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1 .0 INTRODUCTION 

1.1 I n t r oduc to r y  Remarks 

This  r e p o r t  documents a study sponsored by the Federal Highway 

Admin is t ra t ion  (FHWA) and conducted over the per iod  o f  J u l y  1, 1981 

through February 1982. The p r o j e c t  was conceived ou t  o f  need t o  prov ide 

governmental decision-makers w i t h  guidance on the urgency of t r uck  

v i b r a t i o n  as a s o c i e t a l  issue m e r i t i n g  federa l  involvement. 

I n  the mid-19701s, the v i b r a t i o n  exposure o f  d r i v e r s  o f  commercial 

t rucks was ra i sed  as an issue t o  the federa l  government--namely, do 

v i b r a t i o n s  (as we1 1 as noise, t o x i c  fumes, and o ther  f ac to r s  t h a t  con- 

t r i b u t e  t o  t r uck  " r i d e  qua1 i t y " )  have a negat ive e f f e c t  on d r i v e r  hea l th  

and on highway sa fe ty .  The responsib le  federa l  agencies, i nc l ud ing  the 

Federal Highway Admin is t ra t ion  and the Nat iona l  Highway T r a f f i c  Safety 

Admi n i  s t r a t i  on, pooled t h e i  r resources i n a coordinated program 

addressing the issue. The FHWA took r e s p o n s i b i l i t y  f o r  i n v e s t i g a t i n g  

the safety aspects of t h i s  issue, lead ing  t o  a  comprehensive research 

program e n t i t l e d  "Ride Q u a l i t y  o f  Commercial Motor Vehicles and the 

Impact on Truck D r i ve r  Performance" being estab l ished i n  1977. 

I n  the  f i r s t  few years, funding was obtained f o r  the  program t o  

proceed i n t o  i t s  i n i t i a l  phases. I n  the  budget dec is ion  process f o r  

F isca l  1981, Congress saw fit t o  quest ion the need f o r  the program and 

a1 loca ted  funds f o r  an assessment o f  t h a t  need. As s ta ted  i n  the 1981 

Appropr ia t ions B i  11 f o r  the House of Representatives 

" . . . . . the b i  11 inc ludes the budset request of 
$100,000 t o  study t r uck  r i d e  q u a l i t y .  The Committee, 
however, expects t h a t  these funds wi 11 conclude t h i s  
research e f f o r t  and t h a t  an appropr ia te  r e p o r t  w i l l  be 
p rov ided  d e l i  neat ine any t ruck  r i d e  q u a l i t y  sa fe t y  
problems as w e l l  as the ac t ions  requ i red  t o  c o r r e c t  any 
such problems. " 



1.2 Problem Statement , 

The design of trucks and tractor-trailers for efficiency in cargo 

transport involves compromises in "packaging" the driver. As a con- 
sequence, the driver's environment in a heavy-duty comnercial vehicl e 
characteristically involves higher vibration level s than that experienced 

in other transport vehicles, namely, passenger cars and buses. It has 
been argued that the vibration exposure of comnercial truck drivers 
could have long-term effects on driver health, or short-term effects on 
the driver's ability to control the vehicle safely. If these hypothe- 
sized health and safety effects are real, certain agencies within the 
federal government have authority and responsi bil i ty under publ ic law 

to take action which will amel iorate these effects. Further, irrespec- 
tive of the significance these issues may have today, it can be antici- 
pated that they could become more serious in the future, as a result of 

a continuing deterioration of the national highway system. 

Ultimately, the rationale for expending federal funds on this 
issue depends on its seriousness in comparison to other social problems. 
In the ideal case, the technical comnunity will support the legislative 
deci sion-ma kers by providing quantitative measures of the seriousness of 
a problem, which can be weighed against that of other problems in society 
competing for federal resources. Unfortunately, the publ i shed knowledge 
about the effects of truck vibration on driver health and highway safety 
is insufficient to provide those measures. 

Therefore, the objectives of this project were twofold: 

1 ) To demonstrate experimental ly the direct dependence of 
truck driver vibration levels on the roughness of the 
highway surface in order to validate the predictions that 
the seriousness of the issue will grow with continuing 
deterioration of the national highway network. 

2) To assess the collective knowledge on the potential 
impact of truck driver vibration on highway safety in 
an effort to estimate the significance of the problem. 



1.3 Approach 

The methodology f o r  addressing t h e  f i r s t  o b j e c t i v e  i n  t h e  p r o j e c t  

i s  we1 1  w i t h i n  c u r r e n t  technology and was approached i n  a  s t r a i g h t -  

forward manner. A t r a c t o r - t r a i l e r  was acqui red as a  t e s t  v e h i c l e  and 

instrumented i n  accordance w i t h  t h e  most commonly used p rac t i ces  t o  

measure t h e  r i d e  v i b r a t i o n s  i n  the  cab and on t h e  d r i v e r ' s  seat.  The 

v e h i c l e  was d r i v e n  over a  s e l e c t i o n  o f  road sur faces known t o  be repre-  

sen ta t i ve  o f  t he  general spectrum o f  roughness cond i t i ons .  The surface 

roughness was measured by means o f  t he  wheel t r a c k  p r o f i l e s  obta ined by 

a  GMR-type i n e r t i a l  p r o f i  lometer.  The t r u c k  v i b r a t i o n  measurements were 

analyzed t o  determine spec t ra l  c h a r a c t e r i s t i c s  and o the r  s t a t i s t i c a l  

measures, as comnonly used t o  descr ibe  t he  p rope r t i es  o f  v i b r a t i o n  

exposure. S i m i l a r l y ,  t he  road p r o f i l e s  were processed t o  o b t a i n  spec t ra l  

c h a r a c t e r i s t i c s  and t he  summary roughness numeric c o m o n l y  used by t h e  

highway community t o  cha rac te r i ze  road roughness. The r e l a t i o n s h i p s  

between t he  road roughness and var ious  measures o f  t r u c k  v i b r a t i o n  were 

then examined. A d e t a i l e d  d iscuss ion  o f  t h i s  p o r t i o n  o f  t he  s tudy i s  

prov ided i n  Appendix B o f  t he  r e p o r t .  The f i n d i n g s  most r e l e v a n t  t o  the  

v i b r a t i o n l s a f e t y  i ssue  a re  presented, where appropr ia te ,  w i t h i n  t he  main 

body o f  t he  Technical  R e ~ o r t  (Volume 11). 

The second o b j e c t i v e  o f  t h e  p r o j e c t ,  dea l i ng  w i t h  t he  assessment 

o f  knowledge and es t ima t i ng  t h e  s i g n i f i c a n c e  o f  t h e  v i  b r a t i o n / s a f e t y  

connection, presents  a  more d i f f i c u l t  problem. The approach suggested 

by t h e  sponsor and agreed upon by t h e  research s t a f f  was t o  convene a  

conference o f  exper ts  f o r  t h e  purpose o f  ( a )  e s t a b l i s h i n g  a  consensus on 

t he  s t a t e  o f  knowledge, ( b )  ob ta i n i ng  t h e i r  c o l l e c t i v e  judgments on t he  

importance o f  t h e  issue, and ( c )  d e f i n i n g  t he  courses of a c t i o n  t h a t  

should be taken. 

The i n i t i a l  steps i n  t h i s  phase o f  t h e  p r o j e c t  focused on the  

i d e n t i f i c a t i o n  o f  a  s e l e c t i o n  o f  exper ts ,  and design o f  a  conference 

b r i n g i n g  t he  app rop r i a t e  methodology t o  bear on t h e  group, so as t o  

e x t r a c t  t h e  des i red  products.  ( I n  t h i s  l a t t e r  step, c o n s u l t a t i o n  was 

obtained from exper ts  experienced i n  t he  design o f  such conferences. ) 



A key f ea tu re  o f  t h e  approach invo lved  t h e  p repara t ion  o f  a s t a te -o f -  

know1 edge document addressing t h e  re1 a t i onsh ip  o f  t r u c k  r i d e  v i b r a t i o n  

t o  highway safety.  The document, which attempted t o  prov ide a basic 

s t r u c t u r e  t o  t he  1 i nks  between v i b r a t i o n  and sa fe ty ,  was sent t o  each 

conferee p r i o r  t o  the  conference i n  order  t o  provoke thought and d i s -  

cussion. 

