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EXECUTIVE SUMMARY 

Properly maintained lighting can yield dividends in several ways. 

First , and probably most important, an adequate and well-maintained 

lighting system contributes to the efficiency and safety of the work 

force. In addition, if lighting fixtures are maintained so that the 

illumination level approaches its "new" condition, then the possibility 

exists that some lamps may be removed while an adequate level of 

illumination is still maintained. 

This report makes recommendations concerning routine lighting 

maintenance. In the context of this document, "routine lighting 

maintenance" primarily means relamping and fixture cleaning; however, 

window cleaning and ceiling and wall painting are also addressed. 

Ballasts are not included because their maintenance requires a greater 

level of skill than is required fer "routine" maintenance in the sense 

of this document. Most common sources of interior and exterior lighting 

ate considered: fluorescent, incandescent, and high-intensity dis- 

charge. To develop a background for lighting maintenance, the first 

section of this report describes operating characteristics of the major 

lamp types; those characterlstics t.hat result in light deterioration are 

emphasized. In addition, light deterioration that results from dirt 

accumulation on the fixture ( l e n s  and reflector) is discussed, and 

correlations are presented. 

To develop these recommendations, a number of sources of infor- 

mation were used: 

1. a literature search was conducted, 

2. information was requested from the major lamp manufacturers and the 

industries' professional and trade associations, 

3. two Army posts were visited t o  determine current lighting 

maintenance practices, and 

4. discussions were held with the maintenance supervisors of two large 

entities in the nonmilitary sector (a city and a university) to 

determine their practices. 

With information derived from the above sources, a comparative 

economic analysis based on an off ice-type building containing 1000 
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f l u o r e s c e n t  tubes was conducted on var ious l i g h t i n g  ina-lntenancc 

p r a c t i c e s .  Various combinations of spo t  relamptrig ( e i t h e r  by central .  

maintenance or a u t i l i t y  person i n  the  b u i l d i n g ) ,  scheduled relamping 

(semiannually and a n n u a l l y ) ,  group relamping, and f i x t u r e  c l ean ing  

(annually and every 2 yea r s )  were considered. 

The recommendations are based on the a v a i l a b i l i t y  of a c e n t r a l  

maintenance s t a f f  siach as khat a v a i l a b l e  through ehe Army's D i r e c t o r a t e  

o f  Enginecring and Housing (DEE{). Also, they are inf luenced by the. 

comparative economic analysis and by accep tab le  practices I n  t h e  Army 

and the  nonmil i tary sector. Their ob jee t lve  is to  achieve accep tab le  

lighting a t  a minimum cos t .  

1. FLUORESCENT FIXTURES 

It is  recommcnded that, t y p i c a l l y ,  f i x t u r e s  be in spec ted  and 

relarnped ( r e p l a c e  burned-out t ubes )  semiannually by DEH and that they 

( inc lud ing  windows) be cleaned annua l ly  by c u s t o d i a l  subcon t rac t .  

C e r t a i n  bu i ld ings  m y  r equ i r e  a greater o r  l e s s e r  lewek of maintenance 

because of t h e i r  environtuen"e mission,  p u b l i c  exposure,  or  frequency of 

use ,  For those cases, the l e v e l  of maintenance should be j o i n t l y  

accep tab le  to  the  supe rv i so r  of the bu i ld ing  involved and DEH. Spot 

relamping should be discouraged except f o r  a Pew s p e c i a l  cases. Group 

relamping (pe r tod ic  replacement of a22 lamps)  is not  recommended as a 

ded ica t ed  prackice f o r  a l a r g e  i n s c a l l a t i o n  w l t h  a c e n t r a l  nmintenance 

s t a f f .  

2, INCANDESCENT LAMPS 

The only widespread use of incandescent lamps i n  the Array is i n  

m i l i t a r y  housing anti barracks. Lt is recommended t h a t  personnel  W ~ O  

live in m i l i t a r y  housing be r e spons ib l e  f o r  their own l i g h t i n g  mainte- 

nance, i nc lud ing  the pia~chase of bulbst It is recommended that occu- 

pan t s  o f  barracks be r e spons ib l e  f o r  t h e i r  own lamp replacement but t h a t  

a supply of bu lbs  be maintained i n  t h e  barracks f o r  that  purpose. 
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3. HIGH-INTENSITY DISCHARGE LAMPS 

Because of their nature (widely spaced and high above the floor), 

it is recommended that high-intensity discharge ( H I D )  lamps be replaced 

by DEH at the building supervisor's request. This recommendation is the 

same for both interior and exterior lights. However, roadway, walkway, 

and parking-lot lights are a special case; on many large installations, 

there are a sufficient number to warrant annual inspection and re- 

lamping. Typically, HID fixtures are relatively well sealed and high 

off the floor; thus, they require little cleaning except in special 

cases e 

4 .  EMERGENCY LIGHTS 

Army regulations dictate the maintenance policy for emergency 

lighting systems. These should continua to be followed. 





RECOMMENDED LIGHTING MAINTENANCE PRACTICES 
FOR ARMY INSTALLATIONS 

R. J. Ked1 

ABSTRACT 

A well-maintained lightxg system contributes to work- 
force efficiency and safety. This report recommends routine 
lighting maintenance practices (primarily relamping and fix- 
ture cleaning) for Army installations. The recommendations 
are derived from consideration of a comparative economic 
analysis, current maintenance practices in the military and 
nonmilitary sectors, and information obtained from industry 
trade and professional associations. Most common sources of 
interior and exterior illumination are considered : f luores- 
cent, incandescent, and high-intensity discharge. Recommen- 
dations concerning window cleaning and wall and ceiling paint 
are included. 

1. PURPOSE 

The purpose of this investigation is to evaluate current routine 

lighting maintenance practices at uaj or Army ins tallations and to make 

recommendations concerning how these maintenance practices may be 

improved or their costs reduced. 

2. SCOPE 

Maintenance practices for major Army installations are recommended 

for all forms of lighting: fluorescent, incandescent, and high- 

intensity discharge (HID), both int.erior and exterior. In the context 

of this study, "lighting maintenance" means routine maintenance and is 

limited to lamp replacement and cleaning of fixtures and windows. 

Ballasts are not included because their maintenance requires a greater 

level of skill than is required for "routine" maintenance. Painting of 

walls and ceilings is also discussed. 
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3. BACKGROUND 

The U.S. Army F a c i l i t i e s  Engineering Support Agency (PESA),  Fort  

BeI-oroir, V i rg in i a ,  i s sued  Task Order No. 0005 on Ju ly  25, 1985,1 

reques t ing  t h a t  l i g h t i n g  maintenance p r a c t i c e s  at A m y  i n s t a l l a t i o n s  be 

reviewed and evaluated and t h a t  recornendat i ons  he made t o  improve them. 

To 

1. 

2. 

3. 

4 .  

5. 

meet the o b j e c t i v e  of t h i s  t a s k ,  the fol lowing a c t i o n s  were taken. 

A DIALOG search  of COMBENDEX, ENGINEERING MEETINGS, and NTIS da t a  

bases and a D O E / U C O N  sea rch  of t h e  ENERGY d a t a  base were 

conducted The search i d e n t i f i e d  215 re ferences  of which 31 

reprints were requested for review. 

Letters desc r ib ing  the  task  and reques t ing  a p p r a p r i a t e  information 

w e  re sen t  t o  the  major lamp manufacturers e 2-4 

Letters desc r ib ing  the  t a sk  and reques t ing  appropr i a t e  information 

were sen t  t u  the  .Industry p ro fes s iona l  and t rade  a s soc ia t ions .  5,6 

Tbm Army pos ts  one a FORSCOM and the  o the r  an AMC - were v i s i t e d  

t o  de t e rdn t?  cu r ren t  l i g h t i n g  maintenance p rac t i ces .  ' 
TRt- maintenance superv isors  of two l a r g e  nonmll i tary e n t i t i e s  were 

contac ted  t o  deternx-lne the  maintenance p r a c t i c e s  af l a r g e  

inoiainiLitary organizat ions.8 s 9  

The data-base. search d i sc losed  tha t  the  U.S. Navy has developed a 

computer code (KELAMP j t h a t  determines annual cos t  €or  var ious l i g h t i n g  

maintenance p rac t i ces .  Associated with t h i s  code is a document t h a t  

s p e c i f i e s  d e t a i l e d  labor t l m e  requirements f o r  var ious  components of 

relamping and c leaning  ope ra t ions . l l  The compuLer code w a s  not used by 

Oak Ridge Nat ional  Laboratory (ORWL) i n  t h i s  s tudy nor  was it  used 

ex tens ive ly  by the  Navy. However, the  labor  requirements f o r  rela 

and f i x t u r e  c leaning  form t he  b a s i s  f o r  the  comparative economic 

a n a l y s i s  presented i n  Sect. 5.4 and a r e  included i n  the  appendix. 

The recommended l i g h t i n g  maintenance pract-lces a r e  based on input  

f r o m  all of the above sources  of information.  In gene ra l ,  the 

recommendations s t r i v e  t o  maintain adequatc 1 ighs ing  a t  a minimum cos t  

and assume the  ex i s t ence  of a cenLral maintenance s t a f f ,  such as the  

Di rec to ra t e  o f  Engineering and Housing (DEH). They are inf luenced by 

e x i s t i n g  maintenance p r a c t i c e s  a t  Army f a c i l i t i e s ,  e x i s t i n g  practices i n  

the  nonmi l i ta ry  s e c t o r  and recommendations reported i n  the l i t e r a t u r e  



4. CHARACTERISTICS, OF LIGHTING SYSTEiMS 

An understanding of how lamps work, what t h e  v a r i a b l e s  are t h a t  

a f f e c t  t h e i r  ope ra t ion ,  how t h e i r  l i g h t  output d e t e r i o r a t e s  with t i m e ,  

and how they f a i l  i s  important i n  determining a meaningful maintenance 

pol icy.  There are many d i f f e r e n t  types of lamps ,  and wi th in  each type,  

t h e r e  are many v a r i a t i o n s .  It i s  beyond the  scope of t h i s  study t o  

d e s c r i b e  a l l  t hese  kinds and v a r i a t l o n s .  Fo r tuna te ly ,  it is only impor- 

t a n t  to  understand the  b a s i c  ope ra t ion  and behavioral  c h a r a c t e r i s t i c s  of 

t h e  major types.  Thus, t h i s  s e c t i o n  w i l l  concen t r a t e  on gene ra l  charac- 

terist ics of incandescent ,  f l u o r e s c e n t ,  and H I D  lamps t h a t  would be of 

i n t e r e s t  t o  a maintenance supe rv i so r .  Much of the information i n  t h i s  

s e c t i o n  was e x t r a c t e d  from t h e  I l l umina t ing  Engineering Soc ie ty  ( I E S )  

l i g h t i n g  handbooks.12 When preoented,  d a t a  w i l l  be t y p i c a l  f o r  t h e  

class of lamps under d i scuss ion .  Information f o r  s p e c i f i c  lamps is  

a v a i l a b l e  from t h e  manufacturer. 

Note t h a t  t h e  d e t e r i o r a t i o n  of lamps and l i g h t  is d i r e c t l y  appl ica-  

b l e  t o  spaces t h a t  are t o t a l l y  i l l umina ted  with a r t i f i c i a l  l i g h t ,  Light 

d e t e r i o r a t i o n  would not  be n e a r l y  as n o t i c e a b l e  in .  spaces t h a t  have 

windows and are only occupied during the  d a y l i g h t  hours. 

4.1 INCANDESCENT LAMPS 

Light  is generated i n  an incandescent lamp by e l e c t r i c  r e s i s t a n c e  

h e a t i n g  of t h i s  f i l amen t  u n t i l  It glows white  hot.  The f i lament  tempera- 

t u r e  i n  a vacuum lamp ope ra t e s  a t  about 4000°F and i n  a g a s - f i l l e d  lamp,  

about 4700'F. Tungsten is s e l e c t e d  f o r  t h e  f i l amen t  material because of 

i t s  high melt ing p o i n t ,  low vapor p r e s s u r e ,  and adequate s t r e n g t h  a t  

high temperature.  Of t h e  t o t a l  r a d i a n t  energy emit ted by t h e  f i l a m e n t ,  

only a small p a r t  is i n  t h e  v i s i b l e  l i g h t  range; most is i n  t h e  i n f r a r e d  

region. The q u a l i t y  of l i g h t  produced is  good, but incandescent lamps 

are the  least  e f f i c i e n t  of a l l  common l i g h t s ;  they t y p i c a l l y  d e l i v e r  

between 10 t o  20 lm/W.  Their  l i f e  is a l s o  low, and the most commonly 

a v a i l a b l e  bulbs have a r a t e d  l i f e  of 750 o r  1000 h. On t h e  o t h e r  hand, 

they have the  advantage t h a t  they do not r e q u i r e  a b a l l a s t .  



4 

The e f f e c t  of appl ied  vol tage  on an incandescent bulb is shown i n  

Fig.  1. Note p a r t i c u l a r l y  t h a t  lamp l i f e  is an extremely s t rong  

func t ion  of t h e  vol tage .  For example, 5% decrease  i n  vol tage  w i l l  

r e s u l t  i n  a 100% inc rease  i n  l i f e  but only a 10% decrease i n  l i g h t  

l e v e l .  S imi l a r ly ,  a 5% i nc rease  i n  vol tage  w i l l  reduce the  lamp l i f e  t o  

one-half of i t s  r a t e d  l i f e .  

The ope ra t€ona l  d e t e r i o r a t i o n  of a general-purpose incandescent  

lamp,  as a func t ion  of burning time, is shown i n  Fig. 2. While the  lamp 

i s  burning,  t he  f i lament  evaporates  very slowly. Thus, t h e  diameter of 

t he  f i lament  decreases  wi th  t i m e ,  and i t s  e l e c t r i c a l  r e s i s t a n c e  

increases .  The increased  r e s i s t a n c e  causes  a reduct ion i n  c u r r e n t ,  

power, and l i g h t  generated.  A f u r t h e r  reduct ion  i n  l i g h t  output. results 

from condensation of evaporated tungsten (and o t h e r  m a t e r i a l s )  an  the 

bulb. These two e f f e c t s  can resu l t  i n  an almost 20% reduct ion  i n  l i g h t  

a t  its ra t ed  l i f e .  

ORNL-DWG 87---4043 ETD 

Fig. 1 .  Effec t  of voltage on opera t ing  c h a r a c t e r i s t i c s  of incan- 
descent  lamps i n  genera l  l i g h t  c i r c u i t s .  Source: J. E. Kaufman and 
H. Haynes, eds. IES Lighting Handbook: Reference VoZum@, Llluminating 
Engineering Socie ty  of North America, New York, 1981, F ig .  8-12(a), 
p. 8-9. 
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Fig. 2. Typical o p e r a t i n g  c h a r a c t e r i s t i c s  of gene ra l  purpose 
incandescent lamps as func t ion  of burning t i m e .  Source: J. E. Kaufman 
and H. Haynes, eds. ,  IES L i g h t i n g  Handbook: Reference Vuhme, 
I l l umina t ing  Engineering Soc ie ty  of North America, New York, 1981 , 
Fig. 8-13(a), p. 8-10. 

The f i l amen t  cont inues t o  evaporate  and becomes th inne r  and 

t h i n n e r ,  even tua l ly  breaking. This is the most common mechanism f o r  

incandescent bulb fa i lure .  I n  a l a r g e  populat ion of bu lbs ,  a l l  of t h e  

f i l a m e n t s  evaporate  a t  about the same rate ,  and, t h e r e f o r e ,  they a l l  

break at  more or  less the same time. This i s  i l l u s t r a t e d  i n  Fig. 3 i n  

which t h e  percent  of s u r v i v a l  is p l o t t e d  a g a i n s t  t i m e .  Note t h a t  a t  50% 

of the  design l i f e ,  <5% of the  bulbs have burned out and t h a t  t he  

h ighes t  m o r t a l i t y  rate ( s t e e p e s t  p a r t  of the curve)  occurs a t  t h e  r a t e d  

l i f e .  Another obse rva t ion  i s  t h a t  60% of the l i g h t s  burn out  during t h e  

r e l a t i v e l y  s h o r t  per iod between 80 and 120% of t h e  r a t e d  l i f e .  These 

m o r t a l i t y  c h a r a c t e r i s t i c s  form the  t e c h n i c a l  b a s i s  f o r  group-relamping, 

i n  which a populat ion of bulbs t h a t  were i n s t a l l e d  a t  t h e  same t i m e  and 

have the  same burn schedule are allowed t o  remain i n s t a l l e d  for about 

80% of t h e i r  r a t e d  l i v e s .  A t  t h i s  time, about 20% of t h e  lamps have 

burned out .  The f a i l u r e  ra te  of t h e  remaining l a m p s  i s  i n c r e a s i n g  

r a p i d l y ,  and they have short. a d d i t i o n a l  l i f e  expectancies .  Therefore ,  

a l l  bulbs a r e  replaced a t  t h i s  t i m e .  Maintenance c o s t s  are kept low 

because i n  group relamping the  time required t o  r ep lace  a s i n g l e  lamp i s  

low when compared with lamp replacement on request .  
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Fig.  3. Range of t y p i c a l  m o r t a l i t y  curves f o r  good-quality incan- 
descent  lamps. Source: J.  E. Kaufman and H. Haynes, eds .  IES L i g h t i n g  
Handbook: Reference Vo~wne, I l l umina t ing  Engineering Society of North 
America, New York, 1981, Fig.  8 - 1 4 ( ~ ~ ) ~  p. 8-11. 

