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A. OBJECTIVE OF THE STUDY 

This  s tudy was made a t  t he  request  o f  the  I n t e r n a t i o n a l  Brotherhood 

of Teamsters, Chauffeurs, Warehousemen and Helpers of America (Teamsters). 

S t r i c k  Corporat ion,  F o r t  Washington, Pennsylvania has been develop- 

i n g  a heavy-duty-cargo t r u c k - t r a c t o r  t h a t  i s  approx imate ly  f o u r  f e e t  h igh.  

As a r e s u l t  o f  t h i s  low-slung con f i gu ra t i on ,  the  v e h i c l e  i s  capable of 

be ing  placed complete ly  under the  cargo body. Th is  t r u c k  c o n f i g u r a t i o n  

has been commonly c a l l  ed a "cab-under. " The developmental e f f o r t  has pro-  

ceeded t o  t he  stage t h a t  p ro to t ype  veh ic les  have been b u i l t ,  and some road 

eva lua t ions  have been performed. A d d i t i o n a l l y ,  d iscuss ions have been con- 

ducted w i t h  se lec ted  c a r r i e r s  i n  an e f f o r t  t o  p lace p ro to type  veh ic les  i n  

ac tua l  f i e l d  se rv i ce  on an exper imental  bas is .  F igure  1 i s  a  s ide-view 

schematic o f  one o f  t he  poss ib l e  t r a i l e r  combinations t h a t  might  be a v a i l -  

ab le  i n  the cab-under con f i gu ra t i on .  

The purpose o f  t h i s  s tudy was t o  eva luate the s a f e t y  qua1 i t i e s  o f  

t h e  "cab-under" heavy-duty t r u c k - t r a c t o r - t r a i l e r  system, and t o  es t imate  

the  changes t h a t  might  occur i n  i n j u r y  exposure t o  t he  d r i v e r  and t o  the 

general  d r i v i n g  p u b l i c  as a r e s u l t  o f  i t s  i n t r o d u c t i o n  i n t o  t he  v e h i c l e  

popu la t ion .  

B. METHOD OF APPROACH 

The i n v e s t i g a t i v e  team se lec ted  t o  per form the study cons is ted  o f :  

M r .  Howard M. Bunch, T ranspor ta t ion  Research Program Manager. 
M r .  Bunch served as o v e r a l l  p r o j e c t  coord ina to r .  

Dr. Richard G. Snyder, Research S c i e n t i s t  and Head o f  Biomedical .  
Dr. Snyder was respons ib le  f o r  eva lua t i ng  those aspects o f  t he  v e h i c l e ' s  
c o n f i g u r a t i o n  re1  a t i n g  t o  human anthropometry and occupant r e s t r a i n t  and 
impact p r o t e c t i o n .  





Dr. John Melv in ,  Research S c i e n t i s t  and Head o f  Biomechanics. 
Dr. Me lv i n  was respons ib le  f o r  eva lua t i ns  the  v e h i c l e  f o r  occupant 
s u r v i v a l  a t t r i b u t e s  i n  a  crash environment. 

Dr. Paul Olson, Research S c i e n t i s t  and Head o f  Human Factors .  
Dr. Olson evaluated veh i c l e  des ign as i t  might  a f f e c t  d r i v e r  per-  
formance, w i t h  h i s  main concern be ing  d r i v e r  v i s i b i l i t y .  

M r .  Chr is topher  B. Wink1 er ,  A s s i s t a n t  Research S c i e n t i s t  i n  
Phys ica l  Factors .  M r .  Wink ler  eva luated v e h i c l e  s t a b i l i t y  and o t h e r  
dynamic q u a l i t i e s  o f  the  veh ic le .  

F i r s t ,  a  l i t e r a t u r e  search was conducted t o  l o c a t e  m a t e r i a l  and 

i n fo rma t i on  concerning the  cab-under concept. Most documents were 

obta ined d i r e c t l y  from the  manufacturer o r  from the Teamsters. The 

m a t e r i a l  t h a t  was obta ined from a l l  sources inc luded:  

- d e t a i l e d  l i n e  drawings of the  v e h i c l e  and some o f  i t s  components; 

- a r t i c l e s  t h a t  have appeared i n  t echn i ca l  j o u r n a l s  concerning the 
veh ic le ;  

-a mot ion p i c t u r e  o f  the v e h i c l e  i n  opera t ion ;  

-1 e t t e r s  and memoranda f rom severa l  o rgan iza t ions ,  such as the  
Teamsters, Department o f  T ranspor ta t ion ,  and S t r i c k  Manufactur ing 
Company; and 

-se lec ted  r e p o r t s  and s tud ies  from the H S R I  L i b r a r y .  

