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Terminal Ballistics:

(what happens when and after your  bullet  hits  it's mark)

1st:       THERE IS  NO SUCH THING  AS  "KNOCKDOWN" !

There is not a weapon in existence that even the biggest strongest man 

on Earth could pick up and hold, fire without support or mounting, and

 "knock down"  an elephant, cape buff,  bear , moose, or even a large deer.

Remember Newton's laws as they apply to momentum and recoil;  what the 

target "feels" can not possibly be any more than what YOU feel kicking your

shoulder!  And since the bullet has lost velocity (and thus energy and

momentum) downrange, even if there is 100%  "energy dump", the

target will feel  less !

And yet these animals are successfully hunted all the time.  How's that?

Think:  permanent wound cavity (not temporary disruption) and wound 

channel destruction.  (ie.,  bullet placement!)

It comes down to:  It's the  shooter,  not the  weapon that counts.

( As sayeth  The Guru )

Whatever, use these formulas to compare loads and get some ideas, 

but  as with  all the "knockdown" type formulas, don't take the results 

as absolute Gospel. !

Optimal Game Weight (OGW) Formula

You need to enter bullet weight and velocity for the program.

(This is for large guns and game only - not varmits).

Consider a 180 grainer at  2700 FPS.  (.30-06? ;  note that caliber and other 

important factors aren't in the calculation).  You get:   OGW  =  957 lbs.

This means an animal of approximately that weight is fair game for this 

load. Use it on an animal significantly bigger (weighs much more) and you 

(might) do the job if you aim just right, but more likely you will just cause a 

nasty wound and get it really pissed off at you. Use it on an animal much 

smaller and lighter, and you will get anything from over penetration 

(in - through - and out) to overdestruction. Not good either. Thus the .30-06 

would seem to be a good load for heavy game like large elk, moose or 

bear, but is somewhat overkill for normal size deer - as we all know.

And remember - the target isn't standing in front of your muzzle!  That

180 / 2700  will rapidly become   180 / (less than 2700)  downrange!

If you enter numbers in the Range Velocity and Distance boxes, OGW

(like all the functions in the program) will be calculated for that value.

(Hang on to that    .300 WinMag   -   you may still need it..............)

The OGW formula was published in the April 1992 issue of GUNS magazine. 

It is purportedly the result of careful examination of the various contributions 

of "kinetic energy, momentum, bullet sectional density, bullet diameter, bullet 

nose configuration, impact velocity and a number of other criteria" to terminal 

effect.  It seems to have been arrived at with intuition, number fiddling, etc., 

as there can be no real "scientific" way to calculate this:

OGW(lbs)  =  [Velocity(fps)^3]  x  [Bullet Weight(grs)^2]  x  [1.5 x 10^(-12)] 

It has the units of  kinetic energy multiplied by momentum, then multiplied by 

an arbitrarily determined constant to get all or most of the "field data" to fit.

(You would be surprised to know how much  "real world"  science and 

engineering is done this way - trust me, I know!). 

Note that the velocity factor is taken to the  third   power - this has the effect

of vastly over-emphasizing velocity over all other factors, such as calibre,

sectional density, weight, bullet type and construction, etc.

This is an error in thinking that, although the predominant school of thought

only a few years ago, has become (and continues to become) increasingly 

discredited, often tragically so, as "real world data"  (hunters in the field to 

cops on the street ) continues to be acquired. 

(confession:  I held that view myself until quite recently).

The OGW formula tends to OVER rate small fast bullets and UNDER rate large

slow ones.  Use it to compare loads and get some ideas, but like all the "knockdown" type formulas, don't take the results as absolute Gospel.

You experienced Hunters already have an intuitive feel for what game can 

be taken with what loads  -  and you must have a few favorites, either tried 

and true factory loads or your own pet handloads. Check them out with 

this formula  -  you may find the results  interesting. 

This is interesting:

How about a 115 grainer at 1150  ( 9mm ??).  OGW = 30 lbs.  Well, I've often

heard it described as a varmit pistol..........

What about  a  230 grainer at  850  ( 45ACP ??).  OGW = 49 lbs.   Better value

than the previous  (as we all should know by now),  but it would appear that

neither is appropriate for a certain type of biped animal, often hyped on drugs,

ranging from 150 - 250+ lbs., charging at you with no good intentions....

And we know that neither of these rounds are reliable  "1-shot  stoppers", although 45ACP hits fairly good most of the time.

