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ABSTRACT 

The Iowa S t a t e  Highway Commission i n i t i a t e d  t h i s  

r e s e a r c h  to  e v a l u a t e  a  new lowering dev ice  f o r  t o w e r  

l umina i r e s  and a  new concept  o f  t o w e r  l umina i r e  l i g h t  

d i s t r i b u t i o n .  L igh t ing  a t  t h e  W e s t  i n t e r change  of 

1-80, 1-35, and 1-235 i n  Polk County was a l s o  d e s i g n a t e d  

a s  an FHWA exper imenta l  p r o j e c t .  

A s  highway l i g h t i n g  has  become more wide ly  used,  

highway o f f i c i a l s  recognized t h e  i n c r e a s i n g  importance 

o f  r educ ing  s a f e t y  hazards  and improving a e s t h e t i c  

appearance o f  l i g h t i n g  i n s t a l l a t i o n s .  Also,  l i g h t i n g  

c o n s t r u c t i o n ,  energy,  and maintenance c o s t s  were ab- 

s o r b i n g  a  l a r g e r  s h a r e  of t h e  maintenance budget .  

A s e a r c h  began f o r  a  method o f  l i g h t i n g  whereby t h e  

f i x e d  o b j e c t s  b y  t h e  r o a d s i d e  cou ld  be e l i m i n a t e d  o r  

reduced i n  number, t h e  c o s t s  cou ld  b e  reduced and t h e  

q u a l i t y  o f  l i g h t i n g  improved over  e x i s t i n g  methods. 

Lack o f  des ign  d a t a  i n  t h i s  a r e a  i l l u s t r a t e d  t h e  need 

f o r  r e sea rch .  

The r e s e a r c h  c o n s i s t e d  o f  t a k i n g  f i e l d  measurements 

o f  l i g h t i n g  i n t e n s i t y  and un i fo rmi ty ,  pavement b r i g h t -  

n e s s  and system g l a r e .  The d a t a  was e v a l u a t e d  t o  enab le  

a  comparison o f  tower l i g h t i n g  vs .  e x i s t i n g  conven t iona l  

i n s t a l l a t i o n s .  These measurements were supplemented b y  



v i s u a l  observat ions.  Other comparisons included con- 

s t r u c t i o n  and maintenance operat ions with t h e i r  r e s u l t a n t  

c o s t s  and t he  a e s t h e t i c s  of t h e  i n s t a l l a t i o n s .  

Where l a rge  interchanges a r e  t o  be l i gh t ed ,  and 

f o r  spec i a l  l i g h t i n g  requirements, it is concluded t h a t  

tower l i g h t i n g  is advantageous. Tower i n s t a l l a t i o n s  

incorpora t ing  a luminaire lowering device a r e  super ior  

t o  o ther  systems f o r  maintenance purposes. Overa l l  

s a f e t y ,  performance and appearance a r e  considered t o  

be  b e t t e r ,  and const ruct ion  and maintenance c o s t s  less 

than conventional l i g h t i n g .  



INTRODUCTION 

The Iowa S t a t e  Highway Commission i n i t i a t e d  P ro j ec t  

HR-154, Inves t iga t ion  of Highway Lighting, t o  evaluate  

a  new tower luminaire lowering device and a new concept 

of tower luminaire l i g h t  d i s t r i b u t i o n .  Lighting a t  t he  

W e s t  interchange of 1-80. 1-35, and 1-235 i n  Polk County 

was designated a s  an FHWA experimental p ro j ec t  and l e t  

under P ro j ec t  No. I-80-3(26)125--01-77. Federal  funds 

a l l o c a t i o n  obl iga ted  t h e  former Iowa Highway Commission 

t o  compare t h i s  l i g h t i n g  i n s t a l l a t i o n  with o ther  con- 

vent ional  l i g h t i n g  i n  t he  s t a t e .  



EARLY TOWER LIGHTING CONCEPTS 

Inves t iga t ion  of tower l i g h t i n g  f o r  t h e  S t a t e  of 

Iowa began approximately 10 years  ago. The des i red  

r e s u l t s  from a  new type of highway l i g h t i n g  design 

included : 

(1) Elimination o r  reduction of f ixed  o b j e c t s  

located near  t h e  t r ave led  way. "Conventional" 

l i g h t i n g  u n i t s  a r e  placed 16 t o  17 f e e t  from 

the  edge of t h e  t r a f f i c  lane  where space 

permits ,  and Located 150 t o  300 f e e t  apa r t .  

A l a rge  interchange l i gh t i ng  system could 

requ i re  s eve ra l  hundred conventional l i g h t i n g  

u n i t s .  

( 2 )  Improvement o f  daytime a e s t h e t i c s  of l i gh t ed  

highways by e l iminat ing  rows of roadside poles .  

( 3 )  Viewing condi t ions  s imi l a r  t o  those dur ing 

day l igh t  hours by l i g h t i n g  beyond t he  t r ave led  

way. 

(4 )  Increase of t he  e f f e c t i v e  v i s i b i l i t y  f o r  

spec i f i ed  l e v e l s  of i l luminat ion  by reducing 

g l a r e  through placement of l i g h t  sources 

f a r t h e r  from t h e  d r i v e r ' s  l i n e  of v is ion .  



