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The purpose of th i s paper i s to present a g r aph i ca l type of ana lys i s that was 
developed to p rov ide s u f f i c i e n t i n f o r m a t i o n w i t h i n reasonable t i m e and cost 
l i m i t s f o r the de t e rmina t ion of the p r o p e r loca t ion of c l i m b i n g - l a n e t e r m i n i . 

The p rocedure employs v a r i o u s types of t r a f f i c s tudies to develop a p r o 
f i l e of the average runn ing speeds of c o m m e r c i a l veh ic les and unimpeded 
passenger c a r s and a measurement of the add i t iona l t r a v e l - t i m e r e q u i r e d by 
the ove r t ak ing and pass ing maneuvers of delayed t r a f f i c . The g r a p h i c a l a n a l 
y s i s de t e rmines : (1) the length of the imped ing zone w i t h i n w h i c h the grade 
e f f ec t s a r educ t ion i n the n o r m a l speed of t r u c k s ; (2) the p r o p e r pos i t i on ing 
of a c l i m b i n g lane based upon selected acceptable speed d i f f e r e n t i a l s between 
passenger ca r s and t r u c k s ; and (3) the r a t i n g of ascending grades th rough an 
economic compar i son of t i m e - d e l a y and accident costs of m o t o r veh ic le ope ra 
t i o n . 

The conc lus ion of t h i s r e s e a r c h i s that i t i s an economica l and dependable 
method of obta in ing such supplementa l i n f o r m a t i o n as may be r e q u i r e d f o r the 
p lann ing , p r o g r a m m i n g and cons t ruc t ion of safe and e f f i c i e n t highway f a c i l i 
t i e s . 

# T H E R E a re ove r 5, 800 m i l e s of state 
highway on the r u r a l sys t em i n the State of 
Washington . The heav ie s t - t r ave l ed routes 
of the n e t w o r k e i the r c ros s the Cascade 
Mounta in range that d iv ides the State geo
g r a p h i c a l l y , o r , i n many p laces , t r a v e r s e 
r o l l i n g f o r e s t e d o r a g r i c u l t u r a l t e r r a i n . 
L e s s than 200 m i l e s of the sys t em have 
been cons t ruc ted to f o u r lanes. I nc r ea s ing 
vo lumes of t r a f f i c a r e causing accidents 
and congest ion on c e r t a i n c r i t i c a l two- l ane 
f a c i l i t i e s due to the capac i ty - r educ ing 
e f f ec t s of s l o w - m o v i n g vehic les on ascend
i n g grades . 

S u f f i c i e n t dependable i n f o r m a t i o n i s 
ava i l ab le to de t e rmine where c l i m b i n g 
lanes f o r s l o w - m o v i n g veh ic les a re w a r -
ren ted on va r i ous grad ien ts and lengths of 
g rades . O the r publ i shed i n f o r m a t i o n can 
be used to p o s i t i o n the c l i m b i n g lane on the 
grade so that i t w i l l meet the opera t iona l 
r e q u i r e m e n t s of average r e p o r t e d t r a f f i c 
c h a r a c t e r i s t i c s . T h e r e a r e c e r t a m p h y s i 
c a l and ope ra t iona l c h a r a c t e r i s t i c s , how
ever , f ound to be p e c u l i a r to some ascend
i n g grades , that i nvo lve a dev ia t ion f r o m 
pub l i shed c r i t e r i a f o r the p r o p e r loca t ion 
and des ign of a c l i m b i n g - l a n e f a c i l i t y . 

P h y s i c a l f a c t o r s o f t en l i m i t the length 
that can be p r o v i d e d f o r a c l i m b i n g lane. 
These inc lude such cons idera t ions as: (1) 
the l oca t ion of c ro s s roads , p a r t i c u l a r l y 
at o r near the c r e s t of the grade, (2) the 
economics of r i g h t - o f - w a y acqu i s i t i on i n 

r e l a t i o n to the benef i t s to be d e r i v e d , (3) 
adverse topograph ica l f ea tu res that a f f e c t 
excavat ion o r f i l l quan t i t i e s , and o the r s . 

T w o p r i n c i p a l opera t iona l f ea tu re s have 
been found i n Washington that tend to 
lengthen the c l i m b i n g lane n o r m a l l y r e 
q u i r e d . F i r s t , Gypo loggers employ ing o b 
solete equipment i n f o r e s t r eg ions , and 
f a r m e r s u t i l i z m g underpowered t r u c k s i n 
a g r i c u l t u r a l a reas , p resen t p e r f o r m a n c e 
p r o b l e m s d i f f e r e n t f r o m the we igh t -power 
r a t i o s of the b i g Rigs opera t ing on i n t e r 
state hauls to and f r o m i n d u s t r i a l centers 
Second, state statutes l i m i t the speed oi 
c o m m e r c i a l veh ic les exceeding 10,000 l b . 
i n g ross weight to a m a x i m u m of 40 m p h . , 
w h i l e p e r m i t t i n g day and night passenger 
ca r speeds of 50 m p h . and, at some se lec
ted loca t ions , 60 m p h . 

