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A MAJOR STREET THROUGH A CENTRAL BUSINESS AREA 

THE SITE 

The l o c a t i o n i n d i c a t e d on F i g u r e 
1 and c o v e r e d by t h e f o l l o w i n g r e p o r t 
I S t h e S t r e e t o f B r o a d w a y i n t h e 
C i t y o f O a k l a n d , C a l i f o r n i a , ( S t a t e 
H i g h w a y R o u t e A l a - 7 5 - O a k ) , b e t w e e n 
M a c A r t h u r B o u l e v a r d a n d C o l l e g e 
A v e n u e , a p p r o x i m a t e l y 1 m i . i n 
l e n g t h . T h i s l o c a t i o n was s e l e c t e d 
as r e p r e s e n t a t i v e o f a m a j o r s t r e e t 
t h r o u g h a c e n t r a l b u s i n e s s a r r n . 

D e v e l o p m e n t a l o n g t h i s s e c t i o n 
o f Broadway i s a l m o s t c o n t i n u o u s and 
c o n s i s t s o f s m a l l b u s i n e s s e s , a u t o ­
m o b i l e s a l e s l o t s , m u l t i p l e d w e l l i n g s 
and p u b l i c i n s t i t u t i o n s , ( s e e F i g s . 
4 t o 6 ) . The s t r e e t i s one o f t h e 
i m p o r t a n t n o r t h and s o u t h a r t e r i a l s 
and I S i n t e r s e c t e d by t h r e e S t a t e 
H i g h w a y R o u t e s w i t h i n t h e C i t y o f 
O a k l a n d . I t c o v e r s a c o n s i d e r a b l e 
p o r t i o n o f t h e i n t e r c i t y t r a f f i c 
between O a k l a n d and B e r k l e y and a l s o 
i s a p a r t o f S t a t e H i g h w a y R o u t e 75 
w h i c h i s t he main a r t e r y f e e d i n g t h e 
r a p i d l y d e v e l o p i n g u r b a n a r e a s o f 
L a f a y e t t e and W a l n u t C r e e k as w e l l 
as t h e e x p a n d i n g i n d u s t r i a l a reas o f 
C o n c o r d , P i t t s b u r g h and A n t i o c h . 

THE HIGHWAY 

T h i s s t r e e t o r i g i n a l l y had d o u b l e 
s t r e e t c a r t r a c k s o c c u p y i n g t he c e n ­
t r a l p o r t i o n o f t h e t r a v e l e d w a y . 
S u b s e q u e n t t o t h e s u b s t i t u t i o n o f 
t h e m o t o r bus f o r e l e c t r i c s t r e e t 
c a r t r a n s p o r t a t i o n , t h e t r a c k s were 
r e m o v e d and t h e r e s u l t i n g 2 0 - f t . 
w i d t h was r e c o n s t r u c t e d t o p r o v i d e a 
n a r r o w median and a s p h a l t i c c o n c r e t e 
pavement t o match t h e e x i s t i n g s t r e e t . 

As s h o w n on t h e t y p i c a l c r o s s 
s e c t i o n F i g u r e 3 , t h e p r e s e n t c o n ­
s t r u c t i o n c o n s i s t s o f 15 f t . o f s i d e ­
w a l k and 3 3 f t . o f a s p h a l t i c pavement 
on each s i d e o f a 4 - f t . m e d i a n . T h i s 
p e r m i t s t w o l a n e s o f t r a f f i c w i t h 
p a r a l l e l p a r k i n g a d j a c e n t t o t h e 
s i d e w a l k . When p e r m i t t e d , p a r k i n g 
I S s u b j e c t t o t o l l c o l l e c t e d by 
p a r k i n g m e t e r s . S e v e r a l a r e a s a t 
p o i n t s o f c o n g e s t i o n a r e z o n e d t o 
p r o h i b i t p a r k i n g o r s t o p p i n g a t any 
t i m e . A l s o , t o w - a w a y zones a r e e s ­
t a b l i s h e d on t h e e a s t s i d e o f t h e 
s t r e e t w h e r e p a r k i n g i s p r o h i b i t e d 
b e t w e e n t h e h o u r s o f 4 p . m . and 6 
p . m . , Sundays and h o l i d a y s e x c e p t e d . 
A l l v e h i c l e s w h i c h v i o l a t e t h i s o r ­
d i n a n c e a r e removed f r o m t h e s t r e e t 
and i m p o u n d e d . The p u r p o s e i s t o 
a l l o w t h e u n o b s t r u c t e d use o f t h e 
e n t i r e t h r e e - l a n e r o a d w a y b y o u t ­
bound t r a f f i c d u r i n g " w o r k t o home" 
h o u r s . 

The d i m e n s i o n s o f t h e o p e n i n g s i n 
t h e m e d i a n a r e c o n t r o l l e d b y t h e 
w i d t h o f t h e i n t e r s e c t i n g s t r e e t . 
T h e y a r e u s u a l l y t h e c u r b t o c u r b 
w i d t h o f t h e i n t e r s e c t i n g s t r e e t 
p l u s 4 f t . , m a k i n g a s e t b a c k o f 2 f t . 
f r o m t h e f a c e o f t h e c u r b l i n e 
p r o j e c t e d . 

Grade i n t e r s e c t i o n s on B r o a d w a y 
a r e c o n t r o l l e d by s i g n a l s a t i m ­
p o r t a n t i n t e r s e c t i o n s as shown i n 
F i g u r e 2 , and by a r t e r i a l " s t o p " 
s i g n s a t t h e l e s s e r i n t e r s e c t i o n s . 
L e f t t u r n s a re p e r m i t t e d . Access by 
means o f d r i v e w a y s t o b u s i n e s s e s ­
t a b l i s h m e n t s f r o n t i n g on t h i s s t r e e t 
I S p e r m i t t e d and r e g u l a t e d by c i t y 
o r d i n a n c e s c o n c e r n i n g l e n g t h and 
f r e q u e n c y o f o p e n i n g s . 
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The g r a d e o f B r o a d w a y b e t w e e n 
M a c A r t h u r B o u l e v a r d a n d C o l l e g e 
A v e n u e i s s l i g h t l y r i s i n g b e t w e e n 
M a c A r t h u r B o u l e v a r d and 4 5 t h S t r e e t , 
w i t h a p r o n o u n c e d r i s e be tween 4 5 t h 
S t r e e t and C o l l e g e Avenue . 

