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APPENDIX A 

INTERVIEW PLAN 

This document presents a plan for interviewing Motor Carrier Safety Assistance 
Program (MCSAP) inspectors with regard to brake inspection, brake-adjustment, and the 

out-of-service criteria for brake-adjustment. This plan has been prepared by the University 

of Michigan Transportation Research Institute (UMTRI) for a project entitled, "Evaluation 

of Criteria for Truck Air Brake Adjustment" (Contract No. DTFH61-00106). This project 

is being performed in support of a major goal of the Office of Motor Carriers of the Federal 
Highway Administration (FHWA) -specifically, to ensure safe operation of motor 

vehicles engaged in interstate commerce. 

The broad goals of the study are to (a) reevaluate the brake OOS criteria, and (b) 

generate information that will tell motor carriers how often they need to adjust brakes. 
Specifically, the objectives of the study are as follows: 

(1) Evaluate the technical adequacy of the existing "Out-of-Service (00s )  
Criteria" for the brakes. The focus of this evaluation will be on the brake- 

adjustment criteria; 

(2) Make recommendations on revisions to either the OOS or the Federal Motor 
Carrier Safety Regulations (FMCSR) to make them uniform, technically 
sound, practical, and appropriate; 

(3) Develop guidelines on brake inspection and maintenance, especially on brake- 
adjustment for drivers, mechanics, and motor carriers; 

(4) Determine what effect vechicle use has on brake-adjustment; and 

(5) Determine how often brakes require adjustment for various types of vehicles 
and various types of operations. 

To aid in accomplishing these objectives, the intention of the interviews is to draw 

on the knowledge, perspectives, and experience of the MCSAP inspection personnel. 
Although the requirements for brake-adjustment to compensate for brake wear may seem 
straightforward, the actual practice of roadside safety inspection requires practical skill and 

judgment in assessing the state of brake-adjustment. The insights of the inspectors are 



expected to aid in obtaining information that is relevant and applicable to the practice of 

roadside safety inspection. In particular, the inspectors' responses are expected to aid us 

inmaking recommendations that are practical from economic, safety, and environmental 

perspectives. 

In summary, the purpose of this plan is to provide an orderly structure so the 

interviews can be conducted efficiently, and to ensure that appropriate topics will be treated 

in a logical order. The following section contains a listing of the sequence in which basic 

questions will be addressed in the interviews. 

INTERVIEW OUTLINE (sequence of questions) 

The intention here is to start with questions and discussions pertaining to the 

inspection process itself. In this way the interviewer and the inspectors are expected to 

establish a level of mutual understanding that will aid the interview process when the 

questions become less straightforward and more abstract or more speculative. Clearly, the 

inspectors should understand that they are not expected to know everything, but that their 
knowledge is valuable. 

Question #I:  How is brake-adjustment inspected? 

*What are your procedures for inspecting brake-adjustment? 

*What equipment do you use? 

*How do your procedures relate to the MCSAP/CVSA and FMCSR 
requirements? 

*Would you like to see changes in the MCSAP instructions?-in the 

FMCSR? 

*How accurately can stroke be measured? 

*Do trucks arrive with hot brakes and, if so, how are they treated? 

Question #2: What do you record about brake-adjustment in relation to 
the vehicle being inspected? Cover factors such as the 
number of brakes OOA, the degree of OOA, and the 
distribution of stroke from brake to brake around the 
vehicle. 



-What data gets recorded? 

-What is the data used for? 

-Is it automated (computerized)? 

-What can be learned by looking at the data? 

-For vehicles put OOS and perhaps for vehicles receiving CVSA stickers, 
what information is gathered about the vehicle? Its configuration? Loading 

and cargo type? Type of service? Registration, etc.? Is it coded 

(computerized)? 

Question #3: What do you know about vehicles with brakes OOA? 

*Leading question: If you were to try to select a vehicle with brakes OOA, how 

would you select one? 

*In this context, cover the types of vehicles and the segments of the industry that 

may have disproportionate numbers of vehicles placed 00s. 

Question #4: What do you think might be done to improve highway 

safety through better brake-adjustment and brake 
inspection procedures? 

(1) The relationship between brake-adjustment levels, lining properties, 
pneumatic timing and stopping distance. Have you ever performed 

stopping distance tests? 

(2) The use and effectiveness of devices which automatically adjust brakes 

- How can brakes be adjusted reliably? 

(3) The use and effectiveness of devices which warn drivers of imminent 
brake failures and defects, including OOA. 

(4) Should there be vehicles that are not given CVSA stickers because a 
small amount of brake wear would put them OOS? 



Question #5: What are your views on the OOS criteria for brakes? 

(1) Problems with the current OOS criteria for brakes. 

Aspects of brake OOS criteria that require further research. 

Recommended changes in brake OOS criteria. 

Question #6: How often do brakes need to be adjusted? 

*Leading question: If you were to estimate how frequently brake adjustments or 
brake inspections had been performed on the OOS vehicles, what would that 

estimate be based upon? 

*In this context, discuss the frequency of brake-adjustment required for different 

vehicle configurations and operating conditions. 

Question #7: Have we missed something of importance and relevance? 

*That is, are there other problems, issues, or suggestions regarding the inspection 

of brakes? 

DISCUSSION OF THE INTERVIEW OUTLINE 

The outline has been structured to cover the entire scope of the issues and questions 

that we have formulated and that appear in the statement of work for this project. In this 

sense, it is not reasonable to expect that each inspector has a definitive answer for every 

subject area. Nevertheless, any views and opinions that the inspectors wish to express are 

desired in each question area. If the inspectors know of sources of information on 

pertinent issues and questions, those sources are to be identified and recorded for future 
use. 

The outline will serve as the interview form. By this we mean that the interview 

form will simply be a "spread-out" version of the interview outline. 

Questions #1 and #2 pertain to the processes that the inspectors perform in their 
immediate tasks associated with inspecting brakes. For the most part, the questions in 
these areas can be answered with facts. However, in one case, judgments are required for 
evaluating brake inspection procedures and instructions. 

Question #4 might be considered as asking for the solution to the overall goals of 
the MCSAP program as they apply to brake-adjustment. One might be skeptical about 



asking this type of question, but if anyone has the desire to think "big," we want to hear 

their ideas. In any event, no one is expected to do more than try to formulate ideas that 
may prove to be helpful. In particular, pieces of information pertaining to automatic slack 

adjusters, stroke indicators, and brake-adjustment procedures would be important 

contributions to the results of the interview. 

The frst discussion point in Question # is aimed at considering all of the brake 

system factors that might degrade stopping performance. The question about stopping 

distance tests provides the opportunity to discuss the influences of brake timing on 20 mph 

stops. (In some cases, the vehicle may be nearly stopped before the bailer brakes become 

fully-actuated.) That question also provides the opportunity to observe that brake lining 

materials can react differently in 60 mph tests than they do in 20 mph tests. The 

effectiveness of the brakes may be considerably greater in stops from 20 mph than they are 

in stops from 60 mph. The ability to discuss the first point in Question #4 will depend 

upon the extent that an individual inspector has become an expert on the performance of 

brake systems. 

Item (4) in Question #4 is a philosophical question concerning the meaning of the 
results of the brake inspection process. Given that the OOS criteria are very definitely 

specified, there is a fine line between passing and failing. One way to "broaden" that line 
(with respect to encroaching on the passing side) is to have an intermediate category which 

includes vehicles that barely passed, but will soon be in need of brake-adjustment. In any 

event, the question will provide the opportunity to begin to think critically and 
constructively about the reasons for measuring brake-adjustment. 

Questions #5 and #6 pertain directly to the broad, overall goals of this study. (Here 

we are directly asking for and accepting help with respect to the goals for which we are 
responsible.) 

We anticipate that brake inspectors are eminently qualified to address the practical 
and pragmatic aspects of the brake OOS criteria with regard to any of the items to be 

covered in Question #5. 

Question #6 is another aspect of the material covered in Question #3. However, the 

emphasis in this case is focused on helping fleets to do a better job of adjusting brakes and 
passing inspections. 



The interview outline ends with Question #7 which provides an opportunity to 

discuss relevant subjects that we did not cover explicitly in Questions #1 through #6 of the 
interview. 

LOGISTICS OF CARRYING OUT THE INTERVIEW PLAN 

This plan will have been approved by the FHWA before it is implemented. The 

contracting officer's technical representative (COTR) at FHWA will recommend no more 
than nine inspectors and contact the appropriate FHWA officials regarding the interviews. 

Once the interview plan is approved, copies will be provided to the FHWA Office 

of Motor Carriers Regional Directors and the state MCSAP officials. Copies will be 

furnished to the individual inspectors ten days prior to the interview. This will allow the 

inspectors to familiarize themselves with the nature of the questions and the subjects to be 

discussed during the interview. If the inspectors were so inclined, they could gather 

pertinent materials and references on the subjects to be discussed. 

The first two interviews will include observing brake inspections in the field with 
the Federal Highway Administration personnel. It is anticipated that three persons from 

UMTRI will attend the first interview, two or three persons from UMTRI will attend the 

second interview, and perhaps no more than one person will go to the other interviews. If 

the schedule permits, Mr. Ray Masters of UMTRI will attend all of the interviews and be 

the person responsible for collecting the information recorded on the interview forms. 

CONCLUDING REMARKS 

We close with observations on what the project is trying to accomplish. The 

information recorded on the interview forms will provide the basis for a report 

summarizing the findings from the interviews. 

From a more general perspective, it seems essential to us that both the drivers and 

the inspectors understand that the driver generally will not be aware that brakes are OOA 

during the course of normal stops. Frequent measurement of the brake-adjustment is 
necessary in order to make sure that sufficient stroke is there in the event that full brake 
torque is needed. Thus, the inspections are intended to check brake-adjustment in as 
straightforward and efficient a manner as possible. A better picture of the influence of the 
type of service and the configuration of the vehicle on brake wear, and hence, the need for 
brake-adjustment should lead to improved and more practical OOS criteria. More to the 
point, this information should assist truck operators in keeping brakes in adjustment. 



APPENDIX A.A 

FINDINGS FROM INTERVIEWS OF MCSAP INSPECTORS 

INTRODUCTION 

This report pertains to Task B of a study entitled "Evaluation of Criteria for Truck 

Air Brake Adjustment." The broad goals of the study are to (1) reevaluate the brake out-of- 

service (00s )  criteria used in the Motor Carrier Safety Assistance Program (MCSAP) 

program as it applies to air-braked heavy vehicles and (2) generate infoxmation that will tell 

motor carriers how often they need to adjust brakes (see References [1,2]). The work in 
Task B has included interviewing inspectors from eight states per an interview plan 
developed to provide practical infomation and informed opinions regarding topics related 

to the following seven questions. 

*How is brake-adjustment inspected? 

*What do you record about brake-adjustment in relation to the vehicle being 

inspected? 

*What do you know about vehicles with brakes OOA? 

*What do you think might be done to improve highway safety through better brake- 

adjustment and brake inspection procedures? 

*What are your views on the OOS criteria for brakes? 

*How often do brakes need to be adjusted? 

*Have we missed something of importance and relevance? 

After providing information on the interview process in the next section, summaries 

of the inspectors' answers to the above questions are presented in the following section. 

The purposes of these summaries are to (a) capture the important points made by the 

inspectors, and (b) organize these points into universal findings where possible. The 
report concludes with subsections that present our interpretations of the meanings of the 

results and findings with respect to brake-adjustment OOS criteria and brake maintenance. 

INFORMATION ON THE INTERVIEW PROCESS 

The initial efforts in Task B resulted in the development of an interview plan which 
was submitted to the Office of Motor Carriers (OMC) of the Federal Highway 
Administration for comments and suggestions. (A copy of the approved Interview Plan is 



included here in Appendix A.) Then the OMC provided liaison with inspectors in eight 

states through the appropriate regional directors. The locations, persons, and dates of the 

interviews were as follows: 

MCSAP Insoector Interview Res~ondents (19901 

Michigan - Lieutenant Norman Gear - May 29 

Wisconsin - Inspector Dwell Bender - May 30 

New York - Inspector Raymond Gagnon -June 19 

Maine - Inspector John Fraser - June 20 

Oregon - Inspector Mike Sullivan - June 26 

Utah - Sergeant Ken Mecham - June 27 

California - Captain Larry Rollin - June 27 

Georgia - Lieutenant Don Lively - July 2 

The interviews were conducted at the inspector's facility, primarily by Ray Masters 

of UMTRI with Ken Campbell and Paul Fancher participating in three and two interviews, 
respectively. During the first two visits, the inspectors explained and demonstrated how 

they performed inspections using vehicles that were stopped for inspection. 

SUMMARIES OF THE RESULTS FROM THE INTERVIEWS 

Question # I :  How is brake-adjustment inspected? 

The inspectors unanimously reported that their procedures followed North 
American Standard Inspection criteria. However, in actual application, their procedures 

varied in the following ways: 

*One inspector had fastened a ruler to the device holding the soapstone to create a 

single tool for greater convenience. 

*One inspector did not mark the pushrod. Instead, he held his measuring tool 
beside the pushrod during movement and mentally computed the difference. 

*One inspector used a ruler attached to a telescoping handle to measure travel in 
situations with low undercarriage clearance. In these instances, the pushrod was 

not marked, and the travel was figured mentally. 



*One inspector began his procedure at the rearmost axle. 

*Five inspectors did not follow the counterclockwise pattern, preferring to mark and 

measure at one axle at a time, first one side and then the other. 

Despite the variations in technique, the inspectors all felt that they measured 

pushrod travel accurately. The thought of all is characterized by one who said that stroke 

can be measured "as accurately as the tool used for measurement allows." A variety of 

measuring devices were used, including six inch metal rulers, six foot retractable tapes, and 

six inch sections cut from aluminum yardsticks. The tools were marked in gradations of 

1/32", 1/16", or 1/8". The accuracy of measurement claimed depended on the gradation of 

the tool employed by each inspector. 

Several factors affecting accurate measurement were cited: 

*Inclement weather, 

*Boots surrounding push rods; 

*Low undercarriages; 

*Thickness of drums; and 

*Drum temperature. 

Trucks arriving with hot brakes were treated as special cases. Usually, that 
condition was found to be the result of component defects rather than the result of grade or 

frequent application. It was generally felt inappropriate to apply OOS criteria for 

adjustment to a hot brake. States have been careful not to locate either permanent or 
roadside inspection sites in an area where a vehicle has just completed a steep descent 

requiring exceptional brake use. 

Overall, the inspectors felt that their training in and application of MCSAP and 

CVSA requirements were consistent with the broad aims of the program. Further, no 

changes were recommended for practices and standards of brake-adjustment inspection 

alone. 



Question # 2 :  What do you record about brake-adjustment in relation to the 
vehicle being inspected? 

In each state visited, brake-adjustment information generally is recorded only for 

brakes in violation. The primary reason for recording the information is to support the 

violation. States vary in terms of the recorded information that locates the brake, Each 

state locates the brake with regard to the unit in the combination, but many do not locate 

either the axle or the axle-end. 

The forms used by some of the states visited (Michigan, Georgia,and Oregon) 

provide space to record pushrod travel by unit, axle, and axle-end. (See Appendix B for 
copies of the forms used in the eight states that were visited) Although the measurements 

are made by most of the inspectors on every brake, this information is generally not 
recorded unless the brake-adjustment is in violation. In most states, even less information 
is computerized. Only Wisconsin has codes for the actual pushrod travel: one to indicate 

travel over 1.75", and one for travel exceeding 2.0". It appears that pushrod travel is 

frequently included in a comments section of the Oregon computerized data. However, this 

information is not readily extracted for analysis. 

Although the Wisconsin data form does not have as much detail on brake- 
adjustment as some, their data system is remarkable in comparison to the other states 

visited. Data is entered on-line during the inspection process. Driver license, vehicle 
registration, and carrier information are available on-line, so this information is immediately 

displayed on the screen once the appropriate plate number, driver license number, or carrier 

name are entered. This is the only computerized data system observed that actually saves 

the inspectors time over the course of the inspection. In many cases, the inspector simply 

has to verify addresses, unit number, VIN, etc. Thus, while the Wisconsin violation f o m  

does not have as much detail as some, the computerized information on brake violations 

provides more detail than any of the states visited, locating the brake violations by unit, 

axle, and axle-end. 

Question #3: What do you know about vehicles with brakes out of 
adjustment? 

This question produced a considerable volume of response in most states. For the 
most part, many of the inspectors' observations were consistent from state to state, with 
only occasional regional differences reflecting unique operations or vehicles. A brief 

summary of the most pertinent and common responses is attempted here. 



With regard to the root cause of out of adjustment brakes, the state inspectors 

interviewed were virtually unanimous in stating that if the driver and company do not make 
the necessary effort to keep the brakes in adjustment, good adjustment will not be 

maintained no matter how many times the vehicle may be inspected. Many inspectors felt 
that weekly, or even daily, inspections by two people - one to apply the brakes and one to 
check adjustment - were necessary to maintain brake-adjustment. Besides this obvious 
source of OOA brakes, a number of other patterns in the occurrence of OOA brakes 
identified by the inspectors interviewed included: 

(1) Trailer brakes are more likely to be OOA, possibly because they receive less 
regular maintenance than power units and many have no record of miles 

traveled. 

(2) Steering axles are not particularly prone to be OOA, although they still 
occasionally find some disconnected. 

(3) Trucks used in rough off-road terrain such as dump and refuse are prone to 
undercarriage damage that sometimes affects brake operation. 

(4) Leased equipment seems to be more likely to be OOA since drivers will 
usually use the brakes on leased equipment, if they work, over equipment 

they own. 

(5) The rear axle on log trucks is sometimes backed-off to eliminate wheel hop 
when empty. 

(6) Any axle that is hard to get at is more likely to have brakes OOA. This 
includes low ride trailers, chip haulers with the brake chamber above the axle, 

and front axles blocked by the faring on the new aerodynamic tractors. 

(7). The older automatic slack adjusters often do not work if they do not receive 
regular maintenance. The newer automatic slack adjusters generally provide 

more uniform adjustment from axle to axle. The inspectors' experience with 

automatic slack adjusters was mixed. Some felt automatic adjusters would 
eliminate most OOA problems, and others were more skeptical, saying that 
they gave the driver a false sense of security that fostered a lack of attention to 
brake-adjustment, 



(8) Right side brakes may possibly be more prone to OOA, perhaps due to the 
crown in the road loading the right side a little more, or use of left-hand 

threads on the right side of the vehicle. 

(9) Generally, older trucks have more violations of all kinds than newer 
equipment. 

Question #4: What do you think might be done to improve highway safety 

through better brake-adjustment? 

For the most part, inspectors had not performed stopping distance tests. One 

inspector had worked previously as Safety Director of a trucking company and had been 

involved in such tests. Three other inspectors had experience with decelerometer testing. 

The inspectors had general familiarity with the relationship between brake- 

adjustment levels, lining properties, and pneumatic timing as they effect stopping distance, 

but few had technical backgrounds or training to provide them with insight into to what 

degree or in what ways stopping distance might be affected. 

More to the point, the focus expressed by the inspectors was to apply established 

criteria and to enforce law. One inspector said that to improve highway safety by better 

brake-adjustment, "Apparently, it's going to take stiffer and more frequent penalties." 

Another inspector said that "Brake inspection procedures are adequately 

addressed." The consensus was that the burden of achieving better brake-adjustment 

belongs to companies and drivers. Companies must evaluate their operations in order to 

know when to inspect and adjust. Also, they must institute regular programs of education 
and training to insure that those responsible for brake-adjustment in fact know what they 

are doing and how to do it. 

One inspector summarized this question area by stating that the best way to achieve 

better brake-adjustment is: 

*For drivers and mechanics to more fully understand the entire brake system; 

*For scheduled checks to be strictly performed; and 

*For aggressive, consistent MCSAP inspection to be continued. 

Automatic slack adjusters were thought to be helpful, but no panacea in keeping 

brakes within criteria.. Responses are typified by the statements: 



*"Much fewer violations are detected on vehicles equipped with auto slack 

adjusters." 

*"Automatic adjusting brake devices are available to industry for a price which 

function well with proper maintenance." 

*"On most occasions automatic slack adjusters work." 

*"From what I've seen so far, automatic slack adjusters are not reliable enough." 

*"Auto adjuster still requires maintenance, and may make things worse if no one 

gets under (the) vehicle to check other items." 

Several inspectors reported that drivers, who operate trucks equipped with 

automatic adjusters and yet determined to have brake-adjustment defects, tend to dispute the 

findings claiming that "It's impossible for the brakes to be out of adjustment--they're 
automatic! " 

Stroke indicators, such as lock rings or color coded markings on the pushrod, were 

listed as aids which had potential for operators to assess adjustment levels, but more often 

than not these devices seemed to have been ignored by the users who had them 

Low pressure warning lights were thought to be of little value. Pressure drops are 
a part of normal operations, so the lights tend to be ignored or disabled. Instances of 

catastrophic failure result in activation of the spring brakes. 

The predominant opinion of the inspectors was that CVSA stickers should be 

issued even though a small amount of wear would put a vehicle 00s. Representative 

responses included: 

*"If the OOS criteria gets too cluttered with 'this-for-that' no one will be able to 

understand it or apply it." 

*"We should sticker all vehicles meeting minimum requirements. We should not 

attempt to project future wear conditions." 

Question #5: What are your views on the OOS criteria for brakes? 

One inspector responded to this question with the comment "too slack." If this was 

a pun, we missed it at the time. Nevertheless, the trend was to suggest tightening the 

criteria. No inspector said that the criteria should be relaxed or backed off in some manner. 



The following summary of the results contains comments on a variety of specific 
topics. Most of these topics were mentioned by only one person, but a couple items were 
mentioned more than once. 

The "25 mile restricted service" option was mentioned by inspectors from two 

different states. Their view was that it should not be allowed. On the other 

hand, another inspector who used portable scales and did inspections on the 

sides of secondary roads, needed provisions to get OOS vehicles to safe parking 

areas ("safe havens"). A suggested answer was to escort OOS vehicles off of 

the roadside to detention and repair areas. 

* The "20 percent rule" was questioned. Inspectors felt that exceptions were 

needed for situations in which one brake was rendered inoperable or completely 

backed-off. One inspector felt that items like missing return springs, cracked 

linings, defective dnuns, etc. on one brake should be sufficient for OOS even if 

the total vehicle did not violate the 20 percent rule. Another inspector questioned 

whether a fully-laden truck needed all brakes operating properly for the vehicle to 

stop satisfactorily from high speed. A third inspector was aggravated by 

experiences in which vehicles were proceeding on with one defective brake 

because the owners knew that the vehicle would pass the 20 percent rule. 

To counter these problems and concerns, it was suggested that any defective brake 

should put the vehicle 00s. 

*The following items were suggested once: 

-The performance of the breakaway system needs to be checked. 

--One brake defect should put overweight vehicles 00s. 

-Contaminated brakes should put vehicles OOS. 

-Re-instate the "half inch" difference in stroke on the front axle as an OOS criteria. 

-Develop methods for measuring brake drums and OOS criteria for deficient 
drums. (Allow drums to be machined to no more than 0.12", for example.) 

-Develop rules for brake valves, especially, "fits-all-brakes" valves. 

-Require tractor protection valves on straight trucks equipped to pull trailers. 



-Develop methods for measuring the state of lining wear and pertinent OOS 

criteria. 

-Establish rules for mix and match parts, cut rate parts, etc. 

-Develop rules for drive-away vehicles. 

-Develop rules concerning brake lines, relay booster valves, and the like. 

Lest we give the wrong impression, we should report that there were positive 
feelings with respect to the current OOS criteria and a willingness to support them. 
Comments such as "no objections," "no changes recommended," and "any changes in 
MCSAP would cause confusion," were offered. In general, the existing criteria appeared 

to be well accepted-several inspectors simply had ideas involving additional factors that 

need inspection. 

Question #6: How often do brakes need to be adjusted? 

As will become apparent, the answers to this question provide insights into matters 
relevant to the plans being developed for monitoring brake-adjustment in a last phase of this 

research study. 

First, the inspectors generally agreed that in a certain sense it was impossible to say 

how often brakes need adjustment. There are "too many variables to know." The 

adjustment level is related to the type of service, use of the trailer brake, maintenance 

scheduling (or the lack of it) for trailers, the use of retarders, the braking tendencies of 

individual drivers, and company practices. 

Second, however, many inspectors also took another tack which can be 

characterized by the statement "When brakes are detected out-of-adjustment, they need to 

be readjusted." As obvious as this statement seems, it provides the foundation for several 

positive ideas revolving around each trucking company developing its own brake- 

adjustment schedule. For example, one person suggested that companies check brakes at a 
two-day interval for two weeks to establish how often they need to adjust brakes. Another 

person suggested checking brakes daily and after severe mountain descents. Others felt 
that weekly inspections would be sufficient to maintain brake adjustments at levels that 

would pass inspections. 

On the one hand, the inspectors seemed to be somewhat offended that they were 
asked this question. They felt that it should be referred to brake engineers who conduct 
wear tests on lining friction materials. On the other hand, they felt strongly that keeping 



proper brake-adjustment was a matter of understanding, willingness to learn proper 
inspection and adjustment procedures, and diligence on the part of companies, mechanics, 
and drivers. When the inspectors were in the latter frame of mind, they emphasized the 

importance of trucking company policy. They tended to feel that configuration and 

operating conditions per se were of lesser importance to maintaining proper brake- 

adjustment than having a company policy that reflected the company's intention of knowing 

how their type of service affected brake-adjustment for their vehicles. 

Question #7: Have we missed something of importance and relevance? 

Inspectors from three states simply replied "no" or "nothing" as a direct response to 

this question. Other inspectors added new thoughts or expanded upon items suggested 

before under Question 5. These ideas included: 

A suggestion that the maximum crack pressure for front axle limiting valves be at 

10 to 15 psi, not 30 psi. 

Concern over the lack of access for appraisal of shoe wear, drum condition, etc. 

Addition of information on brake-adjustment and brake chamber readjustment 

points in Section 393 of the FMCSR. (This would make pertinent information 

more readily available to companies, mechanics, and drivers.) 

Decelerometer testing like that used in one state to check buses. 

Concerns with having balanced stroke throughout the vehicle. 

Concerns with pneumatic timing. 

Develop a tool or template for checking the angle of the slack adjuster arm. 

Finally, there are a few additional relevant items that came up in the course of the 

interviews. Even though the following items may not have been offered as direct answers 

to Question 7, we have chosen to include them here because they seem to be pertinent 

subjects. 

The parent organizations of the MCSAP inspectors differ from state to state. 

This causes differences in how vehicles are selected for inspection although each 
organization has both "random" and "probable cause" selection processes. In 
Michigan, for example, the inspectors are police officers. The state law defines 
their prerogatives. They stop vehicles for which they have an observable reason 
to suspect a violation, or they proceed using a rigorous random selection 



method. The rigorous random selection is done using a page of random 

numbers generated for that day. For example, the numbers might range from 

one to eight, with "one" meaning to take the next vehicle to inspect and "two" 

meaning to take the vehicle after next, etc. This would give a random sample as 

long as the inspection reports for vehicles stopped for probable cause are not 

confused with those for vehicles stopped randomly. (Some vehicles would fit 

both the random and probable cause requirements and that would be 

satisfactory.) 

On one occasion, there might have been confusion over the meaning of "setting 

the brakes." The parking brakes operate at a level approximately equivalent to 60 
psi. This does not require as much stroke as an 80 to 90 psi application. The 

inspector needs to check that the operator is applying 80 to 90 psi to get an 

indication of the amount of braking effort that would be available in an 

emergency stop. 