The extent to w h i c h the ope ra t iona l char -
a c t e r i s t i c s of the average runn ing speeds 
of passenger c a r s and t r u c k s was found to 
deviate f r o m n a t i o n a l l y - r e p o r t e d data i n 
the instance of "Swauk C r e e k H i l l " and 
v i c i n i t y , i s shown m Table 1. 

The observed speed of passenger ca r s 
and t r u c k s opera t ing on l e v e l t e r r a i n was 
9 m p h . and 10 m p h . f a s t e r , r e s p e c t i v e l y , 
than that of the average r e p o r t e d data. 
However , the d i f f e r e n t i a l between the speed 
of the two veh ic le c l a s s i f i c a t i o n s was ex -
sen t i a l l y the same f o r both the observed 
and r e p o r t e d data. A g rea t e r dev ia t ion of 
observed speeds f r o m r e p o r t e d speeds was 

12 



13 

found i n passenger c a r s than t r u c k s on 5 
percent grades . T h i s c rea ted a 4 6 - p e r 
cent h igher d i f f e r e n t i a l i n grade speed b e 
tween the two veh ic le c l a s s i f i c a t i o n s than 
i s p r o v i d e d f o r by publ i shed design c r i t e 
r i a . 

PURPOSE O F STUDY 

The p r e p a r a t i o n and r e v i e w of con t r ac t 
plans f o r the p r o v i s i o n of a c l i m b i n g lane 
on an ascending grade involves th ree 
p r i n c i p a l cons idera t ions : F i r s t , t he re i s 
the app l ica t ion of ava i lab le r e s e a r c h data 
and des ign c r i t e r i a to de t e rmine the w a r 
ran ts f o r and the r equ i r emen t s of the f a c i l 
i t y . Second, c e r t a i n p h y s i c a l and economic 
f a c t o r s have a tendency to e f fec t a m o d i 
f i c a t i o n i n the p r e l i m i n a r y des ign . T h i r d , 
devia t ions of observed m o t o r - v e h i c l e p e r 
f o r m a n c e f r o m average r e p o r t e d ope ra 
t i o n a l c h a r a c t e r i s t i c s may r e q u i r e f u r t h e r 
ad jus tments m the design to compensate 
f o r l o c a l t r a f f i c p e c u l i a r i t i e s . 

The r e s o l v i n g of these f a c t o r s that i n 
f luence the design of a c l i m b i n g lane can 
somet imes be achieved th rough opinions 
based upon engineer ing judgment and ex 
pe r i ence . I n o ther instances, the d ivergen t 
na tu re of e x i s t i n g data m a y necess i ta te 
supplementa l i n f o r m a t i o n be fo re a d e c i 
s ion can be reached as to the adequacy of 
the des ign . The s u r v e y p r o c e d u r e and 
g r a p h i c a l ana lys i s p rocess , h e r e i n a f t e r 
d iscussed, was s p e c i f i c a l l y evolved t o p r o -
v ide a ha nd - t a i l o r ed method of d e t e r m i n i n g 
the p r o p e r pos i t i on and length of a c l i m b i n g 
lane on an ascending grade at such loca t ions 
where publ i shed des ign c r i t e r i a a r e not a p 
p l i c a b l e . 

T A B L E 1 
R E P O R T E D AND OBSERVED F R E E V E H I C L E SPEEDS 

(Swauk Creek HiU and Vicinity) 

Data Grade Average Running Speed (mph) Speed 
Source Percent Passenger Cars Trucks Differential 

Reported ^ Level 46 mph 37 mph 9 mph 
Observed' Level 55 mph 47 mph 8 mph 

Reported ' + 5% 40 mph 27 mph 13 mph 
Observed' + 5% 49 mph 30 mph 19 mph 

' Table III-17 AASHO Policy on Geometric Design of Rural 
Highways 

'Swauk Creek Study of Motor Vehicle Performance on 
Ascendmg Grades 

The study of m o t o r veh ic le p e r f o r m a n c e 
on Swauk C r e e k H i l l was an opera t iona l r e 
sea rch p r o j e c t conducted f o r the purpose 
of i m p r o v i n g methods o f i n s t r u m e n t a t i o n , 
and to obta in data on the ascending grade 

p r i o r to the cons t ruc t i on of the c l i m b i n g 
lane . Inasmuch as the c l i m b i n g lane was 
i n the p r o g r a m m i n g stage at the t i m e of 
the su rvey , the f i nd ings of the study had 
no e f f ec t upon i t s des ign. 