The s tudy team i n d i v i d u a l l y  reviewed a l l  o f  t he  m a t e r i a l .  Subse- 

quen t l y ,  the team members met as a group and discussed t h e i r  i n i t i a l  per-  

cept ions o f  the  s a f e t y  a t t r i b u t e s  o f  the  cab-under veh ic le .  La te r ,  the  

team examined one o f  the veh ic les  w h i l e  i t  was i n  the  D e t r o i t  area. 

Subsequently, t h e  team v i s i t e d  the manufacturer 's  f a c i l i t y  where the 

veh i c l e  was again examined. A lso  on t h i s  t r i p  the  team members conducted 

i n te r v i ews  w i t h  the  manufacturer 's  representat ives, ,  i n c l u d i n g  the  vehi  c1e 

d r i v e r ,  the v e h i c l e ' s  design engineers, and the program manager. F i n a l l y ,  

each team member prepared a memorandum d e t a i  1  i n g  h i s  r eac t i ons  t o  the 

cab-under concept, emphasizing problems assoc ia ted w i t h  h i s  area of 

expe r t i se .  

Th is  r e p o r t  was prepared by the  p r o j e c t  team u t i l i z i n g  a1 1 of the 

in fo rmat ion  and ma te r i a l  descr ibed above. 



C. STUDY LIMITATIONS 

The e v a l u a t i o n  o f  a v e h i c l e  system i s  a complex and expensive 

under tak ing.  Because of t h e  t ime  and funding l i m i t a t i o n s  o f  t h i s  study, 

i t  has n o t  been p o s s i b l e  t o  perform a d e f i n i t i v e  e v a l u a t i o n  on t he  cab- 

under veh i c l e .  Therefore,  i t  must be understood & the  reader  t h a t  t h i s  --- - -- 
r e p o r t  represents  o n l y  judgmental and q u a l i t a t i v e  est imates o f  the -- 
safety  a t t r i b u t e s  -- o f  the  veh i c l e ,  based on a v a i l a b l e  m a t e r i a l .  As more -- 
data  a r e  presented, t he  s tudy team may rev i se ,  perhaps even reverse,  

conc lus ions and op in ions  expressed i n  t h i s  document. 



I I ,  VEHICLE DESCRIPTION 

The cab-under vehicle assessed i s  manufactured by Strick 
Corporation, Fort Was hi ngton, Pennsyl vani a. To date, two prototypes have 
been bui l t :  the "~arik I , "  which i s  a 26-foot two-axle vehicle, and the 
three-axle "Mark 11," which has 12,000-pound tandem steering axles. A 

third prototype i s  presently being designed, and will have several impor- 
tant  changes over the Mark 11. Among these are (1)  reinforcing the doors 
to  provide additional driver protection, and ( 2 )  increasing the cab 
height so that  the driver may have better v i s ib i l i t y  and inter ior  head 
room. This third prototype was not suff ic ient ly  advanced in i t s  con- 
struction to permit any eval uations ; therefore this  evaluation wi 11 be 
confined almost exclusively to the Mark I1 configuration. (In instances 
where one of the other configurations i s  being discussed, i t  will be so 
stated. ) 

Figure 2 shows the genera1 arrangement of the Mark 11. Figure 3 
shows the vehicle depositing i t s  removable cargo body. Figure 4 gives 
the dimensions for  the Mark I1 vehicle. 









' 111. STUDY FINDINGS 

The f i nd ings  discussed below represent  q u a l i t a t i v e  judgments 

made by members o f  the HSRI  team on the basis  o f  examining the  vehic le,  

r i d i n g  i n  it, and d iscussing i t s  performance w i t h  t e s t  d r i ve rs .  No 

experimental t e s t s  o f  sa fe t y - re la ted  aspects o f  the veh ic le  were con- 

ducted i n  t h i s  b r i e f  study. Therefore, the  conclusions reached by 

study team members are t e n t a t i v e .  

