Motallurest e  

II. H. Fairfleld e 
 MetallurGist, 

Motailic Mineral@ Divi.slon e 
 BUREAU OF MINES, 

■Ve...41'.17ICrar.411T!Ze!"..11:.7:1, 
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calibres in dlw 

Elasti• 
1. 	L'  

12enslle 
strength, 

er* ,  Jt..3 	 230 50,000 - 	:_45 5 000 

TYPEà OF BEHAVIOUR OBSERvF,fl IN eRmouP 

Body Armour',; 

Small-ealtbre projectioe are uned against staa1 

helmets and boffif armour °  The enor 	,,-)f 'the projectile is 

dowe-shaped bulge up tQ four or more 

leb:e.),.. It appears that Ule metal Is  ai].  

stressed Ln tension,, - This is due to  its flexibil:Ity 0  

Tensile tosi, properties therefore determine servioeRbility 

for this type of armour °  Ï ,..an2;anese steel possosses good 

properties for this type of sor ,lice. Typical physical 

*properties of manganese steel are 

Elongation, -ReductiGm 
,, -. 	Brinell per cent in 	o.). area, - 	, 

Inc 	 per cent 	hardness 

Low c:astic limit combined with a àtg). 

strength is required for body armour °  A Superior product 

has been developed whieh is essontially wustempeed 

0 80•carber or low alloy  steeL. It also has this low 

elastic: Limit sr 

indenti ing 

d long porlod  of plea‘tic defomation,, 

The làws governing the slow penetration.of stool 

plates haqa b.sJer: ..vemAnd out >  The earliest of the se wu,s thé 

• Brine 11 e qua t 1 on 

H 

- Tr 
, 	 y  

H .z--z; Brinell hardness number„ 
P 	Load applied  In Iiijor!:.rms,, 
D = Diameter of bail, mm, 
d =; Diameter oj': 1 -n&Yntation made by befl . 

For a g .kqen loa.diï.-1.g force, depth cf penetrat.lon 

deases as bar dnns becomes Freatar o  
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Pressure Reouired to Contlnuous1y Penetrate 

The pressure at Which a loaded punch will 

continuously penetrate a block of ductile metal is known 

as the pressure of fluidity - 0  

Pressure of fluidity 	• 2 x. Brinell hardness nuMber 
/ 2, 

(Kgimm ) 

EXAMPLE - ------- 

Brlaell hardness - 200 °  
Punch - 	1 xam. 1: 1 mm. 

Pressure required to sink punch 	P 

= 400 Kg °  

This .simple equation shows how inereasing hardness 

eves Increasing reslotapce to slow penetration, . 

0 • Zoner'1)  has stated that in slow punching an . 	• 

equilibrium of forces ls established In the Dlats, In 

highspeed penetration there  is  not time for an equilibrium 

to be set up e  and hence pressure of fluidity laws  are  not 

applicable °  
o 

Rebound. 

If conditions of attack are su6h that the energy 

of the shot can be all absorbed elastically »  then the ehot 

will rebound °  The harder plate is made the greator the 

amount of energy that can be dissipated elastically °.  

1,0  

.77...,M11-11.4.t. ■7.17,.,A,M.,,,,a--,.,1 	 VW 	 men 

OBSERVATIONS ON THE PRESSURE OF FLUIDITY .  OF. ANNEALED 
METALS »  , 0 8Nelll& Craenwood e  .J 0 I 0 M 0  No °  l e  1932, 

Private communication °  Wx) 
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Complete rehotratien 

The oiserved phonômena associated with panetration 

of armour arc aLassd petairi,hg, plugging„ spoiling, Or 

ÉhatterIng e  

P$talUng is tha preferred type of penetration °  

In the  case tho shot penetrates 'wïthout disiodeng •p:tecoiA 

of plat 	The r Ppet 	r fi3'..ce. to . 't,h(* a,ppearuencE;  of  the 

• edge of the shothele °  

	

. 	. 
P1ue.£1%.c.cCurs When a'siug Of metal -is sheared 

out of thQ plate by •hà shot,: 

mfers • o the disiodging of a d«.Isc of 

metal from the back of tI2o 1at 0  SpallIng Is genorztily 

• considorod to:have dibustruàs efPects 	porSonnel 

Spatterih .g of acmourihg genra11y cur's when the 

prçljectile. enerffy is fur ine -xceis;:l Of - that:oded ,to defeat 

the  plate °  . 

