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SUMMARY 

The Off ice  of the  Auditor  General has conducted a  performance a u d i t  of t h e  

Arizona Department of Transpor ta t ion  (ADOT) Design and Ma te r i a l s  

S p e c i f i c a t i o n s  i n  response t o  Senate B i l l  1001 enacted by t h e  T h i r t y - f i f t h  

Leg i s l a tu re ,  Second Spec i a l  Session i n  1981. This  i s  the  f i n a l  a u d i t  i n  a  

s e r i e s  of seven a u d i t s  t o  be completed on t h e  Arizona Department of 

Transpor ta t ion .  

Highway cons t ruc t ion  i s  a  major expense of S t a t e  government involv ing  

approximately $200 m i l l i o n  of S t a t e  and Federa l  funds annual ly .  Highway 

cons t ruc t ion  i s  a l s o  a n  a r e a  which has  r e c e n t l y  been s u b j e c t  t o  

simultaneous e s c a l a t i o n s  i n  c o s t s  and decreases  i n  revenues dur ing  a  t i m e  

of increas ing  demand. Theref o r e ,  maximizing t h e  uses  of highway 

cons t ruc t ion  d o l l a r s  may now be more c r i t i c a l  than ever  before .  

Curren t ly ,  one a r e a  being examined n a t i o n a l l y  i s  achieving c o s t  sav ings  

(while  maintaining o r  improving s a f e t y  and s e r v i c e a b i l i t y )  through changes 

i n  design and m a t e r i a l s  s p e c i f i c a t i o n s .  General ly  t h i s  involves  smal l  

des ign  changes o r  modi f ica t ions  f o r  s p e c i f i c  types  of roadways o r  highway 

s i t e s .  However, because of t he  magnitude of t h e  d o l l a r s  involved i n  

highway cons t ruc t ion ,  even smal l  changes can produce s i g n i f i c a n t  savings.  

S i x  previous performance a u d i t s  of ADOT focused on admin i s t r a t i ve  and 

management a s p e c t s  of ADOT. Because of t he  t e c h n i c a l  n a t u r e  of t h e  

sub jec t ,  t he  i s s u e  of p o t e n t i a l  sav ings  through changes i n  des ign  and 

m a t e r i a l s  s p e c i f i c a t i o n s  was no t  p rev ious ly  addressed.  To add re s s  t h i s  

a r e a  w e  cont rac ted  with t h e  Texas T ranspo r t a t i on  I n s t i t u t e  (TTI).* 

* The Texas Transpor ta t ion  I n s t i t u t e  was s e l e c t e d  fol lowing compet i t ive  
bidding which a t t r a c t e d  n ine  proposa ls  from lead ing  engineer ing  and 
design consul t ing  f i r m s  throughout t h e  nat ion.  The proposa ls  were 
evaluated by the  Off ice  of t h e  Auditor  General w i t h  t he  a s s i s t a n c e  of 
D r .  Rudy Jiminez of t h e  Univers i ty  of Arizona who i s  himself a  
n a t i o n a l l y  recognized highway engineer ing  exper t .  



TTI conducted a  thorough review of AUOT's s t a n d a r d s  and s p e c i f i c a t i o n s  and 

compared them t o  1 )  s p e c i f i c a t i o n s  recommended by t h e  American 

A s s o c i a t i o n  of S t a t e  Highway and T r a n s p o r t a t i o n  O f f i c i a l s  (AASHTO), 

2) t h e  r e s u l t s  of t h e  most c u r r e n t  r e s e a r c h  on  highway d e s i g n  and s a f e t y ,  

and 3)  p r a c t i c e s  being used by t h e  o t h e r  s t a t e s  t o  reduce c o s t s .  T h i s  

review l e a d  TTI t o  conclude t h a t  ". . . ADOT i s  one of t h e  l e a d i n g  

t r a n s p o r t a t i o n  a g e n c i e s  i n  this count ry . "  Th is  c o n c l u s i o n  

n o t w i t h s t a n d i n g ,  however, TTI recommended changes be made i n  ADOT's 

s p e c i f i c a t i o n s  t o  1 )  produce s i g n i f i c a n t  c o s t  s a v i n g s  2)  improve t h e  

s a f e t y  of Ar izona ' s  highways, and 3 )  improve t h e  p rocedures  used by 

ADOT. I n  a d d i t i o n ,  TTI found t h a t  r e v i s i o n s  a r e  needed i n  Ar izona ' s  t o r t  

l i a b i l i t y  law as i t  p e r t a i n s  t o  highway e n g i n e e r i n g .  

P o t e n t i a l  Cost  Savings  

TTI i d e n t i f i e s  more t h a n  $26 m i l l i o n  i n  p o t e n t i a l  c o s t  s a v i n g s  over  t h e  

nex t  f i v e  y e a r s  through changes i n  t h r e e  a r e a s :  geomet r ic  d e s i g n ,  v a l u e  

eng ineer ing  and r o a d s i d e  management. I n  a d d i t i o n ,  TTI no ted  a  number of 

changes which may produce p o t e n t i a l  s a v i n g s ,  but t o  which i t  d i d  n o t  

p r o j e c t  d o l l a r  amounts. 

TTI e s t i m a t e s  t h a t  a s  much a s  $13 m i l l i o n  can  be saved over  t h e  

n e x t  f i v e  y e a r s  through changes i n  geomet r ic  d e s i g n .  TTI found 

geomet r ic  d e s i g n  changes--which invo lve  such f a c t o r s  as l a n e  

w i d t h s ,  s h o u l d e r  wid ths  and s i d e  slopes--may be a p p r o p r i a t e  f o r  

low-volume roads  where no measureable  s a f e t y  problems have been 

found. 

TTI e s t i m a t e s  t h a t  from $10 t o  $13 m i l l i o n  can be saved over  t h e  

nex t  f i v e  y e a r s  by implementing a n  a c t i v e  v a l u e  e n g i n e e r i n g  (VE) 

program. Value eng ineer ing  i s  t h e  s y s t e m a t i c  review of 

e n g i n e e r i n g  d e s i g n  p rocedures  and p o l i c i e s  i n  o r d e r  t o  reduce 

c o s t .  T h i s  review can  be performed by both  t h e  depar tment  and by 

c o n t r a c t o r s  who a r e  then  allowed t o  r e t a i n  a p e r c e n t a g e  of t h e  

sav ings .  TTI found t h a t  o t h e r  s t a t e s  r e p o r t  c o n s i d e r a b l e  s a v i n g s  

through t h e  use  of v a l u e  e n g i n e e r i n g .  

TTI e s t i m a t e s  t h a t  $644,000 can  be saved over  t h e  nex t  f i v e  y e a r s  

through changes i n  such  a r e a s  a s  s i g n a l s  and l i g h t i n g ,  s i g n i n g  

and marking, r o a d s i d e  b a r r i e r s ,  d r a i n a g e  and l andscap ing .  



S a f e t y  
. 

I n  a d d i t i o n  t o  p o t e n t i a l  c o s t  s a v i n g s ,  t h e  review i d e n t i f i e d  t h r e e  d e s i g n  

m changes which should be made t o  i n c r e a s e  t h e  s a f e t y  of t h e  Arizona 

m o t o r i s t  and reduce p o t e n t i a l  l i a b i l i t y  t o  t h e  S t a t e .  These t h r e e  changes  

r e l a t e  t o  c r a s h  b a r r i e r s ,  s i g n  s u p p o r t s  and t h e  manner i n  which g u a r d r a i l s  

a r e  anchored t o  b r idges .  I n  each of t h e s e  a r e a s  TTI found d e s i g n  f e a t u r e s  

which a r e  n o t  i n  compliance w i t h  n a t i o n a l  s a f e t y  s t a n d a r d s .  