A. FACTORS AFFECTING D R I V E R  PERFORMANCE 

1 . Low D r i  ver  Height 

The cab-under veh ic le  i s  unique w i t h  respect t o  the he igh t  o f  the 

d r i v e r  from the road surface: h i s  eye-level he igh t  i s  s i g n i f i c a n t l y  l ess  

than 49 inches from ground l e v e l ,  as shown i n  F igure 4. This a t t r i b u t e  

a f fec ts  the sa fe ty  aspects o f  the veh ic le  i n  many ways. Perhaps the  

most s i g n i  f i c a n t  negat ive aspect i s  the d r i v e r ' s  reduced capabi 1  i t y  t o  

see over o the r  vehic les and beyond grade obstacles. The t y p i c a l  t r uck  

d r i v i n g  p o s i t i o n  a l lows the operator t o  look we11 down the road and t o  

see problems developing t h a t  would otherwise be screened by i n te rven ing  

vehic les.  With the cab-under vehic le,  the d r i v e r  loses t h i s  down-the- 

road v i s ion .  For reasons o f  safety,  the  d r i v e r  w i l l  need t o  compensate 

f o r  t h i s  l oss  by main ta in ing  greater  headway (d is tance between vehic les 

i n  the same lane) .  Whether the d r i v e r s  w i l l  do so t o  an ex ten t  t h a t  

balances ou t  the l oss  o f  v i s i b i l i t y  can on ly  be guessed a t ,  given the 

present 1  ack o f  i n f o h a t i o n .  

The low d r i v e r  he igh t  w i l l  a l so  have an e f f e c t  on the d r i v e r ' s  

a b i l i t y  t o  sense veh ic le  r o l l .  I n  the cab-under, the d r i v e r ' s  head i s  

very near the r o l l  ax i s  of the vehic le.  Consequently, veh ic le  r o l l  

does n o t  produce the l a r g e  l a t e r a l  d r i v e r  motions t h a t  i t  does i n  con- 

vent ional  t rucks .  Since t h i s  motion may p lay  a s i g n i f i c a n t  p a r t  i n  

sensing the s e v e r i t y  o f  a  hand1 i n g  maneuver, the d r i v e r ' s  a b i l  i t y  t o  



sense an impending hand1 i n g  performance 1  i m i  t cond i t i on  may be reudced. 

This r a t i o n a l e  was confirmed i n  conversations w i t h  the cab-under t e s t  

d r i v e r .  

I n  add i t i on  t o  the down-the-road v i s i b i l i t y  problems, there might 

be o ther  d i f f i c u l t i e s  of v i s i b i l i t y  r e s u l t i n g  from body overhang. 

Depending on the seated he igh t  o f  the d r i v e r ,  $he maximum visual-up 

angle i s  about 10 degrees. This means t h a t  a  s ign  o r  s igna l  suspended 

23 f e e t  above the road could no t  be seen i f  i t  i s  less  than 115 f e e t  i n  

f r o n t  of the t ruck.  This r e s t r i c t i o n  may be an inconvenience a t  times 

bu t  the impressions o f  the team members when they rode i n  the veh ic le  

was t h a t  v i s i b i l i t y  i n  a l l  d i r e c t i o n s  was genera l l y  adequate. But loss  

o f  d i r e c t  s i g h t  o f  an overhead s ignal  would be a  problem i f  the t ruck  

were moving very s lowly (e.g., 10-20 mph) w i t h  no t r a f f i c  i n  f r o n t  ( t o  

prov ide a  s ignal  cue) as i t  approached an i n te rsec t i on .  I n  t h i s  case 

i t s  speed would be such t h a t  i t  could en ter  the  i n t e r s e c t i o n  a f t e r  the 

s igna l  had changed. I t  i s  a l so  t r u e  t h a t  an i nd i v idua l  operat ing the 

t ruck  would no t  be able t o  d i r e c t l y  determine when a  s igna l  changes, if 

he stops c lose r  than 75-100 f e e t  from i t .  The p r o j e c t  team concluded 

t h a t  t h i s  would no t  r e s u l t  i n  a  s i g n i f i c a n t  sa fe ty  problem. The most 

ser ious p o t e n t i a l  hazard would be caused by the  veh ic le  being stopped 

a t  an unexpected p o i n t  (100 f e e t  from the normal stopping po in t ,  fo r  

example), bu t  even t h i s  hazard i s  be1 ieved t o  be re1 a t i v e l y  unimportant 

because o f  the veh ic le  speeds t h a t  would be occur r ing  a t  the t ime. 

