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# W n H the end of W o r l d W a r H i n 1945 
and the r e s u m p t i o n of n e a r - n o r m a l a c t i v i 
t i es i n 1946, everyone connected w i t h 
highway cons t ruc t i on f aced many p r o b l e m s . 
The B u r e a u of Pub l i c Roads r e a l i z e d there 
wou ld be va r i ous states w o r k i n g on many 
d ive rgen t tangents of the same p r o b l e m 
unless a coord ina ted e f f o r t was made to 
channel r e s e a r c h a c t i v i t i e s a long w e l l -
o rgan ized l ines . One of the p r o b l e m s 
c o n f r o n t i n g the A r i z o n a Highway D e p a r t 
ment was the m a t t e r of b u i l d i n g new h i g h 
ways, as w e l l as r e m o d e l i n g o l d ones, 
th rough v e r y rough mountainous a reas . We 
were concerned w i t h such things as p e r 
centage of grade, t r u c k speeds, s ight 
d is tance, pass ing oppor tun i ty , roadway 
wid th , congest ion, and u p h i l l t r u c k lanes. 

In Ju ly of 1947, A r i z o n a was v i s i t e d by 
Bureau of Pub l i c Roads o f f i c i a l s f r o m San 
F r a n c i s c o and Washington, who expla ined 
the v a r i o u s types of m o s t - u r g e n t and m o s t -
d e s i r e d r e s e a r c h p r o j e c t s on w h i c h ad 
d i t i o n a l basic data were needed. O. K . 
N o r m a n n , of the T r a f f i c Opera t ions D i v i 
s ion of the Washington o f f i c e of the Bureau 
of Pub l i c Roads, made s e v e r a l sugges
t ions as to the type of studies that A r i z o n a 
could best p a r t i c i p a t e i n . One of these, and 
the one on wh ich we have spent mos t of our 
e f f o r t , had to do w i t h t r u c k ope ra t iona l 
speed c h a r a c t e r i s t i c s on mountainous h i g h 
ways. The o r i g i n a l suggestion was that we 
combine a loadometer su rvey w i t h a speed 
study on v a r i o u s percentages of grades 
under d i f f e r e n t condi t ions of t r a f f i c , a l i g n 
ment , e levat ions , etc. 

D u r i n g the 2-day conference a t o t a l of 15 
d i f f e r e n t r e s e a r c h p r o j e c t s were discussed. 
Four were f i n a l l y accepted by the A r i z o n a 
Highway Depar tmen t as be ing w e l l w i t h i n 

1 i t s l i m i t e d capab i l i t i e s of pe r sonne l and 
f inance . I t was decided that the depar tment 
would check in to the u p h i l l speed c h a r a c t e r 
i s t i c s of heavy t r u c k s on long, steep m o u n 
t a i n grades , then go to the d o w n h i l l cha rac 
t e r i s t i c s , and f i n a l l y study the congest ion 

I caused by s l o w - m o v i n g veh ic les on u p h i l l 
I grades . T h i s p resen ta t ion r ep resen t s the 

f i n a l phase of the o r i g i n a l p r o g r a m . 
I n 1948 the p r o j e c t was begun by ob

s e r v i n g the m i n i m u m speeds of heavy t r u c k s 

on grades r a n g i n g f r o m 2 percent to 7 p e r 
cent. The study d i sc losed a c r a w l speed 
of 7 mph. on a 6-percent grade, w i t h an 
entrance speed of 47 mph . and a f t e r t r a v e l 
i n g 1, 700 f ee t up the grade. We sa id at 
that t i m e i t would be des i rab le i f we cou ld 
set 25 mph . as the m i n i m u m speed of pas 
senger veh ic les on u p h i l l grades under a l l 
condi t ions . I t was a lso pointed out that the 
speeds of t r u c k s due to i m p r o v e d m o t o r s and 
higher horsepower would perhaps increase ; 
however , i t was f e l t that the m i n i m u m 
c r a w l speed wou ld not be r a i s e d much i n 
the near f u t u r e . In other words , the only 
way to speed up the t r a v e l of passenger 
c a r s th rough the h i l l s was to p rov ide a 
means of r e m o v i n g the s l ow vehic les f r o m 
the n o r m a l path of t r a v e l negotiated by the 
f a s t e r au tomobi les . The obvious answer 
was to b u i l d u p h i l l t r u c k lanes. 

