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T h i s paper p resen t s r e s u l t s obtained f r o m (a) p r e ­
c i se f i e l d c ro s s - s ec t i ons , (b) unadjus ted p h o t o g r a m -
m e t r i c c r o s s - s e c t i o n s as taken w i t h a B e n s o n - L e h -
ne r t e r r a i n data t r a n s l a t o r on a K e l s h p l o t t e r , and 
(c) ad jus ted p h o t c ^ r a m m e t r i c c r o s s - s e c t i o n s . 

THIS COMPARISON of r e s u l t s f o r d i f f e r e n t types of su rveys i s f r o m e a r t h w o r k 
imputat ions based on f i e l d measurements and p h o t o g r a m m e t r i c measurements on 
yoming In te r s t a te P r o j e c t 1-90-2(5). The t es t was made w i t h i n a 2 . 5 - m i sect ion 
v e r y rough t e r r a i n w h e r e i n some ins tances r i g h t - o f - w a y w i d t h s w e r e i n excess of 

10 f t due to m a x i m u m v e r t i c a l v a r i a t i o n s up to 250 f t a c r o s s the sect ions . 
Photography was taken, b y a consul tant , w i t h a F a i r c h i l d ca r tograph ic c a m e r a w i t h 

B and L M e t r o g o n lens , and a 6 - l n . f o c a l l ength , a t a f l i g h t he igh t of 6 ,000 f t f o r a 
igative scale of 1,000 f t = 1 i n . Ground c o n t r o l was f u r n i s h e d b y the h ighway de -
. r tment engineers . The a r ea was then mapped, b y the consul tant , w i t h a 5 - f t contour 
t e r v a l a t a h o r i z o n t a l scale of 200 f t = 1 i n . The p r o j e c t e d a l i gnmen t was staked 
the f i e l d b y pe rsonne l o f bo th the consul tant and the highway depar tment , and a p r e -

se f i e l d p r o f i l e obtained b y highway depar tmen t engineers on t h i s a l i gnmen t and 
m i s h e d to the consul tant . The consul tant obtained the p h o t o g r a m m e t r i c c r o s s - s e e ­
m s w i t h a Benson-Lehne r t e r r a i n data t r a n s l a t o r on a K e l s h p l o t t e r . 

F o r checking the accuracy of the p h o t o g r a m m e t r i c c ro s s - s ec t i ons , p r e c i s e f i e l d 
OSS-sect ions w e r e obtained w i t h a Z e i s s s e l f - l e v e l i n g l e v e l a t an i n t e r v a l of a p p r o x i -
ately 1,000 f t . R igh t angles w e r e tu rned o f f each s ta t ion w i t h a t r a n s i t , and the 
stances to a l l c r o s s - s e c t i o n b r e a k s w e r e measured w i t h a s teel cha in . 

F o r the e a r t h w o r k computa t ions of embankment and excavat ion , as g iven i n Table 
i t was assumed that the dis tance between each sect ion was 100 f t i n h o r i z o n t a l 

stance. End a reas f o r embankment w e r e computed f o r a f o u r - l a n e sect ion of i n t e r -
ate h ighway w i t h a 4 0 - f t median w i d t h and a p p r o x i m a t e l y a 1 5 - f t average f i l l a t c e n -
r l i n e of the eastbound lanes . A n approx ima te 1 0 - f t c u t a t c e n t e r l i n e of the eastbound 
nes was used f o r the excavat ion computa t ions . T h i s method g ives a thorough check 
each one-ha l f of the sec t ion that w o u l d be a f f ec t ed b y c u t and f i l l . 
E a r t h w o r k quant i t i es w e r e computed f o r (a) the p r e c i s e f i e l d sect ions , (b) f o r the 

ad jus t ed p h o t o g r a m m e t r i c sect ions , and (c) a f t e r each en t i r e p h o t o g r a m m e t r i c c r o s s -
c t i o n was "ad jus ted" e i t he r up o r down to reduce the cen t e r l i ne e levat ion d i f f e r e n c e 
tween p h o t o g r a m m e t r i c and f i e l d to z e r o (O) (1). Tab le 1 shows tha t the l a r g e r p e r -
ntages of " d i f f e r e n c e " between p h o t o g r a m m e t r i c and f i e l d quan t i t i e s and unadjus ted 
o t o g r a m m e t r i c quant i t i es w e r e i n n e a r l y a l l instances reduced b y " a d j u s t i i ^ " the 
lOtogrammetr ic c r o s s - s e c t i o n . T h i s ad ju s tmen t p rocedure i s eas i ly handled i n c o m -
t e r p r o g r a m s , and may be a s tandard p rocedure i f d e s i r e d . 