Imvroved Procedures  

I n  a d d i t i o n  t o  t h e  recommendations f o r  a c h i e v i n g  c o s t  s a v i n g s  and 

e l i m i n a t i n g  p o t e n t i a l  s a f e t y  problems, TTI a l s o  developed numerous 

recommendations f o r  improving t e c h n i c a l  p rocedures  fol lowed by ADOT. 

While some of  t h e s e  recommendations may u l t i m a t e l y  t r a n s l a t e  i n t o  c o s t  

s a v i n g s  through improved r e s u l t s ,  no a t t e m p t  was made t o  q u a n t i f y  such  

p o s s i b l e  s a v i n g s  . Among t h e  a r e a s  addressed  i n  t h e s e  recommendat i o n s  a r e  

m a t e r i a l s  t e s t i n g ,  compaction s p e c i f i c a t i o n s ,  pavement d e s i g n  p rocedures  

and methods used t o  s e l e c t  p r o j e c t s .  

T o r t  L i a b i l i t y  

TTI found t h a t  i n  Arizona 

"The l i a b i l i t y  f o r  t o r t s  r e l a t e d  t o  highway d e f e c t s  has  
g r a d u a l l y  been s h i f t e d  from no l i a b i l i t y  t o  a b s o l u t e  
l i a b i l i t y  over  t h e  p a s t  twenty years . "  

T h i s  s h i f t  i n  l i a b i l i t y  has  a l s o  been accompanied by i n c r e a s i n g  d o l l a r  

l o s s e s  and i n c r e a s i n g  numbers of c la ims .  TTI addressed  s e v e r a l  concerns  

r e l a t i n g  t o  l i a b i l i t y  from a n  e n g i n e e r i n g  p e r s p e c t i v e  i n c l u d i n g :  

Keeping a l l  highway hardware up t o  t h e  l a t e s t  s t a n d a r d ,  

Unknown highway d e f e c t s ,  

C o n t r o l  of a c c e s s  t o  t h e  highway, and 

Length of t ime t o  f i l e  a  c la im.  



IIGTRODUC TION AND EACKGROUND 

The O f f i c e  of the  Audi to r  General  has  conducted a  performance a u d i t  of  t h e  

Arizona Department of  T r a n s p o r t a t i o n  (ADOT) Design and M a t e r i a l s  

S p e c i f i c a t i o n s  i n  r esponse  t o  Sena te  B i l l  1001 e n a c t e d  by t h e  T h i r t y - f i f t h  

L e g i s l a t u r e ,  Second S p e c i a l  S e s s i o n  i n  1981. Th i s  i s  t h e  f i n a l  a u d i t  i n  a  

s e r i e s  of seven a u d i t s  completed on t h e  Arizona Department of 

T r a n s p o r t a t i o n .  

Highway c o n s t r u c t i o n  i s  a  major expense  of  S t a t e  government i n v o l v i n g  

approximate ly  $200 m i l l i o n  of S t a t e  and F e d e r a l  f u n d s  a n n u a l l y .  Highway 

c o n s t r u c t i o n  i s  a l s o  a n  a r e a  which h a s  r e c e n t l y  been s u b j e c t  t o  

s imul taneous  e s c a l a t i o n s  i n  c o s t s  and d e c r e a s e s  i n  r evenues  d u r i n g  a  t ime  

of i n c r e a s i n g  demand. T h e r e f o r e ,  maximizing t h e  u s e s  of  highway 

c o n s t r u c t i o n  d o l l a r s  may now be more c r i t i c a l  t h a n  e v e r  b e f o r e .  

C u r r e n t l y ,  t h e r e  i s  much d i s c u s s i o n  n a t i o n a l l y  r e g a r d i n g  maximizing t h e  

u s e s  of highway c o n s t r u c t i o n  d o l l a r s .  One a r e a  be ing  examined i s  

ach iev ing  c o s t  s a v i n g s  ( w h i l e  m a i n t a i n i n g  o r  improving s a f e t y  and 

s e r v i c e a b i l i t y )  through changes i n  d e s i g n  and m a t e r i a l s  s p e c i f i c a t i o n s .  

Genera l ly  t h i s  i n v o l v e s  s m a l l  d e s i g n  changes o r  m o d i f i c a t i o n s  f o r  s p e c i f i c  

t y p e s  of roadways o r  highway s i t e s .  However, because  of t h e  magnitude of  

@' t h e  d o l l a r s  involved i n  highway c o n s t r u c t i o n ,  even t h e s e  s m a l l  changes can 

produce s i g n i f i c a n t  s a v i n g s .  For  example, changes r e s u l t i n g  i n  a 1 

p e r c e n t  r e d u c t i o n  i n  t h e  o v e r a l l  c o s t s  of A r i z o n a ' s  highway c o n s t r u c t i o n  

r e p r e s e n t  a p o t e n t i a l  o f  $2 m i l l i o n  i n  annua l  s a v i n g s .  

a 



S i x  p r e v i o u s  performance a u d i t s  of ADOT focused on a d m i n i s t r a t i v e  and 

management a s p e c t s  of ADOT. Because of t h e  t e c h n i c a l  n a t u r e  of t h e  s u b j e c t ,  

t h e  i s s u e  of p o t e n t i a l  s a v i n g s  through changes i n  d e s i g n  and m a t e r i a l s  

s p e c i f i c a t i o n s  was no t  p r e v i o u s l y  addressed .  To a d d r e s s  t h i s  a r e a  we 

c o n t r a c t e d  w i t h  t h e  Texas T r a n s p o r t a t i o n  I n s t i t u t e  (TTI).* 

TTI conducted a  thorough review of ADOT's s t a n d a r d s  and s p e c i f i c a t i o n s  and 

compared them t o  1 )  s p e c i f i c a t i o n s  recommended by t h e  American A s s o c i a t i o n  of 

S t a t e  Eighway and T r a n s p o r t a t i o n  O f f i c i a l s  (AASHTO), 2 )  t h e  r e s u l t s  of  t h e  

most c u r r e n t  r e s e a r c h  on highway d e s i g n  and s a f e t y ,  and 3 )  p r a c t i c e s  being 

used by t h e  o t h e r  s t a t e s  t o  r educe  c o s t s .  T h i s  review l e a d  TTI t o  conclude 

t h a t  ". . . ADOT i s  one of t h e  l e a d i n g  t r a n s p o r t a t i o n  a g e n c i e s  i n  t h i s  

coun t ry . "  T h i s  c o n c l u s i o n  n o t w i t h s t a n d i n g ,  however, TTI recommended changes 

be made i n  ADOT's s p e c i f i c a t i o n s  t o  1 )  produce s i g n i f i c a n t  c o s t  s a v i n g s  2) 

improve t h e  s a f e t y  of A r i z o n a ' s  highways, and 3 )  improve t h e  p rocedures  used 

by ADOT . 