SCOPE O F O P E R A T I O N A L RESEARCH 

The study of veh ic le p e r f o r m a n c e on 
the p a r t i c u l a r ascending grade of Swauk 
C r e e k H i l l i s one f o r w h i c h a c l i m b i n g lane 
was proposed i n 1953 and cons t ruc ted i n 
1954. T h i s i s an ascending grade f o r wes t 
bound t r a t f i c , a p p r o x i m a t e l y 0 .6 m i l e i n 
length , o n u s 10 ( P r i m a r y State H i g h w a y s ) , 
12 m i l e s west of the C i t y of E l l e n s b u r g . 
US 10 i s an i m p o r t a n t and r e l a t i v e l y heavy-
t r a v e l e d (4 ,300 v p d . ) two- lane highway on 
the in te r s t a te sys tem i n t h i s v i c i n i t y . 

The Swauk C r e e k grade i s on a genera l 
eas t -west a l ignmen t that p a r a l l e l s the 
Y a k i m a R i v e r . The study sec t ion passes 
f o r 6. 5 m i l e s th rough a n a r r o w and w i n d 
i n g gorge . R a i l r o a d s r u n n m g along both 
r i v e r banks have p reven ted highway c o n 
s t r u c t i o n on a w a t e r - l e v e l grade , and th i s 
condi t ion has necess i ta ted s e v e r a l steep 
grade r i s e s and sharp h o r i z o n t a l cu rves 
over the r o l l i n g t e r r a i n . The pavement i s 
20 fee t i n w i d t h , w i t h substandard g r a v e l 
shoulders and numerous p a s s i n g - s i g h t -
distance r e s t r i c t i o n s . V a l l e y s loca ted at 
both ends of the r i v e r gorge a l l o w f o r long 
tangents that a r e conducive to h igh veh ic l e 
speeds. The posted absolute speed l i m i t s 
on t h i s highway at the t i m e of the study 
were 50 m p h . f o r passenger c a r s and 40 
m p h . f o r t r u c k s . 

Swauk C r e e k H i l l i s one of f o u r ascend
ing grades encountered by t r a f f i c t r a v e l i n g 
i n e i the r d i r e c t i o n th rough the gorge . A l l 
f o u r grades w e r e inc luded i n the f i e l d s u r 
vey, but Swauk C r e e k H i l l was the on ly one 
i nvo lved i n a p r o g r a m f o r c l i m b i n g - l a n e 
cons t ruc t i on . Due to the mechanics of p r e 
sentat ion invo lved i n the g r a p h i c a l ana lys i s 
p rocess , on ly the opera t iona l r e s e a r c h 
f i nd ings on Swauk C r e e k H i l l w i l l be de 
s c r i b e d . A compar i son of the e f f e c t of the 
s e v e r a l f a c t o r s of t i m e delay and accident 
costs on t h i s ascending grade, i n r e l a t i o n 
to the o ther t h r ee , w i l l , however , be p r e 
sented i n the scope of t h i s paper . 

PROCEDURE O F STUDY 

The study of veh ic le p e r f o r m a n c e on 
ascending grades i n the Swauk C r e e k H i l l 
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vicinity employed various traff ic engineer
ing procedures to measure the following 
basic operational character i s t i cs : (1) vo l 
ume and classi f icat ion of traff ic; (2) a v e r 
age running and spot speeds of passenger 
c a r s and trucks; and (3) distance an over
taking vehicle followed an impeding truck. 

These measurements were procured by 
a three-man crew operating in a cruis ing 
survey c a r equipped with a calibrated s u r 
vey odometer reading to 0.01 of a mi le , 
and a sweep-second-hand stopwatch. The 
odometer and watch were both started from 
a zero reading as the cruis ing c a r followed 

Figure 1. Swauk Creek H i l l before construction of climbing lane. 

T R A F F I C V O L U M E AND V E H I C L E 
C L A S S I F I C A T I O N 

Three consecutive weekdays in July 
1953, having normal seasonal traff ic condi
tions, were selected for the f ield ins t ru 
mentations and observations; 24-hour d i 
rectional traff ic volumes were secured 
by a mechanical hourly recording traff ic 
counter. The classi f icat ion of vehicles by 
the l icense registration of passenger c a r s 
and the axle arrangement of 10 c las ses of 
trucks were conducted simultaneously with 
the operation of spot speed stations to 
utilize available manpower. 