4.2 FLUORESCENT LAMPS 

Light  is generated i n  a f luo rescen t  lamp predominately by f luo res -  

cen t  phosphor powder on the i n s i d e  tube  s u r f a c e  t h a t  i s  a c t i v a t e d  by 

u l t r a v i o l e t  energy generated from a mercury a r c  wi th in  t h e  tube. Some 

v i s i b l e  l i g h t  i s  generated by t h e  mercury arc. Fluorescent  lamps must 

be operated i n  series with a b a l l a s t  t h a t  provides the  requi red  s t a r t i n g  

and opera t ing  vo l t age  and l i m i t s  the  cu r ren t  t o  the  des ign  value.  The 

b a l l a s t  t y p i c a l l y  r equ i r e s  12  t o  24% of the  e lec t r ica l  power required by 

the  f i x t u r e .  Most common f l u o r e s c e n t  lamps a r e  the  hot-cathode type ,  

which i m p l i e s  t h a t  they conta in  a tungsten cathode f i lament  coated with 

a l k a l i n e  earth oxides  t o  enhance e l e c t r o n  emission. The cathode 

ope ra t e s  at abaut 2000°F, and the tube conta ins  a small amount of l i q u i d  

mercury. The amount of mercury i n  the  gas phase is con t ro l l ed  by i t s  

vapor pressure  which, i n  t u r n ,  i s  con t ro l l ed  by the  lamp teiiiperature. 

I n  a d d i t i o n ,  t he  tube con ta ins  some combination o f  argon,  krypton ,  neon, 

OK xenon a t  low pressure.  Var i a t ion  i n  eo lor  (shades of whl te )  of t he  

light may be achieved by phosphor cont ro l .  L igh t s  can be made "warmq1 by 

inc reas ing  che propor t ion  of red i n  t he  spectrum or  "cool" by inc reas ing  
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t h e  p ropor t ion  of b lue  i n  the  spectrum. I n  r ecen t  yea r s  a v a r i e t y  of 

new f l u o r e s c e n t  lamps t h a t  f e a t u r e  reduced e lec t r ica l  power requirements 

have been developed; however, t h e s e  lamps of t e n  have reduced l i g h t  

output .  Fluorescent  lamps have a much h ighe r  e f f i c i e n c y  than 

incandescent  bulbs  and t y p i c a l l y  d e l i v e r  from 35 t o  90 lm/W. The i r  

r a t e d  l i f e  is a l s o  much h ighe r  t han  incandescent: bu lbs ,  t y p i c a l l y  

ranging from 10,000 t o  20,000 h. 

The o v e r a l l  e f f i c i e n c y  of a f l u o r e s c e n t  lamp inc reases  with tube 

l e n g t h  (Fig. 4 )  because the  e lectr ical  requirements of t he  e l e c t r o d e s ,  

which do not gene ra t e  l i g h t ,  are e s s e n t i a l l y  constant .  As t he  tube 

i n c r e a s e s  i n  l e n g t h ,  i t  becomes a smaller component of t h e  t o t a l  

e l e c t r i c a l  requirements of t h e  l i g h t .  

L igh t  d e t e r i o r a t i o n  with t i m e  and u l t i m a t e  f a i l u r e  of a f l u o r e s c e n t  

lamp are dependent on many f a c t o r s ,  i nc lud ing  t h e  frequency of on/off 

c y c l e s ,  e lectr ical  c u r r e n t  l oad ing ,  c o m p a t i b i l i t y  of lamp and b a l l a s t ,  

ORNL-DWG 87-4046 ETD 
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Fig. 4. Light  gene ra t ion  e f f i c i e n c y  of t y p i c a l  f l u o r e s c e n t  lamps 
as f u n c t i o n  of lamp l eng th .  Source: J. E. Kaufman and H. Haynes, eds., 
I E S  Lighting Handbook: Refweme Votume, I l l umina t ing  Engineering 
Society of North America, New York, 1981, Fig.  8 - 2 6 ( & ) ,  p. 8-26. 
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and temperature. The d e t e r i o r a t i o n  of l i g h t  output  wi th  t i m e  f o r  

t y p i c a l  f l uo rescen t  lamps is shown i n  Fig. 5. The nechanisms f o r  t h i s  

d e t e r i o r a t t o n  a r e  not  f u l l y  understood. A t  l e a s t  one mechanism i s  

evapora t ion  of t h e  hot-cathode material and subsequent condensation on 

t h e  tube su r face  (as with  incandescent  lamps). Figure 5 shows t h a t  

l i g h t  reduct ion  with age can be q u i t e  high f o r  a heav i ly  loaded lamp. 

Most commonly a v a i l a b l e  tubes are l i g h t l y  loaded. The hot-cathode is 

designed t o  minimize evaporat ion of its materials; neve r the l e s s ,  t he  

materials do evaporate  during the  s t a r t i n g  sequence and dur ing  normal 

opera t ion .  When coa t ing  evaporates  from the  e l e c t r o d e s  t o  the  poin t  

t h a t  they become nonemissive, t he  lamp burns au t .  A s  wi th  incandescent  

lamps, t he  evaporat ion rate i s  f a i r l y  cons tan t ;  thus ,  f a i l u r e  of a l a r g e  

number of f l uo rescen t  tubes sub jec t  t o  the  same opera t ing  cond i t ions  

occurs  at more or  l e s s  the same t i m e .  This is shown i n  Fig. 6 f o r  

t y p i c a l  f l uo rescen t  lamps of good qua l i ty .  Note t ha t  the  average l i f e  

of f l uo rescen t  tubes is usua l ly  based on 3 h of opera t ion  per start.  

The number of s t a r t s  can have a cons iderable  e f f e c t  on the l i f e .  For  

O R N L  DWG 87-4087 ETD 
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Fig .  5. De te r io ra t ion  of l i g h t  output  f o r  t y p i c a l  f l uo rescen t  
lamps as func t ion  of opera t ing  time. Source: J. E. Kaufman and 
H. Baynes , eds I , XES Lighting Handbook: Reference Votwne, I l lumina t ing  
Engineering Socie ty  of North A m e r i c a ,  New York, 1981, Fig. 8-32(a),  
p e  8-24. 
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Vozume, I l l umina t ing  Engineering Socie ty  of North America, New York, 
1981, Fig. 8-31(a), p. 8-28. 

example, t he  l i f e  of a f luo rescen t  tube can almost double i f  it is 

burned cont inuously u n t i l  f a i l u r e .  Note the  s i m i l a r i t y  between t h e  

m o r t a l i t y  curves f o r  f luo rescen t  lamps (Fig. 6) and incandescent  lamps 

(Fig. 3) .  V i r t u a l l y  t h e  same comments made on the  shape of the  curve 

and group relamping f o r  incandescent  bulbs  can be made f o r  f luo rescen t  

tubes.  The average l i f e  of a b a l l a s t ,  opera t ing  a t  a 50% duty cyc le  and 

a proper temperature ,  i s  normally es t imated  t o  be about 12 years .  

Temperature has an extremely s t rong  e f f e c t  on t h e  performance of 

f luo rescen t  lamps. The l i g h t  output  depends on t h e  amount of mercury in 

t h e  gas  phase of t h e  tube ,  which is a func t ion  of t he  mercury vapor 

p re s su re  and,  t hus ,  t h e  ambient temperature.  E l e c t r i c a l  c h a r a c t e r i s t i c s  

are a l s o  a f f e c t e d  by temperature  (Fig.  7) .  Note t h a t  the  l i g h t  output  

peaks a t  a tube temperature  of about 100°F and decreases a t  h igher  and 

lower temperatures .  A t  a tube temperature  of 60"F, probably not  

uncommon i n  warehouses and shops,  t h e  l i g h t  output  is almost one-half of 

t h e  output  a t  80°F. The e l e c t r i c a l .  power requirements a l s o  drop but no t  
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1981, Fig. 8-34, p. 8-29. 



n e a r l y  as much; t hus ,  t he  o v e r a l l  e f f i c i e n c y  of t h e  tube decreases  

considerably.  A t  temperatures  of 0 t o  lo")?, the  lamp is  almost out.  

Jacketed lamps and f i x t u r e s  and s l ip-on j a c k e t s  are a v a i l a b l e  f o r  

f l u o r e s c e n t  lamps t o  conserve heat: and,  t hus ,  raise the  tube tempera- 

t u re .  I n  a d d i t i o n ,  s p e c i a l  b a l l a s t s  are a v a i l a b l e  f o r  r e l i a b l e  low- 

temperature  opera t ion .  Spec ia l  lamps conta in ing  a mercury amalgam, 

which reduces t h e  mercury vapor p re s su re ,  are a v a i l a b l e  f o r  high- 

temperature  se rv i ces .  

4 . 3  HIGH-INTENSITY DISCHARGE LAMPS 

H I D  is a gene r i c  term for  a group of lamps t h a t  inc lude  mercury 

vapor ,  metal h a l i d e ,  low-pressure sodium, and high-psessure sodium. The 

c h a r a c t e r i s t i c  common t o  t h i s  group is  that they produce l i g h t  by a 

s t a b i l i z e d  arc d ischarge  contained wi th in  an arc tube. A l l  H I D  lamps 

r e q u i r e  a b a l l a s t .  

I n  mercury vapor lamps, l i g h t  is produced by passing an e lectr ic  

c u r r e n t  through mercury vapor. Once the  a r c  is s t r u c k ,  i t s  hea t  

vapor izes  a l l  of t he  mercury p r e s e n t ,  u s u a l l y  t o  a f i n a l  opera t ing  

p res su re  of 2 t o  4 atm. A s i g n i f i c a n t  p o r t i o n  of t h e  l i g h t  energy 

generated i n  the arc is in t h e  u l t r a v i o l e t  region. As with f luo rescen t  

l i g h t s ,  t h i s  r a d i a t i o n  i s  converted t o  v i s i b l e  l i g h t  by use of phosphor 

coat ing.  Light  q u a l i t y  i s  good and can be c o n t r o l l e d  t o  an e x t e n t  with 

the  phosphor. After a cold start,  s e v e r a l  minutes are requi red  t o  

vapor ize  the  pool of mer?ury and reach f u l l  l i g h t  o u t p u t ,  t y p i c a l l y  3 t o  

7 min. R e s t a r t i n g  a hot  lamp when the  a r c  is ext inguished t akes  about 

t h e  same amount of t i m e .  In t h i s  case, the  lamp must be cooled to  lower 

the  mercury vapor pressure  to  a pa in t  where the  arc can be r e s t r u c k  wi th  

the vo l t age  a v a i l a b l e .  Mercury vapor lamps have a f a i r l y  low e f f i -  

c iency ,  and t h e i r  ou tput  ranges from about 30 t o  65 l m / W  (excluding 

b a l l a s t  l o s ses ) .  Power requirements for the  b a l l a s t  are usua l ly  5 t o  

15% of t he  power requi red  by the  lamp, Mercury vapor lamps are l i t t l e  

a f f e c t e d  by ambient temperature.  Some lamps are equipped t o  ex t inguish  

au tomat i ca l ly  t h e  arc i f  t he  o u t e r  bulb is broken and, t hus ,  minimize 

t h e  p o t e n t i a l  exposure t o  u l t r a v i o l e t  r a d i a t i o n .  De te r io ra t ion  and 
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u l t i m a t e  f a i l u r e  of mercury vapor lamps are a resu l t  of 

evapora t ion  and condensat ion,  similar t o  o t h e r  lamps 

elect  rode 

previous ly  

discussed.  Figure 8 shows the d e t e r i o r a t i o n  of a 400-W mercury vapor 

lamp as a func t ion  of t i m e ,  The expected l i f e  of a mercury vapor lamp 

is commonly i n  excess of 24,000 h. After t h i s  period of t i m e ,  i t s  l i g h t  

output  has decreased by about 40%. 

Metal h a l i d e  lamps opera te  very s i m i l a r l y  t o  mercury vapor lamps ,  

t he  major d i f f e r e n c e  being t h a t  the  arc tube con ta ins  var ious  metal 

h a l i d e s  i n  a d d i t i o n  t o  mercury. Metal ha l ides  a r e  added to the  a r c  tube 

sur face .  When the  lamp is h o t ,  some of t he  h a l i d e  evapora tes ,  and when 

the- vaporized h a l i d e  e n t e r s  t h e  a r c ,  i t  d i s s o c i a t e s  i n t o  a metal plus  

ORNL-D'NG 87-4050 ETD 

Fig. 8. Typical  d e t e r i o r a t i o n  of l i g h t  output  f o r  400-W HID lamps. 
Source: J. E. Kaufman and H. Haynes, eds . ,  IES Lighting Handbook: 
Refepence Vohme, I l l umina t ing  Engineering Socie ty  of North America 
New York, 1981, Fig. 8-52, p. 8-44. 
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t h e  ha l ide .  Radiat ion from t h e  arc: is then  determined by two metals, 

mercury p lus  t h e  metal introduced as a ha l ide .  Thus, t he  metal h a l i d e  

concept can be considered as a technique f o r  in t roducing  a second metal 

t o  the a rc .  The l i g h t  ou tput  from a metal h a l i d e  lamp is  increased  

cons iderably  from a mercury vapor lamp and commonly ranges from 75 t o  

125 l m / V  (excluding b a l l a s t  l o s s e s ) .  S t a r t i n g  c h a r a c t e r i s t i c s  are 

similar to  a mercury vapor lamp. A s  the  lamp warms  up, i t  may go 

through s e v e r a l  c o l o r  changes as the  var ious  h a l i d e s  begin t o  

vaporize.  Metal h a l i d e  lamps ope ra t e  a t  h igher  temperatures  than 

mercury vapor lamps and r equ i r e  more time to cool. Res t r ike  t i m e  f o r  a 

metal h a l i d e  lamp may be as long as 15 min. Halide lamps a r e  more 

s e n s i t i v e  t o  o r i e n t a t i o n  than mercury lamps. When the lamp is operated 

h o r i z o n t a l l y ,  t he  arc bows up. The metal ha l ides  tend t o  condense below 

t h e  arc ( co ldes t  s p o t )  and no longer  c o n t r i b u t e  to  the  lamp opera t ion .  

The l i g h t  output  is reduced and i t s  co lo r  changed. Reactions between 

t h e  h a l i d e  ( iod ine )  and e l e c t r o d e  materials preclude the  use of t h e  same 

e l e c t r o d e  materials as i n  mercury lamps. The a l t e r n a t e  materials 

evapora te  a t  a g r e a t e r  rate. Thus, t h e  d e t e r i o r a t i o n  of output  from a 

metal h a l i d e  lamp ( see  Fig. 8) i s  somewhat g r e a t e r  than f o r  a mercury 

lamp,  and the  expected l i f e  is s h o r t e r .  The r a t e d  l i f e  of a metal 

h a l i d e  lamp ranges from 10,000 t o  20,000 h. Af te r  20,000 h t h e  l i g h t  

ou tput  has  decreased about 40%. Although most metal h a l i d e  l a m p s  

r e q u i r e  a b a l l a s t  s p e c i f i c a l l y  designed f o r  them, c e r t a i n  ha l ide  lamp 

des igns  can be operated wi th  s3me mercury b a l l a s t s  f o r  r e t r o f i t  

s i t u a t i o n s .  

I n  high-pressure sodium l a m p s ,  l i g h t  is produced by passing an 

e lectr ic  cu r ren t  through a sodium vapor. These lamps are cons t ruc ted  

wi th  two envelopes: an inne r  alumina a r c  tube and an ou te r  glass 

containment bulb. The ou te r  glass tube i s  evacuated t o  i s o l a t e  i t  from 

ambient temperature e f f e c t s  and d r a f t s .  Most high-pressure sodium lamps 

can burn i n  any p o s i t i o n ,  and a l l  r a d i a t e  energy ac ross  the v i s i b l e  

spectrum al though t h e  l i g h t  has a marked golden-white co lor .  These 

lamps have a high e f f i c i e n c y  and t y p i c a l l y  d e l i v e r  60 t o  140 l m / W .  Once 

s ta r ted ,  it takes  -10 min f o r  t h e  lamp t o  reach f u l l  l i g h t  output .  It 



w i l l  u sua l ly  r e s t r i k e  i n  <1 min a f t e r  it  is ext inguished and reaches 

f u l S  output  i n  3 t o  4 mime Though t o  a lesser e x t e n t ,  the d e t e r i o r a t i o n  

of l i g h t  output fol lows a similar pattern as o the r  HI[) lamps. F igure  8 

shows t h a t  f o r  a t y p i c a l  high-pressure sodium lamp the decrease i n  out-  

put  is about 30% a f t e r  24,000 h. The ra ted  life of  high-pressure sodium 

lamps is as g r e a t  as 24,000 h; however, replacement i s  o f t en  necessary 

because one c h a r a c t e r i s t i c  of these  lamps is  a slow rise i n  opera t ing  

vol tage  over the  l a m p ' s  l i f e .  This  rise is  caused by blackening of t h e  

arc tube ( e l ec t rode  evaporat ion and condensat ion)  t h a t ,  i n  t u r n ,  hea t s  

up the  t u b e  ends and causes a d d i t i o n a l  sodium vaporization. The r e s u l t -  

ing  inc rease  i n  p re s su re  i n  t h e  a r c  tube causes a vol tage increase .  