The f i n a l  r e p o r t  s u b n i t t e d  by TTI c o n t a i n s  223 pages of  t e x t  and more t h a n  300 

pages of t e c h n i c a l  appendices .  Because of i t s  l e n g t h  and t e c h n i c a l  n a t u r e  t h e  

f u l l  r e p o r t  i s  no t  being t r a n s m i t t e d .  I n s t e a d ,  a  summary of t h e  major 

e lementa  of t h e  TTI r e p o r t  forms t h e  s u b s t a n c e  of t h i s  r e p o r t .  However, ADOT 

has  been f u r n i s h e d  f u l l  c o p i e s  of t h e  r e p o r t  and a d d i t i o n a l  c o p i e s  o f  t h e  f u l l  

r e p o r t  a r e  a v a i l a b l e  f o r  i n s p e c t i o n  by i n t e r e s t e d  p a r t i e s  a t  t h e  O f f i c e  of t h e  

Audi to r  General .  

The Audi to r  General  and s t a f f  e x p r e s s  a p p r e c i a t i o n  t o  t h e  Texas T r a n s p o r t a t i o n  

I n s t i t u t e  f o r  t h e  c o n s u l t i n g  work performed. We a l s o  e x p r e s s  a p p r e c i a t i o n  t o  

t h e  D i r e c t o r  of  t h e  Department of T r a n s p o r t a t i o n  and h i s  s t a f f  f o r  t h e i r  

c o o p e r a t i o n  and a s s i s t a n c e  d u r i n g  t h i s  a u d i t .  

* The Texas T r a n s p o r t a t i o n  I n s t i t u t e  was s e l e c t e d  f o l l o w i n g  c o m p e t i t i v e  
b idd ing  which a t t r a c t e d  n i n e  p r o p o s a l s  from l e a d i n g  e n g i n e e r i n g  and 
d e s i g n  c o n s u l t i n g  f i r m s  throughout  t h e  n a t i o n .  The p r o p o s a l s  were 
e v a l u a t e d  by t h e  O f f i c e  of  t h e  A u d i t o r  General  w i t h  t h e  a s s i s t a n c e  of 
D r .  Rudy J iminez  of t h e  U n i v e r s i t y  of Arizona who i s  himself  a  
n a t i o n a l l y  recognized highway e n g i n e e r i n g  e x p e r t .  



SUMMARY OF THE CONSULTANT'S REPORT 

The Texas T r a n s p o r t a t i o n  I n s t i t u t e  (TTI) r e p o r t  on ADOT-Design and 

M a t e r i a l s  S p e c i f i c a t i o n s  i s  a comprehensive review a d d r e s s i n g  seven  major 

a r e a s .  * The t h r u s t  of t h e i r  f i n d i n g s ,  however, can be c a t e g o r i z e d  i n t o  

t h r e e  g e n e r a l  t o p i c s :  

P o t e n t i a l  c o s t  s a v i n g s ,  

Inc reased  s a f e t y ,  and 

Improved procedures .  

I n  t h e  c o u r s e  of t h e  work, TTI a l s o  reviewed w h a t  i t  p e r c e i v e s  t o  be a 

s e r i o u s  problem w i t h  t h e  S t a t e ' s  t o r t  l i a b i l i t y  law a s  i t  p e r t a i n s  t o  

highway d e s i g n  and eng ineer ing .  

D e s p i t e  t h e  many recommendations f o r  changes,  TTI was g e n e r a l l y  

complimentary of ADOT a s  being ". . . a very  p r o g r e s s i v e  depar tment"  and 

". . . one of t h e  l e a d i n g  t r a n s p o r t a t i o n  a g e n c i e s  i n  t h i s  country ."  

P o t e n t i a l  Cost  Savings  

TTI i d e n t i f i e s  more t h a n  $26 m i l l i o n  i n  p o t e n t i a l  c o s t  s a v i n g s  through 

changes i n  t h r e e  a r e a s :  geomet r ic  d e s i g n ,  v a l u e  e n g i n e e r i n g  and r o a d s i d e  

management. I n  a d d i t i o n ,  TTI noted a number of changes which may produce 

p o t e n t i a l  s a v i n g s ,  but t o  which i t  d i d  n o t  p r o j e c t  d o l l a r  amounts. 

Geometric Design - TTI e s t i m a t e s  t h a t  a s  much as $13 m i l l i o n  can  be saved 

over  t h e  nex t  f i v e  y e a r s  through changes i n  geomet r ic  d e s i g n .  

- * These a r e a s  a r e  1 )  geometr ic  d e s i g n ,  2) m a t e r i a l s ,  3 )  pavement d e s i g n ,  
4 )  pavement management system, 5 )  p r o j e c t  s e l e c t i o n  and 
p r i o r i t i z a t i o n ,  6 )  v a l u e  e n g i n e e r i n g ,  and 7 )  r o a d s i d e  management. 



TTI found geomet r i c  d e s i g n  changes--which invo lve  such f a c t o r s  a s  l a n e  

wid ths ,  s h o u l d e r  wid ths  and s i d e  slopes--may be a p p r o p r i a t e  f o r  low-volume 

roads  where no measureable  s a f e t y  problems have been found. TTI 

recommendations i n c l u d e d  c o n s i d e r a t i o n  of 11-foot r a t h e r  t h a n  12-foot  

minimum l a n e  wid ths ,  r educ ing  t h e  wid th  of  t h e  paved p o r t i o n  of s h o u l d e r s  

and us ing  s t e e p e r  s i d e  s l o p e s .  TTI a l s o  s u g g e s t s  i n c r e a s e d  use  of t r u c k  

l a n e s  i n  l i e u  of  upgrading comple te ly  a  two-lane highway t o  f o u r  l a n e s  

and,  when p o s s i b l e ,  p a i n t i n g  l a n e  edge s t r i p i n g  s i x  i n c h e s  t o  one f o o t  

i n s i d e  t h e  edge of  t h e  highways w i t h  unpaved s h o u l d e r s  t o  minimize damage 

t o  t h e  edges  of t h e  pavement. 

Value Eng ineer ing  - TTI e s t i m a t e s  t h a t  from $10 t o  $13 m i l l i o n  can  be 

saved over  t h e  nex t  f i v e  y e a r s  by implementing a n  a c t i v e  v a l u e  e n g i n e e r i n g  

(VE) program. Although ADOT c u r r e n t l y  h a s  a VE s t a f f  member, TTI found 

t h a t  Arizona i s  f o r f e i t i n g  p o t e n t i a l  s a v i n g s  because i t  has  no a c t i v e ,  

ongoing VE program. 

Value e n g i n e e r i n g  i s  t h e  s y s t e m a t i c  review of  e n g i n e e r i n g  d e s i g n  

p rocedures  and p o l i c i e s  i n  o r d e r  t o  reduce c o s t .  T h i s  review can be 

performed by both  t h e  depar tment  and by c o n t r a c t o r s  who a r e  t h e n  a l lowed 

t o  r e t a i n  a  pe rcen tage  of  t h e  s a v i n g s .  TTI found t h a t  VE i s  most 

e f f e c t i v e  when a p p l i e d  t o  s t a n d a r d s  and s p e c i f i c a t i o n s  a t  t h e  

p r e c o n s t r u c t i o n  s t a g e  but  can s t i l l  save  money a t  t h e  c o n s t r u c t i o n  s t a g e .  

Other s t a t e s '  e x p e r i e n c e s  show v a l u e  e n g i n e e r i n g  i s  p a r t i c u l a r l y  

a p p l i c a b l e  t o  p r o j e c t s  which have: 

C o s t s  t h a t  s u b s t a n t i a l l y  exceed t h e  i n i t i a l  e s t i m a t e s ,  

Complex d e s i g n  f e a t u r e s ,  

D i f f i c u l t  o r  unusual  c o n s t r u c t i o n  p rocedures ,  

R e l a t i v e l y  expensive  m a t e r i a l s ,  and 

High maintenance c o s t s  over  t h e i r  s e r v i c e  l i v e s .  