O P E R A T I N G S P E E D S O F P A S S E N G E R 
C A R S AND T R U C K S 

Instrumentation of vehicle performance 
was made between 9 a. m. and 6 p. m . , the 
hours of maximum traff ic volumes. O p e r a 
ting speeds were calculated in the office 
analys is from time and distance measure 
ments made in the f ield. 

a sample vehicle past the initial point of 
the study section. A time recording to the 
nearest second was taken from the contin
uously-running stopwatch at each 0. 05 or 
0.10 distance readings of the odometer. 
The f i r s t interval was used for slow-speed 
operation, and the latter for high-speed 
recordings as a matter of safety and con
venience. The time and distance readings 

24 HKjr AWO volumt < 4300 ( I I 3%ADT) 
9 Hour Volumt • 2300 (34% of AW D ) 

30th Hour Volumt '600 ( I 5.8% of AOT) 

I I I V\ 1 I 
/ \ I Total 

_ / | \ Both Oi 

i l l 
..>,^ol|Oul otlOutofL llPantiaj Dual 
Cc»uniy|county|smt« j^^g" PichLip] Ti r«a 

10 Noon 2 

Fipure 2. T r a f f i c volume and c l a s s i f i c a t i c 
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f o r unimpeded passenger ca r s and f o r an 
adequate sample of t r u c k s of va r i ous ax le 
c l a s s i f i c a t i o n s selected at r andom f r o m 
the t r a f f i c s t r e a m were secured i n t h i s 
manner . 

Radar speed m e t e r equipment was used 
to obtain a l a r g e r sample of opera t ing 
speeds than was poss ib le by the c r u i s i n g -
s u r v e y - c a r method. The spot speeds w e r e 
taken j u s t below the c r e s t of the grade so 
as to secure a check on the m i n i m u m c r a w l 
speed of s l o w - m o v i n g veh ic les . 

D I S T A N C E O V E R T A K I N G V E H I C L E S 
F O L L O W E D I M P E D I N G TRUCKS 

A measurement of the dis tance that an 
o v e r t a k i n g veh ic le f o l l o w e d an imped ing o r 
s l o w - m o v i n g t r u c k was r eco rded s i m u l t a n 
eously w i t h the t i m e and distance data 
secured on the t r u c k . The c r u i s i n g c a r , 
i n a s suming the opera t iona l p e r f o r m a n c e of 
the t r u c k at a safe passmg dis tance behind 
i t , was cons ide red as hav ing an i m p e d i n g 
inf luence s i m i l a r to the t r u c k . A pass ing 
maneuver a round the c r u i s i n g ca r (but not 
nece s sa r i l y the t r u c k ) by an ove r t ak ing 
veh ic le w o u l d , t h e r e f o r e , have been theo
r e t i c a l l y the equivalent of the pass ing of 
the t r u c k , had the s u r v e y c a r not been i n 
i t s p o s i t i o n i n the t r a f f i c s t r e a m . The 
distance that an ove r t ak ing veh ic le f o l l o w e d 
the t r u c k was secured by f i r s t r e c o r d i n g 
the su rvey odometer r e a d m g at the l o c a 
t i o n where the speed of the ove r t ak ing 
veh ic le w a s in f luenced b y the .c ru i s ing c a r . 
A second f o r m e n t r y was made at the odo
me te r s ta t ion where a pass ing maneuver 
was comple ted a round the su rvey veh i c l e . 

G R A P H I C A L A N A L Y S I S 

The g r aph i ca l ana lys i s of veh ic le p e r 
f o r m a n c e on ascending grades i s the p r i 
m a r y ob jec t ive of the method of p rocedure 
r e p o r t e d upon i n the scope of t h i s paper . 
The purpose of the ana lys i s i s to p rov ide a 
g r aph i ca l de t e rmina t i on of: (1) pas s ing -
s igh t -d i s tance r e s t r i c t i o n s on the ascend
i n g grade; (2) the length of the imped ing 
zone w i t h i n w h i c h the grade e f fec t s a r e 
duct ion in the n o r m a l opera t ing speed of 
t r u c k s ; (3) p rope r t e r m m a l locat ions of a 
c l i m b i n g lane, based upon selected accept
able speed d i f f e r e n t i a l s between passenger 
ca r s and t r u c k s ; and (4) t i m e - d e l a y i n 
c u r r e d by ove r t ak ing passenger c a r s tha t 
a r e impeded by s l o w - m o v i n g veh ic l e s . 

P L A N A N D P R O F I L E O F T H E GRADE 

The p lan and p r o f i l e of the ascending 
grade under study (F igu re 3) p r o v i d e s 
i n f o r m a t i o n of value m supplement ing other 
data i n the subsequent analyses . Swauk 
C r e e k H i l l contains a grade r i s e of 130 
f ee t i n a r u n of 3,000 f ee t . The re i s a 
400- foo t v e r t i c a l cu rve on e i the r end of a 
5-percent grade . The r e l a t i onsh ip b e 
tween the length of grade , as measured i n 
the f i e l d by the use of su rvey odometer 
s ta t ions 3 .20 to 3 .75 , and the engineer ing 
s ta t ions of the cons t ruc t ion p lans , i s 
convenient ly ind ica ted on the p lan and p r o 
f i l e . Scale measurements show that the re 
i s a p p r o x i m a t e l y 50 percent s igh t -d i s tance 
r e s t r i c t i o n s f o r ascending t r a f f i c because 
of the combined e f fec t of two 6-deg. h o r i 
zon ta l cu rves and the v e r t i c a l cu rve at the 
c r e s t of the grade. 

