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The wearing of the so-cal led three-point seat-belt has unquestionably 
brought about a decrease in both the frequency and the seriousness of the in­
juries sustained by automobilP. accident victim s ,  when one compares the injuries 
incurred by thc wearers or thcse bclts with the injuries suffered by non-bel t  
wearers i n  accidents of cornparablc impact violence . 

However ,  the standard seat-bel t  still  has room for considerab l e . improvement . 
The injury-provokino mechanisms and the tolerances of the head and thorax are 
fairly wel l  known , and this knowled�Je has enabled defini t i on of protection 
criteria for frontal coll i sions simulated with dummies ; the situat i on i s  dif­
ferent as concerns the abdominal vi scera and the lumbar spine . However , inju­
ries of this type are not inconsiderable in the l i ght of the realities concer­
ning accidents involving seat-belt-wearcrs. 

In what fol l ows , after evaluatina the extcnt of submarining-induced inju­
ries,  it is  proposed to compare thosc of thc rea l - l ife victims . and those of 
the cadavers used in frontal impact simulat ions .  An attempt i s  then made to 
define as accurately as possible the conditions associated with dangerous sul>­
marining , from the viewpoint of a spcci f ic protection criterion. 

In ordcr to i llustrate thc 1 ·clative importance of the abdomen , in relati on 
to the body segment s which arc commonly taken into account -the head and tho­
rax- it suffices to consider Table I ,  whose data stem from the I RO - PEUGEOT 
RENAULT Accident Investination .  

This table concerns a sample o f  9 3 8  three-point seat-bel t s ,  among whose 
wearers 533 drivers and 283 passenoers were taken into consideration. 

In ordcr to carry out an unarnl>iuuous analysi s ,  wc e l iminated a number of 
cases that would have been hard to interpret , including those involving exces­
sive damage to the passenocr compartments ; the selection criterion was a less 
than 26 centimeter rearward displacement of the dashboard ; we also e l iminated 
the cases of victims who had been killed but whose bodies had not been autop­
sied , the specific causes of whose deaths did not emerge clearly. 
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In addition to showina the frequency of the injuries classified by A . I . S .  
and by body segments ,  this table includes an evaluation of the overall inju­
ry level of the lesions sustained by the various body parts considered .  This 
evaluation was performed by means of the expression [. A . I . s .3 . 

It  will be noted that the importance of the injuries incurred by submari­
ning , to be taken from the total of the abdominal lesions the lesions of the 
lurnbar spine , can be of the same order of rnagnitude as that of the lesion 
usually taken into considerat ion by protection criteria. 

ABDOMINAL AND DORSO-LUMBAR INJURIES SUSTA INED IN ACTUAL ACCIDENTS 

The data come from the invest i gation noted above . 

Wearers of three-point seat-bel t s  undergoing frontal impact ,  selected as 
previously,  wcre firstly considered .  Howeve r ,  it  was possible to take most 
recently available cases into account . 

Table 2 l i sts a synthcsis of the observations performed .  

The abdominal lesions can bc classified a s  fol l ows : 

a) Lesions caused by dcceleration ,  general ly found when the pclvic 
strap has exerted extremely energetic restraining force . The di splacement of 
the visceral mass in a forward direction ,  due to inertia , triggers traction 
forces exerted on the mesentery which can bring about disinsertions ; we also 
found tearing of the liver hi lus or of the gall-bladder bed. 

This kind of injury i s  rare , and i s  associated with involvement in excep­
t i onally violent frontal col l i sions. 

For the two correspondina casc s ,  the variations in velocity and the mean 
accelerations during impact are as f ollows : 

Case II 2500 : .6 V = 
Case # 2352 : A V 

55 kph 
70 kph 

- � m = 
- '( m = 

14: 9 
17 9 

These lesions are l isted here just for the record, because their cause and 
prevention have very little to do with the problems of submarining . 

b) Lesions o f  the viscera caused by actual submarining 

In this catcgory , wc inc l 11ded injuries caused by overly-deep penetration 
of the pelvic belt into the abrlomen , this part of the belt having passed above 
the il iac crc s t s .  Thi s  situation ,  which i s  fortunately of rare occurrence ,  re­
sul t s  from thc combinati on of unfavorable factor s .  

I n  real-life acci dent s ,  injuries t o  the liver or spleen can b e  caused by 
submarining . The same can be said for perforations of the small intestine or 
of the colon and also of a certain proport ion which i s  difficult to ascertain . ' ' of tearings of the mesentery. 
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c )  Mention must a l so bc made of lesions of the dorso-lumbar spine , al­
thought they are infrcf)ucn t .  The accidcnt inve sti gation that was used supplied 
four case s ,  only two of wh ich are l i sted in Tab le I ,  the other two cases ha­
ving occurred too recont ly . The corresponding A . I . S .  i s  2 or J ; this involves 
fractures of the vertebrae , often accompanied by compression of the vertebral 
body . 