Other  s t a t e s  r e p o r t  c o n s i d e r a b l e  s a v i n g s  through t h e  u s e  of V E .  The most 

e x t e n s i v e  and b e s t  documented use  of  v a l u e  e n g i n e e r i n g  i s  done by 

Pennsy lvan ia .  Pennsylvania  e s t i m a t e s  t h a t  i t  g e n e r a t e s  $100 i n  s a v i n g s  

f o r  each d o l l a r  i n v e s t e d  i n  v a l u e  e n g i n e e r i n g .  F u r t h e r ,  Pennsy lvan ia  



found t h a t  i t  saved 5 p e r c e n t  of o r i g i n a l  p r o j e c t  c o s t s  d u r i n g  1980-82. 

I f  Ar izona were t o  o b t a i n  a  s i m i l a r  p e r c e n t a g e  of s a v i n g s  TTI e s t i m a t e s  

t h e  p o t e n t i a l  s a v i n g s  over  t h e  next  f i v e  y e a r s  could  be a s  much a s  $50 

@ m i l l i o n .  

C u r r e n t l y ,  ADOT h a s  no ongoing v a l u e  e n g i n e e r i n g  program. Although one 

s t a f f  member i s  a s s i g n e d  t o  t h e  f u n c t i o n ,  he i s  performing o t h e r  d u t i e s .  

T T I  recommends t h e  f o r m a t i o n  of  a  f u n c t i o n i n g  VE group and,  i f  n e c e s s a r y ,  

t h e  use  of  o u t s i d e  c o n s u l t a n t s  t o  a s s i s t  i n  t h i s  t a s k .  TTI a l s o  

recommends t h a t  t h e  L e g i s l a t u r e  i n s i s t  on v a l u e  e n g i n e e r i n g  and p rov ide  

a d d i t i o n a l  r e s o u r c e s ,  i f  n e c e s s a r y ,  t o  a c h i e v e  t h e  p o t e n t i a l  s a v i n g s .  

Roadside Management - TTI e s t i m a t e s  t h a t  $644,000 can  be saved th rough  

changes i n  r o a d s i d e  management. F u r t h e r ,  t h i s  i s  a  n e t  s a v i n g s  a s  TTI 

recommends, f o r  s a f e t y  r e a s o n s ,  some d e s i g n  changes  which would a c t u a l l y  

i n c r e a s e  sone c o s t s .  

Roadside management encompasses such a r e a s  as s i g n a l s  and l i g h t i n g ,  

s i g n i n g  and marking,  r o a d s i d e  b a r r i e r s ,  d r a i n a g e  and l a n d s c a p i n g .  TTI ' s  

review o f  t h e s e  a r e a s  l e a d s  i t  t o  p r o j e c t  t h e  fo l lowing  p o t e n t i a l  s a v i n g s  

over  t h e  nex t  f i v e  y e a r s .  



TABLE 1 

AREAS FOR POTENTIAL SAVINGS I N  ROADSIDE MANAGEMENT 

Area 
P o t e n t i a l  Savings  

D o l l a r s  

E l e c t r i c a l  Surge  P r o t e c t i o n  NIL* 
Use of Span Wire Nounted S i g n a l  When F e a s i b l e  $ 25,000 
I n c r e a s i n g  t h e  L a t e r a l  Placement of C e r t a i n  S igns  50,000 
Using High Performance S h e e t i n g  i n  Lieu of L i g h t i n g  

on Overhead S igns  i n  Rura l  Areas  85,000 
Redesign of I n e r t i a  Crash Cushions f o r  t h e  Smal le r  Vehicle** (17,000)  
Replacement of S l i p  Base Breakaway S ign  Suppor t s  

by a More Economical F r a n g i b l e  Breakaway System NIL 
Changing t h e  P o l i c y  o f  Only Buying Two-Pound-Per-Foot 

Mild S t e e l  Sign Suppor t s  N I  L 
Redesign of  Roadside Dykes t o  be S a f e r  NIL 
E l i m i n a t i o n  of t h e  F l a r e d  Terminal  W-Beam End S e c t i o n  100,000 
End Anchorages of W-Beam a t  Bridges*" NIL 
S l i p  Formed Concrete  Pledian B a r r i e r  Design 180,000 
G l a r e  Screen  Used on Concre te  Median B a r r i e r  NIL 
Rev i s ion  o f  Breakaway Cable Terminal  Standards*" (4 ,000)  
Redesign of Cu lver t  and P ipe  Headwalls  i n  L i e u  of B a r r i e r  125,000 
Roadside Mowing, Vege ta t ion  C o n t r o l  and Snow Removal 100,000 
I r r i g a t i o n  Water Moni tor ing on Use of Dr ip  I r r i g a t i o n  NIL 
Downscoping Roadside Development S tandards  

i n  Urban Areas ICare taker  f o r  Roadside Rest  Areas  NIL 
Roadside Development S e c t i o n  S t a f f i n g  With S p e c i a l i s t s  NIL 

FIVE-YEAR PLAN TOTAL = $6 44,000 

* NIL = l e s s  than  $500 s a v i n g s  pe r  yea r  
The bu lk  of t h e  s a v i n g s  i s  o n  one i t e m ,  s l i p  formed c o n c r e t e  median 
b a r r i e r ,  which i s  f a r  overdes igned i n  t h e  o p i n i o n  of t h e  r e s e a r c h  team. 

** Recommended f o r  s a f e t y  r e a s o n s  

Other P o t e n t i a l  Cost Savings  - TTI developed o t h e r  recommendations f o r  

p o t e n t i a l  c o s t  s a v i n g s  but  d i d  no t  a t t e m p t  t o  q u a n t i f y  t h e  p o t e n t i a l  

d o l l a r  amounts. Inc luded  among t h e s e  recommendations were t h e  f o l l o w i n g  

ones:  

Allow t h e  u s e  of uncrushed g r a v e l  on n o n c r i t i c a l  p a r t s  of  t h e  

pavement o n  a p ro jec t -by-pro jec t  b a s i s .  Where s u f f i c i e n t  t e s t i n g  

shows t h a t  performance w i l l  no t  be s a c r i f i c e d ,  t h i s  could  c r e a t e  

s u b s t a n t i a l  s a v i n g s  i n  a few p r o j e c t s  by a l l o w i n g  t h e  u s e  o f  

l o c a l l y  a v a i l a b l e  m a t e r i a l s .  



Use a  l e s s  r e s t r i c t i v e  requirement  f o r  s t o p p i n g  paving work due 

t o  ambient temperature .  C u r r e n t l y  ADOT r e q u i r e s  c e s s a t i o n  a t  

45OF; however, more n o r t h e r n  s t a t e s  use  l e s s  r e s t r i c t i v e  

requ i rements  depending upon t h e  n a t u r e  of t h e  job.  

S a f e t y  

I n  a d d i t i o n  t o  p o t e n t i a l  c o s t  s a v i n g s ,  t h e  review i d e n t i f i e d  t h r e e  d e s i g n  

changes which should  be made t o  i n c r e a s e  the  s a f e t y  of  t h e  Arizona 

m o t o r i s t  and reduce p o t e n t i a l  l i a b i l i t y  t o  t h e  S t a t e .  These t h r e e  changes  

r e l a t e  t o  c r a s h  b a r r i e r s ,  s i g n  s u p p o r t s  and t h e  manner i n  which g u a r d r a i l s  

a r e  anchored t o  b r i d g e s .  