SURVEY T I M E A N D M A N P O W E R 
R E Q U I R E M E N T S 

T h e s u r v e y t i m e r e q u i r e d to conduct a 
s tudy of veh ic le p e r f o r m a n c e on an ascend
ing grade depends upon the length of r o a d 
way to be observed and the f r equency of 
sample a r r i v a l f o r i n s t r u m e n t a t i o n . Swauk 
C r e e k H i l l , w i t h a grade 0 .6 m i l e m l eng th , 
a zone of inf luence of 1.2 m i l e s , and a 
weekday vo lume of 4 ,000 veh ic l e s , r e 
q u i r e d two days of f i e l d observat ions f o r 
a c r e w of t h r ee . The o f f i c e ca lcu la t ions 
and g r a p h i c a l ana lys i s , exc lus ive of r e p o r t 
p r e p a r a t i o n , en ta i led a p p r o x i m a t e l y th ree 
man-days f o r each man-day spent m f i e l d 
w o r k . 

PASSENGER C A R A N D T R U C K SPEED 
D I F F E R E N T I A L 

The d i f f e r e n c e between the average 
runn ing speeds of unimpeded passenger 
ca r s and v a r i o u s types of t r u c k s ( F i g u r e 4) 
p rov ides the data essen t ia l f o r the p r o p e r 
se lec t ion of the length of a c l i m b i n g lane 
to f i t the l o c a l t r a f f i c c h a r a c t e r i s t i c s and 
p h y s i c a l grade condi t ions . A g r a p h i c a l 
p resen ta t ion of the average r u n n i n g speeds 
f o r the length of the imped ing zone w i t h i n 
w h i c h the grade e f f ec t s a r educ t ion i n the 
n o r m a l i jpeed of t r u c k s i s of va lue i n 
check ing s e v e r a l design c r i t e r i a . 

The fundamen ta l p r i n c i p a l of c l i m b i n g 
lanes i s to reduce the d i f f e r e n t i a l i n speed 
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PROPOSED 
T R U C K LANE 

P L A N - SWAUK C R E E K 

TRUCK LANE LENGTH 
T o p e r O t o i Z S t a 3 4 5 + 0 0 to 3 4 8 * 0 0 = 3 0 0 ' 

L o n e 12' S t a 3 4 8 + 0 0 to 3 8 3 + 5 0 = 3 ^ 5 0 ' 

Toper 12 t o o Sta 3 8 3 + 5 0 to 3 8 6 + 5 0 • 3 0 0 ' 

E L E V . 
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* SPOT S P E E D STATION 
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^^^^ T R A F F I C C O U N T S T A T I O N 
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d - P R O P O S E D T R U C K L A N E - O 
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3 3 0 3 4 0 3 9 0 3 6 0 3 7 0 3 8 0 3 9 0 4 0 0 410 4 2 0 

E N G I N E E R I N G S T A T I O N S 

between passenger ca r s and t r u c k s to a 
safe m i n i m u m . The length of a c l i m b i n g 
lane i s , t h e r e f o r e , p r ed i ca t ed on an ac 
ceptable safe-speed d i f f e r e n t i a l f o r the 
condi t ions found at the spec i f i c loca t ion 
under cons ide ra t ion . I t i s not the purpose 
of t h i s paper to enter in to a d i scuss ion as 

Figure 3. Plan and p r o f i l e . 

to what const i tu tes such a speed d i f f e r e n t i a l 
bu t , r a t h e r , to i l l u s t r a t e the method by 
w h i c h the t e r m i n i of a c l i m b i n g lane can be 
located i n spec ia l s i tua t ions , once such 
c r i t e r i a has been de t e rmined by the de
s ign ing engineer . 

Table 2 contains v a r i o u s g r a p h i c a l de -

T A B L E 2 
VARIOUS GRAPHICAL DETERMINATIONS OF CLIMBING-LANE LENGTH 

(Swauk Creek Hill) 

Selected Graphical Criteria 
Climbing 

Lane 
Length 

Equivalent 
In Grade 
Length 

Speed 
Differential 

Start EHcT 

Length of Grade mcli. 3ing Vertical Curves 3,000 ft. 1.0 
AASHO Design (Truck Speed less than 30 mph) 2,600 ft. 0.9 23 mph 19 mph 
Proposed Truck Lane excluding Tapers 3,550 ft. 1.2 10 mph 19 mph 
Permissible Speed Differential of 15 mph* 3,900 ft. 1.3 15 mph 15 mph 
Normal Speed Differential of 10 mph 5,400 ft. 1.8 10 mph 10 mph 
Truck Speed less than Legal 40 mph Limit 6,500 ft. 2.2 10 mph 8 mph 

