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• H I G H W A Y NEEDS STUDIES usua l ly inc lude th ree phases: the nature and quant i ty of 
w o r k needed, the cost of the w o r k , and the p r o g r a m m i n g and f i n a n c i n g of the w o r k . 
The evaluat ion of con t r ac t costs i s an essen t ia l p a r t of the d e t e r m i n a t i o n of the cost of 
w o r k needed. A l l h ighway depar tments have an abundance of data on con t rac t un i t 
p r i c e s on the s e v e r a l hundred con t rac t i t e m s now i n gene ra l use. However , i t i s i m 
p r a c t i c a l i n highway needs s tudies , where the re a re usua l ly no de ta i led p lans , to ex
p r e s s w o r k needed i n the same i t e m s and uni t s as a re used f o r con t rac t p r i c e s , o r to 
use as many d i f f e r e n t i t e m s . 

Because highway needs s tudies mus t use a d i f f e r e n t and s m a l l e r number of w o r k 
i t e m s f r o m that used i n con t rac t s , i t i s necessary to se lec t the w o r k i t e m s and uni t s 
to be used and to de t e rmine the p r o p e r un i t costs f o r these i t e m s . Us ing the best cost 
data ava i lab le ( con t rac t un i t p r i c e s ) the i t e m s and un i t p r i c e s used m con t rac t s mus t 
be e3q)ressed m t e r m s of those i t e m s and un i t costs to be used i n the needs es t imate . 
T h i s i s the p r o b l e m of evaula t ing con t rac t costs . 

A l l state highway depar tments and the B u r e a u of P u b l i c Roads a re now engaged i n a 
m a j o r highway needs s tudy, al though i t does not inc lude the p r o g r a m m i n g and f i n a n c i n g 
phase ment ioned above. The i n s t r u c t i o n manua l i s sued by the Bureau of Pub l i c Roads 
as a guide i n the p r e p a r a t i o n of the in t e r s t a t e highways cost e s t imate , r e q u i r e d by the 
1956 F e d e r a l - A i d Highway A c t , spec i f i e s the f o u r t e e n i t e m s to be e s t ima ted separa te ly , 
and g ives the types of w o r k to be inc luded i n each i t e m . I t also spec i f i e s that cos ts 
s h a l l be based on con t r ac t p r i c e s as of the l a s t half of 1956. 

A t the t i m e t h i s i n t e r s t a t e cost es t imate p r o b l e m developed, the A u t o m o t i v e Safety 
Foundat ion was engaged i n m a k i n g a comprehens ive needs study of the A l a b a m a state 
highway sys t em and has advised and ass i s ted the highway depar tment i n the p r e p a r a 
t i o n f o r t h i s cost es t imate i nc lud ing the eva lua t ion of con t rac t costs . 

Because the eva lua t ion of cons t ruc t i on costs i n highway needs s tudies involves the 
eva lua t ion of both con t r ac t w o r k un i t s and con t r ac t un i t p r i c e s the methods used f o r 
both of these evaluat ions m the in t e r s t a t e cost es t imate study w i l l be ou t l ined . 

