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Summary. The Tr6s Haute Vitesse (THV) bullet was introduced to meet the 
requirements of law enforcement officers, as an alternative to larger calibre 
fully jacketed bullets, since expanding or exploding bullets are not relevant 
in Europe. To examine the effect of the THV bullet in tissue, especially the 
size of the lesion and the degree of overpenetration, 11 recently killed pigs 
were shot with the weapons used by the Danish Police Force and a 9-mm pis- 
tol for reference. The ammunition was THV in the calibres 7.65 mm, 0.38, 
and 9 mm, using conventional fully jacketed bullets for comparison. The 
lesions were considerably larger when the THV bullet was used, the entry 
wound in particular, being roughly twice the diameter in the case of the 
THV bullet as compared to the fully jacketed bullet of similar calibre. Only 
one 7.65-mm THV bullet overpenetrated the target when fired against the 
thorax or abdomen of the pigs and then with only minimal residual energy. 
All fully jacketed 7.65-mm bullets, all 0.38 bullets, with the exception of one 
THV bullet, and all 9-mm bullets overpenetrated the target. The 7.65-mm 
THV bullet produced a lesion which in its extent resembled that of the fully 
jacketed 9-mm bullet, and should be a suitable alternative for the Danish 
Police Force. 
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Zusammenfassung. Das Trbs Haute Vitesse (THV) Geschof3 wurde ent- 
wickelt, um die Forderungen der Polizei zu erfiillen. Es stellt eine Alterna- 
tive zu Vollmantelgeschossen gr6geren Kalibers dar, da ein Gescho6, das 
sich verformt und explodiert, in Europa nicht gestattet ist. Um den Effekt 
des Geschosses im Gewebe zu untersuchen - insbesondere die Gr66e der 
Verletzungen und die M6glichkeit, das Ziel zu durchschiegen - wurde auf 
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11 kurz vorher get6tete Schweine mit den Waffen der D~inischen Polizei und 
mit einer 9-mm Referenz-Pistole geschossen. Die Geschosse waren T H V  
vom Katiber 7.65 ram, 0.38 und 9ram.  Vollmantelgeschosse wurden zum 
Vergleich benutzt.  Die Verletzungen durch die THV-Geschosse  waren er- 
heblich gr6ger,  die Eintri t tswunden waren ca. zweimal so grog im Durch- 
messer  wie die Verletzungen mit den Vollmantelgeschossen von entspre- 
chendem Kaliber. Nut  ein 7.65 m m  THV-Geschog  hat das Ziel durchschos- 
sen. Alle 0.38 Geschosse - abgesehen von einem T H V  - und alle 9 m m  Ge- 
schosse hatten das Ziel durchschossen, 'ungeachtet des Geschogtypes.  Die 
Verletzungen des 7.65 m m  Geschosses waren denen des 9 m m  Vollmantel- 
geschosses ghnlich. Das 7 .65mm THV-Geschog  scheint deshalb eine 
brauchbare Alternative ftir die D~inische Polizei zu sein. 

Schliisselw6rter: Wundballistik - THV-Geschosse ,  vergteichende Wirkung 
gegent~ber Vollmantelgeschossen 

Introduction 

The Tr6s Haute  Vitesse (THV) bullet produced by the Soci6t6 Frangaise de 
Munitions (SFM) for use in the hand-guns of law enforcement  officers was 
introduced in 1981. The design of the bullet, its composit ion as well as its shape, 
aims at answering the conflicting requirements of European  police forces, many 
of whom, by adhering to The Hague Convention of 1899, cannot use hollow- 
point or other expanding bullets, neither can they use bullets which explode or 
fragment  on impact  [7]. 

Since it has been claimed for a number  of years by Danish police officers 
that their service pistol - the 7.65 m m  Walther  PP and PPK - did not possess 
sufficient "stopping power" ,  there has been a demand for a more  potent  
weapon,  or alternatively a more  potent  ammunition.  To determine whether  the 
T H V  bullet would satisfy the demand,  the Office of the National Commissioner 
of Police requested the Army  Combat  School to conduct a series of experiments 
for which it has the facilities and the experience. 

Material and Methods 

To determine the effect of the THV bullet in tissue, it was decided to perform test shootings 
on recently killed pigs. If the pigs are shot within 30 min of death, the results will reliably im- 
itate intravital shots [5]. For an evaluation of the wounds the assistance of the Defence Medi- 
cal Training Centre was requested, the author performing the autopsies. The weapons used 
for the experiments were: 

7.65 mm Walther PP, a World War II vintage German officer's pistol, used by the uniformed 
police officers. 

