




Some other results were consistent with the 
proportion of vehicles on the roads: the ratio of 
straight truclc.s to tractor-semttrn11er accIdents 
closely matched their relative numbers in use, and 
the ratio of jackkr.Jves involving two- and three­
axle tractors (8/18 = 0.440) was matched by their 
frequency on the roads (0.41 to 1). The latter result 
conflicts with a US study (4) that mdicated a 
two-axle tractor was 3.6 times more likely to be 
involved in a jackknifing acCident than a three­
axle tractor. This might also have been expected 
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Vehicle configuration terminology 

FIGURE 5 

as theoretical studies (5} have shown short-wheel­
base tractors (typically with two-axles) are less 
stable under the braking conditions that lead to a 
jackknife. 

4.2.3 Drlver Actions 
.As were able to be determined, the drivers' actions 
during the 95 control-loss aCCidents �u�n�d�e�r�d�i�s�c�u�s�~� 

sion are shown in Table 9. It is seen that, as is well 
known, the first action of drivers was most often 
to apply the brakes. However, steer:lng before 
braking was used quite often, though only 300Al as 
often, 

Though ajackk.uife is nonnally thought to be the 
result of excessive braking for the conditions, in at 
least three cases no braking was established . 
These cases were thought to be power jackknives, 
in which drive torque was sufficIent to spin the 
drive axles. However, the vast majority resulted 
from braking. often followed by steering. 

4.S 

Whenever a loss-of-control acctde."'1t appeared to 
be caused by skidding, the focus of the 
investigators' attention was directed to examina­
tion of the tires. This examination included deter­
mination of tire manufacturer, size. type. load 
rating. tread pattern and depth, and pressure of 
each tire. Deflated tires were examined to the 
extent possible on the site without removal to 

Table 8 - Vehicle configurations in control-loss accidents 

Configuration 

8traight 2 
Trucks 3 

Tractor-
semitrailers 281 

282 
382 
383 

Truck-trailers 3-2 
3-3 
3-4 

A-trains 251-2 
382-2 
382-3 
382-4 
383-3 

B-trains 352S1 
3S382 

Directional 
iooof 
control 

5 
4 

2 
3 
1 

Skid 

5 
3 

1 
12 

1 
1 

1 

Jackknife 

6 
2 

15 
3 

1 

2 

1 
:2 

1 

1 

Rollever 

4 
1 

6 
3 

1 
3 

1 

Total 

14 
8 

6 
6 

38 
7 

1 
1 
1 

1 
1 
6 
1 
1 

1 
2 

%0£ 
population 
{hea.vy 
t.rucks} 

7.2 
15.0 

4.6 
16.6 
40.7 
10.6 

0.0 
0.3 
0.4 

0.1 
0.1 
0.5 
0.1 
0.0 

0.0 
0.4 
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lish the cause of the deflation and its relationship 
to the events of the accident. 

It must be kept in mind. however, that other vari­
ables such as air brake adjustment and other air 
brake related factors might have contributed to the 
loss of control assumed to be the result of skid­
ding. Unless the air brake system was identified 
by the driver or other witness at the accident scene 
as the suspected cause ofthe accident. the opera­
tion of the air brake system was not investigated 
in detail. More often than not. the air brake sys­
tem was rendered inoperable by the accident 
damage to the vehicle and the air brake system 
could not be evaluated. 

4.3.1 Tire Pressure 
The measurement of tire pressure was not as easy 
as expected. particularly on the inner tire of a dual 
tire assembly mounted on the common spoked 
wheel. It was frequently found that a wheel r1m 
had rotated relative to the spokes, presumably be­
cause of defonned wheel space or insufficient 
tightening of the wheel nuts. The inner tire valve 

stem was thus bent and trapped behind the wheel 
spoke, inaccessible to a tire gauge. When pressure 
could be measured, no frequent or consistent pat­
tern of overly high or low tire pressures was ob­
served. 

4.3.2 Tread. Pattern of Traction TIres 
Tire tread deSign and condition Significantly affect 
the stability of commercial vehicles. The traction 
tires are of particular importance. especially for ar­
ticulated vehicles. Steering and trailer axle tires 
were normally of rib I groove tread pattern design: 
a wider variety of tread patterns was observed on 
the drive axles of both straight trucks and articu­
lated vehicles. For purposes of the study, the tread 
was classified into three common pattern types il­
lustrated in Figure 6. 