( 5 )  Reduction of cons t ruct ion  and maintenance 

c o s t s  f o r  highway l i g h t i n g ,  p a r t i c u l a r l y  

f o r  complex interchanges.  

Inves t iga t ion  began part-t ime. A system using 

va r i ab l e  rectangular-beamed f l ood l igh t s  was developed 

with t h e  a i d  of a  computer program. I l luminat ion 

p a t t e r n s  w e r e  f i t t e d  together  puzzle-fashion t o  cover 

t he  roadway areas .  It was bel ieved t h a t  t h e  normal 

" s p i l l "  l i g h t  from such a  system would i l luminate  t he  

a reas  between roadways enough t o  produce t he  des i red  

day l i gh t  e f f e c t .  C r i t e r i a  f o r  i l luminat ion  l e v e l s  w e r e  

based on conventional l i g h t i n g  concepts. A t  t h e  time, 

t he r e  w e r e  no conclusive recommendations on minimum 

acceptable l i g h t i n g  l e v e l s  f o r  tower l i gh t i ng .  L i t t l e  

comprehensive information was ava i l ab l e  about t h e  g l a r e  

e f f e c t s  o f  t he  variable-beam f lood l igh t s  when used f o r  

tower l i g h t i n g .  A s  a  r e s u l t ,  the i n i t i a l  designs had 

a  g r e a t e r  degree of g l a r e  con t ro l  and produced higher  

i l luminat ion  l e v e l s  than l a t e r  found necessary, The 

tower pos i t i ons  and luminaire aiming angles needed t o  

produce these  e f f e c t s  r esu l t ed  i n  t he  need f o r  more 

towers and luminaires  than t h e  l a t e r  c r i t e r i a  required.  



Pro jec t  scheduling deadl ines  forced abandonment of 

t h e  variable-beam concept, a s  new information on tower 

l i g h t i n g  design c r i t e r i a  became ava i l ab le .  Experience 

i n  o the r  s t a t e s  ind ica ted  t h a t  a tower l i g h t i n g  system 

could produce equivalent  v i s i b i l i t y  a t  approximately 

ha l f  t he  i l luminat ion  l e v e l  of a conventional system. 

A system of overlapping-area f l ood l igh t s  was promoted 

by  the  f l ood l igh t  manufacturer. I t  had been success fu l  

i n  o the r  s t a t e s  and a design based on t h e  newer concepts 

was proposed; it had a lower i n s t a l l a t i o n  c o s t .  No t i m e  

was ava i l ab l e  t o  r e v i s e  t he  o r i g i n a l  concept f o r  an 

adequate c o s t  comparison: the re fore ,  design p lans  w e r e  

prepared, using t h e  overlapping beam f lood l igh t s .  Ear ly  

inves t iga t ion  of tower l i g h t i n g  design s t rong ly  revealed 

t h e  lack of good f i e l d  da ta  ava i l ab l e  f o r  t h i s  purpose, 

and f u r t h e r  i l l u s t r a t e d  t he  need f o r  research.  



OBJECTIVES 

This research evaluated and compared t he  tower 

l i g h t i n g  system t o  ex i s t i ng  conventional systems. 

To be  inves t iga ted  were: 

(1) Construction, energy, and maintenance cos t s ;  

( 2 )  Sa fe ty  t o  t h e  t r ave l i ng  publ ic  a s  a f fec ted  by 

t h e  presence of f ixed ob j ec t s ,  such a s  con- 

vent ional  l i g h t i n g  poles  i n s t a l l e d  near t he  

t r a f f i c  lanes  ; 

( 3 )  The e f f e c t  of cons t ruct ion  opera t ions ;  

( 4 )  Day and n igh t  a e s t h e t i c  appearance; 

( 5 )  Comparisons between l i g h t i n g  systems of ob- 

served o v e r a l l  v i s i b i l i t y  and measured and 

observed performance; 

( 6 )  Performance of t he  luminaire lowering device: 

( 7 )  Maintenance opera t ions  and maintenance c o s t s  

of t he  system; and 

(8)  Fie ld  da t a  which record performance deprecia t ion  

of t he  luminaires with age, t o  be used i n  c a l -  

cu l a t i ng  a maintenance f a c t o r  f o r  design purposes. 



CONSTRUCTION 

The i n s t a l l a t i o n  cons i s t s  of 17 towers, a s  shown i n  

Figure 1. Eight 1000-watt, metal-halide luminaires a r e  

mounted on each, f o r  a t o t a l  of 136 luminaires.  The 

nominal mounting he igh t  above t he  roadway i s  140 f e e t .  

A conventional l i g h t i n g  system with 400-watt mercury 

vapor luminaires and 40-foot mounting he igh t  would have 

required  approximately 300 l i g h t i n g  u n i t s .  Based on our  

most r ecen t  b i d  p r i ce s ,  t he  estimated const ruct ion  c o s t  

today would be $450,000 f o r  t he  tower l i g h t i n g  system 

and $900,000 f o r  t h e  conventional system. 