There is ovîdeaco to Show.that the name plat w1.11 

petal »  plug »  or zpall„depondIng upon angle » 

 v'eocïty of projoctfilea °  . 

Pri.PDTCYTign- ïri'e3PIT(1) qt? ARFOUP 103-MOK 
. 	. 

dave beer.many..attempts.o' tie to.gethr'the There 

effect of shot or . different calibees,and - differept 1W4ocities 

on plate of yaryrthg thickne 	 equatlon, • If such ah 

equation.  werc a-il l:Ult.:We »  then the results of any projectile 

againt eny.  plat could be predicted. .i.fac.ch '' '-) e Mr.r.c.,  ixr 1886o. 

. devolOped ar. .eclution Involving•mass or Ihôt ». vo1n21.ty„ calibre, 

1  

- and th icknes 	arm s of 	ou 	is- .r, Th 	1 imgo:si:c;hgl-tyP(72'equation 

'boon modified fJr, m...tline .t).e °  HU1 Cf. -Uldso ofwAtion 

assum . that the 9t:eiking erergy whleh defeats' the pletpé- J,e ' 
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Do Marro 

Krupp 

Moisson 

Thompson 	• 
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0,  in F sac,  9  
) e  

W = - Mass of projectilopin pounds. 
V = Striking velooltye'in feet per sec, . 
P = Thickness of .plate penatratodpIn min a, 
D = Diane ter of  iii In  inches,. • 
T m n 	= constants, *1 1 1 I. 6 
e= (Ingle of attack c  

- Som physicil,As hs.ve -be.on working on the - preblem 

of developing a satisfactory eqUation frorà other angles,, 

Zoner considers the energy wave geuerateJ o  Beta considers 

•a cone or ring of metal under stress. 

It is probable Uult a perroct equaW.on would 

înclude dimensions e  wave energ7:9  stress s7stems, and physical 

propertios of  the matrIals. 
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Variance of 8allistic Limits;

From the foregoing equations one would be 1.::: to

be7.ieve t:nat with a given shot and plate and angle of attack

ballistia Zimits would be constant, Proving ground results

show that ballistic limit ,̂ is vs.;ir3ableo Figure 1 shctrs how

the test :^egults were distri .ui;ed for seventy- ,hree ballistic

unit tests on 60-zruno arxno--i.» usir_g* a two-pdr, shot.

Firr,are 1,

EffECT of e^bSf s^r^eT Off
AVINA-ILS" Ova~

.;n

L.

IAttiaTie ^irriT F.APS.

.sso so.. m^o

The existing ballistic formulae do not tal:e into

account t,11-is variations in the properties of shot anc:, plate,

For this reason one shoua.d not rely too grea„ly on 'no

De Larre type of aquationo A limit of accuracy shol ld be
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quoted, Average and standard deviation of ballisUo tests 

should be included. Folloving, is !.2, discussion of physic,,,11 

factors that modIfy balUsti .c limit. 

Shot Propertiese, 

	

' An idval Shot would'be 	enoUh an0, sufficiently 

tough to'penetrate c.rmour without any distortioi, ?.1') the shot. 

The nose of the eot is under compression loading, Cofflros-

sly° strength inorea3e,5 with hardnes o  therefore., armor 

piercing shot are made as hard a.s, possible at tha nose °  

800 B.H.N. ls a representative no se hatdness, 	body  and 

base of the shot,are nubject to bending and torsion impact, 

Impact strength is obtidned by controlling hardn,Bos to 

300-400 13,U.3\1, in the cylindrical part pf the abot and about 

200 B.•,,M„ at the base. 

Soft shoi-, 	ben. 	1-y.Ap.:: and. tick 	the plate. 

	

aard shot may shattor into .rragay 	without doing muoh damage 

to the plate °  

industry'cannot produce .t.,:bot WLIch. ae 11 exactly 

alike, A certain  amont  of variation in s  I-xe t I e 7ornal1y 

expected, Tills  v tatîon in shot will csuse variGtion In the 

phenomena of penetion. 