7.65 mm Walther PPK, a short barrelled version of the Walther PP, used by plain clothes 
policemen. 

0.38 Smith & Wesson revolver, 2" barrel. Used by the security forces when acting as body 
guards. 
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Fig. l .  THV ammunition as 
used in the experiments 

ram . 3 8  

Fig. 2. Cross-sectional drawing of the THV bullet (not to scale) 

9 mm Neuhausen pistol, standard officer's weapon in the Danish Armed Forces, used as a re- 
ference weapon in the experiment. 

9 mm Heckler & Koch sub-machine gun, type M5A3, used by the anti-terrorist forces and spe- 
cial units of the Danish Police Force. 

The special features of the THV bullet used in the experiment are, firstly, the negative para- 
boloid shape, aiming at rapid transfer of energy in the target and rapid deceleration in air giv- 
ing a short range and, secondly, the cavity in the bullet making it lighter and giving space for 
a larger charge, leading to a high velocity (Figs. 1, 2). The bullet is made from a brass alloy and 
is solid apart from the cavity, minimizing the risk of the bullet breaking up on impact. 

The ammunition used in the experiment was: 

7.65 mm fully jacketed, weight 4.8 g. 

7.65 mm THV, weight 1.6g. 

0.38 fully jacketed, weight 10.2 g. 

0.38 THV, weight 2.9 g. 

9 mm fully jacketed, weight 6.89 g. 

9 mm THV, weight 2.9 g. 
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The experiments were performed in two steps, the first one using naked pigs, the second one 
using pigs with a covering of various combinations of clothing. The animals used were 11 ordi- 
nary Danish pigs of similar size weighing approximately. 45 kg, and they were put down imme- 
diately before shooting by an overdose of barbiturate. As soon as the veterinarian who per- 
formed the injection had declared the animal dead, it was suspended head down and marked 
out for shooting. For the first series, the pigs were shot in the thorax, in the abdomen and in 
the thighs, on each side symmetrically to the centre line, from the front. Entry and exit veloc- 
ities were measured by photoelectric equipment conforming to NATO standards (OPOS 
Electronics Ltd.: EV 100 Photocell Transducer System, EV 120 IR Reflex Screen, and three 
CC 2000 Counter Velocity Meter), and the various energies were calculated. 

The distance from the muzzle to the pig was approximately 7.5 m. The anterior-posterior 
diameter of the pigs was 25 cm in the thorax, 20 cm in the abdomen and 12 cm in the thigh. 
This compares well with the 183-cm, 78-kg author: 23 cm thorax, 20 cm abdomen and 15 cm 
thigh! 

After the shooting the pigs were X-rayed so that the retained bullets could be identified. 
They were then taken to the autopsy room where a full autopsy was performed on the thorax 
and abdomen. A dissection of the wounds, including those of the thighs, was performed. The 
wounds were measured and described in detail and thereafter photographed as each succeed- 
ing layer of tissue was removed. 

Studies of the results from the first series and test shootings at various combinations of 
clothing had given reason to believe that the addition of clothes, which caused deposition of 
energies in magnitudes of 10-20 Joules (J) using fully jacketed bullets and 20-60 J in case of 
the THV bullets, might have a significant effect on the retention of THV bullets fired by the 
small calibre pistols. Therefore, a second series of experiments was undertaken, for which 
shots at the thorax and abdomen were employed, as results from the first series had indicated 
that overpenetration and slight deceleration was seen in the thighs, no matter what type of 
weapon or ammunition. 

The types of clothing were: (1) T-shirt and shirt, (2), T-shirt, shirt and denim jacket, and 
(3) T-shirt, shirt, woolen sweater and leather jacket. The numbering refers to the tables. 