The low cab, which can be e a s i l y  stepped i n t o  w i thout  a  step, i s  

a  s i g n i f i c a n t l y  sa fe r  con f i gu ra t i on  from the p o i n t  o f  view of d r i v e r  

i n j u r i e s  from f a l l s .  Present ly  f a l l s  from cab steps and r a i l s  account 

f o r  about three percent o f  a l l  i n j u r i e s  sustained by d r i v e r s .  It would 

appear t h a t  the low con f i gu ra t i on  could reduce such i n j u r i e s .  

2. D r i ve r  Comfort, Fatigue, and Morale 

Although there has been a  great  deal o f  research on d r i v e r  com- 

f o r t  and fa t igue,  p red i c t i ons  concerning the e f f e c t  of a  spec i f i c  

veh icu la r  con f i gu ra t i on  on e i t h e r  o f  these areas are  d i f f i c u l t  t o  make. 



Based on t h e i r  inspect ion,  the i n v e s t i g a t i v e  team agreed t h a t  there was 

no reason t o  be l i eve  t h a t  the cab-under provided any specia l  problems 

o r  bene f i t s  i n  comfort and fat igue.  I n  a l l  l i k e l i h o o d ,  mat ters such as 

the seats selected, the placement of con t ro l s  and d isp lays ,  etc. ,  w i l l  

have more e f f e c t  than the  veh ic le  con f i gu ra t i on .  

There were some problems w i t h  the Mark I 1  veh ic le  which could 

cause problems i f  n o t  d corrected. F i r s t ,  there does no t  appear t o  be 

s u f f i c i e n t  head room f o r  the t a l l e r  ( s i t t i n g  he igh t )  d r i v e r .  One person 

i n  the i n v e s t i g a t i v e  team who i s  i n  the 95th p e r c e n t i l e  f o r  the s i t t i n g  

he igh t  measurement i nd i ca ted  t h a t  h i s  head touched the c e i l i n g  i n  an 

e r e c t  d r i v i n g  pos i t i on .  The S t r i c k  people p lan  t o  increase t h i s  dimen- 

s ion  by 2.5 inches i n  the  next  vers ion.  

The Mark I 1  cab i s  equipped w i t h  two Recaro seats f e a t u r i n g  back 

adjustment, headrest, v e r t i c a l  and forward adjustments, and f o r e - a f t  

adjustments o f  the forward edge o f  the seat cushion. Under a l l  ad jus t -  

ments, however, the  forward edge o f  the seat ( p o p l i t e a l )  t h i g h  tuck-up 

i s  i ne f fec t i ve  and leaves the  occupant w i t h  no ( v e r t i c a l  ) under l e g  

support. The l e g  angle appears sa t i s fac to ry ,  bu t  t h i s  could a l so  

present  problems under long- tri p  condi t ions.  

Several members of the team were dr iven a t  about 45 mph over some 

l a r g e  bumps, equ iva len t  t o  a  small sec t ion  o f  Belg ian Block road, which 

produced h igh  v e r t i c a l  motions on the  body. They i nd i ca ted  there was 

l i t t l e  r e a l  energy absorpt ion from the  seat pan (cushion),  and d e f i n i t e  

j o l t s  occurred. 

The a l t e r e d  d r i v e r  p o s i t i o n  o f  the cab-under has had a  d i r e c t  

e f f e c t  on the  nature o f  the  r i d e  problem. I n  o ther  t rucks,  the h igh  

d r i v e r  p o s i t i o n  r e s u l t s  i n  l a r g e  f o r e - a f t  motions o f  the seat due t o  

v e r t i c a l  p i t ch .  This e f f e c t  has been c a l l e d  "backslap." I n  the  cab- 

under, the low p o s i t i o n  has a l l  b u t  e l im ina ted t h i s  problem. However, 

the extreme forward pos i t i on ,  ahead of the f r o n t  axle, now r e s u l t s  i n  

very l a rge  v e r t i c a l  motions o f  the  seat which are a l so  q u i t e  uncomfort- 

able. The cond i t i on  i s  worse w i t h  the veh ic le  empty. ( A i r  suspension 



i s  to  be used on  the third prototype; th is  should significantly reduce 
the vertical  motion problem. ) 

I t  i s  be1 ieved that the low driver position, and unusual appearance 
of the vehicle will resul t  in problems with driver acceptance. Poor 
acceptance i n  turn wi 11 cause other driver-morale-related problems, 
including complaints about matters pertaining to  the vehicle which m i g h t  

be ignored under other circumstances. The driver of the prototype vehi- 
c le  indicated that  in his conversations w i t h  other drivers a t  truck 
stops, etc.  , there were always strong opinions expressed concerning the 
vehicle, and many were negative. 

