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The P o r t of New Y o r k A u t h o r i t y has p r e v i o u s l y conducted ex 
p e r i m e n t s i n con junc t ion w i t h the i n s t a l l a t i o n of m e r c u r y - v a p o r 
t r a n s i t i o n a l l i g h t s i n the Hol land T u n n e l . 

The expe r imen t s were r u n d u r i n g pe r iods of m a x i m u m a n 
noyance due to sun g l a r e , wh ich ex i s t s f o r about one hour p e r 
day at mos t , when the sun i s between 5 degrees n o r t h to 5 de
grees south of due east . The tunnel approach r a m p i s i n a 
due east d i r e c t i o n . 

Sun p o s i t i o n data show that the sun i s above the h o r i z o n i n 
that pos i t i on only d u r i n g the p e r i o d of M a r c h 21 to September 
2 1 . A l l o w i n g f o r r a i n y and c loudy days d u r i n g that p e r i o d , i t 
i s e s t ima ted that t h i s occu r s only about 120 days p e r y e a r . 

The study r e p o r t e d i n t h i s paper was conducted to de te r 
mine i f the f l o w of t r a f f i c i s a f f e c t e d d u r i n g the w i n t e r months 
when the tunne l entrance r a m p i s shaded by l o c a l i n d u s t r i a l 
bu i l d ings . I f not , poss ib ly a decora t ive facade cons t ruc ted 
ove r the p o r t a l cou ld shade the entrance i n s u m m e r as w e l l 
as i n w i n t e r and thereby reduce , i f not e l i m i n a t e , the need f o r 
extensive t r a n s i t i o n a l l i g h t i n g a l l y e a r l o n g . 

Once the veh ic le o p e r a t o r passes under a tunne l p o r t a l the 
decided r educ t ion i n l i g h t in tens i ty causes a speed reduc t ion 
u n t i l h i s eyes have ad jus ted to the change. T r a n s i t i o n a l 
l i g h t i n g , of cour se , has i m p r o v e d t h i s ope ra t iona l f ea tu re 
cons ide rab ly . New f a c i l i t i e s a re be ing equipped w i t h f l a r e d 
p o r t a l s and v a r i a b l e t r a n s i t i o n a l l i g h t sources c o n t r o l l e d by 
pho toe lec t r i c c e l l s . However , on e x i s t i n g tunnels and under 
passes i t wou ld be a lmos t imposs ib l e i n many cases to f l a r e 
the p o r t a l s , and cos t ly indeed to r ev i s e the f a c i l i t y l i g h t i n g 
sy s t em to adapt an au toma t i ca l l y c o n t r o l l e d v a r i a b l e l i g h t 
sou rce . W i t h t h i s i n m i n d i t was thought that i t m i g h t p rove 
eas ie r and m o r e economica l to reduce the l i gh t in tens i ty ou t 
side r a t h e r than inc rease i t ins ide the t unne l . 

• A N E A R L Y m o r n i n g d r i v e r approaching the Hol l and Tunne l on T w e l f t h S t ree t i n J e r s ey 
C i t y , New Je r sey i n the i n t e r i m f r o m e a r l y s p r i n g to m i d - f a l l i s c o n f r o n t e d w i t h a l o w -
l y i n g , but b r i l l i a n t sun w h i c h i s d i r e c t l y w i t h i n h i s l i ne of s ight and h is l i ne of t r a v e l . 
The pup i l s of the d r i v e r ' s eyes au toma t i ca l l y ad jus t to t h i s ex t r eme l i g h t c o n d i t i o n . 
However , when the veh ic le eventual ly reaches the tunnel and passes under the p o r t a l , 
the d r i v e r i s me t by a decided r educ t ion i n l i g h t i n t ens i t y . Once again the p u p i l of the 
d r i v e r ' s eye must ad jus t to t h i s r e v e r s e d d ra s t i c change. The f u l f i l l m e n t of t h i s eye 
ad jus tment r e q u i r e s a c e r t a i n t i m e i n c r e m e n t d u r i n g w h i c h the d r i v e r ' s a b i l i t y to see 
i s reduced. (I t has been p roven m e d i c a l l y , but mos t everyone r ea l i ze s f r o m persona l 
exper ience , that i t takes the p u p i l of the eye s l i g h t l y longer to ad jus t when subjected to 
a change f r o m l i g h t to d a r k as opposed to a change f r o m d a r k to l i g h t (1_). Throughout 
t h i s p e r i o d of ad jus tment i t has been noted, and i t only stands to reason, that the d r i v e r 
wou ld i m m e d i a t e l y decelera te h is veh ic le u n t i l h i s v i s i o n r e t u r n e d to a reasonably t r u s t 
wor thy degree . 