Results 

In  nea r ly  all cases  the  muzz le  veloci ty  was d e t e r m i n e d ,  and  in mos t  cases  w h e r e  
o v e r p e n e t r a t i o n  t o o k  p lace  the  ve loc i ty  at  en t ry  (gEntry) and exit  (VE~it) was 
m e a s u r e d  in m/s which p e r m i t t e d  an e s t ima t ion  of  the  ene rgy  at  en t ry  (EEntry), 
exit  (EExit) and  the  r e t a i n e d  ene rgy  (ERet) in Jou les  (J) and  the  pe r cen t age  
r e t a ined / en t ry  energy .  F o r  c o m p a r a t i v e  p u r p o s e s  the  vo lume  of  the  p e r m a n e n t  
cavi ty  of  the  w o u n d  was e s t ima ted  in cm 3. I t  was a s sumed  tha t  the  v o l u m e  of  the  
w o u n d  p r o d u c e d  by  the  fully j a c k e t e d  bu l l e t  was equa l  to the  vo lume  of  a 
cy l indre  wi th  a d i a m e t e r  equa l  to  the  ca l ibre  of  the  bu l le t  and  a length  equa l  to  
the  th ickness  of  the  t a rge t  [4]. In  the  case of  the  T H V  bul le t ,  the  v o l u m e  of  the  
w o u n d  was a s sumed  to t ake  the  fo rm of  a t r unca t ed  cone  with  its g rea te r  
d i a m e t e r  co r r e spond ing  to the  en t ry  wound .  This  shape  is seen  in expe r imen t s  
wi th  p las t ic ine ,  conserv ing  the  t e m p o r a r y  cavi ty  [1, 6, 8]. In  the  ca lcula t ions  the  
en t ry  w o u n d  was m e a s u r e d ,  whi le  the  smal le r  d i a m e t e r  of  the  cone  was tha t  of  
the  bu l le t ' s  ca l ibre ,  d i s regard ing  the  t issues no t  t r ave r sed  in cases wi thou t  over-  
p e n e t r a t i o n .  

The  resul ts  of  the  bal l is t ic  m e a s u r e m e n t s  a re  mos t  easi ly a p p r e c i a t e d  by  
look ing  at  each  type  of  w e a p o n  by  i tself  (Tab les  1 -9 ) .  W h i l e  all bul le t s  f i red  at 
the  thighs and  all 0.38- and 9 -mm bul le ts  with one  excep t ion  f i red at  the  tho rax  
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Table 1. Walther PP and PPK, fully jacketed ammunition 

223 

C L gEntry EEntry VExit EExit ERet Vo1 % Ret 

0 Thigh 303 220 125 38 182 5.5 82 

0 Abdomen 315 238 246 145 93 9.2 39 
1 Abdomen 322 249 199 95 154 11.5 62 

0 Thorax 308 228 151 55 172 11.5 76 

1 Thorax 325 254 173 72 182 11.5 72 

3 Thorax 316 240 161 62 178 11.5 74 

C = clothing, L = location, V in m/s, E in J, Vol in cm 3 

Table 2. Walther PP and PPK, THV ammunition 

C L gentry EEntry VExit EExit ERet Vol % Ret 

0 Thigh 563 254 202 33 221 11.4 87 

0 Thorax 595 283 60 3 280 26.0 99 

Table 3. Smith & Wesson 0.38, fully jacketed ammunition 

C L gEntry EEntry VExit EExit ERet go1 % Ret 

0 Thigh 216 238 100 51 187 8.8 79 
0 Abdomen 206 216 157 126 90 14.7 42 

0 Thorax 210 225 100 51 174 18.3 77 

Table 4. Smith & Wesson 0.38, THV ammunition 

C L gentry EEntry VExit EExit ERet go1 % Ret 

0 Thigh 576 481 470 320 161 18.6 33 

0 Abdomen 570 471 116 20 454 30.9 96 

Table 5. Neuhausen 9 mm, fully jacketed ammunition 

C L VEntry EEntry VExit EExit ERet Vol % Ret 

0 Thigh 377 490 264 240 250 7.6 51 

0 Abdomen 390 524 227 178 346 12.7 66 
1 Abdomen 372 477 215 159 318 12.7 67 

3 Abdomen 369 469 250 215 254 12.7 54 

0 Thorax 354 432 205 145 287 15.9 66 

2 Thorax 370 472 220 167 305 15.9 65 

and  a b d o m e n  ove rpene t r a t ed  the target,  only  one  7 .65-mm T H V  bul le t  over-  
pene t r a t ed  the thorax.  