When the  b a l l a s t  can no longer  supply t h e  required vo l t age ,  t h e  lamp 

w i l l  exrfnguish,  When it cools  down, the  lamp 65111 aga in  i g n i t e  and 

warm up u n t i l  the  b a l l a s t  aga in  can no longer  support  t he  a rc .  This 

cyc l ing  cont inues u n t i l  t he  lamp f a i l s  coinpletely or i s  replaced. 

In  low-pressure sodium lamps, l i g h t  is produced In  a lmos t  e x a c t l y  

t h e  same way as i n  a high-pressure sodium lamp. The d i f f e r e n c e  is t h a t  

t he  sodium concent ra t ion  i n  t h e  arc i s  s e v e r a l  o rders  of magnitude less, 

r e s u l t i n g  i n  the  l i g h t  produced by a low-pressure sodium lamp being 

almost p u r e  monochromatic yellow. Color r end i t ion  with t h i s  l i g h t  is 

extremely poor. It takes  7 t o  15 d n  t o  reach f u l l  l i g h t  output  a f t e r  

t he  arc is  s t r u e k ;  however, r e i g n i t i o n  is good, and these  l i g h t s  can be 

r e s t a r t e d  almost immediately a f t e r  power i n t e r r u p t i o n .  Low-pressure 

sodium lamps are among the most e f f i c i e n t  lamps a v a i l a b l e  and outputs  

i n  excess of 180 l m / W ,  excluding bal las t :  losses (-150 l m / W  inc luding  

b a l l a s t  l o s s e s ) ,  are ava i l ab le .  The r a t ed  l i f e  o f  these lamps i s  

usua l ly  18,000 h. Low-pressure sodium l i g h t s  are not coin1noii i n  the 

United S t a t e s  because of t h e i r  poor l i g h t  qualipzy. 

4 . 4  INSTALLED LAMPS AN13 FIXTUKES 

The l i g h t  output  from instatled lamps w i l l  d e t e r i o r a t e  with t h e  

f o r  a number of reasons.  Some light:  d e t e r i o r a t i o n  is  recoverable ,  and 

some is  not. Nonrecoverable l i g h t  l o s s e s  a r e  def ined as those tha t  

r e s u l t  from aging of t h e  l a m p  and permanent changes t o  the lenses 
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(yellowing) and r e f l e c t o r s  ( su r face  cor ros ion) .  Recoverable l o s s e s  are 

def ined  as those t h a t  r e s u l t  from d i r t  accumulation on t h e  l enses  and 

ref l e c t o r s ,  d i r t  accumulation on t h e  room s u r f a c e s ,  and lamp burnout. 

Nonrecoverable l o s s e s  caused by lamp aging have been descr ibed  i n  

Sects .  4.1-4.3. Within t h e  l i g h t i n g  i n d u s t r y  t h i s  kind of l i g h t  

d e t e r i o r a t i o n  is  r e f e r r e d  t o  as lamp lumen deprec i a t ion  (LLD). 

Light  reduct ion  t h a t  results from d i r t  accumulation on the  f i x t u r e  

is a complex phenomenon and i s  d i f f i c u l t  t o  p r e d i c t .  Never the less ,  t o  

approximate t h i s  e f f e c t ,  t h e  I E S  L i g h t i n g  Handbook presen t s  a cor re-  

l a t i o n  t h a t  takes  i n t o  cons ide ra t ion  the  degree t o  which the  f i x t u r e  i s  

sea l ed  or louvered a g a i n s t  o u t s i d e  a i r  d r a f t s  and the  kind and amount of 

d i r t  t h a t  may be t r anspor t ed  t o  t h e  f i x t u r e .  Within the  l i g h t i n g  

indus t ry  t h i s  kind of l i g h t  d e t e r i o r a t i o n  is r e f e r r e d  t o  as luminai r  

d i r t  dep rec i a t ion  (LDD),  and the  c o r r e l a t i o n s  involved are shown i n  

Figs .  9-11. The c h a r a c t e r i s t i c s  of the  f i x t u r e s  are f ac to red  i n t o  the  

approximation by the  maintenance category s e l e c t e d  i n  Fig.  9. The 

c h a r a c t e r i s t i c s  of t he  d i r t  are f ac to red  i n t o  the  approximation wi th  

Fig. 10, i n  which the  degree of d i r t i n e s s  is se l ec t ed .  Having s e l e c t e d  

t h e  appropr i a t e  maintenance category and degree of d i r t i n e s s ,  a 

reasonable  approximation of t he  recoverable  l i g h t  d e t e r i o r a t i o n  wi th  

time (LDD) from Fig.  11 can be obtained.  This c o r r e l a t i o n  is only f o r  

removable d i r t  and does not inc lude  permanent e f f e c t s ,  such as r e f l e c t o r  

cor ros ion  and l e n s  yellowing. 

A method of approximating t h e  decreased l i g h t  t h a t  r e s u l t s  from 

d i r t  accumulation on t h e  room su r faces  is a l s o  presented by IES. The 

method involves  e s t ima t ing  t h e  degree of d i r t i n e s s  from Fig. 10 and then 

f a c t o r i n g  i n  the  e f f e c t  of the  r e l a t i v e  propor t ions  of t he  room or space 

c a v i t y  dimensions ( l e n g t h ,  width,  and he igh t ) .  The a c t u a l  c a l c u l a t i o n  

i s  q u i t e  complex, e s p e c i a l l y  the  p a r t  t h a t  cons iders  the e f f e c t  of space 

dimensions. Because i n  most cases  the  e f f e c t  of d i r t y  wal ls  on l i g h t i n g  

i s  not g r e a t ,  t he  r e s u l t s  of t h i s  c o r r e l a t i o n  w i l l  be summarized as 

follows. 

1. For o f f i c e ,  classroom, d in ing ,  and similar s e t t i n g s  (c lean  a i r ,  

d i r e c t  f l u o r e s c e n t  l i g h t s ,  low c e i l i n g s ,  o r  low-hung l i g h t s ) ,  t he  e f f e c t  



To assist in determining Luminaire Dirt Depreciation (LDD) 
factors, luminaires are separated into six maintenance cate- 
gories (I through VI) .  To arrive a t  categories lumiriaires are 
arbitrarily divided into sections, a Top Enclosure and a 
Bottom Enclosure, by drawing a horizontal line through 
the light center of the lamp or lamps. The characteristics 
iisted for the enciosures are then selecred as best describing 
the luminaire. Only one characteristic for the top enclosure 
and one for the bortom enclosure should be used in deter- 
mining the category of a lurninaire. Percentage of uplight 
is based on 100 percent foi the luminaire. 

The maintenance category i s  determined when there are 
characteristics in both enclosure columrls. If a luminaire 
falls into more than one category, the lower numbered 
catewrv i s  used. 

/ Maintenance Bot:om 
Category Top Ewlosure Ew:osure 

/ /  
PORCELAIN-ENAMELED 
REFLECTOR WITH 35'CW / SHIELDING 

"HIGH BAY" INTERMEDIATE 
DlSTR I BUTlON VENT1 LATED 
REFLECTOR WITH PHOSPHOR 
COATED HID LAMP 

'/ I 1. None 1. None 

I1 1. None 1 None 
2 Transparent with 15 percent 2 Louvers or baffler 

/ 
or more uplight through 
apertures 

3. Translucent with 15 percenr 
or more uplight through 
apertures 

4. Opaque with 15 percent or 
more uplight through 
apertures 

4 LAMP, 610 rnrn (2") WIDE 
TROFFER WITH 45' PLASTIC 
LOUVER 

/ 

2 

I l l  1. Transparent with less than 1. None 
15 percent upward light 2. Louvers or baffles 
through apertures. 

15 percent upward light 
through apertures. 

3. Opaque with iess tnan 15 
percent upiight through 
apertures. 

2. Translucent with less than 

2 LAMP DIFFUSE WRAP- 
AROUND 

IV  1. Transparent unapertured. i. None 
2. Louvers 2. Translucent unapertured. 

3. Opaque unapertured. 

V 1. Transparent unapertured. 1. Transparent 
2. Translucenr unapehred. unapertured 
3. Opaque unapertured. 2. Translucent 

unaperiured 

V I  1. None i .  Transparen: 
2. Transparent unapertured. unapertured 

2 .  Translucent 3. Translucent unapertu red. 
4. Opaque unapertured. unapertured 

3. Opaqueun- 
apertured LUMINOUS BOTTOM SUS- 

PENDED UNIT WITH EXTRA- 
HIGH OUTPUT LAMP 

16 
- 

ORNL-DWG 87-4051 ETD 

2 LAMP, SURFACE MOUNTED, BARE LAMP 
UNIT-PHOTOMETRY WITH 460 mm 118") 
WIDE PANEL ABOVE LUMlNAlRE (LAMPS ON 
150 mm (6") CENTERS) 

PORCELAIN-ENAMELED 
REFLECTOF4 WITH 30°LW 
SHIELDING 

R-40 FLOOD WITHOUT 
SHIELD! NG 

RECESSED UNIT WITH 
DROPPED DIFFUSING GLASS 

OPEN TOP, INDIRECT, RE- 
FLECTOR TYPE UNIT WITH 
HID LAMP (MULT. BY 0.9 FOR 
LENS TOP) 

PORCELA1N-ENAMELED 
VENTILATED STANDARD 
DOME WlHT INCANDESCENT 
LAMP 

"LOW BAY" LENSED BOTTOM 
REFLECTOR UNIT WITH CLEAN 
HID LAMP 

Fig. 9. Procedure €or determining luminaire  maintenance ca t egor i e s .  Source: J. E. Kaufrnan and H. Raynes, eds., 
IES L i g h t i l a g  Handbook: Reference C'oZume, I l l umina t ing  Engineering Society of North America, New York, 1981, Fig.  9-2 
and 9-12 (Nos. 3 ,  5 ,  12, 19, 22, 2 4 ,  2 5 ,  27, 32 ,  33 ,  37, 38,  and 48) pp. 9-3 and 9-14-9-28. 
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Very Clean Clean Medium Dirty verv Dirty 

Generaled Dirt None Very little Noticeable but not Accumulates rap- Conslant accumu- 
heavy idly l a t i n  

_I 

Ambient Dirt None (or none en- Some (almost Some enters area Large amount en- Almost none ex- 
ters area) none enters) ters area cluded 

~ 

Removal or Fil- Excellent Better than aver- Poorer than aver- Onlyfansor blow- None 
tralion age age ers if any 
__ 

Adhesion None Slight Enough to be visi- High-probably High 
ble after some due to oil, hu- 
months mldity or static 

Examples High grade of- Offices in older Mill offices; paper Heat Ireeting; high Similar to Dirty but 
fices. not near buildings or processing; speed printing; luminaires 
production; near produc- light machining rubbev process- within immedi- 
laboralories; tion; light as- ing ate area of con- 
clean rooms sembty; inspec- l a m i n a t i  

tion 

Fig. 10. Five degrees  of d i r t  condi t ions .  Source: J. E. Kaufman 
and H. Haynes, eds . ,  IES L i g h t i n g  Handbook: Rgference Volume, I l lumi-  
natjing Engineering Society of North America, New Yark, 1981, Fig. 9 - 4 ,  
p. 9-4 .  

of d i r t y  walls is minimal. The ( co r re l a t ions  show t h a t ,  t y p i c a l l y ,  if 

t he  i n t e r i o r  room s u r f a c e s  are not  c leaned o r  repa in ted  f o r  3 yea r s ,  t h e  

gene ra l  l i g h t i n g  l e v e l  w i l l  decrease  by <5% from t h i s  e f f e c t .  

2. For a maintenance shop wi th  d i r t y  a i r  and low-hung f l u o r e s c e n t  

l i g h t s ,  a f t e r  3 years  t he  d i r t y  w a l l s  may r e s u l t  i n  a decrease  i n  l i g h t  

l e v e l  of about 10%. Many maintenance shops are q u i t e  spac ious ,  and only 

t h e  opera t ions  being c a r r i e d  out near  t he  w a l l  would be a f f ec t ed .  

3. For a high-bay shop with d i r t y  a i r  and HID l i g h t s  near t h e  

c e i l i n g ,  a f t e r  3 years  the  d i r t y  walls may r e s u l t  i n  a decrease  i n  l i g h t  

l e v e l  of about 15%. 

An approximation of l i g h t  d e t e r i o r a t i o n  f o r  roadway and parking-lot  

l i g h t s  is shown i n  Fig.  12. This c o r r e l a t i o n  may a l s o  be appropr i a t e  

f o r  o the r  ou t s ide  l i g h t s ,  such as f o r  loading docks, p i e r s ,  and spor t ing  

f i e l d s  . 
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CATEGORY I CATEGORY I !  

MONTHS 

CATEGORY IV 

MONTHS 

CATEGORY V 

MONTHS MONTHS 

Fig. t i .  Luminaire dirt depreciation (LDD) 

MONTHS 

CATEGORY V I  

MONTHS 

f a c t o r s  f o r  s i x  - 
luminaire categories (1 to VI) a n i  for five degrees of d i r t i n e s s  (as 
determined from e i t h e r  Fig. 9 or 10. Source: 3. E. Kaufmara and 
B. Raynes , eds. , XES Lighting H~tn iZb~~k:  Reference lroturne, Illuminating 
Engineerfng Society of North h e r i c a ,  New York, 1981, Fig. 9-5, p. 9-5. 
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SELECT THE APPROPRIATE CURVE IN ACCORDANCE 
WITH THE TYPE OF AMBIENT AS DESCRIBED BY THE 

FOLLOWING EXAMPLES: 

1 .o 

09 

0 8  

07 

06 

0 5  

0 4  

0 3  
0 1 2 3 4 5 6 7 8  

VERY CLEAN-No nearby smoke or dust generating activi- 
lies and a low ambient contaminant level Lighl traffic 
Generally limited to residential or rural areas The ambient 
particulate level is no more than 150 micrograms per cubic 
meter 

CLEAN-No nearby smoke or dust generating activcttes 
Moderate to heavy traffic The ambient particulale level is 
no more lhan 300 micrograms per cubic meter 

MODERATE-Moderate smoke or dust generating aclivities 
nearby The ambient particulate level is no more than 600 
micrograms per cubic meter 

DIRTY-Smoke or dust plumes generated by nearby activi- 
ties may occasionally envelope the luminaires 

VERY DIRTY-As above but the luminaires are commonly 
enveloped by smoke or dust plumes 

EXPOSURE TIME IN YEARS 

Fig. 12. Chart for estimating; roadway luminaire dirt depreciation 
factors f o r  enclosed and gasketed luminaires. Source: J. E. Kaufman 
and H. Haynes , eds . , IES Lighibing Handbook: Reference Volume, 
Illuminating Engineering Society of North America, New York, 1981, Fig. 
14-20, p.  14-26. 
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5. LIGHTING MAINTENANCE PRACTICES 

5.1 INTRODUCTION 

A l a r g e  Amy post  is a complex i n s t a l l a t i o n .  I n  terms of bu l ld ings  

and o the r  phys ica l  features t h a t  r equ i r e  l i g h t i n g ,  i t  may have p r i v a t e  

and mult i family housing, barracks and d in ing  h a l l s ,  admin i s t r a t ion  and 

o f f  ice b u i l d i n g s ,  maintenance bu i ld ings  warehouses, shopping malls, 

i n s i d e  and ou t s ide  r e c r e a t i o n a l  areas, medical bu i ld ings ,  streets and 

parking l o t s ,  and many special-purpose f a c i l i t i e s  t h a t  are unique t o  t h e  

mi l i t a ry .  S imi l a r ly ,  t h e  number of kinds of l i g h t i n g  systems are 

ex tens ive  and inc lude  general-purpose f luo rescen t  and incandescent  

l i g h t s ,  i n t e r i o r  and e x t e r i o r  HID lamps, s a f e t y  and emergency l i g h t s ,  

and many special-purpose l i g h t i n g  sys tems (e.g., runaway l i g h t s  and 

baseba l l  f i e l d  l i g h t s ) .  The r e l a t i v e  composition of an Army 

i n s t a l l a t i o n ,  i n  terms of t he  types of bu i ld ings  and t h e i r  personnel ,  

depends on i t s  mission. For example, a FORSCOM post  w i l l  have a 

r e l a t i v e l y  g r e a t e r  number of m i l i t a r y  personnel and, thus ,  a g r e a t e r  

number of requi red  bui ld ings  (housing, bar racks ,  d in ing  h a l l s ,  e t c . )  

than an AMG p o s t ,  which may have only a few m i l i t a r y  personnel but a 

l a r g e  number of c i v i l i a n  employees maintenance shops,  l a b o r a t o r i e s  and 

Warehouses. These d i f f e r e n c e s  i n  composition have an inf luence  on 

l i g h t i n g  maintenance p rac t i ces .  