Crash B a r r i e r s  - ADOT's c r a s h  b a r r i e r s  a r e  "very  advanced w i t h  r e g a r d  t o  

t h e  s t a t e -o f - the -a r t "  w i t h  one s m a l l  but  s i g n i f i c a n t  e x c e p t i o n .  They d o  

no t  meet d e c e l e r a t i o n  s t a n d a r d s  f o r  v e h i c l e s  weighing 2 ,250 pounds o r  

l e s s .  TTI r e p o r t e d  

"An i n j u r y  t o  t h e  occupant  of  a v e h i c l e  weighing 2250 
pounds o r  l e s s  which impacted a n  i n e r t i a  b a r r i e r  would 
be most d i f f i c u l t  t o  defend i n  c o u r t  s i n c e  t h e  d e s i g n  
i s  o u t s i d e  t h e  accep ted  s t a n d a r d  f o r  more t h a n  f i v e  
y e a r s  . " 

TTI reconunends t h a t  ADOT rev iew and upda te  t h e  d e s i g n  o f  t h e  i n e r t i a  

b a r r i e r s  t o  comply w i t h  t h e  AASEITO s t a n d a r d s .  

S ign  S u p p o r t s  - TTI found t h e  type  of  s t e e l  used by ADOT f o r  s i g n  s u p p o r t s  

was l e a d i n g  i n d i r e c t l y  t o  p o t e n t i a l  s a f e t y  problems. 

To save c o s t s  ADOT buys mild s t e e l  s i g n  p o s t s  t o  a l l o w  s t r a i g h t e n i n g  and 

r e u s i n g  ben t  p o s t s .  However, t h e  s i g n  p o s t s  do n o t  have s u f f i c i e n t  

s t r e n g t h  t o  suppor t  some of t h e  l a r g e r  s i g n s .  When more s u p p o r t  i s  

needed,  f i e l d  pe r sonne l  use  m u l t i p l e  p o s t s .  These a d d i t i o n a l  p o s t s  

i n c r e a s e  t h e  momentum change t h a t  o c c u r s  i f  a  c a r  s t r i k e s  t h e  s i g n .  TTI 

noted ADOT s i g n s  which had momentum change v a l u e s  were from 330 t o  550 

p e r c e n t  g r e a t e r  t h a n  a l l o w a b l e  s t a n d a r d s  and from 500 t o  845 p e r c e n t  

g r e a t e r  than  d e s i r a b l e  s t a n d a r d s .  



The consequences of t h e s e  i n c r e a s e d  momentum change v a l u e s  a r e  ve ry  

s e r i o u s .  TTI r e p o r t e d  t h a t  i f  c a r s  h i t  some of t h e s e  s i g n s  ". . . t h e  

d r i v e r  and occupan t s  w i l l  be k i l l e d  on impact ."  F u r t h e r ,  where ADOT's 

s i g n s  do not  comply w i t h  F e d e r a l  p o l i c y ,  TTI b e l i e v e s  t h a t  pe r sons  i n j u r e d  

by a  c a r  h i t t i n g  t h e s e  s i g n s  

". . . would have a n  overwhelming l e g a l  b a s i s  f o r  a  
t o r t  c l a i m  a g a i n s t  t h e  S t a t e  o f  Arizona." (emphasis  
added) 

TTI s t a t e d  t h a t  ADOT cou ld  bo th  make t h e  s i g n s  s a f e r  and save a  

" s u b s t a n t i a l  amount" of money by u s i n g  more modern d e s i g n s  f o r  s i g n  

s u p p o r t s  . 

G u a r d r a i l  Anchorage - TTI found t h e  s p e c i f i c a t i o n s  f o r  anchor ing  t h e  ends  

of  g u a r d r a i l s  t o  b r i d g e s  d i d  n o t  meet c u r r e n t  n a t i o n a l  s a f e t y  s t a n d a r d s .  

TTI f e l t  t h e  c u r r e n t  d e s i g n  cou ld  a l l o w  ". . . a n  impac t ing  v e h i c l e  t o  

p a r t i a l l y  snag on t h e  c o n c r e t e  end and be  d r a m a t i c a l l y  r e d i r e c t e d  i n  t h e  

r a i l  on  t h e  o p p o s i t e  s i d e  of  t h e  roadway." 

TTI recommends d e s i g n  changes t o  c o r r e c t  t h e  problem. 

Improved Procedures  

I n  a d d i t i o n  t o  t h e  recommendations f o r  ach iev ing  c o s t  s a v i n g s  and 

e l i m i n a t i n g  p o t e n t i a l  s a f e t y  problems, TTI a l s o  developed numerous 

recommendations f o r  improving t e c h n i c a l  p rocedures  fo l lowed  by ADOT. 

While some of t h e s e  recommendations may u l t i m a t e l y  t r a n s l a t e  i n t o  c o s t  

s a v i n g s  through improved r e s u l t s ,  no a t t e m p t  was made t o  q u a n t i f y  such 

p o s s i b l e  s a v i n g s .  Among t h e  a r e a s  addressed  i n  t h e s e  recommendations a r e  

m a t e r i a l s  t e s t i n g ,  compaction s p e c i f i c a t i o n s ,  pavement d e s i g n  p rocedures  

and methods used t o  s e l e c t  p r o j e c t s .  

M a t e r i a l s  T e s t i n g  - TTI recommended two changes i n  m a t e r i a l s  t e s t i n g  t o  

b e t t e r  e v a l u a t e  m a t e r i a l s  s u s c e p t i b l e  t o  m o i s t u r e  damage and t o  improve 

t h e  e v a l u a t i o n  of m a t e r i a l s  compaction.  



TTI found t h a t  m o i s t u r e  damage i s  b e l i e v e d  t o  have caused ( o r  i s  a t  l e a s t  

r e l a t e d )  t o  some of t h e  pavement f a i l u r e s  i n  Arizona.  TTI recommended 

t h a t  ADOT adop t  on a n  exper imenta l  b a s i s  a  more r e l i a b l e  t e s t  f o r  m o i s t u r e  

s u s c e p t i b i l i t y  ( t h e  Lottman ~ r o c e d u r e )  which i s  c u r r e n t l y  being used by 

o t h e r  s t a t e s .  TTI s t a t e d  t h a t  

"It would t a k e  ve ry  few p r o j e c t s  i d e n t i f i e d  a s  being 
s u s c e p t i b l e  t o  m o i s t u r e  damage t o  j u s t i f y  t h e  u s e  of 
t h i s  procedure  over  t h e  c u r r e n t  method. For  example, 
i f  a n  a d d i t i o n a l  o v e r l a y  p r o j e c t  was i d e n t i f i e d  i n  t h e  
5-year program a s  being m o i s t u r e  s e n s i t i v e  r e q u i r i n g  
t h e  use  of l i m e  o r  cement, i t  i s  e s t i m a t e d  t h a t  a  
s a v i n g s  of approx imate ly  $20,000 p e r  c e n t e r l i n e  m i l e  of 
maintenance c o s t  ( s e a l  c o a t s )  would r e s u l t  w i t h i n  t h e  
f i r s t  f i v e  y e a r s  of  performance." 

TTI a l s o  recommended a  new method f o r  compacting l a b o r a t o r y  samples  o f  

m a t e r i a l s  which produces  r e s u l t s  more r e p r e s e n t a t i v e  of t h a t  ach ieved  by 

t h e  a c t u a l  pavement. 