O n  the o ther  hand ,  all 7 .65-mm fully jacke ted  bullets  ove rpene t ra t ed  the 
target.  A single 0.38 bul le t  fired at the thorax was re ta ined.  G iven  the en t ry  
velocity and  the weight  of the bul let ,  it was possible to es t imate  the re ta ined  
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Table 6. Neuhausen 9 mm, THV ammunition 

P. J. T. Knudsen 

C L Vznt~y EEntry VExit EExit ERet Vol % Ret 

0 Thigh 590 505 323 151 354 12.7 70 
0 Abdomen 592 508 200 58 450 21.1 89 
1 Abdomen 596 515 128 24 491 21.1 95 
3 Abdomen 600 522 206 62 460 29.7 88 
2 Thorax 605 531 53 4 527 21.8 99 

Table 7. Heckler & Koch M5A3 9 mm fully jacketed ammunition 

C L VEnt~y EEntry VExit EExit ERet Vol % Ret 

0 Thigh 395 548 340 398 150 7.6 27 
0 Abdomen 402 557 256 226 331 12.7 59 
0 Thorax 406 568 230 182 386 15.9 68 

Table 8. Heckler & Koch M5A3 9 mm, THV ammunition 

C L Vznt~y EEntry VExit EExit ERet Vol % Ret 

0 Abdomen 668 647 233 79 568 29.7 88 
2 Abdomen 651 615 104 16 599 27.4 97 
0 Thorax 674 659 136 27 632 31.5 96 

Table 9. Walther PP, PPK and Smith & Wesson 0.38 a, 
THV ammunition, bullets retained in the target 

C L gEntry EEntry = ERe t Wo1 

0 Thorax 558 249 21.4 
1 Thorax 588 277 17.3 
1 Abdomen 576 265 25.0 
2 Thorax 590 278 17.3 
2 Abdomen 588 277 15.4 
3 Thorax 589 278 23.7 
3 Abdomen 585 274 20.9 

0 a Thorax 592 508 27.8 

ene rgy  of  those  bul le t s  tha t  were  r e t a i n e d  in the  t a rge t  and  the  vo lume  of  the  
w o u n d  a long l ines s imilar  to  those  above .  

The  injur ies  inf l ic ted by  the  conven t iona l  fully j a c k e t e d  bul le t s ,  on  the  one  
hand ,  and  those  p r o d u c e d  by  the  T H V  bul le ts  on  the  o t h e r  were  of  a very  con- 
s is tent  a p p e a r a n c e .  T h e  en t ry  wounds  f rom the  fully j a c k e t e d  bul le ts  were  of  
s l ightly smal le r  d i a m e t e r  than  the  ca l ibre  of  the  bu l le t  (Fig.  3), and  the  wounds  
were  typica l  of  the i r  type  with  no  d iscern ib le  d i f fe rence  in the  size of  the  les ion 
f rom en t ry  to exit .  The  exit  wounds  were  of  differ ing d i ame te r s ,  mos t  of  t h e m  
with  r agged  edges  and  dis t inct ly  la rger  than  the  en t ry  wounds  (Fig.  5). 
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Fig. 3. Entry wound, 7.65 mm fully jacketed bullet 

Fig. 4. Entry wound, 7.65 mm THV bullet 

Fig. 5. Exit wound, 9 mm fully jacketed bullet 

Fig. 6. Exit wound, 9 mm THV bullet 

The entry wounds of the T H V  bullets were all round or slightly oval, with a 
diameter roughly twice the calibre of the bullet (Fig. 4), and none presented the 
star-shaped appearance illustrated by Fackler [5]. In the subcutis and deeper  
layers the size of the wound was retained for a short distance, quickly tapering 
off, and in the posterior wall of the thorax there was no subjective nor indeed 
measurable difference between the two types of bullets. While in some cases a 
quite considerable difference in the size of the lesion could be seen on the an- 
terior aspect of internal organs, it was clearly seen that on the posterior aspect 
the difference was much less. 

The exit wounds of the T H V  bullets were smaller in diameter, both as com- 
pared to those of the similar calibre fully jacketed bullets and as compared to 
the T H V  entry wound (Figs. 5, 6). As for the depth of penetration of the bullets 
that were retained in the target, all bullets reached the posterior wall of the 
thorax or of the abdominal cavity. They were found either embedded in the 
muscles dorsal to the spine and ribs or in the subcutaneous tissue of the back, in 
many instances leaving an impression from within on the skin. In others a bulge 
could be seen where the bullet had lodged itself. The retained bullets were 
intact apart from some compression, but this was so small that no expansion 
could be detected. There was no fragmentation of the bullet. 
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Discussion 

The ideal ammunition for law enforcement use in Denmark possesses the fol- 
lowing qualities: 

1. Transfer of sufficient energy ("stopping power"). 
2. No overpenetration. 
3. Short range. 
4. Confirmation to The Hague Convention of 1899. 
5. Certain technical points like precision, the ability to shoot through car doors, 

minimum recoil and acceptability by pistols, revolvers and sub-machine guns. 