T e m p o r a r y bl indness of t h i s type not only c rea tes condi t ions f o r accidents , but cou ld 
also reduce the capaci ty of the tunnel lanes because of s l o w e r en te r ing speeds and i r 
r e g u l a r f l o w . However , i t has been ind ica ted by the I l l u m i n a t i n g Eng inee r ing Society 
tha t : 
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1. A change i n b r igh tness having a m a x i m u m r a t i o of 15 to 1 wou ld not be d i f f i c u l t 
f o r the d r i v e r ' s eye to ad jus t to f o r speeds g rea t e r than 30 m p h and w o u l d not cause 
t e m p o r a r y loss of v i s i o n ( l . ) . 

2 . The n o r m a l eye i s able to adapt to t h i s b r igh tness change w i t h i n the space of 2 
to 3 sec. 

3. Subsequent s tudies and r e sea rch may j u s t i f y m o d i f y i n g t h i s advised 15 to 1 (out
side to ins ide) r a t i o t o , say, 20 o r 30 to 1; espec ia l ly i n instances of s lower en t e r ing 
speeds (1) . 

4 . A n o r m a l eye doubles s ize i n app rox ima te ly 10 sec when r e q u i r e d to suddenly 
adapt f r o m e x t r e m e l y h igh to l ow br igh tness l e v e l s . 

However , c e r t a i n recent f i nd ings poin t to the p o s s i b i l i t y of adopt ing somewhat s h o r t e r 
eye ad jus tment t i m e s i n the neighborhood of 2 sec f o r g rea t e r in tens i ty d i f f e r e n t i a l s than 
15 to 1(2) . 

E X I S T I N G T U N N E L L I G H T I N G 

The basic Hol land Tunne l l i g h t i n g i s done by con t inuous -burn ing 150-wat t f i l a m e n t 
l amps i n f l u s h - t y p e l u m i n a i r e s on 2 0 - f t l i n e a r and opposite spacing, as they were i n 
s t a l l ed at the j u n c t i o n of the side w a l l and c e i l i n g i n 1927. The l i g h t in tens i ty on the 
roadway ranges f r o m 1 . 5 to 2 . 0 foo t -cand les and cannot be v a r i e d . Severa l methods 
of t r a n s i t i o n a l l i g h t i n g w e r e inves t iga ted and t r i e d i n an a t tempt to c rea te a smooth 
t r a n s i t i o n of l i g h t i n g in tens i ty between day l igh t and the basic tunne l l i g h t i n g . 

A t one t i m e supplementary day t ime entrance l i g h t i n g only u t i l i z e d 200-wat t incandes
cent l amps spaced on 1 0 - f t cen te r s f o r app rox ima te ly the f i r s t 300 f t and on 1 5 - f t cen te r s 
f o r the next 200 f t a f t e r wh ich r e g u l a r 2 0 - f t spacing appl ied f o r the next 1,000 f t . Some
t i m e t h e r e a f t e r i n o r d e r to increase the t r a n s i t i o n a l l i g h t i n t ens i ty , f l o o d l i g h t s were p r o 
v ided i n the c e i l i n g , f o r a distance o f a p p r o x i m a t e l y 150 f t , spaced at 1 5 - f t i n t e r v a l s . A 
t o t a l of 44 f l o o d l i g h t s were i n s t a l l ed , of w h i c h 12 w e r e 1,000 wa t t s , 8 w e r e 750 wa t t s , 
16 w e r e 500 wa t t s , and 8 w e r e 300 wa t t s . S t i l l l a t e r , Simes f l u o r e s c e n t f i x t u r e s were 
i n s t a l l e d a long the l e f t w a l l f o r a distance of app rox ima te ly 220 f t , r e p l a c i n g the 200-wat t 
incandescent l a m p . F i n a l l y , i n the l a t t e r p a r t of 1957, a s e r i e s of 400-wat t r e f l e c t o r -
type m e r c u r y - v a p o r l amps were i n s t a l l e d , on 1 0 - f t cen te r s f o r app rox ima te ly 110 f t and 
a re now used i n p lace of the f l o o d l i g h t s and f l u o r e s c e n t f i x t u r e s . They p rov ide u n i f o r m 
w a l l coverage at a 4 5 - f t - c a n d l e l e v e l . 

S T A T E M E N T O F P R O B L E M 

D u r i n g the m o r n i n g s of the w i n t e r months , the sun does not a f f e c t the d r i v e r as much 
as i t does i n the s u m m e r months . The sun r e m a i n s l o w , but swings to the south enroute 
to se t t ing i n the west ins tead of f o l l o w i n g a d i r e c t eas t -wes t l i ne as i s the case i n the 
s u m m e r ( F i g . 1) . The people t r a v e l l i n g east on T w e l f t h Street i n Je r sey C i t y a re s t i l l 
f a ced w i t h the sun, but when they have proceeded beyond the Hol l and Tunne l t o l l booths, 
the roadway i s shaded by l o c a l i n d u s t r i a l bu i ld ings ( F i g . 2 ) . 

