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APPENDIX A 

BRAKE TEMPERATURE CHANGES 

Equat ion ( 1 )  (below) descr ibes  t h e  heat  f l o w  process f o r  t h e  

founda t ion  brakes i n  terms o f  ( 1 )  t h e  t o t a l  energy s torage c a p a b i l i t y  

o f  a1 1  t h e  brakes, ( 2 )  t h e  heat  losses  due t o  c o o l i n g  (convec t ion ,  

r a d i a t i o n ,  e t c . ) ,  and ( 3 )  t h e  t o t a l  b rak i ng  horsepower, HPB, a p p l i e d  

t o  a l l  t he  brakes, v i z . :  

where 

mBCp rep resen ts  t h e  p roduc t  o f  t he  mass o f  the  brakes 

mu1 t i p l i e d  by t h e  s p e c i f i c  heat  o f  t h e  brake m a t e r i a l  

(never the less ,  i t  i s  an e m p i r i c a l l y  determined co- 

e f f i c i e n t  i n  t h e  a p p l i c a t i o n  o f  Equat ion ( 1 ) )  

Q i s  t h e  average o r  b u l k  temperature o f  t h e  brakes 

h(V) i s  a  coo l  i n g  c o e f f i c i e n t  t h a t  depends upon v e l o c i t y  

Qa i s  t h e  ambient temperature 

t i s  t ime  

- dQ i s  t h e  t ime  r a t e  o f  change o f  temperature.  d t  

For  an i n i t i a l  temperature,  Qo, t he  s o l u t i o n  t o  ( 1 )  f o r  a  cons tan t  

v e l o c i t y ,  V c ,  i s  g i ven  by t h e  f o l l o w i n g  equa t ion :  

where 

Emp i r i ca l  r e s u l t s  ob ta i ned  i n  [ 2 ] y i e l d  t h e  f o l l o w i n g  express ions 

f o r  I/T and h(Vc) as func t ions  o f  v e l o c i t y :  



and h ( V )  = 0.1 + 0.00208V mph, h p / O F  ( 4 )  

(These expressions ( 3 )  a n d  ( 4 )  a r e  f o r  a pa r t i cu la r  t rac tor-semit ra i ler  

vehicle equipped with ten S-cam brakes [ 2 1. ) 

Since t = L / V c  f o r  a fixed grade of length L being traveled a t  
a constant veloci ty ,  the temperature, Qf ,  a t  the bottom of the grade 

may be calculated using ( 2 )  with t = L / V c ,  v i z .  : 

(In [ 2 ] the values Qf = 425OF, Qo = 150°F, and  Qa = 90°F a r e  used 

as standard conditions with 425°F the maximum a1 lowabl e brake tempera- 

tu re  occurring a t  the bottom o f  the h i l l .  ) 



APPENDIX B 

RETURN ON INVESTMENT ANALYSES 
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Retarder  Cost  : $450 
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Veh ic le  L i f e :  4 yrs. 
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Retarder Cost: $1 800 
Number o f  Ax1 es : 2 
Vehicle L i f e :  6 y r s .  
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MAJI'I! S E R V I C E  L E V E L  

TR A C T ~ I R  L A l t r w  HCURS 
I F A C T O R  P A R T S  ( S )  
T R A I L E R  LADOR HOURS 
T R A I L C R  P A R T S  IS) 

TPACTIIR YRS I N  S F R V I C E  
AXLFS OY TRACTOR 
A X L E S  OY T R A I L E R  
YRS TD RRAKC UVERHAIJL 

6 .  
290. 
5. 

275. 

LO. 
2. 
2. 

0.50 

6. 
2 90. 

5. 
275. 

LO. 
2. 
2. 

1.00 

6. 
290. 

5, 
27 5. 

LO. 
2 . 
2. 