Technical questions should be addressed to brake companies so that important 
information is not missed. 

CONCLUDING INTERPRETATIONS CONCERNING (A) OOS CRITERIA 
FOR BRAKE-ADJUSTMENT AND (B) BRAKE MAINTENANCE 

The objectives of the study (including Task B) are as follows: 

(1) Evaluate the technical adequacy of the existing "Out-of-Service (00s) Criteria" 
for brakes. The focus of this evaluation will be on the brake-adjustment 

criteria. 

(2) Make recommendations on revisions to either the OOS or the Federal Motor 
Carrier Safety Regulations (FMCSR) to make them uniform, technically 

sound, practical, and appropriate. 

(3) Develop guidelines on brake inspection and maintenance, especially on brake- 
adjustment for drivers, mechanics, and motor carriers. 

(4) Determine what effect vehicle use has on brake-adjustment. 

(5) Determine how often brakes require adjustment for various types of vehicles 
and various types of operations. 

The interviews with inspectors have contributed useful insights with regard to these 

objectives and to the conduct of future tasks in this study. 



More specifically, the interviews with inspectors have provided a better 

understanding and practical perspectives on brake-adjustment procedures and equipment. 

They have shown that the inspectors have a general understanding of the relationships 

between brake-adjustment levels, lining condition, drum condition, and pneumatic timing 

(and the influences of brake valves) on stopping performance. However, this is not a 

quantitative understanding, rather the inspectors have a qualitative feel for the elements of a 

satisfactory braking system. Their training, study, and experience appear to have provided 

them with the knowledge needed to measure and judge the quality of air brake systems. 

The following concluding statements address OOS criteria and brake maintenance. 

OOS Criteria for Brake-adjustment 

With respect to OOS criteria, the interviews conducted in Task B were aimed at 
identifying (a) problems with the current OOS criteria, (b) aspects of brake OOS criteria 

that require further research, and (c) recommended changes in brake OOS criteria. These 

topics have been discussed under Question #5. In general, the results of the interviews 

show that although the inspectors did have numerous suggestions on a variety of aspects of 
the OOS criteria, they were for the most part satisfied with the OOS criteria as it applied to 

brake- adjustment. 

Three inspectors favored tightening the criteria for situations in which obvious 
maintenance deficiencies were apparent even though 20 percent of the brakes were not out 
of adjustment. There was one suggestion that the 20 percent rule may not be adequate for 
stopping fully-laden heavy trucks from high speeds. Research on this subject was 

recommended. Also one inspector felt that consideration should be given to reinstating the 

old rule requiring that the stroke on the front brakes be within lI2". 

Nevertheless, the inspectors' comments indicated that, as a group, they were 

conservative with regard to changing the OOS criteria in that changes might cause 

confusion. 

Brake Maintenance 

A number of the topics targeted for Task B fall under the heading of "Brake 
Maintenance" related subjects. Specifically, the brake maintenance related topics were as 

follows: 

*Brake inspection procedures and equipment. 

*Factors, such as the number and distribution of axles, the number of brakes out of 



adjustment, and the degree of OOA, which place vehicles 00s. 

*Types of vehicles and segments of the industry that may have a disproportionate 

number of vehicles placed OOS for brake-adjustment. 

*Frequency for adjusting brakes for different vehicle configuration and operating 

conditions. 

*The use and effectiveness of devices which warn drivers of imminent brake 

failures and defects, including OOA. 

*The use and effectiveness of devices which automatically adjust brakes. 

Our general interpretations of the results for these topics are based on responses 

from most of the Questions used in the interviews. (See specific questions for statements 

on detailed matters.) The following ideas have been derived from talking to brake 

inspectors: 

(1) Quantitative information is available on which brakes tend to be out of 
adjustment. The information saved in computerized form in Wisconsin 

appears to be useful for studying OOA differences from brake to brake on 

the vehicles inspected. 

(2) The inspectors observe that heavy vehicles in seasonal enterprises such as 
logging and construction tend to have brakes OOA. Also, refuse haulers 

have been singled out. These results have not been quantified but perhaps 
some of them can be verified quantitatively using the data recorded in 

Oregon. 

(3) The inspectors' approaches to questions concerning frequencies of brake- 

adjustment indicate the importance that they place on company policy rather 

than on the type of service or the type of vehicle the company employs. A 

very important observation is that each company needs to establish its own 

brake-adjustment schedule for its operation. (We have noted this same 

approach being recommended by brake suppliers to their customers.) 

Perhaps the most important finding from the interviews will be that the key to 

aiding truckers in maintaining proper brake-adjustment is to establish procedures that each 
trucking company can use itself (or the trucking company can be forced to use if they have 
a poor inspection record) to determine the appropriate brake inspection and brake 

maintenance schedules for their operations. 
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APPENDIX B.A 

LITERATURE REVIEW 

This review pertains primarily to the adjustment of air-actuated S-cam brakes used 

on heavy trucks and large buses. The review supports work aimed at maintaining heavy 

vehicle brakes in proper adjustment. 

The material presented is expected to be effective in attaining the goals of this 

investigation, but it is not claimed to be a comprehensive listing of all of the work that has 

been reported on brake-adjustment. Rather, it covers applicable material that is readily 
available to the authors. In particular, the material is intended to apply to the topics to be 

addressed in interviews with MCSAP inspectors and in other tasks later in the research 
study. 

This appendix contains: 

(1) a summary of the findings of the literature review, and 

(2) an annotated bibliography on specified documents. 

Further findings and data on the influences of brake-adjustment on brake 

performance are presented in separate appendices (Appendices C and D). 

Summary of the findings of the literature review 

OUT-OF-SERVICE CRITERIA (00s) 

The following quotations describing the current OOS criteria as it pertains to brake- 

adjustment are taken directly h m  Reference [I]: 

APPENDIX A 

PART I1 

NORTH AMERICAN UNIFORM VEHICLE OUT-OF-SERVICE CRITERIA 

POLICY STATEMENT 

The purpose of this part is to Identify critical vehicle inspection items and provide 
criteria for placing a vehicie(s) in an out-of-service or restrlcted service category 
subsequent to a safety inspection. 



OUT-OF-SERVICE CONDITON: When any motor vehicle(s) by reason of its mechanical 
condition o r  loading, is determined to be so imminently hazardous as to likely cause an 
accident o r  breakdown, o r  when such condition(s) would likely contribute to loss of 
control of the vehicle(s) by the driver, said vehicle(s) shall be placed out-of-service. No 
motor carrier  shall require nor shall any person operate any motor vehicle declared and 
marked "out-of-service" until all required repairs have been satisfactorily completed. 

INSPECTION ITEM OUT-OF-SERVICE CONDITION 

1. Brake System 

a. Defective Brakes. The number of defective brakes is equal to 
o r  greater than 20% of brakes on the 
vehicle o r  combination. A defective brake 
includes any brake that  meets on e of the 
following criteria: (NOTE: Steering axle 
brakes under Ib. - may also be included in 
20% criterion.) 

(5) Readjustment limits. With engine off and 
reservoir pressure of 80 to 90 psi with brakes 
fully applied. 

(a) One brake at  114" o r  more beyond the 
readjustment limit. (Example: Type 30 
clamp type brake chamber pushrod measured 
a t  2-114" would be one defective brake.) 
(396.3A1) 

(b) Two brakes at  the readjustment limit or  
less than 114" beyond the readjustment 
limit also equal  one defective brake.  
Example: Clamp type 30 pushrods measure: 

1 - Two a t  2.118" 
2 - One at  2-118" and one at  2"; or 
3 Two a t  2" 

Each example would equal one defective 
b rake .  

(See the following chart.) (w 





Earlier requirements concerning differences in adjustment across the h n t  axle have 

been removed [I] and the test results and analyses described in Reference [2] provide 
evidence showing that the effects of this type of problem do not cause special difficulties 
for truck drivers in controlling their vehicles unless one of the brakes is well beyond the 
readjustment point. 

A remaining issue appears to be whether the OOS criteria on adjustment is 
resmctive enough given the fndings concerning the influences of brake temperature on 
stroke. [2] Brakes that are at their recommended limit on stroke may be on the borderline 
of running out of stroke if the temperature of the drum is raised by approximately 40O0F 
above its cool temperature. The following figure from Reference [3] shows how stroke is 
consumed If the stroke at 90 psi happened to be at 2", an additional temperature rise h m  

2OO0F to 60°F could use up the 0.5" of reserve stroke available before the push rod 
bottoms out. 

Another point to consider is the 20 percent factor. This could be construed 
implicitly to imply that reductions of 20 percent or more in braking performance are not to 
be accepted. Perhaps this criteria can be used in making judgments in this study 
concerning various factors that influence the braking capability of a heavy truck. 

BRAKE CHAMBER STROKE PROFfLE 
TYPE 30 CHAMBER & 6" SLACK ARM 

Well Adjusted Brakg 

Addiblond 
IR" Stroka 
of "Long 

I stroke 
Chamber 

Present 
Max. 
Stroke 
2 1/2" 

Poorly Adjusted Brake 

0.k 1.b 1 .> 2.0 2.5 3.0 
TYPE 30 BRAKE CHAMBER STROKE - INCHES 

I 
Resetve I 

Stroke , 

Shoes 
Contact Drum 

Figure 1 .  Stroke Accounting from reference (3)  
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BRAKE INSPECTION 

Procedures for adjusting brakes differ from one organization to another. The 
following Figure lists some possibilities. [3] There are more. For example, for vehicles 
used in our test work, we set the stroke at 100 psi to be approximately 1.25" for a Type 30 
chamber. This might introduce a small amount of short term wear in taking off any high 
spots or out-of-roundness, but it is safe with respect to running out of stroke and the wear 
penalty is very small. 

The adjustment methods 1 and 2 listed in Figure 2 are convenient for one person 
adjusting the brakes alone. Perhaps the first method (involving measuring the clearance at 
the center of the shoe) is the easiest for an individual to perform. 

Inspection methods involving two people may differ from adjustment methods used 
when only one person is available. Infoxmation on inspection procedures will be gathered 

as this project progresses. (Information on the MCSAP inspection procedures follows 
Figure 2.) 

S - CAM BRAKES 

ADJUSTMENT MEWODS 

1. Adjust to .0 1 0" Lining to Drum clearence at 
center of shoe 

2. Jack up wheel; tighten until Brake drags and 
back off Slack Adjuster two clicks (1/6 turn) 

3. Adjust to 1 / 2  free stroke 
FREQUENCY OF ADJUSTMENT 

A Cam Brake will require at least 20 Adjustments/ 
Lining Set 
You must detemine proper frequency for your 
operation 
Adjust or check Adjustment before a run in the 
mountains 
Consider Automatic Adjusters 

Figure 2. Brake adjustment methods [3]. 



The procedures stated in the MCSAP inspection manual [l] are as follows: 
May 1989 

11. BRAKE ADJUSTMENT - Required on Level I inspections only. 
a. General Instructions 

(1) This procedure requires the measurement of push rod 
travel on all brakes of a vehicle or combination 
unit with air brakes. 

Ins~ection ~rocedure (push rod travel) 

CAUTION: Chock wheels before commencing this 
inspection as vehicle emergency brake ( s j must be 
off. 

(Welder's flat soap stone works well for the 
following procedure) 

wrt3 brrker o f t ,  .u rx  
purn rob a t  c h m ~ r .  

Apply btakrr, M u o r 0  
dirtrncr of mrk !:a 
& e r r ,  

n 

( 2 )  The majority of air-braka equipped vehicles will 
have clamp type, size 30 brake chambers, except on 
tha rtnring axle. Steering axle brake chambezq on 
over-the-road power units usually have chambers 
smallat than size 30. 

(3) Brake chamber push rod stroke readjustment limits 
must be moasured at 80-98 p.s,i. application 
prearura. To achieve the propor pressure in the 
system prior to measurement, insreare the reservoir 
preasur. with the engine running, or decrease the 
resesvoir pressure with engine off, while applying 
and exhausting the brakes until 90 p.s.i. is 
achieved in the reservoir. A reservoir pressure of 
90 p.s.i. will produce 80-90 p.s.i. application 
pressure with the engine off. 
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b .  Xeasurina Push Rod Trave l  

( 1 ) Cam Brakes. With the brakes applied by a full 
pressure appl icat ion,  measure from the face of the 
brake chamber t o  the mark made on t h e  brake chamber 
push rod when the brakes were released.  (A full 
pressure appl icat ion means between 80 p . s . i .  azd 
90 p . s . i . )  

Brake chamber push rod t r a v e l  t h a t  meets o r  exceeds 
t h e  l imi t s  shown i n  t h e  column headed "Maximum 
Stroke a t  Which Brakes must be Readjusted" show! i n  
t he  Appendix A par t  I1 t a b l e  i s  a condition of 
improper maintenance. 

( 2 )  Dirc Brakes. After the brakes have been applied by 
a f u l l  pressure appl icat ion,  measure t h e  push rod 
t r a v e l  from the  released posit ion a s  described f o r  
cam brakes i n  paragraph l l b ( 1 ) .  

Disc brake chamber push rod t r ave l  t h a t  meets o r  
exceeds the maximum s t roke  a t  which brakes must be 
readjusted i n  Appendix A p a r t  11 i s  a condition of 
improper maintenance. 

(1)  Wedae Brakea. With the  inspection hole cover 
removed from the  brake dus t  sh ie ld ,  check the 
adjustment a t  each wheel using t h e  gauge 
i l l u s t r a t e d  on t h e  next page. 

( a )  Inse r t  t h e  f l a t  end of t h e  gauge i n t o  the 
inspection hole i n  t h e  dust  shield  o r ,  i f  
t h e m  i r  no dur t  sh ie ld ,  midway between t h e  
end# of t h e  shoe. Place one edge of the  gauge 
againat d u r t  rh ie ld  inrpoction hole o r  t h e  
braka d m  l i p  with t h e  square end againrtothe 
brake l i n i n g  o r  shoe. 

(b) W i t h  the brakes re leared,  maka a scr ibe  mark 
on the brake l in ing  o r  shoe opposite of t h e  
s c r i k  l i n e r  on t h e  gauge a# i l l u r t r a t e d  on 
t h e  next page. 

(c )  Movement of the  scriba mark on t h e  l in ing  of 
more than 1/16 inch w i t h  respect t o  the  marks 
on the gauge when t h e  brake8 a r e  applied, a s  
i l l u r t r a t e d  on the n u t  page, i r  a condition 
of improper maintenance. 
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( d )  F a i l u r e  of the brake shoes to move is a 
condition of improper maintenance. 

Mearureiment Cauga and Maaruzewnt of Wedge 
Lining Scrik Mark Btaka Adjurtment 

Note: The gauge may be made of feeler gauge stock 0.025-inch X 
3/8 inch X 8 inch. Scribe f ive  1/2-inch lines spaced 
1/16 inch-apart. 



INFLUENCES OF BRAKE-ADJUSTMENT ON BRAKE PERFORMANCE 

An air brake system consists of an air compressor and air tanks for storing 
compressed air, a treadle valve for applying air to the brake system, air lines, relay and 
other valves, air chambers (for applying pushrod forces to the actuation mechanism), S- 
cams or other actuation mechanisms for applying the linings of the shoes to the drums, 
shoes, and drums. [4] As the lining wears, the clearance between the unapplied shoes and 
the drum increases. When air is applied, the stroke increases. The amount of pushrod 
stroke needed to apply the brake increases as the lining wears. If the brake is not properly 
adjusted, the stroke at the air chamber may bccome so large that the pushrod approaches the 
end of the air chamber thereby limiting the force available for applying the brake linings to 
the drum. The reason for adjusting the brake is to prevent the pushrod from "bottoming 
out" on the bottom of the air chamber. 

Figure 3 shows the characteristics of the pushrod force as a function of its stroke. 

[2] Above 2", this Type 30 chamber has a dramatic reduction in pushrod force. For 
brakes adjusted so that the stroke at 100 psi is less than 2", the amount of stroke does not 
influence the actuation force from the pushrod onto the slack adjuster arm. However, if the 
stroke increases beyond 2" because the lining has worn away or the dnun expands due to 
temperature increases, thm is a loss of force to actuate the brake; and there is a sudden loss 
in actuation or push rod force when the stroke reaches approximately 2.5" as shown in 

Figure 3. 

/Recommended Max- 
imum Stroke at - ' 

9 Readjustment 

- 
Pushrod Stroke (in.) 

Figure 3 .  Pushrod force versus pushrod stroke a t  100 psi. ( 2 )  



The influence of running out of stroke is illustrated by the data presented in Figure 

4. [2] For stroke less than 2" and temperatures less than 400OF, there is less than 10 
percent decrease in brake torque. However, at 60°F, there is a very dramatic loss in brake 

torque, reaching over 50 percent starting from a cold static stroke of 2.25" at 100 psi, and 

getting substantially worse at higher levels of cold stroke. The dramatic loss in brake 

torque illustrated in Figure 4 clearly indicates the need for maintaining proper adjustment so 

that reasonable brake torque capability will be maintained even if the brake becomes hot on 

a long, steep mountain grade or in stop-and-go driving. Furthermore, even if the brake is 

at 200T and the cold stroke is above 2.25", there is more than a 20 percent loss in torque at 

100 psi of air pressure. 

Dynamometer Brake Adjustment Tests 
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F igure 4 .  The i n f l u e n c e  o f  stroke on brake torque. ( 2 )  



A subtle point concerning the loss of brake torque at high cold stroke is that the 
driver may not be aware of this danger because it may not be apparent during normal 
stopping. As shown previously in Figure 1, an inch of stroke is consumed in going from 
pushout pressure to 100 psi. Figure 5, taken from [3], indicates that most brake 
applications (about 80 percent) are at less than 20 psi. According to Figure 1, these 
applications require less than 0.2" of stroke-meaning that the stroke would be 

approximately 0.8" less than it would be at 100 psi. This stroke margin means that the 
driver is not able to feel the danger of running out of stroke in normal driving situations. 
Brake-adjustment needs to be checked to prevent the hazards of not knowing that the 

maximum torque available for an emergency is very limited if the brake is OOA and 
especially if the brake is hot. 

TYPICAL BRAKE APPLlCATlONS 
la I STOPS vs PRESSURI 

APPLICATION PRESSURE PSI 

Figure  5. The percentage o f  brake a p p l i c a t i o n s  i n  var ious  
pressure ranges. (3 )  



THE NATURE OF THE PROCESSES INVOLVED IN BRAKES BECOMING OUT OF 

ADJUSTMENT 

Aside from some type of misadjustment, brakes become OOA because they wear. 
An S-cam brake will require at least twenty (see Figure 2) and more like thirty adjustments 

during the life of a Lining set [3] The time between adjustments depends upon the severity 
of the service to which the brake is subjected 

Brake wear is known to be highly dependent upon the temperature levels that the 
brake reaches in its setvice application. Figure 6 h m  [S] provides an example showing 
the influences of lining temperature upon the amount of wear of a Type 30 S-cam brake. 

As indicated in Figure 6, the amount of wear is not only dependent upon the temperature, 
but on the previous work history of the brake. The dashed lines in Figure 6 show that after 
operation at a high temperaturr, the remaining surface of the lining wears much more 
rapidly at 200°F than it would ordinarily. This phenomenon has been attributed to the 
development of a char layer on the lining during high temperature operation. This layer 
wears rapidly until "uncharred" lining material is reached again. These results indicate that 
the need for brake-adjustment is very dependent upon the type of service involved. 
Strenuous service involving high temperatures implies the need for frequent brake 

adjustments. 
step 21 

R 

01 I 1 I 
I 1 1 I 

0 100 200 300 400 500 600 700 
ln~t~al Lmng Temperature, O F  

Figure 6. The influence of temperature on wear. (5) 



From a braking system standpoint, the brake that wears fastest may be doing more 

than its share of the work. The brake that is not wearing may be the problem brake since it 

is not doing its share of the work. 

During this project we expect to develop a better understanding of the relationships 

between service demands, wear, brake proportioning, and the need for brake-adjustment. 
Recent publications indicate that there is now the possibility for predicting wear and 

operational life of a brake lining using computer simulation (for example [6]). Perhaps, 

information on the time between brake relinings can be used to estimate the time between 

adjustments given approximately 30 adjustments over the life of the lining. 
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AN ANNOTATED BIBLIOGRAPHY ON SPECIFIED DOCUMENTS 

"Heavy Truck Safety Study " (DOT-HS-807- 109, March 1987) identifies vehicle 

factors related to the cause of truck accidents and programs and needs of enforcement 
agencies responsible for compliance of heavy trucks with traffic laws. Further, the report 
summarizes current knowledge about each issue, describes possible action toward 

improvement, and presents research agendas for longer-term issues. Brake-adjustment as 
related to heavy trucks involved in accidents is identified as a factor not statistically 

demonstrated because "Equipment that is degraded, but still intact, such as brakes that are 

out-of-adjustment, it is usually not reported." Again, because brake-adjustment problems 

are not often reported, the report excludes brake-adjustment from its definition of brake 
failure or deficiency. The report discusses findings at roadside inspections which indicate 

from about 60-70 percent of trucks put OOS were done so due to brake related problems. 

How many of those problems were due to brake-adjustment is not identified. However, 

the report concludes that "the portion of all truck accidents that potentially have brake 

system issues as a contributing factor could be as much as one third" 

"The Effect of Brake Adjustment on Braking Performance" (DOT-HS-807-287, 

April, 1988) describes tests used to evaluate the relationship between brake-adjustment on 

heavy vehicles equipped with air brake systems and stopping performance of those 

vehicles. The report describes the three sites used for the actual vehicle stopping tests and 

the vehicles used in the tests. Also discussed are brake dynamometer tests and computer 

simulations of brake performance. In general, the report finds current OOS criteria 

appropriate for brakes at cooler temperatures. However, the performance of brakes at 

higher temperatures (400°F or greater) are found to degrade 40-50%. 

"Brake Performance Levels of Trucks" (BMCS, September, 1984) compared brake 
performance test results conducted in 1983-84. Two-axle trucks performed better in 1974 
than in the later tests. Three-axle, truck-brake performance improved over the period. 
Truck-trailer combinations also improved. Tractor-semi combinations are reported to have 
deteriorated. Brakes OOA are reported to be 30 percent for the whole group. A general 
correlation between brake-adjustment and stopping distance is offered: each brake OOA 
resulted in .5 to 1.5 feet of stopping distance over the range weights of the test vehicles at a 

speed of 20 mph. The report establishes a rating system of relative importance of brake 
problems. In order of importance, the number of brakes OOA ranks fourth. The average 
percentage of adjustment required to maintain the vehicle in-service is ranked fifth. The 



other factors affecting stopping time are reported, in order of importance, as total weight, 

the age of the vehicle, and whether the vehicle was operated for hire. 

"A Demonstration of the Safety Benefits of Front Brakes on Heavy Trucks" (DOT- 

HS-807-061, December, 1986) describes tests performed on heavy trucks to evaluate the 

effectiveness of the use of front brakes. Test vehicles included bobtail tractors, tractors 

with empty semi-trailers, and a tractor with a loaded semi-trailer resulting in a gross 

combination weight of 80,000 pounds. All vehicles are reported to have superior braking 

performance with full front brakes. Partial front brakes performed less well. By inference, 

front brakes which are OOA would also be expected to perform more poorly than properly 

adjusted front brakes. 

The "North American Uniform Driver-Vehicle Inspection Manual" of the Motor 
Carriers Assistance Program clearly describes procedures for inspecting heavy truck brake 

system adjustment. The vehicle inspection routine is performed counter-clockwise around 
and under the vehicle. During the first pass, around and under the vehicle, the inspector 

examines the brakes, along with other components, for defects, and marks the pushrod of 
each brake. After the first pass, the inspector measures pushrod travel for each brake. The 
manual is complete with diagrams for marking and measuring pushrods for cam brakes, 
and also includes procedures for assessing the adjustment of disc brakes and wedge brakes 
with feeler gauges. 

Accident Preve- Vol. 9, pp. 167-176, 1977, "A Comparative 
Evaluation of Two Roadside Brake Testing Procedures" reports the process used in 

Michigan to assess the effectiveness of two motor vehicle brake system effectiveness 

procedures, the "Moving Stopping Test" and the "Wheel Pull Inspection." Field surveys 

were set up in conjunction with Michigan State Police and the Michigan Office of Highway 

Safety Planning. The Moving Stopping Test was found to be more stringent and less 

costly than the Wheel Pull Inspection and was thought to more accurately identify vehicles 

with brake performance problems. 

"Heavy Duty Vehicle Brake Research at NHTSA," a collection of charts, graphs, 
and topics generated by in-house and contract research, illustrates brake-related areas such 
as front braking, braking under load, braking under severe weather conditions, brake lock- 

up, brake compability within configurations, and brake-adjustment sensitivity. Brake 
temperature is shown to be a considerable factor in geographic illustration. Load sensing 



and anti-lock mechanisms are suggested as areas to be explored further. 

"The Performance of Trucks Braking on Ice" (UMTRI-87-23, August 1987) 
describes tests performed under severe winter conditions to assess the effectiveness of 
front brakes on trucks as well as the use and placement of tire chains. The report shows 

that when brakes are provided the opportunity to function to maximum advantage, both 
stopping distance and steering control will improve. 

"Grade Severity Rating System" (FHWA-IP-88-015, May 1988) is concerned with 

a system to reduce the probability of large truck runaways on severe downgrades. 
Mathematical models using truck weight and downgrade characteristics are employed to 

predict brake system temperatures. Temperature estimates determine safe downgrade 

speeds. The manual provides methods of identifying severe grades by length and angle of 
slope, models brake temperature for grade and weight combinations, and suggests 

maximim safe speeds based on those factors in order to maintain acceptable brake 

temperature. 

"Air Brake Technical Seminar" (Bendix Heavy Vehicle Systems Group 1984) was 

conducted to provide aire brake system users with a knowledge base from which to make 

informed decisions about heavy truck brakes, reports that cam brakes demand a minimum 

of twenty adjustments per lining set; that the type of operation in which a vehicle is 

involved has direct bearing on the need for adjustment; and that the adjustment must be 

checked before a mountain run. Installation of automatic adjusters is suggested. 



APPENDIX C 

BRAKING PERFORMANC-E-RELATIONSHIPS BETWEEN 
BRAKING EFFICIENCY, VEHICLE STABILITY, AND BRAKE 

ADJUSTMENT 

In operational terms, a heavy truck brake is a device that converts air pressure into a 

torque retarding wheel rotation. The performance of this device is quantified by brake 
"effectiveness," where effectiveness is a measure of the gain of the brake expressed in units 

of torque output per unit of line pressure input. [I] 

However, each brake in a vehicle is embedded in an overall braking system 

consisting of an air compressor, air reservoirs, valves, lines, brake chambers, actuation 

mechanisms, shoes, linings, drums, and tires. Furthermore, braking performance depends 

upon tirelroad friction and the load transfer from rear to front due to the deceleration of the 

vehicle. 

Braking performance on roads with differing frictional properties may be expressed 

in tenns of "braking efficiency" which is the ratio of (a) the vehicle deceleration attainable 

without locking wheels to (b) the friction level existing at the road surface. 

The reason for the phrase "without locking wheels" has to do with directional 
stability and control of the vehicle. If the wheels on the front axle lock up, the vehicle will 

not respond properly to steering. If the rear wheels on a straight truck lock up, the vehicle 

is directionally unstable and it will tend to spin around. If the drive wheels on a tractor in a 

tractor-semitrailer combination lock up, the tractor tends to jackknife. If the trailer wheels 
lock, the trailer tends to swing out of line. If all wheels lock, the vehicle is completely out 

of control and one hopes that the vehicle stops before anything bad happens. The general 
idea is that if any wheels lock, undesirable consequences may ensue. Desirable braking 
performance involves not locking wheels as well as the capability to decelerate rapidly if 
necessary. 