The ma t t e r of economics and genera l 
l ack of o v e r a l l highway revenue p r o m p t e d 
f u r t h e r inves t iga t ion in to eva lua t ing the 
congest ion caused by these s l o w - m o v i n g 
m o t o r veh ic le s . B y s l o w - m o v i n g veh ic les 
we do not mean heavy t r u c k s alone but i n 
clude passenger c a r s p u l l i n g house t r a i l e r s 
as w e l l as o lde r veh ic les tha t become l i m i t 
ed i n power and speed because of o v e r 
heat ing. Only t r u c k s of a capaci ty of lYi 
tons or g rea te r we re cons idered i n t h i s 
study, however . A heav i ly loaded veh ic le 
was def ined as one loaded to capac i ty o r 
nea r ly to capaci ty . 

The r e s u l t s of the f i r s t study were p r e 
sented to the Highway Research B o a r d 
at the annual mee t ing i n Washington on 
December 16, 1949. The t i t l e of the r e 
p o r t was, "Survey of U p h i l l Speeds of 
T r u c k s on Moun ta in G r a d e s . " I t i s r e 
corded i n the proceedings of the T w e n t y -
Nin th Annua l Mee t ing . W h i l e we were en 
gaged i n the study of speed i t was f e l t ad 
v isab le to check in to the d o w n h i l l speed of 
heav i ly loaded t r u c k s as w e l l as the u p h i l l 
speed c h a r a c t e r i s t i c s . D u r i n g 1950 the 
f i e l d inves t iga t ions w e r e made and the 
ana lys i s was comple ted soon t h e r e a f t e r . 
I n January of 1951 the r e p o r t was r ead at 
the annual mee t ing of the Highway Research 
B o a r d . The t i t l e of the second paper was, 
"Survey of D o w n h i l l Speeds of T r u c k s on 
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fit-

Figure 1. Queen Creek Tunnel, showing s tr ip ing for uphi l l truck lane. 

Mountain G r a d e s . " The findings of this study that trucks need little special con-
phase of the truck project are in the pro- sideration on downgrades and generally 
ceedings of the Thirt ieth Annual Meeting. assume speed character i s t i c s commonly 

It was ascertained from the downhill associated with passenger vehicles . E x -

Figure 2. Texas Canyon, showing end of truck pass ing bay. 
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Figure 3. Congestion on Yarnell H i l l . 

cept under congested traff ic conditions, it uphill speeds, which are determined by the 
may be said that downhill truck speeds are hi l l -c l imbing ability of the truck. On the 
largely controlled by the mental attitude of downhill study we could not find any c o r r e -
the dr iver . T h i s i s in sharp contrast with lation between speeds, weight, or grade. 

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

A C C U M U L A I L D D A I L Y D E L A Y , Y A R N E L L H I L L 
A H H A N C E D IN A S C E N D I N G O R D E R O F 

— T R A F F I C V O L U M E S F O R S U R V E Y D A Y S 

Figure 4. 
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I t i s i n t e r e s t i n g to note, that i n connect ion 
w i t h pass ing lane studies and because of 
b r ake f a i l u r e on long downgrades, many 
states a re s tudying , and some are c o n 
s t r u c t i n g such things as runaway r a m p s , 
b r a k i n g b a r r i e r s , o r w a l l s that t r u c k s 
may be d r i v e n against i n case of an e m e r 
gency. Runaway r a m p s a re genera l ly 
steep, adverse upgrades adjacent to the 
d o w n h i l l lane onto which a t r u c k out of 
c o n t r o l may be d i v e r t e d and stopped. 