The 1,000 f t o r so of shaded roadway a l lows the d r i v e r ' s eyes to ad jus t , somewhat 
l i k e a stage i n t r a n s i t i o n a l l i g h t i n g , and i n t u r n , reduces the r a t i o of outside to ins ide 
b r igh tness cons ide rab ly . I t was thought that because the shaded roadway leading to the 
tunnel p o r t a l had reduced the l i gh t d i f f e r e n t i a l between the outs ide and ins ide that p e r 
haps i t reduced i t to such a degree that i f the m e r c u r y - v a p o r l amps were not used, then 
poss ib ly the r a t i o wou ld not increase beyond the 15 to 1 m a x i m u m r a t i o suggested by 
the I l l u m i n a t i n g Eng inee r ing Society. I f t h i s i s t r u e , then the re should be no s i g n i f i c a n t 
d i f f e r e n c e i n the speeds of veh ic les i n the t r a n s i t i o n a l zone i m m e d i a t e l y w i t h i n the tunnel 
p o r t a l w i t h the t r a n s i t i o n a l l i gh t s on o r w i t h t hem o f f . 

A P P R O A C H T O T H E S O L U T I O N 

The purpose of t h i s r e p o r t was to de t e rmine i f the m e r c u r y - v a p o r t r a n s i t i o n a l l i g h t s 
had any s i g n i f i c a n t e f f e c t on t r a f f i c en t e r ing the eastbound tube of the Hol land Tunne l 
d u r i n g the w i n t e r months . T o do t h i s r e q u i r e d the c o l l e c t i o n of speeds and headways 
j u s t outside the tunnel p o r t a l and j u s t ins ide the tunnel p o r t a l d u r i n g heavy, f r e e - f l o w i n g 
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F i g u r e 1. Plan and p r o f i l e of tunnel approach. 

volumes and during lower, free-flowing volumes. Good weather conditions were need
ed to ful f i l l the necessary requirements. A before-and-after study could quickly be 
ass imi lated by turning the transitional lights, which are on a separate c i rcu i t , on and 
off at w i l l . In addition, no lane changing by vehicles i s permitted on the approach or 
within the tunnel which is advantageous for this study. Following is a description of 
the use of the equipment that was decided on to be used and how the data was analyzed 
and interpreted to logically draw conclusions and recommendations. 

M E T H O D O F S T U D Y 

Site Description 

The Holland Tunnel south tube i s 8,371 ft long and c a r r i e s two lanes of eastbound 
traf f ic f rom J e r s e y Ci ty , New J e r s e y to New Y o r k City o n a 2 0 - f t d a r k asphaltic con
crete pavement. The bare concrete ceil ing is 13 ft over the roadway and allows 12 Va 
ft for operating headroom. The wal ls of the tube are covered with white t i les which are 
highly reflective and delineate the tunnel outline. F o r a l l intents and purposes, the 
roadway on either side of the portal of the south tube in the study area is a tangent 
section on a 3.85 percent downgrade. T h i s one tube c a r r i e s approximately 27,000 to 
30,000 vehicles daily and has a composition of traff ic having up to 50 percent c om m e r -
c i a l vehic les which a r e kept p r i m a r i l y in the right-hand or "slow" lane. ^_ 

Instrumentation 

Severa l methods could be used to collect speed and headway data, ranging from a 
movie c a m e r a to a count done manually at key stations. However, it was necessary 
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to have speeds taken instantaneously and, therefore, there were only three choices 
that appeared to be reasonable. The choices were: (a) a movie c a m e r a , (b) an E s t e r -
line-Angus Twenty Pen Recorder , or (c) a Simplex Productograph. Because the ap
proach roadway is on a 3,85 percent downgrade, and in an open cut, it was decided that 
the movie camera could not be used advantageously. Because of the bulk, the opera
tional features and the graphed results , the twenty pen recorder was eliminated as a 
possible data collecting instrument. Therefore , the Simplex Productograph was used. 

A R E A S H A D E D B Y B U I L D I N G 

A R E A S H A D E D B Y 
R E T A I N I N G W A L L 

D I R E C T I O N O F 
W I N T E R S U N 

• ( L O W L Y I N G 

Figure 2. Shadowed entrance ramp. 

T h i s device is essentially a time clock which prints time to a tenth of a second plus 
a s ix letter code on standard adding machine tape. Hours, minutes and seconds are 
printed in f igures , and tenths of a second are printed by a vernier sca le . The produc
tograph can be activated by either a road tube or a manual switch. Because of the prob
lem caused by the laying of road tubes, and also their unknown psychological effect on 
d r i v e r s , it was deemed best to use micro-switches to activate the Simplex Producto
graph Recorder . A Macbeth lUuminometer had been previously used to determine the 
light intensity on the wal ls inside the tunnel with the transitional lights on and with them 
off. The lUuminometer was to be used on the day of the study to determine the light 
intensity outside the tunnel. 

