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I . SUMMARY 

Phase I of this basic innovative research study was intended to 

provide an objective basis for the conduct of dynamic testing in Phase 

I I .  The major conclusions are summarized as follows: 

A preliminary subjective analysis of the proposed restraint system 

indicates that the prototype vest can be comfortably and easily 

adjusted. An attractive feature is the concept that belts issued as 

personal equipment will be kept clean, in good condition, and will 

receive more use. Problems with fit and accommodation were found, with 

the shoulder webbing and vest too large for smaller individuals. The 

metal snaps of the prototype vest were difficult for a large person to 

close, and the subsequent use of velcro closure is an improvement. It 

was possible for a person to don the shoulder portion incorrectly. The 

attractiveness for females and smaller individuals where loose fit 

occurs may be a problem influencing acceptance. Factors not evaluated 

included use of the restraint system in hot environments, donning it 

over heavy clothes, or donning it in the cold with gloves. 

Nationwide accident data available to us (SDS data from workers 

compensation files) do not provide sufficient detail for meaningful 

analysis and use as a basis for identifying injury causations. 

Seat belts or vests may be expected to help prevent some injuries 

to heavy equipment operators under conditions of severe jolt, rollover, 

or impact, and to prevent ejection. The lap belt attachment alone would 

not be expected to reduce severity or incidence of head impact 

(indicated as injury site in six percent of accident cases reported) 

except in cases of vertical jolts, or result in significant influence or 



p reven t i on  o f  ch ron ic  back problems (seldom repo r t ed  t o  be a  problem i n  

these cases, and usual 1 y  assoc ia ted  w i  t h  r i d e  qua1 i t y  o f  t he  seat)  . 
a Review o f  acc iden t  r e p o r t s  a v a i l a b l e  i n d i c a t e s  t h a t  the  most 

p r e v a l e n t  type o f  i n j u r y  t o  heavy equipment opera to rs  occurs f rom 

v e r t i c a l  impacts o f  v e h i c l e s  h i t t i n g  ho les i n  t he  road (18.6%), f o l l owed  

c l o s e l y  by v e h i c l e s  s t r i k i n g  s o l i d  o b j e c t s  such as rocks o r  o ther  

v e h i c l e s  (17.4%). Other i n j u r i e s  were a t t r i b u t e d  i n  the  acc iden t  

r e p o r t s  t o  rough ground, runn ing  o f f  a  ledge or rock,: h i t  by shovel 

bucke t  w h i l e  load ing,  and t h e  v e h i c l e ' s  be ing  h i t  by a  f a l l i n g  rock 

w h i l e  load ing.  These impact f a c t o r s  accounted f o r  76.4 percen t  o f  t he  

i n j u r i e s  repor ted .  Only t h r e e  percent  invo lved  r o l l o v e r s .  

a V e r t i c a l  j o l t  i s  a s i g n i f i c a n t  cause o f  t h e  i n j u r i e s  repor ted,  

f o l l owed  by c o l l i s i o n  impact. 

a Present use o f  seat  b e l t s  appears t o  be ve ry  low. I n  o n l y  f i v e  

percen t  o f  acc iden t  cases repo r t ed  was use o r  non-use repor ted .  I n  o n l y  

two percen t  were seat  b e l t s  r epo r t ed  t o  be worn, d e s p i t e  company 

p o l i c i e s  t h a t  opera to rs  w i l l  wear b e l t s .  

a A new r e s t r a i n t  system i s  warranted, based upon p resen t  usage and 

need f o r  increased p r o t e c t i o n .  

S i t e  acc iden t  data do no t  p rov i de  s u f f i c i e n t  d e t a i l  t o  determine 

s p e c i f i c  i n j u r i e s  w i t h  conf idence, o r  t o  conduct f u r t h e r  analyses o f  

i n j u r y  causa t ion .  

a More than h a l f  (55.6%) o f  t h e  r epo r t ed  i n j u r i e s  i nvo l ved  v e r t i c a l  

l oad ings  (+Gz)  on the  d r i v e r ,  r e s u l t i n g  f rom bumps, j o l t s ,  and v e r t i c a l  

impacts. Some 15.7% i nvo l ved  a f r o n t a l  (-Gx) c o i l  i s i o n ,  and 13.5% were 

repo r t ed  i n  l a t e r a l  (fGy) impact. These da ta  i n d i c a t e  the  most 



prevalent directions of loading on the driver and suggest priority of 

test orientations. 

A preliminary dynamic frontal deceleration (30 g) at 2 0 m p h  

velocity change of a 50th percentile dummy resulted in failure of the 

restraint at the stitching of the straps. 

Based upon the foregoing findings, a Phase-ll dynamic test 

protocol is recommended as follows: 

1 .  A l l  tests will be conducted on the UMTRl Impact Sled with an 

instrumented 50th percentile male anthropomorphic dummy. No 

surrounding cab structure will be used. 

2. Three frontal impact tests will be conducted with a velocity change 

of 20 mph and an average deceleration of 30 G. 

a. One test will be with a fixed vehicle seat and the proposed 

restraint system. 

b. One test will be with a fixed vehicle seat and a conventional 

lap belt. 

c. One test will be with a suspension-type vehicle seat and the 

proposed restraint system. 

3. Two lateral impact tests will be conducted with a velocity change of 

10 mph and an average deceleration of 20 G. 

a. One test will be with a fixed vehicle seat and the proposed 

restraint system. 

b. One test will be with a fixed vehicle seat and a conventional 

lap belt. 

4. Four vertical jolt tests wi 1 1  be conducted with a 5-6 inch peak to 

peak sinusoidal displacement at 5 Hz. 



a. Two tests will be with a fixed vehicle seat and the proposed 

restraint system. 

b. One test will be with a fixed vehicle seat and a conventional 

lap belt. 

c. One test will be with a fixed vehicle seat and no restraint 

sys tem. 



I I .  INTRODUCTION 

The accident environment of the heavy equipment operator differs in 

several important respects from that of most other types of vehicles. 

Due to the extreme mass of the vehi cle (rangi ng up to 180 tons or more) 

in relation to non-solid objects which may be struck, the impact 

generally results in low decelerations and the resultant motion 

(kinematics) of the driver may be minimal. 

The limited accident data appear to indicate that the most frequent 

injury mechanism is a jolt caused by a vehicle hitting a hole in the 

road, or a solid object, or rough ground, by its running off a rock or 

ledge, being hit by a shovel bucket while loading, or by the vehicle's 

being hit by a falling rock while loading. These conditions account for 

three out of four driver accident injuries reported. 

Many injuries are occurring and could be prevented by operators' 

use of improved restraint systems. Before any system can be 

incorporated in a vehicle it is necessary to conduct tests to determine 

that the system functions as designed. Frequently dynamic tests will 

reveal unanticipated flaws that need to be corrected prior to 

instal lation. 

In the case of operators of heavy equipment--loaders, tractors, and 

trucks--there are specific environmental problems which differ from that 

f' 

of other types of vehicles. The basic problem is that of providing the 

operator a simple, comfortable, effective restraint system. However, 

this is compounded by the problem of how to ensure that the system will 

actually be worn by the drivers. That this is a real and universal 

problem is indicated by numerous studies concluding that drivers do not 

appear to be using the belts presently supplied with vehicles. In heavy 



equipment most o f  the b e l t s  we have observed have been l e f t  unattached 

on the f l o o r .  They become very  d i r t y  and almost unusable. 

The U.S.  Bureau o f  Mines has devised a unique s o l u t i o n  t o  t h i s  

problem of  non-use. The proposed v e s t  r e s t r a i n t  (VRS) system i s  

intended t o  be issued t o  the d r i v e r s  as personal equipment. Rather than 

be ing  permanently i n s t a l l e d  i n  the veh i c l e ,  i t  could be worn t o  and from 

work by the d r i v e r ,  and simply "plugged i n "  t o  the v e h i c l e  be ing used. 

A s  personal equipment i t  would probably be kept  c lean, and the i n t e n t  i s  

t o  encourage g rea te r  d r i v e r  usage. Var ious aspects o f  t h i s  s o l u t i o n  a re  

addressed i n  t he  f o l l o w i n g  r e p o r t .  

The f o l l o w i n g  i n t e r i m  r e p o r t  presents  the r e s u l t s  o f  the Phase I 

background eva lua t i on  o f  the U.S. Bureau o f  Mines VRS system, f a b r i c a t e d  

by Kaiser Manufactur ing Company o f  Minneapol is f o r  exper imental  use. 

The purpose o f  t h i s  p re l im ina ry  review i s  t o  p rov ide  an o b j e c t i v e  bas i s  

t o  ensure t h a t  the t e s t  p ro toco l  t o  be conducted i n  Phase 2 w i l l  be most 

p roduc t i ve  and t h a t  the  dynamic t e s t s  w i l l  r e a l i s t i c a l l y  address t he  

c o l l i s i o n  environment t o  which d r i v e r s  o f  heavy equipment a re  most 

commonly exposed. 

To t h i s  end, the general o b j e c t i v e  o f  t h i s  bas ic  research program 

has been t o  use a systems engineer ing approach t o  consider var ious  

aspects o f  the p o t e n t i a l  impact o r  v i b r a t i o n  environment and 

e f f ec t i veness  of t h e  b e l t  system proposed. I n  t h i s  regard, t h e  

r e s t r a i n t  system has been evaluated from the  d i s c i p l i n e s  o f  

biomechanics, ergonomics, phys ica l  f ac to r s ,  and phys ica l  anthropology. 

Areas were examined from the  broad p o i n t  o f  view o f  exper ts  w i t h i n  these 

areas. 



Specific tasks accomplished during this phase include a limited 

1Fterature review, an analysis of accidents involving drivers of heavy 

equipment, examination of the operator's environment from human and 

physical factors, ergonomics, and physical anthropology points of view, 

one dynamic test of a prototype system, and consideration of potential 

problems and effectiveness of the proposed belt system. These 

considerations have been kept in mind in formulating the dynamic test 

protocol, proposed to be conducted in Phase 1 1 .  