Sec t ion  5.2 o u t l i n e s  l i g h t i n g  maintenance p r a c t i c e s  t h a t  c u r r e n t l y  

e x i s t  at  l a r g e  Army i n s t a l l a t i o n s .  This i s  followed i n  Sect.  5.3 by a 

d i scuss ion  of l i g h t i n g  maintenance p r a c t i c e s  a t  l a r g e  nonmi l i ta ry  

e n t i t i e s ,  such as u n i v e r s i t i e s  and ci t ies .  F i n a l l y ,  Sect.  5.4 presen t s  

t he  r e s u l t s  of a comparative economic a n a l y s i s  of f l uo rescen t  f i x t u r e  

maintenance. 

5.2 LIGHTING MAINTENANCE PRACTICES AT M W Y  INSTALLATIONS 

Two Army i n s t a l l a t i o n s ,  a FORSCOM post and an AMC pos t ,  were 

v i s i t e d  during the  course of t h i s  study.7 The FORSCOM post  can be 

cha rac t e r i zed  as having a high dens i ty  o f  permanent m i l i t a r y  personnel  
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and a s s o c i a t e d  bu i ld ings  ( r e s idences ,  bar racks ,  d in ing  h a l l s ,  mainte- 

nance b u i l d i n g s ,  and on-s i te  shopping and r e c r e a t i o n a l  f a c i l i t i e s ) .  The 

AMC pos t ,  wi th  a primary mission of conducting major repairs and over- 

hauls  of wheeled m i l i t a r y  v e h i c l e s ,  can be cha rac t e r i zed  as having a 

high  d e n s i t y  of c i v i l i a n  personnel.  Its phys ica l  f e a t u r e s  are mainly 

heavy maintenance shops and warehouses. Although two Army pos t s  cannot 

be considered a large sample, i t  is f e l t  t h a t  a g r e a t  dea l  has been 

learned  about l i g h t i n g  maintenance a t  Army i n s t a l l a t i o n s ,  and t h i s  

in format ion  i s  summarized here .  

F i r s t ,  i t  is necessary t o  nota  two a c t i v e  Army programs t h a t  have 

an impact on rou t ine  l i g h t i n g  maintenance procedures.  One, the  Army- 

wide Commercial A c t i v i t i e s  (CA) program, r ep resen t s  an e f f o r t  t o  

t r a n s f e r  ope ra t ion  and maintenance (O&M) func t ions  from t h e  f e d e r a l  t o  

t h e  p r i v a t e  s e c t o r .  The CA program is s t i l l  i n  t h e  implementation 

s t age ;  some Army i n s t a l l a t i o n s  are f a i r l y  f a r  a long while  o t h e r s  have 

only  begun. The second, t h e  self-k-elp program, i s  an e f f o r t  t o  r e q u i r e  

m i l i t a r y  t o  be more respons ib le  f o r  t h e i r  own minor maintenance. For 

example, the  var ious  u n i t s  on an Army post may be requi red  t o  ob ta in  

t h e i r  own f l u o r e s c e n t  tubes from t h e  supply warehouse and relamp t h e i r  

own f i x t u r e s .  The se l f -he lp  program i s  handled d i f f e r e n t l y  throughout 

t h e  Army. Some i n s t a l l a t i o n s  have ii well-developed program; o the r s  have 

none a t  a l l .  

Four observa t ions  r e l a t i n g  t o  cu r ren t  rou t ine  l i g h t i n g  maintenance 

practices of t hese  two i n s t a l l a t i o n  are made here.  

1. Both i n s t a l l a t i o n s  have a DEH and, t h u s ,  t h e i r  own l i g h t i n g  

maintenance personnel.  These personnel have t h e  necessary e x p e r t i s e ,  

s k i l l s ,  and equipment to  undertake v i r t u a l l y  any l i g h t i n g  maintenance 

task t h a t  may be required.  

2. L ight ing  systems were adequately maintained a t  both 

i n s t a l l a t i o n s .  During a "walk tl-.rough" v i s i t  of 3 l a r g e  number of 

bu i ld ings  a t  both i n s t a l l a t i o n s ,  few lamps were found burned out.  The 

f i x t u r e s  and l e n s e s  were adequately c l ean  al though t h e y  were r e l a t i v e l y  

c l eane r  a t  t h e  FORSCOM pos t  than a t  the  AMC post .  This undoubtedly 

r e f l e c t s  t he  na tu re  of the  work c a r r i e d  out a t  t he  AMCq pos t .  

3. Costs a s soc ia t ed  wi th  rou t ine  l i g h t i n g  maintenance are 

v i r t u a l l y  impossible  t o  e x t r a c t  from e x i s t i n g  cos t  accounting records.  
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4 .  Although not d i r e c t l y  r e l a t e d  t o  maintenance, l i g h t i n g  

modi f ica t ions  f o r  energy conservat ion have been widely incorporated a t  

t h e  FORSCOM post.  For example, many f luo rescen t  f i x t u r e s  t h e r e  were 

b u i l t  f o r  fou r  tubes.  I n  many, i f  not  most, of t hese  f i x t u r e s ,  two 

tubes have been removed. Addi t iona l ly ,  f o r  l a r g e  s e c t i o n s  of roadway, 

every o the r  H I D  lamp had been turned o f f .  S i m i l a r  modi f ica t ions  are 

being i n i t i a t e d  a t  the  AMC post .  

A summary of cu r ren t  r o u t i n e  l i g h t i n g  maintenance p r a c t i c e s  a t  

t hese  i n s t a l l a t i o n s  i s  l i s t e d  below. The maintenance p r a c t i c e s  a t  the  

FORSCQM poet are s t r o n g l y  inf luenced by its advanced implementation of 

t h e  CA program and a well-developed se l f -he lp  program. 

1 .  Personnel who l i v e  i n  m i l i t a r y  housing are required t o  purchase 

and i n s t a l l  t h e i r  own f luo rescen t  and incandescent lamps. Thus, there 

are no rou t ine  l i g h t i n g  maintenance c o s t s  a s soc ia t ed  with t h i s  s e c t o r .  

A t  a FQRSCOM post  and similar i n s t a l l a t i o n s  with ex tens ive  m i l i t a r y  

housing, such as TRADOC pos t s ,  t h i s  r ep resen t s  a cons iderable  f r a c t i o n  

of t he  t o t a l  i n s t a l l e d  l i gh t ing .  A t  an AMC i n s t a l l a t i o n ,  i t  may 

represent  only a small f r a c t i o n  of t he  i n s t a l l e d  l i g h t i n g .  

2. The se l f -he lp  program a t  the  FORSCQPI post  has r e s u l t e d  i n  an 

innovat ive  minor maintenance procedure involv ing  repair and u t i l i t y  

(R&U) personnel.  Attached t o  each u n i t  on the  pos t  is a designated R&U 

person who i s  respons ib le  f o r  minor maintenance i n  t h e  one o r  more 

bui ld ings  assigned t o  him. For rou t ine  l i g h t i n g  maintenance, he has a 

s to rage  area where he keeps spare f luo rescen t  tubes and incandescent 

bulbs.  Thus, i f  a necessary lamp burns o u t ,  a request  t o  the  u n i t  RbU 

w i l l  r esu l t  i n  a new lamp. The R&U would c lean  t h e  f i x t u r e  a t  t he  same 

t i m e ,  i f  needed. The FORSCOM post DEH est imated tha t  roughly 80% of t he  

nonres iden t i a l  Eluorescent and incandescent bulbs a r e  replaced by R&U 

personnel.  Routine l i g h t i n g  maintenance conducted i n  t h i s  manner i s  

accomplished a t  very l i t t l e  cos t  t o  the maintenance program but not 

necessa r i ly  t o  the  Army. It w i l l  be seen  i n  Sect .  5.4 t h a t  spot 

replacement o f  lamps can be the most expensive of the var ious  relamping 

p r a c t i c e s .  However, i n  barracks and c e r t a i n  other  m i l i t a r y  bu i ld lngs ,  

t h i s  k ind  of l i g h t i n g  maintenance m y  be considered f r e e  (except for the  

cos t  of  t he  lamp) because the  s o l d i e r  would probably rep lace  lamps when 
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he is off duty.  There are c e r t a i n  l i m i t a t i o n s  t o  t h i s  kind of l i g h t i n g  

maintenance; f o r  example, t h e  l i g h t  must be 8 ft above the  f l o o r  and 

r e q u i r e  no special  knowledge o r  equipment. 

Some bu i ld ings  may not lend themselves t o  e f f e c t i v e  l i g h t i n g  

maintenance by t h e  R&U. Bui ldings without permanent r e s i d e n t s ,  such as 

o f f i c e s ,  classrooms, and l i b r a r i e s  f a l l  i n t o  t h i s  category. Usual ly ,  

s e v e r a l  l i g h t s  must burn out i n  these  areas before  they are reported.  

3. A cons iderable  amount of r o u t i n e  maintenance a t  the  FORSCQM 

post  is accomplished by subcont rac t  i s sued  by the  Cus todia l  Contract  

Adminis t ra tor .  Windows and l i g h t  f i x t u r e s  i n  bui ld ings  without per- 

manent r e s i d e n t s  a r e  c leaned annual ly  by o u t s i d e  personnel  under a 

c u s t o d i a l  subcont rac t .  The cus todians  are required t o  r epor t  burned-out 

lamps and o the r  problems t h a t  they encounter while  c leaning  the  f i x -  

tu res .  The Cus todia l  Contract  Adminis t ra tor  then r e p o r t s  the burned-out 

lamps t o  t h e  appropr i a t e  R&U f o r  replacement. 

4. Light ing f o r  t he  var ious  shops  a t  the  AMC pos t  is e i t h e r  HID o r  

f l u o r e s c e n t ,  and l i g h t i n g  f o r  the warehouses is exc lus ive ly  f luo res -  

cent.  V i r t u a l l y  a l l  lamp replacement and f i x t u r e  c leaning  are accom- 

p l i shed  by the  Electr ical  Sect ion.  HfDs are replaced on reques t  by shop 

personnel .  F ix tu res  a r e  c leaned a t  t he  same t i m e .  Fluorescent  f i x t u r e s  

are cleaned and relamped on a schedule  of once every 1 t o  3 yea r s ,  

depending on t he  shop o r  warehouse involved. Only the  burned-out tubes  

are replaced dur ing  t h i s  maintenance period. Many of t he  machine t o o l s ,  

such as l a t h e s ,  have t h e i r  own incandescent  t a s k  l i g h t s  a t tached .  

Replacement bulbs f o r  t hese  l i g h t s  are a v a i l a b l e  t o  t h e  machinist  i n  the  

shop t o o l  room. 

The Prevent ive Maintenance (PM) shop a t  t he  AMC post  replaces 

f luo rescen t  and incandescent bulbs  on request  i n  a l l  bu i ld ings  on the  

post .  The PM shop has divided t h e  post i n t o  four  areas. Two men and a 

v e h i c l e  are assigned t o  each a rea  f o r  maintenance, which inc ludes  lamp 

replacement.  Spare lamps are c a r r i e d  i n  t h e i r  t ruck.  

A novel f e a t u r e  t h a t  w i L l  be t r i e d  a t  t h e  AMC p o s t  t h i s  year  ( for 

the  f i r s t  t ime) i s  a shutdown of t he  i n s t a l l a t i o n  between Christmas and 

New Years. However, even though the  post  w i l l  be " o f f i c i a l l y "  shut  



down, a number of personnel  with i n s u f f i c i e n t  leave w i l l  be working. 

Thio remaining work fo rce  w i l l  be ass igned t o  var ious maintenance t a s k s ,  

one of which w i l l  be f luo rescen t  tube replacement and f i x t u r e  c leaning  

i n  some of the  shops. 

5 .  The CA program is w e l l  under way a t  t he  FORSCOM post.  A d i r e c t  

result  of t h i s  program is the  Performance Work Schedule (PWS), a l a r g e  

document t h a t  schedules  maintenance a c t i v i t i e s  of a l l  forms. An example 

concerning l i g h t i n g  maintenance i s  t h a t  t h e  ou t s ide  l i g h t s  (street ,  

parking l o t ,  and sidewalk) w i l l  be surveyed every 6 months and repa i red  

and cleaned as necessary.  The maintenance personnel fo l low t h i s  

schedule  r igorous ly .  Thus, ou t s ide  l i g h t s  a t  the  FORSCON post  are 

maintained on a 6-month schedule.  I n  c e r t a i n  c r i t i c a l  areas, o u t s i d e  

l i g h t s  are repa i red  on request .  

The AMC post  has no scheduled maintenance f o r  ou t s ide  l i g h t s .  Most 

lamp replacement r e s u l t s  from a request  by the  n igh t  s e c u r i t y  f o r c e s  o r  

o t h e r  personnel who t r a v e l  t he  post  a t  night .  

6 .  Group replacement of l i g h t s  i s  p rac t i ced  i n  s i t u a t i o n s  where 

economics are judged favorable .  For example, the  l i g h t s  i n  a gymnasium 

are d i f f i c u l t  t o  reach ,  and s c a f f o l d i n g  may be required.  When 

s u f f i c i e n t  l i g h t s  are burned out t o  warrant replacement,  a l l  l i g h t s  are 

replaced and l enses  cleaned a t  t he  same time. 

5.3 COMMON RELAMPING AND CLEANING PRACTICES 

With re ference  t o  relamping, common rou t ine  l i g h t i n g  maintenance 

p r a c t i c e s  today f a l l  i n t o  th ree  genera l  ca t egor i e s .  Each has i t s  own 

advantages,  d i sadvantages ,  and a p p l i c a t i o n s  where i t  i s  t h e  most 

appropr ia te .  

1. Spot replacement o r  replacement on r e q u e s t -  implies  t h a t  l i g h t s  

arc replaced i n d i v i d u a l l y ,  or a few at a t i m e ,  a t  t h e  request of the 

l i g h t  user .  The f i x t u r e  may be cleaned a t  t h e  same t i m e .  This € o m  of 

l i g h t i n g  maintenance i s  considered t o  be t he  b e s t  p r a c t i c e  i n  s i t u a t i o n s  

where r e l a t i v e l y  few lamps are used t o  l i g h t  a l a r g e  area: high-bay 

maintenance bu i ld ings ,  audi tor iums,  roadways and parking l o t s ,  s e c u r i t y  

l i g h t s ,  etc. Usual ly ,  t hese  areas are l i g h t e d  with widely spaced H I D  
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lamps. I f  one lamp burns ou t ,  a s i g n i f i c a n t  area may be a f f e c t e d ,  and 

r ep lac ing  the  lamp immediately may be necessary f o r  s e c u r i t y ,  s a f e t y ,  o r  

work-related reasons.  Spec ia l  equipment, such as h igh  l i f t s  o r  scaf -  

f o l d i n g ,  is  usua l ly  requi red .  The maintenance crew would normally 

replace i n  t h a t  area o t h e r  l a m p s  t h a t  r e q u i r e  the same special equipment 

a t  t h e  same time. Most municipal street lamps are i n  r e s i d e n t i a l  a r e a s  

and are rep laced  on reques t .  Because most street lamps are s e a l e d ,  they 

are not  u sua l ly  c leaned except  when they are being relamped. ' 
Cer ta in  e n t i t i e s ,  such as u n i v e r s i t i e s  and some government 

bu i ld ings ,  have a u t i l i t y  person assigned permanently t o  ind iv idua l  ( o r  

a few) bui ld ings .  I n  s i t u a t i o n s  l i k e  t h i s ,  t h e  u t i l i t y  person commonly 

rep laces  f luo rescen t  tubes on request .  The l o g i c  is t h a t  "the u t i l i t y  

person has t o  be t h e r e  anyway, so he might as w e l l  relamp on request. '? 

