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Introduction 
 
The frequency displays, below in this section, for C222 (CU Contributing Vehicle Defect Fre-
quency) show that the most often crash-contributing defect is brakes, with 41.3% of the vehicle-
defect crashes.  Note that the listing omits those crashes where vehicle defects were not indicated 
to be contributing to the crash.  The next two in frequency both relate to tires, and combined they 
account for 5338, which is 33.6% of the vehicle defect crashes.  These will be considered to-
gether because they are not independent.  Both Tire Blowout/Separation (3584 crashes) and Im-
proper Tread Depth (1754 crashes) can be caused by tire wear, and thus many of them are the re-
sult of not performing timely tire maintenance.  Together brakes and tires contributed to 11,914 
crashes, which is about 75% of all contributing vehicle defect crashes. 
 
C222 CU Contributing Vehicle Defect Frequency 
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The frequency distribution above indicates that the combined tire and brake defects account for 
about 75% of all crashes caused by vehicle defects.  These are further subdivided by about 41% 
brake faults and 24% tire faults.  Steering, wheels and power train occur rarely compared to these 
with 7.49%, 5.69%, and 3.62%, respectively.  The items being compared are shown graphically 
in the display below. 
 
C222 Contributing Vehicle Defect Limited to Brakes and Tires 
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C025 Crash Severity 
 
While considering these defect types as an overview, it is insightful to consider the severity of 
the crashes caused by each.  The IMPACT display given below compares the two defect type by 
crash severity.  From this it can be seen that the negative impact of these two defect types is not 
totally revealed by their frequencies.  Tire defects resulted in 74 fatal crashes over the five years, 
while defective brakes were involved in only 7 fatal crashes.  The under-representation of tire 
faults in the next two worse severity types indicates a very large over-representation of tire faults 
in these two categories as well.  Compensating for this, the lowest severity types (Possible Injury 
and Property Damage Only) are over-represented in the brake-defect caused crashes.  See a fur-
ther discussion of severity beginning with C025 in the Recommendations section below. 
 
 

Crash Severity of the Two Defect Types Being Compared 
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Recommendations 
 
Recommendations will be presented here as a summary of the findings.  They will be referenced 
by the CARE crash attribute numbers (Cnnn) for ease of reference to the IMPACT displays that 
will follow.  Please read the Introduction to the IMPACT Displays section below to better under-
stand the comparisons that are being made in the IMPACT displays. 
 
The following present the recommendations by CARE crash attribute number: 
 

• C001, C002 and C010: Geographical Area.  City, County and Rural/Urban displays show 
clearly that defective brakes are far more prevalent in the urban areas, while tire defects 
are largely a rural issue.  Inspections of trucks and cars should take into consideration 
where the predominance of the driving will take place for that vehicle and concentrate ac-
cordingly.  

• C011 and C033: Highway Classifications and Locales.  Reinforcing the results given 
above is the over-representation of brake problems on municipal streets, while tire prob-
lems are over-represented on Interstates.  Similarly, Locales associated with urban areas 
reflect brake problems, while Open Country is significantly over-represented in tire de-
fects.  

• C028: Mileposted Routes.  The high-level conclusion that we can come to in comparing 
mileposted routes (combined, Interstate, State and Federal) is that the State and Federal 
routes have far higher a proportion of brake problems as opposed to Interstates, which 
have the much higher proportion of tire-caused crashes. The increased proportion of tire 
problems on Interstates might be partially attributed to (1) higher speeds, (2) longer dura-
tion trips, and (3) less reliance on brakes for safe operation.  

• C003: Year.  Over the five-year period of the study, there was an increase of 214 (18.4%) 
for brakes, and an increase of 103 (10.8%) for tires.  This provides some evidence that 
brake problems are increasing more than tire problems, with the increased traffic volume 
affecting both.   

• C004, C006, C008 and C031: Enforcement Times.  While Brake issues are over-repre-
sented in November and December, as opposed to tire issues that tend to be clustered in 
the warmer months of May-July.  There is little reason to alter enforcement strategy on 
this account.  The variability over the days of the week seem to be causes more by large 
differentials in brake defect crashes: Friday, Tuesday and Wednesday being over-repre-
sented, while Saturday and Sunday are significantly under-represented in brake-caused 
crashes (i.e., tire problems are over-represented).  Correlated with this is the time of day: 
rush hours are over-represented with brake problems, whereas late night hours are more 
often attributed to tire defects.  So if selective enforcement could differentiate between 
these two defect types, the concentration for brakes would be during the week, and espe-
cially rush hours, while the concentration for tires would be weekends and late-night. 