It i s  reasonable to think that these four cases of injury are due t o  the 
passengers '  submarining , followed by extensive flexion of their trunks around 
the seat-belt ; the conseq110.nccs thcreof were limited thanks to the blocking 
of their knecs by tlw l owcr clashboard .  Th i s  process j ust i f i e s  considering a 
large proportion of the injuric�s sustained by the dorsal- lumbar column a s  in­
juries caused by sub111arini11n . 

Among the parametcrs that increase the passenger ' s  propens i ty for submari­
ning , let us note the followina : 

Floor-attachment points of seat-belt located too far back. 
- Slack of the pelvic bel t .  
- Excessive defonnab i l ity of the seat cushion. 
- Seat -belt buckle located too h i g h ,  etc . 

The complexity of Lhe phenomenon j us t i f i e s  the concern with a synthesis test 
performed on a dtumn y .  

Tab le 2 l i sts t h c  counterrneasures suggested b y  a n  examination of the re­
cords : theorct i ca l l y ,  the presence of these countermeasures on the vehicles 
involved i n  the accidents would have prevented the onset of submarining . It 
w i l l  be noted that the adapting of the retractors and the restraining of the 
rear passengers should hav0 a positive cffect . It w i l l  further be noted that , 
even when the direct i ons o r  thc pelvic be lt-straps are a pr iori correct , the 
buckles located in overly h i oh pos i t i ons are a maj or r i sk factor. 

When the bucklcs o.rc not a t  fau l t , submarining occurs only in extremcly 
violent impac t s .  

DATA YIELDED l"llmt FHONTAL IMPACT 'fES'l'S WITII CADAVERS 

Te st conditi ons 

Tab le J shows thc condit ions ooverning a sclection of frontal impact simu­
lation tests performed with scat -bc lted cadave r s .  

The sub ject always wears a thrcc-point seat-belt and i s  generally installed 
i n  a sled borne vehicle pa!"senucr compartment , launched against an impact wal l  
the decelcration pul se i s  d<'JH'11<lant 1 1pon the hrakinfl devi c 0 ,  made of c o l lapsi­
blc tubc s ,  ini:;Lal led on t. 1 1 1 •  r r o n t. c •nc l  of t h c  i;; l e d .  
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Information of a mor<� dpl:ai lcd sort hag been publ i shed concerning the me-
thodology of these tests ( 1 ) • The tests are fol l owed by X-rays and au-
topsies ,  among other data analyses procedures .  

In the latest tests (bco innina with N ° 127..4) , spina l -column samples were 
collected in view of a more complete autopsy process analogous to Schmidt ' s  
process ( 2 ) .  

Among the results avai lnb l e ,  we selected those i n  which abdominal injuries 
had occurred cither or without submarining ; similar l y ,  we selected cases of 
submarining without occurrence of lesion s .  The rat ios of the type "number of 
cases with injurics" d i vi d<'d by "total number of cases" are meaningles s ,  sin­
ce the tcst plan callcd for a study of submarining and thereforc required par­
t icular , non representational test conditions. The cadavers considered were 
those of individuals whose deaths had occurred recently ( less than four days 
before) and who had not bC'Pn embalmcd , without rigor mort i s .  There was no ab­
dominal injection. 

The inject ion l iquid containino formol , the occurrence of fixation of ab­
dominal visccra i s  t h e r <'hy ol>v :i a t <' c l  ; morP rel iable detection of injuries , 
during autopsy , i s  a l so insur<�cl . 

The measurements ma<le , o r  vnryinn dcgrees of completeness depending on the 
test , included restraining forccs and accelerat ion s ,  particularly at the sa­
crum level, were a tridirectional accelerometer was screwed. Analysis of the 
f i lm s ,  at 1 . 000 fps , enabled evaluation of the importance of penetration, i f  
any , o f  the scat -belt strap into thc abdomen by means o f  sighting marks secured 
to the spinal column and to the i liac win g s .  

The seat-bcl t s ,  without retractor s ,  werc adjusted to the wearers .  

Injurics obscrvcd 

The samt' c lassi f j  c a t  ion n s  llw onc previously used for injuries sustained 
by rea l - l ife accident v i c l i11 1s ca11 bc used here . 

The cndavcrs rcvcal<'cl ·i n,j 1 1rie:-; of clcceleration of the vi scera (wi thout sub­
marining) , representcd herc by two cases of mesenteric rupture ( subj ects :lt 
14 and 25) and a sl i! lht fi ssuring of C'. li sson ' s  capsule alona the bladder bed 
( * 10) . 

The foll owing injurics were found aaain 

- Lesions of the viscera duc to submarining . The case of subject II 2 
i s  character i stic ( injury to uppcr surface of l iver , rupturing of mesentery 
and perforated colon) . 

