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SUMMARY 

The O f f i c e  of t h e  Audi to r  General  has  completed 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) - m a t e r i a l s  t e s t i n g  f u n c t i o n .  

Th is  a u d i t  was conducted i n  r e s p o n s e  t o  Sena te  B i l l  1001, enac ted  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  r e q u i r i n g  a  performance 

a u d i t  o f  t h e  Arizona Department o f  T r a n s p o r t a t i o n  and i s  one of a  s e r i e s  

of a u d i t s  t o  be completed on t h e  Department. 

ADOT conducts  i n s p e c t i o n  and t e s t i n g  a c t i v i t i e s  d u r i n g  highway 

c o n s t r u c t i o n  t o  c o n t r o l  t h e  q u a l i t y  of roads  b u i l t  under  i t s  s u p e r v i s i o n .  

ADOT p r o j e c t  e n g i n e e r s  a r e  r e s p o n s i b l e  t o  s e e  t h a t  t h e  m a t e r i a l s  and 

workmanship i n c o r p o r a t e d  i n  t h e i r  p r o j e c t s  meet s t a n d a r d s .  To c a r r y  o u t  

t h i s  charge ,  each p r o j e c t  e n g i n e e r  i s  a s s i s t e d  on t h e  c o n s t r u c t i o n  s i t e  by 

a  s t a f f  of i n s p e c t o r s .  Samples of c o n s t r u c t i o n  m a t e r i a l s  a r e  s e n t  t o  ADOT 

l a b o r a t o r i e s  f o r  t e s t i n g .  ADOT h a s  a  t h r e e - l e v e l  o r g a n i z a t i o n  f o r  

m a t e r i a l s  t e s t i n g ,  c o n s i s t i n g  o f  p r o j e c t  o r  a r e a  l a b s ,  d i s t r i c t  l a b s  and a  

c e n t r a l  l a b .  I n  a d d i t i o n  t o  t e s t i n g  m a t e r i a l s  d u r i n g  c o n s t r u c t i o n ,  ADOT 

h a s  s e v e r a l  crews which perform m a t e r i a l s  i n v e s t i g a t i o n  and t e s t i n g  

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

d e s i g n  of t h e  highway. These l a t t e r  crews a r e  l o c a t e d  i n  t h e  M a t e r i a l s  

S e c t i o n  - Highways D i v i s i o n .  

Our p r e l i m i n a r y  review inc luded  p r o j e c t  i n s p e c t  i o n  a c t i v i t i e s  a s  w e l l  a s  

t h e  m a t e r i a l s  t e s t i n g  f u n c t i o n .  However, e a r l y  i n  o u r  a u d i t  ADOT 

c o n t r a c t e d  wi th  two c o n s u l t i n g  f i r m s  t o  a d d r e s s  t h e  major  problem a r e a s  we 

had i d e n t i f i e d  regard ing  p r o j e c t  i n s p e c t i o n  a c t i v i t i e s .  T h e r e f o r e ,  o u r  

d e t a i l e d  a u d i t  work was l i m i t e d  t o  t h e  m a t e r i a l s  t e s t i n g  f u n c t i o n .  



We found t h a t  t h e  m a t e r i a l s  t e s t i n g  f u n c t i o n  i s  o v e r s t a f f e d  because  ADOT 

h a s  f a i l e d  t o  reduce s t a f f i n g  l e v e l s  t o  match d e c l i n i n g  work loads .  

O v e r s t a f f i n g  o c c u r s  i n  s e v e r a l  d i s t r i c t  l a b s ,  t h e  D i s t r i c t  1 Area Lab and 

i n  s e v e r a l  u n i t s  of t h e  M a t e r i a l s  S e c t i o n  - Highways D i v i s i o n .  I n  t o t a l ,  

we i d e n t i f i e d  33  p o s i t i o n s  which cou ld  be e l i m i n a t e d  f o r  a n  annua l  s a v i n g s  

of $825,000. We a l s o  found t h a t  m a t e r i a l s  t e s t i n g  c o s t s  c o u l d  b e  reduced 

by c o n t r o l l i n g  oversampling.  Each o f  t h e s e  problem a r e a s  i s  summarized 

below. 

D i s t r i c t  l a b s  were o v e r s t a f f e d  by a  t o t a l  of 10 p o s i t i o n s  i n  f i s c a l  y e a r  

1981-82. Unless  ad jus tments  a r e  made, t h i s  o v e r s t a f f i n g  w i l l  i n c r e a s e .  

According t o  o u r  a n a l y s i s  o f  f u t u r e  work loads ,  ADOT c a n  reduce  d i s t r i c t  

l a b  s t a f f i n g  by 19 p o s i t i o n s  by J u l y  1, 1983, s a v i n g  $475,000 annua l ly .  

These r e d u c t i o n s  a r e  suppor ted  by ADOT's p l a n s  f o r  d i s t r i c t  

reorganizat ion--developed d u r i n g  t h e  c o u r s e  of o u r  audit--which now c a l l  

f o r  a  r e d u c t i o n  o f  16 l a b  p o s i t i o n s  ( s e e  page 9 ) .  

The ADOT D i s t r i c t  1 Area Lab i s  a l s o  o v e r s t a f f e d  by a  t o t a l  of seven 

p o s i t i o n s .  During t h e  f i r s t  h a l f  of 1982, p r o d u c t i v i t y  d e c l i n e d  47 

p e r c e n t  due t o  t h i s  o v e r s t a f f i n g .  F u t u r e  work l o a d s  a r e  n o t  expected t o  

i n c r e a s e ;  t h e r e f o r e ,  seven p o s i t i o n s  should be  e l iminated--an annual  

s a v i n g s  o f  $175,000 ( s e e  page 1 9 ) .  

ADOT could save a t  l e a s t  $125,000 a n n u a l l y  by performing t h e  m a t e r i a l s  

i n v e s t i g a t i o n  f u n c t i o n  more e f f i c i e n t l y .  ADOT cou ld  e l i m i n a t e  t h r e e  

p o s i t i o n s  and reduce t r a v e l - r e l a t e d  c o s t s  by t r a n s f e r r i n g  c o r e  sampling 

a c t i v i t i e s  from t h e  M a t e r i a l s  S e c t i o n  - Highways D i v i s i o n  t o  t h e  d i s t r i c t  

l a b s .  Another two p o s i t i o n s  cou ld  be e l i m i n a t e d  by reduc ing  t h e  s i z e  of 

t h e  p i t  i n v e s t i g a t i o n  crews i n  t h e  M a t e r i a l s  S e c t i o n  ( s e e  page 25) .  



ADOT could reduce personnel and equipment costs by combining drill crews 

of the Structures and Materials Sections (~ighwa~s Division) into a single 

unit. Current work load does not justify both crews. A consolidation 

would enable ADOT to avoid the replacement of some expensive drilling 

equipment--a savings of $150,000. In addition, two positions could be 

eliminated, saving another $50,000 annually (see page 35). 

ADOT could further reduce materials testing costs by controlling 

oversampling. In some instances, project personnel have not fully 

inplemented new sampling guideline ..- - 511: ~ a t % i y  z u ~ r . t r o l  

oversampling. In addition, ADOT should consider eliminating some concrete 

cylinder tests as another way to reduce lab work loads (see page 43). 

We identified potential areas for further audit work that we could not 

pursue due to time constraints. For a list of these areas, see page 49. 
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INTRODUCTION AND BACKGROUND 

The O f f i c e  of  t h e  A u d i t o r  Genera l  h a s  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) , m a t e r i a l s  t e s t i n g  and 

i n s p e c t i o n  f u n c t i o n s ,  i n  r e s p o n s e  t o  S e n a t e  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. T h i s  r e p o r t  i s  

one of a  s e r i e s  t o  b e  completed on t h e  Department o f  T r a n s p o r t a t i o n .  

S i n c e  i t s  c r e a t i o n  a s  t h e  Highway Department i n  1927,  ADOT h a s  conducted 

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

q u a l i t y  of  roads  b u i l t  under  i t s  s u p e r v i s i o n .  T h i s  sys tem of i n s p e c t i o n  

and t e s t i n g ,  however, became more s o p h i s t i c a t e d  and complex a f t e r  t h e  

F e d e r a l  Government a u t h o r i z e d  t h e  I n t e r s t a t e  System i n  1956 and began 

funding a  l a r g e  p o r t i o n  o f  t h e  highway c o n s t r u c t i o n  i n  Arizona.  C u r r e n t  

F e d e r a l  Highway A d m i n i s t r a t i o n  (FHwA) r e g u l a t i o n s  s t a t e :  

"Sampling, t e s t i n g  , and i n s p e c t  i o n  p r o c e d u r e s  shou ld  
p r o v i d e  adequa te  a s s u r a n c e  t h a t  t h e  m a t e r i a l s  and work 
i n c o r p o r a t e d  i n  e a c h  Federa l -a id  highway c o n s t r u c t i o n  
p r o j e c t  a r e  i n  conformi ty  w i t h  t h e  requ i rements  of  t h e  
approved p l a n s  and s p e c i f i c a t i o n s ,  i n c l u d i n g  approved 
changes ." 

ADOT p r o j e c t  e n g i n e e r s  have t h e  r e s p o n s i b i l i t y  t o  s e e  t h a t  t h e  m a t e r i a l s  

and workmanship i n c o r p o r a t e d  i n  t h e i r  p r o j e c t s  meet s t a n d a r d s .  To c a r r y  

o u t  t h i s  cha rge  each p r o j e c t  e n g i n e e r  i s  a s s i s t e d  by a  s t a f f  o f  i n s p e c t o r s  

and t e s t e r s .  The i n s p e c t o r s  a r e  c o n s t a n t l y  a t  t h e  c o n s t r u c t i o n  s i t e ,  

checking t h e  c o n t r a c t o r ' s  work and t a k i n g  samples  of  m a t e r i a l s .  These 

samples a r e  s e n t  t o  t h e  l a b o r a t o r y  f o r  t e s t i n g .  

FHWA r e q u i r e s  ADOT t o  perform two t y p e s  o f  t e s t i n g  d u r i n g  c o n s t r u c t i o n :  

I I a.  Acceptance Samples and T e s t s  - a l l  of  t h e  samples and 
t e s t s  used f o r  de te rmin ing  t h e  q u a l i t y  and 
a c c e p t a b i l i t y  of  t h e  m a t e r i a l s  and workmanship which 
have been o r  a r e  be ing  i n c o r p o r a t e d  i n  t h e  p r o j e c t .  



"b. Independent Assurance Samples and T e s t s  - independent  
samples and t e s t s  o r  o t h e r  p rocedures  performed by 
S t a t e  p e r s o n n e l  who do n o t  normal ly  have d i r e c t  
r e s p o n s i b i l i t y  f o r  . . . accep tance  sampl ing and 
t e s t i n g .  They a r e  used f o r  t h e  purpose  of making 
independent  checks  on t h e  r e l i a b i l i t y  of  t h e  r e s u l t s  
o b t a i n e d  i n  a c c e p t a n c e  sampling and t e s t i n g . "  

AlJOT h a s  a  t h r e e - l e v e l  o r g a n i z a t i o n  f o r  m a t e r i a l s  t e s t i n g ,  c o n s i s t i n g  of  

p r o j e c t  l a b s ,  d i s t r i c t  l a b s  and a  c e n t r a l  l ab .  

P r o j e c t  l a b s  a r e  q u a l i t y  a c c e p t a n c e  labs-- the  q u a l i t y  c o n t r o l  l a b s  of  t h e  

highway c o n s t r u c t i o n  i n d u s t r y .  The t e s t e r s  work f o r  t h e  p r o j e c t  

e n g i n e e r s .  T h e i r  t e s t  r e s u l t s  a r e  used by t h e  p r o j e c t  e n g i n e e r  t o  s t o p  a  

p r o j e c t  i f  n e c e s s a r y  o r  t o  r educe  payments i f  m a t e r i a l s  f a i l  t o  meet 

s p e c i f i c a t i o n s .  P r o j e c t  l a b s  o p e r a t e  o u t  of t r a i l e r s  o r  o t h e r  temporary 

f a c i l i t i e s  a t  t h e  job s i t e s ;  i n  g e n e r a l ,  t h e y  have no l a r g e  o r  expens ive  

t e s t  equipment a s  compared w i t h  t h e  c e n t r a l  and d i s t r i c t  l a b s .  Sometimes 

s e v e r a l  p r o j e c t s  i n  t h e  same a r e a  a r e  suppor ted  by a  s i n g l e  l a b ;  i n  t h e s e  

c a s e s  t h e  l a b  i s  known a s  a n  a r e a  l a b .  

Each ADOT d i s t r i c t *  a l s o  h a s  a  l a b  w i t h  t h e  f o l l o w i n g  d u t i e s :  

1. Perform independent  a s s u r a n c e  sampling and t e s t i n g ;  

2. Perform t h e  c o n s t r u c t i o n  a c c e p t a n c e  t e s t s  t h a t  p r o j e c t  l a b  

t e s t e r s  a r e  no t  equipped o r  t r a i n e d  t o  perform;  

3 .  Design and t e s t  m a t e r i a l s  used by maintenance crews;  

4. Review p r o j  ec t - l e v e l  sampling and t e s t i n g  p r o c e d u r e s  and 

documentat ion;  

5 .  Check and c a l i b r a t e  t e s t i n g  equipment i n  p r o j e c t  l a b s ;  

* Each p r o j e c t  e n g i n e e r  i s  under  t h e  j u r i s d i c t i o n  of a  d i s t r i c t  
e n g i n e e r .  During f i s c a l  y e a r  1982-83, ADOT i s  reduc ing  t h e  number of 
d i s t r i c t s  from seven t o  f o u r .  F i g u r e s  1 and 2  show t h e  a l ignments  of  
t h e s e  d i s t r i c t s .  







6. T r a i n  d i s t r i c t  and p r o j e c t  p e r s o n n e l  i n  t e s t i n g  methods, 

p rocedures ,  equipment,  e t c ;  

7.  A s s i s t  i n  m a t e r i a l s  r e s e a r c h  a c t i v i t i e s ;  and 

8. Act a s  m a t e r i a l s  c o n s u l t a n t  t o  t h e  D i s t r i c t  Eng ineer ,  p r o j e c t  

s t a f f s  and maintenance p e r s o n n e l .  

The c e n t r a l  l a b  i s  p a r t  o f  t h e  M a t e r i a l s  S e c t i o n ,  Highways D i v i s i o n .  The 

major d u t i e s  of t h e  c e n t r a l  l a b  a r e :  

1. Perform t e s t s  on c o n s t r u c t i o n  m a t e r i a l s  which cannot  be  t e s t e d  by 

p r o j e c t  o r  d i s t r i c t  l a b s  (These  t e s t s  r e q u i r e  s p e c i a l i z e d  

equipment and s k i l l s . ) ;  

2.  Design o r  approve mixes o f  m a t e r i a l s  t o  b e  used a s  road s u r f a c e s ;  

3 .  Review t e s t i n g  p rocedures ,  equipment,  e t c .  used i n  t h e  d i s t r i c t  

l a b s ;  

4. Develop and p rov ide  t r a i n i n g  i n  m a t e r i a l s - r e l a t e d  a r e a s ;  

5 .  Develop and improve ADOT spec i f  i c a t  i o n s  r e g a r d i n g  road-bui lding 

m a t e r i a l s ;  and 

6.  Perform p r e c o n s t r u c t i o n  t e s t s .  

P r e c o n s t r u c t i o n  t e s t s  a r e  performed on g e o l o g i c a l  samples o b t a i n e d  by 

v a r i o u s  f i e l d  crews i n  t h e  M a t e r i a l s  S e c t i o n .  These g e o l o g i c a l  

i n v e s t i g a t i o n s  a r e  c r i t i c a l  t o  t h e  d e s i g n  o f  t h e  roadway and t h e  l o c a t i o n  

of road-bui lding m a t e r i a l s .  

Table  1 shows t h e  number of s t a f f  (FTES) budgeted f o r  t h e  d i s t r i c t  l a b s  

and t h e  M a t e r i a l s  S e c t i o n  f o r  f i s c a l  y e a r s  1980-81 through 1982-83. 



TABLE 1 

Uni t  

BUDGETED FTEs FOR DISTRICT LABS AND 
MATERIALS SECTION, FISCAL YEARS 1980-81 THROUGH 1982-83 

D i s t r i c t  Labs 

M a t e r i a l s  S e c t i o n  
A d m i n i s t r a t i o n  
G e o t e c h n i c a l  S e r v i c e s  
Pavement S e r v i c e s  
M a t e r i a l s  T e s t i n g  S e r v i c e s  

( c e n t r a l  l a b )  

TOTAL - M a t e r i a l s  S e c t i o n  

Budgeted FTEs 
1980-81 1981-82 1982-83 

* The M a t e r i a l s  S e c t i o n  was n o t  o rgan ized  i n  t h i s  manner d u r i n g  1980-81 
and 1981-82. 

As of  J u l y  1982, p r o j e c t  e n g i n e e r s  s u p e r v i s e d  a n  approximate  t o t a l  of  550 

ADOT p e r s o n n e l  on c o n s t r u c t i o n  p r o j e c t s  th roughout  t h e  S t a t e .  A number of 

t h e s e  employees a r e  d i r e c t l y  invo lved  i n  m a t e r i a l s  sampling and t e s t i n g .  

Audi t  S c o ~ e  and P u r ~ o s e  

The purpose  of o u r  a u d i t  work was t o  

1. Review t h e  d i v i s i o n  o f  r e s p o n s i b i l i t i e s  among t h e  d i s t r i c t  l a b s  

and t h e  M a t e r i a l s  S e c t i o n ,  Highways D i v i s i o n .  

2. E v a l u a t e  t h e  p r o d u c t i v i t y  of  t h e  C e n t r a l  Lab and d i s t r i c t  l a b s ,  

and p r o j e c t  f u t u r e  work l o a d s  and s t a f f i n g  requ i rements  f o r  t h e s e  

l a b s .  

3 .  E v a l u a t e  t h e  e f f i c i e n c y  of v a r i o u s  a c t i v i t i e s  w i t h i n  t h e  

M a t e r i a l s  S e c t i o n ,  Highways D i v i s i o n .  



4 .  Review t h e  need f o r  two s e p a r a t e  d r i l l i n g  crews w i t h i n  t h e  

Highways D i v i s i o n .  

5. Determine i f  t h e  f requency of m a t e r i a l s  sampling and t e s t i n g  

could  be reduced. 

6. Eva lua te  t h e  i n t e g r i t y  of t h e  c o n s t r u c t i o n  i n s p e c t i o n  and t e s t i n g  

system. 

Because o f  t ime c o n s t r a i n t s ,  we were unab le  t o  a d d r e s s  s e v e r a l  i s s u e s  o f  

concern.  For  a  l i s t  of p o t e n t i a l  f u t u r e  a u d i t  i s s u e s ,  s e e  page 49.  

S e v e r a l  o t h e r  i s s u e s  were of i n t e r e s t  e a r l y  i n  t h e  a u d i t  bu t  a r e  being 

addressed  by o t h e r  e n t i t i e s .  One of t h e s e  i s s u e s  was t h e  management of 

p r o j e c t - l e v e l  pe rsonne l .  During o u r  a u d i t ,  ADOT c o n t r a c t e d  w i t h  Roy 

Jorgensen  A s s o c i a t e s  t o  develop a  C o n s t r u c t i o n  Engineer ing  Manpower 

Management System which would a l l o w  ADOT t o  s t a f f  c o n s t r u c t i o n  p r o j e c t s  

more e f f i c i e n t l y .  E a r l y  i n  t h e  a u d i t  we a l s o  c o n s i d e r e d  t h e  f e a s i b i l i t y  

of r e q u i r i n g  c o n t r a c t o r s  t o  perform more survey ing  and s t a k i n g  . d u r i n g  

c o n s t r u c t i o n .  T h i s  i s s u e ,  however, i s  be ing  addressed  by a n o t h e r  ADOT 

c o n s u l t a n t .  

The Audi tor  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  ADOT's i n s p e c t i o n  

and t e s t i n g  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 e  c o u r s e  

of our  a u d i t .  





FINDING I 

R E D U C I N G  OVERSTAFFING I N  THE DISTRICT LABS WILL SAVE UP TO $475,000 

ANNUALLY. 

ADOT d i s t r i c t  m a t e r i a l s  l a b s  a r e  o v e r s t a f f e d  because  ADOT h a s  f a i l e d  t o  

a d j u s t  s t a f f i n g  l e v e l s  t o  match changes  i n  work load .  The amount of 

highway c o n s t r u c t i o n  f l u c t u a t e d  d r a m a t i c a l l y  i n  most d i s t r i c t s  i n  r e c e n t  

y e a r s ,  and d i s t r i c t  l a b  work load  v a r i e d  a c c o r d i n g l y .  However, l a b  

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

v a r i e d  tremendously and d i s t r i c t  l a b s  on  t h e  whole were o v e r s t a f f e d  by 10 

p o s i t i o n s  i n  f i s c a l  y e a r  1981-82. I n  a d d i t i o n ,  u n l e s s  a d j u s t m e n t s  a r e  

made t h i s  o v e r s t a f f i n g  w i l l  i n c r e a s e .  Analyzing f u t u r e  work l o a d s  we 

found ADOT can reduce d i s t r i c t  l a b  s t a f f i n g  by 19 p o s i t i o n s  by J u l y  1, 

1983, producing b475,000 i n  annua l  sav ings .  These r e d u c t i o n s  a r e  

supported by ADOT's p l a n s  f o r  d i s t r i c t  reorganizat ion--developed d u r i n g  

t h e  c o u r s e  of o u r  audit--which now c a l l  f o r  a  r e d u c t i o n  o f  16 p o s i t i o n s .  