0.50 

D I S C  R A T E  - NEW I N V E S T .  lZ)10- 10. 10. LO. LO- 10. LO. 10- 10- 10. 10. 10- LO- 10- 10- 
TAX E A C I U R  ON E A R N I N G S  46. 46. 46. 46. 46. 46. 46. 46 46. 46. 46. 4 6. 46. 4 6.  46. 
I N V E S T .  T A X  C R E D I T  I K I  7 7- 7- 7- 7. 7. 7. 7- 7 - 7. 7- 7 .  7. 7- 7. 
I F I F L A T I O t S  R A T E  I Z I V R J  10. 10. 10- LO- 10- 10. LO. 10. 10- 10- 10. 10- 10. 10. 10- 
I N S T A L L E D  S OF BRAKE 1800. 1800. 1800. LROO. 1800. 4.100- 1800. 1800. 1800- 1800. 1800- 1800- 1800- 1803- 1800. 
A N T l C . R E S A L E V A L V E I S )  342. 342. 342- 342. 342. 342. 342. 342- 342, 342-  342- 342. 342- 3 4 2 -  342. 
F X .  F A C T O R  - RR. LIFE 1.00 1-00 1.00 1-30 1.30 1.30 2-00 2.00 2-00 4-00 4-00 4.00 e.oa 0.00 8-00 

I t l T .  R A T E  Or R E T U R N  17)-113.b2-113~62 -28.50 53.50 27.00 1.37 91-25 49.62 9-44 114.50 61 -25 5. 12 125-00 65.3I 5.12 

Retarder Cost: $1 800 
Number o f  Ax1 es : 4 
Vehicle L i f e :  10 yrs. 
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** 4 f R I  FCONOMIC A N A L Y S I S  F O R  R E T b R D E R  PROJECT **  
-------------------------------------- ------------ 

INTFHPIAL  LAflOR R A T E  f S )  20. 20. 20. LO. 

MlrSl1R S E R V I C E  L E V E L  
------------------ 
TRACTOR L ADnR HWJR S  
TPACCOR P A R T S  ( $ 1  
T R A I L E R  LAROR HOURS 
T R A I L E R  P A R T S  ( $ 1  

M A J l l R  S E R V I C E  L E V E L  -- ----- - ----------- 
THACr DR L  ARnR tM)URS 
TRACTOR P A R T S  ( b )  
T R A l  L E R  L  A n o R  t a U R f  
l R A l L E R  P A R T S  ( S )  

6. 
290. 
5, 

275. 

4. 
2 . 
0. 

3.00 

LO. 
46. 
7. 
LO. 

3500. 
1820. 

1 I00 

-12-78 

TRACTIIR Y R S  IF1 S F R V I C E  
AXLES rYV TRACTOR 
A X L E S  ON T R A I L E R  
Y R S  T O  ORAKE OVERItAUL 

10. 10- 10.  10. 
4 6. 46 . 46. 46 . 
7. 7. 7. r. 
LO. 10- 10. 10, 

3500. 3500. 3500. 3500. 
1820. 1820. 1820. 1820. 
4.00 0.00 u.ao 8.00 

D I S C  R A T E  - NEH I N V E S T .  
TAX F A C T O R  O N  E A R N I N G S  
I N V E S T .  T A X  C R E D I T  ( 5 )  
I r I C L 4 T  I O N  R A T E  ( % / Y R )  
I t I S T A L L E D  S OF D R A K F  
A N T I C .  R E S A L E  V A L U E  ( S )  
EX. F A C T O R  - W.. L I F E  

1 % )  LO. 
46 . 
7. 
10 . 

3500. 
1820. 
1.00 

LO. 
46. 
7. 

10 0 

35 00. 
1820. 
1-00 

10. LO. 
46. 46. 
7. 7. 
10 . LO. 

3500. 3500- 
1820. 1820- 
1-30 1.30 

10. LO. 10. LO. 10. LO, 
46. 46, 46. 46 46 . 46. 
7 . 7. 7. 7. T .  7 .  

10- 10. 10. LO. 10. LO. 
3500. 3500. 3500. 3500. 3500. 3500. 
1820. 1820. 1820. 1820, 1820. 1820. 
3 0  2.00 2.00 2.00 4.00 4.00 

0 
INT .  R A T E  OF RFTURN I f )  

Retarder. Cost: $3500 
Number o f  Axles: 2 
Vehic le L i f e :  4 y r s .  



I N T r R P l h L  LABOR R A T E  I S )  20. 

TRACTf lR  L  4BC)R t1OURS 5. 
T F n c r n n  P A R T S  01 175. 
T R 4 I L E R  L A R I l R  ).IOURS 4 .  
T R A I L E R  P A R T S  1 2 )  160. 

MAJUR S F R V  I C E  L F V E L  
------------- ------ 
TPAC T l )R  L  ABOR IlrHJRS 6. 
TRACTOR P A R T S  ( $ 1  290. 
T R A I L E R  L A B O R  I I W R S  5 .  
T R A I L F R  P A R T S  ( 0  275. 