D r a i n a g e c o n t r o l i s o f c o n v e n t i o n a l 
t y p e . W a t e r i s i n t e r r u p t e d b y 
g u t t e r b a s i n s and d i s p o s e d o f i n t o 
t h e s t o r m d r a i n s y s t e m . No w a t e r 
a c c u m u l a t e s i n t h e median g u t t e r s as 
t h e c r o w n o f t h e s t r e e t s l o p e s t o ­
w a r d s t h e g u t t e r s a d j a c e n t t o t h e 
s i d e w a l k s . 
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F i g u r e 2 . M a j o r S t r e e t - Broadway 
O a k l a n d , C a l i f o r n i a 
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DETAIL OF MEDIAN 

F i g u r e 3 M a j o r S t r e e t - Broadway 
O a k l a n d , C a l i f o r n i a 

THE MEDIAN 

A d e t a i l e d s e c t i o n o f t h e med ian 
i s shown i n F i g u r e 3 . G u t t e r and 
c u r b a re o f m o n o l i t h i c c o n s t r u c t i o n . 
The i n t e r v e n i n g s p a c e b e t w e e n t h e 
c u r b s was b a c k f i l l e d w i t h s e l e c t e d 
m a t e r i a l f o r p r o m o t i n g p l a n t g r o w t h 
e x c e p t a t t r a f f i c o p e n i n g s i n t h e 
m e d i a n w h e r e p e d e s t r i a n r e f u g e s 

a b o u t 10 f t . l o n g w e r e p a v e d w i t h 
c o n c r e t e (See F i g . 6 ) . C o n s i d e r a b l e 
a t t e n t i o n i s g i v e n t o t h e p l a n t e d 
a r e a s by t h e C i t y P a r k D e p a r t m e n t . 
I t i s p l a n t e d p e r i o d i c a l l y w i t h 
s ea sonab l e f l o w e r s and much f a v o r a b l e 
comment has been r e c e i v e d f r o m t h e 
p r e s s r e g a r d i n g t h e a e s t h e t i c v a l u e 
o f t h i s i n s t a l l a t i o n . 

M e t a l e l e c t r o l i e r s s u p p o r t i n g 
s t r e e t l u m i n a i r e s a r e i n p l a c e a t 
i n t e r v a l s t h r o u g h o u t t h e l e n g t h o f 
t h e c u r b e d median (See F i g s . 5 and 6 ) . 
E x c e p t a t t h e C o l l e g e Avenue i n t e r ­
s e c t i o n s w h e r e " 3 - W a y " s i g n a l s and 
'Tio L e f t T u r n " s i g n s a r e a t t a c h e d t o 
t h e e l e c t r o l i e r s , no o t h e r s i g n s o r 
d e v i c e s a r e i n s t a l l e d w i t h i n t h e 
m e d i a n . 

F i g u r e 4 . 

F i g u r e 5. 



THE COST 

The o v e r - a l l h i g h w a y i i n p r o v e i n e n t 
e n t a i l e d t h e e x p e n s e o f r e m o v i n g 
s t r e e t c a r t r a c k s and o t h e r w o r k 
p e c u l i a r t o t h i s p a r t i c u l a r s t r e e t 
and i t i s n o t f e l t t h a t c o s t d a t a , 
a s i d e f r o m t h e c o s t o f t h e m e d i a n , 
w o u l d s e r v e f o r any b a s i s o f c o m ­
p a r i s o n . 

The c o s t o f c o n s t r u c t i n g t h i s one 
m i l e o f m e d i a n i n 1946 was as d e ­
t a i l e d be low: 

C u r b and G u t t e r a t 
SI.57 p e r l i n . f t . S16.580 

S e l e c t e d M a t e r i a l 
( b a c k f i l l $3.75 p e r t o n ) 3,350 

S i d e w a l k a t m e d i a n 
o p e n i n g s - .25 p e r s q . f t . 250 

T o t a l $20Tl80 

( 1 ) A v e r a g e d a i l y t r a f f i c : 
S o u t h e n d c 28,773 
N o r t h e n d . 42,158 

(2) Peak h o u r t r a f f i c v o l u m e 
b e t w e e n 5 and 6 PM, r e p r e s e n t s 
7.41 p e r c e n t o f t h e 24 h r . t o t a l . 
(3) Peak h o u r d i r e c t i o n a l f l o w : 

58.4 p e r c e n t n o r t h b o u n d 
41.6 p e r c e n t s o u t h b o u n d 

(4) The c o m p o s i t i o n o f t r a f f i c , 
6 AM t o 6 PM 12 h r . weekday c o u n t : 

P e r c e n t 
P a s s e n g e r a u t o m o b i l e s - 86.85 
B u s s e s - 2.25 
P i c k u p s - 5.97 
2 A x l e F r e i g h t V e h i c l e s 3.70 
3 
4 
5 
6 

0, 
0 . 
0 . 

70 
13 
33 

and m o r e a x l e F r e i g h t 
V e h i c l e s 0.07 

F i g u r e 6. 

TOAFFIC 

T r a f f i c v o l u m e s a r e based on 16 
h o u r manua l c o u n t s s u p p l e m e n t e d by 
24 h o u r a u t o m a t i c c o u n t e r s a t t w o 
l o c a t i o n s . These d a t a a r e used t o 
p r e d i c t a v e r a g e d a i l y t r a f f i c by a 
c o m p a r i s o n w i t h t h e 365 d a y c o u n t 
a v a i l a b l e a t t he a d j a c e n t SF-Oak land 
Bay B r i d g e . T r a f f i c vo lumes i n c r e a s e 
m a t e r i a l l y f r o m t h e s o u t h e r l y t o t he 
n o r t h e r l y end o f t h e s e c t i o n u n d e r 
s t u d y . 