The proponent charge In a i:;un  undoubtedly varies 

from round  to round. Thus e  if the velocity of projectile is 

unknown the variations in results on atteck may bcr,,J partially 

assumed to be due to variations in the  propelling charge, 

	

The performanoo of the 	m;:u ce..;nceivcbly affect 

the stability of the shot in its flight. 
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-Armour Plate Proporties 

Armou tt.; plato 	 thQ Moebteical vicwpoint e . 

.a non-uniform,matbriiul„ The characteristics of v,rmour 

which mainly  CO  

microstructure, 

N on 

voids in the me• 

alw&ys present 

atrol Its ballistic"proporties aro inclusions e 

 homogonoltyp.and hardenabllity. 

3101UJ 

..)tallicclusions may bo considered as 

E).1 0  since they have no -streegtho .They are 

steel to some extent e  but they bave the ' 

powor to make trle steel vory low In impact strength„ It Is 

probable that - inélueons are one of tho major factors con- 

trolling ballis 

are those which 

15.mit of armour plate. • Platic inclusions 

are squeezed  out Inbo 16ng stringers whon 

the steel Is . forged or rolled 0  ft is well known Ulat th 

greater the •redUction In thickness the  greater is the 

difforonco batmen Ion1tUd1nal end directional properties. 

This phenomenon is attributed to elongated inclUsions. It 

con be visualisk.M that• the amount of.reducaOn in thickness 

must be held to a - ceetain ' minimum :ln order to prevent this 

effect, Smalle billots and ingots have been.recoMmnded 

for gun tubes rolledarmeur for this reasen„' 

Elongated Inclusions have been foUnd  In  inferior 

types of armour 

In  shape r.  They 

or iron, or  corn

titanium, Whet 

upon• their amour 

improperly deOxfi 

plate °  

may be oxides of  aluminium»  chrom:LuM, silicons 

ounds- of deoxIdisers suCh as iirconiUm and . 

or they affect the plate properties depends 

t and.form of distribution, Cast'steel if 

dized may have a network  of inclusions about 

Refractory inclwas Pee oIrcuMr 

the grain'boundelries . which makes  the  ste e l. vo -Py weak and 

brittle, . Gerbai 

form dispersions 

propertie: ,3„ 

n combinations of non-metallic:elements will 

of jil.clUs'Olis which result in loeImalis.140 



Microst'puotu 	- 

Recent work with the olectron microscope haa led 

to the belief 'that all tempered stoi  structures consist of• 

dispersions of carbide particIe in leon °  Tempered martansits, 

troosite, sorbite e  and paarlite therefore differ mainly in 

the size of the carbide partlales °  This concept is used in 

•his report, 

Armour steel should coneiot of a uniform diaparsIon 

of carbide particies'Ln a oteel matrix, It is gonorally 

agreed that poefoct homogeneity of structure 5..s desived for 

optimum ballistic propertioz, Tonsile strength and hardness 

is diredtly pr9portiona1 to carbide particle size °  Impact 

strength e  red•ction of  are a e  and elongation aro also mainly 

dependent on carbide earticie size and distribution °  

Hardenabillty 

There Is evidance toshow.that goocl armour must 

bo capable of being hardened throughout °  This meene that metide 

part -11e oiee is approximately the same gt the oentro . as on the 

outside °  Sufficient alloy must be present and/or quenching 

must be drastic mough to provent trnsfermatlon of austenite 

at elevated temperatures. 

Variations in hardenability of steel from heat to 

heat are to be expected, 	 • 

PHYSICAL LAWS FOR SHUY PENETRATION ARE MODIFIED 
enimrre...zera 

HARDENABILIT50 

Armour Homogneity - 

Cast armour plate is not unIform in structure °  Thers 

are dendritic areas riohor in alloy than the matrix, This 

results in  plane à Of weakness in the metal °  Tho cast structure 

is low  In  'Impact strength °  floiling tends to break up the • 
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structure of the motal and collapse any cavities. Hfflee 

rolled armour. plate Is slightly superlOrito cast plate. > 

Cast armour - must bo heatod at fairly high. temperatures long 

onough for the F:lloy to disperse Itself uniforml,i throughout 

the  stool, .The more alloy is uSedp the more difficult It 

bocomas to homop,enize the armour, There is ther,efore both 

. a Minimum and a Yuikximum for allOy -  Content, . 