T R A C I O R  V R S  IN S F R V l C F  6. 
A X L E S  ON TRACTOR 2. 
A X L t S  T)FJ T R A I L E R  0. 
YRS T O  B R A K E  OVERl lAUL 0.50 

D I S C  R A T E  - NEH I N V F S T .  (%)10. 
TAX F A C T O R  f l N  EARNIPIGS 46. 
I N V E S T .  T A X  C R E O l  T  ( 8 )  7. 
I N F L A T  I O N  R A T E  ( % / Y R  I 10. 
I N S T I L L E D  S CF BRAKE 3533 . 
A N T I C .  R E S A L E  V A L U E  I S )  1330. 

P 
EX. F A C T O R  - DR. L I F E  1-00 

-I 

I N T .  P A T E  OF RETURN I t )  -13.37 - 

LO . 10. 
46. 46. 
7. 7. 
LO. 10. 

3500. 3500. 
1330. 1330. 
1-00 1.30 

10. 10. 
46. 46. 

7 . 7. 
LO. 10. 

3500. 1500. 
1330. 1330. 
1.30 1.30 

Reta rde rcos t :  $3500 
Number o f  Ax1 es : 2 
Vehic le L i f e :  6 y r s .  











** 11SRI E C r N C N I C  A F l A l Y S l S  FOR R E T A R D E R  P R O J E C T  ** 

M I  I l r lR  S f - R V I C E  I - F V E L  
---- --------------- 
TRACT n R  L  ARnR tIOUR5 5 .  
TRACTPR P A R T S  ( $ 1  175. 
T R A I L E R  L A B O R  t4IUP.S 4. 
T R A I L E R  P A R T S  1 ) )  160. 

MAJOR S F R V I C E  L E V F L  

TRACTOR L 4 B O R  HOURS 6 
TRACVCR P A R T S  1%) 290. 
T R A I L E R  L A R C R  ItCNJRS 5. 
T P A I L F 9  P A R T S  ( $ 1  275. 

b . 
2 90. 

5. 
2 75. 

4. 
2. 
2 . 

3.00 

10. 
46. 
7. 
LO. 

3500. 
1820. 
1.30 

.16.06 

6. 
290. 

5. 
275. 

4. 
2. 
2. 

3.00 

LO. 
46. 

7 .  
LO. 

3500. 
1820. 
4.00 

-16.06 

T R A C I O R  V R S  I N  S E R V I C E  4. 
A X L E S  CN'4 TRACTf lR 2. 
AXLFS ON T R A I L E R  2. 
YRS ~n BRAKF IIVFRIIAUL 0.50 

D I S C  R A T E  - N E H  I N V F S T .  1X110. 
T A X  F A C T O R  n~ EARNINGS 46. 
I N V F S T .  T A X  C R F O I T  1%) 7. 
I N F L A T  I O N  R A T E  I I / Y R )  10. 
I f J S T A L L E D  S OF- DRAKE 3530. 
A N T I C .  R E S A L E  V A L U E  I S) 1820. 
EX. F A C T O R  - IW. L I F E  1-00 

cn 
fNT.  R A T E  OF RFVURN 1%) -12.78 

10. 10 . 
46. 46. 
7. 7. 
10. LO. 

3500. 3500. 
1820. 1820. 
1.00 1-00 

Retarder Cost : $3500 
Number o f  Axles: 4 
Vehic le  L i f e  4 yrs. 
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APPENDIX C 

ILLUSTRATIONS OF 
EFFECT OF BRAKE L I F E  

EXTENSION FACTOR UPON 
INTERNAL RATES OF RETURN 



i 

I 
I 

0 
8. 

BRAKE LIFE EXTENSIDH FACTOR V/ RETARDER 

Ins ta l l ed  R e t a ~ d e r  Cost,  d o l l a ~ s  450 
Expected Vehicle Life, years 4 
Total Truck T T U ~ ~ B T  Axles, number 2 



BRAKE LIFE EXTENSION FACTOR V/ RfTARDEJ3 

Ins ta l l sd  Re ta rds r  Cost, do l lars  450 
Expected Vehicle Life, years. 4 
Total  Truck Trailer Axles, number 3 