" Cross-rib 
In this type. transverse ribs extend from the 
shoulders towards the centre plane of the tire. 
The ribs from opposite sides do not meet. but 
leave a central area, essentially a wide 
Circumferential rib between them, that 

Table 9 - Driver actions in control-loss accidents 

Directional 
108s of Trailer 
control skid Jackknife swing RoUover 

Steer only 5 3 2 0 G 
Steer, then brake 0 0 I 0 0 
Brake only 3 12 16 1 3 
Brake, then steer 1 5 7 1 4 
Trailer brake only 0 1 1 1 I 
None 1 0 1 0 3 
Unknown 5 4 2 0 5 

Total 15 25 30 3 22 

Crosslib tires - ribs extending 
from the shoulder toward the 
cenier of the tire [nearly 
always bias ply) 

Mud and snow - vertical and 
horizontal tread (nearly 
always radial) 

Radial and bias ply rib tire - vertical tread 
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Total 

16 
1 

35 
18 

4 
5 

16 

95 



contains only relatively shallow s!pes. Usually 
of bias ply construction. 

@ Mud and Snow 
The tread of mud and snow tires are divided 
into blocks by transverse and circumferential 
grooves running the fun width and 
Circumference respectively. Usually of radial 
ply construction. 

@ Rib 
This conventional tread design has major 
circumferential grooves and ribs of either bias 
or radial ply design. 

Table 10 tabulates the traction-tire type used by 
CVs that lost control during an accident. Section 
4.2 deals with loss-of-control. 

These results can only be interpreted in relation 
to the traction-tire tread-type distribution among 
CVs on the highways in the survey area. This was 
determined in an MTC report (6) and is sum­
marized in Table 11. Figure 7 compares usage and 
accident involvement. 

[usually caused by traction wheel lock-up), be­
cause wheels equipped with such tires require 
relatively low brake pressure to lock them up. 

This suspicion is supported by the unfavorable 
response MTC has experienced from drivers of 
Ministry vehicles equipped with cross-rib design 
traction tires. The major complaints were of the 
lack of traction, particularly during adverse 
weather conditions. and the resultant vehicle in~ 
stability. 

New cross-rib (bias ply) tires have Significantly less 
braking traction than other truck tire types n 1). 
A review of the literature, References 7 to 11. has 
provided supporting evidence of the low traction 
capab1l1ties of these tires under conditions in 
which control loss is most likely to occur -- wet. 
slushy or snow-covered pavement, and low tire 
load. A further and signlficant reduction was 
measured on a cross-rib truck tire with reduced 
tread depth m. Figure 8 shows this loss of traction 
capability of the cross-rib as compared to a rib­
type tire. 

It is felt that this type of tire 18 adequate for 
low-speed city and fann use, but not for high­
speed inter-city use. Its main strength. that of a 
long wear Hfe, 18 a poor trade-off in tenus of vehicle 
stability and driver safety. 

4.4 TRAILER COUPLINGS 

The cross-rib tire was overrepresented in all cases 
in loss~of-control accidents, particularly for ar­
ticulated vehicles. Based on their usage. these 
tires would be expected to be present on a quarter 
of articulated vehicles in accidents. Deleting those 
with unknown tire type, they were present in 44% 
of loss-of-control accidents, independent of the 
type of control loss. The sample was suffiCiently Pup trailer rollover accidents are often c1assJil.ed 
large that the probability that this was a chance as being the result of coupling failures. A more 
result was miniscule. It is expected that vehicles m-depth examination usually reveals that some 
using these tires are more likely to have an acci- manoeuvre has initiated pup trailer Instability 
dent involving loss of control than other. similar which consequently causes roliover. It is during 
vehicles. As tire penOlmance and particularly. the overturning action that mechanical failure in 
maximum traction capability, is intimately con- the trailer coupling (Figure 9) occurs. This failure 
nected with controlability, it 1s natural to conclude is usually confined to the locking device. Once it 
that cross-rib tires produce low braking and/or occurs, the pup trailer can become free of the 
lateral traction. A low peak braking friction coeffi _ towing unit and restraint is left to the safety cables 
cient is very likely a factor in jackknife aCCidents which, more often than not. also fail. 
Table 10 - Traction tire types in control-loss accidents 

Type of Number Pe1"cellltage 
Vehicle cOllltrol 
type loss M+S X-rib Rib Ullknown M+S X·rib Rib Unknown 

Straight trucks Directional 0 5 1 3 0 55 11 33 
Skid 1 5 0 2 12 63 0 25 
Total 1 10 1 5 6 59 6 29 

Articulated Directional 3 2 0 1 50 33 0 17 

vehicles Skid 6 7 2 2 35 41 12 12 
Jackknife 15 12 0 3 50 40 0 10 
Trailer swing 1 1 1 0 33 33 33 0 
Total 25 22 3 6 45 39 5 11 
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The failure of the locking device is caused by the 
rigid tow eye on the dolly. As the pup trailer 
overturns, the tow eye rotates in the coupling 
device shearing off the mechanism. 