Specia l  equipment f o r  t he  tower cons t ruc t ion  

opera t ions  included p i l e  d r i v ing  machinery f o r  foot ing  

const ruct ion ,  and a crane t o  e r e c t  t h e  towers. The 

l a r g e s t  tower i n  t h i s  i n s t a l l a t i o n ,  shown i n  Figure 2 ,  

i s  180 f e e t  long and weighs approximately 12 tons .  

Some towers were located  w e l l  ou t s ide  t he  hazardous 

zone near t h e  t r a f f i c  l anes ,  and t he  const ruct ion  

opera t ions  could a l l  t ake  p lace  ou t s ide  t h i s  zone. 

Where towers w e r e  located  a t  t he  minimum l a t e r a l  

c learance  of 50 f e e t  t o  t he  roadway, many opera t ions  

w e r e  performed from the  shoulder a rea ,  with need f o r  

t r a f f i c  con t ro l .  



Figure 2 .  Erect ion of t he  l a r g e s t  tower 
i n  t he  i n s t a l l a t i o n  

T r a f f i c  con t ro l  was a l s o  required while the  towers were 

t ranspor ted  from t h e  r a i l  terminal t o  the  const ruct ion  

s i t e .  In con t r a s t ,  near ly  operat ions fo r  conventional 

l i g h t i n g  const ruct ion  a r e  done from the  shoulder area ,  

requi r ing  t r a f f i c  con t ro l .  



The trenching and e l e c t r i c a l  c i r c u i t  i n s t a l l a t i o n  

requ i res  some t r a f f i c  con t ro l  f o r  both conventional and 

tower l i gh t i ng .  Since t h e  major i ty  of t h e  c i r c u i t r y  f o r  

conventiofial l i g h t i n g  i s  i n  t he  shoulder a rea ,  its 

i n s t a l l a t i o n  needs more t r a f f i c  con t ro l  during const ruct ion .  



DATA COLLECTION 

F ie ld  Measurement Procedures 

The majori ty of t h e  i nves t i ga t i ve  work and equip- 

ment took and recorded measurements t o  compare t h e  

performance of t he  experimental tower l i g h t i n g  system 

with ex i s t i ng  conventional systems. Visual observat ions 

w e r e  used t o  supplement t he  da ta .  I t  was an t i c ipa t ed  

t h a t  these  data  would be use fu l  as  f u tu r e  l i g h t i n g  

design a ids .  

Measurements of hor izon ta l  footcandles (HFC), 

v e r t i c a l  footcandles (VFC), pavement b r igh tness ,  and 

g l a r e  were taken with a  Spectra  Pr i tchard  Photometer 

Model 1970-PR. Point-by-point readings were recorded 

manually and continuous readings were taken with a  

Brush Model 2 2 0  c h a r t  recorder .  A pneumatic-tired 

handcart  was fabr ica ted  t o  c a r r y  t he  photometer and 

po r t ab l e  power supply f o r  t he  taking of point-by- 

po in t  measurements. 

Glare and pavement br ightness  measurements a r e  

r e l a t i v e  t o  an obse rve r ' s  viewing pos i t ion .  The 

photometer was mounted i n  a  vehic le  a t  t he  eye 

pos i t i on  of a  f ron t - sea t  passenger and aimed through 

t h e  windshield. The da ta  w e r e  then t raced  continuously 



I 
on the  recorder  c h a r t  while the  veh ic le  was moving. 

To provide accura te  ind ica t ions  of t h e  v e h i c l e ' s  

pos i t i on ,  t h e  t r ave l i ng  speed was maintained a t  a  

s e l ec t ed  r a t e ,  and reference marks w e r e  impressed 

upon t he  recorder  c h a r t  by a  5th wheel at tached t o  

t h e  vehic le .  Addit ional  reference  po in t s  were added 

by an event  marker on t h e  cha r t  recorder .  Point-by- 

po in t  HFC and VFC readings were taken a t  marked 100- 

foo t  i n t e r v a l s  along t he  r i g h t  hand edge of t he  t r a f f i c  

lane.  The instrument mounting on t h e  handcart  included 

a  geared pho%ographic head f o r  quick pos i t ion ing  of t he  

photometer. A co lo r  and cosine-corrected footcandle 

adaptor was a t tached t o  t he  photometer ob j ec t i ve  l ens .  

The HFC readings were taken from a  t r u e  l e v e l  plane 

and the  VFC readings were taken from a  v e r t i c a l  plane 

fac ing t r a f f i c .  The a t t i t u d e  of t he  instrument was 

checked before  each reading with a  s p i r i t  l eve l .  