Installed R e t a ~ d w  Cost, d o l l w s  450 
Expeoted Vehiole L$je, y e a ~ s  4 
Total Truck T~aCler Axles, numb87 4 



n 0 
I 

I 
I 

a 
I I 

1 I i 
4. 5,  6. 7. 8. 

BRAKE LIFE EXTWSION FACTOR V/ RETARDER 

--.-UI---------r*-.----- 

t rim8 fo hi brw Durthrwl 
t a - 6 man* 
I + -- 1 
t 0," 4 vurr 
L,---,-,--,,-,-,,---- 1 

Installad Retarder Cost, dollars 450 
Expected Vehiole L i te ,  yaars- 4 
Total  Truck T~a4ler  A&s, number 5 



150. - 
125. - -  

2 
I 
I \ 

75.-- 
U 

z 

k 
" 25.-- 
I- < 
PC 

I I I I I i . 9 m r 
I- 

4- W- 
P 7 a. 

Z 

d. U. I .  - -25. -. BRAKE LIFE EXTENSION FACTOR V/ RETARDER 

---I--------------_-- : Nmr ro N r d  BrPCe OVwhaiLf 
I * 
I 

w -.. 6 months i 
8 
I 4 -a. r uaer I 
I 
f 0 ,... 3 ymwr 

I 
-75. I L------- ---------- 4 

Instal lad  Retarder  Cost, dol lars  450 
Expected Vehic le  Life, years 6 
Total Truck Trailer Axies, number 2 



Installed Retarder Cost, dollars 450 

Expected Vehic le  Ltf e, years 6 
Total Truck T ~ a i l e r  Axles, number 3 

150.7 

125. 

2 0°= 
U e 75:. 
U 

4 so.-. 
U a 

b 
u 25.-• 
C < a 

0. 
a 
W 
C 
z - -25. - -  

-50. --  

-75. - 
I 

I -- I 

-. 

7 n n 

. 
u 

I I I 0 
I I a i 

2. 3. 4. 5. 6. 7. 8. 

BRAKE LIFE EXTENSION FACTOR V/ RETAROER 

------ ---I------ : Nmr ro Nrst Brctr Dunhad ; 
I 
I 

m -.. 8 month8 
I 
I + -.. t yrer i 
I 
I 0 .-,- 3 yrms I 
L------------------A I 



Installed Aetardw Cost, dollars 450 
Exppeoted Vehicle  L4le, years 6 
Total Truck Trailer A l s ,  numbe~ 4 



BRAKE LIFE EXTWSJM FACTOR V/ RETMDER 

--------------___I------- 

' W a r  f4 W r l  lit& Durrhml 

Installed Retard~r Cost, dollars 450 
Ezpected Vehdcla Lve, yearc. 6 
Tota l  ~ruckTru~lerAzde~,numbe~ 5 



Ins ta l led  Re tarder  Cost, dol lars  450 
Expec ted  Vehic le  L i f e ,  y e a r s  10 
T o t a l T r u c k  Trailer Ads,  number 2 

150. 

125. 

i loo- 
B 75.-- 
U 

9 w 50.-- 
Y 

k3 
w 25.- 
5 

I 
I- 
Z 
rn -25. -. 

5 0 .  - -  

-75. - 

- 
--  

- *  I- 

v n G C 

i I I I I 1 
2. 3. 4. 5. 6. 7. 8. 

BRAKE LIFE EXTENSION FACTOR W/ RETARDER 

---- ----------I- : Nme T8 First B r a h  Duwhad i 
0 
I 

r -... B rnonthr 
I 
I + -.. t yaar I 
I 
I 0 -- 3 yems I 
L----------------A I 

I 



BRAKE LIFE EXTENSlff l  FACTOR V/ RETNIDER 

Installed Retards7 Cost, doliars 450 
Expected  Vehic la  L i f e ,  years 10 
Total Truck Trailer Azks, number 3 



lnstallscl Retardw Cost, dollars 450 
Expcpected Vehicle LVe, years 10 
Total Truck  Trai ler Axbs, number 4 

150. 

i z .  

i loom:; 
Iti 75. u 

50:- 

k 
w B.-- 
5 

".I-- 
"zs5. - -  

- 
--  

, 

n Q 

1 L 1 t 
1 
I 

I I t I I t 
2. 3, 4 5, 6, 7. 8. 

BRAKE LIFE EXTENSION FACTOR W/ RETARDER 

---I_-------- 

I Ptnr f o  NmC bt& Du*thouL 

-75, 

1 n -8 .  a mmiM 
1 

t + -*. t wr 
I o -, a y r ~ r  
L,-.---- I 



150. 

