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Narrative

Enosburg BRO 1448(40) is a Bridge Replacement Project on the Boston
post Roal at the ir$ersection with the Tyler Branch Road in the Town Of
Enosburg Vermont.

The Project is being administered by the Vermont Agency Of
Transportation and is included in the Accelerated Bridge Program.

The Contract has an INCENTIVEIDISINCENTIVE clause with an

allowable Bridge Closure Period of 28 consecutive calendar days. During

the Bridge Closure Period, the Contractor is allowed to work 24 hours per

day,7 days per week, including holiday periods.

Night work will be allowed during the Bridge Closure Period with these

requirements:
-Night \Mork shall be performed in accordance with the National

Cooperative Highway Research Program, Report 476,"guidelines for the

design and Operation of Night time Traffic Control for Highway

Maintenance and Construction".
-Prior to beginning night work, the Contractor shall design a lighting

system and present it to the Engineer for approval.

-The designed lighting system shall be mobile, shall be mounted

separately fromtther construction equipment, shall illuminate the entire

work area to daylight intensity with minimal glare, ffid shall be a

surrounding design that minimizes shadows in the work area as much as

possible.

A.L. St. Onge's Plan is to concentrate on one abutment at a time and the

time may come to work after dark in order to finish a particular project.

Two- 4K Wacker Light Towers will be employed at Abutment 1 or

Abutment Z as detaiGa. ffr. towers will be raised, the luminaires willbe
aimed such the center of the beam axis is no greater than 60 deg above the

vertical (straight Down), and the luminaires angled toward the work and

raised to the 30'max.
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The LTN series of narrow body light towers are ideally suited

for illuminating general iob sites, site prep, contrete pours,

specialty events, paring lots road work and bridge work' A 30-

,oot adjustable tower rotates 360 degrees for optimum lighting

fiexibility. Quiet operation, the quietest in its class with sound

levels as low as 67 dB(A) ai 23 feet. olfers maximum versatility

for almost any applications. Large fuel tank allows for

continuous lighting/run time.

. Elliptical iight fixtures offer excollent job site

illumination that is diffused and more unifom without

the harsh spotlight efiect of standard light fixtures.

. Lockable impact resistant plastic dmrs are rust and

dent proof. Full-length doo6 also provide maximum

accessibilitY for easY seruicing.

" Four-pointjack stands provide for easy leveling,

stabitity on uneven terrain and superior wind stability'

. Mast-mounted base winch can be cranked while the

operator is standing (eliminates bending) for improved

erqonomics and easy operation. Some models feature

dual power winches for quick set-up.

. Futly eqsipped highway-ready trailer offers a 2-inch ball

hitch, 13-inch tires, fourties downs, DOT lighting, VIN

number and chains.

please note that product availability can vary from country to countn/. It is possibie that information I products may not be

available in your country.

hup://www.wackerneuson.us/en/products/detail/1ight-towers-2llight-towers-nalrow-body.h... 4l24l2au
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o Part Number:

o Paft Title:

o Subpart:

o Subpart Title:

o Standard Number:

o Titlel

1926

Safety and Health Regulations for Construction

D

Occupational Health and Environmental Controls

1926.56 ru

Illumination.

1926.56(a) tzt

General. construction areas, ramps, runways, corridors, offices, shops, and storage areas shall be lighted to not less than the minimum

illumination intensities listed in Table D-3 while any work is in progress:

TABLE D-3. MINIMUM ILLUMINATION INTENSMES IN FOOT-CANDLES

Foot-Candles I Area of Operation

5.............
3.-...........

General construction area lighting.

General construction areas, concrete placement,

excavation and waste areas, access ways, active

storage areas, loading platforms, refueling, and

field maintenance areas.

Indoors: warehouses, corridors, hallways, and

exitways.
Tunnels, shafts, and general underground work areas:

(Exception: minimum of 10 foot-candles is required

at tunnel and shaft heading during drilling,

mucking, and scaling' Bureau of Mines approved cap

lights shall be acceptable for use in the tunnel

heading)

General construction plant and shops (e.9., batch

plants, screening plants, mechanical and

electrical equipment rooms, carpenter shops,

rigging lofts and active store rooms, mess halls,

and indoor toilets and workrooms')

First aid stations, infirmaries, and offices'

5,.......,....

5.............

10...........