ance f r o m the m i n i m u m c r a w l speed of 7 
mph. r e c o r d e d i n 1949 to 12. 5 mph . i n 
1952, on a 6 percen t grade. ' T h i s i m 
p rovemen t bea r s out the o r i g i n a l c o n c l u 
s ion that r e l i e f f r o m congest ion mus t be 
p r o v i d e d by highway c o n s t r u c t i o n r a t h e r 
than l a r g e r t r u c k m o t o r s . F u r t h e r m o r e , 
i n 1954 w i t h the c o n s t r u c t i o n of pass ing 
bays and because of i m p r o v e d a l ignment , 
t r u c k speed was inc reased only 1. 2 mph. 
to an average of 13 .7 mph , o r only 50 p e r -

A R I Z O N A H I G H W A Y D E P A R T M E N T 
D I V I S I O N OF E C O N O M I C S A N D S T A T I S T I C S 

CONGESTION PROPII.E, YARNELL K I L L 

AVERAGE DAILY UPHILL TRAFFIC FOR 7 WEEK DAYS 337 
TRUCKS 16 Z% 

AVERAGE DAILY DOWNHILL TRAFFIC FOR 7 WEEK DAYS 326 
AVERAGE DAILY TOTAL TRAFFIC 663 . 

(Figures ihown are for the 8-hour 
•urvey period 9 00 AM to 5 00 PM) 

(Aimual average VPD • 1801) 
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B y the end of 1951 data were ava i lab le 
r e l a t i v e to u p h i l l speeds and d o w n h i l l speeds 
tha t d e f i n i t e l y ind ica ted the f o l l o w i n g c o n 
c lus ions : (1) upgrades of 4 pe rcen t and 
f o r a length of 3, 600 f e e t — a n d f o r a 6-
percen t upgrade w i t h a length of 1,700 
f e e t — u p h i l l pass ing lanes o r bays should 
be invest igated; (2) on the descent, e x t r a 
pass ing lanes a re not wa r r an t ed , i n mos t 
cases, inasmuch as a l l veh ic le speeds a re 
about u n i f o r m , except over the c r e s t of the 
h i l l ; and (3) on u p h i l l pass ing lanes the lane 
should be extended over the c r e s t of the 
h i l l to a poin t a p p r o x i m a t e l y at wh ich the 
t r u c k speed bu i lds up to the n o r m a l pas 
senger ca r ope ra t iona l speed. 

M o d e r n des ign has i m p r o v e d p e r f o r m -

cent of an o v e r a l l des i rab le m i n i m u m r o a d 
speed. W i t h t h i s thought i n m i n d we moved 
our r e s e a r c h to the f i e l d of congest ion, 
wh ich was the t h i r d and f i n a l phase of t h i s 
p r o j e c t . We under took to show that the 
congest ion caused by s l o w - m o v i n g vehic les 
on c e r t a i n lengths of va r i ous u p h i l l grades, 
w i t h i n de f in i t e t r a f f i c vo lume groups , when 
e l i m i n a t e d , would r e s u l t i n s u f f i c i e n t sav ing 
to the m o t o r i s t to pay f o r the cost of con
s t r u c t i o n of an u p h i l l lane, o r of pass ing 
bays as r e q u i r e d at c e r t a i n c r i t i c a l poin ts . 

Whi l e conduct ing the u p h i l l su rvey a 
l i m i t e d amount of data were noted on the 
w o r k sheets r e g a r d i n g the delay caused to 
other veh ic les by s l o w - m o v i n g t r u c k s . The 
t i m e and loca t ion of a ca r back of a t r u c k 
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were noted. I f pass ing became poss ib le 
f a r t h e r up the h i l l , t h i s a lso was noted. 
Ser ious study was g iven these data i n 1949, 
and a de f in i t e need f o r m o r e f a c t u a l i n f o r 
m a t i o n became evident . I t was not u n t i l 
la te i n 1951 that f inances and personne l 
became ava i lab le , so that we cou ld observe 
and r e c o r d what happens when t r u c k s o r 
o ther s l o w - m o v i n g vehic les cause delay on 
u p h i l l grades under ac tua l opera t iona l c o n 
d i t i ons . 