The ab i l i t y  of the driver to  sense vehicle rol l  response has 
already been discussed in the previous section. A companion topic i s  
the ab i l i t y  to sense yaw reaction of the vehicle. The very forward posi- 
tion of the driver a l t e r s  the combination of yaw and lateral  
accleration which he experiences during turning. This wi l l ,  in turn, 
a1 t e r  his overall perception of vehicle yaw. Further, the limited vehi- 
c le  structure within the dr iver ' s  f ie ld  of view may reduce the visual 
cues available to him for  sensing yaw. (The contrast w i t h  yaw perception 
i s  primarily w i t h  the conventional truck, not the cab-over, since the 
cab-over driver also s i t s  well forward of the vehicle 's  wheelbase.) 

I t  i s  d i f f i cu l t  to judge whether the changes in driver cue 
mechanism can or  will be compensated for  through experience and resulting 
re-education of the driver.  I t  would appear that  there i s  potential for  
degradation of performance. 

3 .  Conspi cui t y  

The cab-under configuration represents a drast ic  change from truck 
configurations normally observed on the highway. People are used to see- 
ing a t ractor  in front of the t r a i l e r  and when they don't (and can ' t  
readily see the cab) the impression i s  that  the t r a i l e r  i s  going back- 
wards. This visual impression i s  enhanced by the large frontal area 
observed. 



The d r i v e r  r e l a t e d  two instances where m i  s - i d e n t i  f i c a t i  on o f  

d i r e c t i o n  occurred. I n  one instance a  d r i v e r  ahead o f  him a t  a  t o l l  gate 

bo l ted  ahead i n  panic when he saw what appeared t o  be a  runaway t r a i l e r  

coming up behind him. Provid ing unique l i g h t i n g  o r  p a i n t  design would 

poss ib le  reduce the operat ional  problems o f  m is - i den t i  f i c a t i o n .  

4. L i g h t i n g  

The lower d r i v i n g  p o s i t i o n  places the t rucke r  much c lose r  t o  h i s  

o r  her  own headlamps than when d r i v i n g  o ther  vehic les.  As a  r e s u l t ,  

d r i v e r s  w i  11 experience h igher  1  eve1 s  of g l  are from oncoming headl amps 

than they have been accustomed to .  This w i l l  c e r t a i n l y  be annoying 

(al though no more than t o  many automobile d r i v e r s )  and w i l l  probably 

add t o  the  f a t i g u e  problem i n  n i g h t  d r i v i ng .  

Being c lose r  t o  one's own headlamps w i l l  increase the backscat ter  

e f f e c t  associated w i t h  fog  and snow. A u x i l i a r y  lamps p r o j e c t i n g  l i t t l e  

i l l u m i n a t i o n  above the hor izon would be he lp fu l  under such condi t ions.  

On the  o ther  hand, being c lose r  t o  one's own headl amps w i  11 cause 

r e f l e c t o r i z e d  signs t o  appear much b r i g h t e r  and more e a s i l y  read. The 

d is tance between the d r i v e r ' s  eyes and headlamps on a  cab-over t ruck  

may be s i x  f e e t  o r  more. When viewing a  s ign  a t  800 fee t ,  f o r  example, 

t h i s  represents an angle o f  about 0.5 degree. I n  the cab-under design, 

a t  the same viewing distance, the angle between the d r i v e r ' s  eyes and 

headlamps i s  l ess  than 0.2 degree. Because the  br ightness of r e t r o -  

r e f 1  e c t i  ve mater ia l  s  drops o f f  very f a s t  as t h i s  .angle increases, signs 

w i l l  appear two t o  four times b r i g h t e r  t o  the d r i v e r  o f  a  cab-under 

t ruck .  

5. Rear View M i r ro rs  

The lower d r i v e r  p o s i t i o n  o f  a  cab-under r e s u l t s  i n  b e t t e r  m i r r o r  

coverage, i n  t h a t  the subs tant ia l  b l i n d  stops t o  the sides and j u s t  

behind the d r i v e r  associated w i t h  the t y p i c a l  cab con f i gu ra t i on  are 

v i r t u a l l y  e l iminated.  On the o ther  hand, the m i r ro rs  may be more vu l -  

nerable t o  damage because they are c lose t o  the ground. Indeed, one of 



the most serious problems w i t h  the Mark I1 (from the standpoint of vis i -  
,b i l i ty )  i s  that  the mirrors are vir tual ly  useless in wet weather because 
of spray thrown forward by the front wheels. 