Highway C o n s t r u c t i o n  F l u c t u a t e d ,  
but  S t a f f i n g  Remained Constant  

ADOT h a s  n o t  a d j u s t e d  d i s t r i c t  l a b  s t a f f i n g  l e v e l s  t o  match changes  i n  

work load.  As t h e  amount of highway c o n s t r u c t i o n  f l u c t u a t e d  from y e a r  t o  

y e a r ,  d i s t r i c t  l a b  work load  a l s o  va r ied .*  However, l a b  s t a f f i n g  l e v e l s  

remained f a i r l y  c o n s t a n t .  

D i s t r i c t  l a b  work load i s  l a r g e l y  a  f u n c t i o n  of highway c o n s t r u c t i o n .  The 

l a b ' s  primary r o l e  i s  t o  p r o v i d e  t e s t i n g  s e r v i c e s  d u r i n g  p r o j e c t  

const ruct ion.** Thus, when c o n s t r u c t i o n  d e c l i n e s  i n  a  d i s t r i c t ,  work 

load f o r  t h e  d i s t r i c t  l a b  a l s o  d e c l i n e s .  

* Highway c o n s t r u c t i o n ,  a s  used i n  t h i s  r e p o r t ,  i n c l u d e s  p r e s e r v a t i o n  
p r o j e c t s  a s  w e l l  a s  new c o n s t r u c t i o n  and r e c o n s t r u c t i o n .  

-k * P r e c o n s t r u c t i o n  t e s t i n g  a c t i v i t i e s  a r e  performed l a r g e l y  by t h e  ADOT 
c e n t r a l  lab .  



TABLE 2 

A COMPARISON OF ADOT PAYMENTS TO CONTRACTORS ( I N  MILLION $1 
VERSUS BUDGETED FTEs PER DISTRICT LAB FOR 

FISCAL YEARS 1975-76 THROUGH 1980-81 
(CONVERTED TO 1982 $1 

D i s t r i c t  1: 
C o n t r a c t o r  P a y m e n t s  $46.4 $53.4 $72.7 $44.2 $57.8 $68.5 
B u d g e t e d  FTE 10 11 11 11 11 11 

D i s t r i c t  2: 
C o n t r a c t o r  P a y m e n t s  $31.1 $35.3 $29.9 $39.2 $22.4 $15.9 
B u d g e t e d  FTE 7 7 6 6 6 6 a 

D i s t r i c t  3 :  
C o n t r a c t o r  P a y m e n t s  $19.2 $4.9 $6.8 $8.2 $10.5 $17.7 
B u d g e t e d  FTE 6 6 6 5 5 5 

D i s t r i c t  4: 
C o n t r a c t o r  P a y m e n t s  $8.9 $11.1 $19.3 $26.6 $41.6 $20.0 
B u d g e t e d  FTE 9 8 8 8 8 8 

D i s t r i c t  5 :  
a 

C o n t r a c t o r  P a y m e n t s  $22.7 $16.9 $23.7 $14.4 $20.7 $26.5 
B u d g e t e d  FTE 9 9 8 7 7 7 

D i s t r i c t  6: 
C o n t r a c t o r  P a y m e n t s  $56.2 $57.6 $56.3 $41.6 $35.5 $20.9 
B u d g e t e d  FTE 7 7 8 8 7 6 

D i s t r i c t  7: 
C o n t r a c t o r  P a y m e n t s  $30.2 $17.5 $13.4 $13.0 $15.2 $12.0 
B u d g e t e d  FTE 7 7 7 7 6 6 



I n  r e c e n t  y e a r s  t h e  amount of  highway c o n t r u c t i o n  i n  most d i s t r i c t s  h a s  

v a r i e d ,  b u t  d i s t r i c t  s t a f f i n g  l e v e l s  have remained f a i r l y  c o n s t a n t .  T a b l e  

2 compares t h e  amount of c o n s t r u c t i o n  i n  each  d i s t r i c t  a s  measured by 

payments t o  c o n t r a c t o r s  ( c o n v e r t e d  t o  1982 $1 v e r s u s  t h e  budgeted FTEs f o r  

each d i s t r i c t  l a b  f o r  f i s c a l  y e a r s  1975-76 th rough  1980-81. 

A s  shown i n  Tab le  2 ,  between 1976-77 and 1980-81 annua l  c o n s t r u c t i o n  i n  

D i s t r i c t  6 d e c l i n e d  from $58 m i l l i o n  t o  $21 m i l l i o n ,  b u t  t h e  number of 

budgeted FTEs f o r  t h e  D i s t r i c t  l a b  d e s c r e a s e d  o n l y  by one.  D i s t r i c t  4 l a b  

had e i g h t  budgeted FTEs i n  bo th  1979-80 and 1980-81, a l t h o u g h  t h e  amount 

of c o n s t r u c t i o n  f e l l  from $42 m i l l i o n  t o  $20 m i l l i o n .  

Wide D i s p a r i t i e s  i n  Lab P r o d u c t i v i t y  

F a i l u r e  t o  match s t a f f i n g  l e v e l s  w i t h  work load  caused wide d i s p a r i t i e s  i n  

t h e  p r o d u c t i v i t y  of d i s t r i c t  l a b s .  Some l a b s  performed a s  l i t t l e  a s  

one-four th  t h e  amount of t e s t i n g  p e r  employee a s  o t h e r  l a b s ;  i n  a d d i t i o n ,  

most d i s t r i c t  l a b s  exper ienced  wide f l u c t u a t i o n s  i n  t h e i r  own p r o d u c t i v i t y  

from y e a r  t o  yea r .  

Method f o r  Measuring P r o d u c t i v i t y  - We used annua l  t e s t i n g  h o u r s  p e r  

employee a s  a n  i n d i c a t o r  of l a b  p r o d u c t i v i t y . *  We f i r s t  de te rmined  t h e  

t y p e s  and number of  samples p rocessed  a n n u a l l y  by each l a b .  Next,  e a c h  

t y p e  of sample was a s s i g n e d  a  s t a n d a r d  t e s t i n g  t ime-- that  i s ,  a n  e s t i m a t e  

of how much t ime was r e q u i r e d  t o  perform a l l  n e c e s s a r y  t e s t s  on t h a t  

sample.** T h i s  i n f o r m a t i o n  a l lowed u s  t o  c a l c u l a t e  e a c h  l a b ' s  a n n u a l  

t e s t i n g  work load expressed  a s  t o t a l  s t a n d a r d  t e s t i n g  h o u r s  (STH).  

F i n a l l y ,  we conver ted  each  l a b ' s  annua l  work load  (STH) t o  s t a n d a r d  

t e s t i n g  hours  p e r  employee.*** 

* Although m a t e r i a l s  t e s t i n g  i s  n o t  a  d i s t r i c t  l a b ' s  o n l y  d u t y ,  i t  i s  
t h e  pr imary a c t i v i t y  and most o t h e r  a c t i v i t i e s  r e l a t e  t o  t h e  t e s t i n g  
f u n c t i o n .  Other  a c t i v i t i e s  i n c l u d e  l a b  a d m i n i s t r a t i v e  d u t i e s ,  
q u a l i t y  c o n t r o l  of  p r o j e c t - l e v e l  t e s t i n g ,  o b t a i n i n g  m a t e r i a l s  
samples,  t r a i n i n g  and in fo rmal  m a t e r i a l s  r e s e a r c h .  

-A * Standard  t e s t i n g  t i m e s  p e r  sample were developed i n  c o n s u l t a t i o n  w i t h  
ADOT m a t e r i a l s  p e r s o n n e l .  

* Appendix I e x p l a i n s  i n  more d e t a i l  how we measured p a s t  p r o d u c t i v i t y  
of t h e  d i s t r i c t  l a b s .  



R e s u l t s  of A n a l y s i s  - A n a l y s i s  of  t h e  s t a n d a r d  t e s t i n g  hour  d a t a  showed 

annua l  p r o d u c t i v i t y  v a r i e d  a s  much a s  400 p e r c e n t  between d i s t r i c t  l a b s  

and a s  much a s  200 p e r c e n t  w i t h i n  l a b s  o v e r  a  s i x - y e a r  p e r i o d .  T a b l e  3  

shows t h e  annua l  p r o d u c t i v i t y  of  each l a b  where d a t a  was a v a i l a b l e  f o r  t h e  

p e r i o d  1975-76 through 1980-81. 

D i s t r i c t  1 
(Phoenix)  

D i s t r i c t  2  
(Tucson) 

D i s t r i c t  3 
 afford) 

D i s t r i c t  4  
(HO lb rook)  

D i s t r i c t  5 
( F l a g s t a f f )  

D i s t r i c t  6  
( P r e s c o t t )  

TABLE 3 

PRODUCTIVITY OF DISTRICT LABS, 
FISCAL YEARS 1975-76 THROUGH 1980-81 
(STANDARD TESTING HOURS PER EMPLOYEE) 

D i s t r i c t  7 
 lobe) 576 352 479 635 669 6  14 



The d i s p a r i t i e s  among d i s t r i c t s  a r e  b e s t  i l l u s t r a t e d  by D i s t r i c t s  2 and 7. 

D i s t r i c t  2 ' s  p r o d u c t i v i t y  of 1,332 STH/FTE i n  1978-79 was n e a r l y  400 

percen t  h i g h e r  t h a n  D i s t r i c t  7 ' s  p r o d u c t i v i t y  of 352 STH/FTE i n  1976-77. 

D i s t r i c t s  2  and 3  i l l u s t r a t e  t h e  f l u c t u a t i o n s  t h a t  o c c u r r e d  w i t h i n  l a b s  

from y e a r  t o  year .  Annual p r o d u c t i v i t y  i n  D i s t r i c t  2  ranged from 640 t o  

1,332 STH/FTE, and D i s t r i c t  3  had a  low of 466 and a  h igh  of 975 STH/FTE 

f o r  t h e  two y e a r s  d a t a  was available--more t h a n  200 p e r c e n t  v a r i a t i o n  i n  

both  d i s t r i c t s .  

D i s t r i c t  Labs Are O v e r s t a f f e d  

D i s t r i c t  l a b s  a r e  s u b s t a n t i a l l y  o v e r s t a f f e d ,  accord ing  t o  o u r  a n a l y s i s  of 

l a b  work load and p r o d u c t i v i t y .  Our a n a l y s i s  r evea led  t h a t  d i s t r i c t  l a b s  

on t h e  whole were o v e r s t a f f e d  by 10 p o s i t i o n s  i n  f i s c a l  y e a r  1981-82 and 

t h a t  19 p o s i t i o n s  should be c u t  by f i s c a l  y e a r  1983-84. T h i s  problem of 

o v e r s t a f f i n g  was p r e v i o u s l y  addressed  i n  a  1978 ADOT i n t e r n a l  s t u d y ;  

however, s t a f f i n g  l e v e l s  remained l a r g e l y  unchanged u n t i l  f i s c a l  y e a r  

1982-83. 

Method For  P r o j e c t i n g  S t a f f i n g  Requirements - We developed a  model f o r  

de te rmin ing  l a b  s t a f f i n g  requirements  based on work load  p r o j e c t i o n s .  Th is  

model c o n s i s t s  of t h e  fo,llowing e lements :  

1. P r o d u c t i v i t y  s t a n d a r d s ,  expressed  a s  t o t a l  number of t e s t i n g  h o u r s  

p e r  employee p e r  year .  

2. A s t a t i s t i c a l  formula  f o r  p r o j e c t i n g  t o t a l  l a b  t e s t i n g  h o u r s  o r  

work load on t h e  b a s i s  of t h e  e s t i m a t e d  highway c o n s t r u c t i o n  

program f o r  each d i s t r i c t .  

3. Conversion of p r o j e c t e d  l a b  work load  ( a  p roduc t  of e lement  2 )  

i n t o  FTE requirements  by a p p l y i n g  t h e  p r o d u c t i v i t y  s t a n d a r d s  i n  

element 1. 

The model should enab le  ADOT t o  make r e a s o n a b l e  l a b  s t a f f i n g  p r o j e c t i o n s  

more t h a n  one y e a r  i n  advance.* For  a  d e t a i l e d  d i s c u s s i o n  of t h e  model, 

s e e  Appendix I. 

* The Execu t ive  Budget O f f i c e  and J o i n t  L e g i s l a t i v e  Budget Committee 
a n a l y s t s  may a l s o  be i n t e r e s t e d  i n  t h i s  model f o r  budge t ing  purposes .  



Labs O v e r s t a f f e d  by 10 P o s i t i o n s  i n  F i s c a l  Year 1981-82 - According t o  o u r  

a n a l y s i s ,  ADOT o v e r s t a f f e d  d i s t r i c t  l a b s  by 10 p o s i t i o n s  i n  f i s c a l  y e a r  

1981-82. Tab le  4 compares budgeted FTEs, a c t u a l  FTEs and FTEs r e q u i r e d  f o r  

f i s c a l  y e a r  1981-82. The t a b l e  r e v e a l s  t h a t  o v e r s t a f f i n g  o c c u r r e d  i n  a l l  

d i s t r i c t  l a b s  excep t  D i s t r i c t  2.  

TABLE 4 

COMPARISON OF BUDGETED, ACTUAL AND MODEL-GENERATED FTEs 
FOR DISTRICT LABS: FISCAL YEAR 1981-82 

D i s t r i c t  1 
D i s t r i c t  2  
D i s t r i c t  3  
D i s t r i c t  4 
D i s t r i c t  5  
D i s t r i c t  6 
D i s t r i c t  7 

T o t a l s  

FTEs Required 
Budgeted FTEs A c t u a l  FTEs by Model O v e r s t a f f i n g  

1981-82 1981-82* 1981-82 1981-82 

* A c t u a l  FTEs do n o t  i n c l u d e  s e c r e t a r i a l  p o s i t i o n s .  
.'--'- 
0 -  D i s t r i c t  4 l a b  reduced a c t u a l  FTEs from seven  t o  f o u r  d u r i n g  t h e  l a s t  

h a l f  of  f i s c a l  y e a r  1981-82. 

S t a f f  Should Be Reduced Near ly  50 P e r c e n t  by J u l y  1983 - Our a n a l y s i s  

i n d i c a t e s  t h a t  ADOT shou ld  reduce  d i s t r i c t  l a b  s t a f f  n e a r l y  50 p e r c e n t  by 

J u l y  1, 1983. T h i s  r e d u c t i o n  of  19 FTEs would s a v e  n e a r l y  one-half  m i l l i o n  

d o l l a r s  a n n u a l l y .  Tab le  5 shows t h e  FTE requ i rements  f o r  d i s t r i c t  l a b s  i n  

f i s c a l  y e a r s  1982-83 through 1984-85 a s  p r o j e c t e d  by t h e  model. 



TABLE 5  

FTE PROJECTIONS FOR DISTRICT LABS: 
FISCAL YEARS 1982-83 THROUGH 1984-85 

D i s t r i c t  

T o t a l s  

FTEs Required FTEs Required FTEs Required 
Ac tua l  FTEs by Model by Model by Model 

1981-82 1982-83 1983-84 1984-85 

10 8  8  
4  5 7 
3  E l i m i n a t e d  under f o u r - d i s t r i c t  p l a n  
2  E l i m i n a t e d u n d e r  f o u r - d i s t r i c t  p l a n  
3  ( ~ e w  D i s t r i c t  4 )  

4  * 4% 
4  (New D i s t r i c t  3 )  

4  >k 4  * 
4  E l i m i n a t e d  under  f o u r - d i s t r i c t  p l a n  

* According t o  t h e  model, D i s t r i c t s  3  and 4  each need o n l y  t h r e e  FTEs i n  
f i s c a l  y e a r  1983-84 and 1984-85. However, t h e  model-generated FTEs i n  
t h e s e  c a s e s  have been a d j u s t e d  upward f o r  t h r e e  r e a s o n s :  t o  1 )  o f f s e t  
t h e  a d d i t i o n a l  t r a v e l  t ime  which w i l l  b e  r e q u i r e d  under  t h e  
f o u r - d i s t r i c t  p l a n ;  2 )  p r o v i d e  adequa te  s t a f f i n g  i n  t i m e s  of  s i c k n e s s  
o r  v a c a t i o n ;  and 3 )  o f f s e t  t h e  i n c r e a s e d  work load  i f  c o r e  sampling 
d u t i e s  a r e  t r a n s f e r r e d  t o  t h e  d i s t r i c t  l a b s  ( s e e  F ind ing  1 1 1 ) .  

Tab le  5 shows t h a t  t h e  1981-82 s t a f f i n g  l e v e l  (40 FTES) shou ld  b e  reduced 

by 19 p o s i t i o n s  i n  o r d e r  t o  r e a c h  t h e  j u s t i f i a b l e  l e v e l  of  2 1  FTEs i n  

f i s c a l  y e a r  1983-84. Assuming t h a t  s a l a r y  and employee-re la ted  expenses  

average  $25,000 p e r  y e a r  f o r  each FTE, a r e d u c t i o n  of 19 FTEs r e p r e s e n t s  a n  

annual  s a v i n g s  of $475,000. 

The mode l ' s  1983-84 and 1984-85 FTE p r o j e c t i o n s  f o r  D i s t r i c t  1, a s  w e l l  a s  

t h e  1984-85 p r o j e c t i o n  f o r  D i s t r i c t  2 ,  may b e  i n f l a t e d .  These  p r o j e c t i o n s  

a r e  based on o f f i c i a l  highway c o n s t r u c t  i o n  e s t i m a t e s  which i n c l u d e  

u n u s u a l l y  l a r g e  sums f o r  purchas ing  right-of-way. Right-of-way a c q u i s i t i o n  

does  no t  g e n e r a t e  work load f o r  t h e  d i s t r i c t  l a b ;  t h e r e f o r e ,  t h e  mode l ' s  

e s t i m a t e  of work load  i s  p robab ly  o v e r s t a t e d .  The D i s t r i c t  1 l a b ,  f o r  

example, may be a b l e  t o  suppor t  a c t u a l  c o n s t r u c t i o n  i n  1983-84 w i t h  fewer 

than  e i g h t  FTEs. 



1978 Study Revealed O v e r s t a f f i n g  - O v e r s t a f f i n g  i n  t h e  d i s t r i c t  l a b s  h a s  

been p r e v i o u s l y  addressed .  A  1978 ADOT i n t e r n a l  s t u d y  concluded t h a t  some 

d i s t r i c t  l a b s  were o v e r s t a f f e d  and recommended t h a t  f u t u r e  s t a f f i n g  l e v e l s  

be  based on p r o j e c t i o n s  o f  l a b  work load .  However, s t a f f i n g  l e v e l s  

remained l a r g e l y  unchanged th rough  f i s c a l  y e a r  1981-82 (See  T a b l e s  2  and 

4 ) .  

ADOT D i s t r i c t  R e o r g a n i z a t i o n  - During t h e  c o u r s e  o f  o u r  a u d i t ,  ADOT 

developed p l a n s  t o  r e o r g a n i z e  t h e  d i s t r i c t s  and reduce  t h e  number of 

d i s t r i c t  p e r s o n n e l .  An i n t e r n a l  committee recommended t h a t  t h e  number of  

d i s t r i c t s  b e  reduced from seven  t o  f o u r .  The t r a n s i t i o n  t o  f o u r  d i s t r i c t s  

w i l l  occur  d u r i n g  f i s c a l  y e a r  1982-83 and w i l l  e l i m i n a t e  some d i s t r i c t  l a b  

FTEs. I n  August 1982 ADOT o f f i c i a l l y  adopted a  p l a n  t o  r educe  t h e  number 

of d i s t r i c t  l a b  p e r s o n n e l  t o  24 by J u l y  1983. A s  shown i n  T a b l e  5 ,  o u r  

analysis--which was completed p r i o r  t o  ADOT's--indicates t h a t  t o t a l  s t a f f  

i n  t h e  d i s t r i c t  l a b s  should  b e  o n l y  21 FTEs a t  t h a t  t ime .  