2. Scheduled relamping and c leaning  - i m p l i e s  t h a t  burned-out 

lamps are replaced and f i x t u r e s  cleaned i n  accordance with a schedule  

t h a t  i s  predetermined by environmental  d i r t i n e s s  and the  n e c e s s i t y  of 

t he  l i g h t s .  I n  pub l i c  bu i ld ings  Nith cons iderable  exposure (e.g., c i t y  

h a l l  and l i b r a r y ) ,  f i x t u r e s  are commonly cleaned ~ e m i a n n u a l l y . ~  s9 I n  

t h e  more-commonplace o f f  ices , f i x t u r e s  are cleaned a n n ~ a l l y . ~  s9 

I n d u s t r i a l  bu i ld ings  f a l l  on t h e  o t h e r  end of t h e  d i r t i n e s s  sca l e .  For 

a l a r g e  f r a c t i o n  of t hese  bu i ld ings  c leaning  t h e  f luo rescen t  f i x t u r e s  

semiannually i s  recommended. I n  bu i ld ings  wi th  low c e i l i n g s ,  

f l u o r e s c e n t  f i x t u r e s  a r e  o f t e n  cleaned under a c u s t o d i a l  con t r ac t .  The 

c o n t r a c t o r s  are i d e n t i f i e d  under " Jan i to r  Service" i n  t h e  yellow pages 

of t h e  phone book. Economics d i c t a t e s  t h i s  approach because the  

cus todian  worker 's  s a l a r y  is u s u a l l y  c l o s e  t o  t h e  minimum wage. I n  

a d d i t i o n ,  c leaning  ope ra t ions  can be scheduled during nonworking hours , 
thus  minimizing d i s r u p t i o n  of t h e  normal work force .  For h igher  

c e i l i n g s ,  a p ro fes s iona l  l i g h t i n g  maintenance con t r ac to r  may be 

required.16 Although t h i s  c o n t r a c t o r ' s  wage scale is h igher  than the  

j a n i t o r i a l  s e r v i c e ,  t h e  cos t  of c leaning  f i x t u r e s  may s t i l l  be 

reasonable  because he may have high-speed c leaning  equipment and r o l l i n g  

s c a f f o l d i n g  t o  do t h e  job  rap id ly .  P ro fes s iona l  l i g h t i n g  maintenance 

c o n t r a c t o r s  are i d e n t i f i e d  under "Lighting F ix tu res  - Repair and 

Maintenance" i n  t h e  yellow pages o r  by w r i t i n g  t o  t h e  I n t e r n a t i o n a l  

Assoc ia t ion  of Light ing  Maintenance Contractors .6  



Burned-out lamps are always replaced du r ing  c l ean ing  operat ions.  

Often,  when f i x t u r e s  are cleaned and relamped annua l ly ,  an  a d d i t i o n a l  

relamping is scheduled at 6 months. 

The l e v e l  of maintenance i n  municipal bu i ld ings  is always d e t e r -  

mined by c o n s u l t a t i o n  between t h e  maintenance supe rv i so r  and t h e  

b u i l d i n g  occupant. 

Scheduled l i g h t i n g  maintenance, or a v a r i a t i o n  of i t ,  is probably 

most common f o r  i n s t i t u t i o n s  that  are large enough t o  have a c e n t r a l  

maintenance s t a f  E 

3 .  Group relamping - is  r e a l l y  a s p e c i a l  v a r i a t i o n  of the scheduled 

relamping technique. The d i f f e r e n c e  is t h a t  i n  group relamping aZZ 

lamps, even those not burned o u t ,  are replaced a t  t he  same time. The 

t e c h n i c a l  b a s i s  f o r  group relamping, explained i n  Sect.  4,1 ,  is t h a t  a 

large f r a c t i o n  0 5 0 % )  of a populat ion of lamps i n s t a l l e d  a t  the  same 

t i m e  and having the  same ope ra t ion  schedule can be expected t o  burn out  

du r ing  a r e l a t i v e l y  s h o r t  per iod of t i m e  ( a t  the lamp's r a t e d  l i f e ) .  

Group relamping a p p l i e s  e q u a l l y  w e l l  t o  incandescent and f l u o r e s c e n t  

lamps but i s  most a p p l i c a b l e  t o  f l u o r e s c e n t  tubes because Q €  t h e i r  

widespread use. When group relamping i s  p r a c t t c e d ,  it is recommended 

t h a t  f l u o r e s c e n t  tubes be replaced when 10 t o  30% have burned o u t ,  

depending an l i g h t i n g  requirements .9 s 1  5,1 S 1  * For f l u o r e s c e n t  t ubes ,  

about 10% w i l l  have burned out  a t  75% of t h e i r  r a t e d  l i v e s  and about 30% 

a t  90% of t h e i r  r a t e d  l i v e s .  

The b a s i c  requirement €or group relamping t o  be e f f e c t i v e  i s  that  

most o f  the  lamps i n  a l a r g e  populat ion burn out  during a r e l a t i v e l y  

s h o r t  period of t i m e  near t he  end of t h e i r  expected l ives .  For t h i s  t o  

happen, a l l  lamps i n  t h i s  populat ion must be exposed t o  approximately 

t h e  same ope ra t ing  cond i t ions  t h a t  a f f e c t  t h e i r  l i f e  expectancy. 

S p e c i f i c a l l y ,  a l l  lamps i n  the  populat ion should be 

1. i n s t a l l e d  a t  the same t i m e ;  

2. sub jec t ed  t o  the  same ope ra t ing  schedule ,  concerning both the  number 

of on-off cyc le s  and the  t o t a l  on-time; 

3. r a t e d  the same type (same l i f e  expectancy) and poss ib ly  even be from 

the  same manufacturer;  

4.  a s s o c i a t e d  with t h e  same or an equ iva len t  b a l l a s t ,  and t h e  ballast 

should be expected to  o u t l i v e  t h e  lamp; 
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5. exposed t o  t h e  same l i n e  vol tage ;  and 

6 .  exposed t o  the  same ambient temperature.  

Obviously, some of the  above condi t ions  w i l l  a f f e c t  the  l i f e  expectancy 

of a lamp more than o the r s .  Nevertheless ,  i f  any of these  cond i t ions  

are not met, the  s t e e p  part  of t he  m o r t a l i t y  curve w i l l  be smeared o u t ,  

making group relamping less a t t r a c t i v e .  A group relamping program is  

p a r t i c u l a r l y  d i f f i c u l t  t o  i n i t i a t e  i n  an e x i s t i n g  bui ld ing  or area where 

t h e  lamps represent  a v a r i e t y  of ages. S t a t i s t i c a l l y ,  only about one- 

half of the  l i g h t s  w i l l  have reached the  midpoint of t h e i r  l i v e s  a t  any 

one t i m e .  I n  a d d i t i o n ,  t he re  is a c e r t a i n  r e s i s t a n c e  by the  bus iness  

manager or  the maintenance superv isor  t o  d i sca rd  a l a r g e  number of good 

lamps t o  s ta r t  a group relamping program. Thus, group relamping is  most 

s u i t a b l e  f o r  new  building^.^ * 1 8  
I n  recent  years, group relamping of f luo rescen t  tubes  has increased  

in popu la r i ty  i n  commercial bu i ld ings ,  such as l a rge  r e t a i l  s t o r e s  and 

o f f i c e  bui ld ings .  These es tab l i shments  do not normally have a permanent 

maintenance s t a f f  and l i g h t i n g  maintenance is not a well-organized 

opera t ion .  Replacement of burned-out lamps i s  considered a nuisance and 

i s  usua l ly  accomplished as needed or on a spot-replacement bas i s .  

Sec t ion  5.4 shows t ha t  spot  replacement of lamps is the  most expensive 

of a l l  l i g h t i n g  maintenance opt ions .  Thus, f o r  commercial bu i ld ings ,  

group replacement is a reasonable  and economic opt ion.  However, a l a r g e  

Army i n s t a l l a t i o n  has  the  DEH w i t h .  a well-equipped and t r a i n e d  s t a f f .  

For t h i s  s i t u a t i o n ,  t he  economic j u s t i f i c a t i o n  f o r  a dedica ted  group 

relamping program is  not  nearly so obvious. 

When f i x t u r e s  are very d i f f i c u l t  t o  reach ,  group replacement of 

lamps is appropr i a t e .  If ex tens ive  sca f fo ld ing  is  r equ i r ed ,  such as i n  

an audi tor ium, then group relamping; is o f t e n  p rac t i ced .  This dec i s ion  

i s  usua l ly  based on the  maintenance supe rv i so r ' s  judgment, 

5.4 COMPARATIVE ECONOMICS OF FLUORESCENT LIGHTING 
MAINTENANCE PRACTICES 

The annual  c o s t  of var ious  l i g h t i n g  maintenance p r a c t l c e s  i s  

developed i n  t h i s  s ec t ion .  I n  the context  of t h i s  a n a l y s i s ,  l i g h t i n g  

maintenance c o n s i s t s  of relamping and f i x t u r e  c leaning.  The bas i s  f o r  



t he  economic comparison is  an o f f i c e  area conta in ing  500 f l u o r e s c e n t  

f i x t u r e s ,  each conta in ing  two 4-ft-long lamps (1000 lamps t o t a l ) .  Such 

am area is probably r e p r e s e n t a t i v e  of many o f f i c e  s i t u a t i o n s  i n  t h e  

m i l i t a r y .  Two cases are considered.  I n  t h e  f i r s t  case, t h e  bu i ld ing  i s  

considered to be e x i s t i n g  (or  "old"). The d i s t i n c t i v e  f e a t u r e  of t h i s  

Case is  t h a t  because of p a s t  l i g h t i n g  maintenance practices ( spot  re- 

lamping o r  scheduled relamping),  t he  e x i s t i n g  lamps represent a mixture 

of ages and poss ib ly  a mixture  of types and manufacturers.  Thus, t h e  

f l u o r e s c e n t  tubes are burning out  cont inuous ly  and a t  approximately a 

cons tan t  r a t e .  In t he  second case, i n  wh-lch the  bui ld ing  is  considered 

new," the  d i s t i n c t i v e  f e a t u r e s  are that a l l  lamps are assumed t o  be 

i n s t a l l e d  a t  t he  same time, all lamps and f i x t u r e s  a r e  i d e n t i c a l ,  and 

a l l  lamps have the  same ope ra t ing  schedule.  Thus, all lamps m y  be 

expected t o  fo l low cumulat ively the  same m o r t a l i t y  curve. For t h i s  

case group relamping is appropr ia te .  

I 1  

I n  t h e  case of t h e  e x i s t i n g  bu i ld ing ,  va r ious  combinations of 

scheduled relamping, spot  relamping (relamping on r e q u e s t ) ,  and 1- o r  2- 

yea r  c leaning  cyc le s  are included i n  t h e  ana lys i s .  Spot relamping by 

DEH is a l s o  compared wi th  spa t  relamping by a u t i l i t y  person locaeed i n  

t h e  bu i ld ing  involved. A s  noted previous ly ,  group relamping is probab1.y 

not appropr l a t e  f o r  t h i s  case because t h e  f i rs t  t i m e  t h e  l a m p s  are 

rep laced ,  many good lamps w i l l  be discarded.  A t  any one t i m e ,  on ly  

about one-half of t h e  tubes w i l l  have reached t h e  midpoint: o f  t h e i r  

expected l i v e s .  I n  t h e  case  of t he  new bu i ld ing ,  only group relamping 

is  considered. Spot relamping and scheduled relamping a r e  not  con- 

s ide red  because i n  the  long term, the annual c o s t s  w i l l  approach those  

f o r  the e x i s t i n g  bu i ld ing  case. 

A l l  in format ion  requi red  for t h i s  a n a l y s i s  was obtalned f roin 

c o r r e l a t i o n s  contained i n  t h i s  r e p ~ r t .  The LLD factor w a s  obtained from 

Fig.  5 ( l i g h t  loading was assumed). Lamp m t t a l i t y  c h a r a c t e r i s t i c s  were 

determined from Fig .  6 .  The LDD f a c t o r  was obta ined  from F ig .  9 

(maintenance ca tegory  -- V)  , Fig .  10 ( d i r t  cond i t ions  - clean), and 

Fig.  11. T ime  requirements f o r  maintenance personnel  t o  perform the 

relamping and c leaning  tasks w e r e  those developed by t h e  Navyll and 

inc luded  here  as t h e  appendix. Note t h a t  the  appendix also inc ludes  an 
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example of how t o  make the c a l c u l a t i o n s .  Thus, t h e  reader  may conduct 

his  own a n a l y s i s  f o r  a d i f f e r e n t  kind of bu i ld ing  (e.g., a maintenance 

shop)  o r  a d i f f e r e n t  set of parameters i f  he des i r e s .  

The fo l lowing  a d d i t i o n a l  assuapt ions  were made: 

1. The l i g h t  ope ra t ing  schedule  is 12 h /d ,  6 d/week, and 3744 h/year.  

2. The r a t e d  lamp l i f e  i s  18,000 h. This was s e l e c t e d  so t h a t  a f t e r  

4 years  (15,000 h of lamp on-time), -15% of t h e  tubes  would be 

burned out.  Thus, group relamping could be p r a c t i c e d  on a 4-year 

cycle .  This  corresponds t o  an annual lamp replacement rate of 

( 1 0 0 0 / 4 )  = 25Q/year. For o t h e r  relamping p r a c t i c e s ,  t h e  average 

number of lamps rep laced  p e r  year  is (1,000) (3,744/18,000) = 

208Iyear. 

3. Spot relamping, e i t h e r  by DEH o r  by a u t i l i t y  person loca ted  i n  t h e  

bu i ld ing  involved ,  is conducted by a s i n g l e  person. 

4. Scheduled relamping, group relamping, and f i x t u r e  c leaning  

ope ra t ions  are conducted by a team of two persons from the  DEH 

maintenance shop. 

5 .  The t i m e  requi red  t o  relamp a s i n g l e  tube  by a u t i l i t y  person 

loca ted  i n  t h e  bu i ld ing  involved is  10 min. 

6 .  Round-trip t r a v e l  t i m e  from t h e  DEH maintenance shop t o  the  bui ld ing  

involved is  30 min. 

7.  The cost of a new f luo rescen t  t Jbe  is $1.00. 

8. The cos t  of l a b o r ,  inc luding  o e r h e a d ,  is $20.00/h. 

9 .  The cos t  of e l e c t r i c i t y  is $O.O5/kWh, which inc ludes  an e lectr ic  

demand charge. 

Resu l t s  of t hese  c a l c u l a t i o n s  %re shown i n  Table 1 f o r  the e x i s t i n g  

bu i ld ing  and i n  Table 2 f o r  t he  new bui ld ing .  The "Total  l i g h t  re ten-  

t ion '$  i n  t h e  t a b l e s  - t he  product of t h e  LLD, lamp outage,  and LDD 

f a c t o r  - r ep resen t s  t h e  amount of i l lurninatLon computed as a percentage 

of t he  i l l u m i n a t i o n  when the  l i g h t i n g  system w a s  new, I n  each case, two 

va lues  are l i s t e d :  t h e  f i r s t  is t h e  i l l u m i n a t i o n  r e t e n t i o n  j u s t  before  

relamping and f i x t u r e  c leaning;  t h e  second is t h e  i l l umina t ion  r e t e n t i o n  

j u s t  a f t e r  relamping and f i x t u r e  c leaning.  The t o t a l  average annual  

maintenance c o s t  is t h e  sum of the  annual cos t  of lamps, relamping, and 

f i x t u r e  c leaning .  When the  c o s t s  can be s i n g l e d  o u t ,  they are  shown 



T a b l e  ;. L i g h t i n g  r e t e n t i o n  and a n n u a l  c o s t s  of l i g h t i n g  malntenance p r a c t i c e s  
f o r  an e x i s t i n g  ( o l d )  b u i l d i n g  o r  a r e a a  

Nai n:enance p r a c t i c e  
~ ~ ~ Schedu led  

L i g h t i n g - r e t e n t i o n  Spot relamping Spot  r e l amping  Spot r e l amyfng  Spot r e l amping  Scheduled Schedu led  Scheduled 

2 v e a r s  a n n u a l l v  e v e r y  2 y e a r s  a n n u a l l y  e v e r y  2 y e a r s  annua l  1 y 

o r  ma i i t enance  by DEH; annual by DEH; f i x t u r e  by l o c a l  person; by l o c a l  person; semiannua l ly ;  s e m i a n n u a l l y ;  a n n u a l l y ;  a n n u a l  1 y ; 
parameter  cleaning c l e a n i n g  eve ry  f i x t u r e  c l e a n i n g  f i x t u r e  c l e a n i n g  f i x t u r e  c l e a n l n g  f i x t u r e  c l e a n i n g  f i x t u r e  c l e a n i n g  f i x t u r e  e v e r y  2 c l e a n i n g  y e a r s  

Lamp lumen 89.0 f 69 .Ob 
d e p r e c i a t i o n  
(LLD) f a c c o r  

Lamp ou tage  f a c t o r  100/100 
Luminaire  d i r t  88.0flD0 

d e p r e c i a t i o n  
(LDD) f a c t o r  

( t h r e e  f a c t o r s  
oit 1: i p l i e d  j 

T o t a l  78.3139.9 

Lamps 208 
Re lamping 2234 
P i x t u r c  c l e a n i n g  1150 
Relamping and 

f l x t u r e  c l e a n i n g  
combined 

T o t a l  4192 
( f o u r  cost  

89.01 5 ~ 9 . 0 ~  

100/100 
83.01 100 

73.9189.0 

208 
2234 

875 

33:7 

L i g h t  mtemtion f r o m  wv condition l a )  

59.01 ~ 4 9 . 0 ~  Li9.U/Y9.Ob 89.  O f  90.1 ' 89.0/90.1' 89.0191.P 89.0/91. jb 

loof 100 loo/ 100 89.61100 89.6/ 100 79.21 100 79.21  100 
88.0/lOO SS.O/iOO 88.Of 100 8 3 .  o f  100 56.0f  100 83. o/ 100 

66.2190.1 62.0/9l.3 58.519 I .3  73.9/89.0 7 0 . 2 f  YO. 1 i a . 3 m . o  

doerage annual mintenance costs ! $ I  

2 08 
595 

1750 

208 
695 
875 

298 208 

1964 1108 

208 

1838 

205 

1028 

2553 1778 2172 13 i6  2046 1236 

9 h e  annua i  c o s t  of e l e c t r i c i t y  f o r  a11 l i g h t s  in t h i s  building or area is $9000 ( a t  SO.OS/kUh). 

bBefore ma incenance /a f t e t  a f n t e n a n c e .  