B. FACTORS AFFECTING VEHICLE PERFORMANCE 

The general cab-under design would appear to  influence other vehi- 
c le  properties, most importantly, center of gravity height. The low 
drive t ra in ,  frame, and cab of this  vehicle make i t  appear to have a 
center of gravity location significantly lower than that  of other heavy 
highway unit vehicles. Other things being equal (height of the center 
of gravity of the cargo, track width) this  property would tend to  reduce 
the rollover potential of this  vehicle relat ive to  conventional or cab- 
over trucks. 

Other properties, whose effects are more d i f f i cu l t  to  assess, are 
(1) the use of two steering and one non-steering axle, and ( 2 )  the 
generally more forward location of cargo area, which may resul t  in a more 
forward location of the vehicle center of gravity. Since the ultimate 
effect of th is  property i s  intr insical ly  t ied to the properties of 

t i r e s  and suspensions used on the vehicle, there can be no sure conclu- 
sion. Number (1)  above might be expected to have mixed resul ts .  The 
lack of non-steering tandem ax1 es wi 11 remove the r i  gid-body a1 i gning 
moment which such arrangements produce. This could improve the low 
speed maneuverabil i ty of the vehicle. However, more t i r e s  forward and 
less rearward could increase the relat ive front cornering s t i f fness  
which i s  generally a destabilizing effect.  With respect to  ( 2 )  above, 
a more forward center of gravity position can be expected to  increase 
yaw s t ab i l i t y .  

There appears to be no strong reason to expect the cab-under 
design to a1 t e r  the particular hand1 ing properties of articulated vehi- 
c les .  The cab-under that  was examined has been operated as a truck 
pull ing a ful l  t r a i l e r .  When compared t o  other trucks pulling fu l l  
t r a i l e r s  (assuming similar wheelbases, e t c . ) ,  i t  i s  d i f f i cu l t  to  see 



any add i t i ona l  ef fects o ther  than those discussed above. Plans are 

being made by S t r i c k  t o  cons t ruc t  cab-under vehic les which w i l l  be used 

as t r a c t o r s  i n  , t ractor-semi t r a i l e r  vehic les.  Since the planned wheel- 

base of t h i s  veh ic le  i s  comparable t o  more conventional t r a c t o r -  

semi t r a i l e r  combinations, no major change i n  open-loop hand1 i n g  

response i s  expected. Possibly,  the yaw moment of i n e r t i a  o f  the  cab- 

under could be l a r g e r  than t h a t  o f  o ther  t rac to rs .  This might tend t o  * 

reduce the sever i t )  o f  j ackkn i fe  i n s t a b i l i t y ,  a1 though i t  w i l l  a lso  

tend t o  make corner ing responses more sluggish. 

Taken as a  whole, the open-loop response qua1 i t i e s  of the cab- 

under could be somewhat, bu t  no t  g rea t l y ,  improved r e l a t i v e  t o  more 

conventional heavy t rucks and t rac to rs .  

C,  CRASHWORTHINESS 

1. General Occupant Pro tec t ion  

The study team found s i g n i f i c a n t  problems r e l a t i n g  t o  

p ro tec t i on  o f  occupants in - - the  cu r ren t  versions of the cab-under 

vehic le.  Speci f ic  areas o f  concern are: 

-major contact  areas, e. g., the panel, the door, the A-pi 1  l a r ,  the 
roo f ,  have unacceptable contact  p r o f i l e s  because o f  inadequate 
energy absorbi ng padding . 

- the heavy metal prot rus ions o f  the  door l a t c h  and window con t ro l  
o f f e r  p o t e n t i a l  hazards. 

- the  header mater ia l  i s  inadequate t o  o f f e r  head p ro tec t i on  i n  
r o o f  contact,  such as a v e r t i c a l  j o l t  where head contact  is made. 

- the present l a p  b e l t  w i l l  n o t  prevent to rso  j ack -kn i f i ng  and 
upper body s t r u c t u r a l  contact.  

- the overhang o f  the cargo conta iner  body, coupled w i t h  the wide 
expanse o f  windshie ld,  could r e s u l t  i n  a  dr iver-cab i n t r u s i o n  
problem. The overhead conta iner  would serve as a  de f l ec to r ,  
d i r e c t i n g  objects toward the windshield. 