The reason for the investigation of the THV bullet was the alleged inferiority of 
the Walther PP and PPK, which have repeatedly been accused of having insuffi- 
cient stopping power. Since stopping power may be defined as " . . .  the amount 
of kinetic energy the impacting bullet transfers to the target" [2], the efforts to 
increase stopping power must lead to an increase in kinetic energy transfer, 
either by giving the bullet higher energy or by making it transfer a greater part 
of its energy to the target, or both. The THV bullet achieves higher kinetic 
energy by its higher velocity which more than compensates for its lower weight, 
and increased energy transfer by its design, which gives up more energy to the 
target. This obviously must result in greater lesions. 

The same result might of course be attained by the use of conventional am- 
munition of a larger calibre, but as may be seen from Tables 2, 3, 5, and 9, the 
retained energies of the 7.65-mm THV bullets are higher than those of the fully 
jacketed 0.38 and not much lower than those of the fully jacketed 9-ram bullets, 
when exclusively considering shots at the thorax and abdomen. The estimated 
volume of the 7.65-mm THV wounds, as compared to the fully jacketed 9-mm 
wounds, are also on the same scale. 

While the fully jacketed 9-ram bullet might thus have a slight edge in stop- 
ping power, the second consideration of overpenetration is clear-cut. Further- 
more, when considering shots at the thorax and abdomen, only one 7.65-mm 
THV bullet overpenetrated the target, and had an EExit of only 3 J, making it 
harmless for all practical purposes. Even the 33 J of the 7.65-mm THV bullet 
passing through the thigh would hardly suffice to penetrate normal clothing and 
the skin. The 0.38- and 9-mm THV bullets were much more prone to overpene- 
tration, only a single 0.38 THV bullet being retained in the target. The EExit of 
the large-calibre THV bullets fired at the body ranged from 4 to 79 J, which 
makes it unadvisable to rely on retention for these calibres. 

The lack of overpenetration, which is one of the aims of the design of the 
THV bullet might conversely lead to a lack of penetration, rendering the bullet 
unable to deliver its energy to organs of a sufficient importance to stop the 
opponent [5]. In this set-up, all the retained bullets were found in the muscles 
of the back of the animal, having passed through or between the ribs, and in no 
cases was a vital organ in the path of the bullet spared. 

Attention must be directed here to the limitations of the animal model, since 
the conclusions above rest on the acceptance of the range - 7.5 m - and the 
thickness of the animal as being representative of the real life situation. The set- 
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up has been chosen as the most  likely for use in this country, with special refer- 
ence to the use of the Walther  pistol as the ordinary service weapon which is in- 
tended for the personal protection of the police officer. The addition of clothing 
does not appear  to have a major  effect on penetrat ion,  although it seems that 
any one of the three types of clothing does give slightly greater  retention of 
energy when compared  to no clothing. An important  consideration when choos- 
ing ammunit ion for police use is that it should have a relatively short effective 
range, being often used in circumstances where many  innocent bystanders may 
be at risk. The range of the T H V  bullet is much less than that of the comparable  
fully jacketed bullet, typically a third or so, the officially quoted ranges being: 
7.65 ram: 1200 m/400 m, 0.38:960 m/310 m, 9 m m  pistol: 1550 m/500 m and 9 m m  
sub-machine gun: 1550 m/500 m. 

The major  legal constraint put upon the selection of ammunit ion for the 
Danish Police Force is the adherence to the Hague Convention of 1899, which 
forbids the use of  expanding bullets in war [3]. It  was required that the chosen 
bullet should not be expanding or exploding, thus outlawing hollow-point or 
semi-jacketed softpoint bullets, but since the T H V  bullet is not an expanding 
bullet, neither by design nor in actual use, it should not cause any legal prob- 
lems. As, however,  the bullet does produce more  severe lesions than the com- 
parable fully jacketed bullet hitherto used, it has been accused in the daily press 
of being a "dum-dum in disguise". Since the limitations of the Convention only 
describe the design of the bullet and not the effects, the consequences of the 
complaints raised would be to stop development  of ammunit ion at the level of 
1899, since it could be argued that any bullet producing larger lesions than that 
of a similar calibre bullet of 1899 vintage is illegal. Judging by the results of the 
investigation, I believe that the 7.65-mm T H V  bullet fulfils the criteria set for 
its acceptance in the Danish Police Force, on the assumption that the technical 
demands are met.  

Whether  the greater  lesions, which are an inseparable consequence of the 
increase in retained energy, are politically acceptable will have to be seen. 
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