B a s i c Assumptions ' . . I I 

Brief speed checks taken in the left-hand or "fast" lane at random indicated an approx
imate 25-mph vehicle entering speed. It was decided that only one lane of traff ic could 
be checked adequately and inasmuch as the left lane has higher speeds it was felt that 
the transitional lighting would affect its traff ic more, therefore, it was chosen as the 
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Figure 3 . Speed measuring zone and g r i d l o c a t i o n s . 

study lane. It was assumed that a P I E V (Perception-InteHection-Emotion-Volition) 
time (3) of 1 sec for the dr iver to react to the light differential from the time when he 
passed beneath the portal until he applied the brakes was included in the average eye 
adjustment value of 2. 5 s e c . T h i s would indicate that the average motorist would be
gin deceleration when he is 1 sec beyond the portal and start accelerating again 2. 5 
sec beyond the tunnel portal . Converting these t imes to distances by using the average 
25-mph entering speed shows that deceleration could be anticipated to start about 37 ft 
inside the tunnel with acceleration beginning at about 82 ft beyond the portal (assuming 
the d r i v e r ' s deceleration slowed him to an average of 20 mph during the last 1. 5-sec 
adjustment period). Therefore it was decided that a 44-ft speed measuring zone would 
be placed in a position starting 40 ft inside the tunnel. The position of the other speed 
measuring zone was completely arb i t rary , but for convenience sake, it was placed in 
a position starting 124 ft outside the tunnel ( F i g . 3). 

Inclement weather caused severa l postponements of the study date. F ina l l y , the 
data was taken on the morning of December 31, 1958. Investigation of New Y e a r s E v e 
traff ic data of past y e a r s taken at the Holland Tunnel indicated that the A . M. peak-hour 
traff ic was normal for a weekday and only the P . M . peak hour was affected by the 
occasion of New Y e a r s E v e . The transitional lights were turned off for 15 min and 
then on for 15 min throughout the morning study period. 

Conventions 

Throughout the remainder of this report, the following definitions and conventions 
wi l l be used: 
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Speed M e a s u r i n g Zone . — A 4 4 - f t sec t ion of pavement where a t i m e was r e c o r d e d 
f o r each e n t e r i n g and e x i t i n g v e h i c l e . 

Outs ide Speed M e a s u r i n g Zone. — The zone that i s set up outs ide the tunnel p o r t a l 
(Zone 1 ) . 

Ins ide Speed M e a s u r i n g Zone . — The zone that i s set up w i t h i n the tunnel (Zone 2 ) . 
Headway. — The t i m e d i f f e r e n t i a l between the f r o n t bumper o f a veh ic l e en t e r ing a 

speed m e a s u r i n g zone and the f r o n t bumper of the p reced ing v e h i c l e . 
High V o l u m e Study. — The comparab le study done between 9:30 A . M . and 10:07 A . M . 
L o w V o l u m e Study. — The comparab le study done between 11:00 A . M . and 11:30 A . M . 
L i g h t s O n . — 400-wat t m e r c u r y - v a p o r t r a n s i t i o n a l l i g h t s a re on . 
L i g h t s O f f . — 400-wat t m e r c u r y - v a p o r t r a n s i t i o n a l l i g h t s a r e o f f . 

A N A L Y S I S O F D A T A 

Comparab le Studies 

D u r i n g the c o l l e c t i o n of the data, the r e c o r d i n g tape was m a r k e d when the f l o w of 
veh ic l e s was r e s t r i c t e d by breakdowns w i t h i n the t unne l , o r by shock waves (4) ( acco rd -
ian e f f e c t ) as caused by bot t leneck cond i t ions . T h e r e f o r e , the only data that was accept
ed was that of f r e e - f l o w i n g v e h i c l e s . 

Each v e h i c l e ' s speed was r e c o r d e d and c l a s s i f i e d a long w i t h i t s headway f o r both 
the in s ide and the outs ide speed m e a s u r i n g zone. Because the data was taken f o r a 
1 5 - m i n p e r i o d w i t h the l i g h t s be ing on and then a 1 5 - m i n p e r i o d w i t h the l i g h t s being 
o f f , i t was assumed that the veh ic l e s had exac t ly the same s t r e a m c h a r a c t e r i s t i c s ex
cept f o r the e f f e c t o f the t r a n s i t i o n a l l i g h t s . The on ly usable data d u r i n g the h i g h - v o l u m e 
study p e r i o d w i t h the t r a n s i t i o n a l l i g h t s on was f r o m 9:31 A . M . to 9:39 A . M . , when 
166 veh ic l e s w e r e r e c o r d e d . A comparab le v o l u m e was r e c o r d e d when the t r a n s i t i o n a l 
l i g h t s w e r e out f r o m 9:56 A . M . to 10:07 A . M . The comparab le p e r i o d s o f l i g h t e r 
v o l u m e w i t h the t r a n s i t i o n a l l i g h t s on and o f f w e r e 11:00 A . M . to 11:17 Vs A . M . and 
l l : 1 7 y 8 to 11:30 A . M . , r e s p e c t i v e l y . 