I l l .  LITERATURE S E A R C H  

A l i t e r a t u r e  search was i n i t i a t e d  a t  the  onset o f  t h i s  program t o  

t r y  t o  i d e n t i f y  s t ud ies  i n  which the r e s u l t s  would be p a r t i c u l a r l y  

p e r t i n e n t  t o  t h i s  eva lua t ion .  The proposed U.S. Bureau o f  Mines v e s t  

r e s t r a i n t  system fea tu res  unique des ign cons ide ra t i ons  as w e l l  as 

aspects r e l a t e d  t o  the  human u s e r ' s  comfor t ,  f i t ,  a c c e p t a b i l i t y ,  and 

p r o t e c t i o n .  The fea tu res  can be evaluated t o  some ex ten t  on a bas is  o f  

p r i o r  exper ience and t e s t i n g .  I n  t h i s  regard no at tempt  was made t o  

survey the  e n t i r e  f i e l d  o f  r e s t r a i n t  systems, s ince  t he re  a re  l i t e r a l l y  

thousands o f  p u b l i c a t i o n s  on r e s t r a i n t  systems. Rather, the  survey was 

aimed a t  s e l e c t i v e l y  l o c a t i n g  the  few s tud ies ,  pa ten ts ,  o r  p u b l i c a t i o n s  

where f ea tu res  were s i m i l a r  t o  those o f  the  proposed system. 

I n i t i a l l y ,  a  Lockheed DIALOG computer search was conducted. The 

D ia l og  program i s  based upon t h ree  data bases, i n c l u d i n g  a l l  

p u b l i c a t i o n s  o f  the Nat iona l  Technical  In fo rmat ion  Serv ice  (NTIS), 

standards and s p e c i f i c a t i o n s ,  and Engineer ing '  Index. However, t h i s  

r e s u l t e d  i n  on l y  26 re ferences.  O f  these, o n l y  f ou r  were cons idered t o  

be a t  a l l  app l i cab le  t o  the  un ique c h a r a c t e r i s t i c s  o f  t he  proposed 

system. As a  r e s u l t ,  t h i s  search was supplemented by rev iew o f  UHTRl 

1 i b r a r y  f i l e s  and personal f i les ,  con ta in i ng  over 6,000 pub1 i c a t  ions on 

r e s t r a i n t  systems. 

As background, p r i o r  s t ud ies  were reviewed which i nves t i ga ted  t he  

r e l a t i o n s h i p  between seat  b e l t s  and i n j u r y  r educ t i on  i n  heavy t rucks .  

Al though the  highway environment d i f f e r s  i n  some respects  f rom t h a t  o f  

t h e  open p i t  mine, heavy commercial t r ucks  a re  t he  c l o s e s t  i n  s i z e  t o  

t he  v e h i c l e s  under study. 



I n  t he  Uni ted States commercial motor c a r r i e r  acc ident  data a re  

repo r ted  by the  Bureau o f  Motor C a r r i e r  Safety  (BMCS) , and i n  se lec ted  

cases by the  Nat iona l  T ranspo r ta t i on  Sa fe ty  Board (NTSB) . An ana l ys i s  

and summary o f  497 heavy t r uck  acc iden ts  i oves t  igated between 1973 and 

1976 was reviewed (Bureau o f  Motor C a r r i e r  Safety ,  1977), as we1 1 as a  

more recen t  ana l ys i s  o f  346 heavy t r u c k  acc idents  du r i ng  the 1977-1979 

p e r i o d  (Bureau o f  Motor C a r r i e r  Safety ,  1981) . There were a l s o  14 NTSB 

i n v e s t i g a t i o n s  du r i ng  t h a t  pe r i od  no t  inc luded.  

I n  t he  843 heavy t r uck  acc iden ts  i nves t i ga ted  by BMCS between 1973 

and 1979, 518 invo lved c o l l i s i o n s .  O f  these, 141 acc idents  invo lved 

e j e c t i o n s  o f  the non-rest ra ined occupants, r e s u l t i n g  i n  147 f a t a l i t i e s  

and 53 i n j u r i e s .  Dur ing t h i s  p e r i o d  t h e r e  were 137 head-on c o l l i s i o n s ,  

226 rear-end c o l l i s i o n s ,  84 s i d e  impacts, and 17 o ther  types o f  

c o l l i s i o n s .  S ing le -veh ic le  acc idents  a re  separa te ly  categor ized.  Of 

325 acc iden ts  i n v o l v i n g  o n l y  a  s i n g l e  v e h i c l e  du r i ng  t h i s  per iod ,  211 

t r ucks  ran  o f f  the  road and over turned,  24 over turned on the  roadway, 38 

h i t  a  f i x e d  ob jec t ,  28 were loading/un loading acc idents ,  and 24 were 

from o the r  causes. No at tempt  i n  these s t a t i s t i c a l  s t ud ies  was made by 

BHCS t o  eva lua te  seat  b e l t  e f f ec t i veness ,  b u t  i t  seems apparent t h a t  had 

these t r u c k  occupants been p ro tec ted  by seat  b e l t s ,  many l ess  f a t a l i t i e s  

and less  severe i n j u r i e s  would have occurred. The h igh  f a t a l i t y  r a t e  

a t t r i b u t e d  t o  e j ec t i ons ,  as w e l l  as r o l l - o v e r  and c o l l i s i o n  acc idents  

where compartment space was n o t  crushed in ,  might  be areas where seat  

b e l t s  cou ld  have achieved i n j u r y  r educ t i on .  

I n  Sweden heavy t r ucks  a re  invo lved  i n  15 percent  o f  the  

approx imate ly  1,000 f a t a l  acc iden ts  per year.  A recen t  study o f  

se lec ted  commercial t r uck  acc iden ts  i n v o l v i n g  Volvos aimed t o  



investigate injury location and causation as a basis for improving 

col 1 is ion protect ion (Hogstrom and Svenson, 1980) . Along wi th 

development of a safety steering wheel and reinforced cabs which are 

crash tested, it was found that the best injury reducing means was a 

three-point retractable safety belt. The authors of this Swedish study 

predicted that had this safety belt been used i t  could have minimized 

the injuries to the drivers in 74 percent of the truck accidents 

examined. Using the Abbreviated Injury Scale ( A I S ) ,  compiled by the 

American Association for Automotive Medicine as a basis, they found that 

the six-point AIS rating in each case of injury could be reduced by at 

least one unit by use of the restraint system. 

This finding is consistent with an earlier Department of Transport 

study of heavy truck accidents in England (Gratton & Hobbs, 1978). 

Utilizing the AIS criteria, it was reported that wearing of a seat belt 

would have reduced the mean overall level of injury in the accidents 

selected for study by one level. It was also concluded that seat belts 

would have reduced the severity of injury for about one-third to one- 

half of the fatalities. 
t 

Earl ier this year a study of fork1 ift truck overturns was completed 

at UMTRl which is also relevant to protection in heavy vehicles (Melvin, 

et al., 1982). I n  this study a numberof rollover accidentswere 

simulated using a variety of turning maneuvers and drop tests. The 

operator was simulated by restrained and unrestrained instrumented 

anthropomorph i c dummies. A preceding study i nvolvi ng some 36 rol lovers 

was conducted to simulate field accidents and evaluate the effects of 

restraint systems on the operator's motion during truck overturns (King, 

1981). 



Another area investigated in the literature included restraining 

devices similar to that proposed. The computer search resulted in no 

U.S.patents with some similarities. There may be others which were not 

accessed for some reason. 

A prior literature and information search was conducted for the 

Bureau of Mines in regard to a study entitled, Development of Improved 

Seatbel t Systems for Surface Mini ng Equi pment" (Car 1 son and Hoffman, 

1981), a1 though references were not provided in this report. 

A review of previous vest-type restraint systems shows that few 

have been intended for ground vehicle operator use. One, however, is a 

form fitting garment, which was designed by J.W. Young at Ford Motor 

Company i n 1968 (Snyder, 1970) , and i s shown i n F i gure 1 .  

Several early aircraft pilot restraints incorporated vest concepts. 

After analyzing the distribution of mass of the upper body, and finding 

that 90 percent of the upper body mass is above the fifth thoracic 

vertebra (level of armpits) , Poppen (1958) designed the Douglas Model D 

prototype harness, illustrated in Fig. 2. This is one of the few 

harnesses designed by a physician on the basis of anatomical function 

and support required for upward ejection. While this was certainly not 

a pure vest system, the width and construction over the thoracic area, 

combined with a side form-fitting "girdle" belt, make it of peripheral 

interest (Snyder, 1970; p. 532) . 
Utilizing the principles of distributing impact force over a large 

area and to parts of the body best able to withstand high impact forces 

B i erman (1 947) designed a vest harness of undrawn nylon (F i g. 3) . Tests 

indicated this would protect humans from forces equivalent to 10,000 





F ig .  2 .  Experimental  Douglas Model D a i r c r a f t  r e s t r a i n t  harness 
designed by Poppen (1958)  t o  o f f e r  the  p i l o t  maximum 
p r o t e c t  i on  i n  upward e j e c t  ion,  



Ibs .  on a  dummy. With t h i s  system human vo lun tee rs  exposed t o  15 f o o t  

f r e e  f a l l s  were dece le ra ted  i n  l ess  than 0.2 seconds a t  o n l y  6 g. 

The a p p l i c a t i o n  o f  a  ves t - t ype  r e s t r a i n t  was proposed about 1947 

f o r  a i r l i n e  p i l o t s  and passengers, by F l i g h t  Safety ,  Inc. ,  a  company i n  

Ph i l ade lph ia ,  based upon Dr. Bierman's designs. 

Th i s  v e s t  was cons t ruc ted  o f  ny lon  duck w i t h  a  s t r eng th  o f  14,000 

1 bs. (400 1 bs. per 1 i near i nch) . I t was chosen a  1 so because o f  bei  ng 

s u f f i c i e n t l y  e l a s t i c  t o  p rov i de  t he  f o r m - f i t t i n g  c h a r a c t e r i s t i c s  

necessary f o r  maximum d i s t r i b u t i o n  o f  an impact load over the thorax 

area contacted by the ves t .  Design s t r eng th  was 4,800 Ibs.  a t  each 

w a i s t  at tachment and 2,400 l bs .  a t  each shoulder s t rap .  The v e s t  

p rov ided  an area o f  156 square inches p r o t e c t i o n ,  i n  c o n t r a s t  t o  about 

40 square i nches o f  usable  area i n  the  standard 1 ap be1 t. UNOLYN ( t r ade  

name) s t r aps  were designed t o  p r o t e c t  aga ins t  100 g  peak impacts. A 

un ique f e a t u r e  (1947) was t h e  use o f  i n e r t i a  locks .  

Th i s  v e s t  des ign i s  i l l u s t r a t e d  i n  F ig .  4 f o r  t h e  a i r l i n e  p i l o t ,  

and i n  F ig .  5 f o r  the  passenger c o n f i g u r a t i o n .  O f  p r imary  importance 

was t he  r e s t r a i n t  t o  t h e  upper body t o  prevent  head and upper t o r s o  

con tac t  w i t h  i n j u r i o u s  s t r u c t u r e s  d u r i n g  a  crash impact. 

