A. L. St. Onge Contractor, Inc.
P.O. Box 65
Montgomery, Vermont 05470
Tel.: {802} 326-4792 Fax: {802} 326- 4005

JOBSITE LIGHTING PLAN

FARFIELD BRF 0281(25)
FAIRFIELD BRO 1448(41)

NARRATIVE
These Projects are let under 1 Contract. A result of “Project Bundling”, a technique
within the Accelerated Bridge Program. This Lighting System supports both of these
Projects.

These Projects are closed to traffic at the time of Construction and this Light System
need only support activities by the Contractor.

As a requirement of the Contract, Night Time work shall be performed in accordance
with NCHRP, Report 476.

The light towers employed are mobile and not mounted on any other construction
equipment. The light towers will be positioned to illuminate the entire work area to
daylight intensity and minimize shadowing.

Vermont Agency of Transportation

Light Plan Resub 12.24-2014 pa

CK'D BY RK/GW OK'D BY JS
December 15, 2014

RESUBMIT YES Rejected

BY RY DATE 12/24/2014

12/08/2014



69 40 91 133S 133HS  1N0AVY
WOAVATVS T *A8 03XD3HD ¥3LT34NMDY A8 OINOIS30 W0-,02 = o1 :3WIS %
ONVIO3MA Y TAB NMVNO ONNOA 'Y :y30V31 1I3r0ud HIVO¥ddY ON3/N1938 LV S3NIT e 10J50FD SKOIS AVAHOM. QUYQNYAS = SiS £l \ 290 | sywioL “INTI0ND NOISIT 150 HOIS.
¥10Z-0NY-81 31v0 1079 uBP*IPAgGI2IS SINVN 314 ONILSIX3 HILVN OL S3NIT 3903 0z o 02 14 74 s SNYNLA 3HL ONV S133HS ONVONVIS
F ONV 3N T¥3LIN3D M3N LSNrav 1 C ¢ 3K1 NO O3HSINUNA NOILVAEOINI NO Q3SVE
(G2)I820 448 :m3enON 13r0ud 1310N T33HS LNOAV i : ; 031NaM0d 3uv S3ZS 1S0d ‘0134 3HL NI
Q73134IV4  :3nwN 103roud T ' : 03MINY3130 38 OL 3u¥ SHAONIY 1S0d WIS
[ € T I ‘ V
-~ 2p-1 10L-0A X g |1 g0 8 ) 17 G+
2p-1 104-0A X g8 |1 geo| @ 9 14 £6+9I
y[seeferefas| s w._. il .
e | N e oo s (-3 14 L4 IO [FUCE: Y ITVET ¥IBHON NOIS
L69€ *6¥G1251 23 o [ SN y |52 foe [anf S Jyiaf ™ e oY 1S
— i — = un L SNOISN3NQ HINEYNI W
- = = £014°821228:N - w130 NOIS —— s e L] W NoIS s
= = = i—xy = 0000425 V1S R
— | — = 'F = 30d I3NNYHD S 14 .0 0 06 =¥ E
S = ExrmEm = L.
— Dy =) = o 00 "00+1S NOILVLIS T3NNVHI= aN3931 NOIS
=3 = = <> = 00 °GL+91 NOILVLS 3NITINIVN
= e = (dAL)
— ] - = = 111 3dAL INILSIX3 HOLWN
_— —_— = — —— e
—- = <> — _-—— =3 Aa A0k 00 '00+91 V1S 00°62+51 VIS
iy = —> ] = / royd N1038 HOVOuddY
= = — = e = ‘ — 103royd 3 Jv0uddV NI938
= = == — = U t *7714 3NOLS /
= =- ON3 ! ; ! /
. \ /
\ [ / (dAL)
_, e ' J \"lll\ ot
y | f w0-.91 ¥
iy 8 o1 g A 3 \
/ e e s 5 == e H AL o [] 3 TRUE e % l..I..l..|>\
, - r ;
05+61 00461 \ 00+81 / 1 PPt ) — / 00+51 00+71
+ 1 L L ! 1 "
T —— ' - +
J 3 .00 °00,.0.01 N _‘\._.._ Sl e\l !
: : L 1
- = ® ) 4 e —