Other factors, such as, failure of attachment rings 
for safety cables or safety chains. inadequate 
safety cable size, lack of coupling pin retention. 
and metal fatigue in chassis members have been 
evident in the vartous accidents investigated. In all 
of these cases the trailers were loaded near to or 
at their maximum allowable gross vehicle weight. 
The loads, such as lumber. had a high centre of 
gravity. A summary of puptrailer accidents is 
shown in Table 12. 

4.5 SPRING BRAKES 

All present-day tractors equipped with air-ac­
tivated brake systems are also equipped with 
spring brakes. These spring brakes are found on 
the tractor drive axIe(s). depending upon vehicle 
design and date, and country of manufacture. All 
air-brake-equipped trailers. on the other hand. do 
not necessarily have spring brakes. The detennin­
ing factor again is date and country of manufac­
ture. 

Table 11 - Traction tire type usage (ill!}) 

Cross-
M + S rib Rib U?K 

Straight trucks 
& tnlck trailers 

Tractor-semitnillers 
A- and B-trains 

29 
64 
85 

55 
26 
12 

- USAGE 

11 
9 
3 

6 
1 
o 

!:ROIl 
RIB 1iiil 
r--l""" 
I 

- - - ACel!)iNT INVOI.VEM!NT 
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Comparison of traction tire usage and 
accident involvement by tire type 

FIGURE 7 

Through conversations with CA V drivers and fleet 
supervisors, it has been noted that the use of 
spring brakes in an emergency stopping situation 
is not generally recommended. In fact, there is a 
tendency to instruct drivers to use spring brakes 
only when parking the vehicle and never when the 
vehicle is in motion. 

Trailer designs such as those used for low beds 
and drop centre cattle vans make brake servicing 
very difficult. The lack of accessibility leads to 
longer air tank draining and brake adjustment 
intervals. This can lead to air system contamina­
tion. freeze-up , and a reduction in braking efficien­
cy, as was the case in three of the accidents 
investigated during the study. 

In those accidents, there was no attempt by the 
driver to use the spring brakes to slow or stop the 
vehicle. In each instance. the severity of the col­
lisions could have been substantially reduced had 
the spring brakes been activated. 

4.6 TACHOGR.APHS 

Only 7 of 77 commercial vehicles Involved in Phase 
2 of the study were known to have been equipped 
with tachographs. Important information was ob­
tained from this device: 

• In one case, the speed estimate of CAV by an 
independent witness was discredited. 

• In two cases, speed was in excess of the posted 
limit. 

• In four cases, the information not a factor. 

Commercial vehicle tachographs, mandatory In 
Europe, are one means of recording vehicle opera-

l!UIl6.t.~~ * Vjq~, UdXM&iIi 
~ nar;i< lIBMtIIG 

Peak braking traction of various truck 
tires 80 km smooth wet concrete 

(1/2 mm water depth) 
FIGURES 



tion for purposes of both monitoring fleet opera­
tion and law enforcement. Their use should be 
encouraged an.d would contribute greatly towards 
safe and cost-effective commercial vehicle opera­
tion. 

GENERAL OBSERVATIONS 

5.1 INTRODUCTION 

The commercial vehicle accident survey has 
produced other observations which, while not 
easily substantiated by statistics, are nonetheless 
conSidered to be valid and worthy of note. These 

AIR OPERATED 
!'I.UNGER ISNUI!6IERl 

~OCKING oeVica; 

Pintle hook type coupling device. 
FIGURE 9 

observations have been based upon feedback from 
concerned OPP officers, discussions with Cl\V 
drtvers and fleet managers, and the increased 
awareness of the traffic scene on the part of the 
authors. 

ACCIDENT INV'ESTlGATION NEEOO 

The experience gained from the CAV accident 
investigation programme and reinforced by court 
appearances indicates that there is a need for 
speCially-trained personnel to be available for 
technical, on-the-scene accident investigation. 
The levels of skill necessary to meet these needs 
go beyond normal accident reporJng and the basic 
on-the-scene aCCident investigation currently 
practiced. 