30...........

other areas. For areas or operations not covered above, refer to the American National standard A11.1-1965, R1970, Practice for

Industrial Lighting, for recommended values of illumination'

NOTE: OSHA is a minimum. Alternately, 30 to -50 footcandle is a higher range, based on the llluminating

Enoineerino Societv of North America (iES) pr t€cofflffieodations for office areas and tasks.

Emergency Stair Ways and Egress Routes

IBC SECTION 1006 MEANS OF EGRESS ILLUMINATION

1006.1 lllumination required. The means of egress, including the exit discharge, shall be illuminated at all times

the building space served by the means of egress is occupied'

http://ledlightingmanagement.com/led-lighting-management/print/content/osha-minimum-1... 412312014



HGHHP
FTEPOHT 475-

Guidelines for Besign and
0peration of l[ighttime

Iiaffic Gontrol for Highuuay
Maintenanse and Gonstruction

TRANS Po RTAT ro I:I5: *ffill L?#3



62

between the two. Inspection staff should periodically attend

cantractot sessions to onsure that the oontractor is making a

reasonable effort to train inspection staff and other represen-

tatives of the owner agency' From time to time, special ses-

sions may be conducted that can benef,rt all project staff'

including inspectors' Attendance at such sessions helps to

develop an overall project awareness and dedication to safety'

2.9 LIGHTING REQUIREMENTS

Previous research has shown lighting to be one of the most

important factors in nighttime construction' Safety in the

**k ,ona, quality of work, and morale of workers are all

directly related to work zone lighting. The requirements for

lighting are determined by the visibility requirements of the

*o.t"it and motorists using the area' Factors that must be

considered in defining lighting requirements were summa-

rized in the final repott for NCHRP Project 5-13 ( 38)' Stated

briefly, for any given observer with a deflned visual ability'

the smaller that the object to be seen is and the less contrast

the object has with its background, the more light is needed

for adequate visibility. Also, the presence ofglare degrades

visibility while bright ambient conditions improve visibility'

Lighting requirements are most easily defined in terms of
illuminance, which is the amount of light falling on a surface'

Illuminance is measured in either footcandles or lux' Illumi-

nance may be increased by increasing the intensity of a light

source, increasing the number oflight sources, or decreasing

the distance ofthe light sources from the surface area' (See

Tech Note 47.)

The system advanced by Ellis et al' was to categorize the

majority of highway and bridge maintenance tasks and to

assign a minimum level of illuminance to each category (38)'

Given this knowledge concerning how much light is needed

in different locations of the work area, a lighting design can

be identified that provides the required photometrics'

Appropriate lighting fixtures must be selected, and the

appropriate location, arrangement, and spacing must be deter-

mined to achieve the required illuminance levels' This infor-

mation should be included in the lighting plan discussed in

Section 3.4. Inspection methods that may be used to determine

whether the installed system meets the photometric require-

ments ofthe design and plan are discussed in Section 3'2'

This section addresses the amount of lighting that is

needed in specific work areas and for different work tasks' It
also provides a general discussion of methods that may be

used to achieve these levels and the limits and methods

required to provide adequate control ofglare"

Anyone responsible for developing a lighting plan for night

construction work should be knowledgeable in photometrics

and vision and should consult the final report for NCHRP

Project 5- l3 ( JS) and the IES Lighting Handbook {40) *om

which these guidelines were developed'

2.9.1 Glassification of lllumination
Requirements bY Task

Lighting should be adequate to provide the minimum level

of illuminance required in different work areas and for dif-

ferent tasks. Each area, task, or both must therefore be cate-

gorized as to what level of lighting is required:

. Level 1. This level of illuminance is recommended for

the general illumination of all work operations by con-

tracior's personnel in areas of general constnrction

operations, including layout and measurements ahead of
the actual work, excavation, cleaning and sweeping,

landscaping, planting, and seeding. Work areas, such as

stockpiLs, are illuminated to Level I to enhance safety

and improve work effrciency (see Figure 27)' This level

of illuminance is primarily important in areas where

crew movement may take place and is limited to tasks

requiring low accuracy, involving slow-moving equip-

ment, and having large objects to be seen' Level I illu-

minance should also be provided at the area oflane or

road closures continuously throughout the period ofclo-

sure, including the setup and removal of the closures'