A recen t  a p p l i c a t i o n  o f  t he  v e s t - r e s t r a i n t  concept has been 

designed f o r  mob i le  crew members o f  a i r c r a f t  i n  the  R A F .  S t i l l  i n  t he  

des ign  s t a t e ,  the  proposed s a f e t y  harness c o n s i s t s  o f  a  s e r i e s  o f  s t r aps  

sewn on to  a  standard l i f e  p rese rve r .  The o b j e c t i v e  o f  t h i s  des ign i s  

p r i m a r i l y  t o  prevent  a i r c r e w  work ing near open doors f rom f a l l i n g  o u t  o f  

the a i r c r a f t .  Drop t e s t s  w i t h  anthropomorphic dummies up t o  9.7 G 

r e s u l t e d  i n  no damage t o  t he  s t r a p s  o f  t he  sa fe t y  harness and i t s  

s t  i t c h  i ng (Reader, 1980) . 





F ig .  4. I 1  l u s t r a t i o n  o f  proposed ves t - t ype  r e s t r a i n t  system f o r  a i r 1  ine  
p i l o t  by F l  i g h t  Safety,  Inc.  i n  1947, based upon U.S. Navy 
research o f  Bierman. 



NYLON VEST 

Icert La locking-devioa 
fnatal led on seat back 

F ig .  5 .  R e s t r a i n t  concept f o r  "Safety Vest" f o r  a i  r l  i ne  passengers, 
proposed i n  1947. 



Vest - type r e s t r a i n t  systems have been p r e v i o u s l y  used or  eva luated 

p r i m a r i l y  w i t h  regard t o  a v i a t i o n  o r  aerospace environments. Probably 

the  l a r g e s t  c o l l e c t i o n  o f  v e s t  r e s t r a i n t  designs can be found i n  a s tudy 

conducted a t  Nor th rop  Corporat ion by R i p l e y  (1966) . A number o f  

advanced techniques eva luated f o r  space f l i g h t  and v e s t  systems were 

among those o f f e r i n g  t he  g rea tes t  p o t e n t i a l  p r o t e c t i o n  t o  t he  opera to rs ,  

and a re  i l l u s t r a t e d  i n  F igs .  6-23, f o l l o w i n g .  

Two t o r s o  "ves t "  type r e s t r a i n t  systems were f ab r i ca ted ,  one o f  

dacron webbing, and t he  o ther  o f  dacron webbing and dacron f a b r i c ,  were 

a l s o  t e s t e d  by Nor th rup  i n  1966. Each v e s t  cons i s t ed  o f  a form f i t t i n g  

f r o n t  and e i g h t  s t r aps  t o  the  sea t .  The dacron webbing ves t  was t es ted  

t o  25,000 lbs .  p r i o r  t o  s t i t c h i n g  f a i l u r e  o f  t he  upper r i g h t  s t r ap .  The 

dacron f a b r i c  v e s t  was t e s t e d  t o  19,040 Ibs. ,  when f i r s t  . s t i t c h i n g  

f a i l u r e  occur red  (Rip ley,  1966). F ig .  20 i l l u s t r a t e s  such a system. 

A f u l l - b o d y  r e s t r a i n t  i s  shown i n  F i g .  21, and F ig .  22 shows, a 

concept f o r  e a r l y  space crewman designed by Snyder a t  the  App l ied  

Research Laboratory  o f  the  U n i v e r s i t y  o f  Ar izona Col lege o f  Engineer ing 

i n  1959-1960, employing ex t r em i t y  r e t r a c t i o n  and a p r o t e c t i v e  ves t .  

The space crew r e s t r a i n t  system used i n  APOLLO miss ions i s  

i 1 l u s t r a t e d  i n  F ig .  23. Note t h a t  i t  represen ts  a much s impler  system 

than t h e  f o rego ing  hard -she l l  concepts. Whi le  no "vest "  per se was 

worn, no te  t he  arrangement o f  upper t o r s o  r e s t r a i n t  s t r aps  and 

undergarment, 

Th i s  l i t e r a t u r e  survey i nd i ca tes  t h a t  ves t - t ype  r e s t r a i n t  systems 

have been assoc ia ted  w i t h  designs and concepts o f f e r i n g  optimum 

p r o t e c t  ion'  t o  t h e  occupant. Such designs have p r  irnar i 1 y been r e l a t e d  t o  



F ig .  6. Torso r e s t r a i n t  garment designed by No ra i r  D i v i s i o n  o f  
Nor throp Corpora t ion  (R ip ley ,  1966; p. 7 1 ) .  



F ig .  7 .  F u l l  body r e s t r a i n t  system i n c o r p o r a t i n g  webbed "vest "  upper 
t o r s o  p r o t e c t  ion ( R i  p ley ,  1966). 
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Fig. *n example . . of an advanced experimental restraint iYste,,, 
providing P C  o n  to e x  r e  impact forces (lombard 
1964; 19661 such restraint has been tested qu;n:a 
pigs and smal l primates. Guinea pigs have survived up (0 
240 g for 3 mi1 1 iseconds a t  i n  at 100,000 per second 
Onset rate. 



Fig.  9. Space veh i c l e  r e s t r a i n t  
o f  the arms, Oncept incorpora t  i ng  r e s t r a  ;,t 
1966). legs and head, and upper body r e s t r a i n t  ( ~ i ~ ~ ~ ~ ,  



Fig. 10. Example of early "clamshell" experimental restraint for space 
crew, using hard-shell concept. The torso restraint is com- 
posed of shoulder, chest and abdomen hard shell units which 
are preloaded and restrained by cables tensioned by tak-up 
reels. The abdomen and chest units are lined with air bladders, 
and the shoulder pads lined with foam rubber. Space flight 
restraints have gravitated toward less bulky "shirtsleeve" 
environments (Ripley, 1966, p. 133). 
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Fig.  12. Operat ional  concept f o r  op t ima l  t o r s o  p r o t e c t i o n  recommended by Northrup f o r  space veh i c l es .  
R i g i d  f o r m - f i t t i n g  encasement o f  t he  body was found t o  o f f e r  " f a r  g rea te r  p ro tec t i on "  
than any o f  the s o f t  body - res t ra i n t  systems. Th i s  system employed an i n t e r g r a l  hard s h e l l  
t o r s o  and seat back f i t t e d  t o  t he  occupant (Rip ley,  1966, p.157). 



F ig .  13. Same system as i n  F i g .  10, i n  f u l l y  r e s t r a i n e d  p o s i t i o n  ( ~ i p l e y ,  1966).  
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Fig .  1 4 .  Hard-shel l  spacecraf t  r e s t r a i n t  systern. On l e f t  crewman i s  between s t a t i o n s ,  and on r i g h t  
r e s t r a i n t  i s  shown i n  seated p o s i t i o n .  Note vest  torso p r o t e c t i o n  ( ~ i p l e ~ ,  1966). 
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Fig. 18. The Boeing Hammock full body restraint is an all-net restraint 
system suspended on cables. The torso is restrained by a net 
vest attached to the "V" cables. The vest is zippered in front 
and uses ensol i te for shoulder pads (~oeing, 1959). 



F i g .  19. Net crew seat  r e s t r a i n t  concept  c o n s i s t s  o f  bonded aluminum 
honeycomb b a c k r e s t  and welded t u b u l a r  s t e e l  t r u s s  seat  pan. 
F u l l  body r e s t r a i n t  i n c l u d e s  t o r s o  v e s t  (u.s.  A i r  Force,  1962).  



F i g .  20. Dacron v e s t  r e s t r a i n t  i n  f u l l  r e s t r a i n t  p o s i t i o n  ( R i p l e y ,  
1966, p .64) .  



F i g .  21. Full r e s t r a i n t  system based upon G - s u i t  concept .  



F i g .  22. E a r l y  space crew r e s t r a i n t  system designed a t  U n i v e r s i t y  o f  
Ar izona i n  1959. Note ves t - t ype  t o r s o  r e s t r a i n t  i n c o r p o r a t i n g  
crossed shoulder s t r aps  (Snyder, 1960). 



Fig.  2 3 .  Apo l lo  s p a c e c r a f t  crew r e s t r a i n t  system, 



needs o f  r ace -d r i ve rs  and spacecra f t  a i r c rew  and . represen t  unique 

a p p l i c a t i o n s  f o r  heavy equipment opera to rs .  

An excep t ion  i s  a  ves t - t ype  r e s t r a i n t  designed f o r  c h i l d  and i n f a n t  

p r o t e c t i o n .  An unpubl i shed study was found o f  t e s t s  conducted i n  1976 

by the  Federal A v i a t i o n  Admin i s t r a t i on  eva lua t i ng  on exper imental  ves t -  

t ype  c h i l d  and i n f a n t  r e s t r a i n t  systems. I n  t h i s  des ign webbing s t r aps  

were he ld  i n  p o s i t i o n  on the  c h i l d  by a  c l o t h  v e s t  o f  unknown m a t e r i a l .  

Four dynamic s l e d  t e s t s  were conducted a t  1 1  t o  25 g  s l ed  d e c e l e r a t i o n  

and 44.3 t o  44.6 f t / s e c  impact v e l o c i t y .  I n f a n t  dummy weights was 17.4 

lbs,  s i m u l a t i n g  a  6-month o l d ,  and c h i l d  dummy weight  was 32.6 lbs. ,  

s i m u l a t i n g  a  3-year-o ld  c h i l d .  A system f a i l u r e  occurred i n  a l l  f ou r  

t es t s ,  

These t e s t s  may be o f  some importance t o  the, present  study, s ince  

they seem t o  represen t  t he  on l y  p r i o r  dynamic s l ed  dece le ra t i on  t e s t s  

which we have been a b l e  t o  l oca te  employing a  v e s t  r e s t r a i n t  system. 

The F A A  t e s t  systems used a  convent ional  seat  b e l t  f o r  p r imary  

attachment. Adjustment f o r  s i t e  was accomplished by means o f  a d j u s t e r s  

loca ted  on the b e l t  and shoulder s t raps ,  b u t  no adjustment was p rov ided  

on t he  ves t .  

An i n t e r e s t i n g  t e s t  s imulated turbu lence,  however i t  was c rea ted  by 

i n v e r t i n g  the  passenger seat.  Dur ing s imulated crash cond i t i ons  t he  

v e s t  r e s t r a i n t  system a l lowed the  dummy t o  move t o  the  f a r  edge o f  t he  

sea t .  I n  more severe t e s t s ,  t he  r e s t r a i n t  system f a i l e d  throuqh t e a r s  

i n  s t i t c h i n q  and m a t e r i a l ,  and a l lowed t he  dummy t o  move o f f  the  seat  

on to  t h e  f l o o r .  I n  t h e  most severe t e s t s  run  t he  r e s t r a i n t  system 

f a i l e d  (FAA, 1976). 