A gene ra l p rocedure was adopted i n s t a f f meet ings . T h i s inc luded the adoption of 
c e r t a i n s u b - i t e m s f o r each of the f o u r t e e n es t imate cost i t e m s s p e c i f i e d i n the i n s t r u c 
t i o n manual . These w o u l d p r o v i d e f o r a m o r e de ta i l ed s ta tement of w o r k needed and 
s t i l l be gene ra l enough f o r t h i s study. I t was also decided that f o r m s w o u l d be p r e 
p a r e d f o r use as w o r k sheets i n a r r i v i n g at the quant i t ies and costs of each s u b - i t e m ; 
and, when comple ted , the w o r k sheets w o u l d se rve as r e c o r d s f o r use i n r e v i e w i n g o r 
defendingthe e s t ima te . T h e r e a re 21 of these f o r m s w h i c h w e r e designed to p r o v i d e 
space f o r the quant i t i es and costs en te r ing in to each s u b - i t e m of w o r k , as shown i n 
E s t i m a t e F o r m No. 10. Twen ty - seven genera l data tables were also p r e p a r e d w h i c h 
show t y p i c a l quant i t ies and cost f o r v a r i o u s designs and condi t ions , as shown i n one 
sample (Table 1). The use of the f o r m s and the genera l data tables w o u l d p r o m o t e 
speed, accuracy , and u n i f o r m i t y i n p r e p a r i i ^ the e s t ima te . T h e i r use w o u l d r e l i e v e 
the e s t i m a t i n g t eams of much of the d e t a i l ca l cu la t ion w o r k on t h e i r s i te inspec t ions , 
and w o u l d also se rve as a check l i s t to p reven t o v e r l o o k i n g some i t e m s of w o r k needed. 
T h e n i t was decided that the re should be p r e p a r e d a manua l of i n s t r u c t i o n s w h i c h w o u l d 
guide the f i e l d e s t i m a t i n g teams i n ana lyz ing condi t ions along each es t imate sec t ion of 
in t e r s t a t e rou te , se l ec t ing the appropr ia t e data f r o m the tables w i t h such m o d i f i c a t i o n s 
as needed f o r spec ia l condi t ions , and en te r ing these on the p r o p e r f o r m s and c o m 
p l e t i n g the sec t ion cos t es t imate . V a r i o u s uni t s of the depar tment w e r e assigned d i f 
f e r e n t p a r t s of t h i s task. 

Studies w e r e made to de t e rmine what con t rac t w o r k i t e m s cou ld be combined in to 
sui table sub - i t ems of w o r k f o r es t imate purposes . F o r example , a l l p ipe c ros s d r a in s 
a re to be l i s t e d as e i the r 2 4 - i n . , 3 6 - i n . , 4 8 - i n . o r 6 0 - i n . p ipe , r educ ing the usual 
number of s izes f r o m 9 to 4. L a r g e r m i n o r c r o s s d r a in s a re to be e i t he r 20- , 4 0 - , 
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Sheet of 
OTHER BRIDGES & TUNNELS 

Route Section 
Description ( i f Suh-section)_ 

Typical Section Oode Length 
(See Tables 21 and 23 for cost data) 

Br] ages (other than Bridge Culverts) 
Str. 
No. 

Ibne of 
Stream 

Skev 
Angle 

Single or 
Fa r a l l e l 
Str. 

Deck 
Width 

Lln.Ft. 
Reqd. 

Cost per 
Lln.Ft. 
(All lanes) 

Cost 
Cost of 
msc. 
Add 
Items 

Total 
Oost 

Sub Total 

Bridge Culverts (Use Average Openings of 200, 300, llOO & 500 Sq. Pt.) 
Structure 

No. 
Average 
Opening 
Req'd 
(Sq.Ft.) 

Skew 
Angle 

P i l l Ht. 
(Ft.) 

Length 
(Pt.) 

Cost per 
Foot 

Cost 

Sub Total 
Tunnels & Viaducts 
Tunnels & Viaducts to be worked individually and work sheets attached. 

Sub Total 

Total this Sheet 
Renarks 

By_ 
Total for Section 

Date 

Aiabana Hiterstate Estimate Form No. 10 
F i g u r e 1. 
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T A B L E 1 

COST PER LINEAR FOOT OF BRIDGE CULVERTS FOR VARYING FILL HEIGHTS * 

(Prices based on bids received last half of I956) 

0 ° Skew Angle 
F i l l Cost Per 
Ht. Lin.Ft. 

0 $ nk.oo 
10 200.31 
20 230.k2 
30 271.0k 
Uo 321.08 
50 368.93 

200 SQ,. Ft. Opening 

30° Skew Angle 
F i l l Cost Per 
Ht. Lln.Pt. 

0 $ 
10 200.37 
20 230.U6 
30 272.37 
ItO 321.52 
50 368.77 

k3° Skew Angle 
F i l l Cost Per 
Ht. Lin.Ft. 