S t a t i s t i c a l Ana lyses 

V e l o c i t i e s . — The mean ^ v e l o c i t i e s f o r both the " l i g h t s o n " and " l i g h t s o f f " phases 
of both the h i g h - v o l u m e and l o w - v o l u m e studies w e r e ca l cu l a t ed . Next the s tandard 
dev ia t ion (a measure of sca t t e r ) f o r the speed was ca lcu la t ed by the use of the f o r m u l a : 

s = / ( X - X ) ' 
V T T I - (1) 

i n w h i c h 
s = s tandard dev ia t ion 

X = i n d i v i d u a l measured va lue 
X = mean value 
N = sample s ize 

These ca lcu la t ed values a re g iven i n Tab le 1 . 
B e f o r e s t a r t i n g the ana lys i s a check was made to see i f the sample s izes were 

l a rge enough to be dependable, by the use of the f o r m u l a : 

(2) 

i n w h i c h 
s = s tandard dev ia t ion 
d = t o l e rance 

1 - % = % conf idence 
N = sample s ize needed 
Z = conf idence l i m i t s 
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T A B L E 1 

SPEED D A T A 

Outside 
Speed 

M e a s u r i n g 
Zone 

Ins ide 
Speed 

M e a s u r i n g 
Zone 

T i m e 
A . M . 

T r a n s i t i o n a l 
L i g h t s 

N o . of 
V e h . 

Mean 
Speed 
(mph) 

Std. 
Dev . 

(mph) 

Mean 
Speed 
(mph) 

Std . 
Dev . 
(mph) 

9:31-9:39 
9:56-10:07 
11:00-11:17% 
11:17%-11:30 

On 
O f f 
On 
O f f 

166 
176 
232 
174 

2 1 . 9 
2 2 . 4 
2 3 . 4 
2 3 . 6 

4 .8 
5.3 
3 .7 
4 .2 

2 5 . 0 
24 .3 
2 9 . 0 
2 9 . 4 

5 .0 
4 . 5 
4 . 6 
4 .8 

F o r example , i f the outs ide speed measu r ing zone, d u r i n g the h i g h - v o l u m e p e r i o d , when 
the l i g h t s were on , i t was des i rab le to be 99 percen t sure that the popula t ion mean was 
w i t h i n - 0 . 5 mph of the e s t ima ted mean, a r e q u i r e d sample s ize w o u l d be: 

N = 2 .576 (4 .8 ) • = ( 1 2 . 3 6 ) * 153 

T h i s i s l e ss than the 163 r e c o r d e d , t h e r e f o r e , the sample s ize i s adequate, 
m a i n i n g sample s izes were checked and the r e s u l t s a r e g iven i n Tab le 2 . 

The r e -

T A B L E 2 

S A M P L E SIZE 

T i m e 
A . M . 

9:31 to 9:39 
9:56 to 10:07 
11:00 to 11:17% 
11:17% to 11:30 

Outside Speed 
M e a s u r i n g Zone 

Ins ide Speed 
M e a s u r i n g Zone 

Recorded 
Sample 

Requi red 
Sample 

Recorded 
Sample 

166 
176 
232 
174 

153 
175 

91 
117 

166 
176 
232 
174 

Requ i r ed 
Sample 

165 
134 
151 
153 

Because the s t andard dev ia t ion i s the square roo t of the v a r i a n c e , i t i s poss ib le to 
obta in the va r i ance f o r the d i f f e r e n t cond i t ions . The va r i ance can be used i n t e s t i n g 
s t a t i s t i c a l l y whether t w o es t imates of v a r i a b i l i t y a r e s i g n i f i c a n t l y d i f f e r e n t (5) . One 
such p rocedure i s the s t a t i s t i c F g iven by the f o r m u l a : 

(3) 

w h i c h has a s amp l ing d i s t r i b u t i o n c a l l e d the F d i s t r i b u t i o n . T h e r e a r e t w o sample 
va r i ances i nvo lved and two sets of degrees of f r e e d o m . T h i s tes t i s to de t e rmine i f 
the va r i ances of two comparab le v a r i a b l e s a re s i g n i f i c a n t l y d i f f e r e n t . A s s u m i n g a 
95 percen t conf idence l i m i t , the F r a t i o l i m i t of accep tab i l i ty i s 1.35. I f the r a t i o i s 
between 1.00 and 1.35, i t indica tes that i t cannot be p r o v e d tha t the two v a r i a b l e s a re 
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s i g n i f i c a n t l y d i f f e r e n t . F o r ins tance , the F r a t i o f o r the va r i ance of the ins ide speed 
m e a s u r i n g zone was ca lcu la ted f o r the h i g h - v o l u m e c o m p a r i s o n as f o l l o w s : 

Si = va r i ance of the speeds i n the ins ide speed measu r ing zone w i t h the l i g h t s on . 
Sa = va r i ance of the speeds i n the ins ide .speed m e a s u r i n g zone w i t h the l i g h t s o f f . 