1.4 Report Organizat ion 

Th is  Summary Report presents an abridgement o f  t he  o v e r a l l  p r o j e c t  

r e s u l t s .  The s t a t e  o f  knowledge on t h e  r e l a t i o n s h i p  between t r u c k  r i d e  

v i b r a t i o n  and highway sa fe t y  was assembled and reviewed i n  t he  course 

o f  t he  p r o j e c t .  The main f i n d i n g s  o f  the rev iew were hypothesized ways 

i n  which v i b r a t i o n  cou ld  p o t e n t i a l l y  a f f e c t  d r i v e r  performance, as a 

bas is  f o r  examining t h e  acc ident  record i n  search f o r  acc idents  a t t r i -  

butab l  e t o  v i b r a t i o n  e f f e c t s .  These f i n d i n g s  are presented i n  Sect ion 

2.0. The examinat ion o f  t h e  issue i n  a conference o f  exper ts  provided 

t he  s e t t i n g  t o  eva luate t h e i r  judgments o f  t he  " t r u t h s "  o f  the  i ssue  

and t h e  degree o f  consensus on each. The products of t h e  conference are 

given i n  Sect ion 3.0. 

I n  t he  l a s t  sec t ion  (Sec t ion  4.0), the  research s t a f f  at tempts t o  

i n t e r p r e t  and summarize t h e  f i n d i n g s  o f  t h e  knowledge review, t he  r i d e  

measurements, and t he  conference as they  apply t o  t h e  issue being 

addressed i n  t h i s  p r o j e c t .  



2.0 FIND1 NGS FROM THE STATE-OF-THE-KNOWLEDGE REV1 RJ 

2.1 Hypothesized Ways i n  Which V ib ra t i on  Could Contr ibute t o  Accidents 

The s t a te -o f -  know1 edge was reviewed i n  o rder  t o  charac te r i ze  the 

t r uck  r i d e  environment, and draw from the 1 i t e r a t u r e  on the e f f e c t s  of 

v i b r a t i o n  on man, t o  determine i n  what ways t he  d r i v e r ' s  biodynamic 

s t a t e  may be a1 te red  by the presence of v i b r a t i o n .  The u l t i m a t e  objec- 

t i v e ,  however, i s  t o  look  f o r  v i b r a t i o n  e f f ec t s  on safety as measured 

by acc iden t  frequency. Since the acc i  dent record  1 acks i n f o m a t i  on which 

would define the v i b r a t i o n  l e v e l s  present  i n  an acc ident - invo lved t ruck ,  

a1 t e r n a t i  ve methods must be used f o r  c o r r e l a t i n g  v i b r a t i o n  w i t h  acc ident  

frequency. The a1 t e r n a t i  ve chosen here i s  t o  hypothes i ze the poss ib le  

ways i n  which v i b r a t i o n  cou ld  impact on performance of the  d r i v e r / v e h i c l e  

system and look  f o r  assoc ia ted e f f e c t s  i n  t he  acc iden t  record. I t  

should be noted t h a t  these mechanisms, as l i s t e d  below, a re  hypothesized 

as ways i n  which t r u c k  v i b r a t i o n  could increase t he  p o t e n t i a l  f o r  

accidents s imply  f o r  the purpose of gu id ing  the  ana lys is  o f  acc ident  

data. However, on ly  the  r e s u l t s  from t h a t  ana lys is  can i n f e r  whether 

these mechanisms are p o t e n t i a l l y  s i g n i f i c a n t .  Fur ther ,  i t  should be 

recogni zed t h a t  t h i s  process cannot assess the p o t e n t i  a1 1y posi  ti ve 

in f luences t h a t  t r uck  v i b r a t i o n  could have on acc ident  prevent ion.  

The f i r s t  poss ib l e  way t h a t  t he  t r u c k  r i d e  v i  b r a t i o n  envi  ronment 

can lead  t o  decrements i n  d r i v i n g  performance o f  consequence t o  motor 

c a r r i e r  sa fe t y  i s  due t o  the  b l u r r i n g  o f  images i n  t he  rear-v iew m i r r o r .  

Loss o f  v i s u a l  acu i t y ,  i n  t h i s  instance, i s  probably most severe when 

the  m i r r o r  v i b ra tes  a t  h igher  frequencies than the d r i v e r ' s  head ( i  .e., 

the ob jec t  moves and the  head doesn' t ) ,  i n  which case the  v i sua l  p u r s u i t  

r e f l e x  i s  completely inadequate f o r  image s t a b i l i z a t i o n .  I t  may a l so  

occur as a r e s u l t  o f  i napp rop r i a te  v e s t i b u l a r  compensation, i f  the m i r r o r  

i s  moving w i  t h  the  head. I n  any case, the decrease i n  image c l  a r i  t y  

could poss ib l y  lead  t o  e r ro r s  i n  perce iv ing  a passing veh i c l e  o r  i n  

dec id ing when t o  merge back i n t o  a l ane  a f t e r  passing. A t  a minimum, 
i t  would increase the t ime requ i red  t o  look i n  the  m i r r o r  ( i .e . ,  l ook  

away from the t r a f f i c  ahead), and t h i s  i n t e r r u p t i o n  could be a f ac to r  i n  



accident causation, especially in heavy t ra f f ic .  A decrement in the 
abi l i ty  t o  see images clearly in  the rear-view mirror would be especially 
significant a t  dawn or dusk when head1 ights are possibly turned off and 
during wet weather when visual acuity i s  already decreased and glare and 
road surface reflection add t o  the problem of image clar i ty .  

A second way in which vibration may lead to performance decrements 
of significance t o  safety i s  the possible increase in fatigue experi- 
enced af ter  a long period (e.g. ,  four hours or more) of driving. Such 
fatigue appears t o  be caused mainly by the increased muscle tension 
required to  maintain a seated position and reduce head and shoulder 
vibration, or because of tonic reflex stimulation through muscle spindle 
receptors i n  the muscles themselves. Presumably, fatigue would lead to 
decreased vigilance and a1 ertness, resulting in delayed or inappropriate 
responses to emergency situations. On the other hand, the muscle tension 
response t o  vibration may act t o  prevent sleep and this result would be 
a positive factor. The increased vigilance or alertness due t o  vibra- 
t ion-induced muscle tension has been previously noted and, presumably, 
i s  a positive factor, prior t o  fatigue setting in. 

A third way in which vibration can lead t o  an increased potential 
for an accident event i s  the large amp1 i tude oscill ation or bump which 
jars a driver from his seat and therefore from a position of control. 
Such an event is  1 i kely t o  be an infrequent occurrence and would only be 
safety related i f  the driver were executing a maneuver (e.g. , a sharp 
turn or an emergency stop),  or i f  the road conditions were such as t o  
require constant and careful attenti  on t o  the control process. 

A fourth way in which vibration may lead t o  performance decrements 
on the part of the driver i s  the morbidity that might occur or be aggra- 
vated with long-term exposure t o  vibration. If a truck driver suffers 
from physical ailments such as low back pain or gastrointestinal dis- 
orders (regardless of the in i t ia l  cause), truck vibration may aggravate 
the symptoms and disease severity. The resulting discomfort may lead t o  
increased stress,  fatigue, distraction , and perhaps t o  seated positions 
which could reduce driving effectiveness. 