I V ,  ACCIDENT DATA 

Knowledge of previous accident experience is essential to 

understanding the nature of the problems and environmental conditions 

requiring protection of the occupant. In this regard, a second task 

involved review of accident data of drivers of heavy equipment to 

determine the nature, site, severity and frequency of injuries and 

identify occupant protection problems. These data were obtained from 

two major sources and while neither source provided necessary medical 

information, the general accident environmental information was useful 

in determining the nature of the injury. These data were particularly 

helpful in identifying major risk factors. 

1. Nationwide Data 

To obtain information on the nationwide incidence and nature of 

vehicular injuries the National Institute for Occupational Safety and 

Health (NIOSH) was requested to provide statistical information from the 

worker's compensation data files relative to vehicle accidents in the 

iron ore industry. These data were generously provided by Roger 

C. Jensen, Chief, Accident and Epidemiology Branch. 

The Bureau of Labor Statistics of the U.S. Department of Labor, 

which has been delegated responsibility for collecting data to assist 

the Occupational Safety and Health Administration (OSHA) i n standards 

and compliance areas, has developed a program to supplement the Bureau's 

Annual Survey of Occupational Injuries and Illnesses. This is called 

the Supplementary Data System (SDS) . T h e  basis source document for the 

SDS is the first report of injury or illness submitted by employees and 

insurance carriers to state workers compensation agencies. This system 



has been descr i bed in deta i 1 by Root and McCaf f rey (1978) , and forms the 

basis for the following computer analysis. 

The resultant output received was based upon several 

specifications. Only the iron ores industry (SIC 1011) was selected, as 

described' in the Standard Industrial Classification Manual for 1972 

(page 32) . The i ron ores mining group i s classified as "Establ i shments 

primarily engaged in mining, beneficiating, or otherwise preparing iron 

ores and manganiferous ores valued chiefly for their iron content. This 

industry Fncludes production of sinter and other agglomerates except 

those associated with blast furnace operations...'' The establishments 

include brown ore mining; hematite mining; iron agglomerate and pellet 

production; iron ore, blocked; iron ore dressing (benef iciation) plants; 

iron ore mining; limonite mining; magnetite mining; manganiferous ore 

mining, values chiefly for iron content; siderite mining; sintering of 

iron ore at the mine, and taconite mining (Appendix C). 

Data from 31 states for 1979 (Fig. 25) for five occupations were 

searched. These included truck driver, motormen mine, fork lift 

operator, and road machine operator. There were 120 cases (52%) of 

worker compensation claims for the category of truck driver in the iron . 

ore mining industry for 1979, and 230 total cases for all five 

classifications. These statistics are shown in Table I .  

Of the 31 states only seven states had claims, with 135 (58.7%) 

originating from Minnesota, and 55 (23.9%) from Michigan. These data, 

are shown in Table I I ,  providing the number of claims in 1979 (for each 

of these occupations shown in Table I .) . 
The NlOSH search tabulated only those cases in the iron ore 

industry that involved a worker in one of the five occupations listed in 



F i g .  24. Map o f  U n i t e d  S t a t e s  showing ( v e r t i c a l  1 i nes )  those  
s t a t e s  wh ich  p rov ided  t h e  da ta  used i n  t h e  1979 SDS 
a n a l y s i s .  



TABLE ! . 
FREQUENCY DISTRIBUTIONS FOR 1979 S D S  DATA 

I NDUSTRY=I RON ORES (10 1 1) BY OCCUPAT l ON 
W E  l GHT ED VALUES 

*Numbers r e f e r  t o  occupat ional  codes l i s t e d  i n  SDS book. 

TABLE I I .  
FREQUENCY DISTRIBUTIONS FOR 1979 S D S  DATA 

l NDUSTRY=l RON ORES (1 01 1) BY STATE 
WEIGHTED VALUES 

CUM. 
PERCENT 

5 652 
41.304 
46.087 
47.826 

100.000 

OCCUPATION 

Road Mach Oper 436k 
Mine Oper 640 
Fork L i f t  Oper 706 
Motormen Mine 710 
Truck D r i v e r  715 

Table I .  A frequency d i s t r i b u t i o n  of  the  type o f  compensation c l a i m  by 

occupat ion i s  g iven i n  Table I l l .  For t r uck  d r i v e r s  t h i s  shows t h a t  

many cases o f  i n j u r y  were n o t  c l a s s i f i e d  (27). The g r e a t e s t  frequency 

o f  i n j u r y  was 1 i s t e d  as s t r i k i n g  a s t a t i o n a r y  o b j e c t  (131, s t r uck  by 

v e h i c l e  ( l l ) ,  i n vo lun ta r y  mot ions (11) and ho t  o b j e c t s  (11). Th i s  

CUM. 
FREQ.  

13 
9 5 

106 
110 
2 30 

FREQ.  

1 3  
8 2 
1 1  
4 

120 

STATE 

Co 1 o r  ado 
Michigan 
M i  nneso t a  
M issour i  
Utah 
V i r g i n i a  
W i scons i n 

i n fo rma t i on  i s  n o t  d e t a i l e d  enough f o r  f u r t h e r  comment. 

4 1 

PERCENT 

5 652 
35 652 

4 . 783 
1.739 

52.174 

FREQ. 

- 
1 

5 5 
135 
28 

7 
2 
2 

CUM. 
FREQ. 

1 
5 6 

191 
2 19 
226 
228 
2 30 

PERCENT 

0 435 
23.913 
58.696 
12.174 

3 043 
0.870 
0.870 

CUM. 
PERCENT 

0 435 
24.348 
83.043 
95.217 
98.261 
99.130 

1OO.OOO 



TABLE I I I .  
FREQUENCY DISTRIBUTIONS FOR 1979 SDS DATA 

I NDUSTRY- I RON O R E S  (1 0 1 1) BY  OCCUPAT l ON 
WE l GHTED VALUES 

*Not elsewhere c l a s s i f i e d .  

TYPE 
FREQUENCY 

S t a t i o n a r y  Obj 
F a l l i n g  Obj 
F l y i n g  Obj 
St ruck by N:': 
Ladders 
Veh ic les  
Working Sur face 
Against  Obj 
Same Level  N 
Move & S t a t  Obj 
Caught i n  N 
Frgn Mat Eyes 
l nvo l  Mot ions 
Vol Mot ions 
L i f t i n g  Obj 
P u l l i n g  Obj 
Throw Obj 
Overexer t  N 
Hot Obj 
By I n h a l a t i o n  
By Absorp t ion  
0 t h  N 
Standing Veh 
Run I n t o / O f f  Rd 
S top /S ta r t  
0 t h 
Acc Type N 
Nonc 1 ass 

To ta l  

The source o f  i n j u r y  i s  a coding category  which i n d i c a t e s  t h e  

ob jec t ,  substance, exposure, or  b o d i l y  mot ion  which d i r e c t l y  produced o r  

i n f l i c t e d  t h e  i n j u r y .  Table  IV i s  a c r o s s - l i s t i n g  o f  source by 

ROAD MACH 
OPER 

0 
0 
0 
0 
1 
1 
2 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
4 
0 
0 
2 
0 
0 
0 
0 
1 
0 

13 

M I N E  
OPER 

23 
7 
2 

1 1  
0 
4 
3 
2 
1 
1 
4 
6 
2 
0 
8 
2 
3 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 

8 2 

FORK LIFT 
OPER 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 

11 

TOTAL 

36 
9 
2 

1 1  
2 

16 
5 
2 

10 
1 
5 
6 

14 
10 
21 

5 
4 
2 

15 
1 
1 
2 
1 
1 

10 
2 

10 
27 

230 

MOTORMEN 
OPER 

0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 

TRUCK 
DRIVER 

13 
1 
0 
0 
1 

1 1  
0 
0 
9 
0 
0 
0 

1 1  
10 
10 

2 
1 
1 

1 1  
0 
0 
0 
1 
1 
1 
1 
9 
27 

120 



occupation. The frequency d i s t r i b u t i o n  suggests t h a t  "bod i ly  motion," 

"ground," and "highway veh ic le "  are the three major f ac to rs .  

TABLE IV. 
FREQUENCY DISTRIBUTIONS FOR 1979 SDS DATA 

l NDUSTRY= l RON ORES (1 0 1 1 )  BY OCCUPAT l ON 
WE l  GHTED VALUES 

S i g n i f i c a n t l y ,  f o r  t ruck  d r i v e r s  (48.3%), road machine operators 

(46%) , mine motormen (50%) and fo rk  1 i f  t (100%) operators the most 

prevalent  i n j u r y  repor ted was "spra in or s t ra in . "  I t  was the on ly  type 

o f  i n j u r y  repor ted f o r  f o r k  l i f t  operators. For mine operators 

SOURCE 
FREQUENCY 

Bod i ly  Motion 
Bar re l  
Bund 1 e 
Container N 
Acid 
Chemical N 
Coal/Oil N 
Powered Convey 
Flame/Fire/Smok 
Crowbar 
Kn i fe  
Pick 
Shove 1 
Chain Ho is t  
Const Mch N 
Mining Mach N 
Mach N 
Chain/Rope 
Beam/Bar 
Nai l /Spike 
Metal I tern ).l 
Mineral (ore) 
Sprain S t r a i n  
Mul t  I n j u r i e s  
Menta 1 D i sorder 
0 th  I n j u r y  N 

Tota l  

MOTORMEN 
M I N E  

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
2 
0 
0 
0 

4 

TRUCK 
DRIVER 

21 
9 
0 
0 
0 
9 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 

58 
9 
9 

18 

120 

FORK L I FT 
OPER 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

1 1  
0 
0 
0 

1 1  

ROAD MACH 
OPER 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
2 
0 
6 
0 
0 
0 

k 

13 

TOTAL 

24 
1 1  

1 
2 
1 
9 
1 
1 
2 
3 
1 
1 
1 
1 
5 
2 
3 
6 
6 
1 

27 
1 

96 
9 
9 

20 

230 

M I N E  
OPER 

2 
2 
1 
0 
1 
0 
1 
1 
0 
3 
1 
1 
1 
1 
1 
2 
2 
1 
5 
1 

2 4 
1 

19 
0 
0 
2 

82 



" c ~ n t u s i o n "  was the  most f requen t  t ype  o f  i n j u r y ,  compr i s i  ng 67 percen t  

o f  r epo r t ed  i n j u r i e s .  Contusions were the second most f requen t  i n j u r y  

t o  t r u c k  d r i v e r s  as w e l l ,  

Next, source o f  occupa t ion  was l i s t e d  f o r  those workmen 

compensation c la ims  i n  which t he  type  o f  i n j u r y  i s  coded aga ins t  t he  

" s t r uck  aga ins t "  category.  Table  V shows t h a t  a l l  i n j u r i e s  l i s t e d  f o r  

t r uck  d r i v e r s  were due t o  s t r i k i n g  aga ins t  a  highway v e h i c l e  (as were 

the  m a j o r i t y  o f  i n j u r i e s  t o  mine o p e r a t o r s ) .  