How about  a  55 grainer at  3300?  (take a guess).  OGW = 163.

I guess that's about right - if close enough to the muzzle.........

Wooters Lethality Index Formula

You need to enter bullet weight, velocity, and caliber  for the program.

Also called  "Lott Power Factor" ?

It is intended to be a some measure of killing effect on thin-skinned game by 

expanding rifle bullets:

WLI = [Kinetic Energy(ft-lbs)] x [Sectional Density] x [Bullet Diameter(in)]

         = ( ((BW * VM ^ 2) / 450240)  *  ((BW / 7000) / Dia) )

It has the units of  momentum squared divided by caliber. I don't know much else about it to tell you.

I haven't seen this one quoted or talked about much, unlike the Taylor

Knockout  formula which seems to be everywhere and taken as Gospel.

Since it is based on KE, I would think it most usefull for small, thin skinned, light game like varmits, people, etc., where deep penetration and momentum are not so important.

Energy Transfer

You need to enter bullet weight, velocity, and caliber  for the program.

Defined as    (Kinetic Energy)  times  (diameter).

ET = (((BW * VM ^ 2) / 450240) * Dia)

This is what is often called "energy dump" and the idea is to place ALL the

energy of the bullet INTO the target; that won't happen if the bullet penetrates in

through and out and keeps on going and going........

I see it mentioned a lot; don't know how much validity there is to it.

Taylor Knockout (TKO) Formula

You need to enter bullet weight, velocity, and caliber  for the program.

Taylor Knock Out formula; big guns and big game; bullets of sound construction...

Defined as  (momentum * diam)

I see this formula everywhere - much more than any of the others. I have a book called "The World's Most Powerful Rifles  &  Handguns"  (ohhh -  what lovely toys in there wish I could have them all!......)  -  and  TKO is all that is talked about.

I don't know why that is..........

Applying his years of experience in the field, Taylor developed a formula which 

favored the kind of bullets and cartridges he knew to work reliably: 

TKO = [Bullet Weight(lbs)] x [Impact Velocity(fps)] x [Bullet Diameter(in)]

         =  ( ((BW * VM * Dia) / 7000) )

(He supposedly had fired thousands of rounds and taken thousands of large game animals over the years, so presumeably he would know something about all this)

TKO supposedly gives some basis from which any two rifles may be compared 

from the point of view of the actual knock-down blow, or punch, inflicted by the 

bullet on massive, heavy-boned animals such as elephant, rhino and buffalo.

But his TKO formula exaggerates any difference that might exist because it makes the bore diameter equally as important as the velocity.

Bekker Knockout (BKO) Formula

You need to enter bullet weight, velocity, and caliber  for the program.

Bekker Knock Out formula; big guns and big game; bullets of sound construction...

Defined as  (momentum * Sectional Density)

Said to be much more accurate and better than TKO. In my humble opinion, I tend to agree.  Exactly the 2 factors which would seem to be most important for big thick skin game would be momentum and SD!   (think:  penetration)

BKO  =   ( ( (BW  /  7000)  /  Dia ^ 2 )  *  ( (BW * VM)  /  7000 ) )

Consider all the successful  "big game" cartridges - big, heavy bullets (400 - 500+ gr.) moving relatively slow (2100 - 2500 for most). There you have it - momentum and SD!

What do they all seem to have in common?

Heavy bullets with velocities around the 2,300 Fps mark.

Sectional Densities all above 0.300 which makes for excellent penetration.

FULLER INDEX

You need to enter bullet weight, velocity, and caliber  for the program.

ALSO, this is for   caliber  >  .38,    Bullet Wt.  >  20,     Vel  > 300     only.

A strange little formula I encountered during my WEB searches; it must not be very well known or accepted  -  I don't see it much.

The formula is based on Evan Marshall's statistical data and statistical analysis by Steven Fuller;  valid only for .380 calibre and above.  Apparently intended to be some kind of indication  of  "one shot"  stopping power?  (For feral 2-legged predators only), and only handguns ??