The i n v e s t i g a t i v e  team concluded t h a t  the de f i c i enc ies  found i n  the cab 

i n t e r i o r  could be solved w i t h  more e f f i c i e n t  design, and are no t  



i nhe ren t  w i t h  the  cab-under concept. I n  f a c t ,  most of the c i t e d  

d e f i c i e n c i e s  a re  a l s o  found i n  t r ucks  p resen t l y  on t he  highways. The 

on l y  poss ib le  except ion i s  the problem o f  cargo body overhang se rv i ng  

as a  d e f l e c t o r  i n t o  t h e  d r i v e r  cab. I n  t h i s  case the  low h e i g h t  o f  the  

d r i v e r  w indsh ie ld  r e s u l t s  i n  g rea te r  d e f l e c t i o n  exposure. 

S p e c i f i c  Crash Scenarios 

S p e c i f i c  crash s i t u a t i o n s  f o r  t h e  cab-under v e h i c l e  were evaluated, 

and comparisons were made r e l a t i v e  t o  o t h e r  convent ional  designs. The 

scenar ios were: 

a )  a  f r o n t a l  c o l l i s i o n  w i t h  an equa l l y  massive and agress ive 
v e h i c l e  o r  obstac le ,  such as another t r u c k  o r  l a r g e  roads ide 
ob jec t ;  

b )  a  f r o n t a l  o r  l a t e r a l  c o l l i s i o n  w i t h  a  passenger veh i c l e ;  

c )  a  s i ng le - veh i c l e  acc ident ,  such as a  r o l l o v e r  o r  j a c k k n i f e ;  
and 

d )  s h i f t i n g  loads.  

a )  F ron ta l  C o l l i s i o n  With an Equa l l y  Massive Object.  I n  a  

f r o n t a l  c o l l i s i o n  w i t h  a  massive o r  immovable o b j e c t  there  would seem t o  

be very 1  i t t l e  bas ic  d i f f e r e n c e  between t h i s  design and convent ional  

designs, s ince  there  i s  no at tempt  i n  any t r u c k  design t o  manage the 

enormous energy o f  such a  c o l l i s i o n  through crushable s t r u c t u r e .  Any 
d i f f e rences  i n  expected performance would depend upon the  s p e c i f i c  

na tu re  o f  the  o b j e c t  be ing s t ruck .  If a cab-under t r a c t o r  s t r uck  the 

r e a r  o f  a  f l a t - b e d  t r a i l e r  o r  low roads ide obstacle,  t h i s  cou ld  be more 

dangerous f o r  the  cab-under d r i v e r ;  however, he would be below any cargo 

sh i t f t s  which could more s e r i o u s l y  jeopard ize the d r i v e r  o f  a conven- 

t i o n a l  t r uck .  But, i gno r i ng  the  e f f e c t s  o f  s h i f t i n g  load, the  r i s k  t o  

the  cab-under d r i v e r  i s  g rea te r  i n  crash involvements w i t h  low-pro f i  l e  

f i x e d  ob jec t s  (e.g. , b r i dge  abutments). I n  any case, a  severe f r o n t a l  

c o l l i s i o n  of a t r u c k  i n t o  another t r u c k  o r  a  s o l i d  roads ide obs tac le  i s  

a  ser ious t h r e a t  t o  t he  s u r v i v a l  o f  the  t r u c k  occupant, regard less of 

where he i s  loca ted  v e r t i c a l l y .  



b) A Fronta l  o r  La tera l  C o l l i s i o n  With a  Passenger Vehicle, o r  

Smaller Objects. C o l l  i s i ons  w i t h  passenger vehic les and o ther  

r e l a t i v e l y  small objects. on the highway would present some specia l  

problems w i t h  the cab-under design t h a t  are no t  genera l l y  a  problem w i t h  

conventional designs. The problems are i n t rus ions  through the wind- 

s h i e l d  and/or the door o f  the cab by the ob jec t  being s t ruck .  The low 

placement o f  the cab puts i t  down where a  car  c o l l i d i n g  w i t h  the s ide o f  

the cab could i n t rude  i f  s u f f i c i e n t  s ide  s t ruc tu re  i s  no t  there t o  pre- 

vent i t . S im i la r l y ,  a  f r o n t a l  impact w i t h  a  car,  road debr is ,  o r  an 

animal on the road could r e s u l t  i n  i n t r u s i o n  of the debr is  through the 

windshield. But the e f f e c t  o f  t h i s  type o f  penet ra t ion  could be min i -  

mized by innovat ive  design e f f o r t s  t o  improve windshie ld re ten t i on .  