(See Tech Note 48')
This level of illuminance should also be provided dur-

ing the setup oflane closures or road closures installed in

coirjrrn"tiott with nighttime construction operation and

should Ue maintained until the closure is removed' Such

lighting should be used at the ac$al points of closure'

iti.toOing the lane closure tapers. Level I illumination is

required in the taper, since work crews will be in this area

during setup and takedown and the potential always

exists that a worker will drift into this area for some

unplanned reason. Leaving the area without minimum

illumination creates an unsafe situation, as workers need

to see obstacles when they move into this area' Also, the

taper is where there is the greatestuncertain$ aboutpath'

urrd d.ir". expectancies will often be violated' Level I
illumination will provide some additional protection

against impaired drivers, allowing them to see workers

Figure 27. Remote area illuminated ta Level L



and avoid this area during setup and takedown' Lighting

need not be required throughout the entire lane closure'

except as required at active work sections (41)'

Wiether or not the taper should be lit at times other

than setup and takedown depends, in part on the light-

ing characteristics ofthe sections adjacent to the taper'

Tie concern here is the possible creation ofa transient

adaptation effect. That is, as a driver traverses a brighter

,""iio, of roadwaS the eye adapts to that illumination

level. Upon going into a darker area, it takes the eye a

short period of time to adapt to the lower level of illu-

mination. During the adaptation period, the visibility of
objects is reduced' Because, as mentioned, the taper is a

transitional area for the driver, any situations that pro-

duce reduced visibility should be avoided {42)'
. Level II. This level of illuminance is recommended for

areas on or around construction equipment' This level

of minimum illuminance is necessary both for safety in

operating equipment and for attaining an acceptable

level of accuracy. Asphaltpaving, milling, and concrete

placement and removal are examples'
. Level III. This level of illuminance is suggested for

tasks requirin g a higher level of visual perfotmance ot

for tasks with a higher levet of difficulty' Pavement or

stmcfural crack and pothole filling, joint repair, pave-

ment patching and repairs, installation of signal equip-

ment tr othei electrical or mechanical equipment, and

other tasks involving fine details or intricate parts and

equipment require Level III illuminance'

2.9.2 lllumination Criteria

Luminaires should be of sufficient wattage and quantity to

provide an average maintained illuminance equal to or

greater than the following:

r Level I: 59 lux (5 footcandles),
. Level II: 108 lux (10 footcandles), and

. Level III: 215 lux (20 footcandles).

Although most tasks require maintenance of horizontal illu-

minationJome tasks (such as bridge painting, concrete and

steel repairs on bridges, and wotk on overhead sigrs and sign

structuies) require that vertical illuminance be maintained'

Horizontal llumination refers to measurements made with

tle photocell parallel to the road surface' For purposes of
,*d*uy lighting, the photocell is placed on tle pavement'

Verticai ittumination refers to measurements made with the

photocell perpendicular to the road surface' Vertical mea-

,or"*"rrt. ."[.rire that the direction and the height above

ground be specified' See Tech Note 47'

2.9.3 Paving and Milling Operations

For paving and milling operations, including bridge decks'

New *ork Slate requires Level II illuminance 15 m (50 ft)
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ahead of and 30 m (100 ft) behind the paving or milling

machine. Although these distances have been found appro-

priate by New York, other distance boundaries may be

acceptable (41).

In addition, New York State recommends Level I illumi-

nance for a minimum of 120 m (400 ft) ahead of and 245 m

(800 ft) behind the paving or milling machine, or for the

entire area of concrete placement or pavement work if less

than this distance. This area is extended as necessary to incor-

porate all vehicle and equipment operations associated with
-the 

paving operation' The only exception to the requirement

for LveiI illuminance throughout the area of construction

operations is that finish rollers will work beyond the area of

Level I illuminance using floodlights mounted on the roller'

This exception is necessary because, given the length of time

pur."*"oi*ry take to cool, the finish roller may drop farther

ih*tZqS m (800 ft) behind the paver (41)'

In the night paving project in Figure 28, portable light tow-

ers througioui t}e work area provide Level I illumination'

Floodlights on the paver and rollers supplement the towers to

provide Level II illumination at the paving operation'

The New Jersey DOT has developed specifications to

mount luminaires on paving equipment to achieve Level I and

II illumination. The DOT reports good results with equipment-

mounted lighting to meet these levels (43).

2.9.4 UniformitY

The uniformity of illuminance, defined as the ratio of the

average illuminance to the minimum illuminance over the

work area, should not exceed 10:1, with 5:1 being more

desirable (38,41).