A f i f t h  way in which vibration could lead t o  a n  increased potential 
for truck accidents derives from the influence of vibration on a dr iver 's  
ab i l i ty  t o  manipulate the steering, braking, and throt t le  controls on the 
vehicle. The practice of using laboratory tracking tasks t o  measure the 
influence of vibration on the abil i t y  of a human operator to perform a 
control function imp1 ies that the investigator be1 ieves that these labora- 
tory findings have relevance t o  the real-world tasks of controlling a 
truck and resolving t r a f f i c  conflicts.  However, there i s  no direct 
evidence t o  support this  assumpti o n ,  There i s  , however, some anecdotal 
evidence t o  suggest that the vibration experienced i n  a truck cab can 
interfere with the ab i l i ty  of the driver t o  modulate the brake pedal when 
making an emergency stop on a rough section of roadway. 

Although not involving the driver directly and thereby - not just i -  
fying the term "ride," - a sixth way i n  which vibrations, per re, can 
influence the accident record derives from the vertical response of the 
running gear to the disturbance created by the uneven road surface. To 
the extent that the t i r e s  lose contact with the road surface, the ab i l i ty  
of the truck to "hold the road" wi 11 be degraded. I n  other words, 
steering and braking performance will suffer irrespective of what con- 
trol  actions are taken by the driver, other than the significant action 
of selecting a speed which will reduce the disturbance created by the 
road. Not only i s  there very 1 i t t l e  analytical and experimental research 
addressing the dynamics of the "road-hol di ng" phenomenon (as  occurs in 
heavy goods vehicles), there i s  l i t t l e  evidence t o  indicate the impor- 
tance of the "road-holding" process t o  the accident record. 

2 . 2  Results from Examination of the Accident Records 

Given that the l i terature  can be interpreted to suggest several 
possible vibration mechanisms (as  identified above) that may contribute 
to the accident record, i t  follows that some attempt should be made t o  
determine whether the accident record can be interpreted t o  shed l ight  on 
any, or a l l ,  of the identified paths by which the safety of motor carr ier  
operations may be influenced by truck ride quality. A t  present, i t  appears 
that no such studies have ever been made. Consequently, an effor t  was 



made t o  review e x i s t i n g  in fo rmat ion  on the  use and acc ident  experience 

o f  one s p e c i f i c  segment o f  the  motor c a r r i e r  f l ee t ,  namely, the combina- 

t i o n  veh ic le  which cons is ts  o f  a t r u c k  t r a c t o r  hau l ing  a s e m i t r a i l e r .  

An i n t e r p r e t a t i o n  o f  t h a t  data w i t h  respect t o  the poss ib le  impact o f  

r i d e  v i b r a t i o n  on acc ident  involvement leads t o  t he  f o l l ow ing  conclusions: 

1. Given acc ident  data f i l e s  i n  t h e i r  e x i s t i n g  form and the 

cur ren t  s t a t e  o f  accident causat ion research, i t  i s  no t  poss ib le  t o  

es tab l i sh  any s i g n i f i c a n t  1 i n k  between r i d e  v i b ra t i ons  and acc ident  

involvement. I n  those cases where t he  acc ident  data f i l e s  provided suf -  

f i c i e n t  d e t a i l  t o  examine hypothesized mechanisms , the  poss ib le  occurrences 

were in f requent .  For o ther  mechanisms, the  e x i s t i n g  data were inadequate. 

2 .  With regard t o  short- term e f fec ts  o f  r i d e  v i  b r a t i o w d e g r a d e d  

v i s i o n  i n  v i b r a t i n g  m i r ro r s ,  reduced p ro f i c i ency  i n  con t ro l  modulation, 

and loss  o f  con t ro l  due t o  severe bumps-the ava i l ab le  data do no t  pro- 

v ide  s i g n i f i c a n t  evidence t o  support t he  hypothesized mechanisms re1 a t i n g  

these short- term v i b r a t o r y  e f f ec t s  t o  acc ident  i nvo l  vement. 

3 .  Thus, the  most 1 i ke l y  connection between t r u c k  r i d e  qua1 i t y  

and acc ident  i n v o l  vement i s  the  synergism between mu1 t i  -hour exposure t o  

v i b r a t i o n  and a l l  o f  the o the r  negat ive aspects associated w i t h  d r i v i n g  

a heavy goods vehic le .  (For l ack  o f  a more o b j e c t i v e  d e f i n i t i o n  of the  

manner i n  which d r i v e r s  respond and r e a c t  t o  a host of negat ive elements, 

both i n t e r n a l  and externa l  , we are forced t o  re fe r  t o  t h i s  ill -def ined 

s t a t e  as " f a t i gue . " )  

The ava i l ab le  acc ident  data i n d i c a t e  t h a t  extreme f a t i g u e  ( f a l l i n g  

asleep) i s  a c o n t r i b u t i n g  f a c t o r  t o  a s i g n i f i c a n t  f r a c t i o n  (1-2%) o f  a l l  

combinat ion-vehicle accidents and 2-4% o f  a l l  f a t a l  combinat ion-vehicle 

accidents.  It i s  reasonable t o  conjecture t h a t  l e s s  extreme f a t i g u e  has 

a more pervasive in f luence  on aspects o f  the  d r i v i n g  task, such as 

v i g i l ance .  However, the  avai  1 ab le  data prov ide no means o f  i d e n t i f y i n g  

the  c o n t r i b u t i o n  o f  r i d e  v i b ra t i ons  t o  f a t i gue .  Thus, the most l i k e l y  

hypothesis re1 a t i n g  r i d e  v i b ra t i ons  and accident involvement i s  the  

i n t e r a c t i o n  o f  v i b r a t i o n  w i t h  a l l  o f  t he  o ther  stresses associated w i t h  

d r i v i n g  a heavy t ruck.  The c u r r e n t  s t a t e  of knowledge i s  no t  adequate t o  

evaluate t h i s  hypothesis. 



4. In general , the existing 1 iterature and the interpretation 
of the accident data do not provide evidence that the hypothesized 
mechanisms relating truck ride vibrations to accident involvement are 

important or significant. This finding does not necessarily imply that 

ride vibrations do not contribute significantly to highway safety. How- 

ever, if ride vibration does contribute significantly to highway safety, 
it means that the mechanisms operating may be more complex than those 

hypothesized, or that more detai 1 ed data and sophi sti cated analysis 
techniques are required. 



3.0 FINDINGS OF THE CONFERENCE 

A panel of experts was assembled a t  a 2-1/2-day conference t o  
review and assess the knowledge on the relationship of truck vibration 
t o  safety and driver 's  health. 

The products of the conference are compiled here in terns of 
three types of results-the findings of an Opinion Survey, a set  of 
"truth statements," and a set  of recommendations. (The interpretations 
drawn from these products are contained in Section 4 .0 . )  Each of these 
products serves t o  register the individual and collective views of the 
conferees on the significance and character of the truck ride problem. 
To the maximum extent possible, the presented material accurately ref1 ects 
the specific statements and recomnendati ons actual ly made by conference 
participants. The authors have exercised an editing role t o  add t o  the 
clar i ty  of the statements where deemed appropriate. In the editing 
function, the authors have tried t o  be guided by the context of the dis- 
cussion and debate which ensued during the progress of the conference 
i tsel f .  