_ S i _ ( 5 . 0 ) ' _ , 

1 . 2 3 < 1 . 3 5 

T h e r e f o r e , w i t h 95 percen t conf idence i t can be sa id that the two es t imates of va r i ances 
cannot be p r o v e d s i g n i f i c a n t l y d i f f e r e n t . 

The same p rocedure was used to compare the " l i g h t s on — l i g h t s o f f " v e l o c i t y v a r i 
ances of the t h r e e o the r cond i t ions . I n a l l cases the r a t i o s were l e s s than 1.35 and, 
t h e r e f o r e , t he r e was no s i g n i f i c a n t d i f f e r e n c e s w i t h the r e su l t s g iven i n Tab le 3. 

Because t he re was no s i g n i f i c a n t d i f f e r e n c e i n the v e l o c i t y va r i ances , they can sa fe ly 
be assumed as equal i n each case. 

N o w that the va r i ances a r e cons ide red t o be equal , i t i s poss ib le t o t e s t t o see i f the 
means a re equa l . T h i s can be done by se t t ing up the hypothesis that the means a re 
equa l , knowing tha t the va r i ances a re equal . The p rocedure f o r t h i s i s ou t l i ned and 
expla ined by D i x o n and Massey (5, p . 121) and i s as f o l l o w s : 

Step (1) Hypothesize that the means a re equal : 

H 1 = | i 2 

Step (2) Assume an a , o r r e j e c t i o n l i m i t . Say 0 .05 ( f o r 95 percen t conf idence) 
Step (3) Select the s t a t i s t i c t , w h i c h i s g iven by the f o r m u l a : 

t = ^ (4) 

i n w h i c h 
Sp = pooled va r i ance 

X i = l a r g e r mean speed 
= l o w e r mean speed 

N i = sample s ize 
Na = sample s ize 

Step (4) T h e r e j e c t i o n l i m i t s set up w i t h the se l ec t ion of a = 0 .05 and s t a t i s t i c t 
a r e : 

1.658 > o r < - 1 . 6 5 8 

Step (5) Solve: A l l the va r i ab l e s i n equation 4 a re known except the pooled va r iance 
p) w h i c h 

a re known: 

(Sp) w h i c h can be obtained by the f o l l o w i n g f o r m u l a f o r wh ich a l l the appropr i a t e values 

„ a _ ( N - l ) S i ' + ( N - l ) S a ' 
p N i + Na - 2 

F o r example , i f the speeds i n the ins ide speed measu r ing zone d u r i n g the h igh -vo lume 
comparab le p e r i o d a re put th rough t h i s p rocess , i t i s found : 

„ _ (166-1) ( 5 . 0 ) ' + (176-1) ( 4 . 5 ) ' 
% 166 + 176 - 2 
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_ a 4125 + 3544 
% = 340 

Sp* = 2 2 . 5 6 

Sp = 4 .75 

Now subs t i tu t ing i n the " t " f o r m u l a i t i s found tha t : 

2 5 . 0 - 24 .3 
X T ? J 1 + J _ 

1166 176 

t = 0 . 4 3 

Inasmuch as 0 .43 < 1.658 and 0.43 > -1 .658 i t cannot be p r o v e d that the two mean 
speeds a re s i g n i f i c a n t l y d i f f e r e n t . 

The same process was used on the o ther compar i sons and the r e su l t s a r e g iven i n 
Table 3. 

T A B L E 3 

A C C E P T A N C E T A B L E 

High Vo lume High Vo lume 
C o m p a r i s o n Compar i son 

Acceptable Outside Ins ide Outside Ins ide 
Range Zone Zone Zone Zone 

F r a t i o 1.00 to 1.22 1.23 1.29 1.09 
1.35 

- 5.04 4 .75 3.92 4 .69 

t value - 1 . 6 6 to 0 .289 0 .430 0 .161 0 .270 
1.66 

Headways. — The headway data cannot be analyzed i n a s i m i l a r manner because they 
f o r m a skewed d i s t r i b u t i o n and not a n o r m a l d i s t r i b u t i o n . The f requency of headways 
under the v a r i o u s condi t ions ( F i g s . 4 and 5) showtheskew of the d i s t r i b u t i o n . I t head
ways of 9 .0 sec o r m o r e a re d i s r ega rded i t can be seen by ave rag ing the r e m a i n i n g 
values that the d i f f e r e n c e s between the ins ide and outside speed measu r ing zone d u r i n g 
any one count ing p e r i o d a re n e g l i g i b l e . I t wou ld appear that i f the l i gh t s had any e f f e c t , 
the headways would be s m a l l e r i n the ins ide speed measu r ing zone when the l i g h t s were 
out . Of course , the headways of veh ic les do v a r y w i t h the vo lume ( F i g . 7 ) . A c lose 
inspec t ion indicates that the means of the v a r i o u s groups of headway compar i sons de
crease as the vo lume increases (Table 4 ) . F i g u r e s 6 and 7 show that the headways 
f o l l o w n o r m a l pa t te rns when p lo t t ed against speed and v o l u m e , r e s p e c t i v e l y . 