2.9.5 Glare

The eye reacts in two distinct ways to the presence of glare'

One reaction is described as discomfort glare' This reacfion is

Figure 28. Level I and II illuminance at a nighttime

paving proiect.
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measured subjectively and has no direct effect on vision' Dis-

comfort glare may, however, result in fatigae thatmay have a

deleterious effect on vision. The other reaction ofthe eye to

gt*. i* refened to as disabling glare' Disabling glare results

f,om light scatter within the eye that effectively- reduces con-

t u.t uriO, therefore, visibility of objects' Disabling glare is

measured in terms of veiling luminance in units of candela per

square meter. Because the sensation ofglare is related to the

adaptation of the eye, the Illuminating Engineering Sociefy

ifni; nas set the criteria for glare in terms of the ratio of veil-

ing luminance to pavement luminance under the assumption

thit pavement luminance controls the level of driver adapta-

tion. The IES recommends that veiling luminance be no

greater than a third of average pavement luminance' There-

iore, in well-lit areas where the level of pavement luminance

is high, a higher level of glare becomes tolerable {40' 44)'

2.9.5.1 Principtes for Controlling Glare

The most direct way to minimize glare is to locate the lumi-

naire so that the axis of maximum candlepower is located

away from the most critical line of sight of motorists- Critical

lines of sight would inctude looking at the road ahea{ read-

ing signs,-and observing directions from flaggers' Three fac-

tois aifect the angle between a luminaire's beam angle and

the normal lines of sight, and all three factors interact with

each other. These factors are the distance between the viewer

and the luminaire, the height of the luminaire relative to the

observer distance, and the direction in which the luminaire is

aimed. As mounting height is increase{ the angle drawn

from the light source to any point on the road surface within

the work aiea decreases. The greatest candlepower from the

luminaire is thus directed to the work zone, and reduced

candlepower is directed to the travel lanes ('38)'

2.9.5.2 Methods to Minimize Glare

At a minimum, the following requirements must be met to

avoid obiectionable glare on roadways open to traffrc in either

direction:

. Tower-mounted luminaires should generally be aimed

either parallel or perpendicular to the roadway'

. All luminaires should be aimed such that the center of
the beam axis is no grcater than 60 deg above the verti-

cal (straight down).
. None ofthe luminaires shouldprovide aluminous inten-

sity greater than 20'000 candela at an angle of 72 deg

above the vertical ($traight down)'

Luminaires vary in beam pattems' By selecting a cutoff

luminaire, a greater proportion of candlepower may be directed

to the work area and glare reduced' (See Tech Note 49')

Several agencies have reported using a tethered balloon

with a 4,000-watt halogen light source to get both portability

and the luminaire height needed to control glare' This tech-

nology is capable of reaching Level II illumination within

a 201m (65-it) radius (see Figure 29)' Information may be

obtained at www.airstarJight.com.
In some caseso it may be impossible to control glare with

the physical installation of the luminaire itself' For example'

it mav Ue impossible to get sufficient mounting height given

restrictions on where poles may be located'

Glare aimed at oncoming traffic with shadows and nonuni-

form illumination within the work space may result if portable

light towers are not fully extended, with the luminaires aimed

atleast 30 deg below horizontal (see Figure 30)'

Even when the lighting design is very successful in con-

trolling glare, there may be a few locations where glare may

still ne-ed to be controlled. In these cases, it may be possible

to mount shields, visors, or louvers on the luminaire itself

or to use glare avoidance screens or barrier walls to protect

workers aid motorists from glare' One agency reported using

glare screens of 70-percent shaded cloth or plylvood'

Figure 29. Light balloons attached to pavers and other

equipment.

Figure j0. Glare aimed at oncoming traffic'
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2.9.6 Gonfiguration of Lighting System

Existing street and highway lighting may not eliminate the

need for additional lighting ofthe work zone' Before the light-

ing system can be designed and a layout created, the user must

.hoor" u,rottg lighting systems based on temporary, portable,

or mobile equipment. The choice amoog fhese systems is a

function of cost, efficieocy, power requirements, and ability

to satisfu minimum requirements while controlling glare'

Consideration should be given to the amount of illumination

providedby existingfixed lighting in deterrnining the wattage,

quantiff, or both of lights to be provided- Whenever existing

dxed liehting is contributing to the work zone lighting, this

contribution must be included in the lighting plan'