0 $ 177.01 
10 203.95 
20 255.22 
30 273.01 
Uo 322.lU 
50 366.3U 

300 Sq. Ft. Opening 

00 Skew Angle 
F i l l Cost Per 
Ht. Lin.Ft. 

0 $ 2140.82 
10 276.05 
20 3^2.93 
30 376.95 
itO 
50 512.89 

300 Skew Angle 
F i l l Cost per 
Ht. Lin.Ft. 

0 $ 241.11 
10 276.37 
20 3'*3.25 
30 377.23 
1»0 kk3.22 
50 513.18 

kOO Sq. 

QO Skew Angle 

Ft. Opening 

300 Skew Angle 
F i l l Cost Per F i l l Cost Per 
Ht. Lin.Ft. Ht. Lin.Ft. 

0 $ 295.77 0 $ 296.63 
10 322.19 10 323.05 
20 1*00.97 20 UOI.79 
30 1+1*0.08 30 kko.e^ 
ko 517.96 ko 518.78 
50 595.83 50 596.66 

500 Sq. Ft. Opening 

0 ° Skew Angle 
F i l l Cost Per P i l l Cost Per 
•Ht. Lin.Ft. Ht. Lin.Ft. 

0 $ 383.52 0 $ 398.68 
10 460 .01 10 466.76 
20 578.86 20 582.57 
30 630.35 30 627.11 
ko 733.32 ItO 716.19 
50 836.31 50 80U.69 

30° Skew Angle 

* Prices Include unclASsified excavation and foundation 
backfill. 
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70 - , 100- , 140- o r 180-sq f t openings. I n each case, the lengths shown i n the tables 
f o r each s i ze , f o r each t y p i c a l c r o s s - s e c t i o n , and f o r v a r i o u s f i l l heights include an 
es t ima ted amount to take ca re of the usual percentage of skew l ines and angles of skew. 
The un i t costs shown inc lude al lowance f o r the inc iden ta l i t e m s such as excavat ion and 
foundat ion b a c k f i l l m a t e r i a l . A s another example , a l l grade separat ions a re shown i n 
the tables as c r o s s i n g at e i the r r i g h t angles, o r on a skew of 15 degrees, 30 degrees, 
o r 45 degreeLS. Special cases a re to be e s t ima ted separa te ly . Quant i t ies and costs 
w e r e assembled f o r each type of separa t ion and angle of c r o s s i n g and inc lude enough 
of the usual con t rac t i t e m s to cover the t o t a l cost of a t y p i c a l case, i nc lud ing s u f f i c i e n t 
quant i t ies f o r a v a r i a t i o n i n c r o s s i n g angle of 1% degrees e i the r way. P r a c t i c a l l y a l l 
w o r k i t e m s w e r e grouped, o r s tandardized , i n the same genera l way. Thus , w o r k 
i t e m s used m con t rac t s w e r e e}q>ressed i n t e r m s of w o r k sub - i t ems f o r the in t e r s t a t e 
needs es t imate . 

W h i l e the g roup ing of i t e m s was being s tudied by some depar tment un i t s , o the r s 
w e r e ana lyz ing the con t r ac t un i t p r i c e s r e c e i v e d d u r i n g the las t ha l f of 1956 as a f i r s t 
step i n express ing these i n t e r m s of un i t costs f o r the es t imate s u b - i t e m s adopted. I t 
was necessary t o s tudy the v a r i o u s c o n t r a c t u n i t p r i c e s o n each c o n t r a c t w o r k i t e m , 
and to do a c e r t a i n amount of c u l l i n g of i n d i v i d u a l p r i c e s where the nature o r quant i ty 
of the w o r k i n a con t r ac t was c l e a r l y such as to r e s u l t i n a un i t p r i c e that i s c l e a r l y 
not t y p i c a l . T h i s c u l l i n g i s espec ia l ly i m p o r t a n t where the number of d i f f e r e n t con t r ac t 
p r i c e s of an i t e m i s r e l a t i v e l y s m a l l , and the n o n - t y p i c a l un i t p r i c e w o u l d c a r r y a 
weigh t i n d e t e r m i n i n g the average p r i c e much d i f f e r e n t f r o m the r e l a t i o n w h i c h the 
quant i ty of w o r k represen ted by the p r i c e bears to the t o t a l quant i ty of that i t e m i n the 
needs es t imate . A s an example , a con t rac t p r i c e on roadway excavat ion on a s t r ee t 
widen ing j o b shou ld not be used to de t e rmine cos t on the r e l a t i v e l y heavy g rad ing of 
r u r a l in te r s t a te w o r k w h i c h w i l l usua l ly be on new loca t ion . Con t r ac t p r i c e s m a t e r i a l 
l y a f f ec t ed by l o c a l s o i l s , l abor ra tes , o r o ther l o c a l condi t ipns should not be p e r m i t 
ted to in f luence unduly the un i t cost se lected f o r the needs es t imate . 