T u r n i n g movement c o u n t s were made 
a t t h e n i n e i n t e r m e d i a t e i n t e r ­
s e c t i o n s w i t h i n t h e l i m i t s o f t h e 
p r o j e c t . S i x t e e n h o u r c o u n t s were 
made a t two o f t h e i n t e r s e c t i o n s t o 
s e r v e as key s t a t i o n s , and f o u r h o u r 
c o u n t s , t w o d u r i n g t h e AM peak and 
two d u r i n g the PM peak , were made a t 
t h e o t h e r i n t e r s e c t i o n s . F i g u r e 7 
shows AM peak h o u r , PM peak hour and 
a v e r a g e d a i l y t u r n i n g movements a t 
t h e v a r i o u s i n t e r s e c t i o n s . 

T u r n i n g speeds , s i g n a l d e l a y s and 
t r a v e l t i m e w e r e d e t e r m i n e d f r o m 
d a t a o b t a i n e d by r u n n i n g t e s t c a r s 
i n t h e t r a f f i c s t r e a m a t an a v e r a g e 
speed . The number o f such r u n s under 
v a r i o u s t r a f f i c 
f o l l o w s : 

N o r t h b o u n d , 
N o r t h b o u n d , 
S o u t h b o u n d , 
S o u t h b o u n d , 

c o n d i t i o n s were as 

u n c o n g e s t e d - 20 
c o n g e s t e d - 40 
u n c o n g e s t e d - 23 
c o n g e s t e d - 42 

T a b l e 1 s h o w s a v e r a g e r u n n i n g 
t i m e , r u n n i n g s p e e d and d e l a y f o r 
e a c h o f t h e f o u r s e g m e n t s o f t h e 
c o u r s e a s w e l l as t o t a l t i m e a n d 
e a u i v a l e n t g r o s s s p e e d . The same 
i n f o r m a t i o n i s e x p r e s s e d g r a p h i c a l l y 
i n t he T i m e - D i s t a n c e D i a g r a m , F i g . 8 



TABLE 1 
Running Speed, Running Time, Delay, Total Time and Equivalent Sk>eed 

Broadway, Oakland, California 

MarArt. - 4flth St. 40th St. - 42nd St 42nd St - 4Sth St. 45 th St Collene 
l)unning Running Running Running Running Running Running Running Total (foss 
Time Speed Delay Time Speed Delay Time Speed Delay Time Speed Delay Time » e e d 

Northbound 

Uncongeated 42.Saec 20.4 3.2aec 49.8aec 20.4 S aec 29.68ec 18.3 0.9sec 36.8sec 20.3 167.8 18.9 

Northbound 

Congested 44.3 19.6 lO.S 52.7 19.3 6.6 29.8 18.1 4.2 42.8 17.5 190.9 16.6 

Collene - 45th St. 45th St. - 4aid St. 4aid St. - 40th St. 40th St. - MacArt. 

Running Running niiuimg Running ninning Running ftuining Running Total Gross 
Time Speed Delay Time Speed Delay Time Speed Delay Time Speed Delay Time Speed 

Southbound 

Uncongeated 36.4 20.6 3.4 27.6 19.5 1.7 47.3 21.4 3.0 46.7 18.6 13.4 179.5 17.7 

Southbound 

Congeated 34.8 21.5 6.4 23.5 23 0 0 9 44.6 22 7 4.8 45.6 19 0 29 9 190 5 16.6 
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Vehicle Placement Data - V e h i c l e 
p l a c e m e n t s w e r e o b t a i n e d f o r t h e 
11 f t . w i d e s t r i p e d i n s i d e l a n e s 
o n l y , as p l a c e m e n t s had w i d e v a r i a ­
t i o n o v e r t h e 22 f t . w i d e a r ea w h i c h 
accommodated t h e o u t e r t r a f f i c l a n e 
p l u s c u r b p a r k i n g . 

P l a c e m e n t s w e r e o b t a i n e d b y 
o b s e r v a t i o n , u s i n g s t r i p s o f w h i t e 
p l a s t i c t a p e p l a c e d p a r a l l e l t o t h e 
m e d i a n a t t w o - f o o t i n t e r v a l s . An 
o b s e r v e r s t a t i o n e d b e h i n d a l a m p 
p o s t i n t h e m e d i a n a p p r o x i m a t e l y 
300 f t . ahead o f t h e pavement m a r k ­
i n g s c o u l d r e a d i l y e s t i m a t e t h e 
p o s i t i o n o f t h e l e f t f r o n t whee l t o 
o n e - h a l f f o o t i n t e r v a l s . O b s e r v a t i o n s 
were made o f t r a f f i c i n b o t h d i r e c ­
t i o n s b u t s t a t i s t i c a l l y , no s i g n i f ­
i c a n t d i f f e r e n c e was f o u n d b e t w e e n 
t h e d i r e c t i o n a l s a m p l e s , so r e s u l t s 
were a v e r a g e d . 

A b r e a k d o w n was made , h o w e v e r , 
b e t w e e n v e h i c l e s s a i d t o be " f r e e 
m o v i n g " when t h e r e was no v e h i c l e i n 
t h e a d j a c e n t l a n e and v e h i c l e s whose 
c o u r s e was i n f l u e n c e d by a v e h i c l e 
i n t h e a d j a c e n t o u t s i d e l a n e . These 
l a t t e r w e r e t e r m e d " v e h i c l e i n a d ­
j a c e n t l a n e " . 

The r e s u l t s o f t h i s s t u d y , shown 
g r a p h i c a l l y i n F i g u r e 9 a r e as f o l l o w s : 

Distance 
Number o f from 
Vehicles median 
recorded curb 

Free moving vehic le 170 3.4 f t . 
Veh. i n acijacent lane 256 3 .1 f t . 
Cnnputed p o s i t i o n o f l e f t 

f r o n t wheel f o r veh. i n 
center o f the 11 f t . lane 3.0 f t . 

A c c i d e n t Experience - The a c c i d e n t 
summary f o r t h e 3 y e a r and 9 m o n t h 
p e r i o d s i n c e t h e median was i n s t a l l e d 
i s shown on a c c i d e n t r a t e r e p o r t . 