Traffic accident reports used by the OPP are the 
most bastc of data gathering methods in the acci­
dent investigation process. The reports use a 
square-filling format that can only provide general 
information pertaining to the vehicle, aCCident 
mechaniSm, and driver. The report of the Uffen 
Commission on truck safety (16) recommended 
that an Ontario truck accident report be designed 
to supplement the existing traffic report. and that 
MTC and opp jointly establish at least one per­
manent multldisciplinary aCCident investigation 

Table 12- Summary of accidents involving pup trailer towing attachments 

:Fimttle 
Saiety hook 

Toweye cable lock 
Accident Load Load attach. device 
nwnbel!" Config >75% sbift 560· Rigid Faib.ue failure failure 

008 382-2 X X 
101 3-4 X X X X 
037 382-2 X X X 
039 3-2 X Possible X 
062 3S2-3 X X X X 
130 352-3 X X X 
158 382-3 X X X 
171 382-3 X X 
81-Misc-02 352-3 X X X 

Human Roliever 
Ail' oll'main- Vehicle 

Accident snubber tcoance Complete speed and 
numbe!' Config equipped factor Uncouple Trailer vehicle manoeuvre 

008 382-2 X Evasive @ 80 km/h 
101 3-4 X Turning low speed 
037 382-3 X Evasive with braking @ 100 km/h 
039 3-2 X DIive 1.'100 steeply sloped road shoulder 
062 382-3 Lead unit Evasive and loss of control @ 70 km/h 
130 X X Evasive and Impact @ 100 kro/h and loss 

of control 
158 352-3 X X Go1.'1g ahead @ 80 kro/h 
In 382-3 X X X Going ahead @ 80 km/h 
BI-Misc-02 382-3 X X Going ahead @ 85 km/h 
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team to investigate heavy truck accidents in On­
tario. 

The gatherIng of acceptable and meaningful data 
Is necessary for accident reconstruction and 
evidence. The determination of accident causation 
can only be accomplished by having relevant in­
formation acquired by a skilled and knowledgeable 
technical accident investigator. It 18 also impor­
tant. since most accident reconstruction is done 
by individuals using accident data at secondhand, 
that the on-the-scene investigator be qualified and 
accepted in a court of law as an expert in this field. 

The importance of obtaining on-the-scene infor­
mation by using credible personnel cannot be 
overemphasized. The knowledgeable recording, 
refining, a...'1d interpreting of the accident data will 
provide a package of information useful for both 
research and litigation purposes. It will benefit 
both the trucking industry and the general public 
in terms of safe vehicle operation. 

5.3 DRIVER EDUCATION 

At present, little is offered to infOIm the student 
passenger-car drtver of his or her role in estab­
liS!ling a safe passenger-car I CV interface. Little 
information is offered outlining the needs of CVs 
to maintain a safe. traffic-oriented envelope and 
the effect of the passenger car on the integrity of 
this envelope. Agencies such as the Canadian 
Automobile Association and the Ontario Trucking 
AsSOCiation are attempting to address this prob­
lem through their publications (12, 13). While 
these attempts to inform automobile drivers of 
how to share the highways with trucks are a step 
in the right direction. a larger effort in this area on 
the part of all of the agencIes concerned with 
highway safety is felt to be necessary. 

5.4 PASSENGER CAR DOWNSIZING 

In an effort to use fuel more effiCiently. cars have 
been re-engineered to produce Ughter, more fuel­
effiCient vehicles. 1985 models weigh between 827 
and 1 'lOO kg. while the 1976 model cars ranged in 
weight from 936 to 2322 kg. Truck weights. how­
ever, have remained static. Therefore. the weight 
savings achieved through better engineering and 
manufacturing practices have been negated by an 
increase in payload. 

The downsized passenger car has lost a certain 
amount of "crash-worthiness" -- the ability of the 
body of the car to absorb and dissipate the energy 
of a collision -- through the greater utilization of 
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plastics, alloys, and lighter gauge metals in the 
battle to trim weight from the automobile body and 
chaSSiS. 

While the fuel-saving benefits of smaller cars have 
been clearly enunciated, the injury penalty of 
smaJJer cars has not been clearly defined (l4), The 
US Department of Transportation has found (15) 
that the shift to smaller. lighter cars has resulted 
in the occupant of a small car being eight times 
more likely to be killed than the occupant of a 
full-size car when a collision between the cars 
occurs. Although the sample of passenger 
car I CA V accidents in the MTC survey was insuf­
fiCient to provide conclusions, it was observed by 
the investigators and stated by enforcement of­
ficers that damage to the downsized car and pos­
Sibility of injury to the occupant(s) was generally 
greater thfu"1 in similar accidents involving full­
sized cars. 