Table 2. L ight ing  r e t e n t i o n  and annual c o s t s  of l i g h t i n g  maintenance p r a c t i c e s  f o r  a new bu i ld ing  o r  areaa 

-~ ~~ ~~ 

Maintenance p rac t  ice 

L igh t ing - re t en t ion  Group relamp - 4-year 
or maintenance Spot relamping; Scheduled relamping; Group cyc leg  lamp and - relamp cyc le  and re lamp Var iab le  scheduled;c 

pa ramet e r  scheduled f i x t u r e  s chedu led E f x t  u re  annual ly ;  f i x t u r e  annual f i x t u r e  
annua l ly ;  annual c l ean ing  c leaning  c 1 e a n i  ng c l ean ing  every  
f i x t u r e  c l ean ing  2 years  

Lamp lumen 
deprec i a t ion  
(LLD) f a c t o r  

Lamp outage f a c t o r  
Luminaire d i r t  

dep rec i a t ion  
(LDD) f a c t o r  

( t h r e e  f a c t o r s  
Tot 91 

mu 1 t i p l i e d  ) 

In the l o n g  cerm, 
l i g h t  dep rec i a t ion  
f a c t o r s  and annual 
maintenance c o s t s  
w i l l  approach those 
of e x i s t i n g  bui ld-  
ings  (Table 1 ) ;  
iaitinlly, :Lcnc 
values  may cyc le  
s u b s t a n t i a l l y .  

L i g h t  retention from ner~ condition (XI 

In  the  long term, 88.01 100' 
l i g h t  d e p r e c i a t i o n  
f a c t o r s  and annual 
maintenance c o s t s  87  .OI' 100 
w i l l  approach those  88.0/ 100 
of e x i s t i n g  bui ld-  
ings  (Table 1) ;  
in:::ai:y, ihese 67 .it/ i O G  
va lues  may cyc le  
s u b s t a n t i a l l y .  

Average annual mrintenance costs I$! 

80.01 l0OC 

86 .O/ 100 
83.01100 

bS.6/100 

Lamps 
Relamping 
F ix tu re  c leaning  
Relamping and 

f i x t u r e  c l ean ing  
combined 

( fou r  c o s t s  
added) 

To ta l  

250 250 

1810 

2060 

934 

1184 

09.7 /92.3' 

80.0/100 
88.01 100 

63.1/92.3 

132 

1860 

1992 

%he. annual c o s t  of e l e c t r i c i t y  for  these  l i g h t s ,  a t  $O.O5/kWh, is $9000, 

'It is assumed t h a t  l i g h t  f i x t u r e  c l ean ing  crews w i l l  r ep lace  lamps t h a t  they observe t o  be burned out. 

%ef ore main t e nance / af t er maintenance . 



sepa ra t e ly .  Note t h a t  t h e  c o s t s  are annual ized and do not n e c e s s a r i l y  

represent  the yea r ly  cos t ,  For example, consider  group relamping on a 

4-year cyc le  with f i x t u r e  c leaning  every 2 years.  The maintenance c o s t s  

f o r  years  1 and 3 w i l l  be very low, but f o r  yea r s  2 and 4 w i l l  be almost 

twice t h e  va lue  shown i n  t h e  t a b l e .  F i n a l l y ,  c a l c u l a t i o n s  of t h i s  

na tu re  are, by n e c e s s i t y ,  h ighly  idea l i zed .  Changes i n  the  assumptions 

can make changes i n  t h e  annual cos t s .  Therefore ,  small d i f f e r e n c e s  i n  

t h e  annual c o s t s  should not be regarded as s i g n i f i c a n t .  Never the less ,  

i n  a broader sense ,  t hese  c a l c u l a t i o n s  do represent  reasonable  estimates 

of annual. maintenance costs ( c o n s i s t e n t  w i t h  assumptions and parameters 

sel .ected)  and can be used f o r  comparative purposes. 

F i r s t ,  cons ider  l i g h t i n g  maintenance i n  the  e x f s t i n g  bui ld ing  

(Table 1). The p r i n c i p a l  comparison t o  be made f o r  t h i s  bu i ld ing  is  

spot maintenance vs scheduled maintenance. For equal  f i x t u r e  c leaning  

c y c l e s ,  t he  est imated cos t  f o r  spot  relamping by DEH i s ,  by f a r ,  the 

most-expensive maintenance practice. Even spot  maintenance by a person 

loca ted  i n  the  same bui ld ing  is  s i g n i f i c a n t l y  more expensive than 

scheduled maintenance. Spot maintenance has the  advantage of somewhat 

h igher  maintained l i g h t  r e t e n t i o n  because lamps are replaced as they 

burn out (lamp outage f a c t o r  = 100%). On t h e  average,  208 lamps out of 

1000 (20.8%) burn out  each year.  Thus, t he  lamp outage f a c t o r  f o r  

scheduled relamping on an annual cyc le  i s  100 - 20.8 = 79.2% and 89.62 

on a semiannual cycle .  

For scheduled mai.ntenance t h e  f i x t u r e s  are relamped a t  the same 

t i m e  that they are cleaned (when t h e  cyc les  co inc ide ) ;  t h e r e f o r e ,  i t  is  

not  poss ib l e  t o  i s o l a t e  t he  ind iv idua l  relamping and c leanlng  cos t s .  

For s p o t  relamping, f i x t u r e  c leaning  is  a s e p a r a t e  ope ra t ion ,  and i t s  

c o s t  can be ex t r ac t ed .  The es t imated  cos t  of a complete € i x t u r e  

c leaning  ope ra t ion  i s  $1750. When f i x t u r e s  are cleaned every 2 yea r s ,  

t h e  annual cost is one-half of t h i s  value o r  $875. Now consider  annual 

scheduled relamping wi th  annual c leaning.  The combined annual maints- 

nance cos t  f o r  relamping and f i x t u r e  c leaning  is $1838. Thus, t h e  

incremental  cos t  f o r  relamping is  $1838 - $1750 = $88. This is very l o w  

compared with the cos t  f o r  spot  relamping of $2234 by DEH or $695 by a 

person i n  the bui lding.  For the case of relamping semiannually wi th  
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c leaning  annual ly ,  t h e  incremental  c o s t  f o r  relamping i s  $1964 - $1750 = 

$ 2 1 4 ,  which is  s t i l l  very  low compared wi th  spo t  relamping. The 

d i f f e r e n c e  i n  incremental  re1ampir.g c o s t s  between semiannual relamping 

and annual relamping is  $214 - $88 = $126. This i s  a very small cos t  

f o r  -10% more r e t a ined  i l l umina t ion  (before  maintenance). 

The es t imated  annual l i g h t i n g  maintenance c o s t s  and l i g h t  r e t e n t i o n  

characterist ics f o r  t h e  new bu i ld ing  are shown i n  Table 2. Spot relamp- 

i n g  and r e g u l a r l y  scheduled relamping are not included. I n  the long 

term, maintenance c o s t s  and l i g h t  r e t e n t i o n  f o r  spot  relamping and 

scheduled relamping would approach those  of t he  e x i s t i n g  bui lding.  

However, i n  t h e  s h o r t  term they would cyc le  s u b s t a n t i a l l y .  For example, 

t h e  m o r t a l i t y  curve used i n  t h i s  a n a l y s i s  shows t h a t  <S lamps w i l l  burn 

out  the  f i r s t  year  but -350 w i l l  f a i l  dur ing  the  f i f t h  year. Thus, t h e  

cos t  of spot  relamping would be very low t h e  f i r s t  year  but would be 

cons iderable  t h e  f i f t h  year.  

The es t imated  annual maintenance c o s t s  f o r  group relamping i n  the  

new bu i ld ing  are s imilar  t o  the  es t imated  costs  f o r  the  equiva len t  case  

of scheduled relamping i n  t h e  e x i s t i n g  bui lding.  However, any conclu- 

s i o n s  from t h i s  comparison may be unwarranted because r e g u l a r l y  sche- 

duled relamping i s  inappropr i a t e  i n  a new bu i ld ing  where the  i n i t i a l  

l a m p  burnout rate is  very low but i nc reases  r a p i d l y  near t he  l i g h t s '  

r a t e d  l i v e s .  For t h e  bu i ld ing  considered here, only about 150 lamps 

burn out  dur ing  the  f i r s t  4 y e a r s ,  but about 650 burn out during the 

next  2 years.  Annual relamping (during annual c leanlng)  would be q u i t e  

adequate f o r  t he  f i r s t  4 yea r s ,  but semiannual relamping would be 

r equ i r ed  f o r  t he  next 2 years  t o  maintain adequate l i g h t i n g .  T h i s  

increased  maintenance would probably take  place because of e i t h e r  p r i o r  

planning by DEH o r  complaints by t he  bui ld ing  occupants.  Following t h i s  

2-year per iod ,  the  relamping schedule  could then r e v e r t  back t o  annual 

relamping. Annualized maintenance c o s t s  were es t imated  €or t h i s  sce- 

n a r i o  and are shown i n  Table 2 as "Variable scheduled" relamping. The 

c a l c u l a t i o n  covered an 8-year per iod w i t h  semiannual relamping durfng 

the  f i f t h  and s i x t h  years  and annual  relamping for a l l  o t h e r  years .  

Eight years  was s e l e c t e d  because a l l  of t h e  or ig ina l .  tubes  can be ex- 

pected t o  have f a i l e d  by then. Af te r  t h i s  per iod of t i m e ,  only about: 56 
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of the  second genera t ion  of tubes w i l l  have burned out ;  t hus ,  the  annu- 

a l i z e d  cos t  of lamps is ($1000 -t $56)/8 = $132. Light r e t e n t i o n  va lues  

i n  t h e  t a b l e  a r e  €or t h e  end of the f i f t h  y e a r p  which is the  year of 

g r e a t e s t  lamp outage. For t h i s  s p e c i a l  case, t h e  average annual cos t  of 

l i g h t i n g  maintenance is  approximately the  same as for group relamping. 

Thus, the  annual cos t  of group relamping is approximately t h e  same as 

f o r  scheduled relamping. If cos t  is the  only  cons ide ra t ion ,  t he re  seems 

t o  be no p a r t i c u l a r  economic i n c e n t i v e  t o  develop a dedica ted  group 

relamping program. The choice between scheduled relamping and group 

relamping must be based on o the r  cons idera t ions .  

The bas i c  requirement f o r  e f f i c i e n t  group relamping is t h a t  a l l  

lamps i n  a given a rea  or bu i ld ing  be i d e n t i c a l  and opera te  an the  same 

schedule.  There are many reasons why a l l  lamps do not  opera te  on the  

same schedule.  For example, i n  o f f i c e  bu i ld ings ,  some of the  personnel 

may work d i f f e r e n t  hours than o t h e r s ,  o r  cleanup crews t u r n  l i g h t s  off  

a t  d i f f e r e n t  times; i n  d in ing  h a l l s ,  k i tchen  l i g h t s  may have d i f f e r e n t  

ope ra t ing  schedules  than i n  e a t i n g  areas. The use of l o c a l  switches 

( t u r n  out the  l i g h t s  when t h e  area is  not  i n  use) is being encouraged by 

t h e  m i l i t a r y  fo r  energy conservat ion.  I n  gene ra l ,  t he  a c t i v e  use of 

l o c a l  switches i s  cont ra ry  t o  the  requirements of e f f i c i e n t  group 

relamping. The problem, then ,  i s  t h a t  BEH w i l l  not know when the  l i g h t s  

i n  a given area/room/bui lding meet the  requirements f o r  e f f i c i e n t  group 

relamping. An ex tens ive  in spec t ion  and recordkeeping procedure would be 

required f o r  DEH t o  decide when t o  group-relamp and which lamps should 

be included i n  the  replacement group. Thus, f o r  a l a r g e  m i l i t a r y  

i n s t a l l a t i o n  with a DEH, a dedica ted  e f f o r t  toward developing a group- 

relamping program f o r  new bu i ld ings  is not  recommended. I f ,  i n  

r e t r o s p e c t ,  DEH recognizes  t h a t  a wel l -def ined  group of lamps may be 

reaching t h e i r  ra ted  l i v e s ,  they may elect t o  replace them as a group o r  

temporar i ly  schedule relamping of burned-out tubes a t  s h o r t e r  i n t e r v a l s .  
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6 .  RECOMMENDED LIGHTING MAINTENANCE PRACTICES 

6.1 INTRODUCTION 

In this section, lighting maintenance practices are recornmended for 

large Army installations. In the context of these recommendations, 

lighting maintenance means relamping and fixture cleaning. Window 

cleaning and wall and ceiling painting are also considered. The recom- 

mendations are largely procedural and are based on the availability of a 

central maintenance staff, such as that available in DEH, and any 

specialized equipment that may be necessary. These recommendations are, 

furthermore, influenced by the comparative economic analysis and by 

currently acceptable practices in the Army and in equivalent large 

entities i n  the nonmilitary sector. The objective of these recommen- 

dations is to achieve adequate lighting with minimum procedures and 

minimum costs. 

The recommendations are made of what is considered to be a typical 

case and are, therefore, appropriate for most installations. However, 

deviations from typical can be expected. A level of lighting 

maintenance greater than recommended may be required for buildings in a 

particularly dirty environment where lighting is critical to the task 

being performed o r  where the building has a high public or military 

exposure. A level of maintenance less than recommended may be adequate 

for buildings that are superclean with relatively sealed fixtures, 

buildings that are seldom used, or buildings that have windows and are 

only used during daylight hours. The level of lighting maintenance that 

is required f o r  specific buildings should be determined jointly by DEH 

and the building work area supervisor. 

6.2 RECOMMENDATIONS 

6.2.1 Fluorescent and Incandescent Lights 

1. General administration and operational buildings ( e . g . ,  offices, 

classrooms, dining halls, medical facilities, laboratories, and minor 

maintenance shops) are virtually always illuminated with fluorescent 



lights. On many Army posts, these buildings may constitute the greatest 

lighting load. For this class of buildings, it is recommended that spot 

relamping be discouraged and that scheduled lighting maintenance be 

conducted and coordinated by DEH. It is recommended that fixtures be 

cleaned and relamped annually with an intermediate relamping scheduled 

far 6 months after cleaning. Based on calculations performed in Sect. 

5.4 ("Comparative Economics of Fluorescent Lighting Maintenance 

Practices"), -20% of the fluorescent tubes burn out annually. Thus, 

annual relamping results in an excessive lamp outage factor. An 

intermediate lamping at 6 months resolves this problem at a very small 

additional cost. Of course, DEH must be responsive to the  situation 

where a critical lamp fails and must be replaced immediately. Annual 

fixture cleaning is a camon practice at Army installations and large 

nonmtlitary entities, and this practice should continue. 

Group relamping of fluorescent fixtures (by subcontract with a 

lighting maintenance company) is becoming a more common cornmerclaP 

practice. Group relamping is appropriate in this sector because the 

businesses involved do not normally have a permanent maintenance staff 

with adequate training and equipment. By contrast, a large Army 

installation has a DEB with a well-equipped and trained staff. The 

ecanomic analysis in Sect. 5.4 shows that the anniial cost of lighting 

maintenance based on group relamping is about the same as lighting 

maintenance based on scheduled relamping. However, to conduct an 

effective group relamping program, DEN would be required to make 

considerably more building inspections and keep considerably more 

records than now required. In addition, the basic requirement for group 

relamping, that all lamps in a large group be operated the same number 

of hours, is contrary to the active use of local light switches for 

energy conservation. Thus, a dedicated group-relamping program i s  n o t  

recomiiiended for large Army installations. 