A c c i d e n t r e c o r d s a re dependen t on 
t h e c o m p l e t e n e s s o f t h e r e p o r t i n g . 
As a check on t h i s f e a t u r e , we have 
t h e N a t i o n a l S a f e t y C o u n c i l S t a n d a r d 
f o r u r b a n r e p o r t i n g o f 40 i n j u r y 

a c c i d e n t s and 115 i n j u r y p l u s p r o p ­
e r t y damages o n l y p e r f a t a l a c c i d e n t . 
T h e r a t i o s f o r r e p o r t e d B r o a d w a y 
a c c i d e n t s a r e 32 i n j u r y a c c i d e n t s 
and 98 i n j u r y p l u s PDO a c c i d e n t s pe r 
f a t a l a c c i d e n t . A l t h o u g h t h e s e 
f i g u r e s a re o f d o u b t f u l s i g n i f i c a n c e 
w i t h i n t h e l i m i t s o f t h e s a m p l e , 
t h e y d o i n d i c a t e f a i r a c c i d e n t 
c o v e r a g e . 

Type PDO I n j u r y Fatal Total 
1. In t e r sec t iona l 

Hight t u rn 6 1 0 7 
L e f t t u r n 12 6 0 18 
Broadside 36 17 0 53 
U- turn 1 3 0 4 

2. Overtaking 
Sideswipe 27 1 0 28 
Rear end 40 22 0 62 

3. Approach 1 0 0 1 

4. Single Vehicle 9 4 0 13 

5. Pedestrian 0 10 2 12 

Tota l s : 132 64 198 

Accident Elate - 5.30 per m i l l i o n vehicle 
mi les 

For a b e f o r e and a f t e r c o m p a r i s o n 
we have a v a i l a b l e t h e a c c i d e n t r e c o r d 
f o r a s i x - m o n t h p e r i o d p r i o r t o 
i n s t a l l a t i o n o f t h e m e d i a n . However , 
s i n c e t r a f f i c s i g n a l s w e r e s u b ­
s e q u e n t l y a d d e d a t t h r e e i n t e r ­
m e d i a t e l o c a t i o n s and s t r e e t l i g h t s 
were l a t e r p l a c e d i n t h e m e d i a n , i t 
i s n o t p o s s i b l e t o i s o l a t e t h e e f f e c t 
o f t h e d i v i s i o n s t r i p on t h e a c c i d e n t 
r e c o r d . W i t h t h e s e l i m i t a t i o n s i n 
m i n d , t h e b e f o r e and a f t e r a c c i d e n t 
p i c t u r e i s as f o l l o w s : 

Accidents per year Accidents per M\M 
Pedestrian Auto To ta l 

Before 10 44 54 6.60 
A f t e r 3 50 53 5.30 

H I E SUMMARY 

Aeasons for Choice of this Design -
Meager d a t a -on f o u r - l a n e h i g h w a y s 

i n d i c a t e t h a t a c c i d e n t s i n v o l v i n g 



c a r s m o v i n g i n o p p o s i t e d i r e c t i o n 
a r e i n t h e r a t i o o f a p p r o x i m a t e l y 3 
t o 1 f o r t h e u n d i v i d e d a n d t h e 
d o u b l e c u r b m e d i a n . A c c i d e n t s 
i n v o l v i n g s i n g l e c a r s and c a r s g o i n g 
i n t h e same d i r e c t i o n a r e s l i g h t l y 
h i g h e r f o r t h e d o u b l e c u r b m e d i a n . 
The o v e r - a l l p i c t u r e w o u l d be t h a t 
t h e r e i s an a d v a n t a g e o f t h e m e d i a n 
i n r e d u c i n g t o t a l a c c i d e n t s b u t most 
p a r t i c u l a r l y , t h e more s e r i o u s k i n d . 

T h i s was t h e p r i m a r y p u r p o s e o f 
p l a c i n g t h i s m e d i a n . 

T h e r e a r e t w o o t h e r a d v a n t a g e s 
p e c u l i a r t o t h i s p a r t i c u l a r l o c a t i o n 
- t h e m e d i a n p r o v i d e s a r e f u g e f o r 
p e d e s t r i a n s c r o s s i n g t h e w i d e s t r e e t 
and a l s o p r o v i d e s an a r e a i n w h i c h 
t o p l a c e p o l e s f o r s t r e e t l i g h t i n g . 
T h i s l a t t e r advan t age w o u l d a p p l y i n 
t h e case when t h e t r a f f i c i s o f t h e 
more s l o w l y m o v i n g u r b a n t y p e , b u t 

. r 

APT Jt^t&IUiit-

\2/0 I M I 74~\-^ 

^ 1 

41st Sf 
V 

5 | 

Mc4dam 5t 

Typical Directional 
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I 
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mm 
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F i g u r e 7. 
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F i g u r e 8. 

u n l e s s t h e c u r l T s w e r e d e f i n i t e 
b a r r i e r s t o c a r s t r a v e r s i n g t h e 
m e d i a n , t h e s e o b s t r u c t i o n s w o u l d be 
a h a z a r d t o f a s t e r - m o v i n g t r a f f i c . 

The s e l e c t i o n o f a 4 - f t . w i d t h 
f o r t h i s m e d i a n w a s , o f n e c e s s i t y , 
t o f i t i n w i t h f u t u r e p l a n s w h i c h 
c a l l f o r r e d u c i n g t h e w i d t h o f each 
s i d e w a l k by 5 f t . , t h e r e b y p r o v i d i n g 
space f o r t h r e e 1 0 - f t . l a n e s and an 
8 - f t . p a r k i n g a r e a on each s i d e o f 
t h e s t r e e t . 