Horizontal  Footcandle and Maintenance Factor Data 

To compare average l i g h t i n g  l e v e l s  and uniformity 

of l i g h t i n g  l e v e l s ,  one s e t  of point-by-point HFC 

readings were taken a t  marked, 100-foot i n t e r v a l s  along 

a l l  t r a f f i c  lanes  of the  interchange. Also, a  s e t  of 



readings was taken at each lighting unit and at the 

midpoint between lighting units for a segment of con- 

ventionally-lighted freeway. HFC readings averaged 

0.5 initially throughout the central portion of the 

interchange. The cycle of brightest to darkest readings 

ranged over distances of 50 feet to 100 feet for the 

conventionally lighted area and 500 to 1500 feet for 

the tower-lighted area. The uniformity ratio (ratio of 

average-to-dark illumination) for HFC ranged from 

3.2 : 1 to 1.8 : 1 for the conventionally lighted area 

and 2.8 : 1 to 1.2 : 1 for the tower-lighted area. 

Data collection to establish a maintenance factor 

curve was scheduled for three times per year for three 

years. The readings were in HFC, taken along the Loop- 

ramps "E", "F" and "G" of the interchange. These readings 

would be compared with the initial set of HFC readings 

for the area. The maintenance schedule for the luminaires 

called for a group relamping and cleaning of luminaires 

after two years. This would occur during our investigative 

period and provide comparisons between the initial readings 

of new luminaires and those occurring after one complete 

maintenance cycle. 



Reduction i n  l i gh t -ou tpu t  of highway-lighting 

luminaires i s  caused by t h e  normal deprec ia t ion  i n  

lamp output  a s  it ages,  and by contamination o r  

d e t e r i o r a t i o n  of t h e  remaining components, p a r t i c u l a r l y  

t h e  o p t i c a l  system. Data ga ther ing  must be coordinated 

c lo se ly  with cleaning and re-lamping schedules i f  t h e  

da ta  a r e  t o  be meaningful- 

The u t i l i t y  company responsib le  f o r  l i g h t i n g  system 

maintenance agreed t o  cooperate by keeping t h e  i nves t i -  

ga to r s  informed of maintenance opera t ions  and by per- 

forming t h e  group re-lamping and cleaning wi th in  a two- 

week period t o  e s t a b l i s h  a common s t a r t i n g  t i m e  f o r  t he  

new l i g h t  ou tpu t  deprecia t ion  cycle .  

HFC readings w e r e  taken on Loops "E" ,  "F" , and "G" 

f o r  t h e  maintenance f a c t o r  inves t iga t ion .  These w e r e  

gathered over  a l i t t l e  more than one year.  In November, 

1973, a Highway Commission Administrat ive Order required 

t h a t  four luminaires  on each tower be disconnected as  an 

energy saving measure. The luminaires remained ou t  of 

s e rv i ce  from approximately December 1, 1973 t o  May 1, 1974, 

By c o n t r a c t  with t he  u t i l i t y  company, re-lamping was 

scheduled t o  s t a r t  i n  August 1974. Operations began i n  



September and w e r e  no t  completed u n t i l  December. There- 

f o r e ,  a wide v a r i a t i o n  i n  burning t i m e  ex i s ted  between 

towers. Tower No. 11 was t o t a l l y  ou t  of s e rv i ce  from 

September through December, 1974 due t o  a jamming of  

t h e  lowering device. Further  readings were considered 

t o  have l i t t l e  meaning s ince  Tower No. 11 was c e n t r a l l y  

placed i n  t h e  interchange and the re fore  a f f e c t s  most 

loca t ions .  The manufacurer's lamp output  maintenance 

curve i n  Figure 3 shows t he  percentage of output  

. 
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Figure 3 .  Manufacturer 's  maintenance 
curve vs.  measured f i e l d  data  



r educ t ion  wi th  r e s p e c t  t o  hours  o f  o p e r a t i o n .  A l s o  

i l l u s t r a t e d  on t h e  curve  a r e  r e s u l t s  from t h e  maintenance 

f a c t o r  i n v e s t i g a t i o n ,  showing t h e  r educ t ion  i n  average 

HFC f o r  cor responding  t ime i n t e r v a l s .  The manufac tu re r ' s  

cu rve  was v e r i f i e d  f o r  t h e  pe r iod  o f  t ime involved.  Th i s  

f u r t h e r  shows t h a t  t h e  r educ t ion  i n  l i g h t  o u t p u t  was due 

t o  lamp o u t p u t  d e p r e c i a t i o n ,  and n o t  t o  t h e  e f f e c t s  o f  

d i r t  o r  con tamina t ion  on t h e  l umina i r e  o p t i c s .  

V e r t i c a l  Footcandle  Data 

Although t h e  VFC is l e s s  commonly used i n  highway 

l i g h t i n g  des ign  c a l c u l a t i o n s  than  t h e  HFC, e a r l y  ex- 

pe r i ence  w i t h  tower l i g h t i n g  showed t h a t  i l l u m i n a t i o n  

on v e r t i c a l  s u r f a c e s  c o n t r i b u t e d  more t o  v i s i b i l i t y  

than  conven t iona l  l i g h t i n g .  A set o f  point-by-point  

r ead ings  were t aken  a long  Ramp "B" and Loop-ramp "F". 

Care  was taken  t o  keep a u t o  h e a d l i g h t s  from a f f e c t i n g  

t h e  r e s u l t s .  VFC read ings  averaged 0.38 throughout  

t h e  a r e a s  measured. The b r igh t - to -da rk  range was from 

1 .8  : 1 t o  5.8 : 1 over  d i s t a n c e s  o f  200 t o  500 f e e t .  