• C006 and C008: see C004. 
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• C015: Primary Contributing Circumstance (PCC).   As expected, urban types of crashes 
are related to bad brakes, from Misjudge Stopping Distance down to Various Failed to 
Yield Right of Way items.  DUI and speed-related items are over-represented for tire 
faults. 

• C017 and C023: First Harmful Event and Manner of Crash.  Bad brakes clearly cause a 
major over-representation in Collision with Vehicle in Traffic and Collision with Parked 
Motor Vehicle.  Bad tires tend to cause relatively more collisions with obstacles that are 
single-vehicle crashes off the roadway.  Manner of Crash (C023) produces essentially 
identical results. 

• C022: Type of Roadway Junction Feature.  Four-Way Intersections and T-Intersections 
are significantly over-represented for bad brakes, while bad tires are more associated with 
junctions related to the Interstates.   

• C023: see C017. 
• C025, C038, C060 and C224: Crash Severity Factors.  The severity results (C025) here 

are quite surprising and probably unexpected for most people.  Notice just in the raw fre-
quency that there are nearly ten times the fatal crashes cause by tires as that caused by de-
fective brakes.  (No statistical significance results are shown if any of the items being 
compared has less than 20 occurrences.)  The next two most severe classifications are 
also quite significant.  The least severe injury crashes are under-represented for faulty 
tires.  Let us consider the causes of increased severity: 

o C038: Adjusted EMS Arrival Delay.  A major problem with defective tire crashes 
is their distance from available EMS first responders.  Being over-represented in 
rural crashes, the time it takes them to be reached is significantly higher than most 
brake-defect crashes, which occur in urban areas. 

o C060: Number of Injuries (including fatalities).  All of the injury categories are 
over-represented in defective tires as opposed to defective brakes.  This is con-
sistent with the other severity metrics.  

o C224: Speed at Impact.  This display makes it abundantly clear that the speed of 
impact of tire-defect caused crashes is much, much higher than the typical brake-
defect crash.  This reflects the proven fact that in Alabama above 40 MPH, an in-
crease in the impact speed of 10 MPH doubles the probability (exponentially) that 
the crash will result in a fatality.  The background coloring shows a very high sig-
nificance for higher frequency of brake-defect crashes in the 1-35 MPH range.  
For tire defect caused crashes there is a similar exceedingly high over-representa-
tion in the 51-70 MPH range.   

• C031: see C004. 
• C032: Weather.  As usual, weather changes things.  The major finding in several previous 

studies is that wet pavement reduces fatalities by virtue of slowing the traffic speeds.  In 
this case we find brakes being more of a problem in clear weather, and tires being a larger 
problem in the rain (about twice what is expected when compared to the proportion of 
brake-defect caused crashes. 

• C033: see C011. 
• C038: See C025. 
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• C052: Number of Vehicles.  Single vehicle crashes are over-represented in defective tire-
caused crashes.  Defective brakes are more apt to cause two, three or higher multiple-ve-
hicle crashes.  

• C060: see C025. 
• C101: Causal Unit (CU) Type.  Passenger Cars and Mini-vans have the greatest brake 

problems, as opposed to SUVs and large trucks, which have a higher proportion of tire 
problems. 

• C107: CU Driver Raw Age.  Clearly the younger drivers have much more of a problem 
with brakes than they do with tires.  This is about the only conclusion that can be ob-
tained by studying these two distributions.  The reason for this is probably that they are 
more apt to be involved in shorter trips, and in predominantly urban areas. 

• C109: CU Driver Gender.  The same thing probably explains the male-female disparity – 
males drive the longer trips; while females are more into urban driving. 

• C110: Driver Residence Distance.  This is also an expected result since shorter trips are 
correlated with brake defects, while longer trips are correlated with tire defects. 

• C121, C122 and C123: CU Driver Condition and (Officer Opinion of) Sobriety.  These 
attributes confirm what was found in the Primary Contributing Circumstances (C015) and 
the other alcohol and drug test results.  ID/DUI is more correlated with defective tires 
than with defective brakes.  This is probably because ID is correlated with rural driving. 

• C125: CU Vehicle Maneuvers.  Intuitively, brakes will be involved in maneuvers which 
require their use.  On the other hand, tires can go out at any time, and so those which are 
most common to driving are thus over-represented. 

• C204: Sequence of Events.  Defective brakes are close to seven times more likely to re-
sult in collision with another vehicle in traffic, close to six times more likely to result in 
running off the road straight, and over 3 times more likely to result in a collision with a 
parked motor vehicle.  The first of these is by far the most predominant, occurring over 
30 times more than the second two. 

• C208: Model Year.  Brakes are problematic up through the 1998 model year.  Neither de-
fect type until model year 2008, and from that point forward, defective tires are over-rep-
resented. 