Changes i n  Record Keeping Are Needed - Accuracy o f  FTE p r o j e c t i o n s  cou ld  be  

improved i n  t h e  f u t u r e  i f  d i s t r i c t  l a b s  made changes  i n  t h e  way t h e y  record  

work load  d a t a .  A s  e x p l a i n e d  i n  Appendix I ,  l a b  p e r s o n n e l  p r e s e n t l y  log  

t h e  t y p e s  of samples r e c e i v e d  each day b u t  n o t  t h e  k i n d s  of  t e s t s  performed 

on each  sample. T h e r e f o r e ,  we had t o  e s t i m a t e  p a s t  work l o a d  ( t e s t i n g  

hours )  us ing  t h e  number of samples.  I f  l a b  p e r s o n n e l  began r e c o r d i n g  t h e  

t y p e s  of  t e s t s  performed and summarized t h i s  d a t a  p e r i o d i c a l l y ,  then  

s t a n d a r d  t e s t i n g  hours  p e r  l a b  cou ld  b e  c a l c u l a t e d  more p r e c i s e l y ,  

e v e n t u a l l y  improving t h e  model i n  two ways: 

1. The s e l e c t i o n  of p r o d u c t i v i t y  s t a n d a r d s  (STH/FTE) would be  based 

on more e x a c t  h i s t o r i c a l  measures  o f  p r o d u c t i v i t y  and 

2. The r e l a t i o n s h i p  between c o n t r a c t o r  payments and s t a n d a r d  t e s t i n g  

h o u r s  needed t o  s u p p o r t  t h a t  c o n s t r u c t i o n  c o u l d  b e  e s t a b l i s h e d  

more p r e c i s e l y .  ( s e e  Appendix I f o r  e x p l a n a t i o n  of  t h e  

r e l a t i o n s h i p  between c o n t r a c t o r  payments and s t a n d a r d  t e s t i n g  

hours .  ) 

* A s i g n i f i c a n t  change i n  sampling f requency  would a f f e c t  t h e  
r e l a t i o n s h i p  between c o n t r a c t o r  payments and s t a n d a r d  t e s t i n g  h o u r s  and 
t h u s  would a l t e r  t h e  model ' s  p r o j e c t i o n  formula.  See  Appendix I. 



The model may a l s o  need t o  b e  a d j u s t e d  i n  t h e  f u t u r e  t o  r e f l e c t  changes  i n  

t h e  f requency of sampling and t e s t i n g  d u r i n g  c o n s t r u c t  i o n  ( s e e  F i n d i n g  V) . 
If ADOT reduces  sampling f requency  s i g n i f i c a n t l y ,  t h e n  t h e  model o v e r s t a t e s  

t h e  number of  FTEs needed t o  s u p p o r t  f u t u r e  e s t i m a t e d  c o n s t r u c t i o n . *  

CONCLUSION 

ADOT has  f a i l e d  t o  a d j u s t  d i s t r i c t  l a b  s t a f f i n g  l e v e l s  t o  match changes  i n  

work load.  A s  a  r e s u l t ,  d i s t r i c t  l a b s  a r e  s u b s t a n t i a l l y  o v e r s t a f f e d .  

Keducing o v e r s t a f f i n g  w i l l  s a v e  up t o  $475,000 a n n u a l l y .  

1. ADOT immediately b e g i n  reduc ing  d i s t r i c t  l a b  FTEs, working toward a  

t o t a l  s t a f f  of 21 FTEs ( o r  f ewer )  by J u l y  1, 1983. 

2. DOT r e q u i r e  d i s t r i c t  l a b  p e r s o n n e l  t o  b e g i n  logg ing  t h e  number and 

t y p e s  of t e s t s  performed e a c h  day and summarizing t h i s  d a t a  

p e r i o d i c a l l y  i n  o r d e r  t o  improve t h e  p r o j e c t i o n  model developed by 

a u d i t  s t a f f .  

3 .  ADOT use  t h e  p r o j e c t i o n  model a s  t h e  b a s i s  f o r  budge t ing  FTEs f o r  

d i s t r i c t  l a b s .  

4 .  ADOT p e r i o d i c a l l y  r ev iew t h e  p r o d u c t i v i t y  of  each d i s t r i c t  l a b ,  

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



FINDING I1 

ADOT COULD SAVE $175,000 ANNUALLY BY REDUCING STAFF I N  THE DISTRICT 1 AREA 

LAB. 

The ADOT D i v i s i o n  1 Area Lab was o v e r s t a f f e d  by seven  p o s i t i o n s  d u r i n g  t h e  

f i r s t  h a l f  of 1982. T h i s  o v e r s t a f f i n g  r e p r e s e n t s  a n  a n n u a l  c o s t  of 

$175,000.  Because a  d e c l i n e  i n  work l o a d  i n  1982 was n o t  matched by a  

r e d u c t i o n  i n  s t a f f  s i z e ,  p r o d u c t i v i t y  dropped 47 p e r c e n t  from t h e  1981 

l e v e l .  T h i s  d e c l i n e  i n  work l o a d  i s  n o t  expec ted  t o  change i n  t h e  n e a r  

f u t u r e .  I n  a d d i t i o n  t o  e l i m i n a t i n g  p o s i t i o n s  i n  t h e  Area Lab, ADOT may 

a l s o  be  a b l e  t o  r educe  t e s t i n g  c o s t s  i n  D i s t r i c t  1 by expanding t h e  Area  

L a b ' s  j u r i s d i c t i o n  t o  i n c l u d e  a l l  c o n s t r u c t i o n  w i t h i n  t h e  d i s t r i c t .  

Background 

The D i s t r i c t  1 Area Lab f u n c t i o n s  a s  a  p r o j e c t - l e v e l  l a b  f o r  a l l  ADOT 

p r o j e c t s  i n  t h e  Phoenix a r e a  e x c e p t  t h e  1-10 p r o j e c t s ,  which a r e  suppor ted  

by a  s e p a r a t e  l a b .  M a t e r i a l s  samples  from t h e  c o n s t r u c t i o n  s i t e  a r e  t a k e n  

and t r a n s p o r t e d  t o  t h e  Area Lab by p r o j e c t  p e r s o n n e l ,  whereas  samples from 

commercial p l a n t s  ( c o n c r e t e  and a s p h a l t  p l a n t s )  a r e  o b t a i n e d  by Area Lab 

p e r s o n n e l .  The Area Lab r e p o r t s  t h e  r e s u l t s  o f  a l l  t e s t s  t o  t h e  

r e s p e c t i v e  p r o j e c t  e n g i n e e r s .  

Work Load and P r o d u c t i v i t y  Dec l ined  

ADOT h a s  not  a d j u s t e d  t h e  Area Lab s t a f f i n g  l e v e l  t o  match t h e  d e c l i n e  i n  

work load .  Work load--as measured by s t a n d a r d  t e s t i n g  hours--during t h e  

f i r s t  h a l f  of 1982 was 54 p e r c e n t  l e s s  t h a n  t h e  work l o a d  f o r  t h e  same 

p e r i o d  i n  1981. T a b l e  6 compares work load  and s t a f f i n g  l e v e l s  f o r  t h e  

same six-month p e r i o d s  i n  1981 and 1982. A s  shown, monthly work l o a d  

d e c l i n e d  from 904 t o  418 s t a n d a r d  t e s t i n g  h o u r s ;  however, l a b  s t a f f  was 

reduced by o n l y  one p o s i t i o n  ( f rom 19 t o  18 FTEs). 



TABLE 6 

DISTRICT 1 AREA LAB 

WORK LOAD AND STAFFING LEVELS FOR THE 

FIRST S I X  MONTHS OF 1981 AND 1982 

Monthly 
Year - Jan.  Feb. Mar. Apr. May June  -- Average 

1981 STH*: 697 1 ,046 1 ,198  1 ,074 844 564 9 04 
FTEs : (19)  (19)  ( 1 9 )  ( 1 9 )  ( 1 9 )  (19)  (19)  

1982 STH": 5 6 1 278 399 532 332 404 418 
FTE s : (18)  ( 1 8 )  (18)  (18)  ( 1 8 )  ( 1 8 )  ( 1 8 )  

* Standard  t e s t i n g  h o u r s  

O v e r s t a f f i n g  caused p r o d u c t i v i t y  t o  f a l l  a lmos t  one-half  (47  p e r c e n t )  

i n  1982. We determined l a b  p r o d u c t i v i t y  by d i v i d i n g  t h e  t e s t i n g  work 

load (STH) by t h e  number o f  employees a c t u a l l y  pe r fo rming  t e s t s .**  As 

shown i n  Tab le  7, a v e r a g e  monthly  p r o d u c t i v i t y  f o r  comparable p e r i o d s  

i n  1981 and 1982 f e l l  from 113 t o  60 s t a n d a r d  t e s t i n g  h o u r s  p e r  

t e s t i n g  employee. 

* 7 of t h e  c u r r e n t  18 p e r s o n n e l  perform t e s t s .  The o t h e r  11 perform 
f i e l d  o r  a d m i n i s t r a t i v e  f u n c t i o n s .  



TABLE 7 

Year 

AKEA LAB PRODUCTIVITY 
FOR THE FIRST SIX MONTHS OF 1981 AND 1982 

1981 S tandard  t e s t i n g  

Jan .  

h o u r s  : 697 
Number of t e s t i n g  

p e r s o n n e l :  ( 8 )  
P r o d u c t i v i t y  

( S T H ~ F T E )  : 8  7  

1982 S tandard  t e s t i n g  
hours  : 561 

Number of t e s t i n g  
p e r s o n n e l :  ( 7 )  

P r o d u c t i v i t y  
( S T H ~ F T E )  : 80 

Monthly 
Feb. Mar. Apr. May June Average 

ADOT shou ld  reduce t h e  Area Lab s t a f f  by a  t o t a l  of seven 

p o s i t i o n s  t o  r e g a i n  t h e  1981 p r o d u c t i v i t y  l e v e l .  T e s t i n g  

p e r s o n n e l  shou ld  be  reduced from seven  t o  f o u r ,  which was 

determined by d i v i d i n g  t h e  1982 a v e r a g e  monthly work load by t h e  

1981 average  monthly p r o d u c t i v i t y  r a t e .  Corresponding r e d u c t i o n s  

should  a l s o  be  made among t h e  n o n t e s t i n g  p e r s o n n e l  because  t h e i r  

a c t i v i t i e s  a r e  roughly  p r o p o r t i o n a l  t o  t h e  amount o f  t e s t i n g  

performed. Tab le  8  compares t h e  a c t u a l  number of  l a b  p e r s o n n e l  

i n  1982 w i t h  p o s i t i o n s  r e q u i r e d  t o  accomplish  t h e  work (based  on 

1981 p r o d u c t i v i t y  r a t e s ) .  



TABLE 8 

ACTUAL AND JUSTIFIED STAFFING LEVELS FOR THE AREA LAB - 
JANUARY THROUGH JUNE 1982 

F u n c t i o n  

T e s t i n g  P e r s o n n e l  

Nontes t ing  Personne l :  
Sampler 
P l a n t  i n s p e c t o r s  
Lab manager 
Lab s u p e r v i s o r  
S e c r e t a r y  
Computation of  t e s t  r e s u l t s  
Receiving and logging samples 

TOTALS 

A c t u a l  P e r s o n n e l  Number of P e r s o n n e l  
( ~ a n u a r ~ - ~ u n e )  t o  M a i n t a i n  1981 

1982 P r o d u c t i v i t y  Ka te  

Lab manager and s u p e r v i s o r  p o s i t i o n s  c a n  b e  combined due t o  t h e  fewer  
number of  p e r s o n n e l  t o  s u p e r v i s e .  

** Because of  t h e  54 p e r c e n t  d e c l i n e  i n  work l o a d ,  one employee c a n  
compute t e s t  r e s u l t s  a s  w e l l  a s  r e c e i v e  and l o g  samples.  

A s  shown, t h e  a r e a  l a b  cou ld  have p rocessed  t h e  work load  i n  1982 w i t h  

seven fewer  employees. These seven  p o s i t i o n s  r e p r e s e n t  a n  annual  s a l a r y  

c o s t  of $175,000. 

F u t u r e  Area Lab S t a f f i n g  Requirements 

The a n t i c i p a t e d  f u t u r e  work load  f o r  t h e  Area  Lab does  n o t  j u s t i f y  a  

s t a f f i n g  l e v e l  of 18 FTEs. Area Lab work load shou ld  n o t  i n c r e a s e  i n  t h e  

n e a r  f u t u r e ,  accord ing  t o  a  D i s t r i c t  1 o f f i c i a l  and o u r  review of t h e  

e s t i m a t e d  c o n s t r u c t i o n  program f o r  D i s t r i c t  1. Although t h e  1-10 and 

Papago Freeway p r o j e c t s  w i l l  b r i n g  a n  i n c r e a s e d  amount of  c o n s t r u c t i o n  t o  

D i s t r i c t  1, t h e s e  p r o j e c t s  w i l l  c o n t i n u e  t o  b e  suppor ted  by a  p r o j e c t  l a b  

r a t h e r  t h a n  t h e  Area Lab. T h e r e f o r e ,  t h e  Area Lab cou ld  s e r v i c e  f u t u r e  

work load w i t h  11 o r  fewer employees,  assuming i t s  j u r i s d i c t i o n  remains 

unchanged. 



E l i m i n a t e  P r o j e c t  Lab i n  D i s t r i c t  1 

ADOT may be  a b l e  t o  f u r t h e r  r educe  p r o j e c t - l e v e l  t e s t i n g  c o s t s  i n  D i s t r i c t  

1 by expanding t h e  Area Lab ' s  j u r i s d i c t i o n  t o  i n c l u d e  a l l  c o n s t r u c t i o n  i n  

D i s t r i c t  1. Under t h e  new f o u r - d i s t r i c t  p l a n ,  D i s t r i c t  1 w i l l  b e  

g e o g r a p h i c a l l y  s m a l l e r  and w i l l  e s s e n t i a l l y  i n c l u d e  t h e  Phoenix 

m e t r o p o l i t a n  a r e a .  Four l a b s  a r e  p r e s e n t l y  i n  t h e  Phoenix a r e a :  1 )  ADOT 

C e n t r a l  Lab; 2 )  D i s t r i c t  1 l a b ;  3 )  t h e  Area Lab; and 4 )  a  p r o j e c t  l a b  

s u p p o r t i n g  1-10 c o n s t r u c t i o n  west  of  Phoenix.  I n  o u r  o p i n i o n ,  s e p a r a t e  

p r o j e c t  l a b s  i n  a d d i t i o n  t o  t h e  Area Lab a r e  unnecessa ry  i n  t h e  new, 

s m a l l e r  D i s t r i c t  1. Under t h e  p r e s e n t  ar rangement ,  Area Lab and p r o j e c t  

l a b  p e r s o n n e l  a r e  s e r v i c i n g  o v e r l a p p i n g  g e o g r a p h i c a l  a r e a s .  F o r  example, 

i n  1982 Area Lab p e r s o n n e l  o f t e n  t r a v e l e d  t o  c o n c r e t e  p l a n t s  w i t h i n  two 

m i l e s  of a n o t h e r  p l a n t  which was supp ly ing  c o n c r e t e  t o  t h e  1-10 p r o j e c t .  

We b e l i e v e  equipment and p e r s o n n e l  s a v i n g s  may b e  p o s s i b l e  i f  t h e  Area Lab 

suppor ted  c o n s t r u c t i o n  * i n  t h e  Phoenix a r e a ,  i n c l u d i n g  t h e  1-10 

p r o j e c t s .  The f e a s i b i l i t y  of u s i n g  t h e  Area  Lab t o  s u p p o r t  1-10 

c o n s t r u c t i o n  w i l l  become even more a p p a r e n t  a s  t h e  freeway p r o g r e s s e s  

eas tward i n t o  Phoenix. 

CONCLUSION 

The ADOT D i s t r i c t  1 Area Lab was o v e r s t a f f e d  by s e v e n  p o s i t i o n s  d u r i n g  t h e  

f i r s t  h a l f  of 1982 because  s t a f f  s i z e  was n o t  a d j u s t e d  t o  match a  

d e c l i n i n g  work load .  The work load  f o r  t h e  Area  Lab i s  n o t  expec ted  t o  

i n c r e a s e  i n  t h e  f u t u r e .  These seven  p o s i t i o n s  r e p r e s e n t  a n  annua l  s a l a r y  

c o s t  of $175,000. 

KECOWENDAT IONS 

1. ADOT e l i m i n a t e  seven  p o s i t i o n s  i n  t h e  D i s t r i c t  1 Area Lab. 

2. ADOT c o n s i d e r  expanding t h e  Area ~ a b ' s  j u r i s d i c t i o n  t o  i n c l u d e  a l l  

c o n s t r u c t i o n  i n  D i s t r i c t  1 and t h e r e b y  e l i m i n a t e  t h e  need f o r  a  

s e p a r a t e  p r o j e c t  l a b .  



FINDING I11 

ADOT COULD PERFORM THE MATERIALS INVESTIGATION FUNCTION MORE EFFICIENTLY. 

ADOT could save $125,000 a n n u a l l y  by performing t h e  m a t e r i a l s  

i n v e s t i g a t i o n  f u n c t i o n  more e f f i c i e n t l y .  ADOT cou ld  e l i m i n a t e  f i v e  

p o s i t i o n s  and reduce t r a v e l - r e l a t e d  c o s t s  by 1 )  t r a n s f e r r i n g  c o r e  

sampling a c t i v i t i e s  t o  t h e  d i s t r i c t  l e v e l  and 2) reduc ing  t h e  s i z e  o f  t h e  

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

a u d i t  ADOT c o r r e c t e d  a n o t h e r  i n e f f i c i e n t  p r a c t  i ce - - tha t  of a l lowing  

members of c e n t r a l  crews t o  l i v e  i n  wide ly  s c a t t e r e d  a r e a s  o f  t h e  S t a t e  

and t h e n  commute t o  work s i t e s  on  S t a t e  t ime  and i n  S t a t e  v e h i c l e s .  

D u t i e s  o f  M a t e r i a l s  F i e l d  Crews 

The Geotechn ica l  S e r v i c e s  U n i t ,  M a t e r i a l s  S e c t i o n  c o n s i s t s  of f i v e  f i e l d  

crews and a n  o f f i c e  suppor t  s t a f f .  Tab le  9 shows t h e  number of p e r s o n n e l  

i n  each f i e l d  crew. 

TABLE 9 

NUMBER OF PERSONNEL I N  FIELD CREWS, 
GEOTECHNICAL SERVICES, MATERIALS SECTION 

Crew - 
P i t  l o c a t i o n  crew 
P i t  i n v e s t i g a t i o n  crew 
D r i l l  crew 
Core crew 

Number of S t a f f  
Crews p e r  Crew 

* T h i s  crew sometimes d i v i d e s  i n t o  two crews and i n c l u d e s  a n  
eng ineer ing  g e o l o g i s t .  - 



The p i t  l o c a t i o n  crew t r a v e l s  throughout  t h e  S t a t e  l o c a t i n g  p o t e n t i a l  

s o u r c e s  f o r  road-bu i ld ing  m a t e r i a l s .  The two p i t  i n v e s t i g a t i o n  crews 

e x p l o r e  t h e  s i t e s  i d e n t i f i e d  by t h e  f i r s t  crew. Using backhoe equipment,  

t h e s e  two crews d i g  p i t s ,  sample t h e  v a r i o u s  s o i l  l a y e r s  and t r a n s p o r t  t h e  

samples t o  t h e  ADOT c e n t r a l  l a b o r a t o r y  f o r  a n a l y s i s .  The d r i l l  crew 

i n v e s t i g a t e s  rock  q u a r r i e s  ( f o r  road-bui ld ing m a t e r i a l s )  and t h e  m a t e r i a l s  

below proposed roadways. T h i s  crew a l s o  removes haza rdous  m a t e r i a l s  from 

s l o p e s  above e x i s t i n g  roadways.* The c o r e  crew t r a v e l s  throughout  t h e  

S t a t e  o b t a i n i n g  t h r e e  t y p e s  of  pavement c o r e  samples :  1 )  " f i n a l  record' '  

c o r e s  of newly completed roadways t o  v e r i f y  t h a t  s p e c i f i c a t i o n s  have been 

met,  2 )  c o r e s  of e x i s t i n g  roadways t o  p r o v i d e  d a t a  f o r  pavement 

r e h a b i l i t a t i o n ,  and 3 )  c o r e s  of  e x i s t i n g  pavements a s  p a r t  of ADOT's 

r e s e a r c h  a c t i v i t i e s .  A l l  c o r e s  a r e  t r a n s p o r t e d  t o  t h e  c e n t r a l  l a b  f o r  

a n a l y s i s .  An o f f i c e  suppor t  s t a f f  p r o v i d e s  s u p e r v i s i o n ,  work schedu l ing  

and o t h e r  s e r v i c e s  f o r  t h e  f i e l d  crews.  

T r a n s f e r  o f  Core Sampling t o  D i s t r i c t s  

ADOT cou ld  e l i m i n a t e  t h r e e  p o s i t i o n s  and reduce  t r a v e l - r e l a t e d  c o s t s  by 

t r a n s f e r r i n g  c o r e  sampling d u t i e s  t o  t h e  d i s t r i c t s .  