68°€09 = '9°3

00 '90+L1 V1S [\ v \
390148 ON3 / \ 3 \
6822 '66F 1261 =3 . _ \ o \ 1619°20¥1251=3
1866 °91pL28=N 05°50+L1 VLS f \ S \ L6609 = '9°4 0055 *528928:N
00 '0S+61 VIS ONIEY3E 3 \ 18 \ 00°'29+91 V1S 00 °00+¥ | V1S
304 3NTINIVA \ : \ 350188 NI938 80d NI INIVI
§6LY'25€1251:3 | =
60v8 '€91L28:=N | o \__06°29+91 VIS
00 '00+0S V1S ’ e ONINv3E 3
§0d 13NNVHD ¥ S
/ o
\
N[
"
N|300m
17 00°GI+Ll VIS
LY 00°€5+91 VIS
15 A 17 ¥8°¥6+Ll - 00°pE+LI VIS 1¥ 00'62+L1 - 00'96+31 VIS
o W9 el LY 29°2C+91 - 22°28+G1 VIS 17 00°91+L1 - 00°S6+91 VIS
NO¥JV ONOA3E 358N00 30v3ENS 31VO3HIOV .9 18 00°'0L+91 - 00°2£+31 VIS
7. ONV_NOHdv Q03AVd .0-.G /F 11 00°04+491 - 00°61+31 ViS b 00°05+81 - 00°52+G1 VIS