Br igh tness 

In o r d e r to de t e rmine the b r igh tness outside the tunne l , readings were taken w i t h 
a w i n d o w - f r a m e type of g r i d conta in ing twelve openings, each 8 i n . by 8 i n . T h i s g r i d 
was located 5 f t away f r o m the o b s e r v e r at the height of an automobi le f r o n t window. 
Readings were taken th rough each opening by means of a Macbeth H l u m i n o m e t e r . ( F i g . 
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8 ) . The g r i d was p laced on the s idewalk of the open cut r a m p leading to the tunnel and 
was pos i t ioned pe rpend icu l a r to the roadway ( F i g . 3 ) . Readings were taken th rough 
the cen te r of each square of the g r i d . C e r t a i n readings were taken in to the open sky 
w i t h the r e m a i n d e r of the readings be ing taken on the s u r r o u n d i n g f ea tu res ( F i g . 8 ) . 
The br igh tness of the sky averaged to about 2 ,000 f o o t - l a m b e r t s ( f t - L ) whereas the 
b r igh tness of the shadowed w a l l a rea i n f r o n t of the tunnel mou th was r e c o r d e d i n the 
v i c i n i t y of 220 f t - L . T a k i n g the 220 f t - L and d i v i d i n g by a conver t ed 45 foo t - cand le 
( f t - C ) w a l l coverage when the l i g h t s were out w i l l y i e l d an outs ide to ins ide b r igh tness 
r a t i o . In t h i s case the 45 f t - C can be cons idered 33.3 f t - L because at the angle of ob 
s e r v a t i o n , the r e f l e c t i o n f a c t o r of the t i l e w a l l was 74 pe rcen t . Hence, ( .74) (45) = 

la^s VPH 

• INSIDE 

Jiil 
gOUTSIDE -j/^vQ SPEED - 2I.9MPH (STD DEV 

JAV& HEADWAY-
|AVG SPEED ' 

- I . 3 S S E C ) 
- 4 . 8 M P H ) 

2 5 2 S E C ( S T D DEV. - I .45SEC ) 
2 5 . 0 M P H (STD. DEV • SJOMPH) 

nil 
4.0 5J0 

HEADWAY (SECONDS) 
6.0 

n n i i i ^ 

TRANSITIONAL UGHTS. STARTING TIME 9'30 AM 

7.0 A O 9.0 
MORE THAN M S E C 
n-3 

12-31-58 1 - 4 

gffQ YPH 

nnn lA 

JAV& HEADWAY -2.98SEC. (STD. DEV -1.82SEC.) 
UOUTSIDE -j^yg^ SPEED -22.4MPH (STD DEV - 5JMPH) 

. , „ . , „ JAVG. HEADWAY - 2 9 5 S E C . (STD. DEV - I85SEC.) 
INSIDE -j^yo^ 3 p ^ p -24.3MPH (STD DEV -4 .5 MPH) 

- 0 I . I n H L 
3.0 4.0 5X> 

HEADWAY (SECONDS) 
&0 7.0 

TRANSITIONAL LIGHTS OFF 

Figure \ . Headway frequency (high volume). 

8 A 9.0 
MORE THAN M S E C 

STARTING TIME 9-55 AM U-3I-5B III* 

33 .3 f t - L . T h e r e f o r e , the outs ide to ins ide b r igh tness r a t i o i s : 

220 
5 0 - 6 .6 :1 

T h i s i s cons iderab ly less than 15 to 1 . 
The w a l l coverage when the t r a n s i t i o n a l l i g h t s a re on has an average of about 60 

candlepower ( c . p . ) o r 4 4 . 4 f t - L . T h e r e f o r e , i t s r a t i o of outs ide to ins ide b r igh tness 
i s : 

220 
4 4 . 4 5:1 

T h i s i s a lso cons iderab ly less than 15 to 1 as suggested by the I l l u m i n a t i n g Eng inee r ing 
Socie ty . 

T h i s m o r e than l i k e l y has a s t r o n g in f luence on why the speeds cou ld not be p r o v e d 
s i g n i f i c a n t l y d i f f e r e n t when the l i gh t s were on f r o m when they were o f f . 