High Travel-Rela ted  Cos t s  o f  Core Crew - The three-man c o r e  crew t r a v e l s  

e x t e n s i v e l y  throughout  t h e  S t a t e ,  i n c u r r i n g  h i g h  t r a v e l - r e l a t e d  

cos t s - - inc lud ing  employee t r a v e l  t ime ,  v e h i c l e  usage  and p e r  diem 

expenses .  We analyzed t h e  c r e w ' s  t r a v e l  s c h e d u l e  f o r  t h e  p e r i o d  

January  1, 1981, through March 31 ,  1982. T a b l e  10 shows t h e  c r e w ' s  

movement f o r  s e l e c t e d  weeks d u r i n g  t h a t  p e r i o d  when t r a v e l  appeared 

u n u s u a l l y  h igh .  

* T h i s  d r i l l  crew i s  t h e  s u b j e c t  o f  F ind ing  I V .  

2 6 



TABLE 10 

MOVEMENT OF ADOT CORE CREW FOR SELECTED WEEKS 
D U R I N G  THE PEKIOD JANUARY 1, 1981, THROUGH MARCH 31 ,  1982 

WeeKk Approximate Locat  i o n  

March 9-12, 1981 Phoenix 
P r e s c o t  t 
Ash Fork 
T a y l o r  
Saf f  o rd  
Benson 
Phoenix 

Approximate t o t a l  mi leage :  

J u l y  13-16, 1981 Phoenix 
Kingman 
Tucson 
Nogales 
Sasabe 
Phoenix 

Approximate t o t a l  mi leage :  

August 10-13, 1981 Phoenix 
Tucson 

I) F l a g s t a f f  
T a y l o r  
Ash Fork 
Phoenix 

Approximate t o t a l  m i l e a g e :  

October  26-29, 1981 Phoenix 
Robles  J c t  .** 

( n e a r  ~ u c s o n )  
Phoenix 
Joseph  C i t y  
Phoenix 

Approximate t o t a l  mi leage :  

Type of  A c t i v i t y  

Depar t  f o r  f i r s t  work s i t e  
P r e l i m i n a r y  e n g i n e e r i n g  c o r e s  (PE) 
F i n a l  r e c o r d  c o r e s  (FR) 
F R 
FR 
FR 
R e t u r n  home 
740 

Depar t  f o r  f i r s t  work s i t e  
F R 
FR 
PE 
PE 
R e t u r n  home 
790 

Depar t  f o r  f i r s t  work s i t e  
F R 
PE 
FR 
FK 
R e t u r n  home 
810 

Depar t  f o r  f i r s t  work s i t e  

Resea rch  c o r e s  
FR 
FR 
R e t u r n  home 
680 

- 
* A work week c o n s i s t s  of f o u r  10-hour days.  

* The p r e v i o u s  week t h e  crew was a l s o  i n  Robles  J c t .  t o  o b t a i n  r e s e a r c h  c o r e s .  



TABLE 10 (Conc l 'd )  

MOVEMENT OF ADOT CORE CREW FOR SELECTED WEEKS 
D U K I N G  THE PERIOD JANUARY 1, 1981, THROUGH MARCH 31 ,  1982 

Week - 

J a n u a r y  4-7, 1982 

January  25-28, 1982 

Approximate Locat  i o n  Type o f  A c t i v i t y  

Phoenix Depar t  f o r  f i r s t  work s i t e  
S e l l s  PE 
Chino V a l l e y  Resea rch  
Bul lhead C i t y  Research 
Kingman PE 
Phoenix R e t u r n  home 

Approximate t o t a l  mi leage :  860 

Phoenix Depar t  f o r  f i r s t  work s i t e  
Yuma PE 
S a n t a  Maria Maintenance 

Yard lo ear Bagdad) Misce l l aneous  
Show Low Research 
Phoenix R e t u r n  home 

Approximate t o t a l  mi leage :  820 

Wi th in  a  four-day p e r i o d ,  t h e  crew may c r i s s c r o s s  t h e  S t a t e  s e v e r a l  

t imes .  For  example, F i g u r e  3  shows g r a p h i c a l l y  t h e  c r e w ' s  movement 

f o r  t h e  p e r i o d  August 10-13, 1981. The crew t r a v e l e d  from Phoenix t o  

Tucson, F l a g s t a f f ,  T a y l o r  and Ashfork  b e f o r e  r e t u r n i n g  t o  phoenix ,  

logging a  t o t a l  o f  810 m i l e s  of  t r a v e l .  Assuming t h e  crew t r a v e l e d  a t  

45 m i l e s  p e r  hour,* a lmost  18 h o u r s  ( o r  45 p e r c e n t  of  t h e  work week) 

was spen t  t r a v e l i n g .  

According t o  t h e  c r e w ' s  s c h e d u l i n g  o f f i c e r ,  a s s ignments  f o r  t h e  crew 

a r e  grouped g e o g r a p h i c a l l y  - a s  much a s  f e a s i b l e  t o  minimize t r a v e l .  

However, t h e  d e s i r e  t o  keep t h e  crew busy f o r  t h e  e n t i r e  work week 

( r a t h e r  t h a n  s i t t i n g  i d l e  a t  t h e  Phoenix o f f i c e )  may e x p l a i n  why t h e  

crew i s  sometimes s e n t  t o  widely  d i s p e r s e d  p a r t s  o f  t h e  S t a t e .  

* Average speed of  t h e  c o r e  d r i l l  r i g  on t h e  highway i s  45 m i l e s  
p e r  hour. 



FIGURE 3 

Travel Schedule f o r  Core Crew 
Augus t  10-13, 19812 

Taylor 

(4  ) 

Z 
J- 

" Refer t o  Table 10 for desc r ip t ion  of crew a c t i v i t i e s  during t h i s  period.  



The c o r e  crew i n c u r s  h i g h  c o s t s  r e l a t e d  t o  i t s  s t a t e w i d e  t r a v e l .  Much of  

t h e  c r e w ' s  p o t e n t i a l  work t i m e  i s  consumed t r a v e l i n g .  High mi leage  a l s o  

means h i g h  v e h i c l e  usage  c o s t s .  I n  a d d i t i o n ,  crew members must b e  pa id  

f o r  food and lodg ing  expenses  w h i l e  on t h e  road--a t o t a l  of  $17,500 i n  

f i s c a l  y e a r  1980-81. 

C o s t s  Could Be Reduced - ADOT cou ld  reduce  p e r s o n n e l  and t r a v e l - r e l a t e d  

c o s t s  i f  c o r e  samples were o b t a i n e d  by d i s t r i c t  m a t e r i a l s  p e r s o n n e l .  

D i s t r i c t s  a l r e a d y  have t h e  equipment and a v a i l a b l e  manpower t o  assume 

t h e s e  d u t i e s .  T h i s  t r a n s f e r  of  d u t i e s  would e n a b l e  ADOT t o  e l i m i n a t e  

t h r e e  p o s i t i o n s  and would reduce  employee t r a v e l  t i m e ,  v e h i c l e  m i l e a g e  and 

p e r  diem expenses .  

ADOT p r e s e n t l y  h a s  enough t r a i l e r -mounted  c o r e  d r i l l s  ( s i m i l a r  t o  

equipment used by t h e  c e n t r a l  crew) t o  e q u i p  each  o f  t h e  f o u r  d i s t r i c t s  

f o r  c o r e  sampling.  I n  f a c t ,  each d i s t r i c t  i s  a l r e a d y  o b t a i n i n g  c o r e  

samples of c o n s t r u c t i o n  work i n  p r o g r e s s .  

D i s t r i c t  l a b s  cou ld  assume a l l  c o r e  sampling w i t h o u t  i n c r e a s i n g  t h e i r  

s t a f f s  above t h e  l e v e l s  recommended i n  F i n d i n g  I. As documented i n  

F ind ing  I,  d i s t r i c t  l a b s  i n  g e n e r a l  have been o v e r s t a f f e d  i n  r e c e n t  

y e a r s .  F ind ing  I p roposes  a  method f o r  matching f u t u r e  l a b  s t a f f i n g  

l e v e l s  w i t h  expected work l o a d s .  However, even i f  such a d j u s t m e n t s  a r e  

made, d i s t r i c t  l a b s  w i l l  s t i l l  e x p e r i e n c e  s e a s o n a l  f l u c t u a t i o n s  i n  work 

load a s  w e l l  a s  week-to-week and day-to-day f l u c t u a t i o n s .  D i s t r i c t  l a b  

t e c h n i c i a n s  cou ld  e a s i l y  be  t r a i n e d  t o  assume a l l  c o r e  sampling w i t h i n  t h e  

d i s t r i c t .  With s u f f i c i e n t  advance n o t i c e  from t h e  M a t e r i a l s  S e c t i o n ,  many 

c o r e  sampling r e q u e s t s  cou ld  be  r e s e r v e d  f o r  t h e  s low days  and p e r i o d s .  

One-day e x c u r s i o n s  t o  o b t a i n  c o r e  samples cou ld  be  i n s e r t e d  on days  when 

l a b  t e s t i n g  i s  minimal (which f r e q u e n t l y  o c c u r s  even  d u r i n g  t h e  peak 

c o n s t r u c t i o n  season) .*  One way of accommodating p r i o r i t y  r e q u e s t s  f o r  

c o r e  samples and s t i l l  m a i n t a i n  a  n e c e s s a r y  complement of  l a b  p e r s o n n e l  - 
might be t o  use  d i s t r i c t  maintenance p e r s o n n e l  a s  n o n t e c h n i c a l  members of  

t h e  c o r e  crew ( a s  f lagmen, f o r  example) a s  needed. 

* T r a v e l  cou ld  be minimized by a s s i g n i n g  t h e  c l o s e s t  l a b  t o  o b t a i n  t h e  
samples ,  r e g a r d l e s s  of d i s t r i c t  boundar ies .  



T r a n s f e r r i n g  c o r i n g  d u t i e s  t o  t h e  d i s t r i c t s  would save  ADOT a t  l e a s t  

$75,000 annua l ly .  Three  p o s i t i o n s  i n  t h e  M a t e r i a l s  S e c t i o n  could  be 

e l i m i n a t e d  ( t h e  c e n t r a l  c o r e  crew).  S h o r t e r  d i s t a n c e s  t o  work s i t e s  would 

mean more employee t ime f o r  a c t u a l  work and l e s s  v e h i c l e  mileage.  P e r  

diem c o s t s  would be reduced because  one-day excurs ions--wi thout  o v e r n i g h t  

expenses--would be f e a s i b l e  more o f t e n .  

P i t  I n v e s t  i e a t  ion  Crews O v e r s t a f f e d  

ADOT could e l i m i n a t e  two more p o s i t i o n s  by reduc ing  t h e  m a t e r i a l s  p i t  

i n v e s t i g a t i o n  crews t o  three-man crews. The crews were r e c e n t l y  i n c r e a s e d  

t o  four-man crews a l l e g e d l y  f o r  s a f e t y  reasons .  These s a f e t y  concerns ,  

however, c a n  be s a t i s f i e d  w i t h  three-man crews. 

ADOT's p i t  i n v e s t i g a t i o n  crews o p e r a t e d  w i t h  t h r e e  members each f o r  many 

y e a r s  p r i o r  t o  March 1982. I n  March one of t h e  t h r e e  crews w a s  e l i m i n a t e d  

due t o  decreased  work loads ,  b u t  t h e  remaining two crews were expanded t o  

four-man crews. According t o  t h e  S t a t e  M a t e r i a l s  Engineer ,  crew s i z e  was 

i n c r e a s e d  f o r  s a f e t y  r e a s o n s ;  t h a t  i s ,  t h r e e  employees shou ld  be  on t h e  

job when t h e  backhoe equipment i s  used.  Thus, a four-man crew, i n c l u d i n g  

two equipment o p e r a t o r s ,  e n a b l e s  t h r e e  employees t o  be  on t h e  job even 

when one crew member i s  a b s e n t  f o r  i l l n e s s  o r  o t h e r  reasons .  

These s a f e t y  concerns  can  be s a t i s f i e d ,  however, w i t h  th ree -man  crews. 

For  t h o s e  t imes  when a r e g u l a r  crew member i s  a b s e n t ,  t h e  d i s t r i c t  i n  

which t h e  crew i s  working cou ld  p r o v i d e  t h e  t h i r d  crew member. T h i s  

employee could  come from t h e  d i s t r i c t  m a t e r i a l s ,  maintenance o r  

c o n s t r u c t i o n  u n i t s .  T h i s  s o u r c e  of manpower i s  a l r e a d y  be ing  used by t h e  

c e n t r a l  c o r e  crew when i t  needs  a n  e x t r a  pe rson  f o r  t r a f f i c  c o n t r o l .  

Another p o t e n t i a l  source. f o r  temporary h e l p  i s  t h e  C e n t r a l  Lab, which 

might be a b l e  t o  loan  a n  employee t o  t h e  crew. 

By reducing t h e  p i t  i n v e s t i g a t i o n  crews t o  t h r e e  members each ,  ADOT would 

e l i m i n a t e  two p o s i t i o n s ,  sav ing  $50,000 a n n u a l l y .  I n  a d d i t i o n ,  t h e  crews 

could  o p e r a t e  wi th  two l e s s  v e h i c l e s .  



Commuting P o l i c y  Changed 

During t h e  c o u r s e  of o u r  a u d i t ,  ADOT c o r r e c t e d  a n  i n e f f i c i e n t  p r a c t i c e  

which e x i s t e d  f o r  s e v e r a l  years--allowing members o f  c e n t r a l  crews t o  l i v e  

i n  wide ly  s c a t t e r e d  a r e a s  o f  t h e  S t a t e  and t h e n  commute t o  work s i t e s  on 

S t a t e  t ime  and i n  S t a t e  v e h i c l e s .  However, a d d i t i o n a l  a c t i o n  i s  needed t o  

e l i m i n a t e  v e h i c l e s  which a r e  no longer  needed under t h i s  new p o l i c y .  

Allowing crew members t o  l i v e  i n  wide ly  s c a t t e r e d  a r e a s  of t h e  S t a t e  was a  

holdover  from e a r l i e r  y e a r s  when p i t  i n v e s t i g a t i o n  crews were 

g e o g r a p h i c a l l y  d e c e n t r a l i z e d .  During t h e  peak of i n t e r s t a t e  highway 

c o n s t r u c t i o n  ADOT had seven p i t  i n v e s t i g a t i o n  crews,  each  ass igned  t o  a  

p a r t i c u l a r  a r e a  of t h e  S t a t e .  F o r  e f f i c i e n c y  r e a s o n s ,  crew members l i v e d  

i n  t h e  a r e a  i n  which t h e y  worked. As t h e  amount of new c o n s t r u c t i o n  

d e c l i n e d ,  ADOT e v e n t u a l l y  reduced t h e  number of p i t  i n v e s t i g a t i o n  crews t o  

two. Members of a b o l i s h e d  crews were t r a n s f e r r e d  t o  o t h e r  M a t e r i a l s  

S e c t i o n  crews a s  v a c a n c i e s  occur red  and began working o u t s i d e  t h e  a r e a s  i n  

which t h e y  l i v e d .  As o f  May 1982, members o f  t h e  v a r i o u s  crews l i v e d  i n  

t h e  fo l lowing  l o c a t  ions :  

Core crew -- Tonto Basin ,  Phoenix ,  Phoenix 

P i t  l o c a t i o n  crew -- Show Low, Phoenix 

P i t  i n v e s t i g a t i o n  crew -- Ash f o r k ,  I n d i a n  Wel ls  ( n e a r  Holbrook),  

Sanders ,  Phoenix 

P i t  i n v e s t i g a t i o n  crew -- G i l b e r t ,  G i l b e r t ,  Pima, Pima ( n e a r  S a f f o r d )  

D r i l l  crew -- Pima, Tucson, Tucson, Phoenix 

To accomodate t h i s  ar rangement ,  ADOT allowed crew members t o  d r i v e  between 

home and t h e i r  p o s t s  of d u t y  o r  work s i t e s  i n  ADOT v e h i c l e s  and on ADOT 

time. T h i s  accommodation r e q u i r e d  more v e h i c l e s  and employee t r a v e l  t ime 

t h a n  should have been n e c e s s a r y  t o  perform t h e  work. 

A s  of J u l y  1, 1982, ADOT began e n f o r c i n g  a  new p o l i c y  address ing  t h i s  

c o n d i t i o n .  ADOT now r e q u i r e s  t h a t  crew members t r a v e l  between home and 

d u t y  p o s t s  i n  t h e i r  own v e h i c l e s  and on t h e i r  own t ime.  Phoenix i s  t h e  . 
d u t y  p o s t  f o r  a l l  m a t e r i a l s  crews w i t h  t h e  e x c e p t i o n  of one p i t  

i n v e s t i g a t i o n  crew which i s  now s t a t i o n e d  i n  F l a g s t a f f .  ADOT has  o f f e r e d  

crew members a moving a l lowance s o  they  may l o c a t e  c l o s e r  t o  t h e i r  d u t y  

p o s t s .  



We concur  wi th  t h i s  r e c e n t  p o l i c y  change. T h i s  change w i l l  reduce t r a v e l  

t ime and v e h i c l e  usage and should enab le  t h e  M a t e r i a l s  S e c t i o n  t o  

e l i m i n a t e  t h r e e  v e h i c l e s  from i t s  f l e e t .  ( T h i s  r e d u c t i o n  i s  i n  a d d i t i o n  

t o  t h e  two v e h i c l e s  mentioned e a r l i e r  on page 3 3 . )  A s  of June 1982, t h e  

S e c t i o n  had p l a n s  t o  e l i m i n a t e  o n l y  two of t h e s e  unnecessa ry  v e h i c l e s .  

CONCLUSION 

ADOT could perform t h e  m a t e r i a l s  i n v e s t i g a t i o n  f u n c t i o n  more e f f i c i e n t l y  

by t r a n s f e r r i n g  c o r e  sampling a c t i v i t i e s  t o  t h e  d i s t r i c t  l e v e l  and by 

reducing t h e  s i z e  of t h e  m a t e r i a l s  p i t  i n v e s t i g a t i o n  crews. 

1. ADOT t r a n s f e r  c o r e  sampling a c t i v i t i e s  t o  t h e  d i s t r i c t  l e v e l  and 

e l i m i n a t e  t h e  t h r e e  c o r e  crew p o s i t i o n s  i n  t h e  M a t e r i a l s  S e c t i o n .  

2 .  ADOT reduce t h e  s i z e  of p i t  i n v e s t i g a t i o n  crews t o  t h r e e  members each,  

the reby  e l i m i n a t i n g  two p o s i t i o n s  and u s e  d i s t r i c t  o r  C e n t r a l  Lab 

personne l  a s  needed t o  f i l l  i n  f o r  a b s e n t  crew members. 

3 .  The M a t e r i a l s  S e c t i o n  reduce  i t s  f l e e t  s i z e  by f i v e  v e h i c l e s  i n  

con junc t  i o n  wi th  recommendat i o n  2  and t h e  new p o l i c y  a f  f e c t  i n g  t r a v e l  

between home and d u t y  p o s t .  



FINDING I V  

MOT COULD REDUCE COSTS BY C O M B I N I N G  DRILL CREWS INTO ONE UNIT. 

ADOT could  reduce p e r s o n n e l  and equipment c o s t s  by combining d r i l l  crews 

of t h e  S t r u c t u r e s  and M a t e r i a l s  S e c t i o n s  i n t o  a  s i n g l e  u n i t .  The two 

crews perform s i m i l a r  f u n c t i o n s  u s i n g  s i m i l a r  equipment and personne l .  

Both crews may have been needed d u r i n g  t h e  h e i g h t  o f  i n t e r s t a t e  highways 

c o n s t r u c t i o n ;  however, t h e  d e c l i n e  i n  new c o n s t r u c t i o n  h a s  a l t e r e d  t h e  

crews '  work loads  and a c t i v i t i e s ,  making a  c o n s o l i d a t i o n  more d e s i r a b l e .  

ADOT could manage equipment more e f f i c i e n t l y  and e l i m i n a t e  two p o s i t i o n s  

by combining t h e  two crews i n t o  one u n i t .  

O r g a n i z a t i o n  and Func t ion  o f  Crews 

Two d i f f e r e n t  s e c t i o n s  o f  t h e  ADOT Highways D i v i s i o n  have d r i l l  crews 

which perform s i m i l a r  f u n c t i o n s  u s i n g  s i m i l a r  equipment and personne l .  

One crew i s  l o c a t e d  i n  t h e  Foundat ion Engineer ing  Branch o f  t h e  S t r u c t u r e s  

S e c t i o n ;  t h e  o t h e r  one i s  i n  t h e  Geologic I n v e s t i g a t i o n  Branch of t h e  

M a t e r i a l s  Sec t ion .  

The S t r u c t u r e s  S e c t i o n  d r i l l  crew i n v e s t i g a t e s  t h e  s u b s o i l  o f  proposed 

b r i d g e  s i t e s ,  p r o v i d e s  s o i l  samples f o r  l a b o r a t o r y  t e s t s  and g a t h e r s  o t h e r  

g e o l o g i c a l  i n £  onna t ion  r e l a t i v e  t o  b r i d g e  s i t e s .  T h i s  i n £  ormat i o n  i s  used 

i n  t h e  d e s i g n  phase  of a  c o n s t r u c t i o n  p r o j e c t .  The c r e w ' s  main equipment 

i s  a  l a r g e  truck-mounted d r i l l .  