If quenching le not fast onough e  ferrite will bo 

precipitated, The presence of ferrite has  ben sholml to, be 

a characteristio of low quality armour plate, 

-..f,,gypic,414 LAWS. FOR:SHOT PENETRATION ARB MODIFIED 

BY THE HOMOGENEITY OF THE 'STEEL 

CALCULATING RESULTS OP ARMOUR  '*Ad 

Part 1. How to Calculate es.feat of chengo_n 
P 	

. 
rOlOC 	 e IAle siz, other 	c,,(. .iat1. being . . 	. ,  
constant, 

Dr' 

H W .;;:r. Mass of.projoetilopin pounds. 
. Diameter of projectilepin tadhes„ .  

.T 

	

	. Thiclmees of plate penetrated, 'mi. 
.7,4. . : Constant,. 

Tho above, oquation appears to hold for a constant 

velocity. For eeample, if we : know that a 2 pdr, et 1930 

f,ps, 'will penetrate e>mm„ armour  plate, What.thicknoss,• 

of plate would a 75,-Mm t, shot weighing 14 pounds  ponette at. 

Following 5.ata are abstracted from. D,T 0D 0  Experimental 
Report No, A,T O .D., NOTES ON TUE PENETRATION OF ARMOUR 

P.  PROJECTILE, by Capt„ D. SteCkdale„ 
Issued by Armour' Trials Section De'pt,•of Tanks Design„, 



the saine  velocity? 

A. 

= 

2 -Pdr, 

D T" 

o...creava.-,..2env ,ra 

1,5' 60 

D T- 

14 

= 14 x 1,5 x _602  
lnO(D'kV 

0 

T' 

Given Ï.AQ attack; 

T = V 
100  

1500 - 7 = 6 mm, 
-TUU 

- Pee 11 - 

Thickness penetrated by 14-pound shot: 

108 mm o  

00  

Part 2 - How to calculate effect of velocity on 
thickness oI armour defeated, ol,hor 
factors beinfy constant 

V 	a(Tib), shot dimensiOns constant, 

V = Velocity e  In fto/ssoc, 
T = Thickness of penetrated plate  In  mn 

a and b = Constants. 

Before this formula can be used9  the constants 

a and b must be determined from tests et  different velocities, 

aXAMPLE - 

' Q. 

velocItyp 1700 f o p o s„ 10-mm 0  plate defeated; 

velocityp 1500 f,,p,,s, e  8-mm0 plate defeated, 

What thickness of plate would be defeated by the same 

shot at 1500 f,p * s„ velocity? 

A. 1700 = a(10+b) = 10a ÷ ab 

1500 = a( 8-ub) g-7.- 	8a 	ab 

200 = 2.  

a = 100 

1700 = 100(10+b) = 1000.1.100b 

b = 1700-1000 = 7 

Equation Is V = 100 (T ± 7) 
when y 	1300 



Above and bolow theso apoods shot 

fully. . Hence the equation la 'only useful 

ÇA?0 

the  saine  proportions Therefo:co 9  ifeCA have about 

even For a 

- raç›-c 12 - 

This 1r 

curve depleting 

atraight line. 

'fflug-; ii shaft 

pae,Annù eaccoss 

in known ranges. 

oans that within cortain known linïts the 

velocity and nickneas ponet:catq4 ia a 

There arc certain cr:Uleal speedo at whieh 

OC)  

Part 5. - 1How to calculate,  pffoct of calibre pî,.4ve • 
r 	 • •,,ae.+•,e'ne 	 gararea. 

	 e  

At a constant velocity, and angle of attack the 

thicknes of pl' e:holed_is proportional te 

the sho„ The rocnfor hlp lïeq In the fart that q1.1 

D = K3  

p 	Diameter of shot.' . • 
T 	Thickness of plate-holoct, ' 

A constant, 

• CE libre shetwould be o .jcpooted to penetrate. 

twice the thicknrIss of amour  that à 1.6" calibre shot', 

would hole at the same: velocity °  . 

