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I . INTRODUCTION 

Heavy freeway congestion due to construction in urban areas is not only 
annoying to the motoring public, but also impedes paving operations during 
normal working hours. Construction vehicles making material deliveries are 
invariably delayed causing paving equipment to sit idle and consequently 
delaying the project completion. Since not only the contractor is suffering 
from this dilemma it appears to be beneficial to everybody concerned to 
investigate alternate working hours. Because of high traffic volumes and lack 
of capacity contractors are usually restricted to closing only one lane at a 
time during normal working hours. Traffic volumes decrease drastically during 
night time hours. and therefore. appear to be a prime target for scheduling 
urban freeway (or major arterial) paving operations during these hours. 

While night paving appears to eliminate much of the traffic problem. 
other situations arise that might adversely affect the operation. This report 
discusses the operation of a project located on 1-70 between Quebec and 
Colorado Blvd. in Denver. The construction took place between 7: 00 PM and 
5:30 AM. when traffic volume average 1500 vehicles per hour. This volume is 
less than 1/4 of the average daytime volume. 

This study consisted of four sections: 

1 . The overall operation 

2. Quality of finished product 

3 . Safety 

4. Cost differential 

These aspects were observed and discussed with key personnel from the 
Contractor. and Highway Department in the hope to eliminate some of the future 
problems encountered on nighttime operations. 
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II . OVERALL OPERATION 

The contractors operation on Project 1R-70-4(101) consisted of 
resurfacing 1-70 from the east end of the 1-70 viaduct (0.2 miles west of 
Colorado Blvd.) easterly 3.5 miles to a point 250 ft. beyond the Airport 
Runway Tunnels. The project was initiated to correct rideability problems, 
severe rutting, and other distresses in the pavement. There were two types of 
resurfacing on this project. 

1. 3" Hot Bituminous overlay and pavement marking from Colorado Blvd. 
to the railroad bridges approximately 1,000 ft. west of Quebec street. 
Included in this segment was reset guard rail Type 3, and AC scrap 
rubber crack filler. 

2. Diamond grinding concrete pavement from 250 ft. west of the Airport 
Tunnels to 250 ft. east of them and included pavement marking, 
replacing shoulders with new asphalt, replacing guard rail Type 3 and 
sawing routing and sealing of joints and cracks. 

The only difference between this and a standard project was that this 
work was completed at night, between the hours of 7:00 P.M. and 5:30 A.M. The 
operation began at 7:00 P.M. with the closure of one lane. At 9:00 P.M. a 
second lane was removed from traffic, and finally at 12:00 A.M. traffic was 
totally removed from the Interstate and diverted to the frontage road allowing 
traffic free construction to proceed until 5: 00 A.M. when all lanes were 
reopened to traffic. 

Night construction has many of the same problems found during the day 
but they become much more difficult to resolve for both the contractor and the 
highway department. A few problems that surface at night are: insufficient 
lighting, personnel problems, communications when administrative decisions are 
needed, and loss of time due to mechanical break down. 

A. Lighting 

Sufficient lighting is a must for proper working conditions. It is not 
only imperative that the motorist can spot a well lit construction area, but 
that the contractor insures a properly lit environment for its employees to 
work. Existing light, about 1 footcandle (f.c.), produced from light 
standards is not sufficient for construction procedures. 

Figure 1 shows the lighting arrangement used by the subcontractor for 
crack filling . Two SOO-watt spot lights mounted approximately 10 ft. high, on 
each corner of the crack filling machine, were used. The work area was 
measured with a light meter that showed a reading of 36 f. c. The area 
appeared to be sufficiently lit for the employees to work without any 
restraint. 