• H the average speed for trucks at the bottom of the grade were the same as for all vehicles, this 
differential would be comparable to the permissible speed reduction of 15 mph. in AASHO policy. 
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t e r m i n a t i o n s of c l i m b i n g lane length , based 
upon the f i nd ings of veh ic le p e r f o r m a n c e on 
Swauk Creek H i l l . The c l i m b i n g lane, as 
o r i g i n a l l y p roposed and cons t ruc ted , s t a r t s 
at a po in t on the grade where there i s an a p 
p r o x i m a t e l y n o r m a l 10 -mph . d i f f e r e n t i a l 
between the average speeds of passenger 
ca r s and t r u c k s and, a l so , whe re the l a t t e r 
is reduced by the e f f ec t s of the grade to 
less than 40 mph. The end of the c l i m b i n g 
lane i s at a l oca t ion beyond the c r e s t of the 
grade where the speed d i f f e r e n t i a l i s 19 
mph. and a t w h i c h poin t the t r u c k s have 
acce le ra ted f r o m an avesage m i n i m u m 
c r a w l speed of 20 mph. to 30 mph. The 
c l i m b i n g lane, as cons t ruc ted , i s 1.2 
t i m e s the length of the grade . 

c a r s and t r u c k s and w o u l d i n j e c t t h e m back 
in to the t r a v e l lane at a d i f f e r e n t i a l of 19 
mph. 

The se lec t ion of a speed d i f f e r e n t i a l of 
15 mph. w o u l d create a c l i m b i n g - l a n e 
length that i s 0 . 1 m i l e longer than the p r o 
posed des ign , but the beginning poin t w o u l d 
be moved a p p r o x i m a t e l y 550 f ee t up the 
grade . The inves t iga t ion of o ther c l i m b 
ing- lane design c r i t e r i a , based upon a 
l o c a l l ega l speed d i f f e r e n t i a l of 10 mph. 
between passenger ca r s and t r u c k s , o r a 
speed of t r u c k s that f a l l s below the l ega l 
l i m i t of 40 m p h . , produces a b n o r m a l equ iv 
alents of 1. 8 to 2. 2 t i m e s the length of 
g rade . The app l i ca t ion of these las t two 
s tandards w o u l d p robab ly be unfeas ible o r 
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Figure 4. Passenger-car and trucks speed d i f f erent ia l . 

The inves t iga t ion of one AASHO design 
c r i t e r i o n that locates the t e r m i n i a t the 
po in ts where the t r u c k speed f a l l s be low, 
and r i s e s above, 30 mph . p rov ides a 
c l i m b i n g lane that i s 0. 9 t i m e s the length 
of the g rade . The app l i ca t ion of t h i s s t and
a r d to Swauk C r e e k H i l l , however , w o u l d 
not r emove the s l o w - m o v i r ^ v e h i c l e s f r o m 
the t r a f f i c s t r e a m u n t i l the re was a speed 
d i f f e r e n t i a l of 23 mph . between passenger 

uneconomica l i n most cases. Neve r the 
l ess , they show the t r u e length of the zone 
at Swauk C r e e k H i l l w i t h i n w h i c h the grade 
e f f ec t s a r educ t ion i n the speed of t r u c k s 
and creates an ensuing delay and haza rd to 
passenger -ca r opera t ion . 

O V E R T A K I N G A N D PASSING 
P E R F O R M A N C E 

Pass ing maneuvers on a two- lane a s -
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Figure 5. Overtaking and passing. 

cending grade a r e p r i m a r i l y c o n t r o l l e d b y g r a p h i c a l p resea ta t ion ( F i g u r e 5) of the 
the two f a c t o r s of s ight dis tance and the data p r o c u r e d on the ove r t ak ing and pass -
vo lume of t r a f f i c i n the opposing lane. The ing p e r f o r m a n c e of veh ic les on Swauk 

T A B L E 3 

ANNUAL COST OF MOTOR V E H I C L E IMPEDIMENT 
on 

ASCENDING GRADES IN THE SWAUK C R E E K HILL VICINITy 
(Based upon the Hours of Maximum Traffic - - 9 a. m. to 6 p. m.) 