The following material emphasizes the influences of brake-adjustment upon braking 
performance. Brakes on heavy trucks often have manual slack adjusters. If these brakes 
are not adjusted properly, the brake chambers will run out of "stroke'-that is , they will 
bottom out on the end of the brake chamber, thereby limiting the effort for applying the 
brake, and hence, limiting the available braking torque. In extreme cases, the adjustment 



may be so poor that no brake torque is available 

Aside from errors in adjusting the brakes, the reason that brakes become out of 

adjustment is that linings wear. The wear rate depends upon the type of service of the 

vehicle as well as lining and drum properties. The brake that wears the fastest is the one 

that is doing the most work per unit of lining surface available. Wear rate also depends 

upon lining temperature. The later stages of this study will include investigations into the 

relationships among vehicle service characteristics, brake wear, and the need for brake- 

adjustment. 

The next section provides an overview of how the components of the braking 
system influence braking performance. 

OVERVIEW OF THE PERTINENT PROPERTIES OF BRAKING SYSTEMS 

A straightforward method for organizing the discussion of the braking system is to 

follow the sequence of events that take place in going from movement of the brake valve to 
the generation of braking force. The sequence for most brakes is as follows (see Figure 1): 

(1) air pressure at the treadle valve increases when the valve is moved, (2) these pressures 

act as control signals that are transmitted through brake lines, (3) these control signals 

arrive at relay valves which apply air from supply reservoirs to the brake chambers, (4) the 

brake chambers apply force to a push rod that moves through a stroke, (5) the movement of 
the pushrod rotates a cam mechanism that rotates the linings of the brake shoes into contact 

with the drum, (6) frictional forces between the lining and the brake drum generate a 

braking torque that slows the wheel, (7) the braking torque creates a longitudinal force at 

the tire/road interface thereby decelerating the vehicle. Each of these steps involves 

particular pieces of hardware ("components" of the braking system). The performance of 

the braking system depends upon the pertinent mechanical properties of these components. 

[ll 

PERTINENT PROPERTIES OF AIR LINES 

The time between (a) when the driver asks for braking by moving the treadle valve, and (b) 
when the control signal has reached the relay valve represents a loss in time that increases 
the stopping distance of the vehicle. This time delay contributes to the delay before the 
chamber pressure rises from zero as illustrated in Figure 2. [2] The amount of delay 

depends upon the diameters and lengths of lines involved with the brake in question. 
Experimental data available in Reference [2] can be used to evaluate this parameter. 
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Figure 2. Brake Pressures versus Time Measured in a Tractor Trailer 
Combination [2] 

VALVE CRACKING INFLUENCES 

Relay valves are characterized by the difference in pressure needed to cause the 

valve to open- that is, the "cracking pressure." The cracking pressure needed to operate 

the valve represents a loss in braking pressure. Also, differences in cracking pressures 

between relay valves can cause brakes to come on at different times with possibly large 



effects for low pressure applications. (These differences may be particularly noticeable 

between the valves used on tractors and those used on trailers.) 

PRESSURE RISE IN THE BRAKE CHAMBER 

The "apply time" used in FMVSS 121 is the time for the chamber pressure to reach 
60 psi in a rapid 100 psi application of the treadle valve. This time includes the 

transmission delay time associated with the air lines and the rise time involved with filling 

the air chamber to a 60 psi level. The rise time characteristics can be determined from 

measurements of pressure time histories made on vehicle combinations. (See Reference [2] 

for examples.) 

Incidentally, brake-adjustment may have an influence on the delay included in the 

apply time (see Figure 3). 

PUSHOUT PRESSURE 

The brake chamber and the shoes have return springs used in deactivating the 

brakes. During brake applications the forces created by these springs must be overcome 
before the linings touch the drums. The amount of pressure needed to cause braking action 

to begin is the "pushout pressure." Often a net pushout pressure is determined by 

including together the influences of not only the return springs but also the influences of 

valve cracking and any other pressure losses in the system. 

STROKE INFLUENCE ON ACTUATION EFFORT 

Once the pressure in the brake chamber rises above the pushout level, the stroke of 
the pushrod increases-first, in taking up the "slack" between the linings and the drum, 

and then, with pressure as the linings are compressed against the drum. The motion of the 
pushrod is tied to the rotational motion of a cam (in an s-cam brake) through an 
arrangement consisting of a slack arm, fixed cam bearings, etc. The air pressure in the 
brake chamber supplies the reaction torque required for the cam action used in pressing the 

linings against the drum. 

If the brake is sufficiently out of adjustment, the pushrod and its associated 
diaphragm will bottom out on the bottom of the air chamber. (See Figure 4 to envision 
how this happens. [3]) Increasing the pressure in the brake chamber (beyond that which 
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causes the pushrod to bottom out) will not increase the actuation effort applied to the s-cam 

mechanism by the pushrod if the pushrod has bottomed out. 

Ln effect, if the brake is out of adjustment, the stroke limit of the brake chamber acts 

as a mechanism that limits the brake torque available. The curves graphed in Figure 5 

provide a quantitative example illustrating the nature of the process resulting in the limiting 

of the actuation force on the pushrod of a Type 30 brake chamber. 

The line designated as the "operating line" in Figure 5 has been superimposed upon curves 

representing the relationship of actuation force to stroke and pressure as might be measured 

for a brake chamber. (Reference [3] gives the 100 psi curve for a typical brake chamber.) 

The influences of slack due to (a) clearance for the unactuated brake, (b) lining wear, and 

(c) drum expansion resulting from drum temperature are illustrated by the amounts of 

stroke shown along the horizontal axis in Figure 5. The operating line starts at the amount 

of stroke needed to take up the slack and increases with stroke and pressure. It indicates 

the resulting actuation force as the linings are compressed against the drum. 

The slope of the operating line depends upon (a) the compliance of the shoe and 

lining combination, (b) the mechanical advantage of the cam mechanism, (c) the self- 

actuation of the leading shoe, and (d) the pressurelactuation force characteristics of the 

chamber. 

The point where the operating line intersects the upper- or right-most line of 

constant pressure in the figure indicates the maximum actuation force that can be obtained 

from the brake chamber. The equivalent pressure for a well-adjusted brake would be 

approximately that indicated by the y-intercept and its corresponding pressure level as 

indicated in Figure 5. In this example, the maximum force is achieved at an equivalent 

pressure of 60 psi. At equivalent pressures above this level, the braking force would not 

increase above that corresponding to the limiting force of 1700 pounds as indicated in 

Figure 5. 

In summary, the primary effect of the phenomena associated with running out of 

stroke is that the brake torque will be limited to that torque corresponding to the equivalent 

pressure level at which the push rod bottoms out. If the brake were never to be adjusted, 

the linings would eventually wear to the point where all of the stroke would be consumed 

in slack and there would not be any braking torque produced even at 100 psi. 



I I I I I 

I I I 1 I 
I I I I I 
I ' I I I I - Bottom of 
f ------- f--""-f------- 7------- 

I 

I 
3500 -------- 7"" 

I I I I Chamber 
I I I I I 
I I I I I 

-L ------- L - .  ~ ~ ~ P S L L - - - - - - - A - - - - - - -  dm.- - - - - -  

I I 

1000--------t-------;------- 

0.00 0.50 1 .OO 1.50 2.00 2.50 3.00 

4 

Clearance 

Stroke (inches) 
- 4  

Wear 

+ ) 

(lining 
compression, 

Temp. 

Slack shoe flexibility, 
etc.) 

Figure 5. Limit on actuation force from the brake chamber. 

m - -  
Compliance 



ACTUATION GAIN OF THE S-CAM MECHANISM 

The mechanical advantage of the cam mechanism is determined by the length of the 

slack arm and the effective cam radius. For example (given that the angle of the slack arm 

is properly oriented), a mechanism with a 6" slack arm and a 1/2" cam radius would have a 

mechanical advantage of twelve-resulting in a situation in which the stroke of the air 

chamber is approximately twelve times the movement associated with pressing the lining 

against the drum; of course, the actuation effort is increased by twelve times also. 

In an s-cam brake, the cam movement is the input that presses the linings against 

the drum. The actuation forces on the shoes are not equal but the movements are. This 

leaves a torque to be reacted through the cam bearings. The influence of friction in the cam 

bearings results in a loss in the gain of the brake such that even though the nominal gain 

might be twelve the actual gain would be less-perhaps approximately ten for typical 

amounts of friction. [4] 

INFLUENCES OF THE GEOMETRY AND FRICTION OF THE BRAKE 
ASSEMBLY 

The pressure distribution between the linings and the drum depend upon (a) the 

shape the lining has worn to, (b) the dimensions describing the geometric features of the 

brake assembly (the position of the linings on the shoes, the locations of the pivots of the 

shoes, the angles of the actuation forces on the shoe tips, etc.), (c) the amount of drum 

expansion due to temperature, and (d) other factors including the compliances of the shoes 

and linings. These influences have been studied analytically using finite element analyses. 

[5,6]. Although the finite element analyses are useful for designing brakes, they are more 

complicated than needed for characterizing brake gain in this discussion. 

The gain of a brake assembly (actuated by an s-cam and having fixed pivots for the 

shoes) can be represented by parameters characterizing (a) the geometric gain factor 

accounting for the mangement of both the leading and trailing shoes, (b) the friction 

coefficient between the lining and the drum, and (c) the drum radius. [I] 

The gain of a particular brake in service on a vehicle is difficult to predict 

accurately. The state of lining wear and the compliance of the lining can change the gain 



significantly. In addition, friction coefficients of lining/drum combinations are known to 

have large standard deviations about their mean values and also friction levels may be 

dependent upon the work history of the brake. Results from dynamometer tests are 

desirable for estimating the capability of a particular type of brake. Even so, a brake in 

service may have torque capabilities that are significantly different than those obtained in 

the dynamometer tests. 

TIRE GEOMETRY 

The discussion of the properties of components has reached the point where the 

relationship between brake torque and treadle pressure has been covered. However, there 

are tire- and vehicle-factors that influence the braking force acting on the vehicle. 

A very simple, but important consideration is the radius of the tire. The braking 

force acting upon the vehicle is the brake torque divided by the tire radius. Hence, smaller 

diameter tires will provide larger braking forces at a given pressure level (all else being 

equal). 

TIREIROAD FRICTION LIMIT 

The maximum braking force between the tire and the road depends upon the 

frictional capability existing at the tirelroad interface. This capability depends not only on 

the friction coefficient (or some more complex means for describing friction between the 

tire and road), but also upon the vertical load carried by the tire. The tire loads on the 

vehicle depend, in turn, on the dynamics of the vehicle-especially the deceleration 

achieved during braking. This means that there is a set of simultaneous relationships 

(involving the dynamics of the vehicle) determining the vertical loads on the tires. 

The dynamic vertical load multiplied by the friction coefficient sets the level of 

braking force capability available for decelerating the vehicle. If the brake torque exceeds 

the maximum level of torque that can be reacted by the tire, the wheel rapidly locks up and 

the brake torque reduces to that required to lock the wheel. In other words, the friction 

limit existing at the tirelroad interface limits the braking force attainable. Increasing the 

brake pressure beyond that which will lock the wheel will not increase the force available 

for decelerating the vehicle. 



SUMMARY OF THE PERTINENT MECHANICAL PROPERTIES 
RELATED TO STOPPING 

In order to analyze the stopping performance of a vehicle, information is needed on 

the influences of the following mechanical properties of the components of the overall 

braking system: 

*Transmission delays in the air lines; 

*Valve cracking pressures; 

*Pressure rise characteristics in the air chambers; 

*Pushout pressures; 

*Actuation force versus stroke and pressure for the air chambers; 

*Mechanical advantage (gain) of the s-cam mechanism and associated slack arm; 

*Friction in the cam bearings; 

*Brake factor (gain ) of the brake assembly; 

*Lining friction coefficient; 

*Slack due to lining wear; 

*Slack due to drum temperature (thermal expansion coefficient for drum materials); 

*Drum diameter (radius); 

*Tire radius; 

*Tire/road friction; and 

*Load transfer characteristics for determining the influences of deceleration on tire 

loads. 

For a five-axle tractor-semitrailer with ten brakes, the above properties need to be 

known for each brake. Figure 6, which follows, indicates how these ten brakes each 

contribute to the stopping performance of the vehicle. (Only stopping characteristics are 

represented in Figure 6 and directional and lateral stability are not included here.) 
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The response to treadle pressure consists of (a) deceleration, (b) velocity, and (c) stopping di: 

addition to the brake system characteristics listed above, these outputs depend upon the weight of the vl 

its initial velocity. As indicated in the figure, deceleration is integrated over time to obtain velocity and. 

integrated over time to obtain stopping distance. 

SIMPLIFIED ANALYSES OF STOPPING PERFORMANCE 

Assuming constant deceleration, the basic formula relating stopping distance and 

deceleration is as follows: 

where Sd is stopping distance, Vo is initial velocity, and D is deceleration. 

(The weight or mass of the vehicle does not appear in this formula because its 

influence is used in determining the deceleration which is taken to be known here.) 

(For snubs the snubbing distance, d, given by the similar formula 

d = ( ( ~ 0 ) ~  - (vo2  )/ 2D where Vf is the final velocity at the end of the snub.) 

In actual stops, the deceleration is not obtained immediately. As described earlier, 

there is a delay time before any brake comes on and the braking force increases with time as 

the pressures rise in the brake chambers. To first approximation, the deceleration time 

history may be characterized as a delay time followed by a linear rise and then a constant 

level of deceleration (see Figure 7). This type of representation has been used in [2] to 

study braking timing matters. Here we have employed the simplified representation of 

deceleration to look at the differences between stops from initial velocities of 60 and 20 

mph. The results (see Table 1 and Figure 8) indicate that approximately half of the . 
stopping distance in a 20 mph stop is associated with the deceleration available during the 

time that the pressures are rising in the brake chambers. On the other hand, during stops 

from 60 mph, the stopping distance depends primarily upon the full deceleration level, even 

though 40 to 60 feet of stopping distance may be associated with the time to reach full 

braking deceleration. 

The point of the above material is that the 20 mph stop used in OMC work does not 

challenge the full deceleration properties of the vehicle as much as a 60 mph stop would. If 

the times for,pressures to rise were longer than those used for tractor semitrailers in Table 1 
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Figure 7. Simplified Deceleration versus Time for a Stop 

(as they could be for a doubles or triples combination without booster relay valves for 

example), the vehicle might stop before the rearrnost brakes were completely actuated. The 

20 mph test might not show the influences of poor adjustment of the rearmost brakes (or 

the directional stability problems that might ensue during a 60 mph stop). 



Table 1. Influences of delay, rise, and constant deceleration on stopping.distance. 
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BRAKING EFFICIENCY CALCULATIONS 

The notion of braking efficiency usually applies to the steady deceleration level 

attained after the brakes have been fully applied. (If stopping distance is to be considered, 

the distances travelled during (a) the transmission delays and (b) the rise times of the brake 

chamber pressures need to be included in determining the total stopping distance.) The 

efficiency can be defined as the ratio of (a) the deceleration to (b) the friction utilization 

required to prevent the wheels on the "worst" axle from locking. ("Worst" meaning the 

axle with the largest ratio of braking force to vertical load, that is, the axle about to lock up 

utilizing the minimum friction possible.) 

However, if a vehicle does not have enough braking capability to lock any wheels, 

the efficiency is the ratio of (a) the deceleration attainable at maximum pressure (100 psi) to 

(b) the fiction coefficient available at the tirelroad interface. This situation often applies to 

fully-laden heavy trucks with a maximum deceleration capability of approximately 0.4 g on 

a good road with a friction coefficient that might be approximately 0.8. (In this type of 

situation, the vehicle would become more efficient as the road got slipperier, but that is not 

important other than to recognize that a level of tire road friction needs to be chosen for use 

in calculating efficiency in this case.) The important notion here is that OOA brakes would 

lower the maximum acceleration attainable thereby lowering the efficiency below that of a 

truck with well-adjusted brakes. 

There exist simplified vehicle models that have been developed for predicting the 

influences of braking system properties on braking efficiency, [7] These models (which 

are available at UMTRI) could be employed to represent the effects of various levels of 

brake-adjustment by including the limiting effects of bottoming the push rod as discussed 

earlier. It would be a straightforward exercise to study the sensitivity of deceleration to 

various levels of brake-adj ustment using the straight line braking model. 

BRAKE TEMPERATURE CALCULATIONS 

With regard to the influences of brake-adjustment, drum temperature plays a significant 

role. For a 16.5" drum diameter and a thermal expansion coefficient of approximately 8.5 

parts per million, a temperature rise of 300°F could correspond to an increase in slack of 

approximately 0.25" measured at the pushrod. Depending upon the level of adjustment, this 

could result in a hot brake running out of stroke (see Figure 5). Further data illustrating the 

effect of temperature on stroke are illustrated in References [3 and 81. 



The types of service resulting in high drum temperatures are either ones involving 

long steep mountain descents, or ones involving stop and go driving such as urban pickup 

and delivery. The potential energy to be dissipated during a mountain descent can be 

several times the kinetic energy involved in a stop from 60 mph. [I] The mountain descent 

situation requires careful attention to brake-adjustment in order to lessen the risk of a 
runaway vehicle, 

A grade severity rating system has been under development by the FHWA. [9] The 

results from the research studies involved in developing this system have been used to 

examine the influences of grade length and slope on brake temperatures. [I] Recently, the 

UMTRI set of simplified (part task) models has been expanded to include a brake 

temperature model. Although this model is based upon the same concepts originally used 

for the grade severity calculations, it computes the bulk temperature of each brake rather 

than an average temperature for all of the brakes lumped together. Hence, it is possible to 

consider (a) the temperature of the hottest brake and (b) the influences of OOA brakes upon 

the temperatures of the other brakes on the vehicle. 

In order to use the UMTRI model one needs to know the following: 

*Thermal capacity of each brake (specific heat and weight); 

*Cooling coefficient for each brake (this is a function of velocity); 

*Proportion of braking effort acting at each brake; 

*"Natural retardation" (rolling resistance and aerodynamic drag for the vehicle); 

*Engine drag; 

*Retarder power if one is used; 

*Weight of the vehicle; 

*Elevation profile for the route; and 

.Velocity profile for the route. 

Given that the model uses both a velocity profile as well as an elevation profile, the 

model can be employed to study stop-and-go conditions either on the level or during 



mountain descents. Although brake-adjustment might not be important at pressure levels 

below the limiting pressure corresponding to bottoming the stroke (which is likely to be the 

case in a mountain descent at a safe speed), stopping performance in a high pressure 

emergency stop would be affected by the combined influences of temperature and OOA 

level. 

(In order to use the brake temperature and the straightline braking models 

interactively, it might be necessary to segment the calculations to take into account how 

stroke changes with temperature and adjust brake effectiveness accordingly as the 

temperature rises.) 

CONCLUDING REMARKS 

It appears that the ideas presented and the models mentioned here could be used to 

address the following items (which are like those listed for analysis in Task E): 

*identifying key factors related to brake OOA; 

*relating various combinations of OOA brakes to braking efficiency by 

configuration, load, number of axles, which axles are OOA, amount of OOA, 

brake temperature, or other factors (Studies of braking efficiency would pertain to 

both stopping distance and vehicle stability.); 

*identifying adjustment thresholds beyond which stopping distance levels or 

braking efficiencies will exceed critical thresholds; 

*providing a quantitative basis for confirming or changing OOS brake-adjustment 

criteria, 

The analytical work listed above would provide a technically sound foundation for 

working with field data. Findings with respect to deterministic matters that depend upon 

the mechanical properties of vehicle components are readily determined by analysis. 

Matters requiring statistical treatment such as how means and variances of braking 

performance measures depend upon the levels of brake-adjustment are obviously dependent 

upon identifying appropriate computerized data bases. Currently, we have not found 

suitable databases but we are still looking. Perhaps we can use statistical data on braking 

system properties along with braking system models plus the theory of propagation of 

precision indices to calculate predictions of the variance of stopping performance (for 



different combinations of OOS brake-adjustment) using the variances associated with the 

pertinent mechanical properties of (a) the key components of the braking system and (b) 
vehicle weights. 
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APPENDIX D 

AN ASSESSMENT OF DATA PERTAINING TO THE INFLUENCES OF 
OUT-OF-AD JUSTMENT LEVEL, VEHICLE CONFIGURATION, 

LOADING, AND BRAKE TEMPERATURE ON BRAKING 
PERFORMANCE 

This document provides information on the influences of OOA, vehicle 
configuration, loading, and brake temperature on braking performance. It centers on 
reviewing the data in three references pertaining to the following subjects: 

(1) Vehicle inspections, weight checks, and 20 mph stopping distance test. [I] 

(2) Speed control on long, steep downgrades as influenced by vehicle weight [2] 

(3) Heavy vehicle braking for combinations of load, speed, and brake 
temperatures [3] 

The first reference [I] contains data gathered in 1983 in three states -Maryland, 

California, and Michigan. These data were gathered during vehicle inspection exercises that 
included measuring brake adjustments, weighing the vehicles, and performing 20 mph 
stopping distance tests. The data were compared to data measured in 1974. The data were 
categorized into information on: 

(1) Total weight 

(2) ICCcertified or not, age of the truck or tractor 

(3) Vehicle configuration, for hire or not 

(4) The number of brakes OOA 

(5 )  Average percentage adjustment needed to bring all brakes into proper 
alignment; the numbers in parantheses indicate the order of importance of the 
factors effecting stops h m  20 mph for most vehicle configurations. 

With regard to the number of brakes OOA, an additional 0.5 to 1.5 feet per OOA 
brake was required to stop from 20 mph. (To put this additional distance in perspective, the 
FMCSR required stopping distance from 20 mph is 40 feet for combination vehicles.) 



Having examined the results given in [I], the following initial assessments appear to 

be pertinent to our current study of brake-adjustment: 

(1) Straight trucks with less than three axles tend to have hydraulic brakes, and 

hence, the data for 2-axle trucks should be eliminated from consideration in 

the study of pneumatically actuated s-cam brakes. (We have done this in the 

tables selected from [I] and presented in Appendix D.A.) 

(2) Although the comparison with results from 1974 is interesting and important, 

the comparison is not useful for this study. (Comparisons with 1974 results 

have been eliminated from the tables presented in Appendix D.A.) 

(3) Vehicle weight has a large influence on braking performance in stopping 

distance tests. The data needs to be sorted by weight since weight is a first 

order determinant of stopping distance for brake-torque-limited heavy trucks. 

(4) The data concerning the number of brakes OOA and the average percentage 
adjustment appears to be influenced by vehicle weight. Perhaps the original 

data could be reanalyzed to separate the contribution of vehicle weight from 

the results for brake-adjustment. 

Analyses performed in the current study indicate that the stopping distance 
attained in a 20 mph stop is highly dependent upon pressure delays and rise- 
times in the braking system. Since brake timing was not measured for the 
vehicles involved in the tests, the influences sf brake timing was not 

measured for the vehicles involved in the tests, the influence of brake timing 

are not accounted for in the results. Although measurements of brake timing. 

were probably impractical then, the results nevertheless have an important 
source of variability which could be investigated now (if brake timing were to 

be measured.) 

(6) The data indicate that drivers do much better on subsequent braking trials than 
they do on the first trial. This points out that there is a source of variability 

due to driver characteristics and experience in performing stopping distance 

testing. (This situation is supported by our past experience in which we have 

found that test drivers can stop in shorter distances than over-the-road-drivers 

in braking performance tests.) 



Pertinent results from [I] are tabulated in Appendix D.A. and Appendix D.B. 
contains a list of questions based on Items (a) through (f). 

Findings that corrobroate and extend the results presented in Reference [I] were 

obtained by reviewing studies performed by NTSB [4] and New York State [5].  The results 
of the NTSB investigation of thirty-two accident cases involving heavy trucks with brake 
problems fit in well with the results of the OMC study conducted in 1984. With respect to 
brake-adjustment, the NTSB study found that older trucks were worse than newer trucks. 

Large fleets have newer trucks and better levels of brake-adjustment than smaller fleets. 
NTSB recommends that NHTSA require automatic slack adjusters and that fleets provide (a) 
driver training on adjustment, plus (b) indicators for OOA brakes. 

The New York State study involved working with six truck fleets. The study 
included 1,003 inspections on fifty-five tractors and forty-five trailers. Pertinent findings are 
as follows: 

*Trailer axles should be adjusted at an interval less than 5,000 miles:--especially the 

rear axle which experiences the greatest amount of wear. 

*The front tractor axle has few problems. The front drive axle has some problems, 
but the brakes on the rear drive axle need to be adjusted every 3,000 miles for eight 
of ten brakes to remain in adjustment. 

*Automatic slack adjusters work very well if they are properly maintained (not so well 
otherwise). 

*Drivers and mechanics often adjust brakes without reporting it and without training 
in some cases. All mechanics and all drivers should be trained in proper brake-' 
adjustment procedures including reporting when brakes are adjusted. 

*Brake wear is rapid during the break-in of new brake linings. (This implies that 
wear history is non-linear such that linear extrapolations from initial periods of wear 
will not be representative of long-term wear--such extrapolations would over- 

predict brake wear.) 

*If the trailer hand control valve is used frequently, trailer brakes will wear rapidly 
and these brakes will need to be monitored closely. 



*Some vehicles have repetitive adjustment problems. Vehicles that have weekly 

adjustment problems should be identified and their brake systems should be given a 

thorough inspection. 

*The participating companies did not experience totally similar problems. Each 

company needs to analyze its experience and develop separate adjustment criteria for 

both tractors and trailers. (The factors of influence were believed to include road 

traffic and type plus driver habits including the use of the trailer trolly valve and 

retarders .) 

*It was difficult (practically impossible in some cases) to document trailer miles 

travelled. Perhaps a time-based adjustment interval should be developed for trailers. 

(Again, each company would need to develop its own periodic maintenance schedule 

for trailer brakes.) 

Reference [2] is a user's manual with some technical detail on computing an average 

brake temperature. It contains no measured data. 

The grade severity range system [2] uses gross vehicle weight plus the physical 

characteristics of the downgrade to predict an average brake temperature at the end of the 

descent. Predictions for various speeds of descent (control speeds) are used to determine a 

relationship between gross-vehicle weight and control speed such that the average brake 

temperature (including a rapid stop at the bottom of the descent) will be less than 500°F. 

These predictions form the basis for "weight specific speed" (WSS) signs that inform drivers 

of the appropriate target (control) speed to use as a function of vehicle weight. 

The manual gives instructions on how to inspect a site and install WSS signs. These 

directions, although they are important, are not particularly relevant to the current study. 

However, the prediction of brake temperature is relevant to the analysis of the influences of 

brake-adjustment levels. 

Reference [2] gives the equations used to predict average brake temperature. These 

results could be compared with predictions of individual brake temperatures [6] in the 

analyses to be performed in Task E. (We expect reasonable correspondence between the 

individual and average temperature predictions because they are based on similar theory using 

"bulk" temperature calculations.) 



Information from Reference [7] may be used in Task E to aid in evaluating 

predictions of brake temperatures. For example, [7] gives the following "rules of thumb:" 

*Drum expansion is 0.01" per 100°F temperature increase. 

*Pushrod force decreases by 250 pounds. per 100°F for brake-adjustment at 

1.75" and 80 psi brake line pressure. 