To understand what light levels are acceptable, Table A shows a list 
given by 1. E. S. (Illuminating Engineering Society) of minimum light levels 
needed for various tasks. The I. E. S. doesn't specifically address highway 
crack filling but based on tasks with similar detail a 30 to 40 f. c. level 
appears to reasonable. 
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Crack Filling 

Equipment 

Crack Filling Vehicle 

Light Levels 

Figure l} 

Light Readings 

A = 36 ft. candles 
B = 36 ft. candles 
C = 35 ft. candles 
D = 35 ft. candles 
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Table A 

I.E.S. Recommended Minimum Foot-Candle Level 

Offices 

corridores. stairways ---------------20 
reading, transcribing ---------------70 
regular office work ----------------100 
auditing, tabulating. business 
machine operation, rough drafting --150 
designing, detailed drafting -------200 

Welding 

general -----------------------------50 

woodworking 

rough sawing & bench work -----------30 
sizing, planing, gluing, medium 
Quality bench work ------------------50 
fine bench work, fine sand ing, 
finishing --------------------------100 

-4-



The paving machine was equipped with 5 high intensity lights. Two 
located on each side of the machine and one in the center aimed at the rear of 
the paver. Figure 2 shows the lighting arrangement. Notice that this type of 
lighting was excellent for the working area around the paver. However, the 
roller operation did not appear to have as good of lighting system. The 
roller used only one spotlight along with the headlights. However, even with 
less light there were few roller marks and compaction was good. Figure 3 
shows the roller operation. 

Lighting systems attached to the equipment worked well when the crew 
doing the hand work had control over the speed of the vehicle such as the 
crack filling operation. But, problems occurred when the vehicle, such as the 
paving machine, follows its own rate of speed. Workers behind the paver would 
find themselves desperately trying to keep up in order to stay within the lit 
area. Portable spotlights would help dramatically for hand work in this 
situation. 

B. Personnel 

Acquiring proper personnel becomes a problem for both the contractor 
and the Highway Department. Supervisory personnel such as a highway Project 
Engineer (P.E.) normally covers more then one project at a time. At the time 
this project was constructed, it was the only night project underway. Because 
of this the P.E. could only cover this one job. The contractor was found to 
be in a similar dilemma with his supervisory personnel. The paving crew was 
made up of a crew transferred to the nighttime work for this one particular 
job. However, both the contractor and the highway department found themselves 
hiring temporary employees. The Highway Department hired temporary employees 
to do testing and inspection while the contractor was forced into hiring 
temporaries at its asphalt plant. 

Employees appeared to prefer the night working conditions far over that 
of the daytime hours. Haul truck drivers commented on the speed in which they 
were able to drive between the construction site and batch plant without 
traffic delays encountered in the day. Although the majority felt positive 
about working conditions, such as cooler temperatures, safety, and relief from 
traffic, family and personal problems from working these hours did cause moral 
problems. 

C. Communication 

Communications between the staff of both the contractor and the Highway 
Department was a problem with nighttime construction. Because of difficulty 
in communicating with personnel that are on day shifts, a question about a 
plan or procedure could cause the construction to come to almost a complete 
stop while trying to contact proper personnel. Without two complete shifts, 
which is almost impossible to acquire, the solution to such a problem is 
difficult and in some instances impossible. 

A similar problem can occur with equipment failure. Although mechanics 
can be placed on call and be sent to the work site, acquiring new parts may 
not be possible before business hours the following day. Here again 
production is delayed. 
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FIGURE 2 - Lighting Arrangement of Paver 

FIGURE 3 - Lighting Arrangement of Roller 
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III . SAFETY 

Safety rules concerning a standard traffic control plan are not 
sufficient when working in night conditions. Up to this point the 
MUTCD, (Manual on Uniform Traffic Control Devices) published by the Federal 
Highway Administration is not complete in the field of nighttime operations. 
The traffic control used on the 1-70 project consisted of: 

1. Two Variable message signs - one located at each end of the project . 
2. Standard construction signs - each modified with a single 6-volt 

battery lantern. 

3. Sequential arrow boards - placed in front of work areas. 

4. Channelization devices - cones modified with reflectorized bands. 

5. Uniformed officer - placed at the start of the project with 
emergency light bar operating. 

6. Personnel for maintaining traffic control. 

A. Variable Message Sign 

Variable message signs are designed to have one or more messages that 
may be displayed or deleted as required. Such a sign may be changed manually, 
by remote control, or by automatic controls that can sense the conditions that 
require special sign messages. Because technology is developing so rapidly in 
this area of signing, detailed standards for variable message signs have not 
been specified in the MUTCD. 