Compaction S p e c i f i c a t i o n s  - TTI found t h a t  ADOT's s p e c i f i c a t i o n s  

a d e q u a t e l y  a d d r e s s  undercompaction ( t o o  l i t t l e )  but  may a l l o w  f o r  

overcompaction ( t o o  much) t o  occur .  T h i s  has  impor tan t  e n g i n e e r i n g  

i m p l i c a t i o n s  a s  t h e  s t r e n g t h  and d u r a b i l i t y  of pavements a r e  d i r e c t l y  

a f f e c t e d  by t h e  amount of  compaction.  Too l i t t l e  o r  t o o  much compact ion - 
c a n  s e v e r e l y  weaken a pavement. 

TTI recommends t h a t  ADOT c o n s i d e r  r e v i s i n g  t h e i r  s p e c i f i c a t i o n s  t o  p r o v i d e  

a n  upper l i m i t  on t h e  a c c e p t a b l e  d e g r e e  of compaction.  Even i f  a n  upper  

l i m i t  i s  n o t  developed,  TTI recommends c u r r e n t  s p e c i f i c a t i o n s  be modi f i ed  

t o  encourage compaction t o  t h e  d e s i r e d  amount, bu t  n o t  beyond. 

Change t o  Mechan i s t i c  Design Procedures  - TTI recommends t h a t  ADOT beg in  a  

t r a n s i t i o n  from " f l e x i b l e "  t o  "mechan i s t i c"  pavement d e s i g n  p rocedures .  

ADOT c u r r e n t l y  u s e s  t h e  " f l e x i b l e "  d e s i g n  procedure  which f o c u s e s  o n  t h e  

performance of t h e  c r o s s - s e c t i o n  of t h e  highway. However, f r e q u e n t l y  

t h e r e  a r e  f a c t o r s  which c a u s e  s u r f a c e  problems ( s u c h  a s  c r a c k i n g )  t o  

deve lop ,  bu t  which do not  a f f e c t  t h e  remainder of t h e  c r o s s  s e c t i o n  of t h e  



highway. TTI recommends t h a t  ADOT beg in  u s i n g  t h e  "mechan i s t i c"  d e s i g n  

procedure  which f o c u s e s  more h e a v i l y  on t h e  f a c t o r s  which a f f e c t  s u r f a c e  

q u a l i t y .  

TTI noted t h e  fo l lowing  a s p e c t s  of m e c h a n i s t i c  d e s i g n :  

1. The g e n e r a l  t r e n d  n a t i o n a l l y  i s  toward a  m e c h a n i s t i c  procedure .  

2. Mechan i s t i c  d e s i g n  p rocedures  a r e  based on c r i t e r i a  ( f o r  example, • 
s u r f a c e  q u a l i t y )  which a r e  used t o  t r i g g e r  maintenance 

a c t i v i t i e s .  There fo re ,  t h e s e  p rocedures  would complement ADOT1s 

e x i s t i n g  pavement management and maintenance programs. 

3 .  Mechan i s t i c  d e s i g n  a p p e a r s  t o  p rov ide  pavement t h i c k n e s s e s  which 

a r e  about  t h e  same as t h e  ADOT procedure  e x c e p t  on weak s o i l s  

where s u r f a c e  f a i l u r e ,  t h e  c r i t e r i o n  of t h e  m e c h a n i s t i c  d e s i g n ,  

would be g r e a t e r .  T h e r e f o r e ,  c o s t s  shou ld  be s i m i l a r  e x c e p t  

where j u s t i f i e d  by t h r e a t s  t o  s u r f a c e  q u a l i t y .  

According t o  TTI, m e c h a n i s t i c  d e s i g n  w i l l  h e l p  p r e v e n t  o v e r d e s i g n  o r  

underdes ign  of  pavements and w i l l  g e n e r a l l y  r e s u l t  i n  a more c o n s i s t e n t  

pavement l i f e  from highway t o  highway. 

Optimizing P r o j e c t  S e l e c t i o n  - To improve p rocedures  f o r  s e l e c t i n g  highway 

p r o j e c t s ,  TTI recommended t h a t  ADOT adop t  and implement o p t i m i z a t i o n  

t e c h n i q u e s  now a v a i l a b l e  and used by o t h e r  s t a t e s .  Using computer ized 

a l g o r i t h m s ,  t h e s e  t e c h n i q u e s  pe rmi t  s e l e c t i n g  t h o s e  combina t ions  of 

p r o j e c t s  t h a t  produce t h e  g r e a t e s t  b e n e f i t s  f o r  each  g i v e n  budget l e v e l .  

By c o n s i d e r i n g  d i f f e r e n t  l e v e l s  of improvements (and d e f i n i n g  t h e  c o s t s  

and b e n e f i t s )  f o r  each highway l o c a t i o n  under c o n s i d e r a t i o n ,  t h e s e  

t e c h n i q u e s  can  be used t o  compare t h e  many d i f f e r e n t  p o s s i b l e  combinat ions  

of p r o j e c t s  and then  s e l e c t  t h e  combinat ion which produces  t h e  g r e a t e s t  

t o t a l  b e n e f i t  f o r  a  g i v e n  e x p e n d i t u r e .  Exper ience  shows t h e  t o t a l  

b e n e f i t s  wtuch can  be achieved us ing  o p t i m i z a t i o n  t e c h n i q u e s  exceed t h e  

b e n e f i t s  which can be o b t a i n e d  th rough  a  s imple  c o s t - b e n e f i t  r a n k i n g  and 

s e l e c t i o n  of p r o j e c t s .  TTI no ted  t h a t  a  few s t a t e s  now use  o p t i m i z a t i o n  

t e c h n i q u e s  and t h a t  computer programs a r e  a l r e a d y  a v a i l a b l e .  



T o r t  L i a b i l i t v  

TTI found t h a t  i n  Arizona 

"The l i a b i l i t y  f o r  t o r t s  r e l a t e d  t o  highway d e f e c t s  h a s  
g r a d u a l l y  been s h i f t e d  from no l i a b i l i t y  t o  a b s o l u t e  
l i a b i l i t y  over  t h e  p a s t  twenty years . "  

This  s h i f t  i n  l i a b i l i t y  has  a l s o  been accompanied by i n c r e a s i n g  d o l l a r  

l o s s e s  and i n c r e a s i n g  numbers of c la ims .  TTI addressed  s e v e r a l  concerns  

r e l a t i n g  t o  l i a b i l i t y  from a n  e n g i n e e r i n g  p e r s p e c t i v e  i n c l u d i n g  : 

a Keeping a l l  highway hardware up t o  t h e  l a t e s t  s t a n d a r d s ,  

a Unknown highway d e f e c t s ,  

a Cont ro l  of a c c e s s  t o  t h e  highway, and 

a Length of t ime t o  f i l e  a  c la im.  

These concerns  were addressed  because t h e  n a t u r e  of TTI 's  review-- 

examining p o s s i b l e  changes i n  d e s i g n  and m a t e r i a l s  s p e c i f i c a t i o n s - -  

n e c e s s i t a t e d  a review of t h e  p o t e n t i a l  l i a b i l i t i e s  t o  t h e  S t a t e  t h a t  might 

r e s u l t  from such changes.  These i n  t u r n  l e a d  t o  a  review of t h e  c u r r e n t  

t o r t  l i a b i l i t y  p r o v i s i o n s  i n  Arizona as they  relate t o  highway d e f e c t s .  

The i r  f i n d i n g s  a r e  d i s c u s s e d  below. 