125. 

loQ= 
'$ 75. 

j 50= 
k 
w 25. 
b- 

2 

1 
z - -25, BRAKE LIFE EXTENSION FACTOR V/ . RETARDER 

""1 -75 a 

..------------ 
t I Rmo l'o h t  &ah Dw~houl' 
I ,.. 8 mWhd 
I 
I t ,, I yaw. 
I 0-0 3 y m  
L,,------------- i 

Installed Retarder Cast, dollars 450 
Expected Vehic le  L i f e ,  years f0  
Total  Truck Trailer Axks, number 5 



U 
& 

75. % 
Z 
(r 

f, 50. 
K 

k. 
0 

w 25. 
i 
2 t- O-  
Z - -2s. BRAKE LIFE EXTENSION FACTOR V/ RETARDER 

-------------------------- 
I rimr ro First Brakr Overhaul i 
I 
I It ,..., 6 mon thr 
I 
I , + ..,.. I yaar 

I 
I 

I 
1 0 ,.... 3 pars 1 

Instal led Retarder  Cost,  do l t a r s  900 
Expec t ed  V e h i c l e  L i f e ,  years 4 
Tota l  Truck  Tra i l s r  A h s ,  number 2 



I 
I 

I I I P 
5. 6. 7. 8. 

BRAKE LIFE EXTENSION FACTOR V/ RETARDER 

------------------------- : Tdmr To P e r t  Brah Duwhaul i 
I 
4 . -.- 8 month8 
I 
I 
1 

+ ,, I y4ar 
I 

I 
I 0 ..-.. 3 YIOTIl 

1 
I 

I n s t a l l e d  Retardsr Cost,  dollars 900 
E x p e c t e d  V e h i c l e  Life, years 4 
T o t a l  T r u c k  Trai ler  A&s, number 3 



BRAK- L'FE EXTENS-ON FACTOP V/ PETAFUl-R 

Installad Retardsr Cost, dollars 300 
E x p ~ o t e d  V e h ~ l o l e  T t f  e, 4 
Total  T m c k  Trailer Axles, number 4 



150. 

125. 

i ,oom 
'ti L) 75. 
2 

5 
50. 

ki 
w 25. 
l- 
i? 
J 

i 0. 
t- 
Z - -25. BRAKE LJFE CXTW9IM FACTOR V/ RETARDER 

Installed Retardsr Cost, dollars 900 
Expeoted  Vehicle L.lf e, yeam 4 
Tota l  Truck T r a i l e ~  Axles, number 5 



K 

t 

I I I 1 - - - 
3. b. /. @. 

BRAKE LIFE EXTENSION FACTOR W /  RETARDER 

----------------------- : Nmr To Nrst B r h  Overhod ; 
I I 
a . .,... 13 months 
I 
I + .,., I yaar I 
I 
1 
I 0 .,... 3 yaarx 

I 
I 

InstalLed Retarder Cost ,  dollars 900 
E x p e c t e d  V e h i c l e  Life, years 6 
To ta t  Truck  Trai ler  Ahs,  number 2 



BRAKE LIFE EXTENSION FACTOR V/  RETARDER 

--------------------------- 
: N m a  ¶'o First Braka Duuhaul / 
I ....... a , 8 months 
I 
I + ....... I year i 
I 

1 
I 
I 0 ...,.. 3 po7s i 
L ,,,,,,----------- ----- ----- -I 

I n s t a l l e d  R e t a r d e r  Cost, d o l l a r s  900 
Expected Vehicle Life, yeam 6 
To ta l  Truck  Trailer Ahs ,  number 3 



T BRAKE LIFE EXTENSION FACTOR V/ REThRDCR 

------ 
I Nmr r0 W a t  Ihah 0wehou.l 
1 " ,.. d r n ~ i h r  
1 +-, I y r w  
I 
I 0 ,, 3 yr0S-r 

Installed Retarder Cost, d o l l a ~ s  900 
Exppected Vehic l s  Life, y ' e u ~ s  6 
Total Truck  Trailer  AX^, number 4 



I- 

3 
1 

1 
I 

1 
1 i 

5 ,  6. 7. 8. 
3 \AKE L I F- =AT-NS 10 ! FACTOR V I  xEThR. CR 

---..---------- ---------- 
Nm. iPo Nrrt  3rrc: Our+houl 

I 
I 

1 .. 8 rnrnlh* 
I 
I +, . I y:nr 

i 
I 
I 0 .  ... . 3 y;or1 

i 
L---------,---,,--------- 1 

Install-d Xetnrdcr C o d .  d o l l n r r  900 
Zxpectcd Vehiclr L l f e  .years 6 
T o t a l  Truck Trailer  AX^, number 5 