The M a t e r i a l s  S e c t i o n  d r i l l  crew i s  a l s o  invo lved  i n  s u b s o i l  

i n v e s t i g a t i o n .  Using d r i l l i n g  equipment ve ry  s i m i l a r  t o  t h a t  used by t h e  

S t r u c t u r e s  crew, t h e  M a t e r i a l s  crew i n v e s t i g a t e s  p o t e n t i a l  m a t e r i a l  p i t s  

( q u a r r i e s )  and t h e  s o i l  below proposed roadways. T h i s  i n f o r m a t i o n  i s  a l s o  

used i n  t h e  d e s i g n  p rocess .  

The two crews a r e  composed of pe rsonne l  w i t h  s i m i l a r  t r a i n i n g  and 

q u a l i f i c a t i o n s .  Tab le  11 shows t h e  c l a s s i f i c a t i o n  of p o s i t i o n s  a s s o c i a t e d  

wi th  each crew. 



TABLE 11 

CLASSIFICATION OF POSIT IONS 
ASSOCIATED WITH EACH DRILL CREW 

M a t e r i a l s  S e c t i o n ,  
Geologic I n v e s t i g a t i o n  Branch 

C i v i l  Engineer  I1 
F i e l d  Crew*: 

Engineer ing  Geolog i s t  
Equipment Opera to r  111 
Equipment Opera to r  111 
Highway Maintenance 

Worker I11 
Equipment Opera to r  I 

S t r u c t u r e s  S e c t i o n ,  
Foundat ion Engineer ing  Branch 

C i v i l  Eng ineer  I1 
F i e l d  Crew: 

Engineer ing  G e o l o g i s t  
Equipment O p e r a t o r  111 
Equipment Opera to r  I1 

* The five-member f i e l d  crew i s  sometimes d i v i d e d  i n t o  two crews. 

Personne l  have t r a n s f e r r e d  between t h e  two crews,  f u r t h e r  i n d i c a t i n g  t h e  

s i m i l a r i t i e s  between t h e  crews, and one crew h a s  even performed work f o r  

t h e  o t h e r  crew on occas ion .  

Dec l ine  i n  New C o n s t r u c t i o n  
Has A l t e r e d  Crew A c t i v i t i e s  

A s h i f t  i n  emphasis i n  t h e  highway c o n s t r u c t i o n  program h a s  a l t e r e d  t h e  

work load and a c t i v i t i e s  of t h e  two d r i l l  crews.  The amount of new 

highway c o n s t r u c t i o n  h a s  d e c l i n e d  i n  r e c e n t  y e a r s  a s  t h e  i n t e r s t a t e  system 

neared completion.* A l a r g e r  p e r c e n t  of a v a i l a b l e  highway funds  i s  now 

being used t o  m a i n t a i n  o r  r e h a b i l i t a t e  t h e  e x i s t i n g  roadways. 

* The i n t e r s t a t e  highway system i n  Arizona i s  98 p e r c e n t  complete ,  a s  
measured i n  l a n e  m i l e s  completed. 



The d e c l i n e  i n  i n t e r s t a t e  c o n s t r u c t i o n  h a s  d e c r e a s e d  t h e  t r a d i t i o n a l  work 

load of t h e  S t r u c t u r e s  S e c t i o n  d r i l l  crew. The number o f  b r i d g e  s i t e s  

i n v e s t i g a t e d  a n n u a l l y  by t h i s  crew h a s  d e c l i n e d  i n  r e c e n t  y e a r s .  T a b l e  12 

shows t h e  number o f  " p r o j e c t s "  i n v e s t i g a t e d  by t h e  crew and t h e  r e s u l t i n g  

number of b o r i n g s  f o r  t h e  p e r i o d  1974-1981. T h i s  d a t a  comes from 

q u a r t e r l y  r e p o r t s  of t h e  Foundat ion Engineer ing  Branch, S t r u c t u r e s  S e c t i o n .  

TABLE 12 

STRUCTURES SECTION DRILL CREW WORK LOAD 
CALENDAR YEARS 1974-1981 

Year Number of P r o j e c t s  

23 
3  5 
2 9  
2  3" 

- - ( d a t a  u n a v a i l a b l e )  

21 
14 
9  

Number o f  Bor ings  

* Est imate :  One q u a r t e r l y  r e p o r t  u n a v a i l a b l e  f o r  1977; e s t i m a t e  
based on e x t r a p o l a t i o n  of t h r e e  a v a i l a b l e  q u a r t e r s .  

Tab le  12 shows t h a t  t h e  c r e w ' s  work load  i n  1980 and 1981 was o n l y  about  

h a l f  t h e  annual  work load  i n  e a r l i e r  years--as measured by numbers of 
I I p r o j e c t s "  and bor ings .  

The d e c l i n e  i n  new highway c o n s t r u c t  i o n  h a s  a l s o  a£ £ e c t e d  t h e  a c t i v i t i e s  

o f  t h e  M a t e r i a l s  S e ~ ~ i o n -  d r i l l  crew. I n  t h e  p a s t ,  t h e  main a c t i v i t y  of 

t h i s  crew was t o  i n v e s t i g a t e  p o t e n t i a l  m a t e r i a l  s o u r c e s  and t h e  s u b s o i l  

a long  t h e  r o u t e s  of proposed roadways. T h i s  a c t i v i t y  r e q u i r e d  r e g u l a r  u s e  

o f  t h e  c r e w ' s  d r i l l i n g  equipment. A s  new c o n s t r u c t i o n  d e c l i n e d ,  t h e  crew 

began performing more a c t i v i t i e s  r e l a t e d  t o  t h e  maintenance of e x i s t i n g  

roadways--such a s  removing hazardous  rocks  on s l o p e s  and s t a b i l i z i n g  

p o t e n t i a l  s l i d e  a r e a s .  Approximately 50 p e r c e n t  of t h e  c r e w ' s  work load 



i n  1981 cou ld  be  c a t e g o r i z e d  a s  " n o n t r a d i t i o n a l . "  Some of  t h e s e  

a c t i v i t i e s  were t r a d i t i o n a l l y  performed by c o n t r a c t o r s .  

Combining Crews Would Keduce Cos t s  

ADOT cou ld  r e a l i z e  s e v e r a l  b e n e f i t s  by combining t h e  two d r i l l  crews 

i n t o  a  s i n g l e  u n i t .  F i r s t ,  ADOT cou ld  avo id  t h e  replacement  of  some 

expensive  d r i l l i n g  equipment which i s  n o t  be ing  f u l l y  u t i l i z e d  under 

t h e  p r e s e n t  ar rangement .  Second, p e r s o n n e l  c o u l d  be  u t i l i z e d  more 

e f f i c i e n t l y ,  a l lowing  f o r  a  r e d u c t i o n  of  two p o s i t i o n s .  T h i r d ,  ADOT 

may r e a l i z e  o t h e r  n o n t a n g i b l e  b e n e f i t s  r e l a t i n g  t o  p r o f e s s i o n a l  

competence and c a r e e r  development o p p o r t u n i t i e s .  

Equipment Sav ings  - By combining t h e  two crews,  ADOT c o u l d  avo id  

replacement  of some expens ive  d r i l l i n g  equipment which c u r r e n t l y  i s  

n o t  b e i n g  f u l l y  u t i l i z e d .  As mentioned e l sewhere ,  t h e  crews have 

s i m i l a r  d r i l l i n g  equipment. Each crew h a s  a  l a r g e  truck-mounted 

d r i l l .  I n  a d d i t i o n ,  t h e  M a t e r i a l s  S e c t i o n  crew h a s  a  s m a l l e r  d r i l l  

r i g .  Usage of t h e s e  d r i l l s  i n  r e c e n t  y e a r s  does  n o t  j u s t i f y  c o n t i n u e d  

replacement  of a l l  t h r e e  r i g s .  T a b l e  13  shows t h e  usage  of  t h i s  

equipment d u r i n g  1980 and 1981. 

TABLE 13 

DRILLING EQUIPMENT USAGE 
AS SIlOWN BY PERCENTAGE OF DAYS I N  USE - 

1980-1981 

1980 1981 
Number o f  Number of  

Number of  Days D r i l l  P e r c e n t  Number of  Days D r i l l  P e r c e n t  (( 
Workdays* Was Operated Usage Workdays* Was Operated Usage 

S t r u c t u r e s  S e c t i o n  - 
Large d r i l l  200 119 60% 200 124 62% 

M a t e r i a l s  S e c t i o n  - 
Large d r i l l  200 5 9 30 200 0 90k 0 (111 
Small  d r i l l  200 - 

Combined U t i l i z a t i o n  600 - 

Based on 10-hour workdays, 4  days  p e r  week; h o l i d a y s  no t  i n c l u d e d  
_I _I 

x X  D r i l l  was i n o p e r a b l e ;  e v e n t u a l l y  r e p l a c e d  i n  1982. 



A s  shown i n  Tab le  13,  combined u t i l i z a t i o n  of  t h e  d r i l l i n g  equipment,  

which averaged l e s s  t h a n  40 p e r c e n t  i n  1980 and 1981, does  n o t  j u s t i f y  t h e  

con t inued  replacement  of  a l l  t h r e e  r i g s .  However, i n  J u l y  1981 ADOT 

awarded a  b i d  f o r  $150,000 t o  r e p l a c e  t h e  l a r g e  d r i l l  i n  t h e  M a t e r i a l s  

Sec t ion .*  The S t r u c t u r e s  S e c t i o n  d r i l l  r i g  w i l l  be  due f o r  r ep lacement  i n  

f o u r  o r  f i v e  y e a r s ,  accord ing  t o  a n  ADOT e s t i m a t e .  T h i s  r ep lacement  can  

be avoided i f  t h e  two crews a r e  combined i n t o  one uni t - -a  s a v i n g s  of a t  

l e a s t  $150,000. 

Pe r sonne l  Savings  - S t a f f i n g  could  b e  reduced and p e r s o n n e l  cou ld  be 

u t i l i z e d  more e f f i c i e n t l y  i f  t h e  two crews were  combined i n t o  a  s i n g l e  

u n i t .  

We e s t i m a t e  t h a t  two p o s i t i o n s  cou ld  b e  e l i m i n a t e d  i f  t h e  crews were 

combined. Combining crews would s t i l l  a l l o w  t h e  M a t e r i a l s  S e c t i o n  - 
Geologic  I n v e s t i g a t i o n  Branch t o  s t a f f  two d r i l l i n g  r i g s  ( 3  members each)  

and meet a l l  t h e  d r i l l i n g  work load.  As shown p r e v i o u s l y  i n  T a b l e  16,  t h e  

combined u t i l i z a t i o n  of  a l l  d r i l l i n g  equipment h a s  r e c e n t l y  been from 35 

t o  38 p e r c e n t .  T h i s  work load cou ld  b e  performed by a  combined crew u s i n g  

two d r i l l i n g  r i g s .  F u r t h e r ,  a  combined crew would s t i l l  have a s  much a s  

40 p e r c e n t  of i t s  t ime  a v a i l a b l e  f o r  n o n d r i l l i n g  a c t i v i t i e s .  

Combining d r i l l i n g  crews and s t a f f i n g  two d r i l l i n g  r i g s  w i t h  t h r e e  crew 

members each would a l l o w  f o r  a  r e d u c t i o n  o f  two p o s i t i o n s  a t  a  s a v i n g s  of 

$40,000 t o  $50,000 p e r  year.** 

Combining f u n c t i o n s  would a l s o  p r o v i d e  f o r  more e f f i c i e n t  u s e  of  

p e r s o n n e l .  Bad wea the r ,  equipment downtime, s i c k  l e a v e  and v a c a t i o n s  

would have l e s s  impact on p r o d u c t i v i t y  i f  t h e  crews were combined. 

P r e s e n t l y ,  members of t h e  S t r u c t u r e s  S e c t i o n  d r i l l  c rew a r e  l a r g e l y  

l i m i t e d  t o  one t y p e  of  a c t i v i t y - - i n v e s t i g a t i o n  of  f o u n d a t i o n s  of e x i s t i n g  

o r  proposed s t r u c t u r e s .  T h e r e f o r e  bad wea the r ,  equipment downtime, s i c k  

* Equipment was d e l i v e r e d  t o  ADOT i n  August 1982. 
* Amount of s a v i n g s  depends o n  which p o s i t i o n s  ADOT e l i m i n a t e s .  



l e a v e  o r  v a c a t i o n s  h a l t  t h e  c r e w ' s  a c t i v i t y .  Equipment downtime a l o n e  

caused 45 crew-days o f  l o s t  work i n  1980 and 1981 f o r  t h e  S t r u c t u r e s  

S e c t i o n  d r i l l  crew; s i c k  l e a v e  caused  a n  a d d i t i o n a l  20 crew-days o f  l o s t  

work d u r i n g  t h e  same p e r i o d .  Loss  o f  p r o d u c t i v i t y  due  t o  t h e s e  r e a s o n s  

would b e  much l e s s  under  a  combined u n i t  because  p e r s o n n e l  c o u l d  be  

s h i f t e d  among crews o r  t o  o t h e r  a s s ignments  a s  needed.  

Nontang ib le  B e n e f i t s  - The F e d e r a l  Highway A d m i n i s t r a t i o n  (FHWA) b e l i e v e s  

ADOT would r e a l i z e  some a d d i t i o n a l  n o n t a n g i b l e  b e n e f i t s  by combining t h e  

crews i n t o  one u n i t .  I n  1974 FHWA reviewed t h e  s o i l s - r e l a t e d  f u n c t i o n s  

w i t h i n  ADOT; t h e  r e p o r t  c o n t a i n s  t h i s  s t a t e m e n t :  

1 1  The m a j o r i t y  of  S t a t e s  have found i t  b e n e f i c i a l  t o  
combine t h e  s o i l  e n g i n e e r i n g  f u n c t i o n s  i n t o  one u n i t .  
These b e n e f i t s  a r e  t h e  u n i f i e d  c o n t r o l  o f  p e r s o n n e l  and 
equipment t h a t  a r e  invo lved  w i t h  t h e  same b a s i c  
problems--soi ls  and geo logy ,  t h e  a b i l i t y  t o  m a i n t a i n  a 
h i g h e r  g e n e r a l  l e v e l  o f  s o i l  e n g i n e e r i n g  e x p e r t i s e  due  
t o  t h e  c o n c e n t r a t i o n  of  e x p e r i e n c e  w i t h i n  t h e  s i n g l e  
s e c t i o n ,  t h e  o p p o r t u n i t y  f o r  e n g i n e e r s  and g e o l o g i s t s  
t o  more r a p  i d l y  deve lop  broad e x p e r i e n c e  i n  highway 
s o i l s  e n g i n e e r i n g ,  and t h e  means o f  p r o v i d i n g  a  c a r e e r  
program i n  t h e  s o i l s  and geology a r e a ,  which i s  most 
necessa ry  and a t t r a c t i v e  i n  r e t a i n i n g  p r o f e s s i o n a l  
p e r s o n n e l .  It i s  f e l t  t h a t  t h e  Arizona Department of  
T r a n s p o r t a t i o n  cou ld  b e n e f i t  by a  c o n s o l i d a t i o n  of  t h i s  
e f f o r t  . ' I  

I n  a  follow-up rev iew i n  1975, FHWA a g a i n  recommended combining t h e  crews 

i n t o  one u n i t .  

ADOT Response t o  P r o p o s a l  - Our p r o p o s a l  t o  combine t h e  d r i l l  c rews i n t o  a  

s i n g l e  u n i t  r e c e i v e d  mixed response  from ADOT managers a s s o c i a t e d  w i t h  

t h e s e  f u n c t i o n s .  S u p e r v i s o r y  p e r s o n n e l  i n  t h e  Geologic  I n v e s t i g a t i o n  

Branch,  M a t e r i a l s  S e c t i o n ,  suppor ted  t h e  i d e a  o f  a  combined u n i t .  I n  

f a c t ,  d u r i n g  t h e  c o u r s e  of  o u r  a u d i t ,  t h e y  submi t t ed  t h i s  s u g g e s t i o n  t o  a n  

ADOT group seek ing  c o s t - c u t t i n g  i d e a s .  They made t h e  same recommendation 

t o  upper management w i t h i n  t h e  Highways D i v i s i o n  i n  June  1981. I n  bo th  

c a s e s  t h e y  e s t i m a t e d  t h a t  two p o s i t i o n s  c o u l d  b e  e l i m i n a t e d  i f  t h e  crews 



were merged i n t o  a  s i n g l e  u n i t .  When we reviewed o u r  p r o p o s a l  w i t h  

S t r u c t u r e s  S e c t i o n  o f f i c i a l s ,  however, t h e y  expressed  two r e s e r v a t i o n s  

about  a  c o n s o l i d a t i o n ,  p a r t i c u l a r l y  i f  t h e  u n i t  was l o c a t e d  w i t h i n  t h e  

M a t e r i a l s  S e c t i o n .  F i r s t ,  t h e y  f e a r e d  a  l o s s  of q u a l i t y  i n  t h e  f o u n d a t i o n  

d a t a  used i n  t h e  d e s i g n  of s t r u c t u r e s . *  Secondly,  t h e y  f e a r e d  t h e  

t i m e l i n e s s  of founda t ion  i n v e s t i g a t i o n s  would s u f f e r ,  t h e r e b y  a f f e c t i n g  

d e s i g n  a c t i v i t i e s .  

According t o  t h e  S t r u c t u r e s  S e c t i o n  manager, t h e  f i r s t  r e s e r v a t i o n  would 

be  m i t i g a t e d  i f  t h e  C i v i l  Engineer  I1 p o s i t i o n ,  which i s  a  founda t ions  

e n g i n e e r ,  was r e t a i n e d  i n  t h e  S t r u c t u r e s  S e c t i o n .  T h i s  e n g i n e e r  

i n t e r p r e t s  t h e  s o i l s  d a t a  and works w i t h  t h e  b r i d g e  d e s i g n e r s  on a d a i l y  

b a s i s .  Our recommendation f o r  s t a f f  r e d u c t i o n  l e a v e s  t h i s  p o s i t i o n  i n  t h e  

S t r u c t u r e s  S e c t i o n .  We b e l i e v e  t h e  second p o t e n t i a l  problem cou ld  be 

avoided by advance schedu l ing  and by a d m i n i s t r a t i v e  mechanisms which would 

c l e a r l y  e s t a b l i s h  crew p r i o r i t i e s  when c o n f l i c t s  a r o s e .  

CONCLUSION 

The combining of d r i l l i n g  crews i n t o  a  s i n g l e  u n i t  would e n a b l e  ADOT t o  

reduce equipment and p e r s o n n e l  c o s t s .  The replacement  o f  some expens ive  

d r i l l i n g  equipment cou ld  b e  avoided--a s a v i n g s  o f  a t  l e a s t  $150,000. I n  

a d d i t i o n ,  two p o s i t i o n s  cou ld  b e  e l i m i n a t e d  a t  a s a v i n g s  of $40,000 t o  

$50,000 p e r  year .  

KECOPIMENDAT IONS 

1. ADOT combine t h e  Foundat ion Engineer ing  Branch o f  t h e  S t r u c t u r e s  

S e c t i o n  and t h e  Geologic  I n v e s t i g a t i o n  Branch o f  t h e  M a t e r i a l s  S e c t i o n  

i n t o  a  s i n g l e  o r g a n i z a t i o n a l  u n i t  l o c a t e d  w i t h i n  t h e  M a t e r i a l s  S e c t i o n .  

* A 1974 FHWA r e p o r t ,  c i t e d  e a r l i e r ,  seems t o  d i s p u t e  t h i s  c la im.  The 
r e p o r t  n o t e s  t h a t  o t h e r  s t a t e s  w i t h  combined u n i t s  have achieved ". . .a  
h i g h e r  g e n e r a l  l e v e l  of s o i l  e n g i n e e r i n g  e x p e r t i s e  due t o  t h e  
c o n c e n t r a t i o n  of exper ience  w i t h i n  t h e  s i n g l e  sec t ion . . . . "  



KECOWIENDAT IONS ( Conc 1 ' d )  

2. ADOT e l i m i n a t e  two p o s i t i o n s  a s  t h i s  merger o c c u r s .  

3 .  ADOT adopt  p o l i c i e s  and a d m i n i s t r a t i v e  mechanisms which w i l l  enab le  

t h e  t i m e l y  t r a n s m i s s i o n  o f  r e q u e s t s  and f o u n d a t i o n  d a t a  between t h e  

S t r u c t u r e s  S e c t i o n  and t h e  combined i n v e s t i g a t i v e  u n i t .  

4. ADOT n o t  r e p l a c e  t h e  S t r u c t u r e s  S e c t i o n  d r i l l  r i g  b u t  u s e  i t  a s  a  

backup r i g  f o r  t h e  combined d r i l l  crew u n t i l  i t s  u s e f u l  l i f e  i s  

expended. 



FINDING V 

ADOT COULD 1EDUCE THE FKEQUENCY OF MATERIALS SAMPLING AND TESTING. 