3.1 Opinion Survey 

Part One - Ranking of Accident Factors 

On the f i r s t  evening, the conferees were given an Opinion Survey 
form (see Appendix A )  t o  f i l l  out prior t o  convening the opening session. 
As indicated ear l ier ,  the purpose of the Survey was to provide some scale 
of comparable issues against which t o  measure the significance of the 
vi brationlsafety issue. The Survey required the conferee t o  rank three 
sets of factors which were selected as having some potential connection 
with the accident involvement of heavy trucks. The factors were organized 
into the following sets: 

-Vehicle Factors 
-Highway Factors 
-Truck Driver Factors 

Each set  consisted of eight factors, often identified as having a poten- 
t i a l  re1 evance t o  highway safety. The participants were instructed t o  



rank the eight factors t o  reflect their  view of the relative importance 
of each as contributors t o  truck accidents. The instruction sheet 
acknowledged that the participants may have had 1 i t t l e  information or 
experience from which t o  draw their ranking choices. The specific 
ranking was not of direct importance. Rather, i t  was acquired t o  serve 
as a relative scale, prior t o  any discussions of vibration, against 
which t o  rank the significance of vibration. These in i t ia l  l i s t s  did 
not include any ride-vi brati on-re1 ated factors. In a subsequent ranking 
activity on the second day of the conference, the conferees received 
their  f i r s t  ranking forms back and were asked t o  place ride-related 
factors relative t o  the other factors which had been previously ranked. 

The results of this  exercise are presented in Figures 1 ,  2, 
and 3. Note that each figure shows the average rank order of each 
factors as established by the conferees within each of the three above- 
mentioned sets .  A1 though individual rankings could range from one t o  
eight, the averaged results typically range from 2 t o  approximately 6 .5 .  

In the Vehicle Factors set  (Fig. 1 ), the averaged rankings 
reported by the overall group (on  the right side of the figure) range 
from 2.8 t o  6.5, w i t h  "poor maintenance" and "poor truck conspicuity" 
defining the most and least  important factors, respectively. The other 
six Vehicle Factors have rank values which cover a narrow range, b u t  

which are rather dis t inct ly  separated from the f i r s t -  and last-ranked 
i terns. The narrow grouping i s  generally indicative of disagreement 
among the conferees as to  the order of priority for these factors. ( A  
random ranking would place each factor a t  a value of 4 .5 . )  A t  the l e f t  
side of the figure, the rankings of a factor labeled "Rough Ride Vibra- 
tions" are shown as determined by each of the four groups into which the 
conferees were divided on Tuesday, name1 y , 

-Driver Group (including those involved in research on 
human tolerance t o  vibration, and others concerned with the 
health and safety of truck drivers) 

-Manufacturing (including those employed by motor vehicle, 
t r a i l e r ,  and vehicle component manufacturing organizations 
or their  trade associations) 

-Highway ( incl udi ng those involved in highway engineering and 
research) 
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Figure 1 .  Rank order of vehicle factors, i n  terms of their relative 
importance as contributors t o  truck accidents. 



-Trucking ( i n c l u d i n g  those invo lved  i n  motor f r e i g h t  operat ions, 

motor c a r r i e r  sa fe t y  regu la t ion ,  and t r u c k i n g  t rade  associa- 

t i  ons) 

The average rank ing  obtained f o r  "Rough Ride V ib ra t ions"  as a  c o n t r i b u t i n g  

f a c t o r  t o  acc idents  i s  6.5, a  rank ing approximately equal t o  t h a t  g iven 

t o  "poor t r u c k  conspicu i ty , "  which f a l l s  a t  the  bottom o f  t he  i n i t i a l  

rank ing  l i s t .  Given t h a t  t he  standard dev ia t i on  of the  rank ings f o r  the  

rough r i d e  f a c t o r  i s  1.6, t he  s p e c i f i c  d i f f e rences  obtained i n  the  rank- 

ings g iven by t he  f o u r  i n t e r e s t  groups i s  n o t  o f  g rea t  s i gn i f i cance ,  bu t  

i s  i n d i c a t i v e  o f  general agreement t h a t  rough r i d e  v i b r a t i o n s  a re  o f  low 

p r i o r i t y  among t r u c k  f a c t o r s  c o n t r i b u t i n g  t o  accidents.  

F igure 2  shows the rank order  given t o  highway f a c t o r s  as 

p o t e n t i a l  c o n t r i b u t o r s  t o  t r u c k  accidents.  On t he  r i g h t  s i de  a re  the  

f a c t o r s  which were ranked before t h e  s t a r t  o f  the  conference, showing 

"S l i ppe ry  Pavement" as the  d i s t i n c t l y  f i r s t - r anked  item, fol lowed by 

"Poor Interchange Design" and "Inadequate Bank on Curves." The very  

t i g h t  grouping of the  f i v e  remaining f a c t o r s  i n  a  v i r t u a l  l a s t  p lace i s  

i n d i c a t i v e  o f  1  i t t l e  agreement among t h e  p a r t i c i p a n t s  as t o  t h e i r  o rder  

o f  importance. A t  t he  l e f t  o f  t he  f i gu re  a re  shown the  rankings g iven 

by the  f o u r  respec t i ve  i n t e r e s t  groups t o  the  highway f a c t o r  " D i s t r i b u t e d  

and Local i zed  Roughness. " I n  t h i s  instance, t he  pavement roughness f a c t o r  

has been g iven an average rank o f  5.1--a value t h a t  places i t  i n  t he  

v i c i n i t y  of t he  f i v e  c l o s e l y  grouped fac to rs  as ranked i n i t i a l l y  by a l l  

of t h e  conferees. The standard dev ia t i on  o f  t he  rank ing g iven t o  t he  

highway roughness f ac to r  i s  2.1, again i n d i c a t i n g  t h a t  t he  spread i n  

rank ings y i e l d e d  by t h e  four  i n t e r e s t  groups i s  o f  marginal  s i gn i f i cance .  

I n  F igure  3, the  rank ing  o f  t r u c k  d r i v e r  f ac to r s  i s  presented. 

The r e s u l t s  show t h a t  the  conferees viewed "Aggressive D r i v i n g  Tac t i c s "  

as a  dec idedly  impor tant  f ac to r ,  w i t h  a  f a i r l y  broad d i s t i n c t i o n  o f  

rank ings obtained f o r  t he  o the r  seven f ac to r s ,  ranging from 3.5 t o  6.2. 

On t h e  l e f t  s i de  a re  shown the rankings g iven by each i n t e r e s t  group t o  

the  f a c t o r  labe led  "Performance Degraded by V ib ra t ion . "  Although a  

l a r g e r  spread i n  the  rank ings given t o  t h i s  r i d e - r e l a t e d  f a c t o r  by the  

f o u r  i n t e r e s t  groups i s  ev ident ,  the  average rank ing  again appears a t  the  
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bottom o f  the sca le  as developed i n  the i n i t i a l  rank ing exercise. I t  

should be noted t h a t  the standard dev ia t i on  of the rankings obtained f o r  . 

the v i b r a t i o n  f a c t o r  i s  1.9. 

The rank ing o f  r i de - re l a ted  f ac to r s  was determined as a funct ion 

o f  the respec t i ve  i n t e r e s t  groups on the supposi t ion t h a t  the d i f f e r i n g  

groups possessed d i f f e r i n g  l eve l s  o f  in format ion o r  experience i n  each of 

the sub jec t  areas, v iz . ,  veh ic le ,  highway, and d r i v e r  f ac to r s .  For 

example, i t  might be assumed t h a t  veh ic le  manufacturers and t r uck ing  

organizat ions would have a s t ronger  basis upon which t o  r a t e  the impor- 

tance o f  r i d e  v i b ra t i ons  among veh ic le  f ac to r s  because o f  t h e i r  d i r e c t  

involvement i n  veh ic le  design and usage. Fol lowing t h i s  l i n e  o f  reason- 

i ng, we observe t ha t :  

1  ) I nd i v i dua l s  i n  the manufacturing and t ruck  groups 

placed the t ruck  f a c t o r ,  "Rough Ride V ib ra t ions  ," 
lower i n  rank than the  average rank ing produced by 

the e n t i r e  group o f  conferees. 

2 )  The highway group ranked the highway f ac to r ,  "D i s t r i bu ted  
and Local ized Roughness," s l i g h t l y ,  b u t  i n s i g n i f i c a n t l y ,  

h igher  than the average rank ing . 
The d r i  ver -or iented group placed the d r i v e r  f ac to r ,  "Per- 

formance Degraded by Vibrat ion,  " s i  gni f i can t l y  above the 

average rank ing estab l ished by the conferees a t  large.  