Downs1z1ng has preCipitated another problem in 
the commercial vehicle/passenger car interface. 
Downsizing has produced cars that are dimen­
sionally smaller and therefore not as visible as the 
older generation full-size cars. A smaller car. when 
viewed in CV rearview mirrors. may be less readily 
noticed, particularly durtng traffic situations 
when the truck driver is subjected to a momentary 
environmental overload. 

5.4 LOAD RETENTION 

The proper loading of CVs is a very important 
aspect oftruck safety. Loading affects the braking 
ability. handling, and stability charactertstics of 
trucks: particularly CAVs. Observations made 
from the investigation of 12 aCCidents caused by 
or abetted by improper load retention are: 

e Load integrtty is not checked regularly; chains 
loosen as a divisible load settles while a CV is 
moving. 

• Few platform-type trailers are equipped with 
headboards. 

El Garbage containers are often unevenly loaded. 
affecting vehicle stability and braking 
effiCiency. 

III Too much reliance is placed on friction 
between load and trailer deck as a method of 
load retention. 



@ Use of frozen or ice-covered timber spacers in 
winter months. between bundles of plate steel, 
results in the loss of friction forces in 
restraining load movement. 

® Use of steel rollers on trailers results in the loss 
of friction forces in restraining load movement. 

® Loads are often inadequately secured in 
enclosed type trailers or truCKso 

® Shipping containers carried on platform 
trailers are often very lightly secured. 

e Load-locking mechanisms on container 
trailers are often not maintained properly thus 
affecting their operation. 

6. CONCLUSIONS 

1. The objectives of the CV on-the-scene acci­
dent sUlvey have been achieved, and an un­
derstanding of some of the causes and 
contributing factors of commercial vehicle ac­
cidents has been developed. 

2. The common perception that fault lies with 
the driver of a CA V involved in a multiple 
vehicle accident is false. It was found during 
the survey that the CA V driver was at fault a 
maximum of 47.2% of the time. 

3. Jackknife accidents usually involve lightly­
loaded or empty CAVs and usually occur on 
wet or slippery pavements. 

40 The use of jackknife control devices is not 
common. These devices should be optimized 
for empty articulated vehicles and their use 
should be recommended. 

5, Roliover accidents usually involve heav:ily~ 
loaded vehicles and occur on dry pavements. 

6, Cross-rib traction tires are overrepresented 
in loss~of-control accidents. Research into 
the sideforce and traction characteristics of 
various designs of commercial vehicle tires 
should be undertaken. Indications are that 
alternative tire tread designs and proper 
usage are a cost-effective means of increas­
ing commercial vehicle resistance to loss-of~ 
control. 

7. Mechanical failure is a significant but not 
large cause of commercial vehicle accidents. 

8. Speed too fast for the prevailing conditions 
accounted for 32% of the accidents in which 
the commercial vehicle was at fault 

9. Tachographs in commercial vehicles are a 
useful tool for law enforcement purposes and 
control by owners. 

10. The operation and control of a commercial 
vehicle is complex and demanding. Driver 
education should be offered to commercial 
vehicle drivers so that they might better un­
derstand the operational limits and condition 
of the vehicle. The implementation of an air 
brake endorsement for the driver of an air­
brake-equipped vehicle is a suggested 
method of promoting this knowledge. 

11. To maximize the use of highway systems. it 
is necessary to safely interface passenger 
cars and commercial vehicles. Driver educa­
tion should be offered to all student car 
drivers to inform them of the requirements of 
a commerCial vehicle driver, to increase 
awareness of a safe operational "envelope," 
and to the maintenance of a proper commer­
cial vehicle/passenger car interface. 

12. Accident reconstruction and investigation is 
a complex undertaking. A course of instruc~ 
Hon to teach the techniques of technical ac­
cident investigation should be established for 
law enforcement officers. An accident 
reconstruction and technical advisory service 
should be established to complement this 
course and assist officers in the more 
demanding cases. 

13. Research should be undertaken to better un­
derstand the effects on vehicle stability and 
control of using spring brakes in emergency 
situations as they are not widely used by 
commercial vehicle drivers when braking 
capability is lost on the vehicle. 
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