L i m i t a t i o n s 

A m o r e comprehens ive study of t h i s nature w o u l d p robab ly g ive m o r e conv inc ing r e -
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7W YPM 
J AV& HEADWAY - 3.24 SEC (STD. DEV - 189 SEC) 

DOUTSIDE •^^yg SPEED - 234MPH (STtt DEV - 3.7MPH) 
lAVG. HEADWAY- 3.22 SEC (STD DEV. -1.95SEC) 
1AVG. SPEED - 29.0 MPH (STD DEV - 4.6 MPH) I N S I D E 

huUn 
30 4.0 50 

HEADWAY (SECONDS) 

TRANSITIONAL LIGHTS ON 

8.0 90 
MORE TMAN tO S E C 
0-21 

STARTING TIME ll'OOAM 12-31-58 1 - 2 2 

W S YPh 
. ^ . T c r M r J HEADWAY DOUTSIDE SPEED 

• INSIDE •l'̂ ^̂ - HEADWAY I INSIDE -j^yo^ SPEED 

- 3 40 SEC (STD DEV -1.85 SEC) 
-23.6 MPH (STD DEV - 4 2 MPH) 

-338 SEC (STD DEV -1.92 SEC) 
-29.4 MPH (STD DEV - 4.8 MPH) 

in. nJ.-P . . n I I I - I L A I L .1, 

10 20 30 40 5.0 
HEADWAY (SECONDS) 

TRANSITIONAL LIGHTS,^, 

Figure 5. Headway frequency (low volume) 

6.0 7.0 80 9X> 
MORE THAN M S E C 

D-B 
STARTING TIME II'20 AM I2-3I-5B i-e 

T A B L E 4 

H E A D W A Y D A T A 

Outs ide 
Speed 

M e a s u r i n g 
Zone 

Ins ide 
Speed 

M e a s u r i n g 
Zone 

T i m e N o . of Mean Std . Mean Std. 

A . M . L i g h t s V e h . Headway D e v . Headway D e v . 

9:31-9:39 On 163 2 .55 1.38 2 .52 1.45 

9:56-10:07 O f f 167 2 .98 1.82 2 .95 1.85 
11:00-11:17% On 215 3 .24 1.89 3.32 1.95 
11:17%-11:30 O f f 168 3 .40 1.85 3.38 1.92 

s u i t s . I f f o u r o r m o r e speed measu r ing zones cou ld be used w i t h th ree of t h e m w i t h i n 
the tunne l , then i t w o u l d be poss ib le to d e t e r m i n e i f the l a c k o f t r a n s i t i o n a l l i g h t i n g had 
i t s e f f e c t beyond the po in t where the one ins ide speed m e a s u r i n g zone i n t h i s study was 
loca ted . The l oca t ion o f the one in s ide zone i n t h i s s tudy was d e t e r m i n e d by the se lec
t i o n of a P I E V t i m e and an eye ad jus tment t i m e . As was p r e v i o u s l y d iscussed , the re 
a r e d i f f e r e n c e s i n op in ion among au tho r i t i e s i n the f i e l d as to the absolute values of 
these t i m e f a c t o r s , but the one thought to mos t c lo se ly p a r a l l e l t h i s p a r t i c u l a r p r o b l e m 
was chosen and used. 

The manua l a c t i v a t i o n o f the m i c r o - s w i t c h e s i n connect ion w i t h the p roduc tograph 
were adequate f o r the purposes of t h i s s tudy . However , i f a m o r e exact study i s r e 
q u i r e d as f a r as speeds and headways a r e concerned , i t i s suggested tha t a concealed 
u l t r a son ic de tec tor o r pho toe lec t r i c c e l l be used. 
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CONCLUSIONS 

Because the ramp leading to the mouth of the Holland Tunnel is in shadow even on 
the brightest days during the morning peak hours of the winter months, i t is found that 
there is no uncomfortable glare in the dr iver ' s eyes. In addition, i t was found that the 
shadows on this open cut ramp create an outside to inside brightness ratio of less than 
15:1 whether the transitional lights are on or off . These factors indicate that the t ran

sitional lights should have no great degree 
of influence on the dr ivers ' reaction to 
entering the tunnel due to a change in 
light intensity. The conclusion that is of 
most importance, and which is in f u l l 
agreement with the foregoing indications, 
is that the speeds and headways could not a 
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PigTire 6. Speed vs headway. 

be statistically proved as significantly 
different whether the vehicles entered the 
tunnel with the transitional lights on or 
with them off . Therefore, i t can be said 
that the l imi ted work of this study shows 
that i n the winter months, when the ramp 
leading to the portal of the South Tube of 
the Holland Tunnel is in shadow on a r e l 
atively bright day, the 400-watt mercury-
vapor transitional lights have no effect on 
the entering t r a f f i c . 

RECOMMENDATIONS 

IDEAL VOLUME HEADWAY 
RELATIONSHIP 

6 0 0 9 0 0 1200 1500 

VOLUME (VPH) 

Figure 7« Volume vs headway. 

The seriousness of the safety of tunnel 
users requires that the foregoing con
clusions should be considered only as a guide toward a more comprehensive and inclu-
si^'e research project to determine beyond a l l doubt that transitional lights have no 
effect under the stated conditions. K necessary, the outside to inside brightness ratio 
can be reduced by increased transitional lighting or possibly by shading the approach 
ramp to the tunnel or underpass. Economics, aesthetics and adaptability to the local 
surroundings would become the determining factors. 
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