FullerIndex   =   

FULLER_BASE_LINE  +  (FULLER_K_FACTOR  *  MuzzleEnergy  /  Area)

FULLER_BASE_LINE = 61.52 

FULLER_K_FACTOR = 0.00573 

 (Are these 2 constants or variables?  Don't know  and it didn't say)

FullerIndex = ( 61.52 + (0.00573 * KE / Area) )

KE = ((BW * VM ^ 2) / 450240)

Area = ((3.141593) * ((Dia / 2) ^ 2))

Thus:

FullerIndex = 

(61.52 + ( 0.00573 * ((BW * VM ^ 2) / 450240 ) / (3.141593 * ((Dia / 2) ^ 2)) ) )

I don't know what to make of it.  Marshall and Fuller are "respectable" names in this field, but where did they get this formula?  The FI for a std  .45 ACP load  (230 / .45 / 850) is about 75.  For a 12GA slug  (450 / .73 / 1500) it is 92.  Not much difference !?

The stopping power of a 12GA slug is without equal  (human target,  25 yards).

The  .45 ACP is quite good also - but no comparison.    75 vs. 92  ??????

Other than that, I can tell you no more. Maybe some users of this program can enlighten me by email..........

Bwana  Saeed  Index

You need to enter bullet weight, velocity, and caliber  for the program.

It must be very new or just relatively unknown; I stumbled upon it during my WEB research for this program.  Search  Google  and you only get a couple hits!

There is only one WEB page really:

http://www.accuratereloading.com/bsivalue.html

Defined as (Taylor Knockout) x (Sectional Density) x 8.34

The 8.34 seems to be an arbitrary conversion factor; apparently this formula is intended to be a some way to compare the various  "Big Bore"  rifles and their effectiveness on LARGE game; it seems to be all relative to a standard  .375H&H

load ( 300 gr. bullet,  MV = 2450 ) which is assigned a  BSI = 100  to compare all the others to.    The  .375HH  is overkill for anything living in North America since the last Ice Age, but it is often stated to be the absolute minimum for large, dangerous game in Africa; maybe that is why it is assigned a lowly 100 for comparison.

Formula:

BSI  ~  (  [ (Bullet Weight) ^2 ]  *  (Velocity)  )    /   (Diameter) ) x conversion

Notice that bullet weight is factored much stronger than velocity since it is squared.  In other words, we are talking momentum, not  KE  here.

Good - that is exactly what you want for these "targets".

Also, diameter (caliber) is in the denominator - meaning a  smaller  caliber

would give a (desired)  higher  BSI !   That seems contrary to common sense !?       We all know we want a  larger  diameter bullet always !  What's the deal?

Stare at the equation some more. You see if bullet weight and velocity are kept the same, but diameter is decreased, you will have a higher Sectional Density, which means  greater penetration,  again, exactly what you want!

So this formula would seem to be as good  or better  than any of the others;

other than that, I know no more to tell you. Once again - it is not Gospel.

I don't know if this formula has any validity for smaller rifles or handguns; maybe any number less than  100  is invalid ?

If you know - email me and tell me!

Armor Piercing Index

You need to enter bullet weight, velocity, and caliber  for the program.

Armor Piercing Effectiveness Factor.  I don't know how absolutely valid this is, but it does  make sense.  It is well known and accepted that higher velocity correlates to better penetration  (game animal as well as military target)   IF  the bullet  (projectile)  holds together on impact.  This is (was) the idea behind teflon (later, nylon) coated bullets (especially for the 9mm round).  It wasn't the teflon coat that enabled penetration of "bullet-proof vests", rather, the teflon acted in a way that moly-coat is said to for rifles now:  by lubricating the bullet-to-rifling contact and enabling higher velocities to be reached without increasing chamber pressure.  (And these are the so-called "cop-killer" bullets that were banned.)  Sectional Density is of course important for penetration also.

Recall what SD is   -  a measure of  "weight"  per  "unit of area"  for the bullet in flight.

Defined as  (Velocity)    times  ( Sectional Density)

which works out to:

API  =  (((BW / 7000) / Dia ^ 2) * VM)

An interesting number to compare loads - but I don't know how much use it is for sport or hunting.

Relative Stopping Power   and  Relative Destructive Power

You need to enter bullet weight, velocity, and caliber  for the program.

AND  -  you need to make a selection from the drop down combo box for both or either of these functions.

These (especially RSP) are quoted and used often enough; they are for the 2-legged feral animals...   not  for  hunting / sport.

Described in "Hatcher's Notebook"  and another excellent little book called "Understanding Firearm Ballistics" by Robert Rinker. ( 2 books you must have if you really want to learn about this stuff...)

And both are to be credited to General Julian S. Hatcher.

The number is given without units and by itself means NOTHING.  It is only to be compared with the number another load gives.