I n s t a l l e d  Retardsr  Cost ,  d o l l a r s  900 

UC 

I 
1 

Expec ted  V e h i c l e  Lzf e, years 10 
T o t a l  Truck  Trailer Axles, number 2 

i 
i 0. 

k 
Z - -25. --  

-50. - -  

-75. - 

n 0 
-- I I I I I I 

2. 3. 4. 5. 6. 7. 8. 

BRAKE LIFE EXTENSION FACTOR Y/ RETARDER 

------_I_-------------- : Nm. So Nrst Braka Overhaul 
I 
I r ....... 8 n ~ l t h .  i 
I 
I 
I 

+ ....... 1 year I 
I 
I 0 ,... 3 y r m r  

I 
I 

L ~ , ~ , ~ , ~ ~ ~ ~ ~ - , ~ - ~ ~ ~ ~ ~ - , , ~ ~  



I BRAKE LIFE EXTENSION FACTOR V/ RETARDER 

------------------------_--_ : Nmr T o  Nrst Braka Ovwhaul 
I a ....... 8 mmtht 
I 
I 
1 

+... -.. r y e w  i 
I 
I 0 ....... 3 years 1 I 
L------------------------J 

Installed Retarder Cost, dollars 900 
Expected V e h i c l e  Life, yeam 10 
T o t a l T r u ~ k T ~ a i l e ~ A x ~ s , n u m b e ~  3 



Tns-tallsd Rstardor Cost ,  dollars 
Expected Vehiole  L i f e ,  years 
Total Truck  Trailer Axles, number 

4- 

!5 
w 25.- 
5 

".I. 
X - -25, 

-50.  --  

-7i 

n 0 

I I I 
I I I I 8 4 I 

2, 3. 4, 5, 6. 7 8,  

- -  BPM LIFE EXTENSION FACTOR VI R E T ~ E R  

---_I--- 

f Ptmr Po M Br& 0wrku.f 
I 
I 
,, d m l h r  

I +," 1 ymr 
I 
1 o s y o n r  I L , - - , - , -  , i 



! 
75.- i 

k u n 
w 25.-- 

0 

s 
f ":.' 4. 5. 6. 7. 8. 

I 
1 
I 

I 
1 

I 
I 

I 
I 

I 

2. 
1 

3. 
1 

z - -25, -. BRAKE LIFE EXTENSION FACTOR W/ RETARDER 

-----------------_--------- : Nmr fo N t r t  Brd* 0vrthau.i 
1 
l a d nronllhr 
I 
1 4 9-* I Va6r 
I 
I 0 .. "... 9 # # M Y  
L---------,----,----------- J 

Installed R e t a r d a ~  Cost, dollars 900 
Expected Vehicla L i f e ,  years 10 
Total  Truck T~a-f ler  Axles, number 5 
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APPENDIX 

SUMMARY OF STATE INFORMATION 

- Brake regu la t i ons  

- Percent grades on highways 

- Loca t ion  o f  r u n - o f f  ramps 

- Veh ic le  i nspec t i on  programs 

- Acc ident  data 
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APPENDIX E 

T Y P I C A L  ACCIDENT REPORT NARRATIVE 
FROM A COMMERCIAL OFFICER 

ON A RUNAWAY TRUCK 



TYPICAL ACCIDENT REPORT NARRATIVE 
FROM A COMMERCIAL OFFICER 

ON A RUNAHAY TRUCK 

Upon my a r r i v a l  a t  scene a t  approx imate ly  1500 hours, I observed 
a no t i ceab le  amount o f  smoke coming f rom r i g h t  s i d e  wheels on bo th  ax les  
on t r a i l e r .  A t  approx imate ly  1655 hours, I examined t r a i l e r  brakes and 
observed they  were app l i ed  w i t h  f u l l  p ressure f rom a i r  tank on t r a i l e r ,  
and s t i l l  warm t o  t h e  touch. I n  cu rsory  examinat ion o f  s p r i n g  brakes, I 
observed t h a t  they  were i n  t he  app l i ed  p o s i t i o n  on bo th  wheels o f  #3 
ax1 e. 