3A1H0 01314 LONYLSNOD TIVEOYYND 340 TWSOJSSIO OGNV IVAON3Y (378N00) 3NIT MOTI3A b




69 30 ¥ 133HS

[HOLVAIVS I *A8 03nI3HD Y3IL3AENIM Y

ONVI031H4 "X 248 NAVHO
pI02-9ny-8l *3uva 1074

(IF)8rFl 0¥8
Q13134Iv 4

‘111 |19A3] 10 || |9A3] paau

noA op ‘os J| ‘Aouabunuod e

Se paniwgns si Siy) sawnsse

£068 *vi2rpSl =3
609G "9L95£8 =N
10°9€+22 VIS
30d 3NIINIVA

L= === q.v
|“M = —-_ = =
= = Py =
s = g iwwm =
< = <> =
<> | lm
_— - ] f— =
—— al :I-L M EEE— mlllu.
e > " —
= = == = =]
— = P— i reE =
= = = T
f - = 5oz \
ONNDA ¥ :y30v31 LI3roNd 2 WIS \
UG PO 2IS 3NVN 33 e = al 3 , \
133HS LNOAVT \ ,
IM3ENON 13r0Yd \
S oo =0 > \ \
OcC D C S \ \
cC = MRU O / : £282°116€¥S1 =3
pp R | Q = 1152°8p1GE8 =N
" o o nao © o M (@) t \ 00°00+81 ¥1S
T 00 M "~ == 5 3 80d INTINTVA 11 00°02+0Z V1S
Q S 3= S D VW p = 14 00"0S+61 ViS
D =Z= 0 QD wm e ) \ SNS1S G39VAWS ONILD3u3
na 2= =s»z“ .. R y—— 11 00°5¢+02 vis
>S5S a3 0 Q==5 ol s SWO1S NI AON 3
oo Q S = o L1¥ 00°52+40Z - 13 00710402 V1S
5 = s — @ 9168 'OPBERSI =3 L7 00°¥2+02 - L7 00°00+02 V1S
=. O =. o 4 1102 °8825€8 =N L¥ 00°99+6( - L¥ 00°8E+61 VIS
Q 5 5 = 14 .0 .0 06 = V 9298 °200bbS1 =3 48 £9°6hs0l V1S 11.00°99+61 - 11 00 °8b+61 VIS
=2 — 00 "SL405 VIS NVHD 1L1¥ 924668 =N <00 31 BLabl Wis TIVE08VND 40 1¥S0dS10 ONV IVAON3Y
5 Qa = 00 28+61 VIS W 3 00 "00+0§ V1S | o =i 17 00°9p+61 - L1 00°S0+61 VIS
M — s - aan W.m 0d 13NNVHD ; 3 3A180 LONYLSNOD
o = = 111 3dAL 3 .
=~ @ RUU T3 3N0LS @ I I
< 9€56°SEIbKSI =3 : s / ; o
O —. 06.1'1695€8 =N 05°11+02 V1S © . T 0L°21 = 3
O T 350198 ON3 o ‘ 8! yy 2k gL =7
c 2 @ LF 20412 V1S B ‘ : 2 e300 L% I
-, < o =QHY Of *26+02 VIS 00 "52+02 V1S < ' > / Od e By
—_ te 1d 15310 N3 % S e 08} =Y
@ |- S W25 .6V.lE = 0
S 4 0-.91 & WES.Bbolb = ¥1130
o) —— LY - / 1) 3A8ND
_ 4 ; 0- .62 & 4261 = 3
> v T N 17 00°'02+0Z V1S ,9€°68 = 1
) / 4 P Lo TT——_____ lH 00°0S+61 ViS JAL0IS = L
y - , 0009 = ¥
7 i N
— \\ J—- ) ® @ YT J 6€.62.56 = O
= ik <] ul.o .8E.0E.18 = ¥1130
\. (i 8 62€L°L00bYS| =3 i 238N0
T SELL2E8SE8 =N
\________(dAL) 2 ¥9 16°62+61 VIS SANNOd 6v°2 = 3
SLINI1 L03r0de " SQHY vy 11461 VIS y| 0002 8L°95 = 1
2 \ 2z 1d liwn 8982 = 1
A2LVN wlQ \ [LTIRUEE] 00°v91 = ¥
D 2e12 v1S "la L s LR \ 00°05+61_¥iS nl195.bE = O
g oln o | 2201°1285¢88 =N 1537083 NI535 81 .0S.61 = V1130
. % 4 00°00+15 viS | () 3A8ND
& 3 304 TNVRD | 06°L5+61 V1S
2 & 60°69¢ = 94 LL°69€ = 94 \ AY0 Y- 10ad
n O T 5 =MD 0T MU.Q_EN V1S % ¥y, 00°6S+61 V1S \
w. S5 QO m S5 = oug 3 048 3 *1S0d 3INYS 3HLI NO Q3LINNOW 38 1IVHS NOIS
3 O =0 w @) m = ¥, LINIT GVOT Y237 ONV 3NOVd H3BNNN 390148 (1
= c - 4
-— _— —_— =+ &
3 50 S5QQ T . HLON
2 Q = 0 @
wn .
0 D =3 (@ILON SHOIS AVNMOM QUYONYIS * SHS o 99 | stvioL = B et
M (@] id 3S SNVHIA 311 ONV S133HS QUVONVLS
IOVAIVS 3 3AONIY ’ i ] ! I 3HL NO G3HSINENI NOILYANOINI NO 03S¥B
AR i ' ' QILNGNOD 3uV SIZIS 150d "0I313 IHL NI
Lot ) ' ! 03NINEILI0 38 01 3¥v SHION3T 1S0d TVNI4
v3 13 113 P Ad . \
’ r-1 102-0A x Sl "o L 9 ﬂ 17 000202
r-1 102-0A X S 5o ] 9 ﬂ L¥ 0070551
AR EHD
A ) wp wn
s [ wo ils o N HH I e s s
015 | Wil SAUYN3Y e |8 d um. ok "NOLLY LS
13315 38VN0S s Snoisanio YINHYHI N
Wil ¥ $1504 NS AN i3] waN NOIS




Light Towers | Light Towers - Narrow Body | Wacker Neuson Page 1 of 2

Search Sul

Description

Versatile light towers deliver exceptional lighting

This is not legible

http://www.wackemeuson.us/en/products/detail/light-towers—2/light-towers-narrow-body.h... 4/24/2014
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WACKER LIGHT TOWERS

P

s———————

LTAZILTP 4Z LT 4K/ILTP 4K
Technical Data LTW AZ/ILTWP LTW 4K/LTWP LTW 6Z
AZ 4K

LENGTH X WIDTH X HEIGHT - in. 175 X 68 X 70 175 X 68 X 70 -
tﬁ:ﬁm X WIDTH X HEIGHT - in. (wide Tsxg2Xx70 | 178x8X70 178X 82 X 70
OPERATING WEIGHT - ibs. 1996 1966 -
OPERATING WEIGHT - Ibs. (wide body) 2042 2042 2137
SHIPPING WEIGHT - lbs. 1830 1830 -
SHIPPING WEIGHT - Ibs. (wide body) 1930 1930 2025
MAXIMUM TOWER HEIGHT - ft. 30 30 30
SOUND LEVEL dBAT 23 FT 73 73 73
OUTPUT - kKW 6 6 8
VOLTAGE - AC. 120/240 1201240 120/240
AMPERAGE -@120/240V 50/25 50125 68/34
FREQUENCY - Hz 60 60 60
POWER FACTOR - pf. 1.0 1.0 1.0
\l,o(::TAGE REGULATION - no foad to full +1-5% +1-5% +1-5%