• C224: see C025. 
• C233: Point of Initial Impact.  Head on Center is over-represented for brakes defects by 

over twice what would be expected, and no other attributes are over-represented.  Defec-
tive tires, especially blow-outs, will tend to pull the vehicle one way or the other, and this 
accounts for most of the other point of initial impact over-representations. 
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Introduction to the IMPACT Displays 
 
In order to get insight into these two vehicle defect types, an IMPACT analysis was performed 
that compared them against each other.  This showed the similarities and differences between the 
two types of defects.  Experimentally, each of them can be viewed as the other’s control group.  
When one of them is over-represented, this could indicate an even larger issue than if the com-
parison were against no defects at all.  To facilitate future reference, the comparisons are gener-
ally ordered in the way that they appear in the data.  Use the navigation bar of Word or the PDF 
search to get to specific comparisons.  In the results, the “Subset” is the proportion of brake de-
fect caused crashes (represented by the red bars in the charts).  The “Other” (blue bars) is not the 
complement, which is often the case in IMPACT comparisons, but it is the proportion of tire-de-
fect caused crashes. 
 
To summarize, in the displays that follow the red bars represent the proportion of the attributes 
of the 6576 crashes that had Brakes as the Contributing Vehicle Defect.  These are compared 
against comparable attributes of the combined Tire defect types: (1) Tire Blowout/Separation and 
(2) Improper Tread Depth, which had 3,584 and 1,754 crashes, respectively (5,338 total).  These 
tire defect proportions are given by the blue bars in the charts.  Several of the displays are 
“pruned” to remove irrelevant items of low frequency that had very low relative impact on 
crashes in general. 
 
Please do not confuse the color of the bars with the background colors in the table.  In the tables, 
red background indicates that defective brakes are over-represented by over twice what would be 
expected from the defective tires proportion; conversely, green background indicates that tires 
are over-represented by over twice what would be expected from the defective brakes proportion.  
This will be represented by an Odds Ratio of 0.5 or less. 
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IMPACT Comparison of Brakes (Red Bars) with Tires (Blue Bars) 
 
C001 County (Counties that had significant differences before pruning) 
 

 
 
Counties that had less than 20 defective brakes crashes as well as others that did not significant 
differences in the proportion of brakes compared to tires crashes.  Prior to pruning, all of the 
above showed significant difference in their proportions.  The counties that are over-represented 
in brakes defects are at the top, while those with more tire defects are toward the bottom. 
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C002 City (Cities that had significant differences before pruning) 
 

 
 
See C010; clearly brakes are the larger problem in the urban areas. 
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C003 Year 
 

 
 
There is a general trend up that reflects the increase in the number of vehicle-miles traveled.  The 
only significant difference between the two defect types was in 2015, where tire defects had a 
large increase.  Overall, between 2014 and 2018, there was an increase of 214 (18.4%) for brakes 
and an increase of 103 (10.8%) for tires.  The 2016 year was an outlier in most respects, and that 
has been studied in other analyses, e.g.,: 
 
http://www.safehomealabama.gov/wp-content/uploads/2018/12/AL-Fatality-PPT-Comp-CY2016-w-2014-v08.pdf  
 
 
 
  

http://www.safehomealabama.gov/wp-content/uploads/2018/12/AL-Fatality-PPT-Comp-CY2016-w-2014-v08.pdf
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C004 Month 
 

 
 
Brake issues are over-represented in November and December, while tire issues tend to be clus-
tered in the warmer months of May-July. 
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C006 Day of the Week 
 

 
 
Weekends are over-represented in tire issues, while Friday, Tuesday and Wednesday (in that or-
der) are over-represented in brake contributing defects.   
 
Correlated with this is the time of day given next.  Rush hours are over-represented with brake 
problems, whereas late night are most often attributed to tire defects. 
 
 
 
 
 



 

 
 
 15 

 
C008 Time of Day 
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C010 Rural or Urban 
 

 
 
The county and city results basically reflect the rural-urban over-representations.  Clearly urban 
areas are over-represented in brakes issues, while rural areas have proportionately far more prob-
lems with tires. 
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C011 Highway Classification 
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C015 Primary Contributing Circumstances   
 

 
 
All attributes with less than 40 cases were removed.  DUI and Speed are correlated with faulty 
tires as opposed to bad brakes. 
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C017 First Harmful Event (30 or less removed) 
 

 
 
This attribute had the highest total maximum gain. 
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C022 Type of Roadway Junction/Feature 
 

 
 