- Lesions of Lh<· l 1 11 11l>a 1 · - spine : fractures at this lcvel occurred ci­
ther in associat i on wi th o l" her lc sions in the subjects of the sample group 
thn L underwent subma r i n i n� 1 ,  01· 1 1 1w.cc ompanicc1 hy visceral lcsions . 

1 5 4 



Since thc observation of submarining , or of i t s  absenc e ,  i s  unambiguous on 
cadavers,  this justifies our considering the occurrence of injuries to the 
lumbar-spine as a frequent resuJ.t of submarining , in the investigat ion of real 
l ife accident s .  

By and largc , the injurics detected in the autopsies o f  test subjects that 
had undernonc submar inino wcrc' simj lar to those in the accidentology. 

If we consider the conclitions governing their occurrence , we find that the 
causes linked to the condi t ions of the simulated accidents are analogous to 
those found to bc l ikcly in analyses of real- l i fe accident s ,  a finding that i s  
not surpri sing ; i t  i s  morc noticeable t o  remark that the impact violence aera 
in which submarining occurs in actual accidents overlaps with the impact vio­
lence aera of accident s simulated with cadavers . Here , impact violence i s  ex­
pressed by a pair of values (ß V , � m) , in which A V is the variat ion in velo­
city and � m is the averane acceleration during impact . 

The investigation of sub111ar.i 1 1 ino-related problems by means of impact simu­
lation with fresh cadavcrs i s  hcncc a good approximat i on of reality .  

It wi l l  bc noted that tho visccral injuries sustained by real-life accident 
victims frcquent ly involv0 scvcral different. organs . One reason for this may 
be the fac t that the rca l - l ife vict ims 1  seat-belts often have a large amount 
of slack : thc effect of this i s  to makc restraint by the belt more severe and 
may changc the position of the bclt on the body . In some instances the presen­
ce of an overload by an unbcltcd rearseat passenger can also be an injury ag­
gravating factor . 

Experiments with human subjects further enable the detecting of cases of 
submarining involving no sustaining of injuries , the occurrence of which cases 
is difficult to  detect in accidcntolouical invcstigat ions. 

EVALUATION OF ABDOMINAL 'l'OLEMNCE OF SUBJECTS THAT UNDERWENT SUBMARINING 

With thc total abdominal inj ury levcl a lrnown fac tor ,  we observed intrusion 
of the belt-s trap into thc abdo111cn , the restraint forces and the condit ions 
attcndant upon i t s  appl icalion c l urinri intrusion, particularly at the t ime du­
ring which intrusion i s  a t· a 111axl111wn . 

Acceleration measurcd for thc pclvis was not taken into consideration ; few 
result s  are ava i labl0 , and we found no indications of a relationship between 
i t s  maximum ( pcak , or during 3 ms) and the severity level of the injuries ob­
served . However , the submarinino often gives a signature on the acceleration 
pulse.  

The intrusion o f  thc pcl vic strap b0yond thc i l iac spine s ,  in a direction 
that i s  largely per pPnd i c 1 1 l  ar to th0 lowpr part of the torso, was cvaluated as 
accurately as possibl c .  

Depending on thc t e :-; L  ancl on l.hC! side obscrved , i t  ranged from 20 t o  7 5  mm 
in the cases in which submarini11!J occurred.  
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I n  the inj ury-free ca sc s ,  maxitnwn belt intrusion was 37 mm on one side . The 
lowest intrusions found , associatcd with the occurrence of injuries,  were 40 mm 
beyond the antero-superior i l iac spines .  This value was observed three times 
in the sub j ect s ,  and thc hcavic::;t of the subjects involved weiahed 71 kiloarams 
a weight that i s  s t i l l  l owcr than that of the dwnmy representing the 50 th male 
percent i l e . 

The r e s t r a i n i ng forc<·s l hnt ar<•  noiuu to bc considered are the 2 traction 
forces of thc pelvis par t  of thc thrce-point seat-belt subsequently to the 
onset of submarining . 

In the cascs in which no injuries occurred , this forces remained under 
280 daN ( lower outer anchoring) nnd 250 daN on the inside of the vehicle . 

In contrast , in the cases in which injuries did occur , we found a minimum 
of J80 daN for the vehicle ' s  outer side and 420 daN for i t s  inner side . 

If  we compare , on thc onc' hand , the group of subjects that sustained ab­
dominal injuries and , on thc other hand , the group of those that remained 
uninjured despi te suhmarinin\1 , wc find rlist inctly separate measured values of 
intrusion and forccs for thc sc two group s .  This remark increases the validity 
of the tolerancc thrc shol ds lhat wcrc so evaluatc d .  In other words ,  on the ba­
sis of a le ss-than- J ')  111111 intrusion on one side , associated wi th a less-than-
200 daN restraininn forcc on onc o r  thc pclvic belt strap side , wc define a 
pair of values rcpr0sc•n l. .i 1 1 ! J  abdom i nal lolcrance in the prcscnce of submarining , 
while retainino a ccrlain safety 111a r 9 i n . These values have been given without 
taking into account thc anthropometrical differences between subjects and 
50° percenti l e .  The subject ' s  staturc i s  usually lesser , so the safety margin 
is  increased. 