Given the  number o f  i n d i v i d u a l s  i n  the d r i ve r -o r ien ted  

group, as we1 1 as i n  the o v e r a l l  group, we can be 80 per-  

cent  con f iden t  t h a t  the  mean value of the d r i ve r -o r ien ted  

group's rank ing would be above the o v e r a l l  mean should a 

1 arger data sample be taken (assuming normal d i s t r i b u t i o n ) .  

Whereas t h i s  observat ion may be s t a t i s t i c a l l y  s a t i s f y i n g  , 
the n e t  outcome appears t o  be t h a t  a l l  o f  the i n t e r e s t  

groups have placed t h i s  v i b ra t i on - re l a ted  d r i v e r  f a c t o r  

near the bottom o f  the o v e r a l l  rank i  ngs, w i t h  the d r i v e r -  

o r i en ted  group g i v i n g  a somewhat h igher  importance t o  the 

d r i v e r  f a c t o r .  



Part Two - Numerical Estimates 

Fo1 lowing th is  establishment of the relative importance of vi bra- 
tion as a contributor to the accident record, a second part of the Opinion 
Survey was administered t o  obtain some absolute readings. Speci f ical ly ,  
questions were posed asking for a numerical estimate of the involvement 
of v i  bration-re1 ated factors in the causation of: 

1 )  accidents, 

2 )  driver health problems, 

3 )  freight damage, and 

4) component wear and degradation. 

The f i r s t  two factors were of primary interest ,  the l a s t  two being 
included simply to  provide a supplementary measure for evaluating the 
resul t s .  

A t  the time Part Two was administered, the conferees had heard 
and discussed the evidence 1 inking vibration to safety, w i t h  secondary 
considerations of health. The Survey now asked for their  considered 
judgment based on the weighing of that information. 

In response t o  each question, the conferees were asked t o  check 
one of the seven boxes (as shown below) to  indicate his estimate (or 
guess) of the 1 i kely involvement of a vi bration-re1 ated factor. 

less than 1% 1 t o  2% 2 t o  5% 5 to 10% 

0 
10 to 20% 20 t o  50% Over 50% 

Shown in Figures 4 through 7 are the results as compi led for  the 
four interest  groups, as we1 1 as for the conferees a t  large. Figure 4 

i l lus t ra tes  the percentage of truck accidents estimated by the conferees 
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Figure 5 .  Opinion Survey results for driver health relationship t o  
ride vibration. 



as being significantly contributed t o  by the fact that the involved 
trucks exhibited strong ride vibrations. The overall, and the individual 
interest  group, estimates were in the vicinity of 1 t o  2 percent. 

In estimating the 1 ikely contribution of ride vibration t o  the 
heal t h  problems suffered by career truck drivers, the conferees produced 
the results shown in Figure 5. More scat ter  exists i n  the values 
registered, with the average percentage fraction being 4.6 percent. 

In Figure 6 ,  the estimates o f  the contribution of ride vibra- 
tion to  the incidence of freight damage during the cartage of goods i s  
shown. One conferee pointed out, during verbal discussion of these 
results,  that only trucking organizations would be l ikely to  have any 
direct experience with the freight damage problem. Accordingly, he 
suggested that i t  i s  significant that the "Trucking" group entered an 
estimate which was markedly lower than those entered by a11 other groups. 
( I t  should also be stated that 50 percent of the conferees elected not to 
enter an estimate for "freight damage.") 

In Figure 7 ,  we see that the conferees a t  large estimated that 
7 . 3  percent of the wear and deterioration of truck components can be 
attributed to the mechanical vibration induced by road roughness. Again, 
i t  i s  noted that the driver-oriented group, which probably possesses 
the minimum basis for making such an estimate, placed this  factor a t  15 
percent, while the manufacturing group (presumably having the greatest 
basis for making an estimate of this  influence) produced an estimate of 
approximately 4 percent. 

3 . 2  Com~iled Truth Statements 

A major o u t p u t  of the conference consists of "truth statements" 
reflecting the participants' views of the most significant facts or 
judgments which describe the current s ta te  of a f fa i r s  with regard t o  
truck ride and t r a f f i c  safety. Certain of these statements address 
the focal issue ( i  .e. ,  ride versus safety) of the conference. Other 
statements speak to the s ta te  of the sciences and the technologies which, 
1 imited though they may be, form the basis for determining the factual 
relationship between ride and safety. 
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Presented below are the final versions of the "truth statements" 
which were produced by the conferees. The statements were developed in 
the following manner: 

a )  On the second day of the conference, each of the 
heterogeneous groups compiled statements of truth sub- 
sequent to hearing brief presentations on the s ta te  of 
knowledge in each subject area. 

b )  The conference staff edited and combined these state- 
ments into a set  which was reproduced and distributed 
for consideration by the homogeneous groupings on the 
third day. 

Each homogeneous group went through th is  combined set  
of statements and selected those which, with perhaps 
some modification, represented the points which they 
most wanted to  present t o  the conferees a t  large in 
seeking a consensus endorsement. Each group pre- 
sented one statement for consideration and voting by 
the conferees a t  large. As each statement was pre- 
sented, suggestions were entertained from other parti- 
cipants for possible modification of the statement. 
After a1 1 suggested modifications had been considered 
by the group which originally offered the statement, 
votes were taken to determine (1)  the number of partici-  
pants who agreed and disagreed with the (as-modified) 
statement and ( 2 )  the number of conferees who f e l t  that 
the statement was important t o  the issue. 

d )  Step ( c ) ,  above, was repeated in the time available 
until each interest  group had the opportunity of pre- 
senting a t  least  three statements for consideration by 
the conferees a t  large. In a few cases, a specific 
interest  group opted t o  produce a completely new truth 
statement and offer i t  for voting by the conferees a t  
1 arge. 



Preceding each t r u t h  statement ( l i s t e d  by the group o f  o r i g i n )  

i s  the vote t a l l y  which reg i s te r s  the degree o f  AGREEMENT o r  D I S -  

AGREEMENT and the degree o f  IMPORTANCE assigned by the conferees t o  each 

statement. I t  should be noted t h a t  a t  the beginning o f  t h i s  session, 

25 pa r t i c i pan t s  remained i n  attendance. As the session proceeded, 

however, c e r t a i  n persons were being pressed by t h e i r  t r a v e l  schedules 

such t h a t  on ly  21 persons remained a t  the t ime o f  the l a s t  vote-taking. 

Truth S t a  tements Submi t t e d  by the D r i  ver-Ori ented Group 

1 ) (Agreement: 22 yes, 0 no; Important: 15 yes, 1 no) 

IS0 ( I n te rna t i ona l  Organi za t ion  f o r  Standardi z a t i  on) Standard 

Number 2631 i s  the  most wide ly  recognized guide f o r  eva luat ing 

human response t o  v i b ra t i on ,  b u t  the app l i ca t i on  o f  t h i s  

standard t o  the t r uck  r i d e  process may requ i re  t h a t  the  

boundaries i n  the standard be adjusted i n  the l i g h t  o f  r e a l  

data f o r  the t r uck  d r i  v i  ng envi  ronment. 

2 )  (Agreement: 23 yes, 0 no; Important: 8 yes, 0 no) 

I f  morbi d i  t y  i s  associated w i  t h  long-term v i b r a t i o n  

exposure o r  i f  chronic  diseases a re  present i n  the 

t r uck  d r i v e r  through o ther  causes, the a f f l i c t e d  s t a t e  of 

the d r i v e r  may reduce d r i v i n g  ef fect iveness as a r e s u l t  

o f  d iscomfort ,  s t ress,  fa t igue ,  and d i s t r a c t i o n .  