Since standards of w o r k a re occas iona l ly r a i s e d and spec i f i ca t ions t ightened, c o n 
s i d e r a t i o n mus t be g iven to the l i k e l i h o o d of such changes; and appropr ia te ad jus tment 
should be made i n the se lec ted average con t rac t p r i c e s where such changes w i l l ma t e 
r i a l l y a f f e c t the cost . 

Needs es t imates o f t en include i t e m s of w o r k not f r e q u e n t l y used o r not obtained by 
con t r ac t method such as r i g h t - o f - w a y fence , highway s igns , pavement s t r i p i n g , and 
highway l i g h t i n g . Cost can usua l ly be obtained f r o m o ther states obta in ing these by 
con t r ac t method, such as those b u i l d i n g t o l l roads , o r extensive u rban e:q)ressways, 
o r f r o m reputable m a t e r i a l o r equipment p r o d u c e r s . 

A f t e r ana lyz ing and c u l l i n g con t rac t un i t p r i c e s , averages of those to be used w e r e 
obtained and the average con t rac t p r i c e f o r each i t e m s tudied f o r any ad jus tment need
ed because of changes an t ic ipa ted i n designs o r spec i f i ca t ions tha t w o u l d a f f e c t cost . 
The average con t r ac t un i t p r i c e s w i t h any ad jus tment found advisable were then se lec ted 
f o r use i n the needs cost e s t imate . 

W i t h the i t e m s of w o r k to be used i n a r r i v i n g at the cost es t imate de t e rmined and 
the represen ta t ive con t rac t p r i c e s d e t e r m i n e d f o r the un i t s of w o r k used i n highway 
con t rac t s d u r i n g the las t ha l f of 1956, i t r e m a i n e d to apply the represen ta t ive con t rac t 
p r i c e s to the es t imate w o r k sub - i t ems . T o do t h i s i t was de t e rmined what un i t s of 
w o r k appear ing as i t e m s i n the con t rac t s should be inc luded i n each es t imate s u b - i t e m 
w o r k un i t , and then the amount of each con t rac t m r k un i t contained i n a g iven quant i ty 
of each es t ima te w o r k un i t . B y applying the p r e d e t e r m i n e d represen ta t ive con t r ac t un i t 
p r i c e s i n the same o r o p o r t i o n s , the cont rac t -cos t of each un i t of each es t imate w o r k 
s u b - i t e m was obtained. 

I t then r e m a i n e d to de t e rmine the quant i t ies of each es t ima te s u b - i t e m of w o r k . The 
quant i ty tables inc luded i n the twen ty-seven genera l data tables w e r e p r e p a r e d to enable 
the f i e l d e s t i m a t i n g teams to a r r i v e at the quant i t ies r a p i d l y , u n i f o r m l y , and w i t h a 
m i n i m u m of ca lcu la t ions . These quant i ty tables inc lude data; such as, a rea i n acres 
p e r m i l e f o r d i f f e r e n t w id ths of r i g h t - o f - w a y , excavat ion quant i t ies p e r s t a t ion f o r d i f 
f e r e n t depths of cut f o r d i f f e r e n t t y p i c a l c ro s s - sec t i ons and f o r d i f f e r e n t heights of f i l l 
on b o r r o w sec t ions , and lengths of m i n o r cvoss d r a i n s t r u c t u r e s f o r each s ize and f o r 
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v a r i o u s f i l l he ights . Other tables deal w i t h i t e m s f o r w h i c h the quant i ty i s u n i f o r m 
and can be g iven on a p e r m i l e bas i s ; such as, s o i l aggregate base cour se , subbase, 
shoulder cons t ruc t i on , s u r f a c i n g courses , b lanket course (under concre te pavement) , 
and fences . These tables a re so a r r anged that the d i f f e r e n t l o c a l m a t e r i a l s avai lable 
i n d i f f e r e n t p a r t s of the state and the percentages of c o m m e r c i a l aggregate admix tu re s 
r e q u i r e d , can be se lected f o r any m a t e r i a l combina t ion f o r any g iven es t imate sec t ion . 
Where quant i ty ,per m i l e i n an es t imate un i t i s constant the table g ives the v a r i o u s cost 
f i g u r e s p e r m i l e f o r the v a r y i n g condi t ions . 