ADOT cou ld  reduce  s t a f f i n g  requ i rements  and p r o j e c t  e n g i n e e r i n g  c o s t s  by 

c o n t r o l l i n g  m a t e r i a l s  oversampl ing .  Although t h e  Department h a s  i s s u e d  

g u i d e l i n e s  aimed a t  r educ ing  t h e  f requency  o f  m a t e r i a l s  sampl ing,  i n  some 

i n s t a n c e s  p r o j e c t  p e r s o n n e l  have n o t  f u l l y  implemented t h e  g u i d e l i n e s  and 

do  no t  a d e q u a t e l y  c o n t r o l  oversampl ing.  I n  a d d i t i o n ,  ADOT shou ld  c o n s i d e r  

e l i m i n a t i n g  some c o n c r e t e  c y l i n d e r  t e s t s  a s  a n o t h e r  way t o  reduce  l a b  work 

loads .  

E f f o r t s  t o  Keduce M a t e r i a l s  T e s t i n g  C o s t s  

I n  r e c e n t  y e a r s  governmental  a g e n c i e s  invo lved  i n  road b u i l d i n g  have 

exper imented w i t h  ways t o  r educe  m a t e r i a l s  t e s t i n g  c o s t s  wi thou t  

j e o p a r d i z i n g  t h e  q u a l i t y  of  r o a d s  b u i l t .  ADOT h a s  t a k e n  s e v e r a l  s t e p s  i n  

t h i s  d i r e c t i o n .  

The B l a t n i k  I n v e s t i g a t i o n  i n  1962-63* i n i t i a t e d  a  p e r i o d  i n  which s t a t e  

governments e s t a b l i s h e d  comprehensive ,  c o s t l y  s y s  t e n s  of  c o n t r o  1 o v e r  

road-bui ld ing a c t i v i t i e s ,  i n c l u d i n g  a n  e x t e n s i v e  sys tem f o r  sampl ing and 

t e s t i n g  c o n s t r u c t i o n  m a t e r i a l s .  More r e c e n t l y ,  however, t h e  c o s t - b e n e f i t  

of some t e s t i n g  h a s  been s e r i o u s l y  q u e s t i o n e d  by governmental  o f f i c i a l s ,  

l e a d i n g  t o  e x p e r i m e n t a t i o n  i n  t h e  m a t e r i a l s  t e s t i n g  a r e a .  

* The B l a t n i k  I n v e s t i g a t i o n  was a  c o n g r e s s i o n a l  i n v e s t i g a t i o n  i n t o  
c o n s t r u c t i o n  p r a c t i c e s  i n  f e d e r a l - a i d  highway p r o j e c t s  th roughout  t h e  
n a t i o n .  The i n v e s t i g a t i o n  r e v e a l e d  t h a t  s t a t e  s u p e r v i s i o n  and c o n t r o l  
o v e r  t h e s e  p r o j e c t s  was g e n e r a l l y  inadequa te .  



F o r  example, some s t a t e s  have adop ted  "end-product" t y p e  s p e c i f i c a t i o n s  

which r e d u c e  t h e  o v e r a l l  amount of  m a t e r i a l s  t e s t i n g .  End-product 

s p e c i f i c a t i o n s  r e q u i r e  t h a t  t h e  p r o d u c t  of  c o n s t r u c t i o n  b e  t e s t e d  r a t h e r  

t h a n  t h e  i n d i v i d u a l  m a t e r i a l s  which make up t h a t  p r o d u c t .  I n  a d d i t i o n ,  

FHWA g u i d e l i n e s  concern ing  f e d e r a l - a i d  highway p r o j e c t s  have been r e v i s e d  

t o  a l l o w  s m a l l  q u a n t i t i e s  of  m a t e r i a l s  t o  b e  accep ted  on t h e  b a s i s  of 

v i s u a l  i n s p e c t i o n  o r  m a n u f a c t u r e r ' s  c e r t i f i c a t i o n .  

ADOT h a s  t a k e n  s e v e r a l  n o t a b l e  s t e p s  toward reduc ing  m a t e r i a l s  t e s t i n g  

c o s t s .  For  example, i n  1978 ADOT adopted a n  end-product type  

s p e c i f i c a t i o n  f o r  concre te*  which reduces  t h e  amount of t e s t i n g  and 

i n s p e c t i o n  r e q u i r e d  b e f o r e  t h e  c o n c r e t e  c a n  b e  used i n  t h e  p r o j e c t .  

F u r t h e r ,  i n  September 1981 ADOT d i s c o n t i n u e d  a  t h r e e - l e v e l  c o r r e l a t i o n  

t e s t i n g  program, conc lud ing  i t  added a n  unnecessa ry  and i n e f f e c t i v e  l a y e r  

of c o n t r o l  t o  t h e  t e s t i n g  system. F i n a l l y  i n  February  1982, ADOT i s s u e d  a  

new Sampling Guide which e s t a b l i s h e d  lower sampl ing f r e q u e n c i e s  f o r  many 

t y p e s  of  ma te r i a l s .**  T h i s  was i n  r esponse  t o  a  s e r i e s  o f  FHWA a u d i t s  

c i t i n g  ADOT f o r  oversampl ing c e r t a i n  t y p e s  o f  m a t e r i a l s .  

New Sampling Guide Is Not 
F u l l y  Implemented 

Although ADOT h a s  i s s u e d  g u i d e l i n e s  e s t a b l i s h i n g  reduced sampling 

f r e q u e n c i e s ,  i n  some i n s t a n c e s  p r o j e c t  p e r s o n n e l  have n o t  f u l l y  

implemented t h e  new sampling g u i d e l i n e s  and ph i losophy .  More 

p a r t i c u l a r l y ,  some p r o j e c t  p e r s o n n e l  1 )  a r e  n o t  knowledgeable of  t h e  new 

sampling f r e q u e n c i e s ,  2 )  l a c k  methods f o r  a c t i v e l y  m o n i t o r i n g  and 

c o n t r o l l i n g  oversampl ing,  o r  3 )  have n o t  adopted a  f l e x i b l e  approach t o  

e s t a b l i s h i n g  a c t u a l  sampling f r e q u e n c i e s .  

Some p r o j e c t  p e r s o n n e l  ' r e s p c n s i b l e  f o r  m a t e r i a l s  q u a l i t y  a r e  n o t  w e l l  

informed r e g a r d i n g  t h e  new g u i d e l i n e s .  I n  June  and J u l y  1982 we v i s i t e d  

s i x  ADOT p r o j e c t  o f f i c e s  t o  d i s c u s s  t h e  new Sampling Guide and review 

m a t e r i a l s  t e s t i n g  r e c o r d s .  At one p r o j e c t  o f f i c e  we l e a r n e d  t h a t  t h e  

of £ i c e  had rece ived  t h e  new g u i d e l i n e s ;  however, c o n c r e t e  t e s t  c y l i n d e r s  

* 5503 - S t r u c t u r a l  c o n c r e t e  ( c l a s s  S ) ,  ADOT Supplementa l  S p e c i f i c a t i o n s  
(August 1978) 

** The changes i n  sampling f requency  were o f f i c i a l l y  adopted i n  November 
1981. 



were s t i l l  be ing made a c c o r d i n g  t o  t h e  f requency  e s t a b l i s h e d  i n  t h e  o l d  

guidel ines--one s e t  p e r  25 c u b i c  y a r d s .  The o f f i c e  labman was n o t  aware - 
t h a t  t h e  new recommended f requency  was one s e t  p e r  50 c u b i c  y a r d s .  A t  a  

second p r o j e c t  o f f i c e  we l e a r n e d  t h a t  t h e  o f f i c e  labman was n o t  aware of  

t h e  new sampling f requency  f o r  c o n c r e t e  a g g r e g a t e s ,  even though t h e  

r e v i s e d  g u i d e l i n e s  had been r e c e i v e d  s e v e r a l  months e a r l i e r .  A t  a t h i r d  

p r o j e c t  o f f i c e  we l e a r n e d  t h a t  t h e  m a t e r i a l s  p e r s o n n e l  d i d  n o t  r e c e i v e  t h e  

new Sampling Guide u n t i l  t h r e e  months a f t e r  t h e  o f f i c i a l  i s s u a n c e  of  t h e  

document by t h e  C e n t r a l  Lab. 

I n  a d d i t i o n ,  some p r o j e c t  o f f i c e s  a r e  n o t  a c t i v e l y  m o n i t o r i n g  t h e  

f requency  of m a t e r i a l s  sampl ing.  I n  1981, FHWA conducted 
I'  ' inspections-in-depth" of  13  highway p r o j e c t s  i n  Arizona.  These 

i n s p e c t i o n s  inc luded  a  d e t a i l e d  review o f  t h e  m a t e r i a l s  t e s t i n g  r e c o r d s .  

According t o  FHWA o f f i c i a l s  invo lved  i n  t h o s e  i n s p e c t  i o n s ,  t h e y  n o t  i c e d  a  

c o n s c i o u s  e f f o r t  t o  c o n t r o l  oversampl ing i n  o n l y  t h r e e  o f  t h e  13 p r o j e c t  

o f f i c e s .  I n  i t s  summary r e p o r t  i s s u e d  i n  January  1982, FHWA recommended a  

moni to r ing  method t h a t  i t  had s e e n  used i n  a  few p r o j e c t  o f f i c e s .  

" . . . (A)  a c t i v e  moni to r ing  of  f r e q u e n c i e s  by t h e  p r o j e c t  
q u a l i t y  c o n t r o l  s u p e r v i s o r  o r  r e s i d e n t  e n g i n e e r  a s  t h e  
p r o j e c t  p r o g r e s s e s  would a i d  i n  d e t e c t i n g  m a t e r i a l s  
t h a t  a r e  undergoing e x c e s s i v e  t e s t i n g  o r  i n s u f f i c i e n t  
t e s t i n g .  The M a t e r i a l s  S e r v i c e s  D i v i s i o n ' s  "Sample 
C h e c k l i s t "  cou ld  b e  used i n  e s t a b l i s h i n g  t h e  b a s i c  
number of samples needed t o  meet t h e  Sampling Guide 
recommendation p r i o r  t o  t h e  s t a r t  of  t h e  p r o j e c t .  T h i s  
could  be  used a s  a  g u i d e  a s  t h e  p r o j e c t  p r o g r e s s e s  and 
modif ied  when c o n d i t i o n s  change.  I n  a d d i t i o n  a running 
t o t a l  of  m a t e r i a l  q u a n t i t i e s  used cou ld  b e  main ta ined  
i n  t h e  m a t e r i a l s  l o g s  t o  moni to r  t h e  sampl ing and 
t e s t i n g  a c t i v i t y . "  

Uuring o u r  v i s i t s  t o  p r o j e c t  o f f i c e s ,  we no ted  t h a t  s e v e r a l  o f f i c e s  used 

t h i s  method. However, o t h e r  o f f i c e s  had no a p p a r e n t  method t o  a c t i v e l y  

moni to r  sampling f requency.  



Sampling f requency  c o u l d  b e  f u r t h e r  reduced i f  a l l  p r o j e c t  m a t e r i a l s  

pe r sonnne l  used a  f l e x i b l e ,  judgmental  approach t o  e s t a b l i s h i n g  a c t u a l  

sampling f requency.  FHWA h a s  encouraged ADOT t o  b a s e  sampling f requency  

somewhat on p r i o r  t e s t  r e s u l t s  f o r  m a t e r i a l s  from t h e  same source .  I n  i t s  

January  1982 r e p o r t ,  FHWA recommended: 

... t h e  development o f  t h e  ph i losophy  among s u p e r v i s o r y  
e r s o n n e l  t h a t  sound judgement c a n  b e  used w i t h  t h e  
ampling Guide t o  e s t a b l i s h  a c t u a l  sampling 
requenc ies .  When t h e r e  a r e  d o u b t s  o r  problems w i t h  

t h e  q u a l i t y  of  a  m a t e r i a l ,  t h e  f requency  may b e  
i n c r e a s e d .  When t h e r e  i s  s u f f i c i e n t  d a t a ,  p l a n t  
h i s t o r y  a n d / o r  p r o j e c t  t e s t  r e s u l t s ,  which would 
suppor t  a  h i g h  d e g r e e  o f  c o n f i d e n c e  i n  t h e  q u a l i t y  of  
m a t e r i a l s ,  t h e  f requency  may b e  d e c r e a s e d  which would 
a l l o w  p e r s o n n e l  t o  b e  used f o r  o t h e r  d u t i e s . "  

A r e l a t e d  recommendation i n  t h e  same r e p o r t  reminded ADOT t h a t  t h e y  could  

a c c e p t  s m a l l  q u a n t i t i e s  of  m a t e r i a l s  on t h e  b a s i s  of  v i s u a l  i n s p e c t i o n  o r  

m a n u f a c t u r e r ' s  c e r t i f i c a t i o n .  FHWA o f f i c i a l s ,  i n  a  l a t e r  i n t e r v i e w  wi th  

A u d i t o r  Genera l  s t a f f ,  r e a f f i r m e d  t h e i r  o p i n i o n  t h a t  ADOT cou ld  b e t t e r  

a l l o c a t e  p r o j e c t  p e r s o n n e l  i f  sampl ing was based  p a r t l y  o n  p a s t  t e s t  

r e s u l t s ,  p a r t i c u l a r l y  when s m a l l  q u a n t i t i e s  a r e  invo lved  and t h e  h i g h  

q u a l i t y  o f  p a s t  m a t e r i a l s  from t h e  same s o u r c e  i s  w e l l  documented. 

A s  a  r e s u l t  of  o u r  v i s i t s  t o  p r o j e c t  o f f i c e s  and c o n s t r u c t i o n  s i t e s ,  we do 

n o t  b e l i e v e  t h a t  t h i s  f l e x i b i l t y  h a s  been adopted by a l l  ADOT f i e l d  

p e r s o n n e l  involved w i t h  m a t e r i a l s  sampling.  T h i s  new ph i losophy  d i f f e r s  

from p a s t  p r a c t i c e s  and t h e  ad jus tment  i s  a p p a r e n t l y  o c c u r r i n g  s lowly .  

An example of  how t h i s  f l e x i b i l i t y  can  be  f u r t h e r  implemented i n v o l v e s  t h e  

sampling of  a g g r e g a t e s  a t  commercial  c o n c r e t e  p l a n t s .  The ADOT Sampling 

Guide recommends t h a t  a g g r e g a t e s  from a  p l a n t  be  sampled every  o t h e r  day 

d u r i n g  t h e  p e r i o d  t h e  p l a n t  i s  supp ly ing  c o n c r e t e  t o  ADOT p r o j e c t s .  The 

D i s t r i c t  1 Area Lab h a s  t h i s  r e s p o n s i b i l i t y  f o r  most of  t h e  p l a n t s  i n  t h e  

Phoenix a r e a .  According t o  Area Lab p e r s o n n e l ,  many o f  t h e s e  p l a n t s  use  

a g g r e g a t e s  which a r e  c o n s i s t e n t l y  w i t h i n  s p e c i f i c a t i o n s  o v e r  long  p e r i o d s  

of t ime.  I n  c a s e s  l i k e  t h i s ,  when s u f f i c i e n t  d a t a  e x i s t s  t o  e s t a b l i s h  t h e  

p l a n t ' s  h i s t o r y ,  we b e l i e v e  i t  would be  c o n s i s t e n t  w i t h  t h e  FHEJA 

recommendation c i t e d  e a r l i e r  t o  r educe  t h e  a c t u a l  sampling f requency  t o  

pe rhaps  once a  week on a  random b a s i s .  



Reduce Number of  
Concrete  L y l i n d e r  T e s t s  

In a d d i t  i o n  t o  c o n t r o l l i n g  m a t e r i a l s  oversampl ing ,  ADOT cou ld  reduce  i t s  

l a b o r a t o r y  t e s t i n g  work l o a d  by e l i m i n a t i n g  some c o n c r e t e  c y l i n d e r  t e s t s .  

By making a p p r o p r i a t e  changes  i n  s p e c i f i c a t i o n s  and l a b  p r o c e d u r e s ,  a  

number of  28-day c o n c r e t e  c y l i n d e r  t e s t s  cou ld  b e  avoided.  

Concrete  c y l i n d e r  t e s t s  a r e  a n  impor tan t  p a r t  o f  p r o j e c t  q u a l i t y  c o n t r o l .  

Concre te  used i n  highway p r o j e c t s  must have a  compress ive  s t r e n g t h  e q u a l  

t o  o r  exceeding t h e  s t r e n g t h  r e q u i r e d  i n  t h e  s p e c i f i c a t i o n s  28 days  a f t e r  

i t  i s  poured.  During a  p o u r ,  ADOT p e r s o n n e l  f a b r i c a t e  s e v e r a l  s e t s  of 

c o n c r e t e  c y l i n d e r s  which a r e  t o  b e  t e s t e d  f o r  s t r e n g t h  l a t e r .  Seven days  

a f t e r  t h e  pour ,  one  s e t  of  c y l i n d e r s  i s  b roken  by l a b o r a t o r y  equipment.  

T h i s  7-day t e s t  s e r v e s  a s  a n  e a r l y  i n d i c a t o r  o f  what c o n c r e t e  s t r e n g t h  i s  

expec ted  t o  b e  a t  28 days.* Sometimes c y l i n d e r s  a r e  a l s o  broken a t  o t h e r  

i n t e r v a l s  - f i v e  days ,  t e n  d a y s ,  e t c .  - f o r  o t h e r  purposes.*fi I n  a l l  

c a s e s ,  a s e t  of c y l i n d e r s  i s  b roken  a t  28 a a y s  t o  s e r v e  a s  t h e  o f f i c i a l  

d e t e r m i n a t i o n  t h a t  s p e c i f i c a t i o n  compress ive  s t r e n g t h  was ach ieved .  

Plost c o n c r e t e  used o n  ADOT p r o j e c t s  e q u a l s  o r  exceeds  28-day requ i rements  

w i t h i n  t h e  f i r s t  week a f t e r  b e i n g  poured.  For  10 p r o j e c t s  completed 

d u r i n g  1981, we determined t h a t  66 p e r c e n t  o f  a l l  7-day c y l i n d e r  t e s t s  

exceedeu t h e  28-day s t r e n g t h  requirements.;?*" 

* Concrete  c o n t i n u a l l y  becomes s t r o n g e r  a s  t i m e  p a s s e s .  The i n d u s t r y  
h a s  developed t a b l e s  which a l l o w  28-day s t r e n g t h  t o  b e  p r e d i c t e d  on 
tile b a s i s  of  i t s  s t r e n g t h  a t  7  days .  

.A -*- - For  example, c y l i n d e r s  a r e  o f t e n  b roken  t o  d e t e r m i n e  i f  c o n c r e t e  i s  
o i  s u t f i c i e n t  s t r e n g t h  t o  a l l o w  forms t o  b e  removed. 

. <.? -!. We analyzed t e s t  r e s u l t s  f o r  C l a s s  S c o n c r e t e  o n l y .  According t o  
ABOT o i i i c i a l s ,  most c o n c r e t e  now used i n  highway p r o j e c t s  i s  C l a s s  S .  



Curren t  ADOT s p e c i f i c a t i o n s  r e q u i r e  t h a t  a  28-day t e s t  be  performed i n  a l l  

c a s e s .  I f  ADOT r e v i s e s  i t s  s p e c i f i c a t i o n s  t o  t a k e  i n t o  accoun t  t h e  

r e s u l t s  of t h e  7-day t e s t ,  a  number of  t h e  16,000 c o n c r e t e  c y l i n d e r  t e s t s  

performed a n n u a l l y  cou ld  p o t e n t i a l l y  be  e l i m i n a t e d .  

CONCLUSION 

Some ADOT p r o j e c t  p e r s o n n e l  have n o t  f u l l y  implemented t h e  new sampling 

g u i d e l i n e s  o r  do no t  u s e  adequa te  methods t o  c o n t r o l  oversampl ing.  I n  

a d d i t i o n ,  t h e  o v e r a l l  l a b o r a t o r y  t e s t i n g  work l o a d  cou ld  b e  reduced by 

r e v i s i n g  s p e c i f i c a t i o n s  t o  t a k e  i n t o  accoun t  t h e  r e s u l t s  of  t h e  7-day 

c o n c r e t e  c y l i n d e r  t e s t s .  

1. The ADOT X a t e r i a l s  S e c t i o n  and d i s t r i c t  m a t e r i a l s  e n g i n e e r s  

a. Immediately d e t e r m i n e  i f  a l l  m a t e r i a l s  p e r s o n n e l  a t  t h e  p r o j e c t  

l e v e l  a r e  knowledgeable of  t h e  r e c e n t  changes  i n  recommended 

sampling f r e q u e n c i e s  and p r o v i d e  i n s t r u c t i o n  a s  needed; 

b. Encourage a l l  p r o j e c t  m a t e r i a l s  s u p e r v i s o r s  t o  e s t a b l i s h  methods 

t o  a c t  i v e l y  moni to r  and c o n t r o  1 a c t u a l  sampling f requency  ( such 

a s  t h a t  recommended by FHWA - s e e  page 45);  and 

c .  C o n t i n u a l l y  promote t h e  a t t i t u d e  of  f l e x i b i l i t y  r e g a r d i n g  

sampling f r e q u e n c i e s  and encourage r e d u c t  i o n s  where p a s t  t e s t  

r e s u l t s  i n d i c a t e  a  c o n s i s t e n t l y  h i g h  q u a l i t y  of  m a t e r i a l s .  