And the key word here in both is  relative.  If one loading gives you a  RSP  of  50  it does not mean it will be a one shot stopper  50% of the time!  It means (or is supposed to mean) that it will be about twice as effective as another load which gives a RSP  of  25. You may get different values for the same inputs from different programs that have this function  -  it shouldn't matter; some programs are just using different conversion factors. Again, the number itself means  nothing - what is significant is the ratio of the numbers for 2 or more loadings you are comparing.

(Also, there is no relation between the  RSP  and  RDP  values for a given load.)

You will note that loads like the standard  .45ACP, a heavy slow moving bullet where momentum rules, will give higher  RSP  to RDP.  While the 9mm, a lite fast bullet where KE rules, will give a higher value for RDP.

RELATIVE STOPPING POWER

Complex formula, based on Momentum. 

This is the one you encounter today anytime you see "Relative Stopping Power"

It makes sense because momentum is proportional to "clobbering" effectiveness, which you should be aware of by now if you've been reading enough........

Essentially it is  (momentum) times (actual cross section of bullet),

 with conversion factors.

(bullet wt.  *  velocity)  *  (factor)  *  (PI * radius ^ 2)

And it works out to:

RSP  =  ( ( (BW * VM)  /  225.2 )  *  FF  *  ( (Dia / 2) ^ 2  *  3.1416 ) )

RELATIVE DESTRUCTIVE POWER

Complex formula, based on Kinetic Energy.

This is  Hatcher's  original  formula actually; for some reason he gave up on it very early in favor of the "momentum" equation above.  Probably a good decision, since although KE is accepted to be the main determinant of wound (temporary) cavity/destruction etc.,  we have been learning that it does not necessarily translate into "stopping" or "knockdown" effectiveness.

Essentially it is  (kinetic energy) times (actual cross section of bullet),

 with conversion factors.

(bullet wt.  *  (muzzle velocity) ^ 2)  *  (factor)  *  (PI * radius ^ 2)

And it works out to:

RDP  =  ( (  (BW * (VM ^ 2))  /  450240  )  *  FF  *  ( (Dia / 2) ^ 2   *   3.1416  ) )

NOTE: in both RSP and RDP,  FF is an  "arbitrary"  factor  which attempts to account for different bullet types; some are obviously more effective than others. The main factor is "expansion" ability of the bullet. Hollow points obviously do better than soft points; lead is better than FMJ, etc. And bullet shape / construction play a role, also velocity. There will be an optimum velocity range for best expansion for any bullet.

Hatcher (1935) gave the original 5 qualifications;  listed below;  however, with respect to the General, we have since learned that things are a little different. 

Jacketed Round Nose, Full Metal Jacket (FMJ)                           FF = 0.9

Jacketed Flat Point, Lead Round Nose (LRN)                              FF = 1

Lead / Blunt Round Point or Small Flat Point                             FF = 1.05

Lead / Large Flat Point                                                               FF = 1.1

Lead / Square Point, Wadcutters (WC)                                       FF = 1.25

The US ARMY Ballistics Research Laboratory conducted extensive testing in the 1980's using tissue simulants and all types of bullets and loadings. This was Government sponsored for the Law Enforcement community; it is described in detail in  "Understanding Firearm Ballistics" by Robert Rinker. They devised what has since become known as the "Relative Incapacitation Index"  (RII) for various bullet types.

In increasing order of effectiveness (expansion potential) we now have:

FMJ

LRN

JSP

WC

SWC

JHP

LHP

The (RII) is experimental data; there is no way to calculate or predict it - no "formula" such as the other ones in this program.

The bullet type order then, and the relative "FF" factors assigned in the drop down combo box, are derived from the RII classifications. There is general agreement with Hatcher's originals - but not total.

Also, the original Hatcher formula is modified slightly to account for the added effect of velocity and consequently, expansion. For velocity  1000 - 1200 fps, the value is increased an added 10%, and for  1200 and greater, increased by 30%.

(I don't know who to credit for this, just let it be known that I am not claiming it as mine!). Obviously, in Hatcher's time, handgun velocities were nowhere what they are now, and he didn't know about Black Talons or STHP bullets!