Keeping Hardware t o  S tandards  - From a n  e n g i n e e r i n g  v iewpoin t ,  i t  i s  n o t  

c o s t - e f f e c t i v e ,  nor  g e n e r a l l y  necessa ry ,  t o  keep a l l  highway f e a t u r e s  up 

t o  t h e  l a t e s t  accep ted  s t a n d a r d s .  Although many c l a i m s  o f t e n  i n v o l v e  

hardware no t  being up t o  t h e  l a t e s t  accep ted  s t a n d a r d s ,  TTI no ted  

". . . t h a t  b i l l i o n s  of d o l l a r s  would be needed 
annua l ly  t o  keep t h e  highway hardware c u r r e n t  w i t h  a 
c o n s t a n t l y  changing v e h i c l e  s i z e  and c o n s t a n t  upgrading 
of s t a n d a r d s .  . . ." 

TTI a l s o  noted t h a t  t h e  v a s t  m a j o r i t y  of a l l  hardware i s  reasonab ly  s a f e  

f o r  a  ve ry  high percen tage  of v e h i c l e s .  F u r t h e r ,  i t  i s  i m p o s s i b l e  t o  make 

hardware s a f e  f o r  every  v e h i c l e .  For example, breakaway s i g n s  cannot  be 

made s a f e  f o r  m o t o r c y c l i s t s .  



TTI s t a t e d  

''It i s  no t  sugges ted  t h a t  t h e  S t a t e  should  not  be 
r e s p o n s i b l e  f o r  u n s a f e  f e a t u r e s .  Ra ther ,  i t  i s  
sugges ted  t h a t  t h e  S t a t e  of Arizona should no t  be he ld  
l i a b l e  when r o a d s i d e  f e a t u r e s  were des igned  t o  t h e  
accep ted  s t a n d a r d  a t  t h e  t ime they were des igned ,  f o r  
which a n  e x t e n s i v e  a c c i d e n t  h i s t o r y  has  n o t  been 
observed,  and which a r e  reasonab ly  s a f e  f o r  a 
s u b s t a n t i a l  m a j o r i t y  of a l l  expected impacts ."  

Unknown Highway Defec t s  - TTI noted t h a t  even on highways des igned  t o  

s t a n d a r d s ,  u n s a f e  c o n d i t i o n s  can  l a t e r ' d e v e l o p  due t o  a c c i d e n t s ,  weather  

o r  o t h e r  f a c t o r s .  To c o r r e c t  such c o n d i t i o n s  r e q u i r e s  t h a t  ADOT be 

n o t i f i e d  and be g i v e n  reasonab le  t ime t o  e f f e c t  r e p a i r s .  

Cont ro l  o f  Access - TTI found t h a t  even though ADOT d e s i g n s  p roper  a c c e s s  

c o n t r o l s  i n t o  i t s  highway system, c o u r t s  have h e l d  ADOT r e s p o n s i b l e  when 

o t h e r  p r o p e r t y  owners have l e f t  f e n c e  g a t e s  open t o  a l l o w  c a t t l e  t o  g r a z e  

on t h e  highway right-of-way. 

Time t o  F i l e  Claims - According t o  TTI 

"The two y e a r  l i m i t a t i o n  on t h e  f i l i n g  o f  c l a i m s  f o r  
highway d e f e c t s  i s  a  s e r i o u s  problem i n  p rov id ing  a n  
adequa te  d e f e n s e  f o r  t h e  S t a t e .  Often,  c l a i m s  a r e  
f i l e d  e i g h t e e n  t o  twenty months a f t e r  t h e  i n c i d e n t  
o c c u r s  which means a c c u r a t e  i n f o r m a t i o n  about  t h e  s i t e  
i s  v i r t u a l l y  imposs ib le  t o  o b t a i n .  T h i s  t ime gap 
p rov ides  t h e  p l a n t i f f  w i t h  a  s u b s t a n t i a l  advantage o v e r  
t h e  S t a t e . "  

Suggested Guide l ines  - TTI s u g g e s t s  t h a t  t h e  S t a t e  e s t a b l i s h  g u i d e l i n e s  

governing t h e  S t a t e ' s  l i a b i l i t y .  TTI s t a t e d  



"Providing t h e  s t a t e  a  r e a s o n a b l e  chance t o  de fend  
i t s e l f  through more s p e c i f i c  l i m i t s  on t h e  c o n d i t i o n s  
f o r  which t h e  s t a t e  w i l l  be l i a b l e  i s  a  p r a c t i c a l  way 
t o  l i m i t  c l a i m s  l o s s e s .  The g u i d e l i n e s  sugges ted  i n  
s e v e r a l  s t a t e s  invo lved  t h r e e  b a s i c  t e s t s :  
1. Was t h e  purpor ted  highway d e f e c t  t h e  d i r e c t  c a u s e  
of t h e  i n c i d e n t ?  
2. Was t h e  purpor ted  highway d e f e c t  one t h a t  had a n  
extended a c c i d e n t  h i s t o r y  o r  one of which Arizona 
Department of T r a n s p o r t a t i o n  o f f i c i a l s  had been 
f o r m a l l y  n o t i f i e d  and had f a i l e d  t o  respond i n  a  
reasonab le  t ime?  
3 .  Was t h e  purpor ted  highway d e f e c t  des igned and 
mainta ined i n  accordance w i t h  t h e  s t a n d a r d s  which 
e x i s t e d  a t  t h e  t ime of i t s  des ign?"  

TTI b e l i e v e s  t h e  a r e a  of t o r t  l i a b i l i t y  i s  s u f f i c i e n t l y  s e r i o u s  t o  w a r r a n t  

c o r r e c t i v e  l e g i s l a t i o n .  A  model b i l l  p repared  by T T I  t o  a d d r e s s  t h e  

concerns  l i s t e d  above i s  i n c l u d e d  i n  TTI's  f u l l  r e p o r t .  
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ARIZONA DEPARTMENT OF TRANSPORTATION 
206 South Seventeenth Avenue Phoen~x, A r~zona  85007 

BRUCE 6ABBITT 
Governor 

Mr. Douglas Norton 
Auditor General 
1 1 1 West Monroe 
Suite 600 
Phoenix, AZ 85003 

March 31, 1983 
W l  LLlAM A .  ORDWAY 

Dtrector 

Dear Doug: 

Thank you for the opportunity to review the 
performance audit of ADOT Design and Materials 
Specifications. This audit differed somewhat from 
previous audits in that it was performed by an 
out of state consultant. Our comments concerning 
the Texas Transportation Institute recommendations 
are attached. 

As you point out, your audit report is a summary 
of the major elements of the Texas Transportation 
Institute final report. Our comments have been 
summarized as well and we are retaining the vol.um- 
inous backup data. If you, or members of your staff, 
would like to review any of this data, please feel 
free to call me. 

Again, thanks for this opportunity to comment and 
for the cooperation extended by you and your staff. 

Cordially, 

W. A. ORDWAY 
Director 

WA0:ejs 

Attachment 
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COMMENTS ON THE AUDITOR GENERAL'S PZRFORMRNCE AUDIT 

After reviewing this complex and wide-ranging audit, ADOT 
agrees with many of the recommendations, partially agrees with 
others and, in one instance, strongly disagrees. ADOT also noted 
a few recommendations that are currently provided for in existing 
ADOT Standards. The chart following these comments provides a 
breakdown of these four categories. 

AGREE 

The recommendations with which ADOT agrees cover a broad 
range of topics. The page number shown provides an easy reference 
to the Auditor General's report. 

1. Redesign of inertia crash cushions for the smaller vehicle: 
Page 6 & 7 

ADOT's standards have been revised to accommodate this 
recommendation. 