Regardless o f  windshie ld design, however, there i s  greater  r i s k  exposure 

w i t h  the cab-under i f  f o r  no o ther  reason than increased frequency o f  

p o t e n t i a l  i n t r u s i o n  encounters. 

The problem o f  d r i v e r  sa fe ty  when the cab-under veh i c le  i s  

subjected t o  a  l a t e r a l  c o l l i s i o n  i s  compounded by the f a c t  t h a t  the d r i -  

ver l o c a t i o n  i s  a t  a  he igh t  where the penet ra t ion  fo rce  genera l l y  

occurs. And, because o f  the greater  mass o f  the  cab-under veh ic le  r e l a -  

t i v e  t o  a  car  o r  small t ruck,  the cab-under w i l l  n o t  move t o  any 

s i g n i f i c a n t  extent .  The lack  o f  movement can be d i r e c t l y  t rans la ted  

i n t o  greater  i n j u r y  exposure f o r  the occupant, because the i n t r u d i n g  

ob jec t  w i l l  penetrate f u r t h e r  i n t o  the vehic le.  The on ly  possib le 

de ter ren t  i s  t o  increase the veh ic le ' s  s ide s t ruc tu re  t o  the p o i n t  t h a t  

the  s t ruc tu re  t o t a l l y  prevents the penetrat ion.  A c r i t i c a l  design 

requirement f o r  a  cab-under con f i gu ra t i on  would be prov id ing  t h i s  

p ro tec t ion .  

c )  A Single-Vehicle Accident. S ingle-vehic le accidents such as 

running o f f  the road and r o l l i n g  over appear t o  be an area where the low 

placement o f  the d r i v e r  i n  a  cab-under may be an advantage over conven- 

t i o n a l  conf igura t ions .  I n  such accidents the d r i v e r  i s  surrounded by 

st rong s t ruc tures  and would be r e l a t i v e l y  immune t o  entrapment and 



i n j u r y  due t o  s t r u c t u r a l  co l lapse .  Likewise, i n  a  j a c k k n i f i n g  

s i t u a t i o n  the  low placement o f  the d r i v e r  would a l s o  be t o  h i s  b e n e f i t .  

. . d )  , S h i f t i n g  Loads. I n  acci,dents r e s u l . t i n g  from s h i f t i n g  loads, . . . .  . 

a  person i n  a  cab-under veh i c l e  would have b e t t e r  p r o t e c t i o n  than a  

person i n  a  convent ional  o r  cab-over veh i c l e .  Th is  f e a t u r e  i s  a  pos i -  

t i v e  s a f e t y  f e a t u r e  f o r  the cab-under, and would have a  p o s i t i v e  e f f ec t  

on i n j u r y  s t a t i s t i c s .  

D. SUMMARY OF VEHICLE ATTRIBUTES 

A summary o f  t he  p o s i t i v e  and negat i ve  fea tu res  o f  the  cab-under 

v e h i c l e  when compared w i t h  a  convent ional  v e h i c l e  i s  presented i n  

Table 1. Those d e f i c i e n c i e s  i nhe ren t  i n  t he  v e h i c l e  des ign do have 

s i g n i f i c a n t  s a f e t y  imp1 i c a t i o n s  . O f  p a r t i c u l a r  concern a re  problems 

assoc ia ted w i t h  down-the-road v i s i b i l i t y  and w i t h  i n t r u s i o n  from the  

s i de  and f r o n t .  Several of the de f i c i enc ies  found i n  the  vehi -  

c l e ' s  s a f e t y  a t t r i b u t e s  are co r rec tab le ,  o r  a t  l e a s t  can be improved 

over t h e i r  present  cond i t i on .  In the  event the manufacturer proceeds 

w i t h  o the r  prototypes he would be we l l -adv ised  t o  seek p ro fess iona l  

adv ice on ways t o  improve t he  v e h i c l e ' s  co r rec tab le  s a f e t y  d e f i c i e n c i e s .  

On the  p o s i t i v e  s i de  a re  (1 )  t he  ingress  and egress features of 

the veh i c l e ,  ( 2 )  t he  reduced r o l l - o v e r  p o t e n t i a l ,  and ( 3 )  the  p r o t e c t i o n  

from the s h i f t i n g  load. 