00  

,o effect of ,inqu9ne_eg 

being conElLanb o  

It muot be . pointod out that this equation la.only 

V. rough 

Of shbt• 

Do Marro 

do not b6 

equation. 

estima te  for predlets performance difforent typ(jv,i 

lave  •1n a similar mannor. Tho modified 

ce  uE3ed by the  Ordnance  Board  1.et 

• „ 45 
.110•Cee0 . —(T) 

n-er 0 
D 

shot-thla reduces,to 
1 	11 ' .0m • 

T 	e cos 0 
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If 2-p 1r. e'lot defeats 40-mm, plate at M° with 

a velocity of 1800 2 0 p,s„then 

1 0 4 
o cos 0 

1 0 4 
40 	!,.1:  

T 

SHOCK PHENOMENA 

The previous equations are based  on  the idea that 

the effect of a sbot  Is a function of mass x_veloci»y2 0  • 
ay;e7-e-Sii;âaî 

As long as the energy of the shot is utilized in plastic' 

deformation of the pinto th6 Brinell-)type formula appliezo• 

When the  •  plate is plugged or petalled the De Marre type . 

equation holds approximately, For pinhole failure the 

Krupp equation applies mere accurately, 

A noteworthy example of the failure of these 

siMple typ.ea• Qf equations to predict armour performance 

occurred when 	plate was proofed with 37-mm„ Éhot. 

It was' discovered that Some plate satisfactory on . the 

test would ellatter or crack when struck obliquely with heavier 

projectiles at a low velocity 	It - was necessary to , develop 

a "shock test" to supplement the . 37-mm o  test, Tho empirical 

equations for armour penetration did not eaccessfully predict 

the effect of heavier projectiles. 

It was found that.in order .to Fmccossfully resist 

hetaler proàectIles e  softer plate was required than for light 

projectiles. • 

Let us assume that below a. crittéal energy concentra-

tion the energy Of the shot is dissipated in local elastic and 



4 r  , 

D 2 , 
e". 	6 

- D, 2 
1,4f.; 
f(1i5  

••••iô 
E, 

caves  arc of sma 

uscd up in plast 

i!,nert..y 4Aves. In 

Anyone 

sharp blow hae r 

- 	 14 - 

pIasticdcforms 'don  of too plat,, As the c'rt;:,:bud 

'energy concontr Is 	 ty -no of pheinomonon Is 

ehanad., A 2-pd, and a G-pdr, shot compare at 2000 

as Ëollowee (nei r':) the 6-pdr, hais? Only 50  per sent are cnergy 

6 p0.1" 

Do2 
D 6  

. 	 • • 

A 2 pd't?„. at 4000 f,p„s r, covipares te 	2 	at 

• 2000 f 0 ps  as 

n 
4000 

--n- 
e 

E 2000 

D" 

E 4000 4000 e- 

1i 2000 	2000 

Great4r aavant„ap.'would appar to attach. to 

4 

incroasIn6 

ment of hfirb 

As a ocrUain onë 

the ponotration 

that the impact 

::.ty than to ineroasin'ealibre, The attaln-

oeity Involves mbry prcticalf:UfflcultJos, ›  

cno.&-i,•ntration por squarf,:-,' Inch Is exceeded, 

nablre„ it is assume(1. 

of Shot inftiates 	ef,comorcssion 

nolon in tho 	plato„ J.. L'  armour to . soft, compression 

11 ord,or sfi.noe tho m-S. jorfty  O f tho encru 

ic working of thc wistar,, 	• 

Uatei 

Who has hold an iron pl,pe whieh  cas str'Jek 

.coivod rainfull• ocinvioing evid.no.thet 

energy vi7s1 tra.Tol in metal aei a result of an Impa c t„ 

aro so e:ssiF;nod elastic encruy Wave,Ei. Induced aro 
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converted Into sound °  Two types of! wave motions must ...be 

visualized e  the plastic wave and the elastic wave. Tuning 

forks .  and belle are evidence of elastic wves In metal, 

since there is no permeaont displacement °  Practical evidence 

of the existence of plastic waves is obtained from tension 

impact, tosts„ In tàls test a tension specimen is pulled 

apart by mgaging with a high-speed device, Considerable 

evidence ha  s indicated that . the impactgremeins at the 

saine  level as impact speed is ine,reased up to a certain point. 