Brakes contribute to more crashes at intersections, while tire defects are more on locations de-
scribed by Bridge/Overpass/Underpass, Entrance or Exit Ramp, and Off Ramp.  This was further 
confirmed by C026 (not shown), which had an odds ratio for brake-related crashes at intersec-
tions to be close to 6 times that of defective tires. 
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C023 Manner of Crash 
 

 
 
This attribute had the fifth highest total Max Gain. 
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C025 Crash Severity 
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C028 Mileposted Routes 
 

 
 
Routes with 30 or less brake-related crashes were removed. 
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C031 Lighting Conditions 
 

 
 
These results can be correlated with the urban-rural and other geographic results, but this could 
be a root cause for those other results. 
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C032 Weather 
 

 
 
Clear weather leads to significantly more brake-related crashes, while rain is over-represented in 
tire-defect related crashes. 
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C033 Locale 
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C038 Adjusted EMS Arrival Delay 
 

 
 
This result seems consistent to the facts that tire-defect related crashes (blue bars) are more se-
vere and the also occur more in rural areas.  Perhaps the more severe crashes lead to a greater 
sense of urgency, but this is just speculation.  See C224 for speed severity metrics.  The more 
general cross-tabulation below shows the overall relationship between ambulance delay times 
and severity. 
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Cross-tabulation Severity by Ambulance Arrival Time for All Crashes   
 

 
 
This cross-tabulation considers all crashes for which an EMS unit was called.  For these crashes, 
“Property Damage Only” represents the number of crashes in which EMS were called but no one 
was found to have any injury; so this could be renamed: no injury.  Note how the numbers and 
proportions in this column go down with increases in the arrival times above 10 minutes.  The 
probability of a crash being fatal increases by 50% with an arrival of 6-10 minutes.  For arrivals 
from 11 to 90 minutes, the probability doubles.  For 91-180 minutes it goes up by a factor of 3.5; 
and this factor increases to 14 for arrival times over 180 minutes.   
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C052 Number of Vehicles 
 

 
 
This attribute had the 7th largest total Max Gain. 
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C060 Number Injured (Includes Fatalities) 
 

 
 
Tire-defect related crashes are over-represented in the one-injury and most of the multiple-injury 
categories as well.  There is little doubt that these crashes are more severe, and one reason is the 
increased speeds of impact (see C224).   
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C101 Causal Unit (CU) Type 
 

 
 
The unit types at the top (e.g., Passenger Car, Mini-van and Pick-Up) are more inclined to brake 
problems.  Those with Odds Ratios less than 1.000 are over-represented in tire problems (e.g., 
Tractor/Semi-Trailers and SUVs). 
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C107 CU Driver Raw Age 
 

 
 
Collectively, the age group from 16-20 is significantly over-represented in brake faults.  We sus-
pect this is because they are driving cars of model year much older than other ages.  This is con-
firmed by the cross-tabulation of two age ranges (16-20 and 21-25) by model year given below.  
It is obvious that they are driving significantly older vehicles.  
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Cross-tabulations of driver age (for 16-20 and 21-25) by Model year 
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C109 CU Driver Gender 
 

 
 
Females are more prone to brake faults, while Males are over-represented in tire faults. 
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C110 Driver Residence Distance 
 

 
 
Shorter trips are correlated with brake defects, while longer trips are correlated with tire defects. 
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C121 CU Driver Condition 
 

 
 
This confirms the findings of C015 and the other alcohol and drug test results given below.  
ID/DUI is more correlated with defective tires than with defective brakes.  This is probably be-
cause ID is correlated with rural driving. 
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C122 CU Drivers Officer Opinion Alcohol 
 

 
 
Further confirming C121 above. 
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C123 CU Drivers Officer Opinion Drugs 
 

 
 
Further confirmation for drugs.  Recall that an under-representation in the lower lines indicates 
an over-representation for tire defects. 
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C125 CU Vehicle Maneuvers 
 

 
 
Several maneuvers at the top correlate with bad brakes.  Bad tires show significant over-repre-
sentation when negotiating a curve, and also Movement Essentially Straight. 
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C204 CU Sequence of Events #1 
 

 
 
Items with less than 10 occurrences were removed.  This attribute had the second highest total 
Max Gain. 
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C208 CU Model Year 
 

 
 
Brakes are problematic up through the 1998 model year.  Neither defect type until model year 
2008, and from that point forward, defective tires are over-represented. 
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C224 CU Estimated Speed at Impact 
 

 
 
This attribute had the 6th highest total Max Gain. 
 
 



 

 
 
 43 

 
C233 CU Point of Initial Impact 
 

 
 
 
 
 

For more information on this subject from NHTSA and other sources, please see: 
http://www.safehomealabama.gov/tag/defects-recalls/ 
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