The nighttime paving project on Interstate 70 used two Sunshine AWD 
(advanced warning display) 40 column display signs. one was located at each 
end of the project, far in advance to give adequate warning. Being that these 
devices are new to technology, several mechanical problems occurred. But, it 
was the feeling of most highway department personnel that a warning device 
such as this is an essential tool in obtaining the public's attention to the 
unfamiliar night work. 

one item that should be observed on such a variable message sign is the 
ability for the message to be automatically dimmed with change in lighting 
conditions. The two signs used on this project had a particular problem in 
this area. The message was clear when set up in daylight. However, as it 
became darker, the ability to read the sign deteriorated. This problem was 
produced from the brightness of the bulbs causing the letters to appear to run 
together. The legibility problem was exacerbated by flashing of the 
messages. Before the eyes could adjust to the bright letters the message 
flashed off. The MUTCD, states that sequencing arrow panels shall be capable 
of minimum 50 percent dimming from rated lamp voltage. This specification has 
not been assigned to variable message boards, but because of similarities in 
construction, this should be taken into consideration. 
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Messages produced by such a sign should be limited in complexity. The 
message on 1-70 flashed sequentially as follows: NIGHT WORK AHEAD, RT LANE 
CLOSED, HAVANA TO COLO BLVD. It was felt that such a message was too complex 
for highway speeds. At 55 MPH it was found to be very difficult to see, read, 
and comprehend the entire message. At the distance in which these signs are 
placed, their main purpose is to warn the motoring public that unexpected 
night work is ahead. For this reason, this sign should be limited to possibly 
one or two flashing messages, such as: NIGHT WORK AHEAD. This gives just 
enough information to alert the motorist of upcoming construction. The 
following construction signs will then give the appropriate lane closures and 
cautions. 

with a proper dimming mechanism and a non complex message, it is felt 
that the sign should be able to be read at a distance of approximately 1200 ft. 

B. Construction Signs 

Specifications state that all construction signs shall be reflectorized 
or illuminated to show the shape and color both by day and night. 
Illumination may be by means of: an attached or independently mounted light 
source designed to direct essential uniform illumination over the entire face 
of the sign; or some other effective device, such as luminous tubing or fiber 
optics shaped to the lettering or symbol, patterns of incandescent light 
bulbs, or luminescent panels that will make the sign clearly visible at 
night. The requirements for sign illumination are not considered to be 
satisfied by street or highway lighting, or by strobe lighting. 

Signs used on the 1-70 project, were a standard construction sign 
modified with a single 6-volt lantern mounted to the base of the sign. These 
lanterns did not appear to sufficiently illuminate the signs. Automobile 
headlights appeared to light the signs better than the lanterns. High 
intensity sheeting may allow enough illumination from motorists headlights to 
be properly lit, eliminating the need for lanterns . 

The reflectivity of the signs is very important for a safe night 
operation. High brightness encapsulated type reflective sheeting produces the 
highest reflectivity, and for that reason should be considered on all night 
operations. An important caution that should be noted is that reflective 
characteristics can be destroyed by direct sun contact. Signs that are to be 
used at night, should be in good condition, used for only night projects, and 
stored out of the sun or covered during the daylight hours to produce the best 
results. 

C. Sequential Arrow Boards 

The sequential arrow board is intended to supplement existing traffic 
control devices. They provide additional advanced warning and directional 
information to assist in diverting and controlling traffic around construction 
or maintenance activities being conducted on or adjacent to the lane of 
traffic. 
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FIGURE 4 - Variable Message Board displaying a Non
Complex Message "NIGHT WORK AHEAD". 
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FIGURE 5 - Standard Early Warning Sign 

FIGURE 6 - Standard Construction Sign Fitted with 
a Single 6 volt Lantern Attached to the 
Base of the Stand . 
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The board should be capable of a m1nl.mum of 50 percent dimming for 
nighttime operation. The I-70 project used several of these boards. They 
were placed just inside the channelized lane closure. This type of warning 
device was felt to be a necessity for nighttime paving operations in obtaining 
the motorists attention without confusion. 

Below is a table taken from the UTCD manual that shows legibility 
requirements at which the arrow panel message can be comprehended by a driver 
on a sunny day or clear night. 