I t was decided to conduct the congest ion 
inves t iga t ion on one of the h i l l s that had 
p r e v i o u s l y been s tudied r e l a t i v e to u p h i l l 
t r u c k speeds, inasmuch as some p r e 
l i m i n a r y data were avai lable and obse rva 
t i o n s ta t ions had been designated f o r the 
h i l l . The length of h i l l was 4 m i l e s and the 
grade was a continuous 6 percent . I t i s 
located on US 89 between W i c k e n b u r g and 
P re sco t t , A r i z o n a , and i s known l o c a l l y 
as Y a r n e l l H i l l . The highway was of a 
n a r r o w , two- lane type w i t h a roadway only 
22 f ee t wide ; a su r face wid th of 20 fee t and 
w i t h v e r y - p o o r a l ignment . The A r i z o n a 
Highway A d j u s t e d Suf f i c i ency Ra t ing to ta led 
41 po in t s , a v e r y - l o w score . Average d a i l y 
t r a f f i c was 1,800 vpd . i nc lud ing 290, o r 
16. 2 percent , heavy t r u c k s . Sight distance 
was substandard and pass ing oppor tun i ty 
was a l m o s t nonexistent . S l o w - m o v i n g v e 
h i c l e s ope ra t ing over such inadequate h i g h 
ways , present a r e a l challenge to highway 
safe ty as w e l l as a menace to the e v e r -
i n c r e a s i n g p r o b l e m of congest ion. 

In the e a r l y phase of th i s congest ion study 
the re were a number of i t e m s that w e r e 
ou t l ined as be ing pe r t i nen t to the p r o b l e m : 
(1) Can the need f o r u p h i l l pass ing lanes 
o r bays be de t e rmined by vo lume of t r a f f i c 
when r e l a t e d to percentage of t r u c k s ? (2) 
On any p a r t i c u l a r upgrade where should the 
widen ing begin and where should i t end? 
(3) Is there a de f in i t e point o r a rea on a 
mounta in grade where the delay f a c t o r i s 
an i m p o r t a n t i t e m and f o r how long does 
i t cont inue? (4) Can pass ing bays 1,000 
f ee t long help r e l i e v e congest ion? (5) 
O r i g i n a l highway locat ions i n mos t cases 
have been i n s e r v i c e some 30 yea r s . Such 
roads a re p robab ly those where th i s type 
of delay i s mos t f r e q u e n t l y found and where 
r e l i e f i s mos t needed. Can th i s e x t r a lane 
be economica l ly j u s t i f i e d ? W i l l the l i f e of 
the i m p r o v e m e n t be such that the savings 
to the m o t o r i s t w i l l o f f s e t the cos t? B a s i c 
a l l y , f r o m an engineer ing economic s tand
poin t the savings i n d o l l a r s should exceed 

the cap i t a l inves tment p lus maintenance i f 
a f a v o r a b l e bene f i t r a t i o of g rea te r than one 
I S obtained. (6) W i t h the add i t ion of u p h i l l 
lanes w i l l the number of accidents decrease? 

As a p r e l i m i n a r y step i n t h i s study 
we were able to have the d i s t r i c t e n g i 
neers s t r i p e some u p h i l l lanes on ex
i s t i n g roadways where there was at least a 
m i n i m u m w i d t h f o r th ree lanes. These 
sect ions should not be confused w i t h t h r e e -
lane highways but r a the r as a roadway w i t h 
two u p h i l l lanes, the ins ide f o r f a s t t r a v e l 
and the outside f o r s low t r a v e l w i t h one 
d o w n h i l l lane. A t a l l of the locat ions where 
th i s expedient has been t r i e d i t has w o r k e d 
except iona l ly w e l l and has m a t e r i a l l y r e 
duced congest ion. 