Special tables have been p r e p a r e d f o r d e t e r m i n i n g excavat ion quant i t ies whe re no 
p r o f i l e I S avai lable f r o m e i the r f i e l d su rvey o r sui table contour maps . Severa l r e 
cent ly cons t ruc ted p r o j e c t s w e r e se lected and the quant i t ies expanded to what they 
w o u l d have been had in t e r s t a t e s tandards been used. Some of these w e r e se lec ted i n 
each of the s i x d iv i s i ons i n the state, so that each d i v i s i o n e s t i m a t i n g t eam cou ld de
t e r m i n e quant i t ies f o r a sec t ion wi thou t p r o f i l e by c o m p a r i s o n w i t h the known p r o j e c t s 
cons ide r i ng the t e r r a i n , dra inage , s o i l s , etc. 

Some ment ion should be made of the o rgan iza t iona l p rocedure i n u t i l i z i n g these data 
i n p r o d u c i n g a cost es t imate f o r an in t e r s t a t e rou te sec t ion . 

S t r i p maps w e r e p r e p a r e d f o r each in t e r s t a t e route us ing the one i n c h to one m i l e 
county r o a d maps. On these the routes w e r e p lo t t ed as accura te ly as p r a c t i c a l , and 
the e s t ima ted t r a f f i c vo lumes f o r the y e a r 1975 ind ica ted on both in t e r s t a t e rou tes and 
the i n t e r s e c t i n g roads and s t r ee t s . Ten ta t ive sec t ion l i m i t s w e r e then ind ica ted on the 
map and the map sent to the appropr ia t e d i v i s i o n (or d i s t r i c t ) o f f i c e . The d i v i s i o n , 
having designated a w o r k t eam of at leas t t h r ee engineers w i t h one as a capta in , had 
the l ine p lo t t ed on a e r i a l photographs and ad jus ted by s tereoscopic examina t ion , and 
also had the l ine p l o t t e d on contour maps i f ava i lab le . Where p r o f i l e s cou ld be p r e 
pared , grades w e r e l a i d and the l i n e m a r k e d on the g round f o r easy I d e n t i f i c a t i o n . 

Then a r epresen ta t ive of the in t e r s t a t e o f f i c e of the highway, depar tment and a r e p 
resenta t ive of the B u r e a u of P u b l i c Roads accompanied the d i v i s i o n e s t i m a t i n g t e a m 
ove r the route f o r d e t e r m i n a t i o n of the gene ra l design. They decided on the s u i t a b i l i t y 
of the l i ne and grades as proposed , the t y p i c a l sec t ion , the loca t ion and type of i n t e r 
changes, the separat ions (both highway and r a i l r o a d ) , the r o a d o r s t r ee t t e r m i n a t i o n s , 
and the f r o n t a g e roads . 