2. ADOT c o n s i d e r  r e v i s i n g  s t a n d a r d  s p e c i f i c a t i o n s  and l a b  p r o c e d u r e s  t o  

a l l o w  7-day c o n c r e t e  c y l i n d e r  t e s t s  t o  s a t i s f y  s t r e n g t h  requ i rements  

where a p p r o p r i a t e .  



AKEAS FOR FURTHER A U D I T  WORK 

1)urir-g t h e  c o u r s e  of  t h e  a u d i t ,  we i d e n t i f i e d  s e v e r a l  p o t e n t i a l  a r e a s  f o r  

f u r t h e r  a u d i t  work. These a r e a s ,  which were  o u t s i d e  t h e  scope  o f  o u r  

a u d i t  ( s e e  page 6 ) ,  i n c l u d e  a s  f o l l o w s :  

a Whether more p r e l i m i n a r y  e n g i n e e r i n g  ( p r e c o n s t r u c t i o n )  a c t i v i t i e s  

should  be t r a n s f e r r e d  from t h e  P f a t e r i a l s  S e c t i o n  t o  t h e  d i s t r i c t s ,  

i n c  lud ing  

- p i t  l o c a t  i o n  and i n v e s t i g a t i o n  and 

- pavement d e s i g n .  

Causes of  p r o j e c t  e n g i n e e r i n g  c o s t  o v e r r u n s  on minor  c o n s t r u c t i o n  

p r o j e c t s .  

P o t e n t i a l  unnecessa ry  d u p l i c a t i o n  between r e s e a r c h  a c t i v i t i e s  o f  t h e  

M a t e r i a l s  S e c t i o n  and t h e  Resea rch  S e c t i o n ,  Highways D i v i s i o n .  

e Adoption of  more end-product t y p e  s p e c i f i c a t i o n s  which w i l l  r educe  

p r o j e c t  sampling and t e s t i n g  c o s t s .  
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Phoenix, AZ 85003 

WILLIAM A .  ORDWAY 
D ~ r e c t o r  
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Dear iloug: 

Thank you for the opportunity to review the revised preliminary report 
draft of the performance audit of the Arizona Department of Transportation 
- Materials Testing Function. 

Since high-quality materials testing is essential to the proper design, 
construction, and maintenance of our roadways, we are quite naturally very 
interested in the audit report and have, within the time limits, carefully 
reviewed it. Our attached comments include one overall comment and comments 
on each specific finding, as well as an appendix which analyzes the mathematical 
model utilized in Finding 1 of the report. We understand that these comments 

@ will be included in the text of the published report. 

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

Sincerely yours, 

- - 
WILLIAM A. ORDWAY / 
Director ,/ 

Attachment 

HIGHWAYS - AERONAUTICS ' MOTOR VEHICLE ' PUBLIC TRANSIT ' ADMINISTRATIVE SERVICES ' TRANSPORTATION PLANNING 



ADOT'S COMMENTS ON AUDITOR GENERAL'S PERFORMANCE AUDIT 
OF THE ARIZONA DEPARTMENT OF TRANSPORTATION'S MATERIALS TESTING FUNCTION 

The Arizona Department of Transportation believes the report prepared 
by the Auditor General's staff on the materials testing function contains 
some points with which we certainly agree and others which warrant further 
study. Adoption of certain of the recommendations could reduce effectiveness 
in designing, constructing and maintaining our state highway system. Our 
concern over the possible adverse effects might be better explained by a very 
brief description of ADOT1s Materials Engineering practice. 

Since state roadways are constructed of many different materials, the 
practice of highway materials engineering is very important. ADOT engineers 
have developed a system for designing and obtaining materials for roadways 
to give the required performance at least possible cost. This system consists 
of gathering all the necessary materials information, utilizing this data and the 
latest "state of the art" technology to design and siecify the materials, 
and finally, controlling the materials received. Each of these tasks is of 
extreme importance in the economics and performance of Arizona's roadways. In- 
sufficient or inaccurate materials information may result in overdesign that 
wastes construction funds or underdesign, resulting in early failure and high 
maintenance costs. 

Comments on specific findings follow: 

FINDING I - REDUCING OVERSTAFFING IN THE DISTRICT LABS WILL SAVE UP TO $475,000 
ANNUALLY. 

4 
ADOT POSITION: PARTIALLY CONCUR 

While we do not agree that the mathematical model presented in the report 
.-- 
.L. 

realistically predicts our District Materials staffing requirements, we were 
aware that the anticipated completion of the interstate system and the present 
economic conditions demand austerity in our operations. Accordingly, early * 
in 1981 we decided to reduce the number of engineering Districts. After con- 
siderable analysis, a decision was made to reduce the number of Districts from 
seven to four. Our present -budget reflects that decision which will save 
over one million dollars per year. Included are reductions in District Materials 
personnel which lower the number of these personnel to 24 by January 1, 1983. This 
is six less than that recommended in Table 5 of the audit report. 



ADOT's Comments 
Auditor General's 
Performance Audit 
Page 2 

!Is previously mentioned, we do not fully agree with the model (see our 
commcrits in the ; ~ppe r i c t  is). In actuality, we predict considerable understr-lf f'::e 
during peak woriii~~~ii pcriocls which we hope to alleviate with temporary measures. 
We plan to closely monitor this siiuation and if additional full-time assistance 
is necessary, we will arrange for such. 

The real solution, we feel, is to accept those recommendations on page 16 of 
the report wherein changes in record keeping are suggested. We are committed 
to do just that. \<e will begin keeping account 92 rhe time necessary to accomplish 
every function of the District Materials units, and plan shortly to be able to 
predict those needs. 

I, 
FINDING I1 - ADOT COULD SAVE $175,000 ANNUALLY BY REDUCING STAFF IN T9E 3ISTRICT I 

AREA LAB. 

ADOT POSITION: P:\R?'I:\LLY CONCUR 

B The conclusions are based on a productivity study comparing the first 
six months of 1981 with the same period in 1982, recommending reductions based 
on the comparisons. Such comparisons are not totally accurate as they omit con- 
sideration of overtlme which was considerably higher in 1981 than in 1982, 
thereby narrowing the productivity differences. Regardless, the variation 
in testing-hour requirements in this lab points out a problem with which we 

I) 
are currently dealing, that being the significant fluctuation in workload over 
periods of time. Such s problem affects not only laboratory work, but other 
construction engineering work areas as well. Recognizing this, in the fall 
of 1981, ADOT began the development of a Construction Engineering Manpower 
Management Systern (CEIWS). This system is designed to accurately predict 
project manpower requirements including lab personnel. When personnel are 
found to be unnecessary in any assignment, they will be transferred to other 
productive work assignments. 

AUDITOR GENERAL COLclMENT: ADOT's statement above regarding overtime is not correct. 
Audit staff documented overtime for both 1981 and 1982 and included this in the 
productivity m a l - i u  is. 

The 3rea l ~ b  is, in effect, a consolidation of several project labs for the 
sake of efficiency. t\ccordingly, manpower for the area lab will be controlled 
by the new system (CECIiLIS) which will be in effect by January 1, 1983. We 
have every confidence that this system will assure the efficiency of the area 
lob. 

FINDISG 111 - ,\DO'T COULD PERFORM THE MA'I'ERIRLS INVESTIGATION FUNCTION MORE 
I<I:I'ICIEN'I'LY. 

ADO'I' I'OSTIO!; : I'.\K I'I,\LLY CONCUR 

!$'(I ,igrc>cb t?i , i t  scheduling of the core crew's travel can be improved; however, 
we ti~sa~rce th,jt the core sampling crew duties can be transferred to the Districts 
I t n , l t  tiic f ' l t  Investigation crews should be reduced from four to three 
men each.  



ADOT's Comments 
A u d i t o r  Genera l ' s  
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Page 3 

As ou t1  ined i n  our response t o  F i nd ing  1 and Appendix, D i s t r i c t  M a t e r i a l s  
l ~ n i t s  w i l l  be i n  no p o s i t i o n  t o  handle  t h i s  a d d i t i o n a l  task .  l l i t h  a  s t a f f  
o f  f ou r  t echn i c i ans  (as i n  new D i s t r i c t s  3 and I t ) ,  they  w i l l  p o s s i b l y  be 
unde rs ta f f ed  t o  f u l f i l l  t h e i r  r e g u l a r  d u t i e s .  It i s  t h e r e f o r e  no t  l i k e l y  
t h a t  they  cou ld  assune t h e  d u t i e s  o f  c o n t i n u a l l y  marshal1 i n ?  t h r e e  personnel  
t o  meet t h e  demands f o r  co re  samples. Nea r l y  60% o f  t h e  c o r e  c rew 's  work 
l i e s  i n  o b t a i n i n g  samples f o r  u t i l i z a t i o n  by our  des igners  i n  pavement 
prp-?c- r?+ :-CI r e h a b i l i t a t i o n ,  and - ,. T ~ O - o  r jeqianerc hq.12  7 

.., 
;e;la,i~ i r ~ g  s c h e d ~ i ,  ,..a ,:d; Eng such t~ a t  t h e i r  C I ~ S ; ; C S & I  , i i  

Sec t i on  assures t h e  p r o v i s i o n  o f  t he  necessary i n f o r m a t i o n  on a  t i m e l y  bas i s  
which p rov ides  a  proper  f l o w  o f  budgeted p r o j e c t s  on schedule. 

\le b e l i e v e  t h e  se lec ted  examples a r e  no t  t y p i c a l  o f  ou r  c rew 's  t r a v e l  
p r a c t i c e .  We recogn ize  t he  need t o  b e t t e r  schedule such a c t i v i t i e s  i n  o rde r  
t o  redace t r a v e l  t i ~ n e ,  per diem and equipment cos t s .  

The second recomriendation dea l s  w i t h  t he  o b s e r v a t i o n  t h a t  P i t  I n v e s t i g a t i o n  
Crews a r e  o v e r s t a f f e d .  Th i s  obse rva t i on  i s  based on t h e  f a c t  t h a t  we r e c e n t l y  
changed f r o n  t h r e e  3-man crews t o  two &man crews, I t  i s  s t a t e d  i n  t h e  r e p o r t  
t h a t  we increased t h e  crew s i z e  s o l e l y  f o r  s a f e t y  reasons and reduced t h e  
number o f  crews due t o  d e c l i n i n g  workload. Sa fe t y  i s  d e f i n i t e l y  a  concern 
i n  crew s i z e  de te rmina t ion ;  however, t l i e  reason f o r  t h i s  change was e f f i c i e n c y .  
Also,  w i t h  t he  new emphasis on pavement p r e s e r v a t i o n  p r o j e c t s  r e q u i r i n g  numerous 
m a t e r i a l s  p i t s ,  our  work load i s  v e r y  h i g h  and has no t  decreased, 

The r e p o r t  does no t  ana lyze  t h e  e f f i c i e n c y  o f  a  11-man crew 11s. 3-man 
crew. Dur ing t he  recen t  r e o r g a n i z a t i o n  o f  t he  M a t e r i a l s  Sect ion,  t h i s  area 
was i n v e s t i g a t e d  by our  S t a t e  M a t e r i a l s  Engineer.  That i n v e s t i g a t i o n  i n d i c a t e d  
t h a t  &man crews o f f e r e d  s u f f i c i e n t  a d d i t i o n a l  e f f i c i e n c y  t h a t  one o f  t h e  
crews cou ld  be e l im ina ted ,  and was t he  bas i s  f o r  t he  change, a l though  increased 
s a f e t y  was c e r t a i n l y  an added asse t .  A recen t  a n a l y s i s  conf i rmed t h i s  e a r l i e r  
i n d i c a t i o n ;  however, t h i s  o p e r a t i o n  i s  be ing s tud ied  i n  d e t a i l  by ou r  P r o d u c t i v i t y  
Resource Management Study. Should t h i s  s tudy reveal  t h a t  3-man crews can a 
pe r fo rm  the  o p e r a t i o n  more e f f i c i e n t l y ,  w i t h o u t  s a c r i f i c i n g  sa fe t y ,  we w i l l  
r e t u r n  t o  t h r e e  3-nan crews. 

F lND 1 t l G  I V  - A R I Z O N A  DEPARTIIENT OF Tl?A?JSPORTATI Of4 COULD REDUCE COSTS BY 
COl1B I IJ I NG D R l  LL CRE i lS  INTO ONE I IN IT. 

AaOT POS IT 1 9i4: CONCUR 

T h i s  suqgest ion has been under c o n s i d e r a t i o n  f o r  some t ime. As t h e  a u d i t  
r e p o r t  p o i n t s  ou t ,  t he  nea r i ng  cor ! lp le t ion o f  t he  i n t e r s t a t e  system now makes 
implementat ion o f  the  suggest ion poss ib l e .  We w i l l  beg in  immediately t o  analyze 
our p r o j e c t e d  r ~ o r k l o a d  t o  de te rmine  the bes t  method f o r  accompl ish ing t h i s  
consol  i d a t  ion. 
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FINDIXG V - ADOT COULD REDUCE THE FREQUENCY OF MATERIALS SAMPLING AND TESTING. 

ADOT POSITION: PARTIALLY CONCUR 

We do agree that occasionally there are instances of oversampling, and 
as was noted in the report, we have taken several steps to reduce materials testing. 
One of these steps was the issuance of a new Sampling Guide Schedule. The 
report points out that ??is new guide has not been fully implemented by project 

? 4 .  . . 22,. cf tr1.2 ~ 3 . 5 i l r ~ j  h.;j LL iALj ;.L; he,,: :a-i; :~;!c~en--d, is :'?at 

Ir the new Sampling Guide Schedule can only be used on contracts advertised for 
bid after the effective date of the new Sampling Guide Schedule. On contracts 
advertised prior to this date, the old Sampling Guide Schedule would have to 
be used. Our Quality Control Services personnel have been checking ongoing 
construction projects to make sure that, where appropriate, the new Sampling 
Guide Schedule is being used. Another reason is that the Sampling Guide Schedule 

8 is intended to be used as a guide only and establishes certain minimum sampling 
frequencies. Our Resident and Project Engineers are charged with assuring 
that materials incorporated into the work meet all the applicable specifications. 
There will be many occasions when they feel it is necessary to take more samples 
than dictated by the guide. For example, when a certain material is barely 
meeting specifications, many samples are taken to determine whether the material 
is acceptable or unacceptable. 

Our present specifications require that concrete cylinders are broken 
at 28 days. In fact, these cylinders are the acceptance point for all of 
our Class 'IS" concrete. The 28-day concrete cylinders are a nationally-accepted 
standard, and are specified in the manuals of the American Concrete Institute. 
At the present time, we have no plans to revise our specifications to allow 
any cylinders, other than the 28-day concrete cylinders, to be our acceptance 
point for concrete. 



APPENDIX 'IW ADOT COMMENTS ON AUDITOR GENERAL'S PERFORMANCE AUDIT 
OF THE ARIZONA DEPARTMENT OF TRANSPORTATION MATERIALS TESTING FUNCTION 

ANALYSIS OF STAFFING PROJECTION MODEL FOR DISTRICT LABS. 

The mathematical model developed by the audit is a very ambitious endeavor 
for an understandable purpose, which is to determine a method to predict the 
staffing needs of District materials units. Such a procedure is of value 
and assistance in functions where variables are controlled, such as in factories. 
In this particular case, however, there :--- --~riables and outside factors which 
were either not addressed or not fully considered in developing the model, 
thereby weakening the model's applicability and accuracy. The following is 
?l:r -n?lysis nc the two major weaknesses of the model: 

Weakness 1. The model does not fully address the other duties of a 3isc:-_,; 
materials unit. The model utilizes testing hours as its measure of personnel 
requirements, assuming all other duties are proportional to the testing performed. 
Productivity rates are thus defined as the average amount of testing time 
per employee and acceptable rates are selected based on past demonstrated 
ability to meet these rates. This has two major shortcomings: First, far from 
being just a testing unit, these units have a vast number of other duties 
necessary to each District's proper functioning. The duties of these units 
are fully described in the attachment to this appendix. While some of these 
duties are dependent on construction, many are not. With the new vastly larger 
Districts, the personnel assigned will assume an even more important role. Our 
experienced materials engineers estimate the following requirements for each 
District for non-testing personnel. 

(1) A District Materials Engineer. Consultant to the District staff 
and overall director of District materials functions. 

(2) An experienced lab supervisor to oversee the day-to-day materials 
testing functions. 

(3) An experienced technician to perform the District quality assurance 
program; visiting projects, checking lab logs, equipment, etc. 

Another major shortcoming in this same area is that past productivity rates 
did not consider that these units were often understaffed and had to utilize 
considerable overtime and/or additional assistance in order to perform their 
duties; thus the model's decision as to acceptable productivity is based on 
insufficient information. This effect is better seen when examined in the 
light of Weakness 2, below. 

Weakness 2. The model does not consider the effects on testing requirements 
of different types of construction projects. Large projects, which have little, 
if any, surfacing work ("grade and drain" projects) do not require a large amount 
of testing, while smaller surfacing projects are highly materials intensive 
and require a great amount of testing. Also, small urban projects require an in- 
ordinate amount of testing. Surfacing (pavement preservation) projects are often 
prevalent in the rural Districts, especially during times of low construction 
budgets, while small urban projects are common in District 1. To examine 
this effect, we combined the information from Tables 2 and 3 of the report 
to obtain 



Appendix t o  ADOT 
Comments 
Page 2 

t h e  r e l a t i o n s h i p  o f  m a t e r i a l s  t e s t i n g  i n t e n s i t y  (STH/$ m i l  1 i o n  c o n t r a c t o r  payments) 
t o  c o n s t r u c t  ion v o l  une ( $  m i  11 ion c o n t r a c t o r  payments). The r e s u l t  i s  shown 
on  t h e  a t tached  graph 1 .  Th i s  graph shows t h a t  as c o n s t r u c t i o n  volume increases,  
t h e  t e s t i n g  i n t e n s i t y  decreases. As suspected, t h e  r u r a l  D i s t r i c t s  o r d i n a r i l y  
exper ience h i g h  c o n s t r u c t i o n  volume o n l y  when g i ven  a  few l a r g e  "grade and d r a i n "  
t ype  p r o j e c t s ,  w h i l e  D i s t r i c t  1,  w i t h  i t s  p reva len t  urban work, has a  much 
h i ghe r  base, b u t  exper iences t h e  same e f f e c t .  U h i l e  c o r r e l a t i o n  i s  poor and 
a  d e f i n i t e  r e p r e s e n t a t i o n  i s  no t  poss ib l e ,  graph 2 represen ts  a "reasonable" 
c o n s o l i d a t i o n  o f  t h e  p o i n t s  on qraph 1 .  To p r o p e r l y  assess f u t u r e  s t a f f i n g  
r equ i r enen t s  f o r  any D i s t r i c t  f o r  any f i s c a l  year,  \%le would have t o  analyze 
t h e  number and types o f  c o n s t r u c t  i on  p r o j e c t s  scheduled f o r  t h a t  year;  however, 
l a c k i n g  t h a t  i n f o rma t i on ,  graph 2  a l l o w s  f o r  a  "reasonable" es t imate .  Assuming 
t h e  fo rmu la  f o r  cons t ruc t i onvo lu rne  ( c o n t r a c t o r  payments) i s  c o r r e c t ,  we need 
o n l y  t o  f i n d  t h e  i n t e n s i t y  ( ~ ~ H / c o n t r a c t o r  paynents) f rom graph 2 and m u l t i p l y  
i t  by t h e  c o n t r a c t o r  payment f i g u r e  t o  o b t a i n  an e s t i m a t e  o f  t h e  number o f  
t e s t i n g  hours r e q u i r e d  f o r  t h a t  f i s c a l  year.  D i v i d i n g  t h i s  by t h e  average 
y e a r l y  t e s t i n g  hours a v a i l a b l e  f o r  each t e s t i n g  employee g i v e s  t h e  r e s u l t a n t  
es t ima te  o f  number o f  t e s t i n g  employees requ i red .  Adding non - t es t i ng  employees 
g i ves  es t i naced  t o t a l  s t a f f i n g  requi rements .  