CONCLUSIONS 

The r e s u l t s of t h i s study, as g iven i n Tab le 1, suppor t the conc lus ion of Funk {1) 
a.t ad ju s tmen t o f p h o t o g r a m m e t r i c su rveys b y means o f an accura te f i e l d p r o f i l e 
11 m a t e r i a l l y reduce l a r g e l o c a l i z e d e r r o r s i n e a r t h w o r k quan t i t i e s . 
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TABLE I 
COMPARISON OF EXCAVATION AND EMBANKMENT QUANTITIES 

IN CUBIC YARDS AND P E R C E N T D I F F E R E N C E 

Station 

CUBIC YARDS EXCAVATION 

Precis* 

Field Unaduited 

Photogrammetric 

Adjusted Unadjusted 

Percint Difttrttice 
From Precitt Fuld 

Ptiotogrommetric 

Adjusted 

CUBIC YARDS EMBANKMENT 

Precise 

Field Unodjustcd 

Ptiotogrommetric 

Adjusted Unodjusted 

Perctnt Difftrtncfl 
From Pricut Filld 

Ptiotogrommetric 

Adjusted 

1695 

1703 

1709 

1720 

1730 

1740 

1749 

1760 

1770 

1780 

1790 

1800 

1810 

1820 

1830 

6661 

6986 

6264 

7486 

7768 

7355 

9388 

8218 

5953 

7327 

7138 

6357 

6690 

7575 

7261 

7495 

6677 

7609 

7789 

7135 

8688 

7697 

5659 

7303 

7285 

6580 

6983 

7669 

6743 

7193 

6470 

7512 

7637 

7229 

9221 

8088 

5804 

7379 

7292 

6525 

6807 
7186 

+ 9.00 

+ 7.28 

•••6.59 

* I 64 

•f 0 27 

- 2 99 

-7.46 

- 6.34 

- 4 94 

- 0 33 

+ 2.06 

•I- 3.50 

•I- 4.38 

+ 1.24 

•H.23 

+ 2 96 

•I-3 29 

+035 

- I 69 

- I 71 

-1.71 

-1.58 

-2 50 

+ 0.71 

+ 2 16 

+ 2 64 

+ 1.75 

-5i 14 

7603 

8144 

7296 

7273 

7481 

7039 

7841 

6244 

4707 

6816 

6835 

6581 

7526 

7449 

7050 

7726 

6970 

7211 

7539 

7255 

8516 

6783 

4917 

6966 

6895 

6431 

7273 

7258 

7471 

7967 

7139 

7282 

7573 

7138 

8104 

6437 

4796 

6906 

6871 

6426 

7420 

7663 

-7.27 

- 5 13 

- 4 52 

- Q85 

+ 0.76 

+ 3 07 

+ 861 

+ a63 

+ 4.46 

+ 2.20 

+ 0 87 

- ^28 

- 3 36 

- 2 56 

- 1.74 

- 2 17 

-2.15 

+ a i 2 

+ 1.23 

+ I 41 

+ 3 35 

+ 3 09 

+ 1.89 

+ 1.32 

-053 

-2.36 

- I 41 

+ 2 87 

TOTAL 101,166 101,830 101,086 + 0 . 6 6 a 0 8 98,835 98,790 99,193 0 05 + 0.36 

NOTE: For earthwork computations the distance between each cross-section token was assumed to be lOO' 

The f a c t tha t m e d i u m - s c a l e photography has p r o v i d e d such r e l a t i v e l y s m a l l " d i f ­
f e r e n c e s " between f i e l d and p h o t o g r a m m e t r i c quan t i t i e s i s of p a r t i c u l a r i n t e r e s t , be ­
cause i t i s not genera l p r a c t i c e to c r o s s - s e c t i o n f r o m t h i s scale o f photc^raphy . I t 
i s planned a t t h i s time to pay staked quan t i t i e s on t h i s p r o j e c t as based on the pho to ­
g r a m m e t r i c c ro s s - s ec t i ons . T h i s s tudy suppor ts the t heo ry Uiat p r e c i s e c o n t r o l and 
good w o r k m a n s h i p w i l l p roduce dependable a e r i a l su rveys . 
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