*Pushrod travel increases 0.07" per 100°F (This appears to be low according 

to other work that we did. Perhaps 0.1" per 100°F would be better.) 

An extensive amount of experimental work has been performed to investigate the 

effect of brake-adjustment on braking performance (see Reference [13]), The study [3] 

included (a) stopping-distance tests on a single unit truck and two tractor trailer 

combinations, (b) brake dynamometer tests on six types of s-cam brakes, and (c) computer 

simulations to extend the results to situations not tested. 

The vehicle configurations used in stopping performance tests were 6x4 straight 

truck, a 3 4 2  tractor semitrailer combination, and a 2-S1-2 doubles combination. The 

vehicles were instrumented to measure deceleration, speed, stopping distance, control line 

pressure, brake lining temperature, and wheel lockup. Also, pushrod force and stroke were 

measured at the brake chambers. Stopping-distance tests were made at selected levels of 

brake-adjustment. These tests were run on a good dry surface using initial speeds of 20 and 

60 mph. These data provide deterministic, quantitative information that will be useful in 

evaluating the influences of brake-adjustment. 

Tests were also conducted on a curved path on a slippery, wet surface. Although 

these tests are important with respect to directional control during braking and the influences 

of side to side misadjustment of the brakes on the front axle, it does not appear that these 

results will be used in the current study because OOS criteria no longer contains special 

provisions pertaining to the adjustment of the steering axle brakes. 

The vehicle test results involve many combinations of levels of brake-adjustment at 
various brakes-thirty-one cases for the truck, twenty for the 342 ,  and thirty-two for the 

double, plus tests at high brake temperatures and for lightly-loaded vehicles. Pertinent tables 

from [3] are presented in Appendix D.C. These data are assessed to be a definitive source of 

information on the influences of various levels of brake-adjustment on stopping distance. 



In addition to vehicle test results, [3] contains an extraordinary set of dynamometer 

data indicating the effect of brake-adjustment on brake torque. These data are fundamental to 

analyzing the influence of brake-adjustment on stopping distance. They were used in [3] to 

develop a mathematical model for predicting stopping distance performance (and we expect to 

use it in our work later in this project). The following excerpts fhom [3] describe the brakes 

and procedures covered in the dynamometer tests. An example set of results follows the 

excerpts. These results illustrate the influence of cold stroke and temperature on brake torque 

for a typical 30x6 s-cam brake. 

"The dynamometer tes ts  were u s e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  b rake -  

a d j u s t m e n t  on t h e  b r a k e  t o r q u e  o u t p u t  under  v a r i o u s  o p e r a t i n g  c o n d i t i o n s .  

I n  a d d i t i o n ,  t h e  d a t a  c o l l e c t e d  were u s e d  i n  d e v e l o p i n g  a  c o m p u t e r i z e d  

m a t h e m a t i c a l  model of  t h e  b r a k e .  Both of t h e s e  r e q u i r e  a  wide r a n g e  of 

o p e r a t i n g  c o n d i t i o n s  s u c h  a s  b r a k e  p r e s s u r e ,  s h a f t  s p e e d  a n d  i n i t i a l  

t e m p e r a t u r e .  

V a r i o u s  b r a k e  c o n f i g u r a t i o n s  were t e s t e d  t o  d e t e r m i n e  t h e  

s e n s i t i v i t y  o f  t h e s e  c o n f i g u r a t i o n s  t o  b r a k e - a d j u s t m e n t .  P r i o r  t o  

t e s t i n g  e a c h  o f  t h e s e  c o n f i g u r a t i o n s ,  a  new set of ABEX 614 EF a s b e s t o s  

l i n i n g s  was i n s t a l l e d .  The c o n f i g u r a t i o n s  t e s t e d  were: 

1. f 6 . 5  x 7 "  Double Anchor P i n  Brake ,  Type 30 Chamber, 6" S l a c k  

A d j u s t e r  and a  C a s t  Drum 

2 .  1 6 . 5  x 7 "  Double Anchor P i n  Brake,  Type 214 Chamber, 6" S l a c k  

A d j u s t e r  and  a  C a s t  Drum 

3 .  1 5  x 4" Double Anchor P i n  Brake,  Type 20 Chamber, 5 . 5 "  S l a c k  

A d j u s t e r  and a  C a s t  Drum 

4 .  1 6 . 5  x 7 "  Double Anchor P i n  Brake,  Type 30 Chamber, 6" S l a c k  

A d j u s t e r  and  a  F a b r i c a t e d  Drum 

5 .  1 6 . 5  x 7"  S i n g l e  Anchor P i n  Brake,  Type 30 Chamber, 6" S l a c k  

A d j u s t e r  and  a  C a s t  Drum 

6.  1 6 . 5  x 7"  Double Anchor P i n  Brake ,  Type 30 Chamber, 6" S l a c k  

A d j u s t e r  and  a  C a s t  Drum w i t h  Modi f i ed  C o n d i t i o n i n g  Phase .  



The test  procedure used f o r  dynamometer t e s t i n g  is  g iven  i n  Table 

13. The brake cond i t i on ing  phase of t h e  t e s t  was run a t  t h e  beginning of 

each brake conf igu ra t ion  t o  s t a b i l i z e  t h e  new brake l i n i n g s . "  

TAB= 13 h m  [3] 
Dynamometer Teat Schedule 

Initial 
Number of Speed Pressure Decel Temperature 

sms huhl h i l ~  0 

Brake Conditioning Phase 
Pre-Burnish Effectiveness 

5 60-0 100 150 
Burnish 

1000 40-0 10 500 
Post Burnish Effectiveness 

5 60-0 100 150 
High Temperature Conditioning 

10 60-0 100 700 
Post Temperature Conditioning Effectiveness 

5 60-0 100 150 

Brake Adjustment Tests (Repeat 
Adjustment Level) 

Static Measurement 
1 20-0 
1 40-0 
1 60-0 
1 60-0 
1 60-0 

Static Measurement 
1 20-0 
1 40-0 
1 60-0 
1 60-0 
1 60-0 

Static Measurement 
1 20-0 
1 40-0 
1 60-0 
1 60 - 0 
1 60-0 

Sequence Three Times for Each 





Dynamometer Brake Adjustment Tests 
30X8,Cast.Oauble Anshar,riCtmph.l OOgsi 

180 , 1 

Cald Static Stroke at 100 psi (in) 
0 200 F + 000 F 0 500 F 

Dynamometer  Brake Adjustment Tests 
30X6.Cad;t,0auble Anchar,50mph,l Oops! 

1 00 

Source: [3] 
77 



The model developed in [3] includes (a) the influences of the apply times of the 

brakes, (b) the relationship between pressure, stroke, and torque for each brake (including 

factors representing drum expansion during the stop and self-actuation), and (c) simple 

integration algorithms for integrating deceleration to obtain velocity and integrating again to 

obtain stopping distance. The model was used to produce the following results: 

Percent Increase in Stopping Dist8ace 
a t  Hinimum CVSA Out-Of-Service Lave18 

Six Wheel Case 

5 O t Z R A  
20 t Defective 
Front Imbalance 

Front 2 Beyond L i m i t  3 12 

Ten Uheel Case 

50 % h RA 4 32 
20 t Defective 4 14 
Front Imbalmca 0 6 

Front im Beyond L i m i t  1 9 

NOTE: Minima CVSA Out-of-Semice Levels - A t  out-of-service c r i t e r i a  
v i th  a11 other  brakes ful ly  adjusted. 

50  2 RA - Ear l ie r  CVSA Out-of-Service lava1 vhich has since bean 
romoved. 

Conditions Resulting in  20 Percent Increase 
in Stepping Distance Noc Cwored by CTISA Cri te r ia  

Numbor of Wheels a t  C6v.n Adjwtment tv.1 

Xnicial 
Brake 

z m a s m d u  

Six Wh8.1 Case 

Ten Wheol C u e  

200'F 

400.F 

Fully Readj Readj 
M j  Point Point+O. 25in . . - 

Readj Readj Lacked Backed 
point+0.25lp _Pft 



The appendices D.A. and D.C. which follow the references, contain tables of data 

thereby providing a compact presentation of selected results from References [I] and [3]. 
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APPENDIX D.A. 

SELECTED DATA FROM REFERENCE [I] 



DISTRIBUTION OF VEHICLES B Y  FOR-HIRE STATUS 

1 1 NOT I I 

VEHICLE CONFIGURATION I FOR HIREIFOR XIREIUNKNCWN I TOTAL 

I I I I 

S i n g l e  U n i t  T ruck  I I I I 

3 - a x l e  1 40% ( 2 1 )  154% ( 2 8 )  1 6% ( 3 )  1100% ( 5 2 )  

Tractor-Semi C o m b i n a t i o n  I I I I 
2- S1  1 24% ( 2 1 )  176% ( 6 8 )  I 0% (0) 1 100% ( 8 9 )  

2- 52 I 50% 416)  150% ( 1 6 )  1 0% (0) 1100% ( 3 2 )  

3-S2+ I 74% ( 9 9 )  124% (32) 1 2% ( 2 )  l 100% (133) 

T r u c k - T r a i l e r  C o m b i n a t i o n  1 27% (12) 169% (31) 1 4% ( 2 )  1100% ( 4 5 )  

Doub le  Bottom T r a i l e r  1 28% (111165% (2611 7% ( 3 )  1100% ( 4 0 )  

TOTAL 

AVERAGE TRUCX/TRACTOR AND TRAILER AGE (YEARS 

VEXICLE CONFIGURATION TRO CX/TRACTOR TRAILER 
(Years 1 (Years 

S i n q l e  U n i t  T r u c k  

3 - a x l e  I 6.6 

T r a c t o r - S e m i  C o m b i n a t i o n  I 
2-s1 I 5.3 

2- S2 I 5.8 

3-S2+ I 7.5 

T r u c k - T r a i l e r  C o m b i n a t i o n  i 7.7 

Double Bot tom T r a i l e r  I 6.4 
I 



AVERAGE NUMBER AND PERCENTAGE OF 

BRAKES CUT OF ADJUSTMENT PER V E I I I a E  

AVERAGE SAMPLE 
VEBICLE CONFIGURATION I NUMBER I PERCENTAGE I SIZE 

I I I 

S i n g l e  Uni t  Truck I I I 

3-axle 1 1.92 I 3 1% I 49 

Tractor-Semi Combination I I I 

2- S1 1 1.91 I 3 2% 1 8 7 

2- S2 1 2.09 I 26% I 32 

3-S2+ 1 3.02 I 30% **+ 1 133 

Truck-Tra i le r  Combination 1 2.50 I 26% I 38 

Double Bottom T r a i l e r  1 5.53 I 36% I 38 

I I I 

I I I 

TOTAL I I 30% 1 377 

PERCENTAGE OF VEElICLES TESTED MEETING FMCSR REQUIREMENTS 

DETERMINED BY THE FIRST STOPPING DISTANCE 

S i n g l e  Uni t  Truck I 
! 

I 

3-axle 1 

Trac tor -Sani  Combination I 

2- S1 I 

2- S2 I 

3-S2+ 1 

Truck-Tra i le r  Combination I 

Double Bottom T r a i l e r  I 

I PASSED 
I (%)  



Using t h e  pushrod measurements, the  average percentage 
adj ustment requi red t o  maintain the  vehicle in-service was 
calculated for  each brake for  each vehicle. For example, for a 
clamp type brake chamber with a 30 square inch e f fec t ive  area 
(type 30) , the maximum stroke a t  which brakes should be adjusted 
( the  out-of-service l eve l )  is  2 inches. If the  actual  
measurement obtained during t h e  t e s t  was two and one h a l f  

inches, then the percentage adjustment required t o  maintain t h e  

vehicle in-service was calculated a s  I(2.5 - 2.0) /2.01 or 2 5  

percent. The average percentage adjustment required was 
obtained by averaging the individual percentage adjustments 
required. 

AVERAGE PERCENTAGE ANUSTWENT RmUIRED 

VmICLE CONFIGURATIONS 

Single U n i t  Truck 

3-axle 
Tractor-Semi Combination 

2-S1 

2- S% 

3-S2+ 

Truck-Trailer Combination 
Double Bottom Trai ler  



AVERAGE STOPPING DISTANCE ( f e e t )  

DETERMINED BY THE FIRST STOPPING DISTANCE 

I I 
I FMCSR I 

V E B I ~ E  CONFIGURATIONS I Req. I 1984 

I - I 
S i n g l e  Un i t  Truck I 1 

I 

I 

3-axle  I 35 1 39.1 

Tractor-Semi Combination I I 
2- S1 1 40 1 4i.7 

T ruck -Tra i l e r  Combination 1 40 1 42.8 

Double Bottom T r a i l e r  1 40 1 47.8 

AVERAGE STOPPING DISTANCE ( f e e t  1 

DETERMINED BY SHORTEST STOPPING DISTANCE 

I FMCSR 

I Req 

V ~ I ~ E  ~ N F I G U R A T I O N  I (2omph)  

I 
S i n g l e  Uni t  Truck I 

3-ax1 e 1 35 

Tractor-Semi Combination I 

2- S1 I 40 

2- S2 1 40 

3-S2+ > I 4 0 

Truck-Tr a i l e r  Combination I 4 0 

Double Bottam T r a i l e r  I 40 



PERCENTAGE OF V M I a E S  TESTED MEETING PMCSR REQUIREPENT 

USING 'Ill E SHGaTEST STOPPING DISTANCE 

VEBICZE CONFIGURATIONS I I OVERALL 1 

I 1 ( % I  I .  
Single-Uni  t Truck I I I 

3-ax1 e I I 56 1 

Tr actor-Semi Combination I I I 
2- S1 I I 6 9  1 

2- S2 I I 8 1  1 
3-S2+ I 1 59  1 

Truck-Trail ef Combination I I 69  1 

Double Bottom Trailer I I 43 1 

A V W E  STOPPING DISTANCE BY TEST 

S a p 1  e Aver age 
Siz e Stopping Distance 

(ft) 

TEST I1  518 40 .O 

3 92 TEST # 2  37.8  

TEST I 3  200 37 .0  

PERCENTAGE OF VEHICLES MEETING FHCSR REQUIREHENTS 

DETERMINED BY THE FIRST STOPPING DISTANCE 



FIRST STOPPING DISTANCE AND TOTAL WEIGHT BY STATE 

1 .  ,I 
S i n g l e  Unit Truck 

---.- - 

I I 

3-ax1 e I I 38 .8  40 .6  38 .7  
I 1 29 ,530  29,056 3 3 , 6 7 5  

1 ,  I 

Tract or- Semi Combination I I 
2- S1 1 I 39 .7  46 .6  38 .4  

I 1 2 0 , 3 3 3  31 ,682  29 ,635  

Truck-Trai ler  Combination I I 48.8 36 . O  - 
1 I - 73 ,340  3 2 , 2 2 9  
1 .  I 

Double Bottom T r a i l e r  I I 49 .5  47 .5  - 
I I - 5 1 , 8 8 2  83 ,125  



AVERAGE STOPPING DISTANCE AND TOTAL WEIGHT 

I-----------------I------------------l------------- I 
I FIRST STOPPIHG / TOTAL WEIGHT 1 PERCEh'TAGE ' 
I DISTANCE (feet) 1 (lbs. I DIFFERENCE i 
]-------]--------I--------I---------- I IN WEIGHT / 

mICtE TYPES I PASSED I FAILED I PASSED I FAILED /PASS V S .  PAIL 1 
1------1-------1--------I-------l------------ I 

Single Unit Trucks I I I I I I 
I 

3-u le  1 29.9 1 44.8 130224 130388 1 1 I 
Tractor-aemi Cmbinrtion I I I I 1 I 

2-S1 I 0 1 50.2 128186 132382 1 1 5  I 
2-S2 I 32.9 1 45.2 1 3 4 2 1 2  I40013 1 17 I 
3-S2+ 1 33.8 1 48.6 1 43768 1 56472 1 2 9 I 

Tractor-trailer Cmbinrtionl 34.3 1 51.7 1 37757 1 71299 1 89 I 
Daub l e  Bot t apl Trai ler I 35.6 I 55.9 1 55007 1 87079 1 5 8 I 

1-----1--------1-------1----1-111----------- I 

PERCENTAGE OF V M ICLES MEETING FMCSR REQUIREMENTS 
BY FOR-HIRE STATUS 

I I I 
I I NOT 1 

IFOR HIRE1 FOR E I R E  I 
V ~ I ~ E  CONFIGURATION I I I 

I I 

Single Unit Truck I I 

3-axle I 24%(219* 46% (28) 1 

Tractor-Semi Combination 1 I 

2-S1 1 48% (21) 54% (68) I 

2- 52 156%(16) 63% (16) 1 

3-52+ I 4 0 % ( 9 9 ) *  59% (32) 1 

Truck-Trailer: Combination 1 33%(12) 56% (32) 1 

Doubl e Bottom Tra i le r  1 36%(11) 44% ( 2 5 )  1 

TOTAL 



COMPARISON OF THE AVERAGE NUMBER OF BRAKES 

OUT OF ADJUSTMENT 

V F I H I ~ E  CONFIGURATION I ~n r~ MI 

S i n g l e  Uni t  Truck 1 
3-ax1 e 1 1.47 (32) 2.00 (10) 3.55 (11) 

Tractor-Semi Combination 1 
2-S1 1 1 . 7 5  (4 )  1.43 (37)  2.32 ( 50 )  

2-S2 1 1.85 (13) 2.40 (10)  2.27 (11) 

3-S2+ 1 3.13 (98)  1.84 (31)  4.15 (13)  

Truck-Tra i le r  Combination l 2.25 (12)  6.81 (27)  

Double B ~ t t m  T r a i l e r  I 2.13 (23)  2.88 (16)  

PERCENTAGE OF V E H I C L E S  MEETING FMCSR REQUIREMENTS 

BY THE NUMBER OF BRAKES OUT OF ADJUSTMENT 

I 3-8x18, 1 3-51 i 2-9 1 3-9+ 1 T r u c k  I Ooublr I 

I I I I I T r a i L r r  I E o t t a  I 



PERCENTAGE OF VEHICLES HEETING FRCSR REQUIREHENTS 

B Y  5 , 0 0 0  LB* WEIGHT INTERVALS 

VFBIaE TYPES 

I lngLrunf  t truck 1 T r r c t o r t  t a b .  1 I I 
I 1 I I 

I *t-ul@ I f l  1 *SO I 3-a+ I Truck- I Ooublr I 
I 1 I I ITrr f lar  I bottm I 

INDICATORS OF BRAKE APJUSTXENT 

l-.----.-------l--------------- I 
I NUMBER OF BRAKES1 A V E R S E  PLBCEHT I 
I OUT OF ADJUST. I ADJUST W'D I 
1-------1-------1----11111----- I 
I PASSED I FALLED I PASSED I FAILED I 
1 ------ 1 - ---- 1 ------ I ------- I 

Single  Unit Truck8 I 1 I 1 I 
0- I , -- I -- I - I 

3-axle I 2.1 I 1.0 i 0 I 20.8 I 
Tractor-reni Combination I I I I I 

2-Sl 1 1.7 I 2.1 I 17.0 1 12.2 I 
2-S2 1 2.2 1 1 .9 1 16.2 1 5 6  I 
3-S2+ 1 2.6 1 3 .3 1 17.9 1 10.5 I 

T r a c t o r - t r a i l e r ~ m b i n a t i o n l  2.7 1 2.3 1 16.6 1 23.4 1 
Double Bottan Trailer I 3.6  I 6 . 5  1 22.8 I 1 . 8  1 

1--------1--------1--------1------- I 



PERCENTAGE OF VMICLES HEETING FMCSR REQUIREMENTS 

BY AGE OF TRUCWTRACTOR 

I 
T R U W  I S i n g l c u n l t  t ruck I T r r c t o r a m l  w b .  I I I 
TRACrOR 1 I I I I 

#E 1 I 3 8 x 1 8  1 *81 1 2-I I 3-Q* I T r u c k  1 Doubla I 
1 yaarsl I I I I I I T r r f l a r  I B o t t a  I 

I I I 1- I I I I 
0 I !lo=( 3 l l l o r a (  411 SOS1 211 a[ 311 1 7 S (  41 1 
1 I I a=( 61 I 3 3 1  31 11as1 31 I 7 s l  01 I 11m( 21 I 
2 I 11o=t 111 s t ( u l ~ i o g r (  411 sen(1011 at 111 sm( 211 
3 I I a n [  51 I se~ s l  I o~ 11 I 7 a 1  41 11ora( 4 1  I CB[ 11 I 
4 1 I S l l  7SI1211 7 S I  411 S7N1411 =( 211 U( 511 
S I I S o 1  S1 l 4 t I ? l 1  I BDII S l  l 4 X ( l S l  l 781( 81 1 OL[ 41 l 
e I I as[ 71 I rra( 51 I r r r ~  81 I m~ 51 I 7 s (  91 I 7 ~ (  41 I 
7 1 I l m (  11 l an( 51 1 I 67x1 61 l or[ 21 1 a (  31 1 
e I I I srr( 31 I a r ~  11 I s m ~ i o ~  I m(: 41 I a1 11 I 
e I I =t 311 m( 311 a (  111 la1 a11 a (  311 I 

10 I I 2s( 411 aar~ 411 33at 311 m ( r 2 1 1  =I 511 as( ~ I I  
1 I I a1 311 i n (  611 I 4t1111 I ~ D I [  41 I a1 31 I 
12 I I Q S (  811 5 1  211 a1 111 SUB( 411 spXI 211 =I 311 
13 1 I I I 1 3W 31 1 91[ 11 l I 
14  I I 11m1 11 l i m (  11 ~ to r r r (  21 I I sa( PI I 
1s I I at 11 1im1 11 I I a (  51 I 11 I I 
16 I I I I I oil 21 I a [  11 I I 
17 I I =I 11 I I I a [  11 I I I 
10 I I m~ PI I I I QS( 31 I I I 

-I/- I I I I I I I I 
25 I I I I I a1 11 I I I 
Or 1 I I I B( 11 I I I I 

I I- I I 1 I I 1, 
TOT& I I aa1ao11 aar1m11 s a t a 2 1 1 u [ i s 1 1  ~ 1 1 4 1 1  = (a11  

AVERAGE TRUCK/TRACTOR AND TRAILER AGE (YEARS) 



Fac to r s  a f f e c t i n g  braking performance f o r  most v e h i c l e  
conf igura t ions  i n  o rde r  of importance a r e :  

o t o t a l  weight,  
o age of t h e  t r u c k / t r a c t o r ,  
o whether t h e  v e h i c l e  was operated f o r  h i r e ,  
o t h e  number of brakes out  of adjustment,  and 
o t h e  average percentage adjustment r equ i red  t o  

mainta in  t h e  v e h i c l e  in-service.  

No s i n g l e  f a c t o r  , such a s  t o t a l  weight or number of brakes  ou t  
of adjustment, adequately explained t h e  v e h i c l e s '  compliance 
s t a t u s .  Nor d i d  any s i n g l e  r eg ress ion  model combining t h e s e  
f a c t o r s  adequately e x p l a i n  t h e  r e s u l t s  f o r  t h e  va r ious  
conf igura t ions .  However, t h e  r eg ress ion  c o e f f i c i e n t s  obta ined  
f o r  t h e  r e l a t i o n s h i p  of t h e  number of brakes o u t  of adjustment 
and s topping d i s t a n c e  i n d i c a t e d  t h a t  an a d d i t i o n a l  0.5 t o  1 .5  

f e e t  per out-of-adjustment brake was requi red  t o  s top .  

D I D  WEY FAIL? 

Number of Aver age 
Brakes Percent  

O u t  of Adj ustment 

MORE 

Truck/ 
Tract  or 

Aae. 

2-axle hvy 
2- S1 

2-axle hvy 3-S2+. MORE 
3-axle Dbl b o t t m  
2- s1 
2-SZ 

3-S2+ 

Tr-Tr 
Dbl Bottom 

b 

LESS 

LESS 



APPENDIX D.B. 

QUESTIONS CONCERNING MATERIAL IN REFERENCE [l] 

*Are heavier vehicles likely to have brakes in adjustment? 

*Why not leave out 2-axle vehicles because they are largely hydraulically braked? 

*Are older trailers maintained better? 

*Why not use pounds of load per axle in comparisons?--or some weighting of brake power 

per pound of load carried? 

*Seems like percentage adjusment required ought to work better than the number of brakes 

OOA (all else being equal). Perhaps something (such as weight or pressure delays) 

correlates with the number of brakes OOA or the percentage adjustment required? 

*Are the maintenance practices of "not-for-hire" carriers better than those of "for-hire" 

carriers? 

*What do you do about physically impossible results which imply that something else was 
uncontrolled?-in particular, the number of brakes OOA versus percentage adjustment 

required. Perhaps information on brake timing is needed to explain these results. Also 

vehicle weight must be account for. 



APPENDIX D.C. 

SELECTED DATA FROM REFERENCE [3] 



T A B U  2 
6 X 4 Truck Straight Line Stopping Distance 

Test Results 

Fully Adjusted w/ALV 
Fully Adjusted 
#1 FA, #2 @ 2", #3-#6 FA 
No Fronts, #3-#6 FA 
#I-#2 @ 2.125", #3-#6 FA 
#I-#2 FA, #3-#6 @ 2.5", #5-#6 FA 
Fully Adjusted 
#1-#5 FA, #6 @ 2.25" 
#l-#3 FA, *-#6 @ 2" 
#1-#2 @ 1-75", #3 @ 2", #4-#6 FA 
#I-#2 @ 1.62Sn, #3-#6 @ 1.875" 
#1-#2@1.62Su, #3-#4@2.2Sm, #5-#6@1.875" 
Fully Adjusted 
Fully Adjusted 
#I-#2 @ 1.75", #3-#6 @ 2" 
#l-#2 @ 1.5", #3-#6 @ 1.875" 
No Fronts, #3-#6 @ 1.875" 
#l @ 2", #2 @ 1.5", #3-#6 @ 1.875" 
#l-#2@1.Sn, #3@2.2Sn, #4-#6@1.875" 
#1-#2 @ 1.5", #3-#6 @ 1.875" 
Fully Adjusted 
#1-#2 @ 1.75", #3 @ 2", #4-#6 @ 1.875" 
Fully Adjusted 
#I-#2 @ 1.625", #3-#6 @ 1.875" 
#1-#2 FA, #3-#4 @ 2.5", #5-#6 FA 
#l-#2@1.625", #3-w2.25", #5-#6@1.87Sn 
#1-#2 @ 1.75", #3-#6 @ 2" 
Fully Adjusted 
#l-#2 @ 1.75", #3-#6 @ 2" 
#1-#2 @ 1.75", 03 @ 2", tc4-#6 @ 1.875" 
#1-#2 FA, #3-#4 @ 2.375", #5-#6 FA 
Fully Adjusted 

T,tS&k;  is t Presc  is t Pres 

82 
82 
85 
8 3 
100 
100 
100 
100 
100 
100 
100 
100 
LOO 
LOO 
100 
100 
100 
100 
100 
100 
100 
100 
8 5 
100 
100 
100 
100 
9 5 
100 
100 
100 
100 

#1 - Left Front #3 - Left Intermediate #5 - Left Rear 
#2 - Right Front #4 - Right Intermediate #6 - Right Rear 
FA - Fully Adjusted 
* - Conditions meeting CVSA out-of-service criteria 

NOTE: All tests were conducted with the ALV bypassed except as noted. 