The tow t r u c k  i n  i t s  i n i t i a l  towing o f  v e h i c l e  #1 p u l l e d  i t  ahead 
approx imate ly  20 f e e t  f rom POR w i t hou t  r e l e a s i n g  s p r i n g  brakes and I 
observed t h a t  t he  wheels on t he  s p r i n g  brake ax le ,  #3, on t h e  r i g h t  s i de  
would n o t  t u r n  b u t  t he  l e f t  s i d e  d i d  t u rn .  

Inspec t ion :  

On March 12, 1976, a d e t a i l e d  i nspec t i on  o f  t he  brake system was 
conducted on v e h i c l e  #I  combination. Th i s  i nspec t i on  was conducted a t  
Nyack Garage, Emigrant Gap. 

Veh ic le  # I  combinat ion cons is ted  o f  a t r u c k - t r a c t o r  and semi- 
t r a i l e r .  The t r u c k - t r a c t o r  was a 1970 Kenworth 3-axle w i t h  Utah S ta te  
License p l a t e  #35645 s e r i a l  p l a t e  A14546 s e r i a l  #741933. The t r uck -  
t r a c t o r  had major  damage t o  t he  f r o n t  end and t he  chassis was severe ly  
d i s t o r t e d  causing the  engine and o t h e r  running gear t o  be s h i f t e d  f rom 
normal p o s i t i o n .  

The brakes on a l l  braked ax les  o f  v e h i c l e  # I  combinat ion were 
s t r a i g h t  a i r  "S" cam type. # I  a x l e  ( s t e e r i n g  a x l e )  was n o t  equipped 
w i t h  brakes. A1 1 o t h e r  braked ax les were equipped w i t h  t ype  30 brake 
chambers. #3 a x l e  was a l s o  equipped w i t h  p iggy  back t ype  s p r i n g  brakes. 

F i r s t  i n spec t i on  o f  brake system i n d i c a t e d  no apparent damage t o  
i t  from the  acc ident .  

Due t o  i nope ra t i on  o f  engine from damage caused by t he  acc iden t  
t h e  engine was n o t  ab le  t o  be operated. A i r  f rom an a i r  compressor a t  
Nyack Garage was supp l i ed  t o  t h e  #I o r  wet tank.  The pressure o f  120# 
maximum was used. Upon a p p l i c a t i o n  o f  t h i s  a i r  t he  e n t i r e  system was 
charged and no leaks were detected. Test  a i r  gauges were a t tached  t o  t he  
g l ad  hands t h a t  would norma l l y  be connected t o  t he  t r a i l e r .  Upon opening 
of t he  t r a c t o r  p r o t e c t i o n  va lve  from t h e  cab o f  t r u c k - t r a c t o r ,  a reading 
of  120# was i n d i c a t e d  i n  t he  emergency o r  h o t  l i n e .  Upon hard  app l i ca -  
t i o n  of t he  f o o t  pedal, a read ing  was a l s o  shown on t he  t e s t  gauge 
connected i n  the  se r v i ce  1 ine .  While watching each wheel brake chamber 
w i t h  severa l  brake app l i ca t i ons ,  I found a l l  oeprated except #3 a x l e  on 
l e f t  s ide .  The push r o d  appeared t o  be o u t  t o  f u l l  1 i m i t  and would n o t  
move w i t h  brake appl i c a t i o n .  I found t he  problem was caused due t o  t he  
s l ack  a d j u s t e r  was backed o f f  complete ly  i n  t he  oppos i te  d i r e c t i o n  than 
normal. Th is  would have had t o  be done on purpose and n o t  acc i den t l y .  
Push rod  t r a v e l  was then checked on the  remaining brakes w i t h  t h e  f o l l o w -  
i n g  r e s u l t s :  



Brake lining thickness was observed to be approximately: 
LEFT RIGHT 

#1 axle 518" 518" 
#2 axle 518" 518" 

Driver's Log Book 
Upon inspection of current Drivers Log Book a l l  entries indicate 

stops as stated by driver. Last entry was shown as off duty  a t  1300 hours, 
this  i s  shown probably in mountain standard time which i s  1 hour ahead of 
local time, i n  Reno, Nevada. 

Opinion and Conclusion 
Based upon examination of brake system of vehicle #I  combination: 
1. Three of 4 braked wheels on truck-tractor were out o f  

adjustment. As per 26453 V . C .  Reference H.P.G. 83.2 Sec. 3.6.20-4. 
This indicates push rod travel for  a type 30 brake chamber shall be no 
more than 2 inches. This i s  maximum stroke before brakes should be 
adjusted. 