D e m o n s t r a t e d A d v a n t a g e s - W i t h i n t h e 
l i m i t a t i o n s n o t e d i n t h e b e f o r e and 
a f t e r a c c i d e n t s t u d y , t h e i m p r o v e ­
m e n t s have r e s u l t e d i n a f a i r r e ­
d u c t i o n i n t h e o v e r - a l l a c c i d e n t 
r a t e and a r e d u c t i o n o f 70 p e r c e n t 
i n p e d e s t r i a n a c c i d e n t s . The i m p r o v e ­
m e n t i n t h e l a t t e r p h a s e o f t h e 
a c c i d e n t p i c t u r e i s due t o t h e f a c t 
t h a t t h e m e d i a n p r o v i d e s a s a f e t y 
i s l a n d f o r p e d e s t r i a n s , and f u r t h e r , 
t h a t t h e p e d e s t r i a n i s c o n c e r n e d a t 

a l l t i m e s w i t h o n l y u n i d i r e c t i o n a l 
t r a f f i c . T h u s , i n a d d i t i o n t o t h e 
s a f e t y i s l a n d , t h e i n s t a l l a t i o n has 
a l l t h e d e m o n s t r a t e d a d v a n t a g e s i n 
p e d e s t r i a n s a f e t y o f one -way s t r e e t 
o p e r a t i o n . 

Based on t r a f f i c c o u n t s made i n 
J u l y 1946, p r i o r t o t h e c o n s t r u c t i o n 
o f t h e m e d i a n , 1950 t r a f f i c c o u n t s 
show a f o u r - y e a r i n c r e a s e o f a p ­
p r o x i m a t e l y 28 p e r c e n t . A l t h o u g h 
t h i s i s comparab l e t o n o r m a l t r a f f i c 
g r o w t h i n C a l i f o r n i a o v e r t h i s 
p e r i o d , B r o a d w a y i s now h a n d l i n g a 
v e r y h e a v y v o l u m e o f t r a f f i c f o r a 
f o u r - l a n e a r t e r i a l and t h i s t r a f f i c 
i s a b l e t o m a i n t a i n a f a i r r a t e o f 
speed e v e n d u r i n g peak c o n d i t i o n s . 
I t i s b e l i e v e d t h a t t h e s e p a r a t i o n 
o f o p p o s i n g t r a f f i c has i n c r e a s e d 
t he t r a f f i c c a p a c i t y o f t h i s s t r e e t . 

S u g g e s t i o n s / o r F u t u r e D e s i g n -
A s u g g e s t i o n f o r f u t u r e n a r r o w 

m e d i a n d e s i g n i s t h a t t h e w i d t h o f 
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o p e n i n g s i n t h e m e d i a n a t i n t e r ­
s e c t i o n s be g r e a t e r t h a n t h e p r e s e n t 
d e s i g n on t h i s s t r e e t . O b s e r v a t i o n 
i n d i c a t e s t h a t t h e n a r r o w o p e n i n g s 
f o r c e l e f t t u r n s t o be s h a r p a n d 
a w k w a r d . As p r e v i o u s l y s t a t e d , t h e 
s a f e t y i s l a n d s a r e an i m p o r t a n t f a c ­
t o r i n t h e l o w p e d e s t r i a n a c c i d e n t 
r a t e and s h o u l d t h e med ian o p e n i n g s 
be e n l a r g e d , t h i s d e s i r a b l e f e a t u r e 
s h o u l d be m a i n t a i n e d b y a n g l i n g 
p e d e s t r i a n l a n e s s l i g h t l y t o i n t e r ­
s e c t t h e s h o r t e n e d m e d i a n s . 

P h y s i c a l c o n d i t i o n s do n o t l e n d 

t h e m s e l v e s f o r d e v e l o p m e n t o f a 
p a r a l l e l r o u t e and hence l o n g - r a n g e 
p l a n n i n g c a l l s f o r f u r t h e r w i d e n i n g 
o f t h e p r e s e n t s t r e e t . The n a r r o w 
4 - f t . median has n o t f a c i l i t a t e d t h e 
m a k i n g o f l e f t t u r n s and t he w a i t i n g ' 
c a r s n e c e s s a r i l y b l o c k t h e i n s i d e 
l a n e . I t h a s , t h e r e f o r e , been t h e 
r ecommenda t ion o f t h e D i s t r i c t H i g h ­
w a y O f f i c e t o e s t a b l i s h s e t b a c k 
o r d i n a n c e s w h i c h i n s u r e a m e d i a n o f 
s u f f i c i e n t w i d t h t o p r o v i d e a l e f t -
t u r n i n g m e d i a n l a n e a l o n g w i t h t h e 
n e c e s s a r y number o f l a n e s f o r f u t u r e 
t r a f f i c . 
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A LONG STRUCTURE ON AN ELEVATED HIGHWAY 

THE SITE 

The l o c a t i o n shown i n F i g u r e s 10 
and 11, and c o v e r e d by t h e f o l l o w i n g 
r e p o r t i s t h e San R a f a e l V i a d u c t and 
approaches i n t h e town o f San R a f a e l , 
M a r i n C o u n t y , C a l i f o r n i a , ( S t a t e 
Highway R o u t e M r n - l - S R F ) , a l e n g t h 
o f 0.6 m i . ( 2 , 2 5 7 f t . o f v i a d u c t 
p l u s two 500 f t . a p p r o a c h e s . ) T h i s 
l o c a t i o n was chosen as b e i n g r e p r e ­
s e n t a t i v e o f a l o n g s t r u c t u r e o r 
e l e v a t e d highway. 

T h i s 0.6 m i . s e c t i o n p a s s e s d i ­
r e c t l y t h r o u g h t h e c e n t r a l b u s i n e s s 
a r e a and a p a r t o f t h e r e s i d e n t i a l 
a r e a o f t h e t o w n o f San R a f a e l , 
w h i c h has a p o p u l a t i o n o f a p p r o x ­
i m a t e l y 14,000. I t i s p a r t o f t h e 
Redwood Highway w h i c h e x t e n d s f r o m 
t h e Oregon S t a t e L i n e n e a r C r e s c e n t 
C i t y t o San F r a n c i s c o . The highway 
i s t h e main a r t e r i a l s e r v i n g a l l o f 
t h a t p o r t i o n o f N o r t h e r n C a l i f o r n i a 
s i t u a t e d w e s t o f t h e C o a s t Range 
Mou n t a i n s . To the n o r t h i t t r a v e r s e s 
th e h i g h l y p u b l i c i z e d Redwood Empire 
t h a t i s renowned f o r r e c r e a t i o n a l 
f a c i l i t i e s and l u m b e r i n g a c t i v i t i e s . 
Upon c o m p l e t i o n o f a s i x - m i l e c o n ­
t r a c t now underway, between I g n a c i o 
and San R a f a e l , t h i s r o a d w i l l p r o ­
v i d e a c o n t i n u o u s f o u r - l a n e l i m i t e d 
access freeway from San F r a n c i s c o t o 
n o r t h o f P e t a l u m a , a d i s t a n c e o f 
35 m i . An a d d i t i o n a l 16 m i . t o t h e 
n o r t h o f Petaluma i s i n t h e p l a n n i n g 
s t a g e . 