TABLE V .  
FREQUENCY DISTRIBUTIONS F O R  1979 SDS DATA 

I NDUSTRY=I RON ORES (101 1) ,BY OCCUPATION 
TYPE=STRUCK AGAINST 

WEIGHTED VALUES 

F i n a l l y ,  t h e  da ta  were t abu la ted  by a  means o f  a  c r o s s - l i s t i n g  o f  

SOURCE 
FREQUENCY 

Crowbar 
K n i f e  
Na i l /Sp i ke  
Metal  l tem N 
Highway Veh 
Log 

To ta  1 

source by occupat ion f o r  those c l a ims  i n  which the  t ype  o f  i n j u r y  i s  

coded i n  t he  " s t r uck  by" category  (Table VI) . T h i s  was no t  ve r y  

MINE 
OPER 

p roduc t i ve  and the  N o f  22 was ve ry  smal l .  I t  i n d i c a t e d  t h a t  mine 

opera to rs  were c h i e f l y  s t r u c k  by meta l  i tems. 

TRUCK 
OR l  VER TOTAL 

2 
1 
1 
9 
9 
1 

2 3 

0 
0 
0 
0 

13 
0  

13 

2 
1 
1 
9 

2 2 
1 

3 6 



TABLE VI . 
FREQUENCY DISTRIBUTIONS FOR 1979 SDS DATA 
lNDUSTRY=l RON ORES (101 1) BY OCCUPATl ON 

TYPE=STRUCK BY 
WE l GHTED VALUES 

In general, the SDS data from workers compensation files relative 

to vehicle accidents in the iron ore industry did not provide 

TOTAL 

1 
2 
1 

12 
1 
3 
2 

2 2 

SOURCE 
FREQUENCY 

Bund 1 e 
Mining Mach N 
Cha i n/Rope 
Metal l tem N 
Mineral (ore) 
Mineral (dirt) 
Misc N 

Total 

information in sufficient detail to be very conclusive. 

Typical Mining Operations 

MINE 
OPER 

1 
2 
0 

1 1  
1 
3 
2 

2 0 

Accident reports involving operators of heavy vehicles were 

reviewed from a typical mining operation. These data consisted of 161 

MOTORMEN 
MINE 

0 
0 
0 
1 
0 
0 
0 

1 

reported accidents over a 5-1/3 year peroid, from January 1977 to Apri 1 

TRUCK 
DR l VER 

0 
0 
1 
0 
0 
0 
0 

1 

1982, in which an injury was reported involving a heavy vehicle driver 

at this single mining operation. 

During this period four female drivers (2.5% of accidents reported) 

and 157 (97.5%) male drivers were involved. Age of the female drivers 

ranged from l9-1/2 to 25 (mean 22-1/4 years) , but unfortunately height 

and weight information was not available. All were injured while 

driving trucks, three being jolted in driving into holes on the road and 

one jarred while being loaded, 



Ages of the injured drivers ranged from 19.5 to 64 years, with a 

mean age of 29.8 years. The frequency distribution of injured drivers 

ages showed the majority (61.5%) to be between 19 and 29 years, with 

24.2% between 30-39 years of age 

Experience of the injured drivers ranged from one month to 23 

years. 

Review of the accident reports indicates that the most prevalent 

type of injury occurred from vertical impacts of vehicles hitting holes 

in the road, followed closely by vehicles hitting sol id objects (rocks, 

other vehicles). Rough ground, running off a rock or ledge, hit by or 

Into shovel bucket while loading, and the vehicle being hit by a falling 

rock while loading were also frequently attributed as causes of the 

driver injuries. These conditions accounted for 76.4 percent of the 

injuries described. 

Determination of the nature and direction of force on the occupant 

is important in order to understand what occupant protection is 

necessary in the heavy vehicle accident environment. Over half the 

accidents reported (55.6%) i nvolved vertical 1 oad i ngs (+Gz) on the 

driver, resulting frorn,bumps, jolts, and vertical impacts. Some 15.7 

percent involved a collision or front impact with the vehicle and some 

object in -Gx deceleration. Lateral forces (+Gy) were reported in 13.5 

percent (24 cases) and are not as easily protected against by a lap be1 t 

system alone. This shows the most prevalent directions of loading on 

the driver, and in particular that the use of belt restraints could be 

effective in preventing these type of injuries in most accidents that 

occur. 



S e a t b e l t  use i s  an impor tan t  f a c t o r  and i n  o n l y  e i g h t  cases (5%) i n  

t h i s  acc i den t  s e r i e s  was i t  i n d i c a t e d  whether a  s e a t b e l t  was i n s t a l l e d  

i n  t h e  v e h i c l e  and whether i t  was be ing  worn. I n  f ou r  cases i t  was 

repo r t ed  t h a t  t he  b e l t  was no t  used. 

F i g .  25. l l l u s t r a t i o n  o f  u n i - a x i a l  a c c e l e r a t i o n  vec to rs  used t o  
desc r i be  d i r e c t i o n  o f  f o r c e  on the  seated o p e r a t o r .  



V. WORK ENVIRONMENT 

1 .  General Background 

Heavy v e h i c l e s  i n  use i n  min ing opera t ions  inc lude  load hau l i ng  

t rucks ,  i n  a d d i t i o n  t o  a  v a r i e t y  o f  water t rucks ,  la rge  loaders, 

scrapers and t r a c t o r s .  A v i s i t  by the  i n v e s t i g a t o r s  t o  a  heavy v e h i c l e  

m in ing  ope ra t i on  could no t  be conducted due t o  mine c l os i ngs  du r i ng  t h i s  

per iod ,  however some general observat ions from a p r i o r  v i s i t  a re  noted. 

Haulers most o f t e n  be ing  operated inc luded  the  E u c l i d  (Model 302HD, 

manufactured by E u c l i d  Canada, Inc.) ,. w i t h  a  200,000 l b  (100 ton) r a t e d  

maximum pay load and 51.33 cub i c  yard capac i t y  (F  i g. 26) . The ones 

examined were equipped w i t h  anchorlok a i r  r i d e  seats  and two inch  wide 

l a p  be1 t s .  The Wabco Haulpak (F ig .  27) i s  t he  major hau le r ,  w i t h  a  

240,000 1b (120 ton) r a t e d  capac i ty .  The models examined u t i l i z e d  t he  

Bostrom V i k i n g  T-Bar seat  and were equipped w i t h  th ree- inch  l a p  b e l t s .  

A t h i r d  hau le r ,  was the U n i t  R ig  Model M100, manufactured by U n i t  R ig  

and Equipment Company o f  Tulsa, Oklahoma. 

Other v e h i c l e s  observed inc luded  t he  C a t e r p i l l e r  gg2C, t he  

C a t e r p i l l e r  Dl0 w i t h  20 f o o t  blade, and th ree- inch  l a p  b e l t ,  and Dorf  

o i  l wagon, t h e  Clark 46 equipped w i t h  rubber t i r e s  and used f o r  c leanup 

and h igh  m o b i l i t y ,  and the  Grove hydraul i 'c  crane model RT-751S, 

manufactured by the  Grove Manufactur ing Company o f  Shady Grove, PA. 

Graders, a l though inspected, were no t  included, s ince  the  d r i v e r  

p r i m a r i l y  stands t o  operate. 

C o l l e c t i v e  observat ions by the  i n v e s t i g a t o r s  r e l a t e d  t o  t he  

problems o f  sea t  b e l t  usage bo th  from the  d r i v e r ' s  ope ra t i ona l  view- 

p o i n t  and t h a t  of sa fe t y  management were drawn upon from an e a r l i e r  



Fig. 2 6 .  Eucl id load haul ing truck, with 100 ton ra ted  
maximum payload. 

F i g .  2 7 .  2iibcr.l !-';~lcaic i s  ,-,-lother 1-sd b;u! i n s  truck i n  
use, w i t h  129 ton c a p a c i t y  (loaded). 



F ig .  28. Qua r t e r i ng  vizw o f  E u c l i d  t r uck .  

F ig .  29. CAT used t o  move t a c o n i t e  t o  conveyer b e l t  f o r  c rush ing  and 
process ing i n t o  concen t ra te  (and pe l  l e t  i z i n g )  and t a i  1 ings.  



30. CAT i n  a c t  i on  w i t h  scoop r a i s e d  whe, loaded and 
ra i sed .  Th is  changes the C . G .  forblard. 



F i g .  32. Cab ingress a n d  egress o f  the  load hau l 'ng  t r u c k  invo lves  
climbins 3 l sader  abour 13 fee: t o  2 p l a t f o r m  be fo re  
e n t e r i n g  t h e  cab. 



visit. Specific comments and discussion are outlined in the following 

sect ions. 

2. Erqonomics Factors 

An Ergonomics assessment of restraint use and problems by heavy 

equipment operators in surface mines provided by Professor Thomas 

J .  Armstrong, both from a Human Factors and Industrial Engineering 

viewpoint, as fol lows: 

(a) Cab lnqress and Egress 

Operators must climb up a ladder to a platform or catwalk, open the 

door and enter the cab (Figure 33) . Cab floors are approximately ten 

feet (measured 1 0 ~ 8 ~ ~  unloaded) above ground level, so a fa1 1 could 

result in serious injury. The risk of a fall might be particularly 

high when the ladder is wet or icy. Also cold days might be expected to 

increase the risk of a fall because of reduced tactual sensitivity and 

probable use of gloves. A worker en route to the cab could be pulled 

off balance by snagging loose fitting clothes on a number of pos:ible 

catch points. Cab entry requires use of both hands and feet, so 

carrying personal belongings, tools, or suppl ies to the c a ~  would 

increase the risk of an accident. 

(b) In  the Cab 

The cab environments vary from truck to loader, truck to truck, and 

loader to loader. A l l  of the cabs are built from a heavy steel frame. 