Pavement B r i g h t n e s s  Data 

The l e v e l  and un i fo rmi ty  o f  pavement b r i g h t n e s s  

c o n t r i b u t e  s i g n i f i c a n t l y  t o  n i g h t  v i s i b i l i t y  a t  

i l l u m i n a t i o n  l e v e l s  recommended f o r  highway l i g h t i n g .  



Continuous readings of pavement b r igh tness  w e r e  taken 

along a l l  t r a f f i c  lanes  of t h e  interchange, and along 

seven m i l e s  of conventional ly l i gh t ed  freeway. The 

photometer was aimed a t  t he  t r a f f i c  lane ,  150 f e e t  ahead 

of t he  vehic le .  A two-degree aper tu re  was used i n  t he  

instrument;  it c rea ted  a  coverage area  approximately 

10 f e e t  wide. Thus t h e  averaging e f f e c t  would tend t o  

improve t he  measured b r igh tness  uniformity f o r  con- 

vent ional  l i gh t i ng ,  because t h e  smaller  b r i g h t  spo t s  

produced a r e  less than a f u l l  lane  wide. Pavement 

b r i gh tnes s  uniformity r a t i ons  f o r  conventional l i g h t i n g  

ranged from 5.5 : 1 t o  1.5 : 1, and f o r  tower l i g h t i n g ,  

3.5 : 1 t o  1.5 : 1. 

Glare Data 

Glare readings w e r e  taken continuously from t h e  

same a r ea s  where pavement b r igh tness  da ta  had been taken 

The equipment was s e t  up a s  f o r  b r igh tness ,  except t h a t  

a  Fry-Pritchard Glare In t eq ra to r  was placed over t h e  

photometer ob jec t ive  lens .  The g l a r e  i n t e r g r a t o r  is 

a var iable-dens i ty  d i f fu s ing  and s c a t t e r i n g  l e n s  t h a t  

admits l i g h t  t o  t h e  photometer from various angles of 

incidence according t o  i t s  p red ic ted  g l a r e  e f f e c t .  

Glare measurements ranged from 0.05 t o  0.2 foot-lamberts 



in the conventionally Lighted ar-eas. In the tower 

lighted areas, measurements were much lower, from 

0.02 to 0.06 foot-lamberts. 



EVALUAT LON 

The unclut tered  daytime appearance of t he  tower 

l i g h t i n g  i n s t a l l a t i o n  was prefer red  over t h a t  of t h e  

conventional l i g h t i n g  i n s t a l l a t i o n .  Figure 4 shows 

t h a t  one tower is used t o  l i g h t  the  e n t i r e  loop of an 

interchange. 

Figure 4 .  ~ y p i c a l  tower i n s t a l l a t i o n  

The nuniber of poles  required fo r  a conventional 

l i g h t i n g  system is shown i n  Figure 5. Aes the t i ca l ly ,  

t h i s  i s  less pleasing.  Fur ther ,  t he  poles  a r e  a s a f e t y  

hazard because they a r e  c lo se  t o  the  t r a f f i c  lane.  



Figu re  5 .  T y p i c a l  Convent ional  L igh t ing  

A t  n i g h t  t h e  l i g h t i n g  suppor t  s t r u c t u r e s  a r e  less 

v i s i b l e ,  and t h e  appearance of  t h e  l umina i r e s  i s  dominant 

f o r  b a t h  systems.  Without r ega rd  t o  l i g h t i n g  performance,  

conven t iona l  l i g h t i n g  may have a  s l i g h t  advantage i n  

appearance because  o f  i ts  d e l i n e a t i o n  on ramps and cu rves .  

Observers agreed t h a t  a  d e s i r a b l e  f e a t u r e  o f  i n t e r change  

l i g h t i n g  b y  towers was t h e  con t inuous  i l l u m i n a t i o n  o f  t h e  

roadways and a d j a c e n t  a r e a s  (F igu re s  6 and 7 ) .  Good 

v i s i b i l i t y  f o r  a l l  t r a f f i c  movements was observed.  

The mast impress ive  tower l i g h t i n g  f e a t u r e  was t h e  

improvement i n  v i s i b i l i t y  i n  adverse  weather .  





One observer  found t h a t  v i s i b i l i t y  was ba re ly  adequate, 

even a t  reduced speeds, on t h e  unl ighted freeway in  fog. 

Only s l i g h t  improvement was not iced  under conventional 

highway l i g h t i n g ,  while  t h e  v i s i b i l i t y  under tower 

l i g h t i n g  allowed t r a v e l  speeds c lo se  t o  normal. Thus 

f a r ,  a l l  observers  t h a t  have driven through t h e  tower 

l igh ted  area  i n  fog have agreed t h a t  t h e  tower l i g h t i n g  

improves v i s i b i l i t y  more than conventional l i gh t i ng .  