\ LAMP TYPE - metal halide 4 X 1000W 4 X 1000W 6 X 100W
OVERAGE ACRES@5ft candles §-7* 5.7* DE&%ES
GENERATOR INSULATION - class F- stator F- stator F- stator
- H - rotor H - rotor H - rotor

\F&’ERAT\NG SPEED - rpm. 1800 1800 1800
GENERATOR - type- Brushless Brushiess Brushless
ENGINE TYPE |suzu Diesel Kubota Diesel |suzu Diesel
MAXIMUM POWER - hp- 16 12 16
DISPLACEMENT - in3 69 55 68 |
FUEL TANK CAPACITY - gal 30 30 -
FUEL TANK CAPACITY - gal (wide body) 21 21 21
I FUEL CONSUMPTION - gal’h X B i 5




12/04/14 12:44:07 Equipment Specifications Inquiry

Cat/Class: 33 3700 TOWER, LIGHT TOW 4000W

- *OP WT: 1996 LBS

*TRAVEL DIMENSIONS: 175" X 68" X 60"

*4T WITH MAST EXTENDED: 30
*L,IGHTING SYSTEM: 4 1000W LAMPS
GENERATOR

*CONTINUOUS OUTPUT: 6KW
*VOLTAGE: 120/240

*AMPS: 50/25

ENGINE

ié?HP DIESEL

- *FUEL TANK CAP: 30 GAL DIESEL
fE@EL CONSUMPTION: .5 GAL PER HR
*HITCH: 2" BALL

F3=Exit Fl2=Previous
‘f.lL'\"")

..
S
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b

F3=Exrit

5_|\¥.‘
Ly

fata 175
9 R
EYes
L T

(TEREX)

s Enter when finished reviewing text.

1960 LBS

L4108 ¥ 699 &
30"

4 1000W LAMPS

10.1KW

13.6 DIESEL
30 GAL DIESEL

2" BALL

Sys: SAASOl
Cmp: BC Loc: ESX
Mode INQUIRY

RLY00O
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e Part Number: 1926

e Part Title: Safety and Health Regulations for Construction
e Subpart: D

e Subpart Title: Occupational Health and Environmental Controls
¢ Standard Number: 1926.56 (1]

e Title: Tllumination.

1926.56(a) (2]

General. Construction areas, ramps, runways, corridors, offices, shops, and storage areas shall be lighted to not less than the minimum
ilumination intensities listed in Table D-3 while any work is in progress:

TABLE D-3 - MINIMUM ILLUMINATION INTENSITIES IN FOOT-CANDLES

Foot-Candles | Area of Operation
B e | General construction area lighting.
X SR | General construction areas, concrete placement,

| excavation and waste areas, access ways, active
| storage areas, loading platforms, refueling, and
| field maintenance areas.

- I——" | Indoors: warehouses, corridors, hallways, and
| exitways.
Bl icsssusissnn | Tunnels, shafts, and general underground work areas:

| (Exception: minimum of 10 foot-candles is required
| attunnel and shaft heading during drilling,
| mucking, and scaling. Bureau of Mines approved cap
| lights shall be acceptable for use in the tunnel
| heading)
10........... | General construction plant and shops (e.g., batch
| plants, screening plants, mechanical and
| electrical equipment rooms, carpenter shops,
| rigging lofts and active store rooms, mess halls,
| and indoor toilets and workrooms.)
30, s0eaninvis | First aid stations, infirmaries, and offices.

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
Engineering Society of North America (IES) @ recommendations 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://1edlightingmanagement.com/led—lightmg-management/print/content/osha-minimum-l... 4/23/2014
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between the two. Inspection staff should periodically attend
contractor sessions to ensure that the contractor 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 benefit 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
work zone, 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
workers and motorists using the area. Factors that must be
considered in defining lighting requirements were summa-
fized in the final report for NCHRP Project 5-13 (38). Stated
briefly, for any given observer with a defined 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 of glare degrades
visibility while bright ambient conditions improve visibility.