Revision of Breakaway Cable Terminal Standards: Paye 6 

ADOT1s standards have been revised to accommodate this 
recomnendation. 

3. Roadside mowinq, veqetation control and snow removal: 
Page 6 

The recommendations of TTI are currently being reviewed 
and it is anticipated that standards will be revised in 
accordance with these recommendations. 

4. Uncrushed gravel: Page 6 

TTI correctly points out that a substantial savings in 
construction costs could be obtained by using uncrushed 
river-run gravel. They also point out, however, that 
I1 substantial savings in construction costs may be offset 
by increased maintenance or rehabilitation costs in 
excess of the initial savings." It is ADOT's feeling 
that this is what would happen and the decision has been 
made not to use uncrushed gravel and thus reduce overall 
maintenance costs. 

5. Compaction specifications: Page 9 

ADOT agrees with TTI's comments that "under compaction" 
is as important as "over compaction". ADOT has an on-going 
program of compaction test analyses and if a problem is 
indicated, the s2ecifications will be modified accordingly. 



6. Tort Liability: Page 1 1  

The TTI comments concerning tort liability are very timely 
and point the way to substantial savings in state funds. 
As TTI points out, however, additional legislation would 
be required in order to relieve ADOT of near-absolute 
liability that currently exists. ADOT is currently sup- 
porting Senate Bill 1391 which, if passed, will provide 
many of the features recommended by TTI. 

PARTIALLY AGREE 

ADOT partially agrees with the following recommendations made 
by TTI. 

1. Value Enqineering: Page 4 

ADOT recognizes the importance of Value Engineering. Value 
Engineering is not a new application but a formalization 
of one segment of what has always been a part of good 
engineering practice. In a broad sense, Value Engineering 
has been practiced for many years by ADOT in the constant 
review of new materials, methods and alternative design 
features. 

TTI stated that $10 to $13 million dollars could be saved 
using Value Engineering techniques on a regular basis. 
Analysis of the five-year construction program denonstrates 
that approximately $162 million dollars of the total program 
could be subject to a Value Engineering analysis. Therefore, 
if the optimum conditions were present and Arizona could 
realize the same percentage of savings as demonstrated by 
the most successful state practicing Value Engineering, the 
total savings would be $8.1 million over five years. 

The actual savings would be much lower than this fiqure 
since Value Engineering is practiced to some extent today. 
The actual potential savings, considering the level of Value 
Engineering practiced to date and the level of projects 
on which it could be demonstrated may be $2 to $3 million 
dollars over a 5-year period. To accomplish this level 
of evaluation, resources in the form of space and added 
personnel would be required at a cost of $200,000. per year. 
Over a five-year period, the cost of conducting the recom- 
mended study would be approximately $1,000,000., leaving a 
net potential savings of approximately $2,000,000. 

- 
ADOT does, however, recognize the value of a program of this 
type and will begin a inore formalized Value Enyinecring pro- 
gram. 

2. Usinq High-performance sheeting in lieu of lightinq on over 
head signs in rural areas: Page 6 • 
ADOT agrees that the use of high-performance sheeting would 



provide a savings over the use of lighting. In order to 
realize this savings, however, sign installati-on must take 
place. Since ADOT does not plan to replace any rural 
illuminated signs during the next five years, or construct 
any new signs, there will be no savings. 

3. Elimination of the flared terminal W-beam end section: 
Paae 6 

ADOT agrees with TTI that a significant savings would be 
accomplished by eliminating the flare terminal W-beam end 
sections. The benefits in safety to the traveling public 
exceed the benefits associated with the cost savings. A 
continuing review of this item is part of ADOT's on-going 
procedures. 

Redesign of culvert and pipe headwalls: Page 6 

Many attempts have been made to find an economical, traffic 
safe headwall that does not reduce the capacity of the 
culvert or increase maintenance costs. Any real improvement 
in this difficult feature would be most welcome. Until 
that design is accomplished, there can be no savings 
associated with this recommendation. 

5. Less restrictive temperature requirements: Page 7 

TTI recommends a less restrictive requirement for stopping 
pavement work due to ambient temperatures. ADOT will 
examine compaction records to ascertain of the temperature 
restriction should be amended. 

6. Materials: Page 9 

TTI recommends the use of the Lottman procedure for testing 
asphaltic concrete aggregates and the use of the Texas 
Gyratory Compactor for asphaltic concrete mix design 
purposes. A30T will review each of these items to 
determine if they have practical application in Arizona. 

Chanqe to mechanistic design procedures: Page 9 

Mechanistic design is a new concept which is to be the sub- 
ject of a national study and possible inclusion in the 
AASHTO Interim Guide. ADOT will await the results of this 
study before making any decision on the applicability of 
this procedure. 

Project selection and prioritization: Page 10 

The possible use of the optinurn transportation investment 
analysis model may have some use in Arizona. ADOT will 
continue to study this and other ways to improve our 
project selection and prioritization procedure. 



STRONGLY DI SAGREZS 

1. Geometric Desiqn: Paqe 3 

ADOT strongly disagrees with the TTI recommendations 
concerning changes in geometric design standards. 
Specifically, ADOT disagrees with the savings that TTI 
associates with changes in ADOT standards on lane widths, 
shoulder widths, sod shoulders and passing lanes. 

TTI has recommended the use of minimum 6-foot shoulders 
with 4-feet being sod. TTI has failed to recognize that 
sod or earthen shoulders are not practical in desert 
areas. It is only at considerable expense that any grass 
areas are developed and in order to have sod shoulders, 
irrigation would have to be provided. This type of 
construction is totally impractical and would not be 
considered since the cost would be in excess of $30 million 
dollars over a five-year period. 

TTI has also suggested side slopes of 3:1 for fills over 
five feet and 4:1 for fills under five feet. This is an 
ideal which ADOT has not yet reached. Current standard 
sections for low volume roads include 14:1 fill slopes 
for higher fills and vary between 4:1 and 1+:1 for inter- 
mediate fills. Considerable added cost would be exper- 
ienced in construction and right of way if the flatter 
slopes were adopted. 

Beginning as early as 1955, ADOT has had a policy of 
providing extra climbing lanes for trucks in lieu of 
full widening. ADOT will continue to carry out this 
policy. 

TTI also recommended that ADOT adopt federal 3R standards 
and that if we were to do so, a considerable savings could 
be realized. To date, the 33 program has remained 
undefined regarding minimum acceptable standards. FHWA 
is currently working up standard guidelines which would 
be the minimum for federal-aid projects. ADOT has maintained 
the Arizona Highway System at the lowest possible cost 
consistent with safety and service. To achieve those 
standards suggested by TTI, the five-year program cost 
would increase by as much as $300,000. per mile for the 
3,750 miles projected for construction during the next 
20 years. THE ADDITIONAL COST FOR TfIE NEXT FIVE YEARS, 
WOULD BE BETWEEN $45 MILLION AND $260 MILLION DOLLARS. 

EXISTING PHOCEDUi?ZS 

There are two recommendations made by TTI that cover existing 
ADOT procedures. 

1. Use of span-wire mounted siqnal: Page 6 

ADOT does use span-wire mounted signals when feasible in 
accordance with our existing policies. 



2. Increasing the lateral placement of certain siqns: Paye 6 

It is ADOT'S policy to locate signs as far from the road 
edge as is practical to enhance safety conditions. 

3. Concrete median barrier: Paqe 6 

This option is now made available to contractors in those 
construction projects where a pre-cast concrete median barrier 
is applicable. 
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