Table B 

Advanced Warning Flashing or Sequencing Arrow Panels 

Type Minimum Minimum # Minimum 
Size of Panel Lamps Distance 

A 24"X4S" 12 112 mile 

B 30"X54" 13 3/4 mile 

C 4S"X96" 15 1 mile 

The contractor on this j ob felt that the sequential arrow boards were 
much more reliable, for mechanical dependability and clarity, than the 
variable message boards. The sequential arrow board should be used for all 
advanced warning instead of the variable message sign in the contractors view. 

D. Channelization Devices 

The MUTCD manual states that for nighttime use, cones shall be 
reflectorized by a minimum 6" band placed a maximum 3" from the top. The 
reflectorized material shall have a smooth, sealed outer surface which will 
display the same approximate color day and night. Tubular markers may also be 
used, if reflectorized with a minimum of two three-inch bands placed a maximum 
of 2" from the top with a maximum of 6" between the bands. 

Reflectorized cones were chosen on this job primarily because of their 
convenience. They are easily stacked for storage and more portable than 
tubular markers. The reflectorized cones were very visible, allowing 
motorists to easily understand which lane to stay in or move to. Cones with 
reflectorized sleeves were very effective in channelizing traffic at night on 
this project. 

E. Uniform Traffic Officer 

Even with an excellent traffic control plan, some traffic may refuse to 
reduce speed and follow construction signs. With night construction the 
problem of drunk drivers increases. In order for a well designed traffic 
control plan to work in these conditions, a uniformed traffic officer with car 
and emergency light bar should be positioned inside the coned off area just 
before the construction. The uniformed traffic control officer was found to 
be invaluable to this operation. On several instances, the officer was forced 
to subdue drunken drivers. With the threat that the officer gave to the 
motorist, traffic appeared to slow down and be more cautious through the area. 
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FIGURE 7 - Cones were fitted with reflectorlzed bands 
f or visability. 
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F. Flagmen 

l!'lagmen become very difficult to sec by the motorist in nighttime 
conditions. It was felt that for this t'eason flagmen should be stationed only 
at the start of the deviated site and well lit with some type of spotlight. 

The concern on this pt'oject was placed more at the ability of 
maintaining the traffic control devices such as signs and cones than relying 
on flagmen. The contractor employed several pet'sonne! for doing just this. 
Their job was to continuously walk the cone line and maintain the stance of 
the reflectorized cones. 

IV. OVERALL QUALITY 

The overall quality of the work done on the nighttime project t was very 
similar to a well done day job. The test results ft'om the 1-70 night paving 
are compared to that of a similar construction job done during daytime hours 
on 1--25 north of Denver, The test resul ts are shown in F'igure 8 and Figure 
9. Note that the compaction on the night paving was as high as that of the 
day job, and in some tests higher. With cooler nighttime temperatures it was 
originally felt that compaction might suffer. To get a better idea of how 
many occurrences of compaction tests fell within a high area t Figut'e 9 shows 
the comparison between the two projects. 

Quality of the finished product was thought to have only suffered in 
appearance. Roller mat'ks are difficult to eliminate when wOt'king under these 
type of conditions, However, even roller marks were rare on this job. The 
rideability of the finished job was very good. 

Some operations wet'e found to be more difficult at night. Guard rail 
installation is a job that should not be considered at night. On 1-70 the 
guard rail installation was the only job halted at night and continued during 
daylight hours. Ability to place guard rail aesthetically was found to be 
very difficult under nighttime conditions. 