Lighting requirements arc most easily defined in terms of
illuminance, which is the amount of light falling on a surface.
Tlluminance is measured in either footcandles or lux. [Tlumi-
nance may be increased by increasing the intensity of a light
source, increasing the number of light sources, or decreasing
the distance of the 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 of the 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 of glare.

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 5-13 (38) and the IES Lighting Handbook (40) from
which these guidelines were developed.

2.9.1 Classification 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-
tractor’s personnel in areas of general construction
operations, including layout and measurements ahead of
the actual work, excavation, cleaning and sweeping,
landscaping, planting, and seeding. Work areas, such as
stockpiles, are illuminated to Level I to enhance safety
and improve work cfficiency (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 1 illu-
minance should also be provided at the area of lane or
road closures continuously throughout the period of clo-
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 of lane closures or road closures installed in
conjunction with nighttime construction operation and
should be maintained until the closure is removed. Such
lighting should be used at the actual points of closure,
including 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 arca for some
unplanned reason. Leaving the area without minimum
‘llumination creates an unsafe situation, as workers need
to see obstacles when they move into this area. Also, the
taper is where there is the greatest uncertainty about path,
and driver expectancies will often be violated. Level 1
illumination will provide some additional protection
against impaired drivers, allowing them to see workers

Figure 27. Remote area illuminated to Level I.



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 (47).

Whether or not the taper should be lit at times other
than setup and takedown depends, in part on the light-
ing characteristics of the sections adjacent to the taper.
The concern here is the possible creation of a transient
adaptation effect. That is, as a driver traverses a brighter
section of roadway, the cye 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 taperisa
transitional area for the driver, any situations that pro-
duce reduced visibility should be avoided (42).

« Level IL. 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. Asphalt paving, milling, and concrete
placement and removal are examples.

e Level III. This level of illuminance is suggested for
tasks requiring a higher level of visual performance or
for tasks with a higher level of difficulty. Pavement or
structural crack and pothole filling, joint repair, pave-
ment patching and repairs, installation of signal equip-
ment or other electrical or mechanical equipment, and
other tasks involving fine details or intricate parts and
equipment require Level 111 illuminance.

2.9.2 Illumination Criteria

Luminaires should be of sufficient wattage and quantity to
provide an average maintained illuminance equal to or
greater than the following:

o Level I 59 lux (5 footcandles),
e Level II: 108 lux (10 footcandles), and
e Level TII: 215 lux (20 footcandles).

Although most tasks require maintenance of horizontal illu-
mination, some tasks (such as bridge painting, concrete and
steel repairs on bridges, and work on overhead signs and sign
structures) require that vertical illuminance be maintained.

Horizontal illumination refers to measurcments made with
the photocell parallel to the road surface. For purposes of
roadway lighting, the photocell is placed on the pavement.
Vertical illumination refers to measurements madec with the
photocell perpendicular to the road surface. Vertical mea-
surements require 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 York State requires Level IT illuminance 15 m (50 ft)

63

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 (47).

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 Level I illuminance throughout the area of construction
operations is that finish rollers will work beyond the arca of
Level 1 illuminance using floodlights mounted on the roller.
This exception is necessary because, given the length of time
pavement may take to cool, the finish roller may drop farther
than 245 m (800 ft) behind the paver 41).

In the night paving project in Figure 28, portable light tow-
ers throughout the 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
11 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 reaction is

Figure 28. Level I and II illuminance at a nighttime
paving project.
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measured subjectively and has no direct effect on vision. Dis-
comfort glare may, however, result in fatigue that may have a
deleterious effect on vision. The other reaction of the eye to
glare is referred to as disabling glare. Disabling glare results
from light scatter within the cye that effectively reduces con-
trast and, therefore, visibility of objects. Disabling glare is
measured in terms of veiling luminance in units of candela per
square meter. Because the sensation of glare is related to the
adaptation of the eye, the Illuminating Engineering Society
(IES) has set the criteria for glare in terms of the ratio of veil-
ing luminance to pavement luminance under the assumption
that pavement luminance controls the level of driver adapta-
tion. The TES recommends that veiling luminance be no
greater than a third of average pavement luminance. There-
fore, 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 Principles 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 include looking at the road ahead, read-
ing signs, and observing directions from flaggers. Three fac-
tors affect 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 increased, the angle drawn
from the light source to any point on the road surface within
the work area 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 1o Minimize Glare

At a minimum, the following requirements must be met to
avoid objectionable glare on roadways open to traffic in either
direction:

o 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 greater than 60 deg above the verti-
cal (straight down).