3 )  (Agreement: 14 yes, 3 no; Important: 11 yes, 0 no) 

V ib ra t i on  may increase fa t igue ,  and as a r e s u l t  o f  

d iminished v i g i l ance  and a ler tness,  cause delayed o r  

inappropr ia te  responses t o  emergency s i t u a t i  ons ; a1 though 

i t  must be noted t h a t  p r i o r  t o  fa t igue ,  v i b r a t i o n  may 

increase v i g i  1 ance and a ler tness.  

4) (Agreement: 18 yes, 0 no; Important:  8 yes, 5 no) 

Large amp1 i tude momentary v i b ra t i ons  may j a r  the d r i ve r ,  

who i s  no t  adequately r es t ra i ned  by a seat  b e l t ,  from 

h i s  seat  and there fo re  from a p o s i t i o n  o f  con t ro l .  



5 )  (Agreement: 17 yes, 4 no; Impor tant :  5 yes, 1 no) 

Severe v i b r a t i o n  may decrease the d r i v e r ' s  ab i  1 i t y  t o  

manipulate o r  modulate the s teer ing ,  braking, and 

t h r o t t l e  con t ro l s  i n  an emergency maneuver. 

6 )  (Agreement: 5 yes, 14 no; Important:  2 yes, 14 no) 

Loss o f  v i sua l  a c u i t y  i n c i d e n t  t o  m i r r o r  v i b r a t i o n s  

would increase the t ime requ i red  t o  ass im i l a te  r e a r  

v i s i o n  i n fo rma t i on  ( a  d i s t r a c t i o n  from forward v i s i o n  

tasks)  w i t h  the p o s s i b i l i t y  f o r  inc reas ing  e r ro r s  i n  

pass i ng and merging maneuvers. 

T ru th  Statements Submitted by the  Vehi c l e  Manufacturing Group 

1 )  (Agreement: 1 8 y e s ,  1 no; Important:  1 4 y e s , O n o )  

The s ta te -o f - t he -a r t  i n  t r uck  design e x i s t s  t o  make l i n e -  

haul t rucks  "comfortable" on a road sur face having a P S I  

r a t i n g  of 3.0 o r  b e t t e r .  (Ed. Note: The des ignat ion " P S I "  

stands f o r  a r a t i n g  of pavement roughness l e v e l  c a l l e d  

"Present Serviceabi  1 i t y  Index." An index number o f  3.0 

pe r t a i ns  t o  road surfaces which a r e  i n  f a i r  cond i t ion ,  on 

the verge o f  needing resur fac ing.  ) 

2) (Agreement: 25 yes, 0 no; Important:  20 yes, 0 no) 

There i s  c u r r e n t l y  no bank of data a v a i l a b l e  documenting 

the t y p i c a l  r i d e  v i b r a t i o n s  o f  t rucks  f o r  r e a l  per iods o f  

exposure and f o r  y e a r l y  d r i  v i  ng pat terns.  

3 )  (Agreement: 23 yes, 0 no; Important:  19 yes, 0 no) 

Any i nves t i ga t i ons  i n t o  the re1  a t i  ons h i  p between t r uck  

r i d e  v i  b r a t i  ons and acc ident  i nvol  vemen t must cons ider  

i n t e r a c t i o n s  between v i b r a t i o n  and the  o the r  factors  con- 

tri b u t i n g  t o  f a t i gue .  



Truth Statements Submitted by the Trucking Group 

1 ) (Agreement: 25 yes, 0 no; Important: 25 yes, 0 no) 

Current accident data are n o t  sufficient to establish any 
significant link between ride vibrations and accident 
i nvo 1 vemen t . 

2 )  (Agreement: 23 yes, 0 no; Important: 20 yes, 0 no) 

There i s  insufficient evidence that vibration-induced 
fatigue i s  a significant factor in truck accidents. 

T r u t h  Statements Submitted by the Highway Group 

1 )  (Agreement: 25 yes, 0 no; Important: 19 yes, 0 no) 

We are able, with current methods, to reasonably charac- 
ter ize pavement roughness as experienced by trucks except 
for two special pavement features, namely, 

a )  Periodic roughness such as excites truck 
resonances 

b )  Local, severe bumps and pot-holes 

2 )  (Agreement: 25 yes, 0 no; Important: 23 yes, 0 no)  

With data showing a significant sensitivity of truck 
vibrations to road roughness, future deterioration of 
pavements, i f  uncorrected, i s  expected t o  increase the 
vibration exposure of truck drivers. 

3) (Agreement: 8 yes, 0 no; Important: 8 yes, 1 no)  

Limited data, currently available, show that a truck 
driver spends a significant portion of his time driving 
w i t h  vibration levels that exceed the unadjusted IS0 
four-hour criterion. 



Although the  exerc ise  t h a t  produced the  above statements served 

t o  e s t a b l i s h  t he  degree t o  which t he  conferees agreed on most po in t s  

which had been ra i sed  dur ing  t he  conference, t ime was n o t  a v a i l a b l e  t o  

present and vote upon a l l  o f  t he  t r u t h  statements which had been 

generated. L i s t e d  below a re  t h ree  statements which were inc luded i n  t he  

s e t  o f  statements considered by t h e  homogeneous groups and which were 

recorded on t h e i r  worksheets as m e r i t i n g  r a t h e r  broad endorsement: 

1 )  The shape of t he  IS0 weight ing curves ( i . e ,  p l o t t i n g  

RMS acce le ra t i on  l e v e l  versus frequency) i s  a reason- 

ab le  way o f  assessing t h e  r e l a t i v e  importance o f  var ious 

p a r t s  o f  t he  v i b r a t i o n  spectrum. 

2 )  There a re  no app l i cab le  data f o r  eva lua t ing  t he  

response o f  humans t o  sho r t  t r a n s i e n t  e x c i t a t i o n s  

such as experienced by t he  d r i v e r s  o f  t r ucks  en- 

coun te r ing  pot-holes and the  1 i ke. 

3 )  There i s  no standard p r a c t i c e  f o r  measuring the 

r i d e  v i b r a t i o n s  appl i ed t o  t r u c k  d r i ve rs .  

Other statements were considered by the  homogeneous groups, bu t  were 

e i t h e r  discarded as having low importance o r  were seen as l a c k i n g  a s u f f i  

c i e n t  consensus w i t h i n  t h e  homogeneous group and thus were n o t  submitted 

f o r  the  v o t i n g  process. 

A t h i r d  s e t  o f  t r u t h  statements which deserves mention inc ludes 

those statements which were produced by t he  heterogeneous groupings 

a f t e r  1 i s t e n i n g  t o  t he  state-of-know1 edge presentat ions made on t he  

second day of t he  conference. As a l ready noted, the  conference s t a f f  

drew from these statements i n  compil i n g  1 i s t s  o f  statements f o r  con- 

s i d e r a t i o n  by the  homogeneous groups on the  t h i r d  day. Some of these 

"statements," however, rece ived a s t rong  bu t  n o t  unanimous l e v e l  o f  

support from t h e i r  source group, such t h a t  they  were n o t  inc luded i n  the  

compiled se t .  On observing t h a t  some of these "orphaned" statements had 

been t h e  sub jec t  o f  a considerable degree of discussion, they are seen 

as being worthy o f  i n c l u s i o n  here. Accordingly,  t he  f o l l o w i n g  statements 

should be seen as having been t he  subjects  o f  subs tan t i a l  amounts o f  

d iscuss ion,  a l b e i t  w i t h  some degree o f  cont roversy o r  l a c k  o f  general 

agreement : 



1 )  The phenomenon of "fatigue" i s  n o t  well understood. 

2)  The truck driver 's  problem w i t h  respect t o  safety in- 
vol ves vigilance more than motor-sensory ski1 1 s such 
as vision and control. Therefore, i f  vibration i s  
important t o  truck safety, the effect of vibration on 
vigilance i s  the most important mechanism of concern. 