Item Swauk C r . 
Ascending Grade 

-2 3 -
Westbound Westbound Eastbound Eastbound 

July 1953 AWD (9 am - 6 pm) 1,107 1,107 1,185 1,185 
ADT 1953 (9 am - 6 pm) 819 819 878 878 
Number of Trucks (Dual-Tired) ' 117 117 125 125 
Average Pass. Car Delay/Truck' 50 sees. 65 sees. 51 sees. 32 sees. 
Vehicle-Hours Delay/Year 592 Veh-Hr 780 Veh-Hr 645 Veh-Hr 405 Veh-Hr 

A. Time-Delay Cost to Pass. C a r s ' $592 ??80 $645 $405 

Number 1953 Accidents Involving Trucks 1 6 2 1 

B. Annual Accident Cost * $710 $4,260 $1,420 $710 

C. TOTAL ANNUAL IMPEDIMENT COST $1,302 $5,040 $2,065 $1,115 

' 14.3% of ADT (9 am - 6 pm) 
' Based upon Figure 5 for Swauk Creek Hill and similar tabulations for other grades 
' Time Costs are based upon $1.00 per vehicle-hour 
* Based upon all reported property damage costs 
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C r e e k H i l l i s based upon the observed 
opera t ion of passenger c a r s and t r u c k s 
between 9 a . m . and 6 p . m . D u r i n g t h i s 
p e r i o d , the d i r e c t i o n a l t r a f f i c v o l u m e e x 
ceeded 100 veh ic les p e r lane pe r hour . 
The ana lys i s presents : (1) the type of 
t r u c k observed m each c r u i s i n g su rvey 
c a r r u n , (2) the loca t ion where the o v e r 
t ak ing veh ic les w e r e impeded , (3) the 
dis tance the delayed c a r s f o l l o w e d the 
t r u c k , and (4) the add i t iona l passenger 
ca r t r a v e l t i m e r e q u i r e d due to the r e 
duct ion i n the n o r m a l opera t ing speed. 
The ove r t ak ing and pass ing p e r f o r m a n c e 
was r e c o r d e d f o r veh ic le opera t ion th rough 
the 1 . 2 - m i l e length of the imped ing zone. 

C r u i s i n g - s u r v e y - c a r Run 1 was the o b 
se rva t ion of a s i x - a x l e h igh-horsepower 
combina t ion gas t r u c k and t r a i l e r runn ing 
empty up the Swauk C r e e k H i l l . The a v e r 
age speed of t h i s veh ic le th rough the i m 
peding zone w a s 4 3 m p h . I t was over taken , 
but not passed, by two passenger c a r s tha t 
f o l l o w e d i t th rough mos t of the zone f o r a 
t o t a l of 1.65 v e h i c l e - m i l e s . The o v e r t a k 
ing veh ic l e s r e q u i r e d 17 add i t i ona l seconds 
of ope ra t ing t i m e i n f o l l o w i n g the imped ing 
t r u c k th rough the zone above that w h i c h 
wou ld have been necessary cou ld they 
have t r a v e l e d at the average unimpeded 
passenger ca r speed of 49 m p h . 

C r u i s i n g - s u r v e y - c a r Run 6 was the o b 
s e r v a t i o n of a t w o - a x l e underpowered f a r m 
t r u c k loaded w i t h hay that represen ted the 
o ther e x t r e m e of observed ope ra t iona l 
p e r f o r m a n c e . The average speed of t h i s 
veh ic l e t h rough the 1 . 2 - m i l e imped ing 
zone was 19 m p h . I t was over taken and 
passed by f o u r veh ic les a f t e r each had 
f o l l o w e d but a sho r t d is tance . The t o t a l 
veh ic le m i l e s of f o l l o w i n g was 0 .55 , and 
the t o t a l add i t iona l t r a v e l t i m e r e q u i r e d 
amounted to 64 seconds. The average 
speed of a l l t r u c k s th rough the imped ing 
zone, as observed by the c r u i s i n g su rvey 
c a r , was 30 m p h . The m i n i m u m c r a w l 
speed r e c o r d e d at the spot speed s t a t ion , 
loca ted near the c r e s t of the grade , was 
10 m p h . 

A P P L I C A T I O N O F T H E A N A L Y S I S 

The p r i n c i p a l app l i ca t ion of the data 
secured i n t h i s type of su rvey i s perhaps 
that p r e v i o u s l y desc r ibed conce rn ing the 
se lec t ion of p r o p e r c l i m b i n g - l a n e t e r m i n i , 
based upon a se lected safe d i f f e r e n t i a l i n 
the average runn ing speeds of passenger 

c a r s and t r u c k s . The re a r e , however , 
o ther u s e f u l appl ica t ions that can in f luence 
the cons idera t ions i nvo lved i n the p r o p e r 
use and des ign of c l i m b i n g lanes: (1) e f f e c t 
of c o m m e r c i a l veh ic les i n l o w e r i n g h i g h 
way capac i ty , (2) e f f e c t of s low t r u c k 
speeds upon delayed veh ic l e s , and (3) 
e f f e c t of i m p e d i n g t r u c k s on t r a f f i c a c c i 
dents . 