Any s tudy of congest ion, whether i t be 
on a l e v e l highway or on a 6-percent grade, 
I S quite invo lved . Tha t i s , when does con
ges t ion ac tua l ly set i n ? Is i t when m o v i n g 
a long on an open highway at the n o r m a l r a t e 
of speed and someone passes you ? D i d the 
d r i v e r pass because he f e l t that the ca r 
ahead was an o b s t r u c t i o n and he was be ing 
delayed o r congested ? A d i c t i o n a r y def ines 
the w o r d "congest" as: " to aggregate; ac
cumula te , to a f f e c t w i t h o v e r - c r o w d i n g , to 
gather; become congested." I t m i g h t a lso 
have sa id aggravate o r i r r i t a t e when c o n 
s i d e r i n g long queues of passenger c a r s de
layed by s l o w - m o v i n g vehic les th rough 
mountainous areas . I t was our dec i s ion to 
consider that a l l veh ic les delayed behind any 
s l o w - m o v i n g t r u c k were congested, i nas 
much as the t r u c k speed, at i t s best , was 
only ha l f of the m i n i m u m d e s i r e d passenger-
car speed of 25 mph . under any cond i t ion of 
grade o r a l ignment . I t m i g h t a lso be sa id 
that perhaps there a re two causes of c o n 
gest ion, i . e . , vo lun t a ry and i nvo lun t a ry . 
The v o l u n t a r y type appears when a d r i v e r 
in t en t iona l ly s lows down through moun ta in 
ous a rea so that h i s passengers may v i e w 
the scenery o r , perhaps , because the 
d r i v e r i s f e a r f u l of mounta in grades and 
p r e f e r s to go v e r y s l o w l y . The i n v o l u n t a r y 
type I S when a d r i v e r i s f o r c e d to proceed 
s lower than h i s d e s i r e d ra t e of speed, of 
course . W i t h the p r o b l e m be ing d iscussed 
th i s occu r s when a veh ic le mus t decelera te 
and f o l l o w , one t r a v e l i n g at a l o w e r than 
n o r m a l r a t e oi speed where the re i s l i t t l e 
o r no oppor tun i ty to pass. T h i s l a c k of 
oppor tun i ty to pass depends not on ly on the 
t r a f f i c i n the same lane but a lso upon the 
vo luc ie and type of opposing t r a f f i c . 

F o r t h i s p r o j e c t a f i e l d p a r t y cons i s t i ng 
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of f o u r men was used. One man r e c o r d e d 
and c l a s s i f i e d a l l t r a f f i c , w h i l e the o thers 
tabulated congest ion data. The grade under 
observa t ion was d i v i d e d in to X o - m i l e i n t e r 
va l s w i t h panels of h igh v i s i b i l i t y c l o t h used 
as s ta t ion m a r k e r s . Since the obse rva t ion 
posts could not be pe rpend icu la r to the 
roadway at a l l po in ts , a l ine of s igh t f r o m 
the obse rva t ion poin t was used to ad jus t the 
roadside i n t e r v a l m a r k e r s . T h i s method 
assured that a veh ic le pass ing behind the 
m a r k e r r epresen ted a distance of m i l e 
of roadway t r a v e l e d . 

o r veh ic le passed the 0 - m i l e point on the 
h i l l , at wh ich t i m e the stop watch was 
s t a r t ed ; (3) s top-watch t i m e as each s t a t ion 
m a r k e r was passed; (4) s top-watch t i m e 
when o v e r t a k i n g veh ic les e i ther p i l e d - u p 
o r passed wi thou t delay; (5) approx imate 
mee t ing point w i t h opposing t r a f f i c ; (6) 
s top-watch t i m e of c o m p l e t i o n of pass ing 
movement of delayed veh ic l e ; and (7) 
misce l laneous data such as tes t sec t ion 
loca t ion , type of veh ic les , date. 