 None of the luminaires should provide a Juminous inten-
sity greater than 20,000 candela at an angle of 72 deg
above the vertical (straight down).

Luminaires vary in beam patterns. 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 20-m (65-ft) radius (see Figure 29). Information may be
obtained at www.airstar-light.com.

[n some cases, it may be impossible to control glare with
the physical installation of the luminaire itself. For example,
it may be 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
at least 30 deg below horizontal (see Figure 30).

Even when the lighting design is very successful 1n con-
trolling glare, there may be a few locations where glare may
still need 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 and motorists from glare. One agency reported using
glare screens of 70-percent shaded cloth or plywood.

Figure 29. Light balloons attached to pavers and other
equipment.

Figure 30. Glare aimed at oncoming traffic.



2.9.6 Configuration of Lighting System

Existing street and highway lighting may not eliminate the
need for additional lighting of the work zone. Before the light-
ing system can be designed and a layout created, the user must
choose among lighting systems based on temporary, portable,
or mobile equipment. The choice among these systems is a
function of cost, efficiency, power requirements, and ability
to satisfy minimum requirements while controlling glare.
Consideration should be given to the amount of illumination
provided by existing fixed lighting in determining the wattage,
quantity, or both of lights to be provided. Whenever existing
fixed lighting is contributing to the work zone lighting, this
contribution must be included in the lighting plan.

2.9.6.1 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 may be cost-effective
when it is to supplement an existing fixed lighting system,
when the work activity will last a significant 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-
tion to another. Portable systems may consist of either ground-
mounted or trailer-mounted light towers. Portable trailer-
mounted light towers can be easily transported throughout the
project (see Figure 31), as well as casily raised into position
at the work site (see Figure 32). Light towers may also be
affixed to paving machines, 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 typically results in very nonuniform illumination,
which, together with the low mounting height, often results
in a severe glare hazard.

If these systems are the primary 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 IT and II1 illu-
minance where it is needed.

2.9.7 Mobile Equipment-Based Systems

Mobile equipment-mounted systems generally do not con-
form to any criteria that may be used to calculate expected
illuminance levels. As such, they should not be reclied upon
for the primary lighting for arcas or tasks requiring Level I
or 111 lighting. All construction equipment—including rollers,
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Portable trailer-mounted light tower being
transported throughout the project.

Figure 31.

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
| fc (10.8 lux). Construction equipment that operates solely
in areas illuminated by tower lighting that meets the minimum
lighting requirements do not require floodlights (47).

When being driven beyond a lighted work area, slow-
moving equipment, such as pavers and milling machines,
require a minimum of 1 fe (10.8 lux) for a distance up to S 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 of lighting from Level I to Level IT or III
(see Figure 33). Tllumination 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 I

2.9.7.2 Mounting

Suitable brackets and hardware must be provided to mount
lighting fixtures and generators on machines and equipment.
Mountings 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 of the
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-
lights to permit safe movement in nonilluminated areas. Head-
lights should not be permitted as the sole means of illumina-
tion while working.

2.9.7.4 Advantages

Equipment-mounted lighting may offera number of advan-
tages when compared with area floodlighting (38). These
advantages include the following:

Figure 33. Supplemental flood lights mounted on
equipment.

« There can be high-intensity illumination on the work
plane.

e The positioning of lights between operator and task elim-
inates shade.

s The operator can adjust light to direct high-intensity
illumination where needed.

e The rate of nighttime work can approach the daytime
rate.

e The equipment can be operated independently of gen-
eral illumination.

o The possibility of general shutdown of work due to
failure of lighting and power-generating equipment 1s
minimized.

« The need for equipment such as floodlighting trailers
and generators is minimized, thus eliminating time and
labor spent in transporting and erecting such equipment.

2.9.8 Lighting Equipment

Guidelines for the selection of lighting equipment to meet
the photometric requirements of a project are discussed in the
final report of NCHRP Project 5-13 (38) 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 necessary for installation. Knowledge of the
fundamental characteristics of lighting equipment and the
photometric characteristics that result is essential for success
in designing any lighting system. Prior to designing any Sys-
tem, representatives of cquipment manufacturers should be
contacted to obtain the most recent information concerning
current products and their photometric output (38).