An option available to DEH is to conduct the fixture cleaning (and 

concurrent relamping) with the internal maintenance staff or by 

custodial subcontract to a janitorial service. Fixture cleaning is a 

labor-intensive process, and its cost is strongly influenced by labor 

rates. Janitorial laborers typically receive wages only  modestly abovc 
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t h e  minimum wage; t h u s ,  t he  economics of t h i s  opt ion would probably be 

favorable .  Unless s p e c i a l  equipment o r  knowledge is r equ i r ed ,  i t  i s  

suggested t h a t  DEH consider  a c u s t o d i a l  subcontract  f o r  l i g h t  f i x t u r e  

c leaning (and relamping, as r equ i r ed ) .  The appropr i a t e  o r g a n i z a t i o n s  

can be loca t ed  under " J a n i t o r  Service" i n  the  yellow pages of the phone 

book. Subcontracted f i x t u r e  c l ean ing  has the  a d d i t i o n a l  advantage t h a t  

i t  may be scheduled du r ing  nonworking hours ,  r e s u l t i n g  i n  a minimum 

d i s r u p t i o n  of t he  normal work force.  

A s  a gene ra l  p r a c t i c e ,  i t  is  recommended t h a t  windows should be 

washed a t  t h e  same time t h a t  f i x t u r e s  are cleaned. 

2. Barracks have c h a r a c t e r i s t i c s  t h a t  make them a special  case. 

They are probably the only t y p e  of m i l i t a r y  bu i ld ing  (excluding housing) 

t h a t  con ta ins  l a r g e  q u a n t i t i e s  of incandescent bulbs. The r a t e d  l i f e  of 

an incandescent bulb i s  one-tenth t o  .one-twentieth of t h a t  f o r  a 

f l u o r e s c e n t  tube. Barracks are a l s o  regarded as p r i v a t e  q u a r t e r s ,  and 

many ba r racks  have p r i v a t e  rooms. Because of t h e s e  c h a r a c t e r i s t i c s ,  

l i g h t i n g  maintenance by DEH i s  impractical. It i s  recommended t h a t  t h e  

occupants of t h e  ba r racks  be r e s p o n s i b l e  f o r  t h e i r  own l i g h t i n g  

maintenance and t h a t  a supply of spare  lamps and cer ta in  f i x t u r e  p a r t s  

( l e n s e s  and shades)  be kept  i n  the barracks f o r  t h i s  purpose. Relamping 

should be conducted on r e q u e s t ,  e i t h e r  by the person needing t h e  lamp or 

by a barracks R&U person. Light f i x t u r e s  can be cleaned a t  the  same 

t i m e  o r  a t  a t i m e  when t h e  o f f i c e r  i n  charge decides  they need 

cleaning.  Most relamplng will probably be conducted during o f f  -duty 

hours and, t h u s ,  can be considered as free maintenance except f o r  lamp 

cos t .  

3. Heavy-maintenance shops,  darehouses , and s imilar  bu i ld ings  are 

h igh ly  v a r i a b l e  regarding t h e  kinds of l i g h t s  they use and the  degree of 

d i r t i n e s s  of t h e  work conducted. Most warehouses and many heavy- 

maintenance shops are i l l umina ted  with f l u o r e s c e n t  l i g h t s .  Incandescent 

bulbs  are sometimes used, f o r  example, as t a s k  l i g h t s  on l a t h e s  and 

m i l l i n g  machines. Many heavymain tenance  shops f e a t u r e  H I D  lamps, but  

t h e s e  w i l l  be discussed i n  t h e  next s e c t i o n .  A s  i n  t h e  case of adminis- 

t r a t i o n  and o p e r a t i o n a l  bu i ld ings  :No. 1 above),  i t  I s  recommended t h a t  

l i g h t i n g  maintenance be coordinated by DEH. Under normal cond i t ions  i t  



is recommended that scheduled relamping be conducted at 6-month inter- 

va1.s. However, in some cases, such as warehouses that are only used 

occasionally, the relamping interval could be increased to a year or 

more. Similarly, under normal conditions it is recommended that fixture 

cleaning be conducted annually, but again, this is highly variable. X n  

warehouses that are only used occasionally, fixture cleaning could be at 

2-year intervals OK longer. For buildings that have dirty working 

conditions and critically need good lighting because of the work 

involved, fixture cleaning may be required semiannually. For this 

latter class of buildings, it is essential that the level of lighting 

malntenance be mutually agreed to by DEH and the work area supervisor. 

As in the case of general administration and operational buildings 

(No. 1 above), DEH has the option to conduct fixture cleaning (and 

concurrent relamping) with the internal maintenance staff of by custo- 

dial subcontract. The situation is somewhat different, however, because 

special equipment and skills may be required f o r  these buildings. The 

light fixtures may be higher and require scaffolding to reach, and 

special solvents may be required for cleaning. Janitorial services may 

not have the equipment and skills for this class of buildings. If not, 

then professional Lighting maintenance contractors are available. They 

can be found under "Lighting Fixtures - Repa€r and Maintenance" in the 
yellow pages of the  phone book or by writing to the International 

Association of Lighting Maintenance Contractors .6 These companies have 

the knowledge and equipment for difficult fixture cleaning jobs and 

might not be milch more expensive than janitorial services because they 

have more-advanced equipment, such as rolling scaffolds and power-driven 

cleaners. Professional lighting maintenance contractors have the 

additional advantage that they can identify opportunities for cost- 

effective ways t o  increase the efficiency of the lighting system. 

It is recommended that as a general practice, windows should be 

washed at the same time that light fixtures are cleaned. 

The same comments concerning group relamping apply to this class of 

buildings as apply t o  the general administration and operational 

buildings (No. 1 above). 
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I n  some cases ,  t a sk  l i g h t s  a r e  necessary f o r  a worker t o  perform 

h i s  j ob  (e.g., t h e  incandescent  t a s k  lamp on a lathe and the lamps i n  

sandb las t ing  o r  p a i n t i n g  booths) .  For t h e s e  s i t u a t i o n s ,  i t  is 

recommended that  spa re  lamps be made an i n t e g r a l  par t  of t h e  equipment 

and material supply cage used by these  workers so t h a t  they can replace 

t h e i r  own lamps as necessary.  

A t  the end of t h e  y e a r ,  a s ' i t ua t ion  sometimes ex is t s  t h a t  may be 

c a p i t a l i z e d  on i n  some cases. Moat workers t ake  some leave  dur ing  t h e  

Christmas-to-New Year period. The  few who remain a t  work may not  be 

a b l e  t o  do t h e i r  j o b s  e f f i c i e n t l y  because i n t e r a c t i o n  wi th  o t h e r s  i s  

required.  These personnel could be assembled t o  conduct p e r i o d i c  labor-  

i n t e n s i v e  maintenance t h a t  does not r equ i r e  a special  task.  F i x t u r e  

c leaning  and relamping is one such maintenance task.  This procedure i s  

being used on a t  least  one Army AM: post.  

4 .  It is recommended t h a t  the  occupants in m i l i t a r y  housing and i n  

commercial es tab l i shments  loca ted  on the  post  be respons ib le  for t h e i r  

own l i g h t i n g  maintenance, inc luding  purchase of lamps. 

6 .2 .2  High-Intensi ty  Discharge Lights  - 
1. H I D  l i g h t s  a r e  commonly used f o r  i n t e r i o r  i l l u m i n a t i o n  of 

bu i ld ings  that: f e a t u r e  h igh  c e i l i n g s ,  such as heavy-maintenance 

bu i ld ings ,  a i r c r a f t  hangars ,  r e c r e a t i o n a l  bu i ld ings  (e.g., b a s k e t b a l l  

c o u r t s ) ,  and audi tor iums.  I n  chese a p p l i c a t i o n s ,  t he  l i g h t s  are 

pos i t ioned  high above the  f l o o r  and are spaced f a i r l y  f a r  a p a r t .  Often,  

a s i n g l e  o r  a few l a m p s  are c r i t i c a l  and must be replaced soon a f t e r  

they  burn out.  The l i g h t  output  c9f mercury and metal h a l i d e  lamps can 

decrease  s u b s t a n t i a l l y  by end-of- l i fe  (LLD - 60 t o  6 5 % ) ,  and replacement 

may be necessary before  they f a i l .  Because s p e c i a l  s k i l l s  and equipment 

are required t o  r ep lace  HID lamps, it is  recommended t h a t  these lamps be 

maintained only by DEB. It is  a l s o  recommended t h a t  relamping be 

conducted b a s i c a l l y  a t  the  reques t  of the superv isor  of the  bu i ld ing  

involved. H e ,  more than any o t h e r ,  is the  bes t  judge of when t h e  

a v a i l a b l e  l i g h t  is inadequate.  



When a crew is s e n t  out  i n  response t o  a relamping r e q u e s t ,  DEXI 

must dec ide  how ex tens ive  t h e  relamping should be. Perhaps o t h e r  

bu i ld ings  i n  t h e  area f e a t u r e  W I D  l i g h t s  and r equ i r e  the  same s p e c i a l  

equipment ( s c a f f o l d i n g  o r  l i f t  t rucks ) .  It would be appropr i a t e  t o  

in spec t  and relamp these  bui ld ings  at the  same t i m e .  In some cases, 

ex tens ive  s c a f f o l d i n g  is required (e.g., f o r  access  t o  l i g h t s  l oca t ed  

above a swimming pool).  For extreme cases  l i k e  t h i s ,  it is  common 

practice t o  rep lace  a l l  of the  l amps ,  even those t h a t  are not burned 

out .  F ix tu res  should be cleaned when lamps are replaced. A dedicated 

f ix ture-c leaning  schedule  f o r  HID l i g h t s  may not be required.  H I 0  f i x -  

t u r e s  are r e l a t i v e l y  b e t t e r  s ea l ed  than f luo rescen t  tube f i x t u r e s  and do 

not a l low t h e  f r e e  movement of a i r  and d i r t :  i n t o  t h e  f i x t u r e .  Some 

bu i ld ing  environments may f e a t u r e  a i rbo rne  materials (e.g., o i l )  t h a t  

w i l l  s t i c k  t o  the o u t s i d e  of t h e  l e n s  and reduce I l lumina t ion .  For 

these  cases, scheduled c leaning  opera t ions  may be necessary.  

2. HID l i g h t s  are commonly used for e x t e r i o r  i l l umina t ion  i n  a 

wide v a r i e t y  of a p p l i c a t i o n s ,  such as roadways, parking l o t s ,  docking 

f a c i l i t i e s ,  s p o r t i n g  f a c i l i t i e s ,  a i r p o r t s ,  and s e c u r i t y .  A s  i n  t he  ease 

of i n t e r i o r  HID l i g h t s ,  and f o r  the  same reasons ,  it is  recomuended t h a t  

these l i g h t s  be relamped by DEH a t  t h e  reques t  of a n  a u t h o r i t a t i v e  

person who has repor ted  a problem. I n  add i t ion ,  t h e  same comments apply 

t o  the  ex ten t  of relamping and f i x t u r e  c leaning.  

Roadway, park ing- lo t ,  and walkway l i g h t s  are a s p e c i a l  ca se ,  

p a r t t c u l a r l y  on a l a r g e  pos t  with many personnel (e.g., a FORSCOM o r  

TRADOC pos t ) .  Inadequate or  poorly maintained l i g h t i n g  i n  high- 

populat ion a reas  i s  o f t e n  a s soc ia t ed  with vandalism, robbery,  a s s a u l t ,  

and o the r  similar crimeso X n  a d d i t i o n ,  t he re  w i l l  be a su f f i c i en t :  

number of l i g h t s  t o  warrant  a scheduled in spec t ion  and relamping 

program. I n  a d d i t i o n  t o  relamping 011 reques t  (probably by the  post  

s e c u r i t y  force),  i t  i s  recommended t h a t  the  e n t i r e  system be inspecltcd 

and relamped annual ly .  Roadway and parking-lot  l i g h t  f i x t u r e s  a r e  

usua l ly  sea led  and r equ i r e  c leaning  only when they are relamped. Some 

communities f i n d  t h a t  t r a f f i c  l i g h t s  need pe r iod ic  c leaning  of the lens 

o u t e r  su r face .  The p r o t e c t i v e  sun s h i e l d  over these  l i g h t s  prevents  

ra-ln from washing t h e  l e n s  ou te r  s u r f a c e ,  and d i r t  accumulation can be 

q u i t e  high. 
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6.2.3 Emergency L igh t s  

Emergency l i g h t s  are separats l i g h t i n g  systems intended t o  auto- 

m a t i c a l l y  supply i l l u m i n a t i o n  i n  t h e  event of f a i l u r e  of normal l i g h t i n g  

systems. Emergency l i g h t i n g  systems are complete wi th in  themselves and 

c o n t a i n  t h e i r  own power source ( b a t t e r i e s ) .  Thus, maintenance of t h e s e  

l i g h t s  means maintenance of t h e  e n t i r e  system (lamps, batteries,  senso r s ,  

e t c . ) .  Army r e g u l a t i o n s  s p e c i f y  t h e  maintenance po l i cy  f o r  emergency 

l i g h t s  : 

The f a c i l i t i e s  engineer will maintain,  r e p a i r ,  and 
r e p l a c e  i n t e r i o r  s t o r a g e  bat tery- type automatic  
l i g h t s  , both u n i t  and c e n t r a l  bat tery- type.  These 
l i g h t s  w i l l  be checked a t  i n t e r v a l s  not to  exceed 
12 months i f  they are equipped with maintenance- 
free b a t t e r i e s ;  o the rwise ,  they w i l l  be checked 
monthly. 

No changes are recommended f o r  t h i s  maintenance policy.  

6.2.4 Pa in t ing  and Cleaning of Walls and C e i l i n g s  

The r e f l e c t a n c e  and, t hus ,  t he  co lo r  and c l e a n l i n e s s  of walls and 

c e i l i n g s  have an impact on l i g h t i n g  q u a l i t y .  Walls and c e i l i n g s  must be 

pa in t ed  o r  cleaned p e r i o d i c a l l y .  However, t he  usual  motivat ion t o  c l ean  

o r  pa in t  i n t e r i o r  s u r f a c e s  is not the q u a l i t y  of l i g h t  ( su r face  r e f l e c -  

t a n c e )  but, r a t h e r  such d i s c r i m i n a t i n g  and a e s t h e t i c  concerns as p r i d e  

of ownership, p r i d e  of q u a l i t y  maint.enanee, and the  need f o r  a d e s i r a b l e  

work-force environment (h ighe r  morale and e f f i c i e n c y ) .  This procedure 

i s  probably accep tab le  because when DEH, i n  conjunct ion with the  

bu i ld ing  s u p e r v i s o r ,  determine t h a t  a room needs t o  be pa in t ed  o r  

c l eaned ,  they are r e a c t i n g ,  a t  least i n  p a r t ,  t o  the reduced s u r f a c e  

r e f l e c t a n c e .  Therefore ,  i t  is  recommended t h a t  i n t e r i o r  s u r f a c e  

p a i n t i n g  o r  c l ean ing  requirements be determined j o i n t l y  by DEH and t h e  

supe rv i so r  o r  foreman of t he  space involved. 

IES has addressed t h e  s u b j e c t  of i n t e r i o r  s u r f a c e  paint ing.13 The 

fol lowing b r i e f  e x t r a c t s  concerning p a i n t i n g  as it  relates t o  l i g h t i n g  

may be of a s s i s t a n c e  t o  the maintenance supe rv i so r .  



1. The recommended c e i l i n g  r e f l e c t a n c e  for almost a l l  bu i ld ing  types  is 

i n  the range of 80 t o  90%. The consequence of t h i s  recommendation 

i s  t h a t  c e i l i n g s  are usua l ly  pa in ted  white  or a white  t h a t  is 

l i g h t l y  t i n t e d  with the w a l l  co lor .  

2. The recommended r e f l e c t a n c e  for walls  and other i n t e r n a l  s t r u c t u r e s  

(space d i v i d e r s )  covers a wider range, depending on t h e  bu i ld ing  

type ,  but  50 t o  70% encompasses most s i t u a t i o n s .  The genera l  

consequence of t h i s  recommendation is that w a l l s  may be pa in ted  wi th  

a v a r i e t y  of l i g h t  colors as determined by personal  t a s t e ,  co lo r  

coord ina t ion  wi th in  t h e  space,  and cu r ren t  fashion.  

3. I n  gene ra l ,  pa in t  should leave  a matte f i n i s h  t o  avoid g l a re .  

4. A genera l  r u l e  is t h a t  yel lows,  yellow-reds, reds ,  and red-purples 

are warm co lo r s  and that greens ,  blue-greens, blues  and purple- 

blues  are cool  co lors .  A l l  grey co lo r s  approach n e u t r a l i t y ,  whether 

from the  w a r m  o r  cool  s ide .  The w a r m  co lo r s  are most appropr i a t e  i n  

rooms with a nor thern  exposure,  cool  temperatures ,  and low no i se  

element. The cool co lo r s  are most appropr i a t e  i n  a room wi th  a 

southern exposure,  warm temperatures ,  and high noise  element. 