THE HIGHWAY 

As shown on t h e t y p i c a l c r o s s 
s e c t i o n . F i g u r e 12, t h e roadway con­
s t r u c t i o n on t h e v i a d u c t c o n s i s t s 
o f a 4 - f t . m e d i a n , two 2 5 - f t . c o n ­
c r e t e pavements and two 2 - f t . 1 1 - i n . 
s i d e w a l k s i n c l u d i n g t h e s l o p i n g c u r b 
and c o n c r e t e r a i l i n g . T h i s makes an 
o v e r - a l l w i d t h o f 5 9 - f t . 1 0 - i n . f o r 

the s t r u c t u r e . There a r e two do u b l e 
s t r i p e s i m m e d i a t e l y a d j a c e n t t o t h e 
median, each d o u b l e s t r i p e o c c u p y i n g 
one f o o t o f i t s r e s p e c t i v e 2 5 - f t . 
roadway. The r e m a i n i n g 2 4 - f t . w i d t h s 
are d i v i d e d i n t o two 1 2 - f t . l a n e s by 
a c e n t e r s t r i p e . (See F i g s . 13-15) 

TYPICAL SECTION 

tofemge 

lJ( "Bituminous Surfcce-t g 

I t 
DETAIL OF MEDIAN 

F i g u r e 12. C a l i f o r n i a - Long 
S t r u c t u r e , San R a f a e l F r e e w a y 

T h e r e a r e no i n t e r s e c t i o n s a t 
grade on t h e v i a d u c t o r ap p r o a c h e s . 
W i t h t h e e x c e p t i o n o f t h e c r o s s i n g 
o f t w o r a i l r o a d s p u r t r a c k s j u s t 
s o u t h o f t h e s o u t h e r l y a p p r o a c h t o 
t h e v i a d u c t , t h e r e a r e no i n t e r ­
s e c t i o n s f o r t h e e n t i r e t w o - m i l e 
l e n g t h o f f r e e w a y t h r o u g h t h e town 
o f San R a f a e l . The n o m i n a l amount 
o f t r a i n movements on t h e s e s p u r s 
does n o t w a r r a n t s e p a r a t i o n o f grades. 

C r o s s i n g f r o m one s i d e o f t h e 
v i a d u c t t o t h e o t h e r i s ac c o m p l i s h e d 
by p a s s i n g u n d e r t h e v i a d u c t on 
e x i s t i n g c i t y s t r e e t s . 

On and o f f ramps a r e p r o v i d e d a t 
c o n v e n i e n t l o c a t i o n s a l o n g t h e f r e e ­
way. There a r e none on t h e v i a d u c t 
p r o p e r . On t h e f r e e w a y j u s t n o r t h 
o f t h e v i a d u c t t h e r e i s an " o f f 
ramp" f o r n o r t h b o u n d t r a f f i c and an 
"on r a m p " f o r s o u t h b o u n d t r a f f i c . 
F a r t h e r n o r t h t h e r e i s an "on ramp" 
f o r n o r t h b o u n d t r a f f i c and an " o f f 
r a m p " f o r s o u t h b o u n d t r a f f i c . 
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J u s t o f f t h e s o u t h e r l y a p p r o a c h 
t o t h e v i a d u c t i s an "on a n d o f f 
ramp" f o r t r a f f i c i n e a c h d i r e c t i o n . 
As c a n be s e e n i n t h e map F i g u r e 11, 
a c c e l e r a t i n g t r a f f i c and d e c e l e r a t i n g 
t r a f f i c m i x e s on t h e f r e e w a y . I t i s 
i n t e n d e d t o r e a r r a n g e t h e s e ramps so 
t h a t t h i s w e a v i n g w i l l t a k e p l a c e on 
t h e f r o n t a g e r o a d s r a t h e r t h a n on 
th e f r e e w a y . 

A l t h o u g h p r o v i s i o n h a s been made 
f o r l i g h t i n g i n s t a l l a t i o n on t h e 
v i a d u c t , a t p r e s e n t e x c e p t f o r c i t y 
s t r e e t l i g h t i n g a t v a r i o u s l o c a t i o n s 
on t h e f r o n t a g e r o a d s , no i l l u m i n ­
a t i o n i s p r o v i d e d on t h e v i a d u c t 
s t r u c t u r e . 

On t h e v i a d u c t s t r u c t u r e , s u r f a c e 
w a t e r i s c o l l e c t e d a t f r e q u e n t i n ­
t e r v a l s w i t h d r a i n s a l o n g t h e c u r b s 
a n d d i s p o s e d o f w i t h d o w n - d r a i n s 
e m p t y i n g i n t o a d r a i n a g e c h a n n e l 
t h a t r u n s l o n g i t u d i n a l l y b e n e a t h t h e 
s t r u c t u r e . 

T h e r e a r e no s i g n s o r o b s t r u c t i o n s 
or o p e n i n g s i n t h e m e d i a n . 

F i g u r e 1 3 . 

T l l E MEDIAN 

The m e d i a n i s 4 f t . w i d e b e t w e e n 
t h e o u t e r e x t r e m i t i e s o f t h e c u r b s 
and 5 - i n . h i g h . A d e t a i l e d c r o s s -
s e c t i o n o f t h e c u r b i s s h o w n i n 
F i g u r e s 12 and 14. 