TABLE 4 
~ r a c t o r  Semit ra i ler  S t r a igh t  Line Stopping Distance 

Test Results 

Condition 

Ful ly  Adjusted 
#1 FA, #2 @ 2", #3-#lo FA 
# l - # 2  @ 2.125", #3-#I0 FA 
No Fronts,  #3-#10 FA 
Fully Adjusted 
#I-#2 FA, #3-#4 @ 2.5",  #5-#lo FA 
#l-#6 FA, #7-#8 Off,  #9-#10 FA 
#l-#4 FA, #5-#6 @ 2.25") #7-#I0 FA 
Fully Adjusted 
#I-#5 RA, #6-#1O FA 
#I-#5 FA, #6-#lo RA 
~ l - # 4  FA, #5-#6 @ 2.37SU, #7-#1O FA 
Fully Adjusted 
#1-#6 FA, #7-#8 @ 2.375", #9-#I0 FA 
#1-#6 FA, #7-#8 @ 2.25", #9-#1O FA 
Ful ly  Adjusted 
Fully Adjusted 
#I-#2 FA, #3-#6 @ 2.125", #7-#I0 FA 
#1 FA, #2 @ 1.75", #3-#I0 FA 
Fully Adjusted 

20 mph 60 mph 
Stop Line Stop Line 
Dist Pres Dist Pres 
/ f t )  ( p s i )  ( f t )  ( p s i )  

100 
100 
LOO 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
LOO 
100 
100 

#I - Left  Front #3 Left Intermediate #5 - Left Rear 
#2 = Right Front #4 - Right Intermediate #6 - Right Rear 
#7 - Tra i l e r  Lef t  Front #9 - Tra i l e r  Lef t  Rear 
#8 - Tra i l e r  Right Front #10 - Tra i l e r  Right Rear 
FA = Fully Adjusted 
RA - A t  Recomended Readjustment Point 
Off Backed Off 
* - Conditions meeting CVSA out -o f - se rv ice  c r i t e r i a  

NOTE: A l l  t e s t  were conducted with the ALV bypassed. 







TABLE 6 
Trac tor  S e m i t r a i l e r  Light ly Loaded Stopping Distance 

Test  Resu l t s  

Condit ion 

Stopping Line 
Distance Pressure 

Kev 0 0 

20 mph S t r a i g h t  Line Dry Pavement Tes t s  

Ful ly Adjusted 1 34 4 5 
Fully Adjusted w/ ALV 2 34 4 5 
#1-#2 Off ,  #3-#10 FA * 3 3 7 4 5 
#1-#2 @ 1.875" ,  #3-#I0 FA 4 3 4 4 5 
#1-#2 @ 1.875" ,  #3-#I0 FA W/ ALV 5 3 2 5 0 
Fully Adjusted 6 3 3 4 5 

60 mph S t r a i g h t  Line Dry Pavement Tes ts  

Ful ly Adjusted 1 301 3 4 
Fully Adjusted w/ ALV 2 310 34 
*I-#2 Off ,  #3-#10 FA * 3 356 3 2 
#1-#2 @ 1.875" ,  #3-#10 FA 4 329 3 2 
sl-#2 @ 1 .87Sn ,  #3-#LO FA W/ ALV 5 338 3 2 
Fully Adjusted 6 3 17 3 2 

35 mph Wet J e n n i t e  Curve 

Fully Adjusted 
Fully Adjusted w/ ALV 
r l - # 2  Off ,  #3-#I0 FA 

#l - Lef t  Front #3 - Left  Intermediate  #5 - L e f t  Rear 
#2 = Right Front #4 = Right Intermediate  #6 = Right Rear 
#7 - T r a i l e r  Le f t  Front  #9 - T r a i l e r  Le f t  Rear 
#8 - T r a i l e r  Right Front #10 - T r a i l e r  Right Rear 
FA = Ful ly  Adjusted 
Off - Backed Off 
* - Conditions meeting CVSA ou t -o f - se rv ice  c r i t e r i a  

NOTE: A l l  t e s t  were conducted with the  ALV bypassed except  a s  noted.  



TABLE 7 
Tractor S e m i t r a i l e r  High Temperature Tes t  Resul t s  

In i t ia l**  Cool kt** 2nd** Final*** 
Fu l ly  Adj Brake Hot Hot Fu l ly  Adj 
Base l ine  Stops Stops Stops Baseline 

!&y j f t )  ( ~ s i )  /ft) ( p s i )  ( f t )  (it_)_ ( f t )  (psi) 

Ful ly  ~ d j u s t e d  A 317 60 295 336 294 65 

No F r o n t s ,  #3-#I0 FA * B 288 65 300 65 326 401 299 60 

# l -#2  FA,#3-#6 RA, 
#7-#9 FA, ,# lo  RA * D 283 65 331 5 5  282 317 283 65 

#1 - Lef t  Front #3 - L e f t  Intermediate #5 = Lef t  Rear 
#2 = Right Front #4 - Right  Intermediate #6 = Right Rear 
#T - T r a i l e r  L e f t  Front #9 - T r a i l e r  Le f t  Rear 
#8 = T r a i l e r  Right Front #10 - T r a i l e r  Right  Rear 
FA - Fully Adjusted 
RA - A t  Recomended Readjustment Point  
Off - Backed Off 
* - Conditions meeting CVSA o u t - o f - s e r v i c e  c r i t e r i a  

NOTE: **Average of two s tops  
***Average of three  s t o p s  



TABLE 8 
Doubles Combination S t r a i g h t  Line Stopping Distance 

Tes t  Resul t s  
20 mph 60 mph 

Stop Line Stop Line 
Dist Pres Dist Pres 

Condition &y / f t )  ( p s i )  ( i t )  ( m i l  

Fully Adjusted 
#I-#2 FA, #3-#4 @ 2.25", #5-#10 FA 
#I-#6 FA, #7 @ 2.25", #8-#10 FA 
#I-#8 FA, #9-#I0 @ 2.25" 
Fully Adjusted 
#1-#4 FA, #5-#6 @ 2.25",  #7-#LO FA 
#1-#2 RA, #3-#6 FA, #7-#9 RA, #I0 FA 
#1-#2 FA, #3-#6 RA, #7-#9 FA, # lo  RA 
Fully Adjusted 
#1-#2 FA, #3-#4 @ 2.25", #5-#I0 FA 
#I-#6 FA, #7 @ 2.25", #8-#lo FA 
Fully Adjusted 
#l FA, #2 @ 2" , #3 -#lo FA 
#I-#2 @ 2.125", #3-#1O FA 
No Fronts ,  #3-#LO FA 
Fully Adjusted 
#I-#4 RA, #5 Off,  #6-#lo RA 
#1-#6 FA, #7-#8 @ 2.25", #9-#1O FA 
#I-#2 FA, #3 -#4 Off , #5-#I0 FA 
#1-#10 RA 
#1 FA, #2 @ 2.125", #3 -#lo FA 
Fully Adjusted 
Fully Adjusted 
#l @ 2" ,  #2-#lo FA 
#l @ 2.125, #2-#lo FA 
#1 Off,  #2-#10 FA 
Fully Adjusted 
Fully Adjusted 
#I-#2 FA, #3-#6 @ 2.125", #7-#lo FA 
#I-#4 FA, #5-#6 @ 2.125", #7-#8 FA, 

#9-#lo @ 2.125" 
#1 FA, #2 @ 1.75",  #3-#LO FA 
Fully Adjusted 

#1 - Lef t  Front #3 - Left Rear #5 - F i r s t  T r a i l e r  Lef t  
#2 - Right Front #4 - Right Rear #6 - F i r s t  T r a i l e r  Right 
#7 = Lef t  Dolly #9 - Second T r a i l e r  Left  
#8 - Right Dolly #10 - Second T r a i l e r  Right 
FA - Fully Adjusted 
RA - A t  Recomended Readjustment Poin t  
Off = Backed Off 
* - Conditions meeting CVSA ou t -o f - se rv ice  c r i t e r i a  

NOTE: A l l  t e s t s  were conducted with the  ALV bypassed. 





TABLE 11 
Doubles Combination Lightly Loaded Stopping Distance 

Test Results 

Condition 
60 mph Straight Line Tests 

Stopping Line 
Distance Pressure 

&€ w 0 

#1-#1O FA 1 307 47 
#1-#10 FA w/ALV 2 298 5 0 
No Fronts, #3-#10 FA * 3 366 42 
#1-#6 FA, No Dolly Brakes, #9-#10 FA * 4 393 42 
#1-#2 @ 1.87SW, #3-#10 FA 5 3 10 4 8 
#1-#2 @ 1.875", 03-#I0 FA w/ ALV 6 3 24 45 
#l-#1O FA 7 308 4 6 

35 mph Wet Jennite Tests 

#1-#lo FA L 232 16 
#1-#1O FA w/ALV 2 270 16 
No Fronts, #3-#lo FA * 3 291 15 
#1-#6 FA, No Dolly Brakes, #9-#10 FA * 4 3 11 14 
#l-*2 @ 1.875", #3-#lo FA 5 261 14 
#1-a2 @ 1 . 8 7 5 " ,  #3-#10 FA w/ ALV 6 333 16 
#l-#lo FA 7 248 16 

xl - Left Front #3 - Left Rear #5 = First Trailer Left 
#2 = Right Front #4 - Right Rear #6 - First Trailer Right 
#7 = Left Dolly #9 - Second Trailer Left 
#8 = Right Dolly #10 - Second Trailer Right 
FA = Fully Adjusted 
Off = Backed Off 
* = Conditions meeting CVSA out-of-service criteria 

NOTE: All tests were conducted with the ALV bypassed except as noted. 



TABLE 12 
Doubles Combination High Temperature Test Results  

In i t i a l*  Cool lstfk 2nd** Final*** 
Fully Adj Brake Hot Hot Fully Adj 
Baseline Stops Stops Stops Baseline 

Fully Adjusted 

No Fronts,  #3-#10FA * B 287 307 382 3 84 278 

#1-#2 FA#3-#6 RA, 
#7-#9 FA, # 1 O  RA * D 279 305 388 402 2 70 

#l = Left Front #3 - Left Rear #5 = First T ra i l e r  Left  
#2 - Right Front #4 - Right Rear #6 - F i r s t  T ra i l e r  Right 
#7 - Left Dolly #9 - Second Tra i le r  Left  
#8 - Right Dolly #lo - Second Tra i le r  Right 
FA = Fully Adjusted 
RA - A t  Reeomended Readjustment Point 
* = Conditions meeting CVSA out-of-service  c r i t e r i a  

NOTE: *Average of two stops 
**Average of three stops 

A l l  t e s t s  were conducted with the ALV bypassed except as  noted. 



APPENDIX E 

EVALUATION OF CRITERIA FOR 

TRUCK AIR BRAKE-AD JUSTMENT 

Task E 

SUMMARY OF THE ANALYSES 

INTRODUCTION 

This report describes analyses aimed at: 

(1) Assessing the influences of brake-adjustment levels on stopping distance 

performance; 

(2) Evaluating whether being able to stop within the Out-of-Service ( 0 0 s )  

limits at 20 mph is a reliable indicator of being able to stop safely at 60 mph 

within OOS limits; 

(3) Identifying critical adjustment thresholds beyond which heavy vehicles 

cannot stop within a safe margin; 

(4) Identifving key factors contributing to brake OOA for manually adjusted brakes; 

( 5 )  Developing statistical measures pertaining to the relationships between the 

key factors identified and stopping capability; and 

(6) Providing a sound quantitative basis for confirming or changing current 

OOS brake-adjustment criteria. 

The analyses use a combination of mechanical principles, experimental findings, 

and data from field inspections and investigations. Some of the work is based primarily 

upon mechanical analyses, and some involves statistical treatment of data gathered during 

inspections. In this sense, this examination of brake-adjustment criteria employs a 

multidisciplinary approach in which (a) the deterministic aspects of brake system 

performance are used to relate stopping distance to patterns of brake-adjustment levels and 

(b) probabilistic associations between key factors and brake-adjustment levels are used to 

infer relationships between those key factors and stopping capability. The goal of the 
analyses is to provide information to use in addressing Item (6) above pertaining to 
developing a quantitative basis for setting satisfactory brake-adjustment levels for OOS 

criteria. 



Before proceeding to summaries of the results of the analyses, the differences 

between the terms "key factors" and "patterns of adjustment level" need to be distinguished 

and the relationships between these terms need to be explained. 

The Statement of Work for this study frequently uses the term "key factors" in 

describing the work to be done. This term, as we interpret it, pertains to matters like 

vehicle configuration (number of trailers and number of axles), type of trucking operation 

(seasonal, for-hire, heavily-laden vehicles, etc.), the use of rented units, the use of the 

trailer brake valve, company policies with regard to brake maintenance (training, 

procedures for determining readjustment cycles, and responsibilities in the organization), 

the use of special equipment (retarders, automatic slack adjusters, stroke indicators, etc.), 

severity of service (frequency of severe braking, downhill operation, or stop-and-go 

delivery), etc. In the context of this study, "key factors" means any of the above matters 

(plus any other things) that can be determined to be associated with brakes being OOA 

(particularly at the OOS level) during MCSAP inspections. 

A problem in this study has been to obtain tabulated (recorded) information 

pertaining to the relationship of brake-adjustment to these key factors. To address the 

relationships between adjustment levels or "patterns of adjustment levels" and key factors, 

we have obtained and analyzed databases developed by the states of Oregon and 

Wisconsin. In addition, in mid-November, we obtained a very complete database (for our 

purposes in this study) from the National Transportation Research Board (NTSB) for a 

sample of nearly 1,000 trucks. The NTSB data has provided us with information that can 

be used to compare the stopping capability of vehicles that are OOS with those of vehicles 

that are non-OOS, hereby providing a means for assessing the ability for OOS criteria to 

separate vehicles based on the stopping capabilities of the vehicles. 

By "patterns of adjustment level" we mean which brakes (by unit, axle, and side) 

are OOA and the amount of static stroke at each brake. We have performed mechanical 

analyses relating various patterns of adjustment levels to predicted measures of braking 

performance. However, with regard to relating patterns of adjustment levels to key factors, 

we have explored the Oregon, Wisconsin, and NTSB databases to find associations 

indicated by the available data. Here the connections do not contain the deterministic rigor 

of mechanical analyses, but rather rely on using statistical techniques to examine the 

available data. Given the distinctions that we have made here, the patterns of adjustment 

level will be useful in evaluating the technical adequacy of OOS criteria and the key factors 

will aid in associating the characteristics of trucking operations with the likelihood that 



vehicles will have brakes that are OOA. 

SUMMARIES OF FINDINGS FROM THE ANALYSES 

The findings from the analyses have been assembled in this section to provide an 

overview of the findings extracted from the detailed presentations of the results supporting 

these findings. The sections following this one (Sections numbered 1 through 6) present 

information on the specific results and how they were obtained as well as the findings 

summarized here. 

--On the influences of brake-adjustment levels on stopping distance 

(1) The measurement of cold static stroke at 80 psi is much less demanding than 

measuring cold static stroke at 100 psi. This means, for example, that a 

stroke that is just at the readjustment point when 80 psi is applied will be 
approximately 118" beyond the readjustment point when 100 psi is applied. 

The reason for this can be seen by examining the "operating line" due to 

compliances in the brake superimposed upon the following set of chamber 

characteristics. (See Figure 1.4.1.) As the pressure is increased from 80 to 

100 psi, additional stroke is consumed due to compression of the linings 

and compliances in the brake actuation system. When MCSAP decided to 

check stroke at 80 to 90 psi rather than at 100 psi, they could have reduced 

the readjustment points (112 brake demerit level) by approximately 118" if 

they wanted to be as stringent as the 100 psi stroke measurement would 

require. On the other hand, MCSAP may have desired to make the brake- 

adjustment criteria less demanding as well as respond to the concern that 

100 psi applications may damage the brake system. Either choice seems 

possible depending upon the sentiments of the decision makers concerning 

the implications of brake-adjustment with respect to the "service 

worthiness" of the vehicles permitted to operate on the highway and not be 

put 00s. 



Force 
Obs) 

Stroke (inches) 
Compliance 

Figure 1.4.1 Operating Line During Braking 

(2) The influences of a fully backed-off brake are considerably larger than those 

of a brake that is 118" beyond the one brake demerit level. This is 

particularly true for changes in stopping distance happening at low 

temperature levels (70°F and 200°F). This appears to be a situation which 

could be considered as one warranting a change in the OOS criteria. 

Using the terms of Figure 1.4.1, the fully backed-off brake can be easily 

recognized. Such a brake is defined as one whose slack stroke is equal to 

the stroke required to reach the bottom of the chamber. Conceivably, such a 

brake can be identified during inspection relatively easily. With the absence 

of lining compliance to resist the motion, the stroke of the chamber will 

increase to the point of bottoming with a relatively small application 

pressure. 

However, since in the course of the testing, the pressure is only applied 

once, and to 80 to 90 psi, identifying such a backed-off brake is not 

obvious. The brake inspector cannot easily tell whether a brake has worn to 

the point where the stroke just bottoms the chamber or if the clearance 

stroke (slack) is so large that the chamber has bottomed without applying 



the lining to the drum. (Perhaps the inspector could "ring" (tap) the drum to 

see if the linings were contacting the drum.) Whether the brake is backed- 

off or not, the inspector will measure a large stroke less than or equal to that 

required to bottom the chamber. And, in either case, this indicates poor 

maintenance and poor brake performance. Perhaps if the OOS criteria were 

to be changed, the inspector would be expected to apply more than one 

brake demerit to a brake stroke that was close to the backed-off level of 

stroke. The results given in Figures 1.3.2 through 1.3.1 1 provide the 

information that could form the foundation for a recommendation with 

regard to the level of brake demerit to use for brakes that are fully backed- 

off and this level of demerit would be applied to brakes that are close to 

being fully backed-off. (As indicated in the next item, temperature 

influences will lower the braking capability of brakes that are close to being 

backed-off, tending to cause them to approach backed-off brakes.) 

The results in general show a significant influence of temperature on the 

predicted change in stopping distance at various levels of brake-adjustment 

beyond the readjustment point. Given that temperature has such a large 

effect on the predicted change in stopping distance, there is an issue 

concerning the level of temperature to use in comparing and evaluating 

stopping capabilities. Although one could devise a means for using all of 

the temperature results to obtain a composite measure of the percentage 
change in stopping performance, the results at 400°F and 80,000 pounds 

appear to be representative and satisfactory for use in comparing the 

influences of brake-adjustment on stopping capability 

-On whether being able to stop within the Out-of-Service (00s) 
limits at 20 mph is a reliable indicator of being able to stop safely at 
60 mph within OOS limits. 

(1) The results indicate that percentage changes in stopping distances due to 
poor brake-adjustment are much larger at 60 mph than at 20 mph. There are 

two reasons for this. First, the influence of brake timing is much more 

important at 20 mph than it is at 60 mph. Even though the brake timing in 
the examples studied meet FMVSS 121 requirements, the maximum 

available torque is not applied for very long in the 20 mph stop, thereby 

decreasing the influence of brake-adjustment compared to that during a 60 



rnph stop. The second reason involves the temperature rise during a stop. 

This is a very small effect at 20 rnph but it is important at 60 rnph for OOA 
brakes that are close to bottoming out. The basic finding from the 

calculations is that the increase in drum expansion due to temperature rise 
has an important influence on braking capability for hot poorly adjusted 

brakes. 

The finding above is based upon comparisons with available braking 

capability at 20 and 60 mph. The following discussion, however, involves 

the observation that 20 rnph stopping distance standards may be set 

differently than 60 rnph standards. For example, if the 20 rnph rules were 

much more stringent than the 60 rnph rules (or equivalently, the 60 rnph 

rules were much more lenient), there is a possibility that passing the 20 rnph 

stopping distance requirement would go a long way towards assuring that 

the vehicle will pass at 60 mph. 

In order to examine the differences between stopping from 20 and 60 mph, 

consider the following simplified example. The current rule for 20 rnph is 

35 feet for some trucks and 40 feet for longer combinations. (The 

difference being related to brake timing considerations which will eventually 

come into play here also.) The basic relationship for estimating stopping 

distance from deceleration (ignoring or "averaging" the influences of rise 

times) is as follows: 

s = v 2 m  

where D is the average deceleration 

V is the initial velocity 

and S is the stopping distance. 

According to the above equation, if the deceleration capability of the braking 

system were to be kept equal, the stopping distance for a 60 rnph stop 

would be nine times that for a 20 rnph stop-that is, 315 feet or 360 feet 
corresponding to 35 or 40 feet. 

However, the influences of pressure rise times vary linearly with initial 

velocity and amount to approximately 12 feet at 20 rnph and 35 ft at 60 rnph 

if the average rise time is approximately 0.5 seconds. This means that the 

60 rnph stop has an advantage over the 20 rnph stop when it comes to the 



contribution of rise time to stopping distance, since 12 feet is a larger 

fraction of the stopping distance at 20 rnph than 35 feet is at 60 mph. For 

example, if a vehicle stopped in 36 feet from 20 mph, the deceleration 

capability available would be approximately 0.56 g. If the deceleration 

available is 0.56 g, a vehicle stopping from 60 rnph would be able to stop in 

approximately 250 feet including 35 feet as an approximation to the 

contribution due to rise time. The fairly obvious point of this discussion is 

that being able to pass a 60 rnph requirement depends upon not only the 

braking system but the nature of the 60 rnph requirement with respect to the 

20 rnph requirement. 

People setting 60 rnph requirements have included the factors discussed 

above if they have used empirical measurements of stopping distance 
capability to aid them in establishing the goals. At one time, FMVSS 121 

had a 60 rnph stopping distance requirement of 293 feet. Given the rough 
approximations above (i.e., 35 feet due to rise time and neglecting about a 4 
percent reduction due to speed loss effects during the rise time), the average 

deceleration for a 60 rnph stop would be approximately 0.47g. The current 
dynamometer tests in FMVSS 12 1 require approximately 0.435g which 

would lead to a stopping distance of approximately 312 feet. So even 

though the reasons may be vague and obscure, the current implicit FMVSS 

121 requirement on stopping distance fits in with the 315 feet derived from 
equation (1) which neglected not only brake timing matters but also any in- 
stop fade due to heating of the brake linings or velocity sensitivity of the 
linings. 

(3) The preceding observation needs to be supplemented with other 

observations for why 20 rnph stops are not good indicators of what will 

happen at 60 mph. The reasons are (1) there are lining materials that are 

temperature sensitive and the in-stop temperature rise at 60 rnph will cause 
these materials to lose appreciable amounts of torque capability, (2) certain 

lining materials may have a sliding speed sensitivity that shows up at 60 

rnph but not at 20 mph, and (3) very good brake timing may compensate for 

poor adjustment or other braking torque deficiencies at 20 rnph but this will 
not be as effective at 60 mph. 



-On critical adjustment thresholds beyond which heavy vehicles 

cannot stop within a safe margin 

The raw material presented in Figures 1.3.2 through 1.3.11 shows that 

stopping distance versus brake-adjustment results are highly dependent 
upon temperature conditions and the pressure level at which static stroke is 

measured as well as the level of adjustment. Although one could consider 

some composite measure of performance based upon a wide range of initial 

brake temperatures, vehicle loading conditions and road surface conditions; 

the analytical work that went into developing the calculations indicates that 

the influences of brake-adjustment are most impox-tant with respect to 

stopping distance capability in situations involving high temperatures, heavy 

loads, and high friction at the tirelroad interface. The finding here is that it 

is reasonable to evaluate the influences of brake-adjustment criteria at 

chosen sets of operating conditions. Examination of the overall results 

suggests that calculated stopping distances from 60 mph for vehicles laden 

to the maximum allowable limit are appropriate for examining the influences 

of various brake-adjustment criteria. 

Section 3.3.2 presents a method for adding "backed-off' brakes into a brake 

"demerit" system like the one used in the current 20 percent OOS criteria. 

The idea is to augment the current 112 brake and 1 brake penalties used in 

computing the 20 percent factor employed in the OOS criteria. If these 

levels of brake penalties are viewed as "demerits," a completely misadjusted 

or backed-off brake could be assigned a demerit value to be used in 

computing a 20 percent factor that would be based upon the percentage 

reduction in stopping distance caused by various levels of misadjustment. 

The net conclusion reached is that stopping distance discrepancies due to 

backed off brakes could be reduced if backed off brakes were given a 

penalty equivalent to at least 1.5 brake demerits. The criteria for calling a 
M e  "backed-off' or "completely misadjusted" would be that the cold static 
stroke is greater than or equal to 2.5" for a Type 30 chamber. For other 

types of chambers, an equivalent boundary could be set at the stroke 

required to reach the bottom of the chamber minus 118." 

(3) The ideas presented in Section 3.3.3 extend the notion of using brake- 

adjustment factors like those introduced in Section 3.3.2 for backed-off or 



completely misadjusted brakes. In this case, a scheme is presented for 

using estimated changes in stopping distance to determine 00s. The 

methodology involves assigning "brake force adjustment factors" to various 

ranges of brake-adjustment. The results indicate that it would be feasible to 

estimate changes in stopping capability using this approach although it 

would require knowledge of "AL" factors (chamber size and slack arm 
length). Also, the lower torque capabilities of front brakes would also need 

to be factored into the calculation of stopping capability. Nevertheless, this 

method would improve the relationship of available stopping capability to 

OOS criteria for brake-adjustment. 

(4) There is already considerable sentiment for simplifying the OOS criteria. 

The above suggested methods for changing the OOS criteria may not appear 

to be simple. Nevertheless, they are much simpler than the calculation 

procedures used in obtaining the results presented in Sections 1 and 2. An 

issue to be decided is whether it is worthwhile to increase the complexity of 

the OOS criteria in order to reflect a more uniform relationship to stopping 

capability. 

-On identifying key factors contributing to brake OOA for manually 
adjusted brakes. 

(1) Our review and analysis of existing data on brake-adjustment violations 

have produced very little information that would document a relationship 

between hypothesized key factors and brake-adjustment. This result is 

primarily due to a lack of data on most of the hypothesized factors, and 

particularly those related to the maintenance practices of the ownerloperator. 

However, three patterns of brake violation were observed that may be a 

consequence of some of the key factors originally identified They are: 

1. The front axle on tractors is more likely to be OOA, and when there 

is a brake violation on the front axle of a tractor, most of the time 

both brakes on the axle are in violation. This finding is consistent 

with a continuation of the practice of backing off the front axle 

brakes. 

2. Semi-trailers are somewhat more likely to have brake violations than 

tractors. However, this finding was not as strong as expected, and 

was not consistent in the two files examined. 



3. The rear axle of tandem pairs was more frequently in violation in 

comparison with the front axle of the pair. This trend was evident 

on both tractors and semi-trailers. 

(2) Compared with the overall rate for brake-adjustment violations for the 

vehicles inspected in Oregon, intrastate carriers of logs, sand, or ores (one 

of the categories in their database) are 14 percent overinvolved in brake- 

adjustment violations. Intrastate carriers of general freight are 10 percent 

overinvolved. On the other side of the picture, intrastate private, interstate 

for-hire, and interstate private are all underinvolved in brake-adjustment 

violations. 

The Wisconsin database indicated that for interstate hauls tractor brake 

violations were 55 percent of the total, while semitrailer violations only 

represented 35 percent of the total. On the other hand, for intrastate hauls 

tractors represented 3 1 percent and semitrailers represented 48 percent of the 

total. With regard to the location of brake violations, it was found that if 

one brake on an axle was OOA, the other brake on the axle was also likely 

to be OOA. For example, for trailers, both brakes on an axle were out of 

adjustment in 47 percent of the cases, while 21 percent of the left side 

brakes and 26 percent of the right side brakes were OOA alone. In general, 

there were slightly more violations for the right side brakes than for the left 

side brakes for tractors and semitrailers, 

-On developing statistical measures pertaining to the relationships 
between the key factors identified and stopping capability. 