Belt tension i s  a measuremcnt that i s  external to the subject , or to the 
dummy when dummies are usc d .  In addition ,  the allowabl e  tension values may dif­
fer depending on the cond i t i ons of seat-bel t  locati on and anchoring , of vehi­
cle environment , etc . For this r C!ason , wc plan to use these findings to define 
the conditions to bc mcasurcd on dwnm i c s  for thc purpose of ensurino protection 
against thc danuers of submarin i u q . 

TENTATIVE DEFINITION OF A P l lOTECT roN cnrrrrnrnN 

Let us asswnc thc cxü: tcnc c an<l ava i lab i l i ty of a dwmny that , when exposed 
t o  submnri1ii no , displays a dybami c  bchavior closely akin t o  hwnan bchavior . 
Let us furlhcr assumc that a cri tc•rion i s  desired for guaranteeing against thc 
r i sks of submarining , but t hat i t s  verification should involve only the dummy , 
and shou l d  i n  no case brin�J about a modification i� the definition of the res­
traint system . This condition is h :i uhly important in the view of testing a 
system whose performanccs arc identical to those of the systems with which 
cars are equipped , notably in thc case of pyrotcchnical rctraction .  

When thc abovc s i tua t i on llas becn asswnc d ,  it i s  no longer possible to un­
dertake bel t-forces measurcmcmt s .  We decided to use a pair of force transducers 
secured to lhc dwmny ' s  pclv.i s ,  cach captor bcing located above the i l iac crcst s .  
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These transducers rcad l hc forccs exerted by the strap in direction F ,  in 
figure . They are l ocated at a hori?.ontal distance A l from point zero of the 
intrusion defined by the level of the antero-superior i l iac spine s .  

The findings of the precedino paragraph enable definition of A 1 ,  and make 
it possible t o  assign a value to F .  For this purpose , we projected along an 
axi s ,  para l l e l  to OX,  thc rcsul tanL of the belt 1 s  action on the previously 
mentionned transduccrs ( sce fiuurc ) .  Equal belt tensions on either side of 
the captor were assumed . 

Thc rcsu l t: s  of the ca] cu lat. i ons pcrforr11ed .for the hypothet ical case of thc 
installation of such transducers on cadavers are set forth in Table 4, in the 
column headeu "esti111atc of .forces <lcfined in thc fioure " .  

These results took into account the belt ' s  angl e s  in space , evaluated by 
films or by laboratory simulat ion. 

It appears that a forcc transduccr bears :from 60 to 180 daN in cases of sub­
marining without occurrcncc o.r injurics.  It is therefore very likely that a 
transducer defined ns abov<' , whi.ch i s 1 oca tr cl J 5 mm behind the antero-superior 
i l iac spines ancl on whicll the rei-;u l t  of lonyi tudinal penetrat ion, does not 
exceed 100 daN , wou l d  in<l ica Lc only injury-frce submarining i f  the simulat ion 
of human kinema tics by the dum111y was correct . 
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Leung and al . ( 3 
in this respect , sincc 
than the human being . 

) havc shown sorne inadequacies of the Part 572 dummy 
the Part 572 dummy tends t o  submarine more readily 

They have shown significant differences in shape of pelvis and in rigidity 
of abdominal flesh ,  which by themselves are sufficient to test ify of abdominal, , 
which by themselves are sufficient t o  testify to the lack of similarity in 
behavior durino submarinino . 

A certain amount of testino with stress captors placed , as before, above 
the i l iac crests have been done. The prel iminary results are encouraging . The 
force resu l t s  given here were to bc rnodified if  the sensitive directions of 
the transducers relativcly to pc lvis are changed. 

SUMMARY AND CONCLUSIONS 

1 .  In the l ight of currcnt accidentolooical data,  submarining is a not in­
considerable problem .  

2 .  The submarining-relatcd injuries sustained by real - l i fe accident victims 
are similar to those found on frcsh cadavcrs under comparable conditions. 

J .  A large number of injuries to the dorso-lumbar spine can be ascribed to 
submarining . 

� - Submarining does not necessarily cause injuries.  

5 .  On fresh cadavers , a limit marking the point at which submarining beco­
mes dangerous has been defincd . Infonnat ion concerning abdominal tolerance has 
been assernbl e d ,  designed to be transposcd into a protection criterion on a 
suitable dummy . 

6 .  The princ iple of a submarining avoidance criter i on i s  presented. 
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