Al l  have many hard sharp edges on the edges of instrument panels, 

steering wheel brackets, control boxes, etc. Some of these edges are 

associated w i t h  modifications such as water bottle boxes (Figure 34). 

Minor injuries could be caused by bumping these surfaces in the course 

of normal reach and move activities required to enter, exit, and operate 



e '  -ne \!er;;c 1 e  (F  i gure 35) . Ser i ous i n j u r  i es cou ld  be produced when one of  

these sur faces i s  contacted f o r c i b l y  as when the v e h i c l e  goes over a  

bump, stops suddenly, o r  r o l  l s ' o v e r .  Aside f rom t h e  seat  and armrests 

rnere  i s  ve ry  l i t t l e  padding i n  most cabs. 

F i l ; .  33.  The t r u c k  cab has r a n y  sur faces  h c . i t i l e  t o  t h e  d r i v e r  i n  
an i ~ p a c : .  Y ~ & E  t h e  sha rp  s t ee l  edges o f  the  ins t rument  
panel ,  a l b n q  t h e  door,  a n d  o f  the  s t e e l  water box t o  the  
rear  o f  t he  d r i v e r .  

9 ~ e r a t i n s  t h e  v e h i c l e s  r equ i r es  movements o f  t he  upper and lower 

ex t r em i t i es  t o  reach and operate  the  c o n t r o l s .  More movement i s  



requ i red  t o  operate  the scoop than the  t r u c k .  The scoop ' i s  used t o  

t r anspo r t  m a t e r i a l s  sho r t  d is tances;  t he  scoop must be cyc led  once each 

t r i p  and s h i f t i n g  may be requ i red .  Because scoops tend t o  be operated 

i n  the  v i c i n i t y  o f  o ther  equipment t h e  opera to rs  tend t o  move around i n  

t h e i r  seat  so t h a t  they can see t h e i r  wheels and bucket.  Also t he re  i s  

probably more j a r r i n g  o f  the  scoop operator  because o f  the  way they 

d r i v e  i n t o  p i l e s  o f  ma te r i a l  t o  load t h e  bucket.  

Use o f  t he  proposed r e s t r a i n t  v e s t  system cou ld  be expected t o  

reduce r i s k  o f  se r ious  i n j u r i e s  due t o  e j e c t i o n  o r  bouncing aga ins t  t h e  

c e i l i n g .  I t  does no t  r e s t r a i n  the upper t o r s o  from j a c k k n i f i n g  i n  

f r o n t a l  impact however, and ser ious  i n j u r i e s  cou ld  s t i l l  be produced by 

con tac t  w i t h  h o s t i l e  cab sur faces i n  a  c o l l i s i o n .  

Observat ions o f  se lec ted  opera to rs  and t he  c o n d i t i o n  o f  se lec ted  

b e l t s  suggested t h a t  the e x i s t i n g  b e l t s  a re  seldom used. Some workers 

complained t h a t  t he  b e l t s  were d i r t y ,  hard t o  f i t ,  and i n  poor 

mechanical cond i t i on .  The proposed personal  r e s t r a i n t  system which 

would be assigned t o  each worker as personal  equipment, should i n  theory  

overcome the.prob lems w i t h  t h e  b e l t s  be ing  d i r t y  and hard t o  f i n d .  They 

s t i l l  would. requ i re ,  a c t i o n  t o  pu t  them on and c r e a t i o n  and enforcement 

o f  a  seat  b e l t  r u l e  would s t i l l  be requ i red .  Seat b e l t s  should be 

designed so t h a t  they can be q u i c k l y  hooked and unhooked w i t h  gloved 

hands and w i t h  bare hands i n  a  c o l d  environment. 

Both t h e  e x i s t i n g  and proposed designs could be expected t o  

i n t e r f e r e  w i t h  operator  movements fo rward  i n  the  seat. Th i s  cou ld  

reduce operator  v i s i b i l i t y  and increase the  r i s k  o f  an acc ident ,  

espec ia l l y  f o r  the  scoops. 



! Auxi 1 i a r y  Tasks 

Operators  o f  t r u c k s  and scoops a r e  r e s p o n s i b l e  f o r  a u x i l i a r y  tasks  

such as  checking t h e  f u e l  l e v e l  w i t h  d i p s t i c k s .  These tasks  shou ld  be 

f u r t h e r  i n v e n t o r i e d  and s tud ied .  I t  appears t h a t  they  r e q u i r e  

naneuver ing on t h e  v e h i c l e  o u t s i d e  t h e  cab and would be s u b j e c t  t o  the  

same concerns discussed under C A B  INGRESS AND EGRESS. 

. Bionechanrcal  Factors  

Most o f  v e h i c l e s  have lap  b e l t s  i n s t a l l e d ,  except  f o r  t h e  graders  

In which t h e  opera to r  p r i m a p i l y  stands.  As shown i n  F i g u r e  36, b e l t s  

2 f t e n  use n y l o n  webbing conforming t o  SAE and DOT FMVSS standards w i t h  

n ~ e t a l - t o - m e t a l  t ype  buckles,  and p r o v i d e d  a reasonab le  b e l t  ang le  

(45-55'). The W A B C O  Haulpak and CATS such as the  010 and 992C a r e  

equipped w i t h  3- inch wide b e l t s ,  w h i l e  t h e  o t h e r  v e h i c l e s  use 2- inch 

wiae ~ e l t s .  B e l t s  a r e  g e n e r 2 l l y  a t tached  t o  f l o o r  s t r u c t u r e  r a t h e r  than 

t o  seats,  p r o v i d i n g  good anchorages. Some, such as t h e  992 CAT, use a 

s t e e l  c a b l e  between t h e  seat  and f l o o r .  

g.  34 .  i ~ a n l p l e  o f  s t e e l  2 , -o jec t i ons  v . i t h i n  o p e r a t o r ' s  k inemat i c  
envelope i n  an impact. 

5 6 



The main cu r ren t  problem sppears t o  be t h a t  d r i v e r s  a re  no t  wearing 

b e l t s  where prov ided,  Whi le va r i ous  reasons a re  g iven  by d r i v e r s ,  the  

most common reason g iven  i s  t h a t  the b e l t s  were d i r t y  and greasy. And 

most o f  those which have been examined are indeed f  i; thy ,  hav ing been 

l e f t  on the  d i r t y  f l o o r ,  r a t he r  than be ing  worn. I t  would seem t h a t  

s imply  r ep lac i ng  d i r t y  b e l t s  w i l l  no t  so lve t he  problem i f  the  d r i v e r  

won ' t  wear i t ,  One p o s s i b l e  s o l u t i o n  f o r  c u r r e n t  b e l t s ,  suggested by a  

d r i v e r ,  i s  t o  p rov ide  a dev ice  (hook?) t o  hang up the  b e l t  ends when no t  

i n  use. However t h i s  would r e q u i r e  d r i v e r  coopera t ion  o r  enforcement t o  

be e f f e c t i v e .  Another s o l u t i o n  would be t o  use r e t r a c t o r s  so t h a t  when 

no t  i n  use the  b e l t  i s  p ro tec ted  and ou t  o f  the  way. 

From a p o t e n t i a l  i n j u r y  p o i n t  o f  v iew the  t r uck ,  t r a c t o r ,  and 

loader cabs present  gene ra l l y  hazardous impact environments. The heavy 

non-y ie ld ing  and sharp s t e e l  edges o f  t he  ins t rument  panels present 

i n j u r i o u s  con tac t  po in t s  t o  the  d r i v e r  i n  a  j o l t  o r  impact s i t u a t i o n ,  as 

do the  door s i d e  panels, cab r o o f  s t r uc tu res ,  and rea r  o f  the  cab. I n  

p a r t i c u l a r  t he  metal boxes and water container;  a re  loca ted  where i n j u r y  

cou ld  r e s u l t .  The CAT 992, f o r  example, has a s t e e l  box w i t h  sharp 

edges ;o the  l e f t  o f  t he  r ea r  o f  the  head, as w e l l  as sharp metal 

sur faces on the r i g h t  door such as the window opener. The t r uck  cabs 

u s u a l l y  have an open metal box at tached t o  t he  rear  o f  t h e  r i g h t  s ide  o f  

the  d r i v e r  's seat (Figure 35) . Some more recen t  models o f  t he  same make 

t r uck  have improved panels, a l though much more could  be done t o  p rov ide  

d r i v e r  p r o t e c t i o n .  The l a t e s t  model WABCO t r u c k  was observed t o  have a 

much b e t t e r  panel from an impact p o i n t  o f  v iew than the  prev ious model; 

sharp metal edges had been rounded and metal boxes removed. 



1 -  case of a jolt or collision the driver may be thrown into abrupt 

contact with sharp metal surfaces. An illustration is shown in Figures 

12-14, of the positions a driver .may be thrown into in the cab of a Unit 

Rig truck (Moael M100) (Figure 37). Figure 38 shows impact points of an 

unrestrained driver leaning forward into' the steering wheel, panel and 

windshield area. Figure 39 illustrates a side impact and the driver 

i~pacting the side door window frame with his head. Note that the 

safety helmet might not offer adequate protection in this situation. 

Since it is unlikely that energy-absorption devices, crash padding, 

and improved cab impact design are possible without some major retrofit 

or redesign, the simplest and most effective driver protection for the 

current vehicle operat ion is to ensure that a1 1 drivers (even those 

ooerating frorr! a standing position) are provided and wear a restraint 

system which will prevent them from contacting hazardous structures 

during a jolt or impact. 

While there appears to be adequate headroom in the various cabs the 

variation in physical size of drivers is not known. Small individuals 

or  females may have reach and acccmmodation problems. Heavy or large 

males over the 95th percentile msy also have problems. Previous studies 

of the physical size of truck driver populations, as well as other 

populations such as air traffic controllers, air1 ine stewardesses, law 

e-forcernept officers, or military pilots, have shown that such 

occu~ations may consist of individuals varying greatly in size from that 

of the generzl pooulation. It i s  important to know more about the body 

sizes of the heavy eqbipment truck driver population in order to provide 

an objec~ive assessment c' the relationship between the drivers and the 



F i g .  35. The driver  i n  position re la t ive  to  the cab 
env i ronrnen t . 



F i g .  3 6 .  View o f  Model M l O O  U n i t  R i g  t r u c k  
cab. 

F i c .  2 7 .  An unrestrai7ed d r i v e r  cou ld  be thrown 
<O rwa r d  . 



cab environments, and a n  anthropometric survey should b e  conducted t o  

provide this information. 

F i g .  38. In a side impact the driver c a n  h a v e  his head 
thrown into sharp metal edges. 