D u r i n g the course of th i s study two tes t 
s i tes were examined. The second loca t ion 

T».r.«t 

» . J 

Each t r u c k was cons idered as a s ingle 
un i t , and the foUowingda t a were r e c o r d e d : 
(1) c l a s s i f i e d manual t r a f f i c count by 15-
mmute i n t e r v a l s ; (2) t i m e at w h i c h a t r u c k 

Figure 6. Delay patterr 

was at Ashf o r k H i l l on US 66 i n the n o r m e r n 
p a r t of the state. F o r the purpose of th i s 
p resen ta t ion only the data obtained at Y a r -
n e l l H i l l w i l l be d iscussed because of t i m e I 
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limitations. The terrain at Yarnell Hill 
made it possible to view the entire section 
under consideration from one observation 
station. Because of this favorable situ
ation, it was possible to make records 
on as many as four trucks at the same 
time. The truck traffic was such that 
we were able to observe and survey 95. 4 
percent of the total truck traffic. All trucks 
did not create congestion, since only 41. 5 
percent of the total caused delay to other 
vehicles. The survey data was accumu
lated during approximately eight normal 

showed the number of trucks- (1) causing 
no delay through tne entire test section; 
(2) causing no delay at the corresponding 
station; (3) charged with delaying one car 
as it passed the corresponding station: and 
(4̂  delaying two cars, three cars, etc. 

The chart also noted the number of cars 
added to or subtracted from the existing 
•stack or queue between stations. From 
this chart the maximum and minimum days 
of traffic congestion were related to num
ber of cars being delayed, as well as the 
total hours of delay during the day. 

L E G E N D 

• 42 Trucks cousing no delay 
. One truck deloying t»o pcieenger cars, etc 

Wednesday, 3-23 '52" ' 
641 Totoi t r a f f i c 
571 Upgrode 
66 Trucks classified 
6 6 Surveyed, of which 
4 9 caused 

8917 seconds delay 

Thursdoy, 3 - 2 4 ' S 2 
570 Total t r a f f i c 
259 Upgrade 

46 Trucks clossified 
4 5 Surveyed, of ahich 
2 3 coused 

4 8 2 0 seconds delay 

*Al l figures stiown ore 
8 hour totals 

i I 

• • • • 

S EE 
S IS : 

For Yarnell H i l l 

working days. The first step in the office 
was to organize the field data in a con
venient and usable form. 

This was done on a delay chart which 

The next step was to compute the delay 
to each vehicle caused by slower-moving 
traffic in the same lane. This analysis 
involved: (1) time at which the car (or 
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Figure 7. I l lus tra t ion to accompany Yarnell H i l l afterstudy, before. 
cars) became a tail to the slower moving passed the truck; (3) time interval the car 
truck; (2) time when the delayed car finally was back of the truck was computed; (4) 

Figure 8. I l lu s t ra t ion to accompany Yarnell H i l l afterstudy, a f ter . 
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from this was subtracted the time interval 
the car would have traveled that same dis
tance at the posted speed limit of 30 mph; 
the difference being considered the delay 
time. 

All delays to each car, whether singly 
or in a long line, were computed separately. 
There were some cases where trucks were 
delayed by other slower-moving trucks. 
In these instances it was figured that the 
delayed truck could have made the 12. 5-
mph. average truck speed rather than the 
slower speed of the lead truck and the de
lay was computed accordingly. The time 
delay is shown by bar graph as Figure 4 
relating the delay in hours to the total vol
ume of traffic by days. 

was to correlate the delay in numbers of 
cars to the actual 6-percent profile grade 
of the highway. These findings are shown 
as Figure 5. 