2.9.6. I Temporary SYstems

Temporary systems are used to light an entire work zone

area. They use existing or temporary poles to mount luminaires'

Temporary systems allow luminaires to be uniformly spaced at

relatively high mounting heights that result in a uniform light-

ing with low glare. This type of system maybe cost-effective

when it is to supplement an existing fixed lighting system,

when the work activity will last a signif,cant period, or both'

2.9.6.2 Portable SYstems

Portable systems integrate the luminaire, power supply, and

pole into one fixture that can easily be moved from one loca-

ton to another. Portable systems may consist of either ground-

mounted or trailer-mounted light towers. Portable hailer-

mounted light towers can be easily transported throughout the

project (see Figure 31), as well as easily raised into position

at the work site (see Figure 32). Light towers may also be

affixed to paving machiles, finishing machines, and milling

machines. Although easy to operate and maintain, these sys-

tems often provide more light than needed, which reduces

their cost-effectiveness. Spacing and positioning of these

devices tlpically results in very nonuniform illumination,

which, together with the low mounting height, often results

in a severe glare hazard.
If these systems are the pimary means of illumination,

they are required to provide Level I illuminance throughout

the work area. They must then be supplemented as necessary

by equipment-based systems to provide Level II and III illu-

minance where it is needed'

2.9.7 Mobile Equipment'Based Systems

Mobile equipment-mounted systems generally do not con-

form to anycriteria that may be used to calculate expected

illuminance levels. As such, they should not be relied upon

for the primary lighting for areas or tasks requiring Level II

or III lighting. All consffuction equipment-including rollers,

Figure 31 . Portable trailer-mounted light tower being

transported throughout the proi ect.

backhoes, loaders, and other equipment*-operating in work

areas not illuminated to a minimum of Level I illuminance

must be equipped with floodlights that provide a minimum of
I fc (10.S lux). Construction equipment that operates solely

in areas illuminated by tower lighting that meets the minimum

lighting requirements do not require floodlights (4/)'
When being driven beyond a lighted work area, slow-

moving equipment, such as pavers and milling machines,

require a minimum of 1 fc (10.8 lux) for a distance up to 5 m

(15 ft) in the direction of travel- Fast-moving equipment-
such as backhoes, loaders, motor graders, or rollers-requires

this level of illuminance for up to 20 m (65 ft) in the direc-

tion of travel. These requirements do not replace the mini-

mum illuminance requirement for each specific task (38)'

2.9.7. 1 Supplemental Lighting

Equipment-mounted systems may also be advantageous to

increase the level oflighting from Level I to Level II or III
(see Figure 33). Illumination immediately in front of and

behind a paver is often improved by this type of lighting'

Also, a supplemental luminaire may be mounted on a vehi-

cle and moved from joint to joint in pavement repair opera-

tions to increase illumination to Level II or III'

2.9.7.2 Mounting

Suitable brackets and hardware must be provided to mount

lighting fixtures and generators on machines and equipment'

t tounti.tgt should be designed so that light fixtures can be

aimed and positioned as necessary to reduce glare and provide
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Figure 32. Portable trailer-mounted light tower raised

into position at the work site.

the required illuminance. Mounting brackets and fixtures

should not interfere with the equipment operator or any over-

head structures and must provide for secure connection ofthe

fixtures with minimum vibration'

2.9.7.3 Headlights

Whether or not floodlights are provided, all construction

equipment must be equipped with conventional vehicle head-

tighis to permit safe movement in nonilluminated areas' Head-

liihts shtuld not be permitted as the sole means of illumina-

tion while working.

2.9.7.4 Advantages

Equipment-mounted lighting may offI a.nynber of advan-

tages wtren compared with area floodlighting (38)' These

advantages include the following:

Figure 3j. Supplementalflood lights mounted on

equipmenl.

, There can be high-intensity illumination on the work

plane.
. the positioning of lights betwesn operator and task elim-

inates shade.
. The operator can adjust light to direct high-intensity

illumination where needed.