Lighting I n t e n s i t y  and Uniformity 

Horizontal  Footcandles 

A s  shown previously,  t he  average l i g h t i n g  i n t e n s i t y  

f o r  t h e  tower l i g h t i n g  i n s t a l l a t i o n  i s  lower than t he  

i n t e n s i t y  f o r  t h e  conventional l i g h t i n g  i n s t a l l a t i o n .  

The eye does no t  necessa r i ly  see averaqe i n t e n s i t i e s .  

Average i n t e n s i t y ,  therefore ,  must be used with ava i l ab l e  

q u a l i t a t i v e  da ta  and sound judgement t o  eva lua te  a  

l i g h t i n g  design. The eye perceives "spot"  i n t e n s i t i e s  

and con t r a s t s .  The uniformity of l i g h t  i n t e n s i t y  is, 

the re fore ,  a  u s e f u l  q u a l i t a t i v e  f a c t o r .  The r a t i o  be- 

tween t h e  average i n t e n s i t y  and t he  da rkes t  spo t ,  f o r  

a  given a rea ,  i s  t he  most widely accepted c r i t e r i o n  

f o r  c a l cu l a t i ng  o r  measuring uniformity.  It is c a l l e d  

"uniformity r a t i o  " o r  "average-to-dark r a t i o  ." 



Although i n t e n s i t y  and uniformity i n  HFC, a s  des- 

c r ibed  do no t  e n t i r e l y  eva lua te  l i g h t i n g  performance a s  

t he  eye perce ives ,  they a r e  r e l a t i v e l y  easy t o  c a l c u l a t e ,  

and when backed by sub jec t ive  observat ions,  they can be 

used a s  design t oo l s .  Acceptable uniformity r a t i o s  a r e  

from 4: l  t o  3:1, t h e  lower r a t i o s  being more de s i r ab l e .  

Uniformity r a t i o s  of average-to-dark HFC w e r e  wi th in  

acceptable l i m i t s  f o r  both  types of l igh t ing .  The 

measured uniformity r a t i o s  ranged from 3.2 : 1 t o  1.8 : 1 

f o r  conventional ly l i gh t ed  a reas  and from 2 . 8  : 1 t o  

1 . 2  : 1 f o r  tower-lighted areas .  

Ve r t i c a l  Footcandles 

Most tower l i g h t i n g  u n i t s  a r e  located  f a r t h e r  from 

t h e  t r a f f i c  lanes  than a r e  conventional un i t s .  Therefore.  

t h e  angles  of t he  luminaire emission reaching t h e  t r a f f i c  

l ane  provide a  higher  proport ion of i l luminat ion  f o r  

v e r t i c a l  su r faces  than i s  t h e  case  f o r  conventional 

l i g h t i n g .  

VFC readings w e r e  taken along Ramp "B" and Loop- 

ramp "F", which were bel ieved t o  be typ i ca l  of t h e  

remainder of the  interchange. A s  might be expected, 

t h e  loca t ion  of t h e  extremes of t he  i l luminat ion  ranges 

i n  VFC d id  not  concur with those  f o r  HFC. Whereas t h e  



peak VFC readings occur 100 to 200 feet "downstream" from 

the tower, with VFC readings exceeding HFC for the next 

300  feet downstream. These distances vary somewhat, 

depending upon the lateral distance from the tower to 

the roadway. It was interesting to note that the VFC 

readings near the exit gore for Ramps "B" and "H" (near 

Tower No. 6) were double the IIFC readings. Observations 

indicated that this contributed significantly to the 

discernment of vehicles passing through the area, es- 

pecially those with large vertical surfaces, such as 

semi-trailer trucks. 

Pavement Brightness 

Pavement brightness and its variations are illumination 

performance factors that the eye actually sees. As the 

pavement brightness becomes more uniform, the necessary 

contrast between the pavement and obstacles for silhouette 

discernment at low lighting levels is improved. 

As observed and measured, the variations in brightness 

were reduced under tower lighting, from a high of 5.5 : 1 to 

3.5  : 1, respectively. The variations were spread over 

larger areas, reducing the rate of change observed while 

traveling through the area. Frequent changes in brightness 

sometimes encountered in conventional lighting installations 



cause a  " f l i c k e r  e f f e c t "  t h a t  produces eye f a t i gue .  

Glare 

Glare is  one of t he  more d i f f i c u l t  l i gh t i ng  per-  

formance f a c t o r s  t o  evaluate .  The e f f e c t s  of discomfort 

g l a r e  a r e  usua l ly  obvious, while  t h e  e f f e c t s  of d i s a b i l i t y  

( v e i l i n g )  g l a r e  a r e  sub t le .  

Discomfort g l a r e ,  a s  t he  name implies,  causes a c t u a l  

physica l  pain o r  discomfort t o  t h e  observer.  The l o s s  of 

percept ion  due t o  discomfort g l a r e  is not  always pro- 

po r t i ona l  t o  t he  degree of discomfort.  

The loss of percept ion due t o  d i s a b i l i t y  g l a r e  is 

caused by t h e  s c a t t e r i n g  of l i g h t  i n  t he  eyebal l .  This 

s c a t t e r i n g  e f f e c t  tends to  inc rease  with t h e  age o f  t h e  

observer .  D i s a b i l i t y  g l a r e  can be compared t o  t he  

v e i l i n g  e f f e c t s  of fog, i n  t h e  presence of some au to  

head l igh t s  o r  street l i g h t s .  