A method t o  demonstrate t h e  e f f e c t  o f  t h i s  c o n s i d e r a t i o n  i s  t o  recompute 
t h e  exampl e  g iven  on t h e  l a s t  page o f  t h e  a u d i t  r e p o r t  (1-5) ; however, be fo re  
do ing  so, t h e  average year1 y  t e s t i n g  hours a v a i l a b l e  f o r  each employee must 
be determined: 

To ta l  hours, exc l ud ing  ho l i days  
I1 lness,  vaca t i ons  (average) 

Subtota 1 

T ra i n i ng ,  break t ime ( - G , % ~ G  ) ,  a d m i n i s t r a t i o n ,  
l a b  c leanup, e t c .  = 25%. .25x1776 = - -444 

Fdet t e s t i n g  hours ava i  l a b l e  1332 

Recomputation o f  example: 

Con t rac to r  Payments = $5,190,888 + .514 x  ($22,943,200) 
= $5,190,888 + $11,792,804 
= $16,983,693 

Usincj graph 2, t e s t i n g  i n t e n s i t y  = 270 STH/$ M i l l i o n  
270 x  16.93 = 4585 STH 
4585 t 1332 = 3.44 o r  4 employees j u s t  - f o r  t e s t i n g .  - 
Adding the  3 non - t es t i ng  employees, a  t o t a l  s t a f f  o f  7 i s  i nd i ca ted .  

Another good example w u l d  be D i s t r i c t  1 ' s  1980-01 f i g u r e ,  which showed a  
h i g h  " p r o d u c t i v i t y "  (see t a b l e s  2 and 3  o f  the a u d i t  r e p o r t ) .  
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Lsing graph 2 for t k : ?  553.5 nillion in contractor payments, testing 
intensity = 170 ' JTH/$ Flillion. 65.5 x 170 = 11,61!5 STH for FY 80-81. 
11,645 : 1332 = 3.74 or 9 employees for testing. Adding the 3 non-testing 
enployees gives a total of 12. In effect, then, District 1 was understaffed 
by one employee. This helps us to understand why overtime and additional 
assistance was necessary in that District lab during that period. 

We do not feel that such models are appropriate. If, as suggested in 
the rc-oar:, record ken?:qg ~ractices are improved, we will obtain infarnation 
* ( _ _  _ 
, , i d L  !,.:i i i a I ;oii us r:, 2rcuratel y estinare f u ~ ~ r :  I-.. - - !,re " 7 ' "  4 -  ' 

so. 

AUDITOR GENERAL COMMENTS: The models projections do include administrative and 
other nontesting duties. For example, the model's productivity standard of 800 
STH/FTE (expressed as an average for all lab employees) for districts 11, I11 
and IV allows nearly 1000 hours per FTE for the performance of nontesting activities - 
even after allowing for holidays, illness and vacations. The need for three non- 
testing employees - in addition to the model's projections is not supported by the 
workload data. 

ADOT's "testing intensity" curve in Graph 2 is - not a reasonable representation 
of how testing intensity fluctuates with construction volume because: 

1) ADOT used budgeted rather than actual FTEs in deriving the points 
plotted in Graph 1. This artificially shifted the points upward 
beyond our data which used actual figures. 

2) ADOT's curve for districts 2-7 on Graph 2 was drawn free-hand on the 
basis of visual judgment of the points in Graph 1. No statistical 
method was used so validate the appropriate~ess of their 2-r - re .  

Finally, ADOT's own representation of our model does in fact account for testing 
intensity as shown by the downward slope of the model's curve in Graph 2. 



ATTACHMENT TO APPENDIX 
DISTRICT MATERIALS UNIT RESPONSIBILITIES 

QUALITY CONTROL ON CONSTRUCTION PROJECTS 

1.  Obta i n  independent assurance (progress record )  samples. 

2. Witness and per fo rm t e s t i n g  f o r  d i r e c t  checks on t h e  p r o j e c t  t e s t i n g  
procedures,  

3. Check c o n s t r u c t i o n  m a t e r i a l s  l ogs  and m a t e r i a l s  c e r t i f i c a t i o n s .  

4. A s s i s t  c o n s t r u c t i o n  p r o j e c t  personnel  w i t h  m a t e r i a l s  q u a l i t y  c o n t r o l  
problems, e s p e c i a l l y  i n  a s p h a l t i c  c  - - - -  - - - -  - ' -  

5. Repair  and c a l i b r a t e  p r o j e c t  l a b  equipment. 

6. Perform l i a i s o n  work between p r o j e c t ,  d i s t r i c t  and c e n t r a l  l a b  on 
spec ia l  t e s t s  and a s s i s t  i n  c l a r i f i c a t i o n  o f  s p e c i f i c a t i o n s  and 
t e s t  procedures. 

7. i l i t n e s s  and a s s i s t  p r o j e c t  l abs  i n  ho t  p l a n t  and conc re te  ba tch  
p l a n t  c a l i b r a t i o n  and sca le  t o l e r a n c e  checking. 

3, Review computer forms, computer p r i n t o u t s  and m a i n t a i n  accu ra te  
cof i~puter a p p l i c a t i o n  work on a l l  m a t e r i a l s  t e s t  r e s u l t s .  

3. Perform core  d r i  1 1  i n g  and t e s t i n g  on p r o j e c t s  t o  c o r r e l a t e  and 
s e t  up nuc lear  d e n s i t y  t e s t i n g  o f  a s p h a l t i c  concre te .  

1.  Per form c a r r e l a t i o n  t e s t i n g  and t e s t  independent assurance samples. 

2. Per form t e s t i n g  f o r  which p r o j e c t  l a b o r a t o r i e s  a r e  no t  equipped. 

3. Test  r~iaintenance m a t e r i a l s  and m a t e r i a l s  used i n  pe rm i t  work. 

DES l GN 

1. Perforri i  m ix  des ign  checks f o r  a s p h a l t i c  conc re te  and p o r t l a n d  cement 
concre te  f o r  c o n s t r u c t i o n  p r o j e c t s  and then c o n t i n u a l l y  check m ix  
des ign  as a s p h a l t i c  conc re te  i s  produced. 

2. Per form s o i l  cement, cement t r e a t e d  base and l i n e  s t a b i l i z a t i o n  desi,gns 
f o r  c o n s t r u c t  i o n  p r o j e c t s .  

3. Perform a s p h a l t i c  concre te  o r  p o r t l a n d  cement conc re te  mix  des igns f o r  
maintenance o r  pe rm i t  work. 

4. flake reconmendations For m a t e r i a l s  des ign  on proposed c o n s t r u c t i o n  
p r o j e c t s .  Review and comment on M a t e r i a l s  Design Memos, communicating 
w i t h  the  Hater  i a l  s  Sect ion.  
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TRAI i?l l f l G  

1. Conduct l a b  t r a i n i n g  courses f o r  c o n s t r u c t i o n  and maintenance personnel .  

2. Conduct nuc lea r  d e n s i t y  t r a i n i n g  course w i t h  emphasis on r a d i o l o g i c a l  
sa fe t y .  

3. Conduct spec ia l  seminars as t h e  need a r i ses .  

1.  A s s i s t  d i s t r i c t  and p r o j e c t s  i n  p repa r i ng  and c o o r d i n a t i n g  m a t e r i a l s  
r e l a t e d  changes. 

2. A s s i s t  i n  o r  pe r f o rm  research  and prepare r epo r t s .  

3 .  Act  as m a t e r i a l s  c o n s u l t a n t  t o  U i s t r i c t  Engineer, h i s  s t a f f  and f i e l d  
ma intenance. 

4. Make recor.imendat ions  r ega rd i ng  rehab i  1 i t a t i v e  needs, work inp  w i t h  t he  
klaintenance Superv isor  and t h e  D i s t r i c t  S t a f f .  

5. Help l o c a t e  and sample m a t e r i a l  sources f o r  Maintenance. 

6. Adv ise and c o n s u l t  w i t h  C i t y  and County personnel  on ma t t e r s  i n v o l v i n g  
l o c a l  government p r o j e c t s .  

7. A s s i s t  c e n t r a l  l a b o r a t o r y  i n  t e s t i n g  p roduc ts  and m a t e r i a l s  f o r  p r i o r  
approva 1. 
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STAFFING PROJECTION MODEL FOR DISTRICT LABS 

The s t a f f i n g  p r o j e c t i o n  model used i n  F i n d i n g  I c o n s i s t s  o f  t h r e e  main 

e lements :  

1. P r o d u c t i v i t y  s t a n d a r d s  expressed  a s  t o t a l  number of t e s t i n g  h o u r s  

p e r  employee p e r  y e a r ,  

2. A s t a t i s t i c a l  formula  f o r  p r o j e c t i n g  t o t a l  l a b  t e s t i n g  hours  o r  

work load on t h e  b a s i s  of  t h e  e s t i m a t e d  highway c o n s t r u c t i o n  

program f o r  each d i s t r i c t ,  and 

3 .  Conversion of p r o j e c t e d  l a b  work load ( a  p roduc t  o f  e lement  2 )  

i n t o  FTE requ i rements  by app ly ing  t h e  p r o d u c t i v i t y  s t a n d a r d s  i n  

element 1. 

Each of t h e s e  e lements  i s  d e s c r i b e d  more f u l l y  below. 

S e l e c t i n g  P r o d u c t i v i t y  S t a n d a r d s  

P r o d u c t i v i t y  s t a n d a r d s  used i n  t h e  model a r e  based on p r o d u c t i v i t y  r a t e s  

ach ieved  i n  r e c e n t  y e a r s  by t h e  d i s t r i c t  l a b s .  P r o d u c t i v i t y  d a t a  was n o t  

a v a i l a b l e  a t  t h e  beg inn ing  of t h e  a u d i t ,  however, and had t o  be  developed 

by a u d i t  s t a f f .  

We used annual  t e s t i n g  h o u r s  p e r  employee a s  a n  i n d i c a t o r  of  l a b  

p r o d u c t i v i t y .  Lab p e r s o n n e l  do n o t  keep r e c o r d s  which a l l o w  u s  t o  

r e c o n s t r u c t  t h e  e x a c t  number and t y p e s  of  t e s t s  performed d u r i n g  g i v e n  

p e r i o d s  of t ime.  However, l a b  l o g s  show t h e  number and t y p e s  o f  samples 

p rocessed  by t h e  l a b  each  day. T h e r e f o r e ,  we e s t i m a t e d  t o t a l  annua l  

t e s t i n g  hours  p e r  l a b  by u s i n g  t h e  f o l l o w i n g  i n f o r m a t i o n :  

1. Number and t y p e s  o f  samples p r o c e s s e d  by each  l a b  a n n u a l l y .  We 

g a t h e r e d  t h i s  d a t a  by reviewing l a b  logs .  

2. T y p i c a l  s e t  of t e s t s  performed on each t y p e  of  sample. T y p i c a l  

t e s t s  were i d e n t i f i e d  by ADOT m a t e r i a l s  p e r s o n n e l .  

3 .  Standard t ime  t o  perform each t y p e  of  t e s t .  S tandard  t imes  were 

provided by ADOT and a r e  known a s  S tandard  T e s t i n g  Hour (STH). 



T h i s  i n f o r m a t i o n  a l lowed u s  t o  e s t i m a t e  t o t a l  a n n u a l  t e s t i n g  h o u r s  f o r  

each l a b .  A f t e r  de te rmin ing  t h e  number of  l a b  employees f o r  each p e r i o d ,  

we were t h e n  a b l e  t o  e s t i m a t e  t h e  annua l  p r o d u c t i v i t y  of  e a c h  l a b  

expressed  a s  s t a n d a r d  t e s t i n g  h o u r s  p e r  employee. 

P a s t  p r o d u c t i v i t y  r a t e s  p rov ided  t h e  b a s i s  f o r  t h e  p r o d u c t i v i t y  s t a n d a r d s  

used i n  t h e  p r o j e c t i o n  model. Tab le  3 ( s e e  page 12) shows t h e  range  o f  

p r o d u c t i v i t y  ach ieved  by each  d i s t r i c t  l a b  d u r i n g  a  s  ix -yea r  p e r i o d  where 

d a t a  cou ld  be  o b t a i n e d .  I n  g e n e r a l ,  l a b s  i n  t h e  m e t r o p o l i t a n  d i s t r i c t s  

(phoen ix  and Tucson) h i s t o r i c a l l y  ach ieved  h i g h e r  p r o d u c t i v i t y  r a t e s  than  

l a b s  i n  t h e  r u r a l  d i s t r i c t s .  T h i s  d i f f e r e n c e  c a n  be  a t t r i b u t e d  t o  a t  

l e a s t  two f a c t o r s :  1 )  employees i n  t h e  r u r a l  d i s t r i c t  l a b s  s p e n t  more 

t ime  t r a v e l i n g  t h a n  employees i n  t h e  m e t r o p o l i t a n  l a b s  and 2) economies 

of  s c a l e  a r e  p o s s i b l e  i n  high-volume l a b s .  T r a v e l i n g  d i s t a n c e  becomes 

even more impor tan t  a s  a  f a c t o r  when s e l e c t i n g  p r o d u c t i v i t y  s t a n d a r d s  f o r  

t h e  f o u r  new d i s t r i c t s  because  t h r e e  o f  t h e s e  d i s t r i c t s  w i l l  have e n l a r g e d  

g e o g r a p h i c a l  a r e a s  t o  s e r v i c e .  With t h i s  i n  mind, we adop ted  a  

p r o d u c t i v i t y  s t a n d a r d  o f  800 STHs p e r  employee p e r  y e a r  f o r  new D i s t r i c t s  

2, 3 and 4 and a  s t a n d a r d  of  1 , 1 5 0  STHs p e r  employee p e r  y e a r  f o r  D i s t r i c t  

1. We b e l i e v e  t h e s e  s t a n d a r d s  a r e  a c h i e v e a b l e ,  a s  evidenced by t h e  

h i s t o r i c a l  r a t e s  shown i n  Tab le  3 ,  and s t i l l  a l l o w  a d e q u a t e  t i m e  f o r  

v a c a t i o n s ,  i l l n e s s  and t h e  performance of  o t h e r  l a b  d u t i e s . *  

* There a r e  approx imate ly  2,000 h o u r s  p e r  employee i n  a  f i s c a l  y e a r ,  no t  
i n c  lud ing  h o l i d a y s .  



P r o j e c t i n g  Lab Work Load 

The second element of  t h e  model i s  a  s t a t i s t i c a l  formula  f o r  p r o j e c t i n g  

t o t a l  l a b  work l o a d s  ( t e s t i n g  h o u r s )  o n  t h e  b a s i s  o f  t h e  e s t i m a t e d  highway 

c o n s t r u c t i o n  program f o r  each  d i s t r i c t .  The formula  i n v o l v e s  two main 

s t e p s :  

1. P r o j e c t i n g  t h e  amount o f  c o n s t r u c t i o n  l i k e l y  t o  o c c u r  i n  each 

d i s t r i c t  expressed  a s  payments t o  c o n t r a c t o r s  and 

2. E s t i m a t i n g  t h e  number of  t e s t i n g  h o u r s  needed t o  s u p p o r t  t h a t  

c o n s t r u c t  ion.  

Using s t a t i s t i c a l  t e c h n i q u e s ,  we developed a  method f o r  p r o j e c t i n g  t h e  

amount of  c o n s t r u c t i o n  l i k e l y  t o  o c c u r  i n  e a c h  d i s t r i c t  a s  measured by 

payments t o  c o n t r a c t o r s .  We ana lyzed  t h e  h i s t o r i c a l  r e l a t i o n s h i p  between 

1 )  annua l  c o n s t r u c t i o n  e s t i m a t e s  f o r  each  d i s t r i c t  and 2 )  c o n t r a c t o r  

payments d u r i n g  t h e  same and subsequent  pe r iods .*  The f i r s t - y e a r  

e s t i m a t e s  of t h e  f ive -year  c o n s t r u c t i o n  programs were  used  a s  t h e  

c o n s t r u c t i o n  e s t i m a t e s  i n  t h e  model.** We found a  v e r y  h i g h  c o r r e l a t i o n  

between t h e  f i r s t - y e a r  e s t i m a t e s  and t h e  a c t u a l  c o n s t r u c t i o n  i n  t h e  

d i s t r i c t  t h e  fo l lowing  y e a r ,  a s  measured by payments t o  contractors .*** 

T h i s  h i g h  c o r r e l a t i o n  a l l o w s  u s  t o  p r e d i c t  c o n t r a c t o r  payments i n  a  f u t u r e  

y e a r  on t h e  b a s i s  o f  t h e  o f f i c i a l  c o n s t r u c t i o n  e s t i m a t e s  f o r  t h e  p r e c e d i n g  

y e a r .  

W e  a l s o  found a  h i g h  c o r r e l a t i o n  h i s t o r i c a l l y  between payments t o  

c o n t r a c t o r s  and t h e  number of  s t a n d a r d  t e s t i n g  h o u r s  performed by t h e  

-0%" T h e r e f o r e ,  t h e  number of  d i s t r i c t  l a b  d u r i n g  t h e  same period.""" 

s t a n d a r d  t e s t i n g  h o u r s  needed t o  s u p p o r t  c o n s t r u c t i o n  c a n  b e  e s t i m a t e d  

from c o n t r a c t o r  payments. 

* A l l  h i s t o r i c a l  d a t a  was conver ted  t o  1982 d o l l a r s .  
** I n  t h e  a n a l y s i s  we used t h e  f  i r s t - y e a r  e s t i m a t e s  o f  s i x  c o n s e c u t i v e  

f i v e - y e a r  programs. 
* C o e f f i c i e n t  of c o r r e l a t i o n  (R) = .902 

C o e f f i c i e n t  of  d e t e r m i n a t i o n  (R2) = .814 
-3 _I C o e i f i c i e n t  of  c o r r e l a t i o n  (R) = .845 

C o e f f i c i e n t  of d e t e r m i n a t i o n  ( R ~ )  = .714 



I n  summary t h e n ,  we d i s c o v e r e d  s t r o n g  r e l a t i o n s h i p s  l i n k i n g  annua l  

c o n s t r u c t i o n  e s t i m a t e s ,  subsequent-year  a c t u a l  c o n s t r u c t i o n  and 

subsequent-year  s t a n d a r d  t e s t i n g  hours .  These r e l a t i o n s h i p s  a l lowed u s  t o  

develop a  formula ,  u s i n g  l i n e a r  r e g r e s s i o n ,  f o r  p r e d i c t i n g  a  d i s t r i c t  

l a b ' s  f u t u r e  annua l  work load  based on t h e  o f f i c i a l  c o n s t r u c t i o n  e s t i m a t e  

f o r  t h e  p reced ing  y e a r .  

Conver t ing  Work Load t o  FTE Requirements 

The f i n a l  element of  t h e  model i s  t h e  c o n v e r s i o n  o f  t h e  p r o j e c t e d  l a b  work 

l o a d s  i n t o  FTE requ i rements .  T h i s  c o n v e r s i o n  i s  done by s imply d i v i d i n g  

t h e  p r o j e c t e d  annua l  work l o a d ,  o r  s t a n d a r d  t e s t i n g  h o u r s ,  by t h e  

a p p r o p r i a t e  p r o d u c t i v i t y  s t a n d a r d  ( e i t h e r  800 o r  1 ,150  STHs p e r  employee).  

Summary and Regress ion  Equa t ions  

F i g u r e  A summarizes t h e  model g r a p h i c a l l y  and p r e s e n t s  t h e  r e g r e s s i o n  

e q u a t i o n s  which were used t o  p r o j e c t  c o n t r a c t o r  payments and s t a n d a r d  

t e s t i n g  h o u r s  f o r  each  d i s t r i c t  l a b .  To i l l u s t r a t e  how t h e  model works, 

F i g u r e  A a l s o  d e r i v e s  s t a f f i n g  requ i rements  f o r  t h e  1 ) i s t r i c t  5 l a b  f o r  

f i s c a l  y e a r  1981-82. 



FIGURE A 

STAFFING PROJECTION MODEL FOR DISTRICT LABS 

f Est imated \ Annua 1 1 
/ c o n s t r u c t i o n  C o n t r a c t o r  I 
j ( ~ o n v e r t e d  t o  , 

i , Payments I 

11982 d o l l a r s )  ' 1 

Required I 
T e s t i n g  Hours 

FTES I 

1. Annual C o n t r a c t o r  Payments = 5,190,888 + .514 x ( e s t i m a t e d  c o n s t r u c t i o n  f o r  p r i o r  
y e a r  conver ted  t o  1982 d o l l a r s )  

2. Standard T e s t i n g  Hours = 722 + .000133 x (annua l  c o n t r a c t o r  payments) 

3 .  Required FTEs = s t a n d a r d  t e s t i n g  hours  
p r o d u c t i v i t y  s t andard  (800 o r  1 ,150  STH/FTE) 

Required FTEs = 722 + .000133 [5 ,190,888 + .514 x ( e s t i m a t e d  c o n s t r u c t i o n ) ]  
800 o r  1 ,150 STH/FTE 

I) 
To c a l c u l a t e  D i s t r i c t  5 ' s  f i s c a l  y e a r  1981-82 requ i rements ,  i n s e r t  t h e  e s t i m a t e d  
c o n s t r u c t i o n  amount f o r  f i s c a l  y e a r  1980-81 ( a f t e r  c o n v e r t i n g  t o  1982 d o l l a r s )  i n t o  t h e  
formula:  

Required FTEs f o r  
f i s c a l  y e a r  1981-82 = 722 + .000133 [5 ,190,888 + .514 (22 ,943 ,200) l  

800 STH/FTE 

Required FTE f o r  
f i s c a l  y e a r  1981-82 = 3.7 o r  4  FTEs 