Given that brake-adjustment can be related to stopping capability, it suffices 

to develop relationships between key factors and OOA levels. The NTSB 

data set provides information that can be used to develop statistical 

associations between levels of OOA and the factors entered into the NTSB 

database. The factors studied in these analyses include automatic versus 

manual slack adjusters, engine brakes (retarders) versus no retarder, carrier 

type, tractor model year, trailer model year, axle number and location, cargo 

body type, and tractor make and cab style. 

(2) The findings in the areas listed above are as follows. Automatic slack 

adjusters do very well at reducing the number of brakes that are more than 



114" beyond the readjustment point (one defective brake by the OOS 

criteria). Vehicles with engine brakes tend to have better levels of brake- 

adjustment than vehicles without retarders. There is only a slight difference 

between private and for-hire vehicles with regard to brake-adjustment levels 

in the NTSB database. In situations where the driver is responsible for 

brake-adjustment, the drivers appear to do as well as the maintenance people 

in maintaining brake-adjustment. Tractors with a model year before 1986 

have much higher rates of defective brakes per the brake-adjustment criteria. 

For trailers, there was no particular trend to the proportion of OOA brakes 

by model year. The results for axle location were that the rear tandem drive 

axle is more likely to be OOA and that trailer axles are more likely to be 

OOA than tractor axles. The differences found between different cargo 

body types are not great, but the tank vehicles had the lowest percentage of 

brakes that were properly adjusted. And, the differences between cab-over 

and conventional cab styles was not great, although the conventionals had a 

greater percentage of properly adjusted brakes than the cab-overs did. 

-On providing a sound quantitative basis for confirming or changing 
current OOS brake-adjustment criteria. 

Only the NTSB data have the potential to provide an objective evaluation of 

the brake-adjustment OOS criterion. This is the only source of information 

that includes actual slack measurements on all brakes: those that were not in 

violation as well as those that were. No state was found that recorded 

information on brakes that were not in violation. In addition, the NTSB 

data include the chamber size, which is essential for relating the slack 

measurement to the OOA criteria. The detail in the NTSB data is sufficient 

to support calculation of approximate measures of stopping performance. 

One such measure is the braking efficiency computed by NTSB. 

Comparing distributions of braking for trucks that were OOS to those that 

were not OOS provides a way of quantifying the way in which the current 

OOS criteria distinguishes the trucks that are inspected. These distributions 

show some overlap. Some trucks that are put OOS have higher braking 

efficiencies than some that were not, and vice versa. Of course, calculation 

of the braking efficiency of each truck inspected is probably too complicated 

to be part of a MCSAP vehicle inspection procedure. However, simple 

modifications and/or extensions of the existing criteria could be evaluated 



using the NTSB data. The effect of different criteria on the distributions of 

braking efficiency for OOS trucks and non-OOS trucks could be calculated 

from the actual slack measurements in the NTSB file. 

(2 )  Providing a sound, quantitative basis for confirming or changing the OOS 

criteria is a primary goal of this project. The results obtained using the 

NTSB data show that the current system of assigning brake demerits for 

computing the "20 percent" criteria provides a reasonable separation (in 

terms of NTSB7s calculations for braking efficiency or braking drag) 

between vehicles that are OOS and those that are not. 

(3) We propose that further calculations be made in order to evaluate other OOS 

criteria suggested by this study. These calculations would employ the 

stopping distance factors derived in this study (and described in Section 3 of 

this report) in connection with the inspection database containing the NTSB 

data. Frequency distributions (histograms) comparing OOS vehicles under 

each proposed criteria would be constructed. This would provide the basis 

for judgments concerning the ability of various proposed OOS criteria to 

separate vehicles according to their stopping capabilities. 

(4) The following figure shows the separation and overlap between OOS and 

not-OOS vehicles obtained for the vehicles inspected by NTSB. These 

results are labelled 80K loading and 400°F to indicate that the braking 

efficiencies are calculated for the vehicle if it were loaded to 80,000 pounds. 

and the initial brake temperatures were 400QF. As indicated previously in 

these summary statements, this form and type of data presentation illustrates 

the ability of the current OOS criteria to separate vehicles by stopping 

capability. 

This concludes an initial summary of the findings of the analyses. Further 

development of findings and recommendations regarding the appropriateness of OOS 

brake-adjustment criteria will be presented in the Interim Report. Task F entitled, "Evaluate 

OOS Brake Criteria" will be completed using the information and data presented in the 

following sections of this report. 





1 .0  THE INFLUENCES OF BRAKE-AD JUSTMENT LEVELS ON 
STOPPING DISTANCE 

1 . 1  Introduction 

This section describes the results of analyses aimed at assessing the influences of 

brake-adjustment levels on stopping distance performance. The purpose of these analyses 

is to provide information to be used later in evaluating the appropriateness of OOS brake- 

adjustment criteria for heavy trucks. 

1.2 Brief Description of the Types of Analyses Performed 

The analyses consisted of predictions of brake torque capabilities and stopping distance 

performance from 60 mph. Calculations were made for 3,5, and 9 axle trucks (6, 10, and 

18 brakes) at selected combinations of brake-adjustment levels as listed in the following 

table: 

TABLE 1.2.1 - Combinations of Brake-adjustment Levels 

For these cases, all the brakes whose adjustment levels were not prescribed, were 

taken to be fully adjusted (FA). In addition, for the 3- and 5-axle trucks, a supplementary 

Case Combination Description 

Case 1 FA 

Case 2 All RA- 118" All brakes stroke 118" before the readjustment 

point 

Case 3 20% lU+1/8" Some brakes are at half-brake demerit level 

(enough to constitute 20% OOS), The strokes 

of those brakes are 118" beyond the 

Case 4 

- 

I Case I does not generate any braking torque. I 1 Backed-off I One brake is completely backed-off so that it 

20% RA+3/8" 

-- - 

Some brakes are at 1 brake demerit level 

(enough to constitute 20% 0 0 s ) .  The strokes 

of those brakes are 318" beyond the 

-point. - 



set of combinations was defined as Cases 3',4', and 5'. For these cases, the brakes which 

were previously FA, were set to be RA-1/8". Each of the above stroke level measurements 

was simulated to be taken under static, cold conditions (70°F). 

Since the stroke measurement depends upon the prevailing pressure in the system 

as regulated by the treadle valve, each of the above strokes was treated as if they were 

measured under 80 and 100 psi applications. Some cases were also studied with the cold 

static stroke being measured at 85 and 90 psi. The pressure at which the static stroke is 

evaluated, is an important factor in assessing the braking performance of a truck, since for 

a given truck with a given brake-adjustment status, different strokes will be measured for 

different pressures. This point and its implications on the leniency of the process employed 

in checking brake-adjustment will be further emphasized later. 

During braking, the friction between the drum and the lining generates heat that in 

turn, causes the drum to expand. In addition, in many cases, the initial temperature of the 

drum is hotter than 70°F. The more the drum expands, the larger the required stroke 

becomes, thus creating some additional "virtual" rnisadjustment level. This means that the 

chamber pushrod needs to be further extended before the lining is brought in contact with 

the drum. Brake chamber characteristics need to be considered in studying this 

phenomenon. As shown in Figure 1.2.1, when the push-rod goes beyond a certain level, 

it starts bottoming-out. An increasing portion of the total input force is lost against the 

chamber walls, leaving a decreasing portion of that force to generate braking torque. 
4000 
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Figure 1.2.1. Chamber Type 30 Characteristics 



The influence of temperature on the static stroke of chambers Type 30 and 20 is 

shown in Figures 1.2.2 and 1.2.3. It should be noted that the manner according to which 

the stroke (as measured at the chamber pushrod) changes with temperature (that causes the 

drum to expand), depends upon the mechanical advantage of the linkage between the lining 

and the chamber. The following Figures, therefore, relate to specific layouts of a front 

brake (15" drum and 5.5" slack arm) and a rear brake (16.5" drum and 6" slack arm). 

0.5 1.0 1.5 2.0 2.5 

Cold Static Stroke at 100 psi (in.) 

Fig. 1.2.2 Increase in Static Stroke of Chamber Type 20 due to Temperature 



Cold Static Stroke at 100 psi (in.) 

Fig. 1.2.3 Increase in Static Stroke of Chamber Type 30 due to Temperature 

In an emergency stop, when maximum braking capacity is required, such 

temperature induced stroke variations are vital considerations in assessing the braking 

performance of the truck. Calculations were made for an emergency stop (application of 

the full 100 psi) at various initial brake temperatures, and the following discussion of the 

results and findings demonstrates the importance of temperature induced stroke variations. 

In general, higher brake temperatures mean poorer performance and longer stopping 

distance. 

3 .  Concise Summary of the Results 

Braking torque values that a brake can produce under different adjustment levels 

were used as an evaluating tool for the braking capacity at a particular adjustment state. 

Figure 1.3.1 shows the variations in such a braking capacity for a typical rear axle brake 

with Chamber Type 30, drum of 16.5" diameter, and 6" slack arm. The torque values are 

in pounds at a 100 psi braking application. The dramatic loss of braking capability as the 

static stroke increases can be easily seen. Since the "wall" of the chamber is at about 2.6" 

of stroke, the stroke cannot surpass 2.6". If the stroke required to "close" the clearance 

between the lining and the drum is higher than 2.6", contact will not be accomplished and 

no torque can be generated. Such is the case when the cold static stroke is 2.5". When 



heated to 600°F, the brake generates zero torque - drum expansion leads to a required 

stroke larger than 2.6". 
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Figure 1.3.1. Influence of Stroke and Temperature on Braking Torque. 



It should be noted that the braking torque variations given in Figure 1.3.1 are for a 

static application. No heat is generated as the brakes are applied. If it were to be a dynamic 

stop with in-stop generation of heat, the losses would increase. It should also be pointed 

out that such an in-stop heat generation will be larger at the "tighter" levels of adjustment 

(closer to FA) than at the more "loosely" adjusted brakes. That is due to the fact that the 

less the brake is adjusted (that is, the greater the clearance stroke), the less is the force 

transmitted to the lining, hence generating less heat. 

The following Figures 1.3.2 through 1.3.11 show the influence of brake- 

adjustment (as measured at different pressure levels) and initial brake temperature on the 

stopping distance of 3-, 5-, and 9-axle trucks. 

For the purposes of this study, variations in stopping distance due to different 

adjustment states and temperatures are the substantial outputs. Therefore, in the following 

Figures, although the upper tables and graphs give an estimate of the braking performance 

in the sense of stopping distance, the lower portion provides the percentage change in 

stopping distance which is a more meaningful measure to work with in comparing the 

influences of various levels of brake-adjustment. Variations are more noticeable when 

compared by percentages than by comparing absolute values. 

Some observations concerning the results given in the Figures: 

*When clearance is measured at 100 psi, there is almost no difference between the 

various combinations leading to 20 percent 00s. The values of percentage change 

in stopping distance under the two 20 percent columns in Figures 1.3.9 through 

1.3.1 1 are rather compatible. As the measuring pressure drops, it becomes more 

and more noticeable that RA+1/8" and RA+3/8" cannot be equally counted towards 

the 20 percent OOS failure criteria. The degradation in stopping ability of a truck 

with 40 percent of its brakes at an adjustment level of RA+1/8" (which constitutes 

20 percent OOS since each of these is at half a brake demerit), is not the same as for 

a truck with 20 percent of its brakes at an adjustment level of RA+3/8" (which also 

constitutes 20 percent OOS since each of these is at a full brake demerit). Generally 

speaking, the first one (40 percent at half a brake demerit each) is the worst between 

the two. 

*Clearly, the more axles there are, the smaller is the effect of gne backed off brake on 

the braking performance. The 3-axle truck lost 21 percent of its braking capacity 
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Figure 1.3.3. Influence of Adjustment and Temperature on the Stopping 
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Figure 1.3.5.  Influence of Adjustment and Temperature on the Stopping 
Distance of a 5 Axle Truck at 60 mph (mcdified adjusment cases) . 

128 



S t o ~ a i n ~  Distances ( 6 0 m ~ h )  o f  a  9 Axle Truck  W i t h  Var ious  
diustment Conditions (Measured at 80 mi)  as a  Function o f  

e m ~ e r a t u r e  

Adjustment Condition 

All RA-118" 20%JiA+1/8" 20%,RA+3fla Backed Off 

P r  sc n cr e ' n  
gnd Adjustment Condit ion$ 

7 0 
200 
400 
600 

All RA-118" 20%,RA+l/sa 20%,RA+3/sn Backed Off 

185 201 . 200 198 194 
186 21 1 208 204 196 
193 234 226 222 203 
205 275 264 254 216 

( Percent Increase in Stopping Distance (Compared to FA, 70°F) TA=] 

0% 
-. - 

h 
Adjustment Condition 

/ 

Figure 1.3.6. Influence of Adjustment and Temperature on the Stopping 
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Figure 1.3.7. Influence of Adjustment and Temperature on the Stopping 
Distance of a 5 Axle Truck at 60 mph . 
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Figure 1.3.10. Influence of Adjustment and Temperature on the Stopping 
Distance of a 5 Axle Truck at 60 mph . 
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(increased braking distance at 70°F, Figure 1.3.2), the 5-axle truck lost 11 percent 

(Figure 1.3.4), and the 9-axle truck lost only 5 percent (Figure 1.3.6) due to the 

backed- off brake. 

*Throughout the configurations and cases studied (except for the "prime" cases - 3', 

4', 5 ' ) ,  categorization of adequately adjusted trucks and ones that are OOA 

according to the present rules, could not be rationalized for the pathological cases 

examined. (To some extent, this is to be expected since the cases were selected 
with the idea that they would challenge the OOS criteria). 

The 20 percent OOS rule did not work well in the cases studied for the 3-axle truck 

(Figure 1.3.2). At 70°F, Cases 3 and 4 are defined as out of service, but they are 

only slightly worst than Case 2 which is considered adjusted (12 and 11 percent 

increased stopping distance versus 9 percent). This small margin is maintained 

throughout the temperature range. 

The acuteness of the discrepancy in stopping capability grows with the number of 

axles and even results in reversed categorization. Examination of the 5-axle truck 

results (Figure 1.3.4), shows that Case 2 (RA-118") performs poorer than the two 

OOS cases (10 percent increased stopping distance versus only 9 and 8 percent), 

but it will still be passed. A similar situation exists for the 9-axle truck. On the 

other hand, if the adjustment status of the truck is as defined by the "prime" cases 

(3', 4', 5 ' ) ,  the 20 percent OOS rule can be considered adequate. For the 3-axle 

truck (Figure 1.3.3), Cases 3' and 4' are significantly poorer at 17 and 18 percent 

than Case 2 at only 9 percent increased stopping distance. For the 5-axle truck 

(Figure 1.3.5), the 20 percent OOS rule serves equally well. Cases 3' and 4' take 

15 and 16 percent more to stop, significantly more than 10 percent for Case 2 

which just passes. 

Perhaps Cases 3' and 4' are more representative of vehicles in-service than Cases 3 

and 4 because vehicles with mixes of fully-adjusted and rnisadjusted brakes might 

not occur frequently in service. Clearly, data from in-service vehicles are needed to 

address the issue. 

*When a brake is completely backed-off in a 3-axle truck, by itself it will not cause it 

to be defined as OOS even though it degraded its braking performance more than 
any 20 percent OOS adjustment combination (Figure. 1.3.3). That fact might 



motivate counting a backed-off brake as more than one brake demerit. In that 

figure, it is interesting to observe the temperature influence: Up to and including 

400°F, Case 5' was worse than Cases 3' and 4'. At 600°F, since there were more 

OOA brakes in Cases 3' and 4' than in Case 5', the expansion of the drums caused 

more chambers to "bottom" in 3' and 4', therefore, these cases performed poorer 

than 5' at 600°F. The influence of a single completely backed-off brake decreases 

with the number of axles. Its influence is most significant in Case 5' of a 3-axle 

truck (Figure 1.3.3), but is much smaller in the same case (5') with the 5-axle truck 

(Figure 1.3.5). 

*The use of a pressure which is lower than 100 psi to examine the adjustment status 

of a truck while maintaining the same passlfail criteria levels will result in allowing 

trucks with poorer braking performance on the road. That fact also serves as a 

"magnifying glass" to distinguish between different cases. The results of the 5-axle 

truck can demonstrate the point. In Figure 1,3.10, under 100 psi test pressure, 

Cases 2 through 4 are almost the same (70°F) at 5,6, and 6 percent degradation in 

braking performance. Reading the same strokes under 80 psi, Figure 1.3.4 shows a 

worse level of performance: 10,9, and 8 percent degradation while the differences 

between the cases were magnified. At a higher temperature level, that phenomenon 

is more noticeable. At 600°F, under 100 psi, the degradation in braking 

performance for Cases 2, 3, 4 were 18, 18, and 17 percent, respectively. On the 

other hand, under 80 psi with the same conditions and stroke readings, the 

degradation in braking performance for those cases were 52,44, and 38 percent. 

Clearly, if emergency braking is required, the truck that was inspected under 80 psi 

will perform significantly poorer than a similar vehicle tested under 100 psi. It 

should be emphasized that the above is true only if the stroke levels that determine 

OOS adjustment status are kept the same for both cases. 

1 . 4 .  Findings and 0 bservations 

1.4.1 The measurement of cold static stroke at 80 psi is much less demanding 

than measuring cold static stroke at 100 psi. This means, for example, that a stroke that is 

just at the readjustment point when 80 psi is applied will be approximately 118" beyond the 

readjustment point when 100 psi is applied. The reason for this can be seen by examining 

the "operating line" due to compliances in the brake superimposed upon the following set 

of chamber characteristics. (See Figure 1.4.1) As the pressure is increased from 80 to 100 

psi, additional stroke is consumed due to compression of the linings and compliances in the 



brake actuation system. When MCSAP decided to check stroke at 80 to 90 psi rather than 

at 100 psi, they could have reduced the readjustment points (112 brake demerit level) by 

approximately 1/8" if they wanted to be as stringent as the 100 psi stroke measurement 

would require. On the other hand, MCSAP may have desired to make the brake- 

adjustment criteria less demanding as well as respond to the concern that 100 psi 

applications may damage the brake system. Either choice seems possible depending upon 

the sentiments of the decision makers concerning the implications of brake-adjustment with 

respect to the "service worthiness" of the vehicles permitted to operate on the highway and 

not be put 00s. 

Force 
Obs) 

0.00 0.50 1.00 250 3.00 

Clearance Wear and Stroke (inches) 
Compliance 

Figure 1.4.1 Operating Line During Braking 

1.4.2 The influences of a fully backed-off brake are considerably larger than 

those of a brake that is 118" beyond the one brake demerit level. This is particularly true for 

changes in stopping distance happening at low temperature levels (70°F and 200°F). This 

appears to be a situation which could be considered as one warranting a change in the OOS 

criteria. 

Using the terms of Figure 1.4.1, the fully backed-off brake can be easily 

recognized. Such a brake is defined as one whose slack stroke is equal to the stroke 

required to reach the bottom of the chamber. Conceivably, such a brake can be identified 



during inspection relatively easily. With the absence of lining compliance to resist the 

motion, the stroke of the chamber will increase to the point of bottoming with a relatively 

small application pressure. 

However, since in the course of the testing the pressure is only applied once, and to 80 

to 90 psi, identifying a backed-off brake is not obvious. The brake inspector cannot easily 

tell whether a brake has worn to tRe point where the stroke just bottoms the chamber or if 

the clearance stroke (slack) is so large that the chamber has bottomed without applying the 

lining to the drum. (Perhaps the inspector could "ring" (tap) the drum to see if the linings 

were contacting the drum.) Whether the brake is backed-off or not, the inspector will 

measure a large stroke less than or equal to that required to bottom the chamber. And, in 

either case, this indicates poor maintenance and poor brake performance. Perhaps, if the 

OOS criteria were to be changed, the inspector would be expected to apply more than one 

brake demerit to a brake stroke that was close to the backed-off level of stroke. The results 

given in Figures 1.3.2 through 1.3.11 provide the information that could form the 

foundation for a recommendation with regard to the level of brake demerit to use for brakes 

that are fully backed-off and this level of demerit would be applied to brakes that are close 

to being fully backed-off. (As indicated in the next item, temperature influences will lower 

the braking capability of brakes that are close to being backed-off, tending to cause them to 

approach backed-off brakes.) 

1.4.3 The results in general show a significant influence of temperature on the 

predicted change in stopping distance at various levels of brake-adjustment beyond the 

readjustment point. Given that temperature has such a large effect on the predicted change 

in stopping distance, there is an issue concerning the level of temperature to use in 

comparing and evaluating stopping capabilities. Although one could devise a means for 

using all of the temperature results to obtain a composite measure of the percentage change 

in stopping performance, the results at 400°F and 80,000 pounds appear to be 

representative and satisfactory for use in comparing the influences of brake-adjustment on 

stopping distance. 



2 . 0  WHETHER BEING ABLE TO STOP WITHIN OUT-OF-SERVICE 
LIMITS AT 20 MPH IS A RELIABLE INDICATOR OF BEING 
ABLE TO STOP SAFELY AT 60 MPH WITHIN OOS LIMITS 

2 . 1  Introduction 

This section describes the results of analyses and observations aimed at evaluating 

whether being able to stop within OOS limits at 20 rnph is a reliable indicator of being able 

to stop safely at 60 rnph within OOS limits. 

2 . 2  Brief Description of the Types of the Calculations Performed 

The analyses consist of predictions of stopping distance performance from 20 mph 

using vehicles and levels of brake-adjustment that are comparable to those used in some of 

the calculations of stopping performance from 60 mph. (See the previous section.) 

Calculations were made for a 20 rnph stop at various levels of brake-adjustment for the 

following combinations of vehicles types : 

3-axle truck-With the cold static stroke measured at 80 and 100 psi (See Figures 
2.2.1 and 2.2.2) 

5-axle truck-With the cold static stroke measured at 80, 90, and 100 psi (See 
Figures 2.2.3, 2.2.4, and 2.2.5) 

2 . 3  Concise Summary of the Results 

Although calculations were made at conditions when cold static stroke was 

measured at other than 80 psi, it is sufficient to examine the results at 80 psi. 

(Nevertheless, the results for all of the 20 rnph calculations are presented in Figures 2.2.1 

to 2.2.5. These charts and tables are in the format explained in the previous section.) As 

with the calculations made at 60 mph, these results indicate the influences of brake- 

adjustment and do not indicate the influences of changes in brake properties such as timing, 

lining fade, and speed sensitivity of brake torque capability on stopping distance. 

For purposes of comparing the results at 20 rnph with those at 60 mph, the tables of 

percent increase in stopping distance can be compared directly. We wish to point out that, 

in general, predictions for stopping distance are for ideal conditions that would not 

ordinarily be expected in service. Accordingly, the predicted distances are shorter than 

those to be expected from vehicle tests. Nevertheless, we believe that the percentage 

changes in stopping distance due to brake-adjustment are representative of the percentage 
changes to be found in service for various levels of brake-adjustment with everything else 
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held equal. In other words, the percentage changes in stopping performance are preferred 

for use in making evaluations and comparisons. 

In order to facilitate the comparison between 60 rnph and 20 rnph stops, Figure 
2.3.1 shows the percentage changes in stopping distance for a 3-axle truck making brake- 

limited stops from both 60 and 20 mph. In general, these results show that brake- 

adjustment is much more important at 60 rnph than it is at 20 mph. For example, in Case 

3, where the vehicle would be OOS because a minimum number of rear brakes are 118" 

beyond the readjustment point, the percentage increase in stopping distance at an initial 

brake temperature of 400°F is 31 percent at 60 rnph and 18 percent at 20 mph. Figure 

2.3.2 shows similar results for a 5-axle vehicle. As will be explained further, the 

numerical data show that 60 rnph results are much more sensitive to brake-adjustment than 

the 20 rnph results are. 

Another outcome of the fact that brake-adjustment is less important at 20 mph, is 

the way the results change with pressure. As discussed in the first section, stopping 

distance calculations for cases categorized by stroke measurements conducted at the higher 

pressure (100 psi), will vary significantly from cases categorized at the lower pressure (80 

psi). This is less noticeable at the 20 rnph stopping distance than the 60 rnph cases. For 

the 3-axle truck at 60 rnph and stopping with an initial brake temperature of 400°F, the 80 

psi results (Figure 1.3.2) for Cases 2, 3, and 4 varied from the 100 psi results (Figure 

1.3.9) by 9,8, and 7 percent, respectively. The same cases, this time from 20 mph, varied 

between 80 and 100 psi only by 7,5, and 5 percent (See Figures 2.2.1 and 2.2.2). 

Unlike the 60 rnph stopping distance situations, the 20 rnph cases do not have 

"dramatic" variations between the various adjustment cases and truck configurations. At 

400°F, the values of percent increase in stopping distance from 20 rnph do not go above 19 

percent, and mostly they are at the proximity of 15 percent (see the lower part of Figures 

2.3.1 and 2.3.2). The same values for the 60 rnph stop go as high as 3lpercent, and for 

the most part, they are at the proximity of 26 percent (upper part of Figures 2.3.1 and 

2.3.2). For a 5-axle truck under the more stringent adjustment test (100 psi) and at a high 
initial brake temperature of 400°F, the braking performance for a 20 rnph stop does not 

degrade more than 10 percent for the worst case (Figure 2.2.5). The same truck, when 

performing the 60 rnph stopping distance test, will encounter a performance degradation of 
up to 18 percent (Figure 1.3.10). 

In contrast to the higher sensitivity of the 60 rnph results to brake-adjustment, the 

calculated results are less sensitive at 60 rnph than at 20 rnph due to timing characteristics of 
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the braking system. The higher slope of the 20 mph lines in Figures 2.3.3 and 2.3.4 

demonstrates that fact. Furthermore, under timing values that meet the FMVSS 121 

requirements, the braking performance is more susceptible (with an order of magnitude) to 

variations in chamber pressure rise time (Figure 2.3.3) than to variations in the rise time of 

the air lines of the system (Figure 2.3.4). 

Normalized 
Variation of 
Stopping 
Distance 

Chamber Rise Time 

Fig. 2.3.3 Influence of Chamber Rise Time on Stopping Distance from 20 and 60 mph 
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Fig, 2.3.4 Influence of Air Lines Rise Time on Stopping Distance from 20 and 60 rnph 

2 . 4  Findings and Observations 

2.4.1 The results indicate that percentage changes in stopping distances due to 

poor brake-adjustment are much larger at 60 mph than at 20 mph. There are two reasons 

for this. First,the influence of brake timing is much more important at 20 mph than it is at 

60 mph. Even though the brake timing in the examples studied meet FMVSS 121 

requirements, the maximum available torque is not applied for very long in the 20 rnph 

stop, thereby decreasing the influence of brake-adjustment compared to that during a 60 

rnph stop. The second reason involves the temperature rise during a stop. This is a very 

small effect at 20 mph, but it is important at 60 rnph for OOA brakes that are close to 

bottoming out. The basic finding from the calculations is that the increase in drum 

expansion due to temperature rise has an important influence on braking capability for hot, 

poorly adjusted brakes. 

2.4.2 The finding above is based upon comparisons with available braking 

capability at 20 and 60 rnph. The following discussion, however, involves the observation 

that 20 mph stopping distance standards may be set differently than 60 rnph standards. For 

example, if the 20 rnph rules were much more stringent than the 60 rnph rules (or 

equivalently, the 60 mph rules were much more lenient), there is a possibility that passing 



the 20 rnph stopping distance requirement would go a long way towards assuring that the 

vehicle will pass at 60 mph. 