Although t he  photometer could no t  d i s t i ngu i sh  between 

t h e  two types o f  g l a r e ,  t he  measurements indica ted  a  g l a r e  

reduct ion of about two-thirds under t o w e r  l i gh t i ng .  

The observat ions supported t he  d i f f e r ence  i n  readings.  

The observers  agreed t h a t  discomfort g l a r e  was reduced 

i n  t he  tower l i gh t ed  a reas .  The genera l  observat ion of 

good v i s i b i l i t y  under tower l i g h t i n g ,  e spec i a l l y  i n  fog, 

ind ica ted  lower d i s a b i l i t y  g l a r e  l eve l s .  



MAINTENANCE 

The tower-l ight ing luminaires a r e  lowered to  ground 

l e v e l  f o r  maintenance. A luminaire mounting frame is 

a t tached t o  t h r e e  a i r c r a f t - t ype ,  s t a i n l e s s - s t e e l  support 

cables .  These cab les ,  p lus  a f l e x i b l e  e l e c t r i c a l  cable ,  

pass  through sheaves a t  t he  top  of t h e  tower and terminate 

a t  a counterweight assembly i n s ide  t he  tower s h a f t .  The 

counterweight assembly is access ib le  from t h e  ground l e v e l  

when t he  luminaires  a r e  i n  t h e  r a i s ed  pos i t ion .  

To lower t h e  luminaires ,  t he  opera tor  disconnects  t h e  

e l e c t r i c a l  connections and opera tes  a small  winch a t tached 

t o  t h e  counterweight. The winch is powered by a r eve r s ib l e  

e l e c t r i c  d r i l l ,  which i s  used f o r  a l l  towers i n  a given 

i n s t a l l a t i o n .  

Some d i f f i c u l t y  with t h e  lowering devices has been 

experienced. An e l e c t r i c a l  connector f o r  Tower N o .  6 

f a i l e d ,  and was replaced.  A f ixed guide cab l e  f o r  t he  

counterweight i n  Tower No. 11 loosened from i t s  lower 

mount, and became entangled with t he  movable cab les  

during a lowering opera t ion .  I t  was necessary t o  lower 

t h e  tower t o  t h e  ground f o r  repa i r s .  The counterweight 

has ,  on occasion, become jammed aga ins t  t h e  edges of 

backing p l a t e s  f o r  t r ansverse  welds i n  t h e  tower s h a f t .  



The jamming occu r s  most f r e q u e n t l y  when t h e  tower s h a f t  

warps due t o  uneven h e a t i n g  by t h e  sun .  

I n  g e n e r a l ,  maintenance o p e r a t i o n s  a r e  s a f e r  and 

less c o s t l y  f o r  tower l i g h t i n g  than  f o r  convent iona l  

l i g h t i n g .  S p e c i a l  equipment, such a s  a  l i f t  t r u c k ,  i s  

n o t  r e q u i r e d .  Ln t h i s  i n s t a l l a t i o n ,  e i g h t  l umina i r e s  

can  b e  s e r v i c e d  a t  each tower l o c a t i o n .  Because o f  t h e  

g r e a t e r  l a t e r a l  c l e a r a n c e  t o  t h e  roadway, hazards  t o  

maintenance pe r sonne l  from t r a f f i c  through t h e  a r e a  a r e  

reduced.  

A s  s t a t e d  e a r l i e r ,  t h i s  i n s t a l l a t i o n  u s e s  e i g h t  

1000-watt,  meta l -ha l ide  l umina i r e s  p e r  tower. A 

conven t iona l  l i g h t i n g  system f o r  t h e  i n t e r change  would 

have used 400-watt, mercury vapor l umina i r e s .  

Our p r e s e n t  des ign  p r a c t i c e s  u t i l i z e  400-watt,  

h igh -p re s su re  sodium lumina i r e s  f o r  tower l i g h t i n g  and 

250-watt, h igh-pressure  sodium lumina i r e s  f o r  c o n v e n t i o n a l  

l i g h t i n g .  These new l i g h t  sou rces  w i l l  d e l i v e r  approximate ly  

t h e  same l i g h t i n g  l e v e l s  a s  t h e  o l d e r ,  l a r g e r  sou rces .  

Based on o u r  p r e s e n t  p r a c t i c e s ,  t h e  tower l i g h t i n g  

i n s t a l l a t i o n  would consume about  250,000 kwh. annua l ly ;  

an e q u i v a l e n t  conven t iona l  l i g h t i n g  i n s t a l l a t i o n  would 

consume about  350,000 kwh. T y p i c a l  energy  and r o u t i n e  

maintenance c o s t s  b y  l o c a l  u t i l i t y  companies would be 



$7,000 annually for the tower lighting installation 

and $12,000 annually for an equivalent conventional 

lighting installation. 



DESIGN CHANGES 

S i n c e  t h i s  p r o j e c t  was c o n s t r u c t e d ,  tower l i g h t i n g  

f o r  l a r g e  in t e r changes  has  been s t a n d a r d  p r a c t i c e .  