V. COST DIFFERENTIAL 

Costs can normally be expected to be greater on a nighttime operation. 
This can be caused by shift differential, overtime, special signing t special 
lighting t and several other factors that pertain to starting and maintaining a 
night project. Asphalt prices are increased due to hiring of employees at the 
batch plant and shift differential and also overtime. Two similar overlay 
projects were used to investigate a cost compat'ison. one job was done on 1-25 
north of Denver during the day t the other is the nighttime paving on 1-70 . 
Items compared were: Hot Bituminous Pavement (patching)(haul and asphalt)/Ton 

Hot Bituminous Pavement (grading ex)(haul and 
asphalt)/Ton 
Emulsified Asphalt (CSS-IH)/Gal 
Flagging/hour 

Table C shows the cost percentage that the 1-70 job was over that of 
the compared daytime job. 
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FIGURE 8 

TEST RESULTS 

NIGHT PAVING (IR-70-4(101)) / 1-25 @ 120TH NORTH (IR-25-3(81)) 

COMPACTION 

MEAN = 96.1 
STO.* = 0.810 

N = 62 
MEAN = 95.6 
STO.* = 0.735 

NIGHT PAVING 
N = 62 

HIGH = 98.7 
LOW = 95.2 

1-25 @ 120TH NORTH 

HIGH = 97.9 
LOW = 95.0 

SPEC = 95.0 

SPEC = 95.0 

ASPHALT CONTENT 

N = 47 
MEAN = 5.49 
STO.* = 0.267 

N = 47 
MEAN = 5.81 
STO.* = 0.222 

NIGHT PAVING 

HIGH = 6.46 
LOW = 5.12 

1-25 @ 120TH NORTH 

HIGH = 6.29 
LOW = 5.26 

SPEC = 5.0-6.0 

SPEC = 5.3-6.3 

FIELD SPECIFIC GRAVITY 

N = 62 
MEAN = 2.22 
STD. = 0.019 

N = 62 
MEAN = 2 . 23 
5TO* = 0.018 

NIGHT PAVING 

HIGH = 2.28 
LOW = 2.20 

1-25 @ 120TH NORTH 

SPEC = 2.31 

HIGH = 2.28 SPEC = 2.33 -
LOW = 2.21 

.* Standard deviation of samples 
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FIGURE .9 

NIGHT TIME PAVING/I-25 NORTH 
OCCURRENCE OF COMPACTION 
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Table C - Percent Costs of Night-Paving Project 
Higher then 1-25 Day-Paving 

1-70 NIGHT-PAVING 

HBP (PATCHING) (H-ASPH)/TON 23% HIGHER 

HBP (GR EX) (H-ASPH) /TON 23% HIGHER 

EMUL ASPH(CSS-1H)/GAL 42% HIGHER 

FLAGGING/HOUR 71% HIGHER 

TOTAL COSTS = 159% HIGHER AT NIGHT 

AVERAGE/ITEM = 40% HIGHER AT NIGHT 
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with asphalt prices always changing, and with each contractor's cost 
being different, Table C should be noted as only an example to give an idea of 
expected cost increases. As nighttime paving becomes more popular, and more 
contractors get set up for this type of operation, the overall costs should 
become more competitive. 

Table C shows that the itoms compared averaged approximately 40% higher 
on the night paving project. This docs not show the cost for fitting traffic 
control devices for nighttime situations. These costs were fairly high being 
the first time used on such a project. However, the cost of these devices 
should be dramatically reduced as nighttime construction grows in popularity. 

Time and dollar savings to the public on a nighttime construction 
project due to traffic congestion, detours, and delays is an important 
consideration. Dollar estimates can be produced using traffic counts together 
with information located in a repot't titled l"A Manual for User Benefit 
Analysis of Highway and Bus Transit Improvement". All dollar estimates in 
this manual are given in 1975 values and were multiplied by a given factor of 
2.1 to arrive at present 1985 costs. 

All calculations were produced with assumptions that were thought to be a 
possible situation in order to give an understanding of possible savings to 
the public due to a nighttime constt~ction project, All figures below relate 
to the 1-70 job using daytime and nighttime traffic counts. 

The public personal cost due to delays can be shown by assuming that during 
heavy daytime traffic a 10 minute delay may be expected. Using the previously 
mentioned manual, a cost of $0.46 pet· vehicle is shown for a 10 minute delay. 
With this figure, a total cost to the public for the time that construction is 
underway is estimated at $852,200. During the night, however, traffic was not 
stopped producing no personal cost to the public. 