In order to examine the differences between stopping from 20 and 60 mph, 

consider the following simplified example. The current rule for 20 rnph is 35 feet for some 

trucks and 40 feet for longer combinations. (The difference being related to brake timing 

considerations which will eventually come into play here also.) The basic relationship for 

estimating stopping distance from deceleration (ignoring or "averaging" the influences of 

rise times) is as follows: 

where D is the average deceleration 

V is the initial velocity 

and S is the stopping distance. 

According to the above equation, if the deceleration capability of the braking system 

were to be kept equal, the stopping distance for a 60 rnph stop would be nine times that for 

a 20 rnph stop-that is, 315 feet or 360 feet corresponding to 35 or 40 feet. 

However, the influences of pressure-rise times vary linearly with initial velocity and 

amount to approximately 12 feet at 20 rnph and 35 feet at 60 mph if the average rise time is 

approximately 0.5 seconds. This means that the 60 rnph stop has an advantage over the 20 

rnph stop when it comes to the contribution of rise time to stopping distance, since 12 feet 

is a larger fraction of the stopping distance at 20 mpk than 35 feet is at 60 mph. For 

example, if a vehicle stopped in 36 feet from 20 mph, the deceleration capability available 

would be approximately 0.56 g. If the deceleration available is 0.56 g, a vehicle stopping 

from 60 rnph would be able to stop in approximately 250 feet including 35 feet as an 

approximation to the contribution due to rise time. The fairly obvious point of this 

discussion is that being able to pass a 60 rnph requirement depends upon not only the 

braking system, but the nature of the 60 rnph requirement with respect to the 20 rnph 

requirement. 

People setting 60 rnph requirements have included the factors discussed above if 

they have used empirical measurements of stopping distance capability to aid them in 

establishing the goals. At one time, FMVSS 121 had a 60 rnph stopping distance 

requirement of 293 feet. Given the rough approximations above (i.e., 35 feet due to rise 

time and neglecting about a 4 percent reduction due to speed loss effects during the rise 



time), the average deceleration for a 60 rnph stop would be approximately 0.47g. The 

current dynamometer tests in FMVSS 121 require approximately 0.435g which would lead 
to a stopping distance of approximately 312 feet. So even though the reasons may be 

vague and obscure, the current implicit FMVSS 121 requirement on stopping distance fits 

in with the 315 feet derived from equation (1) which neglected not only brake timing 

matters, but also any in-stop fade due to heating of the brake linings or velocity sensitivity 

of the linings. 

2.4.3 The preceding observation needs to be supplemented with other 

observations for why 20 rnph stops are not good indicators of what will happen at 60 mph. 

The reasons are (1) there are lining materials that are temperature-sensitive and the in-stop 

temperature rise at 60 rnph will cause these materials to lose appreciable amounts of torque 

capability, (2) certain lining materials linings may have a sliding speed sensitivity that 

shows up at 60 mph, but not at 20 mph, and (3) very good brake timing may compensate 

for poor adjustment or other braking torque deficiencies at 20 mph, but this will not be as 

effective at 60 mph. 



3 . 0  CRITICAL ADJUSTMENT THRESHOLDS BEYOND WHICH 
HEAVY TRUCKS CANNOT STOP WITHIN A SAFE MARGIN. 

3 . 1  Introduction 

This section describes results pertaining to identifying critical adjustment thresholds 

beyond which heavy trucks cannot stop within a safe margin. 

3.2 Brief Description of the Type of Analysis Performed 

The analyses presented previously consisted of predictions of brake-torque 

capabilities and stopping-distance performance for selected combinations of brake- 

adjustment levels as listed in Table 1.2.1. In this section, those results are examined from 

the perspective of using them in evaluating OOS criteria. 

The difficulty here is in determining what is meant by being able to "stop within a 

safe margin." In work by NPITSA (Reference [I]), they chose to use a 20 percent increase 

in stopping distance as a "bogie" for emphasizing conditions not covered by the current 

OOS criteria. A general scanning of an informal, but extensive, document entitled, 

"History of CVSA Brake Out-of-Service Criteria" (supplied by Mr. L. Strawhorn) 

indicates that people tend to use stopping-distance calculations to show that either some 

condition of brake-adjustment is worse than the OOS criteria, and therefore, ought to be 

included in the OOS or, depending upon their attitude, that some OOS condition is no 

worse than some acceptable condition, and therefore, ought to be removed from the OOS 

category. In either case, stopping-distance predictions for some set of operating conditions 

are used in making the evaluations. The calculations performed in this study and described 

in Section 1 provide the "raw material" regarding stopping distance for "pathological" cases 

that were selected for use in making critical assessments of the stopping capabilities and 

safety margins of heavy trucks with various types and levels of misadjustment. These 

cases are representative of situations that challenge the OOS criteria with regard to 

distinguishing between various out of adjustment situations on the basis of percentage 

changes in stopping distance. 

Given the above description, the analysis in this section has a more abstract and 

philosophical tone than a straightforward analysis of stopping distance. The results 

summarized in the next section are based on concepts and ideas related to selecting levels of 

stopping distance degradations and reductions in safety margins with respect to those 

stopping distances available to trucks with excellent maintenance making stops under very 

favorable operating conditions. The logic and rationale for this approach is that the current 



OOS criteria represent the combined judgement of many knowledgable people, thereby 

providing a reasonable starting point for considering the implications and meanings of 

changes in defining critical adjustment thresholds or combinations of adjustment thresholds 

from brake to brake on a vehicle. 

In summary, the current OOS criteria provide an initial indication of the amount of 

loss in stopping capability and safety margin that is currently deemed acceptable by the 

CVSAMCSAP community. Perhaps higher goals may be acceptable in the future, but the 
current indications from MCSAP inspections are that many trucks are having difficulty 
meeting the current goals for brake-adjustment, given the hardware and maintenance 

practices currently employed. The following results emphasize means by which stopping- 
distance goals as derived from current criteria might be applied more uniformly across the 
spectrum of possible brake-adjustment situations. 

3 . 3  Concise Summary of the Results and Findings 

3.3.1 The raw material presented in Figures 1.3.2 through 1.3.11 shows that 
stopping distance versus brake-adjustment results are highly dependent upon temperature 

conditions and the pressure level at which static stroke is measured as well as the level of 
adjustment. Although one could consider some composite measure of performance based 
upon a wide range of initial brake temperatures, vehicle loading conditions, and road 
surface conditions; the analytical work that went into developing the calculations indicates 

that the influences of brake-adjustment are most important with respect to stopping distance 

capability in situations involving high temperatures, heavy loads, and high friction at the 

tirelroad interface. The finding here is that it is reasonable to evaluate the influences of 

brake-adjustment criteria at chosen sets of operating conditions. Examination of the overall 

results suggests that calculated stopping distances for vehicles laden to the maximum 

allowable limit are suitable for examining the influences of various brake-adjustment 

criteria. 

Clearly, the results depend importantly on initial brake temperature. The choice of 

fully-laden and 400°F represents a judgment concerning a likely state of operation. Higher 

temperatures such as 600°F emphasize the influences of the level of degradation involved, 

however, 600°F is a high temperature that is representative of demanding service. We have 

used results calculated at 400°F to illustrate our ideas. 

Once a brake becomes completely backed-off, temperature does not influence the 
amount of degradation involved (of that particular brake) and important levels of 
degradation can be obtained without the influences of temperatures being a contributing 



factor in this case. Hence, a backed-off brake, or a brake that might be called "completely 

OOA," is a specially bad situation. 

3.3.2 This section presents a method for adding "backed-off' brakes into a brake 

"demerit" system like the one used in the current 20 percent OOS criteria. The idea here is 

to augment the current 112 brake and one brake penalties used in computing the 20 percent 

factor employed in the OOS criteria. If these levels of brake penalties are viewed as 

"demerits," a completely misadjusted or backed-off brake could be assigned a demerit value 

to be used in computing a 20 percent factor that would be based upon the percentage 

reduction in stopping distance caused by various levels of misadjustrnent. The following 

material provides an explanation of a methodology leading to incorporating a penalty of 1.5 

or 2.0 for a completely misadjusted brake. 

The method is based upon studying brake chamber characteristics to determine 

'6adjustment factors" that can be used to estimate the influences of various levels of brake- 

adjustment or misadjustment, The chamber characteristics are examined as illustrated in 

Figure 3.3.1 to determine the loss in actuating force due to the level of brake-adjustment. 

This loss is expressed as a fraction of the actuating force that would be available if the 

brake were fully-adjusted. The following table summarizes a set of adjustment factors 

determined for various states of adjustment as a function of cold static stroke values. 

Table 3.3.1 Brake Adiustment Factors at 400 OF for a Twe  30 Chamber 

Conditions at which stroke I 2.125" of cold static stroke I 2.375" of cold static stroke I 
was measured 

measured at f 00 psi and 
70 OF 

measured at 80 psi and 
70 OF 

measured at 80 psi and 70 OF 
plus 0.1" of in-stop stroke 

increase 
-- -- 

These adjustment factors are propox-tional to the available braking capability in the 

ranges of brake adjustment corresponding to a brake penalty of 0.5 and a full brake penalty 

(1.0) in the current OOS criteria. If we were to extrapolate the factors given in the first row 

of Table 3.3.1 to a completely backed-off brake which would have an adjustment factor of 



0.0, we would conclude that a completely misadjusted brake should be given a penalty or 

demerit of approximately 2.0 to be in concert with the penalties of 0.5 and 1.0 given in the 

current criteria. When stroke is measured at 80 psi, the factors given in the last row of 

Table 3.3.1 extrapolate to a penalty value of approximately 1.5 for a fully backed-off 

brake. (The lower value in this case is due to the fact that the levels of misadjustment are 

actually greater at 2.125" and 2.375" when measured at 80 psi than when the strokes are 

measured at 100 psi.) 

The net conclusion that is implied by this work is that stopping distance 

discrepancies due to backed-off brakes could be reduced if backed off brakes were given a 

penalty equivalent to at least 1.5 brake demerits. The criteria for calling a brake "backed- 

off' or "completely misadjusted" might be that the cold static stroke is greater than or equal 

to 2.5" for a Type 30 chamber. For other types of chambers, an equivalent boundary 

might be set at the stroke required to reach the bottom of the chamber minus 118". 

I I I I 
I I I I 

Bottom of 
- - - - - -  L - - - - - -  L - - - - - -  I - - - - - - -  I - - - - - -  Chamber 

I I I I I 

1650 

- - - - - -  
I 1 20 PSI I 

500 - ---- L - - - - -  -I - - - - - .  

"I* 0.50 1.00 1 . 5 0 t  2.50 3.00 
Adjustment and Wear Temp. 

2.375" 
Slack Stroke Cold Static Stroke 

to Start With 

F 1650 
= =  0.579 Net Result: 58% of the Fully Adjusted 

ref 2850 Braking Force 

Figure 3.3.1 Limit on Actuation Force Due to Brake Adjustment Level 



3.3.3 The ideas presented in this section extend the notion of using brake- 

adjustment factors like those introduced in the previous section. In this case, a scheme is 

presented for using estimated changes in stopping distance to determine 00s. 

The methodology involves assigning adjustment factors to various ranges of brake- 

adjustment. To illustrate the concept, brake chamber characteristics have been examined at 

several levels of brake-adjustment and values of adjustment factors have been determined 

per the procedure illustrated in Figure 3.3.1. (Although these factors were derived for a 

particular type of chamber and set of brake properties, we have generalized their use to be 

representative or typical of a broad range of brakes.) A tentatively proposed set of factors 

suitable for introducing the procedure is given in Table 3.3.2. These adjustment factors 

represent the contribution to changes in stopping distance with brakes at 400°F and with 

cold static stroke measured at 80 psi. 

Table 3.3.2 Brake Adjustment Factors at 400 OF 

Range of stroke s with respect to the 

readjustment point RA 

RA +lR* 5 s *use for Type 30 chambers I 0.0 1 

Brake-adjustment factor representing the 

stroke range 

"fully adjusted" stroke,s 

and bottom - 118 for other types 

1 ,O 

There is a caveat that needs to be considered when applying adjustment factors. 

I 

The factors are keyed to what a fully-adjusted brake will do. If different brakes have 

different torque capabilities in the fully-adjusted state, these differences need to be taken 

into account. A common situation is that front brakes have approximately 50 percent of the 

torque capability of rear brakes. Also, when slack a m  lengths and/or chamber areas differ 

from tractor rear brakes to trailer brakes, then the "AL" factors need to be included in the 

procedure for estimating changes in stopping distance due to brake-adjustment. The 

following example presented in Table 3.3.3 illustrates the computation for a situation in 

which a 3-axle (6-brake) truck has all brakes fully-adjusted except one rear brake is at a 

cold stroke of RA +1/8 and another is at RA + 318. 



Table 3.3.3 Example Calculation of the Change in Stopping Capability 

brake # adjustment level adjust. factor relative AL etc. relative torque 

totals 5.0 3.93 

To first approximation, the stopping distance is inversely proportional to the the 

braking force. This means that in the above example (Table 3.3.3) the change in stopping 
distance due to brake-adjustment is approximately given by 5.013.93 which equals 1.27. 

In other words, the estimated stopping distance is 27 percent longer with the arrangement 
of brake-adjustment levels given in Table 3.3.3 than it would be if all brakes were fully- 

adjusted. 

A question that naturally arises at this point, concerns the validity of the results. 

"How close are the results of such an approximated calculation of stopping distance 

variation, to those of the more elaborated, detailed computational method used in the 

previous sections?" Table 3.3.3 presents a 3-axle truck with brakes at 40 O F  and with cold 

static stroke measured at 80 psi. The elaborated calculations results for such a truck, under 

the same conditions in Figure 1.3.2 (case 4, RA+3/8" - 29%) do not deviate significantly 

from the approximated result of 27 percent. 

The methods presented here, and in the following section for approximating 

degradation of braking performance by means of increased stopping distance, are based on 

reduced braking capability due to brake-adjustment. As discussed in Section 2 (60 versus. 

20 mph), brake-adjustment is mostly influential when evaluating brake performance at high 

speed. Therefore, it should be emphasized that such an approximate approach can be 
adopted rather confidently at high speeds. It should be regarded cautiously at low speeds. 
This fact can be demonstrated by examining the results for a 20 mph stop presented in 
Figure 2.2.1. While the approximated result was quite close to the detailed one for the 60 

mph stop at 27 and 29 percent, it deviates significantly from the result of the 20 mph stop 



- 17 percent. 

The above procedure can be applied to brake-adjustment situations in general to provide 

a measure of the associated change in stopping distance capability. The following Table 

3.3.5 gives results for several examples for vehicles with six and ten brakes. The concept 

portrayed here is as follows: if the OOS criteria were related to a target level of allowable 

reduction in stopping capability, a more uniform consideration of the importance of various 

states of OOA would be obtained. 

Table 3.3.5 Examples Showing the Influence of Brake Adjustment on Stopping Capability 

As with the 3-axle m e k  in Table 3,3,4, some of the example trucks above were 

also calculated using the detailed computational method. Results based upon using the 
approximate m d  detailed methods are compared in Table 3.3.6 below. It should be noted 

that such a comparison is made only for qualitative assessment of the simplified 

approximation, and not for a quantitative analysis of its accuracy. 

8 

9 

10 

11 

10 

lo 

lo 

10 

RA+3/8,2 brakes 

RA+1/2,1 backed- 
off 

1 backed off and 1 at 
RA+l/8 

RA+3/8,2 fronts 

7.69 

8.0 

.63 

8.3 

1.18 

1.13 

1.18 

1.08 



Table 3.3.6 Example Comparisons of Detailed and Approximate Calculations. 

It is clearly seen from the above table that the results of the approximate method 

agree with those of the detailed one. If the detailed method is looked upon as accurate, the 

simplified method provides a good approximation for the degradation in the braking 

capabilities. Furthermore, it can be observed that the more axles there are, the better the 

agreement between the results. 

3 . 4  Observations and concluding remarks 

Approx. 

Example 

(above) 

1 

2 

6 

7 

8 

3.4.1 There is already considerable sentiment for simplifying the OOS criteria. 

The methods suggested above for changing the OOS criteria may not appear to be simple. 
Nevertheless, they are much simpler than the calculation procedures used in obtaining the 

results presented in Sections 1 and 2. An issue to be decided is whether it is worthwhile to 

increase the complexity of the OOS criteria in order to reflect a more uniform relationship to 

stopping capability. 

Approximated 

Increased 

Stopping 

Distance 

30% 

29 % 

30 % 

20 % 

18 % 

Corresponding 

Figure of 

Detailed Comp. 

1.3.2 

1.3.2 

1.3.4 

1.3.4 

1.3.4 

Detailed 

Increased 

Stopping 
Distance 

28% 

31 % 

29 % 

23 % 

21 % 

Adjustment 

Condition / Case 

All RA-1/8", 

Case 2 

20%RA+1/8 ", 
Case 3 

All RA-1/8", 

Case 2 

20% RA+1/8", 

Case 3 

20% RA+3/8", 

Case 4 



3.4.2 One matter to be observed derives from the importance of front brakes as 

currently configured. Front brakes are less effective than rear brakes, and hence, they 

contribute less to the stopping capability of the vehicle than do rear brakes. This means that 

if a stopping distance rule were to be adopted, front brake degradation would be less 

important than it currently is under the present OOS criteria. (However there are a number 

of other OOS matters that apply to the front brakes so they would receive special attention 

anyhow.) 

Perhaps more effective front brakes will come into style as it is noticed that brake 

wear and maintenance costs may be reduced by the use of more effective front brakes. In 

any event, the stopping distance estimation method would account for the effectiveness of 

each brake including the front brakes because it requires knowledge of the relative 

effectiveness of each brake as determined by chamber size, slack arm length, drum radius, 

and tire radius. A source of this type of information for a sample of vehicles is given in the 

data obtained from NTSB (see Section 4). In later stages of this study, we would like to 

use the NTSB data to evaluate the effectiveness of proposed OOS criteria in separating 

OOS vehicles from acceptable vehicles based on stopping capability estimates. In 

particular, an OOS criteria based upon brake-adjustment factors like those given in Table 

3.3.2 could be evaluated using the data collected by NTSB. 

3.4.3 The stopping distance approach is readily amenable to the use of on-line 

computers at weigh stations. For example, in Wisconsin the inspectors enter vehicle 

description and measurement data into an on-line computer system, In the future, the 

computer system could be p r o g r m e d  to compute the relative change in stopping distance 

for the measured state of brake-adjustment. However, there would be an additional burden 

of entering the relative torque effectiveness for each brake. 

It seems that knowledge of the "AL factor" for each brake would need to be readily 

available if a stopping distance approach were to be used. If the relative AL factors were 

available or standard values were chosen, a simple computation could be used to estimate 

the relative change in stopping distance even if a computer were not available (see Table 

3.3.3). In essence, the stopping distance calculation would amount to a refined version of 

the 20 percent rule. Its virtue would be that it provided an indication of the loss in stopping 

capability and based'an OOS decision directly on this measure of the degradation in 

stopping capability caused by the level of brake-adjustment. 



4.0 IDENTIFYING KEY FACTORS CONTRIBUTING TO BRAKE OUT- 
OF-AD JUSTMENT FOR MANUALLY ADJUSTED BRAKES. 

(Analysis of Brake Inspection Data from Oregon and Wisconsin) 

The overall objective of this analysis is to identify factors that are associated with 

brake OOA based on MCSAP data from individual states. The review of computerized 

inspection data identified only two states, Oregon and Wisconsin, with data elements that 

appeared to address the objective of this task. Information recorded during CVSA 

inspections were obtained on magnetic tape from Oregon and Wisconsin. The data on 

magnetic tape were converted into an appropriate format for analysis by the OSIRIS 

database package of programs available on the University of Michigan mainframe 

computer. This section describes the results of the analyses of the Oregon and Wisconsin 

files. 

-on Dab. A magnetic tape with 20,233 records containing coded inspection 

data was obtained from the State of Oregon. These data covered all CVSA inspections in 

1989. The format of the Oregon data was better suited to a structured, or hierarchical, file. 

In this application, the file structure includes two different types of records. At the first 

level, there is one record for each vehicle inspected. These records include trucks with no 

violations, trucks with brake violations, and trucks with other violations. The records at 

Level 1 describe the carriers' operating authority and the configuration of the truck. The 

configuration is described in a series of fields for up to six units (tractor, semitrailer, etc.). 

Each unit is characterized in terms of the unit type, CVSA decal, make, state of registration, 

and whether it was placed 00s. The unit type codes are the following: 

Power Unit z?da 
BU Bus ST Semitrailer 
TI' Tractor FT Full trailer 
TR Truck PT Pole trailer 

OT Other trailer 
DC Dolly converter 

The second level of records describe individual brake violations. Each record 

identifies the unit having the violation, the type of unit, and whether the violation put the 

unit 00s. The available brake violation codes include the following: 



Brake Violation Codes 
B20 Defective brakes exceed 20 percent - 
BBA Brake-adjustment 
BPR Push rod (on steering axle) 
BSA Slack adjuster (on steering axle) 
BSB No steering axle brakes 

The BP20 code, defective brakes exceed 20 percent, seems redundant since 

subsequent BBA (brake-adjustment) codes follow for each of the brakes individually. A 

number of other codes describe brake violations not related to adjustment. 

The configuration of the vehicle can be determined from the combination of units 

identified. For each configuration, the violation codes listed above can be located by unit 

number. No actual pushrod travel measurements are recorded, and violations cannot be 

located with regard to axle or axle-end. 

Results from the 1989 Oregon inspection data are summarized in the following 

tables. Of the 20,233 vehicles inspected, 22.1 percent had no violations; 45.7 percent had 

brake violations; and the remaining 32.1 percent had other violations. Overall, 34.4 

percent of the trucks inspected were put OOS, and brake violations were responsible for 

about 80 percent of the vehicles put 00s. Focusing on the 45.7 percent (9,250 vehicles) 

that had one or more brake violations, 59.6 percent of these were put 0 0 s .  There were a 

total of 29,021 brake violations on the 9,250 vehicles having one or more brake violations. 
In other words, trucks with brake violations in Oregon have an average of about three 

brake violations per vehicle, These statistics are shown in Tables 0.1 and 0.2. 

TABLE 0.1 
1989 Oregon Brake Data 

6,49 1 (32.1 %) cases with no brake violations 
4,492 (22.2%) cases with no violations at all 
9,250 (45.7%) cases with brake violations 
------ 

20,233 (1 00.0%) total cases 

29,021 brake violations total 
1.43/vehicle inspected 
3.14/vehicle with brake violations 



TABLE 0 .2  
Out-of-Service (00s) Distribution for 
All Trucks Inspected and Brake Violators 

&!a25 
All Trucks 13,280 

Total 
20,232 

Brake Violators 3,739 5,511 9,250 
40.4 59.6 100.0 

Approximately two-thirds of the brake violations are for adjustment when the 

"defective brakes exceed 20 percent" code is omitted. Looking at the distribution of brake 

violations among combination units by type of unit, 44 percent are on semi-trailers and 30 

percent are on tractors, for a total of 75 percent of the brake-adjustment violations. The 

proportion of brake violations on tractors and semi-trailers drops to 68.4 percent when 

single-unit trucks are included, as illustrated in the Tables 0.3 through 0.5. 

TABLE 0.3  
Distribution of Brake Violations by Violation Type 
(excludes "defective brakes exceed 20 percent because 
that is in addition to the violations themselves) 

N Percent 

Brake-adjustment 16,542 64.79% 
Push rod 70 0.27% 
Slack adjustment 7 8 0.31% 
No steering axle brakes 4 1 0.16% 
Otherlunknown 8,799 34.47% 

Total 25,530 100.0% 



TABLE 0 .4  
Distribution of Brake Adjustment Violations by Unit Type 
(excludes non-combination vehicles) 

Straight 
Tractor 
Semi 
Pole 
Full 
Dolly 

. Other 
Unknown 

total 

Brake 
Adjust 

TABLE 0 . 5  
Distribution of Brake Adjustment Violations by Unit Type 
(includes non-combination vehicles) 

Straight 
Tractor 
Semi 
Pole 
Full 
Dolly 
Other 
Unknown 

Brake No Steer Brake 
Adjust Brake Adjust 

total 16,611 41 100.00% 

No Steer 
Brake 

Other coding is available to identify the carrier type. The emphasis is on Oregon 

PUC authorization, but interstate operating authority is also identified in a separate field. 

The intrastate authority may k of interest because it includes information on the commodity 

carried in the following codes. 



Carrier Classification 
Class A General Commodities 
Class B Local cartage 
Class D Sand, gravel, etc. 
Class L Logs, poles, or pilings 
Class M Metallic ores and concentrates 
Class P Passengers 
Class SP Small parcel 

Table 0.6 compares the percentage of brake violations with the percentage of 

vehicles for each carrier type. Intrastate carriers hauling logs, sand, and ore have about 14 

percent more brake violations than the average vehicle inspected. This figure is based on 

the table below which shows the intrastate log, sand, and ore group to be 21.9 percent of 

the trucks inspected and 24.9 percent of the brake violations. The ratio of these two 

percentages is 1.14, or 14 percent more than the average for all carriers. However, this 

comparison does not take into account the number of axles and brakes per vehicle. This 

group of carriers might have more brake violations per vehicle because they have more 

axles. Information on the number of axles in not available in the Oregon data. 

TABLE 0.6 

Wisconsin Data. A magnetic tape containing coded information on all brake 

violations in 1989 was provided by the State of Wisconsin. Wisconsin inspects both 

intrastate and interstate trucks, and a code is available to distinguish the two. Coding is 

also available to identify the location of each brake violation in terms of the unit number, 

Brake Adjustment Violators Vs. All Vehicles Inspected 
By Company Type 
Oregon Inspection Data 

Company Type 
Normalized 

Intra Gen Freight 
Intra Logs, Sand, Ore 

Intra Other For-hire 
Intra Private 

Inter For-hire 
Inter Exempt 
Inter Private 

Unknown 
Total 

Brake Adj. Viol. 

N % 
1718 28.08 
1526 24.94 

12 0.20 
1046 17.09 

1356 22.16 
166 2.7 1 
284 4.64 

0.00 
11 0.18 

61 19 100.00 

All Vehicles Inspected 

N % 
5152 25.46 
4433 21.91 

88 0.43 
4130 20.41 

4789 23.67 
557 2.75 
995 4.92 

8 8 0.43 
20232 100.00 

Rate 
1.10 
1.14 
0.45 
0.84 

0.94 
0.99 
0.94 

0.41 
1.00 



the axle number, and axle end (left or right). In addition, the following three character 

codes identify the nature of the brake violation. 

Violation Codes 
BPI Pushrod travel exceeds 1.75" 
BP2 Pushrod travel exceeds 2" 
BPN No pushrod movement when brake applied 
BPA Pushrod travel is improper 
BPU Difference in pushr~d travel (L/R) exceeds 0.5 inch 

Each unit of the vehicle is described separately, and is identified as unit "one of 

two" (1121, or "two of two" (2/2). Unit type is coded as truck, tractor, semitrailer, or full 

trailer. Axles are numbered within each unit, and axle ends are identified as left or right. 

Thus, the available information is adequate to determine the distribution of violations by 

unit of the vehicle, and by axle location on each unit. 