The i n t e r v e n i n g s p a c e between the 
c u r b i s f i l l e d w i t h 3'/;-in. o f c r u s h e r 
r u n b a s e and I ' f - i n . o f p l a n t m i x 
s u r f a c i n g . 

F i g u r e 14. 

THE CURB 

The t o t a l c o s t o f t h e .42 mi. o f 
v i a d u c t s t r u c t u r e was $ 3 9 5 , 0 0 0 i n 
1939-40. 

A p p r o x i m a t e l y 1 2 5 , 0 0 0 o f t h e 
a b o v e a mount r e p r e s e n t s t h e a d d e d 
c o s t o f i n c r e a s i n g t h e w i d t h o f t h e 
s t r u c t u r e by 4 f t . t o p r o v i d e f o r 
th e median. 

F i gu r e 1 5 . 

T R A F F I C 

S u n d a y t r a f f i c p a t t e r n s on t h i s 
s e c t i o n o f h i g h w a y b e a r l i t t l e r e ­
l a t i o n t o t h e w e e k d a y t r a f f i c . 
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Sunday t r a f f i c volumes, as o b t a i n e d 
by t h e J u l y c o u n t , a r e 70 p e r c e n t 
g r e a t e r t h a n t h e Monday volume. I n 
a d d i t i o n , a l t h o u g h weekday t r a f f i c 
i s f a i r l y e v e n l y b a l a n c e d b e t w e e n 
n o r t h b o u n d and s o u t h b o u n d t r a f f i c , 
t h e h e a v y v o l u m e o f Sunday r e c r e ­
a t i o n a l t r a f f i c n o r t h b o u n d f r o m San 
F r a n c i s c o i n t h e m o r n i n g h o u r s , 
c o n c e n t r a t e s i n an e x t r e m e l y heavy 
s o u t h b o u n d movement d u r i n g a f e w 
hours i n the e v e n i n g . 

T r a f f i c d a t a a r e b a s e d on t h e 
J u l y Sunday and Monday 16 h r . c o u n t s 
on t h e San R a f a e l Freeway, a d j u s t e d 
t h r o u g h a d j a c e n t m o n t h l y and 24 h r . 
s t a t i o n s . 

( 1 ) A v e r a g e D a i l y T r a f f i c = 17,800 

( 2 ) Peak Hour P e r c e n t a g e s : 
Sunday (8PM t o 9PM) =19.4% o f t h e 

ADT 
Weekday (7AM t o 8AM)=12.2% o f t h e 

ADT 

( 3 ) Peak H o u r D i r e c t i o n a l F l o w : 
Sunday - 23 p e r c e n t n o r t h b o u n d 

77 p e r c e n t s o u t h b o u n d 
Weekday - 50 p e r c e n t n o r t h b o u n d 

50 p e r c e n t s o u t h b o u n d 

( 4 ) The 24 Hour D i s t r i b u t i o n by Type 
o f V e h i c l e : 
P a s s e n g e r C a r s 8 9 . 0 5 % 
Busses 0.05% 
P i c k u p s 2.29% 
2 A x l e F r e i g h t V e h i c l e s 3.04% 
3 A x l e F r e i g h t V e h i c l e s 1.30% 
4 A x l e F r e i g h t V e h i c l e s 1.28% 
5 A x l e F r e i g h t V e h i c l e s 1.93% 
6 o r more A x l e V e h i c l e s 1.06% 

Speed Data - V e h i c l e s p e e d s w e r e 
o b t a i n e d by use o f t h e E l e c t r o m a t i c 
S p e e d M e t e r . 6 5 1 v e h i c l e s w e r e 
r e c o r d e d : 

A v e r a g e s p e e d = 4 9 . 1 mph 
85 p e r c e n t i l e ~ 5 5 . 3 mph 

Vehicle Placement Data - V e h i c l e 
p l a c e m e n t s f o r b o t h i n n e r and o u t e r 
l a n e s were o b t a i n e d by t h e use o f 

s t r i p s o f w h i t e p l a s t i c t a p e on t h e 
pavement w i t h t h e o b s e r v e r s t a t i o n e d 
some 300 t o 400 f t . ahead on t h e 
s t r u c t u r e s i d e w a l k . R e s u l t s a r e 
p l o t t e d i n F i g u r e s 16 a n d 1 7 . 

A d o u b l e s t r i p e has been p l a c e d 
adj'acent t o and on each s i d e o f t h e 
m e d i a n c u r b s p r o v i d i n g a n e u t r a l 
area one f o o t i n w i d t h on each s i d e . 
T h i s i n e f f e c t d i v i d e s the s t r u c t u r e 
i n t o f o u r 1 2 - f t . t r a f f i c l a n e s and a 
s i x - f o o t m e d i a n , 4 f t . o f w h i c h i s 
c u r b e d . However, t h e d o u b l e s t r i p e 
n e u t r a l zone i s t r a v e r s a b l e and 
v e h i c l e p l a c e m e n t s i n d i c a t e t h a t 
d r i v e r s u t i l i z e t h i s i n n e r l a n e as 
t h o u g h i t i s 13 f t . i n w i d t h . 

I n n e r l a n e placements as measured 
by d i s t a n c e between l e f t f r o n t wheel 
and f a c e o f median c u r b are as f o l l o w s : 

A d j a c e n t l a n e s unoccupied-4.3 f t . 
A d j a c e n t l a n e s o c c u p i e d -3.8 f t . 
P o s i t i o n o f l e f t wheel f o r 

v e h i c l e s i n c e n t e r o f 12 f t . 
l a n e o f f s e t one f o o t -4.5 f t . 

P o s i t i o n o f l e f t wheel f o r 
v e h i c l e s i n c e n t e r o f 13 
f t . wide l a n e -4.0 f t . 

O u t e r l a n e p l a c e m e n t s were f o u n d 
t o be u n a f f e c t e d by v e h i c l e s i n t h e 
a d j a c e n t i n n e r l a n e . A v e r a g e o f 
o u t e r l a n e p l a c e m e n t as measured by 
d i s t a n c e o f r i g h t f r o n t w h e e l f r o m 
b o t t o m f a c e o f 1 2 - i n . c u r b s was 5.6 f t 

P o s i t i o n o f r i g h t w h e e l f o r ve­
h i c l e i n c e n t e r o f l a n e i s 3.5 f t . 