. The rate of nighftime work can approach the daytime

rate.
. The equipment can be operated independently ofgen-

eral illumination.
. The possibility of general shutdown of work due to

failure of lighiing and power-generating equipment is

minimized.
. The need for equipment such as floodlighting trailers

and generators ii minimized, thus eliminating time and

laboi spent in transporting and erecting such equipment'

2.9.8 Lighting EquiPment

Guidelines for the selection of lighting equipmentto meet

the photometric requirements of a project are discussed in the

finai report ofNCHRP Project 5-13 (3S) and are not covered

in detail here. Lighting equipment includes the luminaire; the

lamps that it houses; and the poles, mast arms, wiring' and

other hardware neces$ary for installation' Knowledge of the

fundamental characteristics of lighting equipment and the

photometric characteristics that result is essential for success

in designing any lighungsystem' Prior to designing any sys-

tar.r, ."-pr"rl"otatives of equipment manufacturers should be

.onia"ied to obtain the most recent information conceming

current products and their photometric output (38)'

2.9.8.1 Fuel

The fuel tank capacity and the availability of fuel on-site

must be sufficient to permit unintemrpted operation of all

portable generators used to fumish adequate AC power to

operate al-l required lighting equipment throughout the com-

plete night shift.

#



2.9.8.2 Electrical

Adequate switches mustbe provided,to t-*ttollht various

flgitr. Aff *i.ing must be weatherproof and installed accord-

io! to to.ut, state-, federal, and OSHA requirements' All power

.oL.., must be equipped with a ground-fault circuit inter-

rupter to prevent electrical shock'

2.9.9 Photometrics

Photometric characteristics are largely determined by the

luminaire. Some type of cutoff luminaire is highly recom-

mended to shield the light source above some minimum verti-

,ui urgt. and, therefore, reduce glare, although there may be

situatiins where it is not essential' A briefdiscussion ofphoto-

metrics and measurement methods is given in Tech Note 50'

2.9.10 Lighting Design Process

A procedure for developing a lighting plan for night con-

st ociion is illustrated using the project represented in Figure

NWTA-7 in APPendix A'

2.9. 10. 1 ExamPle Problem

The work area is a fourlane highway with 12-ft (3'6-m)

lanes, 6-ft (1.8-m) shoulders, and no median' The consffuction

"onrlttt 
oi3oiot removal and replacement in a 1'000-ft (305-m)

section of concrete pavement on the two northbound lanes

isf,own Uy ttre shaded region in NWTA-7)' The operation will
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consist of several sequential steps that will progress simulta-

neously from joint to ioint, including ( 1 ) sawcutting the area to

b...-or"d, (2) removing existing material, (3) preparing sub-

base and concrete surfaces, (4) placing and finishing new con-

crete, and (5) sawcutting and sealing new joint' Guardrail has

been installed on the outside ofthe shoulders because ofthe

st..p ernUant ments on both sides of the roadway' which would

not ie suitable for installing temporary lighting' Therefore' the

placement of the light towers is restricted to the shoulders or

the travel lanes within the work area'

2.9. 1 0.2 ExamPle Solution

In most cases' especially ifthe conffactor has done night

construction before, the design process will consist of tailor-

iliQil;g equipment that the contractor owns or has rented

to"tt e" n.li *o.k ur"u. This tailoring includes adjusting the

i.igfrt,tp*i"g, tilt, and fixture locations to meet the illumi

,rii", 
"tia 

gl# requirements discussed in Sections 29'1 and

2.9.5. For ihit 
"xample, 

it is assumed that the contractor

"i.."Ov 
owns portable light towers that can adjust from 12 ft

io :O't in height with 1,000-watt, metal-halide lamps

iMHi OOOI and a 
-National 

Electrical Manufacturers Associa-

iion 6NnMel 6 beam spread. A set of IsoFootcandle diagrams

for Oifferentleight and aiming combinations of the MH1000

a." also available to the contractor' These diagrams' which

exist for different lamp types, beam spreads' heights' and tilt'

"un 
orl.rutty U. oUtainea from the lamp manufacturer (see Fig-

ure 34).
ttre fotlowing steps illustrate the procedure used to deter-

mine the numbe-r oflight towers required, their location' the

number of lamps per tower, and their height and aiming'

MH1000 USht, NEMA 6, gO feef ffigft' Aimed 45 Deg' frorn Horizontal
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Figure 34. IsoFootcandle diagram'
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2.9. 1 0. 3 ldenti.fy the Recommended

Lighting Levels

Joint removal and replacement is an activity that requires

a visual task of small sizes. According to Tech Note Table 3,

at least 20 fc should be provided at the joint locations during

concrete placement, finishing, and cutting of the new joints'