The next objective of the congestion 
study was to evaluate the money value of 
the delays, together with other economic 
factors, to see if a full-length uphill truck 
lane could be justified. A cost analysis for 
construction and maintenance was made and 
related to savings to the motorist in a 
benefit ratio comparison. In this compu
tation, passenger-car driver time was 
listed at $1.10 per hour and overall truck 
operational costs, based on local fleet 
records was $5. 28 per hour. When the 
truck desire speed was related to delay 
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Figure 9. 

The next step was to identify the accu
mulated amount of congestion with the 
established stations up the grade. This 
was done in graph form and is illustrated 
by Figure 6. The chart shows the delay 
pattern for the low volume day and the high 
volume day, giving the number of trucks 
that caused no delays; those that delayed 
one car, two cars, etc. The arithmetic 
mean of the number of cars delayed at each 
station is shown for the 8-day survey 
period. From this chart, the next step 

speed the total truck cost was figured at 
$5. 51 per delay hour. These costs were 
Intentionally made low so as to be on the 
conservative side when making the eco
nomic analysis. 

It was not at all surprising, what with 
solid rock excavation, that the capital costs 
far exceeded the benefits that could be ex
pected. In other words, the benefit ratio 
factor was considerably less than one. 
With the full uphill lane out of the picture 
economically, the next best thing was to 
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consider the benefits that could be pro
vided by relatively short passing bays lo
cated at strategic points. 

The congestion profile showing the de
lays at various stations clearly indicated 

three passing bays at an estimated 15 per
cent of what a full extra uphill lane would 
cost, it was found that we could expect to 
reduce congestion by 70 percent. These 
figures were obtained by office analysis 
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Congestion pattern Wed. March 21, 1952 
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the areas of greatest congestion buildup. 
It was a simple matter then to designate 
by highway stations the best locations for 
the passing bays. Selling these locations 
to the field engineers was not such an 
easy matter, inasmuch as it was their 
choice to construct the bays where it was 
easier to dig and not where it was indicated 
the greatest relief in congestion could be 
obtained. Differences were finally resolved 
when a further analysis disclosed that the 
passing bays would have a benefit ratio of 
greater than one. Also, by constructing 

Figure 10. Comparison 
and could only be checked after the passing 
bays were constructed and a new study 
made of the improved situation. 

Three bays, each 1, 000 feet long, were 
decided upon and were to be located at the 
bottom, middle, and near the top of the 
hill. Because of the bad alignment and 
sight distance, these locations represented 
the areas of greatest congestion. The 
length was determined by an analysis of 
the average number of trucks causing de
lay, together with the number of cars that 
would desire to pass in the wider area pro-

o i 
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vided by the new bays. This length figured 
out to be 800 feet with a 100-foot transition 
at each end, so the total length became 
1, 000 feet. Table 1 lists the theoretical 
passing distance for various numbers of 

ers, it was noted during the course of this 
study that of all passing maneuvers 32. 6 
percent were made in clearly marked no-
passing zones. It might well be stated that 
a 1,000-foot bay properly signed should 
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Congestion eliminated by new passing bay 
estion pattern Wed. June 9, 1954 
[after construction of passing bay) 

congestion patterns. 
motor vehicles on a 6-percent grade, com
pared to what was actually observed after 
the bays were constructed. 

Cars took longer to pass in the new bays 
than was previously anticipated. This was 
especially true of the Number 4 car and 
those following it. The 1,000-foot bay, 
under ideal conditions on a 6-percent grade, 
should allow 14 vehicles to pass a truck 
moving at the crawl speed. As a practical 
matter, only nine can expect to clear a truck 
at any one passing bay on Yarnell Hill. As 
a commentary on sign observance by driv-

adequately handle a total daily traffic vol
ume of 3,000 vehicles, with 20 percent 
trucks. 

The field work for the congestion study 
was supervised by J . W. Dewey, project 
chief, and H. C. Burnett and A. B. Anthony, 
project assistants, all of the Arizona High
way Department. 

Because of budgetary limitations it was 
not feasible to construct all three bays 
under one contract so they were built one at 
a time. To date two have been built and the 
third is planned for this year. The relief 