2. The 4th braked wheel was completely inoperative due t o  slack 
adjuster being backed completely backwards. Upon appl ication of brake 
pedal the push rod would not activate the cam shaft. The brakes on this 
wheel would n o t  operate. 

3. A 6# a i r  drop on application of brake pedal over a 1 minute 
period i s  a violation of 26453 V . C .  

4.  Three of 4 brake wheels on semi-trailer were well within 
brake adjustment recommendations. 4th wheel was on a border1 ine condi- 
tion. 

5. The Jacobs Engine Brake was only 66 percent effective due to 
1 of 3 engine head solenoids being inoeprative. 

6.  The a i r  compressor a f te r  t /c  appeared to be in an operating 
condition, no damage caused by accident. 
The accident was caused by a combination of driving too fas t  for  road 
conditions, other t ra f f ic  and a lane closure, and in an attempt to slow 
down; was unable to do so due t o  lack of  proper brake adjustment. Four 
or 8 braked wheels were either inoperative or out of adjustment. The 
f i f t h  wheel was on the edge of needing adjustment. The lack of proper 
brake adjustment should have been noticed by Driver 1 as per 34500 V . C .  
reference Calif. Administration Code Tit le  13, Sec. 1218C. 



LEFT RIGHT 

#1 ax l e  n o t  equipped w i t h  brakes 
#2 ax l e  2-1/4 inches 2-1/8 inches 
#3 a x l e  i nope ra t i ve  2-3/8 

I n  checking a i r  gauge on dash board aga ins t  t e s t  gauge noted t he  f o l l ow -  
i n g  r e s u l t s :  

Tes t  A i r  Gauge = 120# 
Dash A i r  Gauge = 130# 

D i f f e rence  = 10# High 

The f o l l o w i n g  readings were noted on the  t e s t  a i r  gauge. 

Low Pressure Warning Device Operated a t  57# 
T rac to r  P ro tec t i on  Valve Retains A i r  i n  F a c t o r  a t  a# 
Brakes Released Pressure (1  minute pe r i od )  3# drop * Brakes app l i ed  Pressure (1  minute pe r i od )  6# drop 

*This drop was caused by smal l  a i r  leaks i n  t op  of c o n t r o l  va lve over 
#2 ax le .  Th i s  damage was o l d  and n o t  caused by acc ident .  

I n  checking a p p l i c a t i o n  and re lease  o f  sp r i ng  brakes I found Emergency 
Brake c o n t r o l  va lve  on dash board o f  cab d i d  f u n c t i o n  p rope r l y .  

Brake l i n i n g  on a l l  brakes were found t o  have t h e  f o l l o w i n g  th ickness:  

LEFT RIGHT 

#2 ax l e  approx imate ly  1/4" Approximately 1/8" 
#3 ax l e  approx imate ly  1/4" Approximately 1/4" 

The t r u c k - t r a c t o r  was equipped w i t h  a jacobs engine brake. The sw i tch  
c o n t r o l l i n g  t h i s  was found t o  be i n  the on p o s i t i o n .  I n  checking the  
so lenoids i n  the  engine heads, w i t h  t he  b a t t e r y  from t h e  veh i c l e  I found 
2 of t he  t h ree  were opera t ing  bu t  t he  3 rd  one, i n  the  midd le  p a i r  o f  
c y l  i nders  , d i d  n o t  operate.  

The shock absorber on 82 ax l e  l e f t  s i de  was miss ing.  
Brake chamber on #3 a x l e  l e f t  s i de  was loose on mounting b o l t s .  Brake 
drum on #3 ax le  l e f t  s i de  had a deep groove approx imate ly  1/8" deep x 
1/2" wide. Th is  caused by wear of b o l t s  ho ld i ng  brake l i n i n g  t o  brake 
shoes aga ins t  face o f  drum. 

Semi-Trai l e r :  

A i r  f rom Nyack tow t r uck  was app l i ed  t o  g l ad  hand connect ions a t  
f r o n t  o f  t r a i l e r .  No a i r  l eaks  were detected i n  a i r  system. The f o l l ow -  
i n g  push rod  t r a v e l  was noted: 

LEFT RIGHT 

#1 a x l e  - 1 -3/4" 1-3/4" 
#2 a x l e  - 2-1/8" 1-3/4" 