At this ° critical velocity" the energy required to break the 

sPeclmon drops to a low value and wIth increasing velocities 

lt remains at this low lzmel °  There ià then a certain veloc-

ity where the nature of the impact load ïs changed We may 

assume net since speed in the variable energy waves are the 

Ifflber.tier. 	phenomena. Other evidence that plastic waves 

exist is given by marking tension impact kklcimen,s uniformly 

and recording the elongation of  eh  section. 

Still further evidence of plastic waves la given 

by the appearance of the hole when  a plate is pierced slowly 

and at high velocity. 

Piereed slowly. 

m 

Pierced at high velocity, 

Note that the metal is plied tip on the side  the 

 Shot enters°  

If energy waves of high onough intensity could be 

initiated by the shot, the plate would be shattered. Body 

armouc due to its . flexibiIity can easily dissipate energy 



mirk and elastic 

the fraction of 
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wavesp-therefor It crin  be made quite hard providcdp of 

peurSep that it has fair plastIo deformation properties„ 

- As armour bocemEs heavier and' pessosses more rigidity and . 

inertiap its ea acity t9-dissIpate wave . motionw do  es not 

tàoreaso propor lenataly.with Its mass. This 5.o the reSon 

that,heavy armo r must be soft. -Tho low yield allows of . 

 plastic•deformation before stresSes are buj.lt up, . 

. 	Tho orprgy of the shot is transformed Into plastic, -• . 

veinent  in the plate 'One 'osIlmato places 

energy dissipatod -elaatically at,20 per cent 

•when near the ballistic limit ead plate in one•ealibre thick, 

With thicker plats the olastic absorption  -of energy decreasea 

• markodly,' . 	 , , 
. 	- From the Pressure of Fluidity lawp the force • 

required to sink a Punch (Kg/m2) = :"c.wice Brinell hardness 

number, Roslotai co te punching 0  that lap reslotance,to 

plastic flowthercfore increases with hardness °  Und op static 

loading this is 	straight  lino relationshIP. Under balliStic 
. 
conditions it caa be visuallod that .at low hardnesss vory 

little energy is-absorbed elaStically by the plate'. Enorgy 

is abserbed•by plaStic -flow - until the plate Is perforated„' 

I 

'As plate becomes hardorp mere and more energyl.s . absorbod 

elastically untd eventually a brittle typo or:failure . 	. 
results,. The .duetlle typo of fallur6 can 12.4-;; explained by-

empirical equatlons, Brinell »  Do Marre;and - Pressüro Of 

.Fluldity,law, Erratic bohaviour o brittle eallures i'm 

attributed-by:Zcî Or to energy wave2 in the plate. 

0 
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Types of Shot and Plato 

The nose of  en  armour-piercing .-thet is subject to 

terrific  compression  impact, It has been found that under 

certain conditions a . soft steel cap will greatly increase the 

shot'Is effectiveness, A supporting ring of soft metal can ba 

visualized as holding the nose  of, the  shot together as it • 

penetrates the plate. Face•hardened plate is used to break 

up the shot. This type of plate ls successfully attaCked 

with hard-nose shot. The application of any furmula to 

armour penetration phenomena is eonbtructing a  mathemati  cal 

 model of reality which »  while it may be accurate over a fflall 

range s, cannot be used for wide interpolation. For the practical 

student of ballistics it would be of more value to study actual 

firing test results of a wide range of plate thickness, 

projectile size 9  and velocity. Haying on hand tabulations of 

actual ballistic results . one may then make a better estimate 

of the results of attack 0  

lt is obvious that equations for armour performance 

are modifiod by the type of plate. Pace-hardened, homo-

bardened and homo-machineable armour are compared in other 

sect:low:, o'17 this report. Capped and uncapped shot and cased 

and uncased shot behave differently also  The discussion of 

the equations of armour performance is therefore of a general 

nature only. 
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