The remainder of the 1,000-ft section should be lighted with

5 fc for worker movement and general safety' Road closures

and tapers should also be illuminated with 5 fc for worker

safety during setup and takedown and for aiding drivers who

may be uncertain of which path to take'

2.9.10.4 Assess the Work Zone

and Surrounding Area
and Select Possible Tower Locations

As the problem states, guardrail has been installed outside

of each shoulder because of the steep banks on both sides of
the roadway. With this restraint, along with the suggestion in

Section 2.9.5 ta aim the lights either parallel or perpendicu-

lar to the direction of motorist travel, there are tbree plausi-

ble locations for the towers: (1) on the right shoulder aimed

perpendicular, parallel, or both to the travel lanes; (2) on the

ieflshoulder aimed perpendicular to the travel lanes; or (3)

within the two closed lanes on the upper and lower boundary

of the 1,000-ft concrete section and aimed parallel to the

direction of travel.
Light towers on the left shoulder would have to project

or", u lu.ga distance because they are located far away from

the work area. Towers within the lanes aimed parallel to the

motorist travel not only would have to poject over a large

distance, but also may get in the way of workers and equip-

ment. Therefore, the most desirable location would appear to

be the right shoulder. If lights on the right shoulder alone do

not meei the illumination requirements, the other locations

may need to be used. Towers on the right shoulder should

also be sufficient for lighting the road closures and tapers'

2.g.10.5 Determine the Mounting Height

and Aiming Points

Most portable light towers have an adjustable mounting

height ranging from about 12 ft to 30 ft and lights that can be

aAiea at any angte (ranging from 0 deg to 90 deg from the

horizontal). Tho IsoFootcandle diagrams discussed earlier

should be used to choose the right combination ofheight and

tilt. The diagrams show two common patterns: (1) for a given

lamp size and tilt, the horizontal illumination will increase as

the mounting height decreases and (2) for a given lamp size

and height, ihe maximum horizontal illumination observed

increases as the angle from the horizontal increases'

Because the light towers will be on the right shoulder-

aimed perpendicular, parallel, or both to the travel lanes-a

height and aiming combination should be chosen that will
p.oUa" at least 5 fc in the area W to 24 ft from the base of
ihe tower (this provision ensures that 5 fc of illumination will
cover both lanes of the work area). For the road closure and

tapet, a height-aiming combination is needed that will also

provide at least 5 fc at the proper spots.

A review of numerous IsoFootcandle diagrams for the

MH1000 indicates that a 30-ft height with one lamp aimed

45 deg from hotizontalwill provide 5 fc out to 50 ft from the

base of the tower in the direction that the center of the beam

is pointed (see Figure 35). For practical putposes' multiple

lamps are usually mounted on each tower and are aimed in

different directions. This placement allows an increased tower

spacing while still providing the proper illumination' For

eiample, if three MH1000 lamps are mounted on a tower,

each aimed 45 deg from horizontal with one pointed perpen-

dicular and two pointed parallel in opposing directions, the

IsoFootcandle diagrams can be overlaid to show that the

tower will have a 50-ft radius of at least 5 fc and a 60-ft radius

ofat least 2.5 fc (see Figure 35)'

2.9.10.6 Choose Tower Locqtions on the Basis

of Spacing and Check Design for Glare

To locate the individual tower locations, the flnal IsoFoot-

candle diagram of the three MHl000 lamps in Figure 35 was

overlaid onto the work area (see Figure 36)' It was determined

that a 110-ft spacing between towers would provide the 5 fc

at all spots .equi."d for worker movement and general safefy'

A portable system with t'wo MH1000 lamps, mounted 30 ft

hi!h, pointed perpendicular to the travel lanes and aimed

OO aeg below the horizontal, should move along with the

work irew and be placed on the riSht shoulder at each joint

to provide the required 20 fc for the joint replacement task'

Aliematively, a balloon luminaire (shown in Figure 29)

could be used to provide the additional lighting at the joints'

Also, as Figures iS *a:O confirm, one tower, placed on the

right shoulder directly across from a road closure and taper,

*Ith tht.. MH1000 lamps mounted at 30 ft and aimed the

e3\

5.Q '\ l

Figure 35, Overlaying IsoFootcandle diagramsfor three

*iiltOOO lamps to obtain a 50-fi radius of 5 fc and a 60-ft

radius of 2.5 fc.