3)  Truck vibrations tend to increase muscle tension which 
ini t ia l  ly increases alertness and vigilance, b u t  

eventually causes fatigue insofar as i t  constitutes a 
form of mild exercise. 

4 )  Interspersed road sections having extended l engths of 
rough pavement followed by quite smooth sections may 
pose a peculiar safety problem. (Ed. Note: The scenario 
under consideration in this  statement involves a truck 
driver sustaining the vigilance-enhancing effect of a 
rather rough roadway, who then comes o n t o  a quite smooth 
section of roadway. The stimulus which i s  provided by 

the muscle action and exercise associated with the harsh 
vibration exposure will essentially be absent on the 
smooth roadway. As the driver then relaxes, i t  may be 
that he becomes especially prone t o  accident threats due 
t o  inattentiveness and, perhaps, a s ta te  of drowsiness.) 

5) Contrary to evidence existing i n  the 1 i terature regarding 
vibration and stress,  drivers report significant "stress" 
and att i tude changes due t o  rough roads and bumps. 

6 )  Life-style factors typifying truck drivers may be more 
important causes of health problems (of a l l  kinds) than 
i s  vibration. 

7) I t  i s  erroneous t o  assume that "cab-over" style road 
tractors exhibit a ride vibration level that i s  more 
severe than that exhibited by "conventional" style 
tractors. 



8) The amount of time and funding required to obtain defini- 
tive accident data serving to illustrate the relationship 
between truck ride vibration and safety is prohibitive. 

3.3 Conference Reconmendations 

In addition to considering and voting upon truth statements, each 

special interest group submitted recommendations to the conferees at 
large, which were then voted upon. This exercise constituted the final 

activity of the conference. Since time was 1 imited at this juncture, 
there was somewhat less discussion of possible modifications to each 
proposed recommendation statement. Accordingly, the number of votes in 

agreement with the statements were, in certain cases, relatively low- 
presumably due, in part, to differences in wording which may have been 
minor. The results of this exercise are listed below. Note that the 
recommendations are 1 isted in terms of the interest group which 
originated the recommendation. Vote tall ies are a1 so shown. 

Recommendations Made by the Dri ver-Ori ented Group 

1) Initiate research on driver performance and stress effects of 
the truck driving environment in the following areas: (Ed. 
Note: Each of the lettered sub-recomnendations was voted upon 
separately as cited. ) 

a) (Agreement: 18 yes, 0 no) 

Potential increase in fatigue, tendency toward drowsiness, 

etc., due to various factors specific to the truck driving 
occupation (e.g., vibration, noise, monotony, schedule 
demands, etc. ) . 

b) (Agreement: 21 yes, 0 no) 

Effects of transients on inmediate driving performance. 

c )  (Agreement: 15 yes, 0 no) 

Possible long-term health effects. 



d) (Agreement: 18 yes, 0 no) 

Possible effects of fatigue, monotony, desynchronization 

( i  .e., frequent shifting of normal daylnight sleep periods), 

on truck driving habits. 

e) (Agreement: 5 yes, 0 no) 

Detection of distant objects under conditions of severe 

vibration. 

2)  (Agreement: 13 yes, 0 no) 

IS0 and ANSI writing groups should be encouraged to work on 

amendments to IS0 2631 and/or ANSI S3.18-7979 for the appl i- 
cation of these documents to the evaluation of truck driver 

vibration environments. Vibration exposure doses of truck 

drivers should be collected according to the cited standards 

for comparison with human response data. High-amp1 itude, 

ihort-duration, single-accel eration transients should receive 

further consideration in the evaluation procedure. 

3 )  (Agreement: 10 yes, 0 no) 

Avail able qua1 ity truck vibration data should be analyzed 

with respect to improvement of correlations between vi bra- 

tion exposure and subjective ride measures and/or available 

(e.g., ISO) guidelines. Such truck vibration data should 

continue to be collected. 

4)  (Agreement: 17 yes, 0 no) 

An experimental program util izing a driving simulator should 

be initiated to study connections between truck ride vi bra- 
tions, driver performance, fatigue, and safety factors. 



* 

Recommendations Made by the Manufacturi ng Group 

1 )  (Agreement: 17yes ,  0 no) 

Typical ride vibration data should be gathered which i s  
characteristic of real periods of exposure and yearly patterns 
as experienced by truck drivers. 

2 )  (Agreement: 22 yes, 0 no)  

Research should be conducted t o  determine the interaction 
between truck ride vibrations and the other confounding factors 
that may infl uence driver performance. 

3) (Agreement: 14 yes, 0 no)  

The Federal Highway Administration should, through research 
and development, improve the techno1 ogy needed t o  increase 
highway l i f e  expectancy and smoothness and t o  reduce those 
vibrations which are input a t  the frequencies fall ing in the 
normal driving range. 

Recommendations Made by the Trucking Group 

Pending the development of a convincing body of data showing 
the existence or absence of a positive link between vibration 
and highway safety, i t  i s  recomnended that: 

a )  (Agreement: 17 yes, 0 no)  

Research on truck ride quality be encouraged within 
the private sector (Society of Automotive Engineers, 
manufacturers, etc.  ) . 

b)  (Agreement: 17 yes, 0 no )  

There be continued research into the long-term health 
effects of truck driving. 

c) (Agreement: 21 yes, 0 no) 

Roads be improved and repaired as expeditiously as 
possible. 



d )  (Agreement: 21 yes, 0 no) 

Simulator techniques should be developed t o  permit 
systematic investigation of the various stimuli in- 
f l  uencing driver performance. 

Recommendations Made by the Highway Group 

1 )  (Agreement: 21 yes, 0 no) 

The adverse effects of road roughness on vehicle ride, pave- 
ment 1 i fe ,  and highway safety should be assessed. 

2)  (Agreement: 4 yes, 15  no)  

Technology should be imp1 emented permitting trucks t o  be 
designed so that drivers are isolated from vibrations which 
affect their  abi l i ty  t o  control the vehicle. 



4.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The r e l a t i o n s h i p  between t r uck  r i d e  v i b r a t i o n  and sa fe ty  as 

explored by (a )  an examination o f  the l i t e r a t u r e ,  ( b )  the conduct of 

add i t i ona l  t r uck  r i d e  measurements, and ( c )  the convening o f  a  con- 

ference of know1 edgeabl e  peopl e  i nvol ves many d iverse aspects. I n order 

t o  render t h a t  extens ive and d e t a i l e d  in fo rmat ion  more easy t o  assimi- 

l a t e ,  the f i n d i n g s  from t h i s  exerc ise are sumnari zed below i n  the context  

o f  what may be concluded and what l i k e l y  courses of a c t i o n  would be 

endorsed by those w i t h  a  knowledge o f  the issue. 

4.1 Summary and Concl us i ons 

Though the actua l  data charac te r i  z i  ng the 1  ong-term v i b r a t i o n  

exposure o f  t r uck  d r i v e r s  a re  l i m i t e d  i n  scope, those data which are 

avai  lab1 e  g ive  evidence t h a t  s i g n i f i c a n t  por t ions  o f  the t ime spent 

d r i  v i  ng t rucks i nvol ves exposure t o  v i b ra t i ons  whi ch , depending on the 

road surface, approach the  I S O / A N S I  three-hour Fa ti gue-Decreased 

Pro f i c iency  Boundary. Whether o r  no t  t h i s  f i n d i n g  i s  s i g n i f i c a n t  t o  

issues of t r a f f i c  sa fe t y  o r  d r i v e r  hea l th  i s  a  debatable mat ter .  The 

IS0 "FDP" c r i t e r i a  do n o t  c o n s t i t u t e  a  un iversa l  "standard" i n  the sense 

o f  an absolute sca le  and thus requ i re  a  spec ia l  e f f o r t  i n  t h e i r  a p p l i -  

c a t i o n  t o  the sub jec t  o f  t r u c k  r i d e  v i b ra t i ons .  To do so, the technica l  

community sees the need f o r  both more d e t a i l e d  data descr ib ing  the con- 

t inuous exposure o f  d r i v e r s  over days and weeks and the oppor tun i t y  t o  

apply the knowledge. Therefore, i t  must be concluded t h a t  the technica l  

community invo lved  i n  the i n f l uence  o f  v i b ra t i ons  on humans does no t  

c u r r e n t l y  have a  basis t o  prov ide a d i r e c t  assessment o f  the s i gn i f i cance  

of t ruck  r i d e  v i b r a t i o n  as i t may a f f e c t  an i n d i v i d u a l  I s  performance as 

the  d r i v e r  of a  t ruck ,  o r  as i t  may a f f e c t  h i s  heal th .  