V I .  EVALLATION OF PROPOSED RESTRAINT SYSTEM 

The intent of the proposed vest restraint is to provide a personal 

restraint system which could be issued as personal equipment to each 

driver. This belt is designed to be worn all the time and can simply be 

snapped onto the existing restraint tie-down hardware of any truck the 

driver may be assigned to. An attractive feature is the notion that as 

personal equipment the belts will be kept clean, in good condition, and 

receive more use. 

The idea of personal equipment works effectively in many other 

occupations. For example, most deep sea divers (hard hat) have their 

own personal diving helmet and other equipment. This is a matter of 

safety, preference, and tradition, since the diver maintains his own 

equipment as his life depends upon it daily. Sky divers and military 

parachutists pack their own chutes for similar reasons. Pilots and race 

drivers also maintain their own persona1 equipr~ent. The list of 

occupations where personal equipment is important to the individual is 

extensive. There are a r,llmber of occupations including telephone 

linesmen, law enforcement officers, tree-climbers, and carpenters where 

belts are worn fcr carrying special equipment necessary to the job. 

Thus, although this concept appears to be unique for drivers, it 

has becn effectively used and acceptcd by other occupational groups. 

The question of acceptance by the drivers may depend to a large extent 

on how the concept is presented. It probably will meet less resistance 

once dr ivers exper i ence wear i ng the restraint and find to what degree i t 

is comfcrtable, accessible, allows individual freedom, and is 

convenient. The need for protection wobld be expected to be difficult 

for then to perceive, but if it can be shown that wearing the belt makes 



the ride more comfortable by reducing jolts and fatigue it might receive 

more acceptance. 

The proposed vest restraint system, experimentally fabricated by 

Kaiser Mfg. Co. of Minneapolis, consists of an layer of orange colored 

canvas material and outer layer of high visibility bright orange 

material. A series of straps go over the shoulders and waist and are 

integral with the vest body. The front was fastened in the protctype 

version with five metal snaps. Net webbing forms an under-layer for the 

shoulder straps and a sewn dacron bond at the top of each shoulder holds 

the straps in place. The vest belts in the prototype may be adjusted at 

five locations. The lap belt buckle (manufactured by IMM Inc, stamped 

part no. 59810) is the metal tongue with push button release type, and 

the top be1 t can be easi ly adjusted on the tongue (left) side. Each 

shoulder harness can also be easily adjusted by tightening (pulling 

down) on the strap in front. A flap in the rear, held by four velcro 

straps, can be easily released or closed, and protects two horizontal 

belts, which are tightened by pulling the ends. 

In order to appraise donning, three individuals, one female and two 

males, of differing body sizes were asked to put on the vest, adjust i t, 

and wear it in both seated and standing positions. No attempt was made 

to utilize a larger sample and no heavy equipment was available to make 

trials in an operational mode. T h e  following photographs illustrate some 

of our findings. 

Figure 40 shows the vest restraint worn by a male approximately the 

95th percentile U.S. male, based upon National Health Examination Survey - 

(HANES) anthropomorphic data. This individual weighed 210 lbs. and is 7 2  

inches in stature (the U.S. 95th percentilemale w e i ~ b s  224 Ibs. and is 



7 2  inches t a l l ) .  A closeup of the  f r o n t  o f  t h e  v e s t  i s  shown i n  F i g u r e  

40. 

For comparison, no te  t h e . f i t  f o r  an average s ized  male (Fig.  41) 

(165 Ibs. ,  70t ' ) ,  and f o r  smal l  female (F ig .  42) (118 lbs. ,  63" ) .  

To don t h i s  r e s t r a i n t  the re  a re  severa l  steps t h a t  must be gone 

through. Ho ld i ng  i t  i n  f r o n t  i n  bo th  hands (Fig, 43) the  r igh t -handed  

sub jec t  pu ts  h i s  r i g h t  arm through t he  r i g h t  shoulder s t r a p  (Fig.  44) 

and ad jus t s  'he c o l l a r ,  the r  b r i n g s  h i s  l e f t  arm through the l e f t  

shoulder s t r a p  (F i g. 45) , snaps t h e  cen te r  snaps c losed (F i g. . 4 6 )  , 

re leases t h e  v e l c r o  attachment t o  t h e  r ea r  f l a p  a t  t h e  r i g h t  s i d e  

(Fig.  47) , and a d j u s t s  t he  two rea r  h o r i z o n t a l  s t r aps  by pul  l ing t he  

s t raps  t i g h t  (F ig .  48) . The rea r  f l a p  i s  then closed, and the  r i g h t  

(Fig. 49) and l e f t  (F ig .  50) shoulder s t r a p s  a re  ad justed.  Steps 9-12 

may occur i n  a d i f f e r e n t  sequence w i t h  some i n d i v i d u a l s .  That i s ,  t h e  

shoulder s t raps  may be ad justed be fo re  t h e  r e a r  s t raps ,  o r  the  l ap  b e l t  

i n  f r o n t  may be ad jus ted  f i r s t .  The s t r a p a d j u s t m e n t s m a y n o t b e  

necessary i n  order  t o  don in subsequent usage. 

Some th i ngs  may occur f o r  t he  f i r s t - t i m e  un ins t r uc ted  donner t h a t  

probably  would no t  i n  subsequent donnings, o r  t h a t  cou ld  be perce ived  

and co r rec ted  by the i n d i v i d u a l .  An example i s  shown i n  F igs.  51 and 

52, i l l u s t r a t i n g  the  p o s s i b i l i t y  o f  no t  p r o p e r l y  g e t t i n g  t h e  arm through 

bo th  shoulder s t r aps .  Th i s  i n d i v i d u a l  go t  h i s  arm through the  shoulder 

s t r a p  on the r i g h t  s ide ,  b u t  t he  shaulder webbing remained tucked under 

h i s  arm. Because he cou ld  f e e l  t he  shoulder  s t r ap ,  he d i d  n o t  r e a l i z e  

the  v e s t  was r ~ t  OR p r o p e r l y  even a f t e r  a d j u s t i n g  a l l  s t raps .  T h i s  

a?parent ly  can occur i n  t h e  present  des ign  due t o  the  space between t h e  

dacron ves t  and top-of -shoulder  attachment. 
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F i g .  39. Large ( 9 5 t h % i l e )  male w i t h  F i g .  40. Closeup o f  f r o n t a l  v iew  o f  v e s t  
r e s t r a i n t  a d j u s t e d  by  t h e  wearer.  r e s t r a i n t .  Note c l o s u r e  snaps i n  f r o n t  

and ad jus tmen t  s t r a p s  f o r  h o r i z o n t a l  s t r a p  
( w i t h  buck le )  and two shou lde r  s t r a p s  i n  
f r o n t .  

F i g .  41.  Vest r e s t r a i n t  worn by F i g .  42. Vest  r e s t r a i n t  worn by smal l  
average-s ized male. female s u b j e c t .  



Fis. 43.  To d o n ,  the  vest  i s  he ld  t o  
the  +t.ont w i t h  bo th  n a r d s .  

F i g .  4 4 .  For r ight -handed persons the  r i g h t  
arw i s  t h r u s t  through t he  r i g h t  shoulder.  
There may be a need t o  s t r a i g h t e n  the 
shoulder s t r a p  w i t h  the  l e f t  hand. 

F i g .  h 5 .  Next ,  t h e  l e s t  a r r -  r p l a c e d  Fi.1 46. The vest  s c l o s e d  w i t h  snaps 
t ? r  -,h the l e f t  shoulder s t r a p .  a t  .ne f r o n t .  



F i g .  47. The v e l c r o  f a s t e n e r s  a r e  F i g .  48. Two r e a r  h o r i z o n t a l  s t r a p s  ;an 
re leased  a t  t h e  right s i d e  t o  open be a d j u s t e d  by p u l l  i n g  on t h e  be1 t ends. 
t h e  back f  1 ap. T h i s  must be accornpl i shed  by f e e l .  

F i g .  49. The l e f t  shou lder  b e l t  i s  F i g .  50. The r i g h t  shou lde r  b e l t  i s  a l s o  
a d j u s t e d  w i t h  a  s t r a p  i n  f r o n t .  a d j u s t e d  w i t h  a  s t r a p  end and meta l  re lease .  
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D:- ,per fit may be a problem wi:h the present configuration for both ' 

large males and small females. In the case of large males a problem may 

be encountered in snapping the front of the vest closed (Fig. 53 )  . In 

this case the subject had to exhale and pull together both sides o f  the 

vest at the center and had great difficulty in closing the snaps. A 

velcro or other arraygement may be more satisfact0ry.l 

On the other hand, small female (or male) subjects do not fit this 

vest we41 since there is too much slack in the material at both the 

shoulders (webbi ng) and vest i tself (Fig. 5 4 )  . This looseness' is 

particularly evident about the armpits (Figs. 5 5 - 5 8 ) .  

In summary, from this limited donning experience several points 

appear to need further design modification if fit satisfactory to,the 

wearer is to be achieved. 

The metal snaps in front were found to be particularly difficult 

to close for a large individual. Perhaps a velcro fastener 

would be easier to use. 

The net over the shoulders was loose on both large male and 

small female when the straps were tightened. Besides resulting 

in an uncorfortable fit, possibly reducing the effectiveness of 

t'he overall restraint, this also results in a "baggy" look which 

is not very attractive for personal equipment. Female wearers 

in particular may object to the present f i t .  

r The vest itself presents fit problems for the small indivldual 

and the comnents above equally apply to the vest. 

lVelsro +as:erers nave bceq utilizeci ruccessfully in subsequent 
modifications to =he prototype vest discussed here. 



F ig .  51 .  Th is  i n d i v i d u a l  i s  complet- F ig .  52 .  Closeup showing the  problem 
i ng  adjustment o f  the  lower b e l t  un- encountered by t h i s  i n d i v i d u a l  i n  a 
aware t h a t  h i s  r i g h t  shoulder webbing f i r s t - u s e ,  
i s  under h i s  arm. 

F i g .  53 .  D i f f i c u l t y  i n  sna2ping the  vest  F ig .  54. Too loose a c l osu re  
c losed  was encountered by t h i s  l a r g e  male. i s  ev i den t  w i t h  t h i s  female. 
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F 7 g .  55.  Note looseness o f  r e s t r a i n t  F ig .  56. Shoulder webbing i s  f a r  t o o  
on t h i s  female, p a r t i c u l a r l y  around l o o s e  when shou lde r  s t r a p s  hsve been 
a r m p i t s .  a d j u s t e d  on t h i s  s u b j e c t ,  

F i g .  57. Hera :he 1 ,-seness i s  
ev'ae?: a s  t t ,e 'rc2t 1 5  beir? 
fastened.  