Tower l i g h t i n g  is cons ide red  f o r  a l l  i n t e r changes  

proposed for  complete l i g h t i n g ,  and i s  i n s t a l l e d  i n  

a l l  c a s e s  where economical ly  f e a s i b l e .  

Lowering d e v i c e s  have undergone c o n s i d e r a b l e  

development b y  a l l  manufacturers .  Counterweights a r e  

no longe r  used.  Improvements have been made on winch 

mechanisms. Our s p e c i f i c a t i o n s  now r e q u i r e  chamfer ing 

o f  a l l  backing p l a t e s  and shaping o f  a l l  moving p a r t s  

w i t h i n  t h e  tower s h a f t  f o r  f r e e  movement d u r i n g  r a i s i n g  

and lowering.  

The photometer purchased f o r  t h i s  r e s e a r c h  h a s  been 

used a s  a  des ign  and i n s p e c t i o n  a i d  f o r  subsequent  tower 

l i g h t i n g  p r o j e c t s .  In  one c a s e ,  d a t a  o b t a i n e d  w i t h  t h e  

photometer were used t o  prove a  d i sc repancy  between t h e  

l umina i r e  manufac tu re r ' s  performance d a t a  and t h e  a c t u a l  

f i e l d  performance.  A s  a  r e s u l t ,  t h e  manufacturer  was 

r e q u i r e d  t o  make neces sa ry  mod i f i ca t ions  b e f o r e  t h e  

p r o j e c t  was accepted.  
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CONCLUSIONS AND R E C O W N D A T I O N S  

Based on t h i s  research,  tower l i g h t i n g  is recommended 

f o r  a l l  complex interchanges proposed fo r  complete l i gh t i ng .  

However, t he r e  may be cases  f o r  which conventional l i g h t i n g  

would be t he  most f e a s i b l e  o r  economical a l t e r n a t i v e .  

Spec i f i c a l l y ,  cons t ruct ion ,  energy and maintenance 

c o s t s  w i l l  be lower f o r  complete l i g h t i n g  of l a r g e  i n t e r -  

changes. The const ruct ion  opera t ions  w i l l  o f f e r  fewer 

hazards t o  t he  t r ave l i ng  public  because much of t h e  

const ruct ion  is located  a t  g r ea t e r  d i s t ances  from the  

t r a f f i c  lanes.  

A tower l i gh t ed  interchange is always s a f e r  because 

t h e  l i gh t i ng  u n i t s  a r e  fewer i n  number and a r e  f a r t h e r  

away from t h e  t r a f f i c  lanes.  A t  n i gh t ,  t he  super ior  

v i s i b i l i t y ,  under adverse weather condi t ions  such a s  

fog, snow, and r a i n  i s  a d e f i n i t e  s a f e t y  f ac to r .  

The c lean,  unc lu t t e red  look of a  tower-lighting 

i n s t a l l a t i o n  is a e s t h e t i c a l l y  p leas ing.  A t  n igh t ,  t he  

broad coverage of i l luminat ion  i s  a l s o  more a t t r a c t i v e  

than t h e  "tunnel"  e f f e c t  of conventional l i gh t i ng .  

Tower l i g h t i n g  has  less g l a r e ,  provides more 

uniform pavement b r igh tness ,  and r equ i r e s  a  lower 

i l luminat ion  l e v e l  f o r  v i s i b i l i t y  equivalent  t o  t h a t  

o f  conventional l i g h t i n g .  A s  compared t o  conventional 



l i g h t i n g ,  t h e  measurements and observat ions were i n  

genera l  agreement. 

The t h r ee  b a s i c  methods of tower luminaire maintenance 

i n  p r a c t i c e  a t  t he  time of cons t ruct ion  w e r e :  

(1) Climbing t h e  towers via  poxtable,  

sect ioned l adders ,  

( 2 )  The use of a por tab le  e leva to r  t o  l i f t  

maintenance personnel t o  t h e  top  of t he  

towers, and 

( 3 )  Lowering of t he  luminaires t o  ground 

l e v e l  f o r  maintenance by use of an 

i n t e g r a l  lowering device.  

The use of a lowering device i s  recommended f o r  a l l  

tower l i g h t i n g  i n s t a l l a t i o n s .  

Operations and cos t s  f o r  maintenance a r e  favorable  

t o  tower l i gh t i ng .  L i f t  t rucks  and t h e i r  r e s u l t a n t  

hazards a r e  unnecessary. Severa l  luminaires can be 

serviced from a s i ng l e  l o c a t i o n .  

Depreciation of l i g h t  ou tpu t  f o r  tower l i g h t i n g  

luminaires  i s  less than f o r  conventional l i gh t i ng .  

The r e s u l t s  of t h i s  research showed a neg l i g ib l e  

e f f e c t  of d i r t  and contamination on t h e  luminaire 

o p t i c a l  assemblies.  

It i s  expected t h a t  tower l i g h t i n g  w i l l  cont inue t o  

be  t he  s tandard method of interchange i l luminat ion .  