The conferees who represented the human v i b r a t i o n  f i e l d  o f  

research ( i  . e. , the Dr iver-Or iented Group) d id ,  however, r e g i s t e r  t h e i r  

personal "hunches" o r  suspicions i n  response t o  the Opinion Survey 

quest ion regard ing the re1 a t i v e  importance o f  d i f f e r i n g  d r i v e r  factors  



as contributors t o  accidents. This group ranked "performance degraded 
by vibration" a t  the midpoint of the scale of driver-related factors 
(above other factors ranked by the overall group, which were "stress due 
t o  personal problems," "under the influence of drugs," "sick or 
physically impaired," and "anti-social attitude" ) . Likewise, the over- 
a l l  group estimated that nearly five percent of the health problems of 
career truck drivers are significantly contributed t o  by the fact  that 
dri vers are exposed to strong ri de vibrations . Accordingly , whi 1 e the 
human performance experts i nvol ved in the v i  bra t i  on subject are rigorous 
in n o t  drawing firm conclusions from the available data on the truck 
ride vibration issue, the overall group judgments would indicate reser- 
vations that vibration may play a role in five percent of career driver 
heal t h  problems. 

The expressions of judgment on the part of the overall group of 
conference participants shows that v i  bration-re1 ated factors are given 
the lowest priority among those vehicle and driver factors which are 
seen to contribute t o  accidents, whereas i t  i s  of intermediate importance 
as a highway concern. Perhaps the one group which was most concerned 
about the likely significance of a factor which was i n  i t s  own area of 
expertise was the highway group. The highway experts ranked the factor 
"distributed and localized roughness" slightly higher than five other 
highway factors which might contribute to truck accidents. What may be 
of greater significance, however, i s  the concern expressed by these 
experts w i t h  the continuing deterioration i n  the pavement quality of the 
nation's road system. The highway group chose t o  submit for endorse- 
ment by the conferees a statement projecting an increase i n  the vibration 
exposure of truck drivers i f  the deterioration in the road system i s  
permitted to continue uncorrected. The statement, which accepted the 
data generated i n  this project relating truck ride vibration t o  the actual 
roughness condition of road surfaces , received unanimous agreement from 
the conferees. 

The pavement roughness condition was given attention throughout 
the conference in terms of both the random, small amplitude, roughness of 
the surface (which accounts for much of the more-or-less continuous back- 
ground vibration which truck drivers experience) and the severe 1 ocal i zed 



pavement faults which may momentari ly jar the driver. While the relative 

importance of each type of roughness in the overall safety picture i s  n o t  
a t  a l l  understood, severe vibration as may result from localized pave- 
ment faults was viewed as a possible mechanism affecting safety by 

disturbing the driver 's  abili ty to maintain control of the vehicle. 

Fatigue was identified as the other most likely causal linkage 
between vibration and safety. I t  was recognized that vibration exposure 
may bo th  increase driver vigilance, on the short term, as well as diminish 
vigilance as fatigue sets in. In addition, i t  would appear that many of 
the other stress factors characteristic of long-haul truck driving could 
act ,  synergistically, w i t h  vibration to influence the s ta te  of fatigue 
which may result. The question of fatigue, then, i s  seen as a very com- 
plex problem. This point of view was articulated in the consensus 
statement that read: "Any investigations into the relationship between 
truck ride vibrations and acci dent involvement must consider interactions 
between vibration and other factors contributing t o  fatigue. " 

The a1 ternative route of looking t o  the accident record for evi- 
dence of a safety effect provides l i t t l e  information. Specifically, the 
accident data currently available are not sufficient t o  prove that any 
significant link between truck ride vibrations and accident involvement 
exists or does n o t  exist .  Although the data are inconclusive, they do 

provide guidance for recommending further work i n  this area. In general , 
the review of existing accident data implies that i f  ride vibrations play 
a significant role in highway safety, then the mechanisms involved are 
complex and involve interactions with other factors as in the case of 
fatigue. For the most part, the accident data were sufficient t o  reject 
the straightforward direct 1 inks bekeen ride vibration and accident 
involvement, such as the loss of control due t o  inability t o  modulate 
foot controls. 

Final ly, there was concern among some of the experts that driver 
morbidity could reduce the proficiency of driving ski 11 s , thereby 
influencing safety. I t  was generally agreed that such an effect i s  
possible, a1 though there was no consensus that morbidity i s ,  i t s e l f ,  
produced by 1 ong- term exposure t o  truck ride vibrations. 



4.2 Recommendati ons 

I n  s p i t e  of a  lack  o f  evidence on the r e l a t i o n s h i p  between t r uck  

v i b r a t i o n  and sa fe ty  o r  heal th ,  nevertheless the group p ro f f e red  recom- 

mendations t o  cont inue work on the  subject .  I n  some cases, they were 

w i  11 i ng t o  propose recommendations d i  rec ted  toward c e r t a i  n  fac t ions  , 
wh i l e  i n  o ther  cases, no responsib le  f a c t i o n  would be i d e n t i f i e d .  The 

f 01 1 owing recommendations a re  drawn from the conference w i  t h  some expan- 

s i on  and i n t e r p r e t a t i o n  app l ied  by the authors. 

1  ) The SAE should be encouraged t o  develop Standards and 
Recommended Pract ices f o r  the measurement and analys is  o f  t r uck  r i d e  

v i b r a t i o n  data. 

2 )  The IS0 and ANSI w r i t i n g  groups should be encouraged t o  work 
on amendments t o  IS0 2631 and/or ANSI  S3.18-1979 f o r  app l i ca t i on  t o  the 

eva lua t ion  o f  t r uck  d r i v e r  v i b r a t i o n  environments, w i  t h  emphasis on 

the high-ampli tude, shor t -dura t ion  t r ans ien t  accelerat ions.  

3)  Both the government and the t r uck ing  i ndus t r y  should be 
encouraged t o  cont inue research on measurement and charac te r i za t ion  o f  

the  t ruck  r i d e  v i b r a t i o n  environment, w i t h  emphasis on charac te r i z ing  

the long-term v i b r a t i o n  exposure o f  t r uck  d r i ve rs ,  i nc l ud ing  occurrences 

o f  shor t -dura t i  on, h igh- leve l  t rans ien ts .  

4 )  The federa l  government should consider con t i  nui  ng research 

i n  the f o l l ow ing  areas: 

a)  E f f ec t s  o f  f a c t o r s  s p e c i f i c  t o  the t ruck  d r i v i n g  envi ron- 

ment ( v i b ra t i on ,  noise, schedule, etc.  ) on d r i v e r  f a t i gue ,  

performance, safety, and heal th .  The experimental simu- 

l a t o r  method i s  s p e c i f i c a l l y  i d e n t i f i e d  as a recommended 

means t o  study these connections. 

b)  E f f ec t s  o f  road roughness on veh i c l e  v i b ra t i ons  as may 
adversely a f f e c t  r i de ,  sa fe ty ,  and roadway de te r i o ra t i on .  

c )  E f f ec t s  o f  v i b r a t i o n  on the long-term hea l th  o f  t ruck  
d r i ve rs  . 