The factors used are:

"FMJ:  Pointed Nose (JPN)"                                 FF = 0.7

"FMJ:  Round Nose (JRN)"                                   FF = 0.9

"FMJ:  Flat Nose (JFP),   LRN"                             FF = 1

"JSP,   JWC,   LBN"                                             FF = 1.05

"LWC.  LFP"                                                        FF = 1.1

"LSWC"                                                               FF = 1.15

"JHP"                                                                   FF = 1.25

"LHP"                                                                   FF = 1.3

"STHP,  Black Talon,  Golden Saber, etc."          FF = 1.5

I don't know how accurate or valid these numbers are; it doesn't matter because these are arbitrary and relative numbers anyway;  we KNOW that  a  JHP  will be better than a  FMJ,  all other factors kept equall.   But will it be  exactly  by a factor of   1.25  to  0.9  ??

I rather like the RSP function - it seems to confirm that which we already know. The standard  .45ACP load gives a 62, the 9mm and .38 both are less at about 30, and the  .357  125 grainer at 49 - a little low I think since this is the king of one-shot-stoppers.  But it has been pointed out that there  are  inconsistencies compared with the FBI "Relative Incapacitation Index", which evaluates a number of loadings based, apparently, on "real world" data - and you can't argue with that!  So with respect to General Hatcher, do not take these numbers "too" literally; don't "bet your life" on them!

Thornily Knockout

You need to enter bullet weight, velocity, and caliber  for the program.

THKO = ( (BW * VM * (Dia ^ 0.7))  / 7000 ) * 3.37

The 7000 and 3.37 are arbitrary conversion factors. Notice the main factor is bullet weight times velocity (that corresponds to momentum, which we have learned by now is most closely associated with impact, or “knockdown”). The diameter (calibre) is taken to a fractional exponent; if you are not a mathmagician just know that what this means is for example if you double the calibre (like .22 to .44) you will get less than double the effect; in other words, the calibre is not so important, which makes sense. If you are a 600 lb elk you dont know if you are hit by a .308 or a .458; it is the mass and velocity that really counts. Good formula!

Peter Thorniley designed this formula years ago. While hunting extensively both in North America and Africa he did practical field testing on numerous kinds of game animals. Living on the family orchard, he perfected this formula by continued field testing while conducting extensive depredation work. It calculates via a relative stopping power quotient the amount of gun and load necessary to cleanly take a game animal under all conditions. A great tool for comparison of one load to another, as well as the potential of one cartridge to another.

Some representative Thornily values:

45   
Antelope

50  
Deer

100 
Black Bear (To account for 350- 500 lbs. bear.)

120 
Elk, Moose, Kudu, Zebra, Large African Safari Plains Game 

150 
Lion, Leopard, Grizzly Bear, Brown Bear

250 
Hippopotamus , Rhinoceros, Cape Buffalo, Elephant

I like this formula; it seems to be more “on the mark” then some of the others. It also seems to be gaining prominance in “the community” relative to the others.

A-SQR Penetration Index:

You need to enter bullet weight, velocity, and caliber  for the program.

ASPI = (0.01 * KE * SD) / (3.14159 * (Dia / 2) ^ 2)

The penetration index is calculated by dividing kinetic energy with the frontal area of the bullet and multiplying the result by the sectional density, as described by A. Alphin.

If you simplify the formula, you will find that the fundamental relation is proportional to the momentum divided by the area. The actual numerical value is squared, divided by 2 etc.to make the numbers better reading.

This number, called "momentum density" is a basic value calculating the penetration in solid materials of nondeforming projectiles etc. including HEAT warheads and the like.

This is an improvement on the older momentum theories, but for penetration in game you have to take into account the stability in aquaeous media. 

Penetration Index smaller than 85: doubtful, not recommended for headshots on elephant. PI between 85 and 100: just suitable. PI between 100 and 120: well suited for headshots. 120 to 130: very reliable. More than 130: absolute top values for big game cartridges.

The PI is a valuable figure to compare the relative penetration ability of non-deforming bullets for a given medium. It has nothing to do with killing power or knock down ability or other, most useless figures given in literature. It is a relative figure and not linearily correlated to the penetration depth in a target. That means a bullet with PI of 70 travels not half the way of one with a PI of 140. The real ratio depends on the energy dissipation on the way through the target. It is impossible to calculate the penetration depth in an animal by theoretical figures. 

Arnold Arms Relative Performance Index:
You need to enter bullet weight, velocity, and caliber  for the program.

Basically velocity squared times bullet weight times calibre.

AARPI = (VM ^ 2 * (BW / 7000) * (Dia / 1000)

A simple formula; I don’t know much about it to tell you, except that I don’t like it. It places too much value on velocity (since it is squared), and is just a simple multiplication of some factors.

It was in the book so I thought I would add it to the program; maybe it has some value I don’t know about.