The Wisconsin data has information on 4,156 trucks, each with one or more brake 

violations, for a total of 8,725 violations. The average number of brake violations per 

truck having one or more brake violations is 2.1 in Wisconsin, as compared to 3.14 from 

the Oregon data. The largest percentage of brake violations is on the tractor in Wisconsin, 

55.2 percent, with 42 percent on trailers. This result is the reverse of the situation in 

Oregon. The distribution of brake violations by violation type is shown in Table W.3. 

OOA violations account for 87.9 percent. These overall statistics are presented in Tables 

W. 1 through W.3. 

TABLE W.1 
Wisconsin Brake Violation Statistics 

4,156 vehicles with brake violations 
2,721 (65%) put OOS 
8,725 total violations (2.10 per vehicle) 

3,558 had violations on just one unit (as opposed to both tractor and trailer). 
597 had violations on more than one unit. 

2,624 (55.2%) truck tractors had brake violations 
130 (2.7%) straight trucks 

1,998 (42.0%) trailers, including semi, had violations. 



TABLE W.2 
Number of Violations per Vehicle 

1 2 3 4 5 6 7 8 9 10 Total 

Frequency 1,722 1,319 473 435 103 63 22 13 5 1 4,156 
Percent 41.4 31.7 11.4 10.5 2.5 1.5 0.5 0.3 0.1 0.0 100.0 

TABLE W.3 
Brake Violations by Violation Type 

> 1.7 > 2.0 Improper L/RDiff Bent Rod Unk Totals 
Frequency 1,611 6,054 373 463 26 198 8,725 

(percent) (1 8.5) (69.4) (4.3) (5.3) (0.3) (2.3) (100.0) 

Key: "> 1.7" Pushrod travel exceeds 1.75". 
"> 2.0" Pushrod travel exceeds 2.0". 
"Improper" Pushrod adjustment is improper. 
"L/R Diff' Difference in pushrod travel (L/R) exceeds .5". 
"Bent" Pushrod is bent. 

The next series of tables looks at the distribution of brake violations by axle and 

axle end (left or right). The first table (W.4) is limited to tractors. The greatest percentage 

of violations (38.9 percent) is on the front axle of the tractor. Over half of the time, both of 

the front axle brakes are in violation. On the second and third axles, both brakes are in 

violation about one-third of the time. When only one side is in violation on the drive axles, 

it is a little more likely to be the right side. It may be particularly significant that 32.1 

percent of the brake violations are on the third tractor axle, and only 21.2 percent on the - 
second axle. These statistics do not take into account the number of tractors that had only 

two axles. These number of 2-axle tractors would tend to decrease the percentage of 
violations on a third axle, since there would be none. Thus, the elevated percentage on the 
third axle can be interpreted as an indication of a greater likelihood for the second drive axle 
to be in violation, although not quite as high as the front axle. This interpretation is 
consistent with the impressions of some of the inspectors interviewed. 



TABLE W.4 
Brake Violations by Location 
Tractors 
(column percents sum to 100) 

Unk Total 

Left 188 
(15.7) 

Right 176 
(14.7) 

Both 640 
(53.6) 

Unknown 190 
(15.9) 

Total 1,194 
(100.0) 

(row percent) (38.9) 

Table W.5 shows the location of the brake violations on trailers. As would be 

expected, 89.8 percent are on either the first or second axle since few trailers have more 
than two axles. As with the drive axles on the tractors, the second axle is somewhat more 

likely to be in violation. Both axle ends are in violation about half of the time with the right 

being slightly more frequent than the left when only one end is in violation. Straight trucks 

are only a small percentage of the vehicles inspected, and only a small percentage of the 

brake violations. The distribution of brake violations by axle and axle end is shown for 

straight trucks in Table W.6. There is little difference in the percentage of brake violations 

on the first, second, and third axles. However, the majority of brake violations on the 

front axle involve both ends, as was observed on the tractors. 



TABLE W.5 
Brake Violations by Location 
Trailers 
(column percents sum to 100) 

Axle 
Location 1 2 3 4 5 6 7 unk 

8 

total 

Left 268 207 10 14 15 3 1 
(24.1) (17.7) (20.8) (30.4) (31.3) (50.0) (50.0) 

Right 295 310 7 15 18 0 0 
(26.5) (26.5) (14.6) (32.6) (37.5) (0.0) (0.0) 

Both 523 611 29 13 9 3 1 
(47.0) (52.2) (60.4) (28.3) (18.8) (50.0) (50.0) 

Unk 27 42 2 4 6 0 0 
(2.4) (3.6) (4.2) (8.7) (12.5) (0.0) (0.0) 

Total 1,113 1,170 48 46 48 6 2 
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) 

(row%) (43.8) (46.0) (1.9) (1.8) (1.9) (0.2) (0.1) 

TABLE W.6 
Brake Violations by Location 
Straight Trucks 
(column percents sum to 100) 

Location 1 Unk Total 

Left 8 14 12 3 1 1 39 
(18.6) (31.1) (24.0) (23.1) (50.0) (4.5) (22.3) 

Right 6 
(14.0) 

Both 27 
(62.8) 

Unknown 2 
(4.7) 

Total 43 
(100.0) 

(row percent)(24.6) 



Brake violations could also be broken down by inter- and intrastate carriers in the 

Wisconsin data. Table W.7 breaks down the brake violations by carrier type unit of the 

truck to see if there is any difference in this pattern. As would be expected, most of the 

straight trucks are operated by intrastate carriers. Of primary interest is the finding that the 

intrastate carriers have a greater proportion of violations on the semi-trailers as compared 

with tractors. This intrastate subset of the Wisconsin data is consistent with the overall 

statistics from Oregon in this regard. It is only the interstate carriers in Wisconsin that 

show a greater percentage of brake violations on the tractor than on the semi-trailer. 

TABLE W.7 
Brake Violations by Unit 
Interstate vs. Intrastate Hauls 

Tractor Truck Trader Semi Totals 

Interstate 4,209 94 68 1 2,667 7,65 1 
(percent) (55.0) (1.2) (8.9) (34.9) (100.0) 

Intrastate 304 154 5 1 464 973 
(percent) (3 1.2) (15.8) (5.2) (47.6) (100.0) 

Total 4,5 13 248 732 3,131 8,624 
(percent) (52.3) (2.9) (8.5) (36.3) (100.0) 

Summary. The Oregon and Wisconsin inspection data were examined for evidence 

of key factors associated with brake adjustment violations and patterns in brake-adjustment 

violations that might suggest key factors. In general, the available information did not 

include many of the factors originally identified. Some coding was available in each state 

to identify different carrier types. However, there were not marked differences in the 

patterns of brake violations among different carrier types. Unit of the truck was identified 

in each file also. Here the results were somewhat mixed. The Oregon data tended to 

support the inspectors impressions that trailers were somewhat more likely to have brake 

violations. However, only the smaller group of intrastate carriers in Wisconsin showed a 

similar result. The interstate carriers in Wisconsin showed more violations on the tractors. 

A shortcoming of the Wisconsin data is that we did not get information on all trucks that 

were inspected. Some of the tractors with brake violations may have been operating bobtail 

so that there could not be any trailer violations for these tractors. However, it is unlikely 
that appreciable numbers of bobtail tractors were inspected 



Wisconsin was the only state inspection file that we found that included coding that 

identified the unit, axle, and axle end of the violation. This information allowed us to look 

for patterns in brake violations by unit, axle, and axle end. Two observations made by 

many of the inspectors interviewed were confirmed by this data. The first was a greater 

incidence of OOAbrakes on the front axle. Usually, both brakes on the front axle were 

OOA, and very few violations were for the side-to-side difference in brake-adjustment. 

This result is consistent with a situation where the front axle brakes are backed-off. The 

other observation supported by the Wisconsin data is a greater tendency for the rear axle of 

a tandem pair to be OOA. On many trucks, the brakes on the rear axle are somewhat harder 

to access for adjustment. With regard to left-right side differences, the most common 

situation on any axle is for both brakes to be in violation. However, when only one end is 

in violation, the right side is in violation a little more often than the left. 



5.0 DEVELOPING STATISTICAL MEASURES PERTAINING TO THE 
RELATIONSHIPS BETWEEN THE KEY FACTORS IDENTIFIED 
AND BRAKE-AD JUSTMENT. 

(PRELIMINARY ANALYSIS OF NTSB BRAKE DATA) 

The tables presented below are limited to 5-axle, tractorlsingle-trailer combinations. 

This eliminates the tractorldouble-trailer combinations, but those units accounted for only 

36 combinations of the 910 inspected. Thus, excluding the doubles does not significantly 

limit the amount of data available for analysis. On the other hand, limiting the analysis to 

singles simplifies the discussion since all the units involved consist of a 3-axle tractor 

pulling a 2-axle trailer. 

Factors Associated With Brakes OOA 

In all of the tables, the brake-adjustment criteria as stated in the North American 

Uniform Vehicle Out-of-Service Criteria Policy Statement were followed. That is to say, 

for each brake, the stroke, given the chamber size, was compared with the figures in the 

chart on Page 8 of the Statement and classified as either OOA or defective. Brakes at, or 

0.25" over the "maximum stroke at which brakes must be readjusted," were categorized as 

OOA. Brakes with strokes 0.25" or more over the readjustment limit were categorized as 

defective. Brakes were also counted as defective if they were inoperative. (A separate 

variable for each brake gives the inoperative status.) The tables are organized around a few 

broad influences on brake-adjustment. Several categories of factors which may be 

associated with hake-adjustment problems were identified and then variables in the NTSB 

data were examined for their relevance to those factors. First, there is the mechanical 

design of the brake and any braking aids that may be part of the trucks design. The NTSB 
data includes data on slack type and the use of "Jake" brakes. Next, here is the general 

category of trucking operations and the business and regulatory environment. This 

category has to do with the extent to which competitive pressures may affect maintenance 

practices, and how servicing is done. Another broad category has to do with how the 

equipment is used and the effect of age and use on brake-adjustment. In this category, we 

were able to look at model year for both the tractor and trailer, and cargo body style. A 

final general category has to do with truck design, the extent to which different cab styles, 

and even makes, are associated with brake-adjustment problems. 



BRAKE DESIGN RELATED FACTORS 

The first table shows slack type by the OOA status. The top half of the table shows 

the raw numbers. These are counts of brakes. Only brakes with automatic or manual 

slacks are included in this table. Wedge-type and other brakes are excluded. For the 

column headings, "ok" means that the brake is properly adjusted. "OOA" means that the 

brake exceeds the maximum stroke at which it must be readjusted, but by less than 0.25". 

"Defect" means that the brake exceeds the maximum stroke by at least 0.25", and thus, 

constitutes a defective brake for the purposes of the OOS criteria. "Unk" means the 

adjustment status could not be determined 

Out of Adjustment Status by Slack Type, Singles Only 

ok ooa defect unk total 
auto 1771 219 75 0 2065 
manual 4809 838 896 4 6547 
total 6580 1057 97 1 4 8612 

ok ooa defect unk total 
auto 85.76% 10.61% 3.63% 0.00% 100.00% 
manual 73.45% 12.80% 13.69% 0.06% 100.00% 
total 76.41% 12.27% 11.27% 0.05% 100.00% 

It seems that the advantage of the automatic slack is in preventing a brake from 

getting so far out of adjustment that it constitutes a defective brake. Both slack types had 

similar proportions of brakes that were out of adjustment, though the manual proportion 

was about 2 percent higher. And overall, the proportion of automatic slacks with properly 

adjusted brakes was only about 12 percent higher than that of manual slacks. Almost a 

quarter of the brakes in the NTSB data had automatic slacks, so these differences are 

certainly statistically reliable. 

Jake Brakes 

Among the data gathered as part of the NTSB survey was whether the sample vehicles 

were equipped with "Jake" brakes. This includes any sort of drive line, transmission, or 

engine retarder. It appears that the use of "Jake" brakes has some effect on brake- 

adjustment. Combinations equipped with such brakes had lower proportions of OOA and 



defective brakes. Overall, almost 80 percent of the brakes on such units were within the 

adjustment standards, while 72.4 percent of the brakes on combinations without Jake 

brakes were adjusted. 

Brake Adjustment Status by "Jake" Brake Use 

ok ooa defect unk total 
Yes 2610 336 278 66 3290 
no 2643 499 466 42 3650 
unk 1327 222 233 18 1800 
total 6580 1057 977 126 8740 

ok ooa defect unk total 
Yes 79.33% 10.21% 8.45% 2.01% 100.00% 
no 72.41% 13.67% 12.77% 1.15% 100.00% 
unk 73.72% 12.33% 12.94% 1.00% 100.00% 
total 75.29% 12.09% 11.18% 1.44% 100.00% 

FACTORS RELATED TO THE OPERATING ENVIRONMENT 

Carrier T g e  

NTSB data include information about fleet size, whether the carrier operates inter- 

or intrastate, and whether the carrier is a private or for-hire carrier. Fleet size information is 

difficult to get and is missing in about half of the cases. Only 90 of the 910 vehicles 

inspected were operated by intrastate carriers, probably due to the fact that the inspection 

sites were d1 on interstates.1 But the carrier type information is reasonably complete and 

both types of carrier are represented adequately. 

One might expect that private carriers would have a better record than the for-hire 

group, but the two groups appear to be about the same. For-hire carriers have a slightly 

higher proportion of brakes that are within adjustment limits, but the difference is only 2.4 

percent. The sample sizes are large enough that this may be statistically significant, but it is 

not of practical significance in identifying factors related to problems with brake- 

adjustment. 

1A second round of data collection was conducted at sites off the interstates. This 
data should be available for analysis soon. It is likely that the data will cover a different 
mix of company types, cargo bodies, and operations, which will be very useful in this 
analysis . 



Brake Adjustment Status by Carrier Type 

ok ooa defect unk total 
For- hire 5147 794 727 102 6770 
private 1370 235 23 1 24 1860 
unk 63 28 19 0 110 
total 6580 1057 977 126 8740 

ok ooa defect unk total 
For-hire 76.03% 11.73% 10.74% 1.51% 100.00% 
private 73.66% 12.63% 12.42% 1.29% 100.00% 
unk 57.27% 25.45% 17.27% 0.00% 100.00% 
total 75.29% 12.09% 11.18% 1.44% 100.00% 

Res~onsibilitv for Brake-Adjustment 

In a related question, the NTSB data also includes information on whether the 

driver is responsible for the adjustment of the brakes. Perhaps surprisingly, in 520 of the 

874 cases of singles, the driver was responsible for brake-adjustment. But this appears to 

make no difference. The proportion of OOA and defective brakes is about the same for 

both trucks in which the driver is responsible for keeping the brakes in adjustment and in 

which that responsibility lies elsewhere. The proportion of brakes within adjustment 

standards is higher by 2 percent for the drivers than for the others, but that difference is not 

great enough to be meaningful. 

Brake Adjustment Status by Driver Responsibility for 
Adjustment 

ok ooa defect unk total 
Yes 3934 588 600 7 8 5200 
no 2165 396 333 46 2940 
unk 48 1 73 44 2 600 
mtal 6580 1057 977 126 8740 

ok ooa defect unk total 
Yes 75.65% 11.31% 11.54% 1.50% 100.00% 
no 73.64% 13.47% 11.33% 1.56% 100.00% 
unk 80.17% 12.17% 7.33% 0.33% 100.00% 
total 75.29% 12.09% 11.18% 1.44% 100.00% 

Thus, it appears that the main variables which might distinguish different 
approaches to truck operations do not appear to be associated with success in keeping 



brakes properly adjusted. But the new data from inspection sites off the interstates and the 

fleet size data remain to be examined. 

FACTORS RELATED TO THE AGE AND USE OF THE EQUIPMENT 

Tractor Model Yea  

Brake-adjustment was considered by the model year of the tractor. Only the brakes 

on the power unit's axles were used in the analysis. Pre-1983 model years were lumped 

together. Later model years are shown separately. 

Brake Adjustment Status by Tractor Model Year 

Yeaf ok ooa defect unk total 
4 9 8 3  580 95 166 107 948 
1983 143 16 21 0 180 
1984 307 53 59 1 420 
1985 405 64 65 6 540 
1986 301 3 1 28 0 360 
1987 425 58 39 0 522 
1988 532 96 20 0 648 
1989 766 78 50 0 894 
1990 542 5 6 44 0 642 
1991 19 4 7 0 30 
unk 5 1 7 2 0 60 
total 407 1 558 501 114 5244 

Yea ok m a  defect unk total 
>I983 61.18% 10.02% 17.51% 11.29% 100.00% 
1983 79.44% 8.89% 11.67% 0.00% 100.00% 
1984 73.10% 12.62% 14.05% 0.24% 100.00% 
1985 75.00% 11.85% 12.04% 1.1 1% 100.00% 
1986 83.61% 8.61% 7.78% 0.00% 100.00% 
1987 81.42% 11.11% 7.47% 0.00% 100.00% 
1988 82.10% 14.81% 3.09% 0.00% 100.00% 
1989 85.68% 8.72% 5.59% 0.00% 100.00% 
1990 84.42% 8.72% 6.85% 0.00% 100.00% 
199 1 63.33% 13.33% 23.33% 0.00% 100.00% 
unk 85.00% 11.67% 3.33% 0.00% 100.00% 
total 77.63% 10.64% 9.55% 2,17% 100.00% 

Tractors with a model year before 1986 have much higher rates of brakes so OOA 

as to count as defective brakes. They also appear to have higher rates of brakes OOA, 

though the differences are not so striking. The poor showing of the 1991 model is based 



on just thirty brakes, which is five vehicles, so that is not a reliable indication of the 

performance of the newest model year. On the other hand, all of the other categories have 

more than enough data to be reliable. 

Trailer Model Year 

The model of the trailer was also considered to see if the same pattern was shown. 

Instead, there was no particular trend to the proportions of OOA and defective brakes by 

model year. Pre-1983 model year trailers had the lowest proportion of fully-adjusted 

brakes, but the second lowest model year was 1985, and 1990 was the third lowest. There 

was a reasonable number of trailers for all the model year categories in the accompanying 

table. 

Brake Adjustment Status by Trailer Model Year 

ok ooa defect unk total 
4983  494 110 136 8 748 
1983 125 17 18 0 160 
1984 203 3 6 41 0 280 
1985 190 5 1 39 0 280 
1986 216 32 28 0 276 
1987 216 37 47 0 300 
1988 28 1 5 5 44 0 380 
1989 299 72 5 3 0 424 
1990 103 23 22 0 148 
unk 382 66 48 4 500 
total 2509 499 476 12 3496 

ok ooa defect unk total 
4983  66.04% 14.71% 18.18% 1.07% 100.00% 
1983 78.13% 10.63% 11.25% 0.00% 100.00% 
1984 72.50% 12.86% 14.64% 0.00% 100.00% 
1985 67.86% 18.21% 13.93% 0.00% 100.00% 
1986 78.26% 11.59% 10.14% 0.00% 100.00% 
1987 72.00% 12.33% 15.67% 0.00% 100.00% 
1988 73.95% 14.47% 11.58% 0.00% 100.00% 
1989 70.52% 16.98% 12.50% 0.00% 100.00% 
1990 69.59% 15.54% 14.86% 0.00% 100.00% 
unk 76.40% 13.20% 9.60% 0.80% 100.00% 
total 7 1.77% 14.27% 13.62% 0.34% 100.00% 

Considering this table and the last, it seems that trailer brakes are more likely to be 

OOA. A table that addresses that issue explicitly is presented below. 



Axle Number and Location 

The following table shows only OOA problems and defective brakes. ("Defective" 

is defined as a brake so far OOA as to count as a defective brake for the purposes of the 

brake inspection OOS criteria.) The percentages in the cells are the percentages of brakes at 

a particular axle number and location which are OOA or defective. Thus, 10.3 percent of 

the brakes on the left side of axle number one were OOA and 9.95 percent were defective. 

Axle 1 is the steering axle, 2 and 3 are the drive axles on the tractor. Axles 4 and 5 are the 

trailer's axles. 

Brake Adjustment by Axle Number and Location 

left right 
axle ooa defect m a  defect 
1 90 87 95 84 
2 86 65 77 89 
3 108 8 5 102 9 1 
4 118 120 137 108 
5 119 118 125 130 
total 521 475 536 502 

left right 
axle ooa defect m a  defect 
1 10.30% 9.95% 10,87% 9.61 % 

2 9.84% 7,44% 8.81% 10.18% 

3 12,36% 9.73% 11.67% 10.41% 

4 13.50% 13.73% 15.68% 12.36% 

5 13.62% 13.50% 14.30% 14.87% 

total 1 1.92% 10.87% 12.27% 11.49% 

Overall, trailer axles are more likely to be either out of adjustment or defective. 

From 27 percent to 29 percent of trailer axles have adjustment problems, while 20 percent 

to 21 percent of tractor axles are either OOA or defective, The steering axle appears to have 

about the same proportion of adjustment problems as the other axles on the tractor. 



u n o  Bodv Type 

Cargo body type might be expected to have a large impact on brake-adjustment. 

Dumps and tanks typically carry very heavy loads which put greater stress on the brakes. 

Vans are more often used for general freight hauling and lighter loads. Moreover, cargo 

bodies are associated with different types of carriers and operations, dumps with private 

carriers and local hauling, vans with for-hire interstate carriers and tanks with both 

services. 

The differences found between different cargo body types are not great. Overall, 

the proportion of properly-adjusted brakes ranges from a low of 67.5 percent for the tanks 

to 74.7 percent for flatbeds. Tanks and dumps have the highest proportion of brakes so far 

OOA as to be counted as defective. Vans have the lowest proportion of defective brakes, 

but the highest proportion of OOA brakes. It may be a little surprising to see that flatbeds 

do the best. Since tanks so often haul hazardous materials, and consequently are subject to 

more rigorous inspections, one might have expected that their brakes would be in better 

shape. 

Brake Adjustment Status by Cargo Body Type 
< 

ok ooa defect unk total 
flatbed 457 65 90 0 612 
van 1608 352 284 8 2252 
tank 173 32 47 4 256 
dump 101 19 24 0 144 
other 164 29 3 1 0 224 
unk 6 2 0 0 8 
total 2509 499 476 12 3496 

ok ooa defect unk total 
flatbed 74.67% 10.62% 14.71% 0.00% 100.00% 
van 71.40% 15.63% 12.61% 0.36% 100.00% 
tank 67.58% 12.50% 18.36% 1.56% 100.00% 
dump 70.14% 13.19% 16.67% 0.00% 100.00% 
other 73.21% 12.95% 13.84% 0.00% 100.00% 
unk 75.00% 25.00% 0.00% 0.00% 100.00% 
total 71.77% 14.27% 13.62% 0.34% 100.00% 



TRACTOR MAKE AND CAB STYLE 

Tractor Make 

Brake-adjustment problems by tractor make were also examined. Only the tractor's 

axles were considered for this analysis. The idea was to determine if any particular makes 

were associated with higher rates of adjustment problems. As it happens, most makes have 

about the same proportion of OOA and defective brakes. But both Freightliner and 

White/Volvo have strikingly lower rates of defective brakes. About 5.5 percent of 

Freightliner brakes were defective, compared with 9.5 percent for all makes. WhiteNolvo 

had 1.2 percent defective brakes. The sample size for White/Volvo is only eighty-four 

brakes (twenty-four tractors) but Freightliners were the second most common tractor make. 

ok ooa defect unk total 

Kenworth 535 7 5 7 9 37 726 

ok ooa defect unk total 
84.74% 8.83% 5.45% 0.99% 100.00% 
76.19% 13.33% 9.52% 0.95% 100.00% 

8.10% 11.90% 2.86% 100.00% 
74.06% 13.73% 11.01% 1.21% 100.00% 

78.43% 4.90% 10.78% 5.88% 100.00% 
70.24% 7.14% 13,10% 9.52% 100.00% 
77.63% 10.64% 9.55% 2.17% 100.00% 

This pattern is suggestive rather than conclusive. The explanation could be the design of 
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the vehicle or brake manufacturer or the type of brake typically installed. There may be 

other explanations. In any case, the difference is intriguing and warrants further 

examination. 



Another possible influence on brake-adjustment is the design of the cab. Some 

designs may make the brakes more accessible and consequently more easily adjusted. But 

when brake adjustments were examined by cab style, the differences between conventional 

and cabovers were slight. Conventionals had lower proportions of OOA and defective 

brakes than cabovers. Only 8.8 percent of conventionals' brakes were defective, compared 

with 10.9 percent for cab-overs. And conventionals were 4 percent higher in the 

proportion of brakes within adjustment limits (79 percent to 75 percent). The differences 

are real, but the size of the effect is not sufficient to have a major impact. 

Brake Adjustment Status by Cab Style 

ok m a  defect unk total 
conv 2636 342 293 65 3336 
coe 1429 2116 208 49 1902 
unk 6 0 0 0 6 
total 407 1 558 501 114 5244 

ok m a  defect unk total 
conv 79.02% 10.25% 8.78% 1.95% 100.00% 
coe 75.13% 11.36% 10.94% 2.58% 100.00% 
un& 100.00% 0.00% 0.00% 0.00% 100.00% 
total 77.63% 10.64% 9.55% 2.17% 100.00% 



6 . 0  PROVIDING A SOUND QUANTITATIVE BASIS FOR 
CONFIRMING OR CHANGING CURRENT OOS BRAKE 
ADJUSTMENT CRITERIA. 

(Braking Efficiencies And Out-of-service Criteria Using the NTSB Data) 

The appended charts examine the distribution of calculated braking efficiencies for 

different loadings and brake temperatures for vehicles put OOS for brake-adj ustment 

violations and those that were not put OOS for brake-adjustment violations. Calculated 

brake efficiencies are from the NTSB data. They were determined for the actual loading of 

the vehicle and for the vehicle if it were loaded to 80,000 pounds. There are two sets of 

four charts, one set for the actual loading of the vehicle and one for the vehicle if loaded to 

80,000 pounds. Within each set, the four charts represent the baseline case with no 

temperature-related expansion and then with the brakes at 400°F, 6OO0F, and9000~.  Only 

5-axle, tractor-trailer units are included in the comparison. 

OOS is restricted just to vehicles put OOS due to brake-adjustment problems. The 

rules relating to brake-adjustment as outlined in the North American Uniform Vehicle Out- 

of-Service Criteria Policy Statement were applied to the vehicles in the NTSB data. Brakes 

were classified as defective if they were inoperative, or if the stroke exceeded the maximum 

readjustment length by 0.25" or more. Brakes were classified as OOA if the stroke 

exceeded the readjustment length by less that 0.25", and two OOA brakes count as one 

defective brake. If the total of defective brakes on a combination was 20 percent or more of 

the brakes, the vehicle was classified as 00s. A defective brake on the steering axle also 

put a vehicle 00s. 

The appended charts show how well the brake-adjustment OOS criteria discriminate 

between braking efficiencies. From one point of view, the charts for the 80K loadings are 

the fairest comparison since they compare braking efficiencies given the same gross 

weight. For both the default case and the 400°F, the OOS criteria do a good job of 

separating the two populations. There is some overlap in the tails, but the means of the two 

populations are clearly separated. 

The charts for the actual loading are also of interest. These efficiencies were 
calculated for the gross weight of the vehicle at the time of the inspection and so show 

braking efficiencies for the two populations as they actually operate. For the default and 

400°F case, there is somewhat more overlap. There is a significant number of cases which 

were put OOS, yet whose braking efficiencies are 1.00. Though their braking would have 



been significantly degraded if they had been loaded to 80K, their braking efficiency was at 

1 .OO as they were actually loaded. 

At higher temperatures, the two distributions broaden and overlap to a much greater 

extent. 
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