2.98.1 Fuel

The fuel tank capacity and the availability of fuel on-site
must be sufficient to permit uninterrupted operation of all
portable generators used to furnish adequate AC power 1o
operate all required lighting equipment throughout the com-
plete night shift.



2.9.8.2 Electrical

Adequate switches must be provided to control the various
lights. All wiring must be weatherproof and installed accord-
ing to local, state, federal, and OSHA requirements. All power
sources 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-
cal angle and, therefore, reduce glare, although there may be
situations where it is not essential. A brief discussion of photo-
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-
struction is illustrated using the project represented in Figure
NWTA-7 in Appendix A.

2.9.10.1 Example Problem

The work area is a four-lane highway with 12-ft (3.6-m)
lanes, 6-ft (1.8-m) shoulders, and no median. The construction
consists of joint removal and replacementina ,000-ft (305-m)
section of concrete pavement on the two northbound lanes
(shown by the 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 joint, including (1) sawcutting the area to
be removed, (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 of the shoulders because of the
steep embankments on both sides of the roadway, which would
not be suitable for installing temporary lighting. Therefore, the
placement of the Tight towers is restricted to the shoulders or
the travel lanes within the work area.

2.9.10.2 Example Solution

In most cases, especially if the contractor has done night
construction before, the design process will consist of tailor-
ing lighting equipment that the contractor owns or has rented
to the new work area. This tailoring includes adjusting the
height, spacing, tilt, and fixture locations to meet the illumi-
nation and glare requirements discussed in Sections 2.9.1 and
2.9.5. For this example, it is assumed that the contractor
already owns portable light towers that can adjust from 12 ft
to 30 ft in height with 1,000-watt, metal-halide lamps
(MH1000) and a National Electrical Manufacturers Associa-
tion (NEMA) 6 beam spread. A set of IsoFootcandle diagrams
for different height and aiming combinations of the MH1000
are also available to the contractor. These diagrams, which
exist for different lamp types, beam spreads, heights, and tilt,
can usually be obtained from the lamp manufacturer (see Fig-
ure 34).

The following steps illustrate the procedure used to deter-
mine the number of light towers required, their location, the
number of lamps per tower, and their height and aiming.

MH1000 Light, NEMA 8, 30 Feet High, Aimed 45 Deg. from Horizontal

|soFootcandle Diagram
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Figure 34. IsoFootcandle diagram.
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2.9.10.3 Identify 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 to aim the lights either parallel or perpendicu-
lar to the direction of motorist travel, there are three plausi-
ble locations for the towers: (1) on the right shoulder aimed
perpendicular, parallel, or both to the travel lanes; (2) on the
left shoulder 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
over a large 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 project 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 meet 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.

2.9.10.5 Determine the Mounting Height
and Aiming Points

Most portable light towers have an adjustable mounting
height ranging from about 12 ftto 30 ft and lights that can be
aimed at any angle (ranging from 0 deg to 90 deg from the
horizontal). The IsoFootcandle diagrams discussed earlier
should be used to choose the right combination of height and
tilt. The diagrams show two common patterns: (1) foragiven
lamp size and tilt, the horizontal illumination will increase as
the mounting height decreases and (2) for a given lamp size
and height, the 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
provide at least 5 fc in the area up to 24 ft from the base of
the tower (this provision ensures that 5 fc of illumination will
cover both lanes of the work area). For the road closure and
taper, 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 horizontal will 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 purposes, 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
example, 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 dircctions, 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
of at least 2.5 fc (see Figure 35).

2.9.10.6 Choose Tower Locations on the Basis
of Spacing and Check Design for Glare

To locate the individual tower locations, the final IsoFoot-
candle diagram of the three MH1000 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 required for worker movement and general safety.
A portable system with two MH1000 lamps, mounted 30 ft
high, pointed perpendicular to the travel lanes and aimed
60 deg below the horizontal, should move along with the
work crew and be placed on the right shoulder at each joint
to provide the required 20 fc for the joint replacement task.
Alternatively, a balloon luminaire (shown in Figure 29)
could be used to provide the additional lighting at the joints.
Also, as Figures 35 and 36 confirm, one tower, placed on the
right shoulder directly across from a road closure and taper,
with three MH1000 lamps mounted at 30 ft and aimed the
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Figure 35. Overlaying IsoF ootcandle diagrams for three
MH1000 lamps to obtain a 50-ft radius of 5 fc and a 60-ft
radius of 2.5 fc.