E F F E C T O F "SWAUK C R E E K H I L L " 
O N H I G H W A Y C A P A C I T Y 

The r e l a t i n g of the f i nd ings of the s u r 
vey ana lys i s w i t h r e s e a r c h data contained 
i n the "Highway Capac i ty M a n u a l , " p r e 
p a r e d b y the C o m m i t t e e on Highway Capa
c i t y of the Highway Research B o a r d , se rves 
to i l l u s t r a t e the e f f e c t that c o m m e r c i a l 
veh ic les had on the two- l ane highway a s 
cending Swauk C r e e k H i l l p r i o r to the 
cons t ruc t ion of the c l i m b i n g lane. 

The manua l states that one c o m m e r c i a l 
veh ic le has a p p r o x i m a t e l y the same e f f e c t 
as 2 .5 passenger veh ic les on two- l ane 
roadways i n l e v e l t e r r a i n . A p p l y i n g t h i s 
to the c l a s s i f i c a t i o n of t r a f f i c on the l e v e l 
tangent approaches i n the Swauk C r e e k H i l l 
v i c i n i t y , the t h i r t i e t h - h o u r vo lume of 300 
veh ic les p e r hour p e r lane w i t h 15 percen t 
d u a l - t i r e d t r u c k s , has the equivalent v o l 
ume of 368 passenger c a r s p e r hour p e r 
lane . 

Tab le 14 of the "Highway Capac i ty M a n 
u a l " indica tes that one c o m m e r c i a l veh ic le 
has the same e f fec t as 1 0 . 1 passenger 
c a r s on Swauk C r e e k H i l l , where t he re i s 
s igh t dis tance r e s t r i c t i o n of 50 pe rcen t and 
a length of grade of 0 .6 m i l e . The 15 p e r 
cent of t r u c k s d u r i n g the t h i r t i e t h - h i g h e s t 
hour , under these condi t ions , has the 
e f f e c t of 455 passenger c a r s . T h i s , added 
tc the ac tua l number of passenger c a r s , 
r a i s e s the equivalent vo lume on the grade 
to that of 710 passenger c a r s p e r hour pe r 
lane . I n t e r m s of pu re passenger -ca r 
equivalents , t h e r e f o r e , the ope ra t iona l 
c h a r a c t e r i s t i c of t r a f f i c on the two lanes of 
Swauk C r e e k H i l l had n e a r l y tw ice the v o l 
ume e f f e c t as that on the two- lane l e v e l 
tangent sec t ion approaching the grade . 

T I M E - D E L A Y A N D A C C I D E N T COSTS 

The app l i ca t ion of the su rvey data to the 
economics of opera t ion p r o v i d e s a method 
of c o m p a r i s o n that i s u s e f u l i n r e l a t i n g the 
e f f ec t s of veh ic l e p e r f o r m a n c e on s e v e r a l 
ascending grades i n the same v i c i n i t y hav -
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Figure 6. Swauk Creek H i l l after construction of climbing lane. 

ing identical traff ic character i s t i c s but 
different physical features. The annual 
costs of vehicle impediment on the ascend
ing grades in the vicinity is contained in 
Table 3. The comparison of the annual 
t ime-delay costs to passenger c a r s (Item 
A) reveals that Swauk C r e e k H i l l ranked 
third in the four ascending grades studied 
in the scope of the survey. T h i s same 
ranking is also maintained in the summary 
of annual accident costs and total impedi
ment costs (Items B and C ) for the four 
ascending grades. The application of the 
economics of operation can serve a useful 
purpose to establish the priori ty of need 
when construction funds are l imited or a 
stage development of an ultimate plan i s 
contemplated. 

C O N C L U S I O N S 

The f i r s t objective of operational r e 
search on motor-vehicle performance is 
to obtain such information as may be nec 
e s s a r y for the planning^ programming and 

construction of safe and efficient highway 
fac i l i t ies . The second objective is to 
develop a technique in the application of 
various types of traff ic-study methods that 
wi l l provide sufficient dependable informa
tion within reasonable time and cost l imi ts . 
The procedure evolved and discussed in 
this paper for the study of vehicle p e r 
formance on ascending grades has s a t i s 
factori ly achieved these objectives with 
respect to the location and design of 
climbing lanes. 

Two general conclusions were derived 
from the complete study of the 6. 5-mile 
length of highway in the vicinity of Swauk 
C r e e k H i l l . F i r s t , the total section is 
nearing its pract ica l capacity due to the 
effect of the rolling terra in on sight dist
ance and the operational performance of 
commerc ia l vehicles . Second, cl imbing 
lanes for slow-moving vehicles on a l l of 
the four ascending grades are warranted 
and should be considered as part of a stage 
development plan for ultimate four-lane 
construction to increase highway capacity 
and reduce accidents and congestion. 