W i t h t h i s data the c e n t r a l o f f i c e comple tes the s t r i p maps w i t h appropr i a t e s y m b o l s , 
copies of w h i c h a re sent to the d i v i s i o n . Then the d i v i s i o n t e a m es t ima tes ; e a r t h w o r k 
f r o m p r o f i l e and tab les , o r f r o m tables p r e p a r e d f o r c o m p a r i s o n method; number and 
s ize of m i n o r drainage s t r u c t u r e s ; areas of d i f f e r e n t c lasses of c l e a r i n g and g rubb ing ; 
d imens ions and types of s t r u c t u r e s on r i g h t - o f - w a y ; data on u t i l i t y ad jus tments , etc. 
The f i e l d t eam accompanied by represen ta t ive f r o m the in t e r s t a t e o f f i c e and the B u r e a u 
of Pub l i c Roads, goes ove r the sec t ion route w i t h maps , p r o f i l e s and o ther data f o r the 
purpose of r e v i e w i n g the quant i ty data a l ready obtained f o r the sec t ion and comple t i ng 
the e s t ima te of quant i t ies and costs . They make c e r t a i n tha t the p r o p e r data i s s e l ec t 
ed f r o m the v a r i o u s tables f o r tha t p a r t i c u l a r sec t ion and that p r o p e r a l lowance i s made 
f o r any spec ia l condi t ions encountered w a r r a n t i n g v a r i a t i o n f r o m the s t andard table 
data. The d i v i s i o n t eam l a t e r completes s i m p l e ca lcu la t ions and extens ions , and c o m 
ple tes each of the twenty-one d i f f e r e n t f o r m s , o r w o r k sheets, f o r each es t imate sec
t i on . These a re then assembled by sect ions and f o r w a r d e d to the in t e r s t a t e o f f i c e f o r 
r e v i e w and use i n p r e p a r i n g the f u l l rou te e s t ima te r e p o r t . 

A l a b a m a has j u s t comple ted the genera l data, f o r m s , t ab les , e t c . , and has j u s t be 
gun the f i e l d es t imate t eam w o r k on r u r a l sect ions . The t i m e spent i n p r e p a r i n g the 
f o r m s and gene ra l data tables has been w e l l spent, however . 

When the e s t i m a t i o n of cost on the u rban sec t ion begins , some v a r i a t i o n i n the p r o 
cedure and some supplement ing of the gene ra l data w i l l be needed. 

Al though the f o r m s , the genera l data tab les , and the state manual of i n s t r u c t i o n s 
r e g a r d i n g t h e i r use have been p r i n t e d and copies a re ava i lab le they a r e not i n su i table 
f o r m f o r p r i n t i n g as a p a r t of t h i s paper o ther than f o r the examples g iven . T h e de
t a i l e d data used i n a r r i v i n g at r ep resen ta t ive c o n t r a c t un i t p r i c e s has not ye t been 
p r i n t e d and i s s t i l l i n w o r k sheet f o r m . 

Those p r e p a r i n g the gene ra l data tables and the f o r m s to f a c i l i t a t e t h e i r use, and 
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o ther pe r sonne l who w i l l take p a r t i n the cost es t imate study have been i m p r e s s e d w i t h 
the danger of o v e r l o o k i n g i t e m s of w o r k that w i l l be needed, and unde re s t ima t ing the 
cost . A l s o , the i m p o r t a n c e of not padding the es t ima te has been s t ressed . I f i n the 
p r e p a r a t i o n of gene ra l tab les , they include f o r a g iven c r o s s - s e c t i o n m o r e e r o s i o n 
c o n t r o l w o r k than i s cus tomary o r based cos t data on h igher percentages of aggregate 
i n base course then p r e v i o u s l y r e q u i r e d , t h i s i s not padding, bu t i s an e f f o r t at r e a l i s 
t i c e s t i m a t i n g where s tandards a re be ing r a i s e d o r designs m o d i f i e d . Since the e s t i 
mates mus t be defensible as w e l l as adequate and u n i f o r m , the re should be no padding 
even though w i t h o u t ex t r eme care there may be some o v e r l o o k i n g of s i g n i f i c a n t i t e m s . 

A C K N O W L E D G M E N T 

T h i s paper i s based on the w o r k done i n A l a b a m a on the in t e r s t a t e cost e s t ima te . 
M o s t of the c r e d i t f o r t h i s w o r k should go to the represen ta t ives of the A u t o m o t i v e 
Safety Foundat ion and the B u r e a u of P u b l i c Roads i n A l a b a m a , and t o the v a r i o u s s t a f f 
m e m b e r s of the highway depar tment assigned to t h i s task. 