F i a .  58.  Note loose f i t  z f t e r  a l l  
s t r a p s  a r e  a d j u s t e d .  



I t  was suggested t h a t  pockets should be added t o  t h e  f r o n t  o f  

t he  vest ;  and t h a t  matching b r i g h t  orange shoulder s t r a p s  m igh t  

be considered. 

Despi te  these s u b j e c t i v e  f a u l t s  i n  the  p ro to t ype  t h e  v e s t  system 

o f f e r s  a  number o f  advantages. The s t r aps  were a l l  e a s i l y  reached and 

ad justed.  From an impa'ct p r o t e c t i o n  p o i n t  o f  v iew t he  over- the-shoulder  

f ea tu res  would be p red i c t ed  t o  o f f e r  s u b s t a n t i a l  p r o t e c t i o n  t o  j o l t s  and 

v e r t i c a l  mot ion.  Whi le  comfor t  du r i ng  d r i v i n g  was n o t  eva luated,  the  

v e s t  system would seem t o  be  a v i a b l e  design. The problems o f  donning 

over heavy c l o t h i n g ,  o r  i n  ve r y  c o l d  weather w h i l e  wear ing g loves,  

snapping t h e  ves t  r e s t r a i n t  t o  the  v e h i c l e ,  o r  comfor t  d u r i n g  ve ry  ho t  

weather a re  a l s o  f a c t o r s  t h a t  should be considered. The use o f  b r i g h t  

h i g h l y  v i s i b l e  c o l o r  i s  b o t h  an e x c e l l e n t  s a f e t y  f e a t u r e  and may serve 

t o  encourage wearing f o r  hun t i ng  or  o ther  a c t i v i t i e s ,  and r e s u l t  i n  

b e t t e r  acceptance and usage on t he  job .  On balance, t he  conc lus ions  o f  

the  s u b j e c t i v e  eva lua t i on  a re  t h a t  t h i s  r e s t r a i n t  o f f e r s  cons iderab le  

promise, b u t  would b e n e f i t  f rom des ign  m o d i f i c a t i o n s  r e q u i r i n g  f u r t h e r  

s tudy . 



V I I .  DISCUSSION O F  PHASE I I  TEST PROGRAM 

The p r imary  f a c t o r s  r e l a t e d  t o  develop ing a  p ro toco l  f o r  t e s t i n g  

the  operator  r e s t r a i n t  system are: 

1 .  Acc ident  environment 
2 .  Veh i c l e  phys i ca l  c h a r a c t e r i s t i c s  
3. Operzror eraonomics and body s i z e  f a c t o r s .  

- 
qese f a c t o r s  have been discussed i n  the  p rev ious  sec t i ons  w i t h  regard  

t o  t he  ex ten t  o f  a v a i l a b l e  in fo rmat ion .  As noted, t he re  i s  a  lack o f  

d e f i n i t i v e  i n f o rma t i on  i n  many o f  the areas represented by the  above 

f a c t o r s .  Wi th  due cons ide ra t i on  o f  t h i s  s t a t e  o f  a f f a i r s ,  t h e  f o l  lowi'ng 

t e s t  p ro toco l  i s  recommended f o r  eva lua t i ng  the  performance o f  t h e  

operator  r e s t r a i n t  system. 

The acc iden t  environment data i n d i c a t e  t h a t  f o r  ac tua l  c o l l i s i o n s  

(as opposed t o  j o l x s  and Sumps' the  f r o n t a l  c o l l i s i o n  i s  s l  i g h t l y  more 

common than t h e  l a t e r a l  c o l l i s i o n ,  Thus, i t  would appear reasonable t o  

t e s t  the occupant r e s t y a i n i n g  a b i i i t y  o f  t h e  proposed r e s t r a i n t  system 

i n  bc th  f r o n t a l  crash s imu la t i ons  and i n  l a t e r a l  c rash  s imu la t ions .  The 

\ e + i c l e  d e c e l e r s t i o n  c t i a r a c t e r i s t i c s  i n  such events a re  v i r t u a l l y  

ununown. However, a  f r o n t a l  eras,. v e l o c i t y  change o f  20 mph w i t h  an 

al!crage d e c e l e r a t i o n  c !  30 G , . - d i d  p rov ide  2 r e s t  c o n d i t i o n  which 

r e f l e c t s  bo th  t he  iow speed o f  \ e ? i c l e  ope ra t i on  and t h e  s t i f f  na tu re  o f  

the  v e h i c l e  s t r u c t u r e s  i ~ v o l v e d .  S i r Q i a r l y ,  a  s i d e  c rash  v e l o c i t y  

c h a q c  of 10 T I ~ P  w i  t h  an average d e c e l e r a t i o n  o f  20 G would appea: :a be 

a a ~ r o p r i a t e .  

The v e r t i c a l  j o l t  environment, which produces over h a l f  t he  

repor ted i n j u r i e s ,  i s  no t  t r u l y  on i t r ,~a: t  i n  t $ e  c o ' : ; s i o n  sense. 

Ho~~eve r ,  apprec:ab le  z - ce l e ra t i ons  can be  d e l i v e r e d  t o  the  occupant i n  

the v e r t i c a l  d i r e c t i o n  3 u r i n g  sucn events.  A v e r t i c a l  v e i o c i t y  change 



o f  about 7 mph w i t h  a peak a c c e l e r a t i o n  o f  6 G would represen t  a  6 - inch  

. s i nuso ida l  displacement a t  a  f requency o f  3 Hz, 

The impact t e s t s  would be conducted on the  UMTRl Impact S led  w i t h  a  

50 th  p e r c e n t i l e  male anthropomorphic dummy. The dummy w i l l  have head 

and chest  accelerometers mounted and w i l l  be seated i n  a  conven t iona l  

bucket seat .  The seat and d~~nrny w i l l  b e  o r i e n t e d  on t h e  s l e d  t o  produce 

tha  des i r ed  impact c o n d i t i o n  ( i . e . ,  f r o n t a l  or  s i d e ) .  The v e r t i c a l  j o l t  

t e s t s  w i l l  r e q u i r e  the seat and dummy t o  be mounted on a  seat  v i b r a t i o n  

t e s t  mach i ne. 

Fo l low ing  t he  t e s t s  w i t h  t he  proposed r e s t r a i n t  system a  second s e t  

o f  t e s t s  should be run  us ing  a  convent iona l  l a p  b e l t  f o r  comparat ive 

purposes and i n  the case o f  v e r t i c a l  j o l t  t e s t s  a  comparat ive t e s t  w i t h  

no r e s t r a i n t  should a l s o  be run.  As a  f i n a l  s t e p  i n  t h e  e v a l u a t i o n  a  

s i n g l e  f r o n t a l  t e s t  w i t h  a  suspension seat  system should  be r u n  t o  check 

the  t o t a l  system response t o  t h e  r e s t r a i n t  s y s t e m / s . s ~  s t r u c t u r e  

i n t e r a c t i o n s .  

I n  none o f  t he  t e s t s  w i l l  a  mock-up o f  sur rounding cab s t r u c t u r e s  

be used. Th i s  i s  due t o  t he  g r e a t  v a r i a b i l i t y  o f  such s t r u c t u r e s  i n  t h e  

f i e l d  and the a r b i t r a r i n e s s  o f  choosing any one s t r u c t u r e .  The t e s t s  

w i l l  serve s o l e l y  t o  eva lua te  the  r e s t r a i n t  c a p a b i l i t i e s  o f  t he  proposed 

r e s t r a i n t  system. 



V I  I I .  P R E L I M I N A R Y  DYNAMIC TEST 

One dynamic deceleration test (Test 82M001) was conducted on 29 

September as a preliminary evaluation of the prototype restraint system. 

This test was not scheduled in the original research protocol, however 

since the restraint failed, with broken stitching at a number of strap 

locationst it enabled modifications to be made prior to the Phase I I  

tests and may have resulted in a saving of time in the long run. 

k 50th percentile Part 572 male dummy was seated upon a forklift : 

seat which was mounted to the sled by a fabricated steel frame.' The 

dummy was restrained by the prototype harness which was attached to the 

s i e d  frame through seatbelt fabric segments. The arrangement is shown 

in Figures 59 through 62. The lower seatbel t segments had load cells 

applied to them, as did the right shoulder harness of t h e  prototype 

restraint. A i l  belts were tightened snugly. - 

The sled was subjected to a 22 mph velocity change with an average 

deceleration of 32 G. Tre dynamic belt loads, dummy head and chest 

center of gravity triaxial accelerations, sled deceleration and velocity 

were recorded on magnetic tape. Side and overhead view 16 mn  movies at 

1009 frawes/sec ngminal film speed and a side view Polaroid sequence 

camera photograph ( i  i gure 63) were taken of the impact event. 

k s  shown in gigure 6 the dummy translated forward and the 

restraint ,ysiem has Ioaaed, tear;ng the jacket. This allowed the 

straps of the  ~estraint system to move free of the dummy in such a way 

:hat the dwm) rnoied unaer the abuominal strap and dropped off the front 

o f  the sea: Peak belt artachmeni loags were; right side - 1091 lb., 

leGt sioe - 9 4 2  10.. w b i  l e  r?c shoulder s-rap load reached a peak of 650 

1 Head ana ches: a c c e ~ ~ ~ a i i o n s  were  lo^ with a Heaa Injury Criterion 



( H I C )  va lue  o f  248 a'nd a  peak r e s u l t a n t  head a c c e l e r a t i o n  o f  38 G .  The 

peak r e s u l t a n t  chest  a c c e l e r a t i o n  was a l s o  38 G .  

The f i n a l  p o s t - t e s t  c o n f i g u r a t i o n  i s  shown i n  F igures 64 through 66 

and t h e  d e t a i  1s o f  t he  f a i l e d  r e s t r a i n t  v e s t  a re  shown i n  F igures 67 

through 69. 





F i g .  60. Quartering v i e w  o f  d u m m y  wearing p r o t o t y p e  
vest restraint system. 



F i g .  61. Frontal d.ie>, o f  p ro to t ype  vest restraint. 



* *. A &  

F ig .  62. L e f t  s i de  v iew o f  r e s t r a i n t  p r i o r  t o  t e s t .  



Fig. 53 .  Side view Polaroid sequence camera showing 
eight frames during the impact. 



F i g .  64. P o s t - i ~ p a c t  v iew  showing dummy on f l o o r  i n  
f r o n t  o f  seat. 





F i g .  66. Overhead v iew. Note t h a t  dummy has s l i d  
c o m p l e t e l y  o f f  sea t .  
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