43 

7. SUMMARY AND CONCLUSIONS 

Operat ing c h a r a c t e r i s t i c s  of t he  major lamp types ( incandescent ,  

f l u o r e s c e n t ,  and H I D )  are descr ibed;  t h e  emphasis is on those  

characterist ics t h a t  r e s u l t  i n  l i g h t  d e t e r i o r a t i o n .  I n  a d d i t i o n ,  l i g h t  

d e t e r i o r a t i o n  t h a t  results from dLrt  accumulation i n  the f i x t u r e  ( l ens  

and r e f l e c t o r )  is descr ibed.  Current l i g h t i n g  maintenance practices a t  

Army i n s t a l l a t i o n s  and a l s o  a t  large nonmi l i ta ry  e n t i t i e s  ( u n i v e r s i t i e s  

and c i t ies )  are descr ibed.  A comparative economic a n a l y s i s  was 

conducted on r o u t i n e  l i g h t i n g  n.aintenance p r a c t i c e s  (relamping and 

f i x t u r e  c leaning)  i n  a s i m u l a t e l  o f f i c e  bu i ld ing  t h a t  con ta ins  500 

f luo rescen t  f i x t u r e s  (two 4-ft lamps per  f i x t u r e ) .  The a n a l y s i s  

considered var ious  combinations of spot  relamping ( e i t h e r  by c o n t r o l  

maintenance o r  by a u t i l i t y  person i n  the  bu i ld ing ) ,  scheduled relamping 

(annual ly  and semiannual ly) ,  group relamping, and f i x t u r e  c leaning  

(annual ly  and every  2 years) .  The a n a l y s i s  was conducted using l i g h t  

d e t e r i o r a t i o n  c o r r e l a t i o n s  contained wi th in  t h i s  repor t .  Based on t h e  

r e s u l t s  of t h e  economic a n a l y s i s  and o the r  cons ide ra t ions ,  t he  fol lowing 

recommendations are summarized. 

7.1 FLUORESCENT FIXTURES 

Typica l ly ,  i t  is recommended t h a t  f i x t u r e s  be inspec ted  and 

relamped ( r ep lace  burned-out t ubes )  semiannually by DEH and t h a t  they 

( inc lud ing  windows) be cleaned annual ly  by c u s t o d i a l  subcont rac t .  

Ce r t a in  bu i ld ings  may r equ i r e  a g r e a t e r  o r  lesser l e v e l  of maintenance 

because of t h e i r  environment, mission, publ ic  exposure,  or frequency of 

use. For t h e s e  cases, the  l e v e l  of maintenance should be j o i n t l y  

acceptab le  t o  t h e  supe rv i so r  of t he  bu i ld ing  involved and DEH. Spot 

relamping should be discouraged except f o r  a few s p e c i a l  cases. Group 

relamping ( p e r i o d i c  replacement of aww l amps)  is not  recommended as a 

dedica ted  practice f o r  a l a r g e  i n s t a l l a t i o n  with a c e n t r a l  maintenance 

s t a f f .  
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7.2 INCANDESCENT LAMPS 

The only widespread use of incandescent lamps  i n  the  Army is i n  

m i l i t a r y  housing and barracks.  It is recommended t h a t  personnel who 

l i v e  i n  m i l i t a r y  housing be respons ib le  f o r  t h e i r  own l i g h t i n g  

maintenance, inc luding  the  purchase of bulbs. It is recornmended t h a t  

occupants of bar racks  be respons ib le  f o r  t h e i r  own lamp replacement but 

t h a t  a supply of bulbs  be maintained i n  t h e  bar racks  f o r  t h a t  purpose. 

7.3 HIGH-INTENSITY DISCHARGE TAMPS 

Because of t h e i r  na tu re  (widely spaced and h igh  above the  f l o o r ) ,  

i t  is recommended t h a t  H I D  l a m p s  be replaced by DEH a t  the  request  of 

t h e  bui ld ing  superv isor .  This recommendation i s  t h e  same f o r  both 

i n t e r i o r  and e x t e r i o r  l i g h t s .  However, roadway, walkway, and parkhng- 

l o t  l i g h t s  are a s p e c i a l  case. On many l a r g e  i n s t a l l a t i o n s ,  t h e r e  are a 

s u f f i c i e n t  number t o  warrant  annual i n spec t ion  and relamping. 

Typica l ly ,  H I D  fixtures are r e l a t i v e l y  w e l l  sea led  and high off the 

f l o o r ;  thus ,  they r equ i r e  l i t t l e  c leaning  except i n  s p e c i a l  cases.  

7.4 EMERGENCY LIGHTS 

Army r egu la t ions  d i c t a t e  t h e  maintenance pol icy  f a r  emergency 

l i g h t i n g  systems. These should cont inue t o  be followed. 
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ENGINEERED PERFORMANCE STANDARDS TIME VALUES 
FOR WASHING AND REL.AMPING LIGHT FIXTURES 

I. General 

A. A summary of Engineered Performance Standards (EPS) t i m e  va lues  

f o r  washing and relamping var ious  types of l i g h t  f i x t u r e s  is provided 

below. These t i m e  va lues  have been e x t r a c t e d  from appropr i a t e  EPS c r a f t  

handbooks and are c a l l e d  "craf t  t i m e "  va lues  s i n c e  they provide only f o r  

t h e  d i r e c t  p roduct ive  e f f o r t  requi red  t o  accomplish any given task.  

0 .  Travel  t i m e ,  j o b  p repa ra t ion  t i m e ,  and c r a f t  de lay  allowances 

must be added t o  t h e  c r a f t  t i m e  values  i n  order  t o  determine the  t o t a l  

allowed t i m e  €o r  any given task .  A nomograph is  normally used i n  e a s i l y  

adding such allowances. D i f f i c u l t i e s  i n  expla in ing  use of t h e  nomograph 

o u t s i d e  of a formal classroom s e t t i n g  preclude such explana t ion  fa r  

purposes of t h i s  enclosure.  

C. A s  an a l t e r n a t e  t o  the  nomograph, a mathematical procedure €or 

t h i s  a p p l i c a t i o n  of EPS c r a f t  de1z.y al lowances,  t r a v e l  times and j o b  

p repa ra t ion  times is provided by attachment ( A ) .  Addi t iona l ly ,  a t t ach -  

ment (A) provides  the appropr i a t e  EPS c ra f t  de lay  allowances and job 

prepa ra t ion  t i m e s  f a r  c r a f t s  normal.ly involved i n  washing and relamping 

f i x t u r e s I  

D. Several  examples of c a l c u l a t i o n s  using t h e  mathematical proce- 

dure f o r  the  nomograph are provided by attachment (B).  

TI. C r a f t  T i m e  

A. Wash Light  F i x t u r e s  (Based an NAVFAC P-706.0, J a n i t o r i a l  

Handbook) -Washing inc ludes  disassemble (where p o s s i b l e ) ,  c l ean ,  d ry  

and reassemble f i x t u r e s  a t  8' height .  Washing involves  removing and 

r ep lac ing  t u b e s / l i g h t  bu lbs  and t h e r e f o r e  o l d  bulbs / tubes  can be 

rep laced  by new ( i n  t o t a l  o r  i n  spots )  with the  only a d d i t i o n a l  t i m e  

needed f o r  material handling of boxes of bulbs  t o  and from the  j o b  

s i t e .  T i m e s  inc lude  necessary travel. wi th in  the  p a r t i c u l a r  bui lding.  

Enclosure (1) 
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1. Fluorescent  

a. S t r i p  l i g h t  (4 f t . ,  1 tube)  
(Based on J T - 8 2 )  

b. I n d u s t r i a l  ( 4  f t . ,  2 tube)  
(Based on JT-83) 

.0363 h r s . / f i x t u r e  

.0848 h r s . / f i x t u r e  

c. Finned louver  

( 1 )  (4  f t . ,  2 tube)  -1399 h r s . / f i x t u r e  

( 2 )  ( 4  f t . ,  4 tube)  or  (8 f t . ,  2 tube)  .I695 h r s . / f i x t u r e  

(Based on JT-84) 

(Based on JT-85) 

d. Recessed (4 f t . ,  4 tube)  o r  .1364 h r s . / f i x t u r e  
(8  ft., 2 tube) (Based on J T - 8 6 )  

e. Egg c r a t e  ( 4  f t . ,  4 tube)  o r  .1916 h r s . / f i x t u r e  
(8 f t . ,  2 tube)  (Based on JT-87) 

2. Incandescent 

a. Vapor or  explos ive  prooE 

( 1 )  Without shade 

( 2 )  With shade 

(Based an JT-88) 

(Based on JT-89) 

.0409 h r s . / f i x t u r e  

.0886 h r s . / f i x t u r e  

b. Open g l a s s  globe (up t o  300 wat ts)  .0455 h r s . / f i x t u r e  
(Based on J T - 9 0 )  

c. ULM open (warehause/storage a r e a ,  porce la in  shade) 

(1) I n  place .0477 h r s . / f i x t u r e  
(Based on JT-91) 

( 2 )  Removable shade 
(Based on JT-92) 

3 .  Combination ( 1  mercury vapor and 
3 incandescent)  (Based on JT-93) 

.0572 h r s  . /f  i x t u r e  

.lo88 h r s . / f i x t u r e  

4 .  Each occasion f o r k l i f t  t ruck  is used add .0346 h r s . / f i x t u r e  
(Based on JT-80) 

5. Each occasion ex tens ion  ladder  is used add .0480 h r s . / € i x t u r e  
(Based on J T - 8 1 )  

B. Relamp Light  F ix tures  (Based on NAVFAC P-703.0, E l e c t r i c a l  
Handbook) - f o r  work at  one bui ld ing  ( o r  j o b s i t e ) :  
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1. Fluorescent 

a. Standard; glass diffused type (Based on GT-280) 

1 tubel f  ixture :r -0374 hrs./fixture 
2 tubeslfixture s -0435 hrs. /fixture 
3 tubes/f ixture :3 -0496 hrs ./fixture 
4 tubeslfixture s .0557 hrs./fixture 

b. Standard; open reflector type (Based on GT-281) 

1 tubelfixture -I - .0294 hrs./fixture 
2 tubeslf ixture -_ -* .0355 hrs./fixture 
3 tubesffixture I -- .0416 hrs-/fixture 
4 tubeslfixture s -0477 hrs./fixture 

c. Vapor sealed type (Based on GT-282) 

1 tube/f ixture = . O M 7  hrs./fixture 
2 tubes/fixture - - .0748 hrs./fixture 
3 tubeslfixture - - .0809 hrs./fixture 
4 tubes/f ixture - - -0870 hrs./fixture 

d. Each occasion forklift truck 
is used add .0346 hrs./fixture 
(Based on JT-80 of P-7"36.0) 

e .  Each occasion extension 
l adde r  is used add .0480 hrs./fixture 
(Based on JT-81 of P-70.0) 

2. Incandescent 

a. 

b o  

C .  

d. 

e. 

f. 

Explosion-proof (up to 300 watts) = .0391 hrs./bulb 
(Based on GT-283) 

.0342 hrs./bulb 
(Based on GT-285) 

.0303 hrs./bulb 
(Based on GT-286) 

.0527 hrs./bulb 
(Based on GT-287) 

Open reflector (up to 300 watts) = .0252 hrs. /bulb 
(Based on GT-288) 

With bulb changer (up t3 750 watts) 

( 1 )  9' changer - - .0221 hrs./bulb 

(2 )  18' changer - - .0294 hrs./bulb 

-0368 hrs. /bulb 

- Frosted globe (up to 300 watts) I 

Vapor proof ( ~ p  to 300 watts) - 

Flush mounted (glass diffused) - 

- 

I 

(Based on GT-289) 

(Based on GT-290) 

(Based on GT-291) 

- (3 )  27 '  changer - 
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3. Floodlamps on 60' t o  80' tower = .2280 hrs. / tower + 
(with ex tens ion  ladder )  .a384 hrs./box of bulbs $. 

(Based on GT-292) -0276 hrs . /bulb 

4. Floodlamps on poles  or bu i ld ings  = -1646 hrs , /bu lb  
(with bucket t ruck )  
(Based on GT-293) 

C. Material Handling (Reference NAVFAC P-701.0, PWA-5-1): 

1. To inc lude  an apprap r i a t e  amount of material handl ing t ime,  
assume one m n  carries one box of l i g h t  bulbs  o r  tubes at  a t i m e  and 
c a l c u l a t e  based on t h e  fol lowing f i g u r e s  : 

.069 hrs./box of bulbs where: N o .  of boxes of bulbs = 

No bulbs  
No. bulbs /box 

2. Material handling times should be added d i r e c t l y  t o  the  
c r a f t  time. The .069 hours value inc ludes  loading box of bulbs  on 
t ruck ,  rear range  and unload a t  job  s i te ;  and load old bulbs on t ruck ,  
rear range  and unload a t  shop; and walk a t o t a l  of 360 paces. 
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MATHEMATICAL PKOCEDURE FOB APPLICATION OF EPS 
CRAFT DELAY ALLOUANCES, TRAVEL TIMES, AND 
J O B  PREPARATION TIMES TO EPS CRAFT TIMES 

I. Mathematical  Procedure 

0 Tota l  allowed working t i m e  ;= t o t a l  c r a f t  time x c r a f t  de lay  allowance 
f a c t o r  where craf t  de lay  allowance 
f a c t o r  = 1 +- % c r a f t  delay allowance. 

100 

0 Avai lab le  working t i m e  p e r  man per  day = 

8 h r s .  - t r a v e l  t i m e  - job prepa ra t ion  t i m e  c r a f t  de lay  
day day day allowance f a c t o r  

a Number o f  days requi red  f o r  allowed working t i m e  = 

T o t a l  allowed working time 
Avai lab le  working t i m e p e r  man per day x (#  men). 

0 Number of round t r i p s  = 1 f o r  f i r s t  ha l f  day f 1 f o r  each whole day 
t h e r e a f t e r  + 1 f o r  t he  remaining f r a c t i o n a l  day (assumes average 
j o b  s t a r t i n g  time t o  be 12 noon). 

8 Tota l  ad jus t ed  t i m e  = t o t a l  allowed working t i m e  + (C round t r i p s )  x 

allowance f a c t o r  ’ 1 t r a v e l  t i m e  job prepa ra t ion  t i m e  c r a f t  delay 
X 

day 
(no. men) x 

11. Appropriate  Craft  Delay Allowance and Job P repa ra t ion  T i m e s  f o r  
Washing and Relamping F i x t u r e s  

A. J a n i t o r i a l  Cra f t  Workers ( f o r  c leaning  jobs ) :  

1.  C r a f t  Delay Allowance -- 13% 

2. Job P repa ra t ion  Time = .2 hrs .  per  man per day 

B.  Electr ical  Craft Workers ( f o r  relamping j o b s ) :  

1. C r a f t  Delay Allowance =: 212 

2. Job P repa ra t ion  Time = .3 hrs. p e r  man per  day. 

Attachment (A) 
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EXAMPLES OF APPLICATIONS OF EPS CRAFT DELAY ALLOWANCES 
TRAVEL TIMES, AND J O B  P!W,PARATION TIMES TO EPS CRAFT 

TIMES FOR WASHING AND RELAMPING LIGH'T FIXTURES 

I. Washing Light  F i x t u r e s  

Two J a n i t o r i a l  c r a f t  workers wash 460 recessed  4 f t . ,  4 tube 
f luo rescen t  f i x t u r e s  i n  one bui ld ing  (round t r i p  t r a v e l  t i n r e  = .45 h r s . )  

e C r a f t  t i m e  = *1364 fixture hrs* x 460 f i x t u r e s  = 62.744 hss.  

e Tota l  allowed working t i m e  = 62.744 hrs .  x 1.13 = 70.9 hrs .  

a Available  working t i m e  p e r  man per day = 8 - .45 - -226 = 7.324 hrs .  

= 4.84 
70.9 

7.324 x 2 men 
@ No. of days = 

Q Xo. of round t r i p s  = 6 per man 

d Tota l  ad jus ted  t i m e  = 70.9 f 6 x 2 x (.45 + .226) = 79.0 hrs. 

IT. Relamping Light  F ix tu res  

'rwo e l e c t r i c a l  c r a f t  workers relamp 60 Standard (g l a s s  d i f fused  
type)  f luo rescen t  f i x t u r e s  ( 4  t u b e s / f i x t u r e )  i n  one bui ld ing .  (Round 
t r i p  t r a v e l  t i m e  = .45 hours) .  10 tubes  per box. 

.0690 hrs.x 1 box 
box 10 tubes  

Craft  t i m e  = fixture hrs* x 60 f i x t u r e s  +- 

4 tubes 
f Sxture 

x 60 f i x t u r e s  x -- = 4.998 hrs .  

T o t a l  allowed working t i m e  4.998 hrs .  x 1.21 = 6.05 h r s .  

Avai lable  working time per  man per day = 8 - -45 - .363 = 7.187 hrs .  

= .4207 6.05 
-7.187 x 2 men No* Of days e 

Number of round t r i p s  = 1 per man 

Tota l  ad jus ted  t i m e  = 6.05 + 1 x 2 x (.45 3- .363) = 7.7 h rs .  

Attachment (B ) 
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