A value can be estimated showing excess cost of ~peed change cycles above cost 
of continuing at initial speed. If initial vehicle speed is 55 mph and 
traffic is brought to a stop for the assumed 10 minute delay then resumes 
speed, a cost to the vehicle can be estimated by using the above mentioned 
manual. For this project a cost of $64.68 per 1000 vehicles is estimated. 
Using daytime traffic counts and the above figure for the 37 days that the 
project lasted, a cost of $119,100 can be estimated, 

However, nighttime traffic was for less than day plus the traffic was slowed 
down but not stopped. Assuming traffic at night was slowed to 30 mph, the 
calculated cost to the public is $10,100 for the change in speed over the time 
the project lasted. l~is shows that in this one category alone the nighttime 
project can save over $109,000 to the public in vehicle costs. 

1 "A Manual for User Benefit Analysis of Highway and Bus Transit 
IMprovement." wt'itten for NCHRP Project 112-1211, pt'epared by Stanford Research 
Institute, February. 1977. 
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A figure for fuel consumed while idling is another concern. Using a daytime 
10 minute delay anothet' estimate can be made. 2A figure of 0.63 gal/hr 
while idling is given in a manual titled "Energy Requirements for 
Transportation Systems". Using this figure with daytime traffic counts, a 
value of 193,700 gallons is calculated fOt' the time of the project if done 
during the day. Assuming $1 gallon, the daytime delay cost is $193,681 for 
the project. 

Cost to Public 

Nighttime Costs Daytime Costs 

N.A. $ 852,200 

$10,100 $ 119,100 

N.A. $ 193,700 

Total $10,100 $1,165,000 

Total Savings to Public = $1,154,900 

Personal costs due to delay 

Vehicle cost due to speed change 
cycles above cost of continuing at 
initial speed. 

Fuel cost due to idling 

2 "Energy Requirements for Transportation Systems" 
E. C. Shir1y, J . A. Aposto1os, Sponsored by Federal Highway Administration, 
July, 1979. 
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VI. CONCLUSIONS 

Observations and testing showed that the nighttime paving project was 
completed smoothly and the quality was as good as the daytime job that was 
used for comparison. The advantages to such an operation in urban areas where 
traffic is a problem appear to outweigh the disadvantages. Some of the 
advantages and disadvantages at'e listed below and on the following page. 

Advantages 

- Cooler working conditions vs daytime temperatures 
- less traffic 

(Safer working conditions) 
(Less traffic tieups) 

-- Increase in actual working hours which increases production 
- Asphalt delivery is quicker 

(Allowing paving machinery not to sit idle) 

Disadvantages 

- Manpowet' Availability 
- Scheduling conflicts 
- Shortened paving season 
- Lighting conditions 
- Overall higher costs 
- Administrative decisions 
- Drunks on road 
- Repairing breakdowns 

with proper traffic control nighttime paving can resolve many of the 
problems that occur on a busy urban freeway. 

Recommendations 

Two additional nighttime paving projects within the Denver area are 
planned. The two are both overlays. one on I-25 scheduled for June 1985 and 
the other on Parker Rd. also scheduled for June 1985. It is recommended that 
these two projects be monitored and used for future reference. 

Specific recommendations for future projects as a result of the observations 
on this project are as follows: 

1. Guard Rail installation 

2. Work Area Lighting 

3 . Portable Lighting 

- 19-

A task that should not be performed 
at night. 

Minimum lighting of the work area 
should be 30 to 40 footcandles. 

Portable spotlights should be placed 
behind the heavy equipment for labor 
work to meet the minimum lighting 
requirements . 



4. Variable Message Sign 

5. Construction Signs 

6 . Sequential Arrow Boards 

7. Channelization Devices 

8. Uniform Traffic Officer 

9 . P'lagmen 
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Messages should be simple and the 
sign should be required to have a 
minimum of 50% dimming. 

Signs should be reflectorized with 
high intensity sheeting. 

Considered very important in obtaining 
motorist attention. Should be capable 
of 50% dimming. 

Cones were found to be the most 
convenient device. Cones are 
required to be reflectorized by 
a minimum 6 inch band place a 
maximum of 3 inches from the top. 

Very effective traffic control device 
when placed just behind work area with 
light bar in operation. 

To decrease confusion flagmen should be 
placed only at the start of the 
deviated site lit with a spotlight. 
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