O c c i d e n t Experience - A t o t a l o f 6 
a c c i d e n t s has been r e p o r t e d on t h e 
2257 f t . l e n g t h o f t h i s s t r u c t u r e 
d u r i n g t h e 5 year and 3 month p e r i o d 
b e t w e e n 6/14/45 and 9/1/50. The 
a c c i d e n t r a t e f o r t h i s f u l l p e r i o d 
i s c o m p u t e d as 0.54 a c c i d e n t s p e r 
m i l l i o n v e h i c l e m i l e s . A l t h o u g h 
t h i s r a t e i s low, i t appears r a t i o n a l 
when compared w i t h a c c i d e n t r a t e s 
e x p e r i e n c e d on o t h e r f u l l f r e e w a y s 
i n t h i s S t a t e . 

Of t h e s i x a c c i d e n t s , t h r e e were 
r e a r - e n d c o l l i s i o n s , one o f w h i c h 
i n v o l v e d a s t a l l e d c a r . The o t h e r 
t h r e e were s i n g l e - c a r a c c i d e n t s as 
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f o l l o w s ; an i n t o x i c a t e d d r i v e r r a n 
i n t o t h e r a i l i n g , a b l o w o u t t h r e w a 
c a r o u t o f c o n t r o l and i n t o t h e 
abu t m e n t , and one c a r r a n o v e r t h e 
m e d i a n and t u r n e d o v e r . F o u r o f 
t h e s i x were i n j u r y a c c i d e n t s and 
t w o w e r e p r o p e r t y damage o n l y . 

TOE SUMMARY 

Reasons for the Choice of this Design-
The San R a f a e l Freeway was c o n s t r u c t ­
ed d u r i n g 1939-40 t o a l l e v i a t e a 
s e r i o u s b o t t l e n e c k t h a t h a d d e ­
v e l o p e d i n San R a f a e l d ue t o t h e 
i n c r e a s e d volume o f t h r o u g h t r a f f i c 
u s i n g t h e n a r r o w c i t y s t r e e t s w h i c h 
were a l r e a d y t a x e d t o c a p a c i t y by 
measured l o c a l t r a f f i c . The v i a d u c t 
s t r u c t u r e was s e l e c t e d t o c a r r y t h e 
f r e e w a y t h r o u g h t h e more c o n g e s t e d 
p a r t o f town, so as t o a l l o w a f r e e 
passage o f l o c a l t r a f f i c u n d e r t h e 
v i a d u c t on e x i s t i n g c i t y s t r e e t s . 

The p u r p o s e o f t h e m e d i a n was, o f 
c o u r s e , a s a f e t y p r e c a u t i o n t o more 
e f f e c t i v e l y s e p a r a t e t h e o p p o s i n g 
f a s t - m o v i n g t r a f f i c . The u s e o f 
a n a r r o w m e d i a n was an e c o n o m i c a l 
e x p e d i e n t r e s u l t i n g i n a s a v i n g i n 
w i d t h o f roadway, v i a d u c t s t r u c t u r e 
and r i g h t - o f - w a y . 

Demonstrated Advantages - The f r e e ­
way has d e m o n s t r a t e d i t s a b i l i t y t o 
c a r r y a l a r g e a m o u n t o f t h r o u g h 
t r a f f i c and a t t h e same t i m e p r o v i d e 
s a f e i n g r e s s and e g r e s s f o r l o c a l 
t r a f f i c . 

The median has been e f f i c i e n t i n 
p r e v e n t i n g a c c i d e n t s i n v o l v i n g op­
p o s i n g t r a f f i c as i s e v i d e n t by t h e 
absence o f a c c i d e n t s o f t h a t n a t u r e . 
As t h e r e are no l e f t t u r n s p e r m i t t e d 
a nd t h e r e f o r e no n e e d f o r m e d i a n 
s t o r a g e l a n e s , a w i d e r median w o u l d 
seem t o be o f no advantage. 

/.af-eya/ D/sp/ace/nenf 

//•*«•># /ftce/f^er a/^/o/te: 

oef/acenf/one t/noccey/O/ee/^ 

Ooub/e tvAttie jtf/pes 

F i g u r e 16. 
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^ 

F i g u r e 17. 

S u g g e s t i o n s / o r Future Design - I t 
has been t h e p r a c t i c e i n C a l i f o r n i a 
t o p r o v i d e 6 - f t . m e d i a n s on l o n g 
s t r u c t u r e s . A l t h o u g h t h e median on 
the San R a f a e l Freeway i s o n l y 4 f t . 
c u r b t o c u r b , t h e r e a r e d o u b l e 
s t r i p e s i m m e d i a t e l y a d j a c e n t t o t h e 
c u r b w h i c h makes a t o t a l o f 6 f t . 
w h i c h may be a s s i g n e d t o t h e median. 
However, a s t u d y o f v e h i c l e p l a c e ­
ment ( s e e F i g . 1 6 ) , i n d i c a t e s t h a t 
t r a f f i c i n t h e i n s i d e l a n e i g n o r e s 

t h e d o u b l e s t r i p e and t r e a t s t h e 
a r e a between t h e c e n t e r s t r i p e and 
t h e c u r b as a 1 3 - f t . l a n e . T h e r e ­
f o r e , i t i s t h e r e c o m m e n d a t i o n o f 
t h e D e s i g n D e p a r t m e n t t:hat s e r i o u s 
c o n s i d e r a t i o n be g i v e n t o l i m i t i n g 
t h e median on l o n g s t r u c t u r e s o f t h i s 
t y p e t o f o u r f e e t . A d d i t i o n a l s t r u c ­
t u r e w i d t h can be used t o much b e t t e r 
a d v a n t a g e as a p a r t o f c o n t i n u o u s 
emergency p a r k i n g s h o u l d e r s on t h e 
r i g h t , e i t h e r f u l l o r p a r t i a l w i d t h . 




