COMMONWEALTH OF KENTUCKY

CHARLES PRYOR, JR. DEPARTMENT OF HIGHWAYS ADDRESS REPLY TO:

COMMISSIONER OF HIGHWAYS FRANKFORT, KENTUCKY - 40601 DW&E&ETOFOEEEEEX‘AYS

May 3, 1972 833 S0UTH LIMESTONE STREET
LEXINGTON, KENTUCKY 40508

TELEPHONE  606-254-4475
H.2.61

MEMORANDUM TO: J. R. Harbison
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SUBJECT: * Research Report 327, "Traffic Controls for Maintenance on High Speed
Highways''; KYHPR-70-61; HPR-1(7), Part II.

As the pressure and momentum of traffic on multilane highways increase, and as the needs for
repairs and revisions mount, adequate signing and barricading for lane closures presents an ever-increasing
challenge. Constricting a stream of rushing water would be much simpler. Obedience of drivers to sign
messages seems essential if greater assurances of safety are to be achieved. This seems to be the most
significant finding from the subject study. The report, included herewith, reveals, in inferable ways, an
astonishing degree of insensitivity toward signing. More amazing, perhaps, is the high percentage of drivers
interviewed who admitted to a degree of disobedience, Unfortunately, in this study the percentage of
drivers making such admissions and who were involved in desperation maneuvers was not determined.

A similar but more comprehensive study has been completed recently by the Virginia Department
of Highways ("Highway Signing for Safety,” F. D. Shepard, June 1971). There, too, a degree of
insensitivity seemns evident,

Although the necessity of maintaining signs in good condition and position is intuitively evident,
perfection of safety controls for both motorist and worker is not likely to arise through signing innovations

alone.
pectfully sub
._/,'
J4s. H. Havens
Director of Research
. JHH/dw
. Attachment

ce's: Research Committee
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INTRODUCTION

Maintenance work which requires barricading one or more lanes of a high-speed roadway creates
a potential hazard to the unwary traveller and to the worker. The problem is twofold: first, the proper
messages must be presented to the approaching driver far enough in advance to allow him time to decelerate
and merge before reaching the actual work site; and second, the driver must obey the messages. This
report is concerned with traffic control signs and driver obedience. Here, obedience is used as a measure
of effective signing.

Standards for temporary signing have been rather difficult to develop and implement (1) Even
well-prepared standards do not supplant judgement, discretion, and ingenuity in specific instances. Effective
signing and barricading will, surely, cause a minimum of interference with the flow of traffic. A lane
closure where all lanes operate at capacity during peak hours cannot operate effectively unless some
of the traffic is diverted onto alternate routes. Public announcements and advice to travellers have proven
to be helpful in managing these situations.

The study was concerned only with left and right lane closures; shoulder closures and other
maintenance activities were not observed, All data were taken during favorable weather conditions.

During the study period, orange signs were considered experimental; and the study thus became
a test of orange signs. Yellow and orange signs were casily compared on an individual site basis when
data were collected on each color at the same site. Each day, though, studies were made at a different
site, It was inevitable that data from the several sites be combined for purposes of comparison, even
though different circumstances existed at most sites. The possibility of signing a "dummy"" maintenance
site was rejected from the outset of the study due to the unnecessary risks created for motorists and
consequent liabilities.

When analyzing the data, it became apparent that many variables interacted to produce a result,
No attempt was made to quantify variables such as gap length, traffic flow characteristics {platooning
effect), driver risk-taking, or driver behavior in general, although some inferences might have been drawn
about them. Driver interviews were conducted and are reported.

PROCEDURE

During the summer of 1971, safety improvements were made on I 75 in Scott and Grant counties
and on I 64 between Frankfort and Louisville. This work necessitated numerous lane closures involving
virtually all types of rural, geometric design features. Research personnel were able to observe and collect
data on various situations at the lane closures. The cooperation of the contractors was excellent throughout
the study.

In Phase 1, observations were made at sites signed by contractors. In Phase 2, the contractor's
signs were replaced with new, yellow signs, and then with new orange signs (simulating new standard,
then pending) (2). Phase 2 also included observation of the new signs at sites where other research
activities required lane closures. Phase 1 thus included actual field practices with regard to sign placement,
sign condition, etc. Phase 2 provided only direct comparison between yellow and orange signs. The new,
yellow signs were merely hung over the contractors' signs (Figure 1); traffic was observed for one hour;
then the new, orange signs were superposed; and observations continued for another hour. At those
sites manned solely by research staff, care was taken to position the signs according to the signing scheme
shown in Figure 2.

Data collection included spot speeds, traffic conflicts, merging maneuvers and turn-signal indications.
A discussion of each of these follows.

SPOT SPEEDS

Radar spot-speeds were taken at the first sign (2500-foot sign) and again at the first traffic cone
(see Figure 2). Walkie-talkies were used by the forward radar meter operator to relay identification of
each vehicle to the second meter operator. A typical radar location from which speeds at the first sign
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Figure 1. Research Personnel Positioning New Signs over Contractors' Signs.
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were recorded is shown in Figure 3.

TRAFFIC CONFLICTS
Traffic conflicts were categorized and defined as follows:
Abnormal Brake Application - A very rapid deceleration causing "'dipping" of front end (tire squealing
noted separately).
Forced Merge - A vehicle changing lanes directly in front of a following vehicle, causing the following
vehicle to apply its brakes; first vehicle forcesin, risking possible contact.
Complete Stop - Driver waits too long to merge and is forced to come to a stop and wait for

a gap.

MERGING MANEUVERS

Observers were able to record the location of merging maneuvers to the nearest hundred feet (see
sample data sheet, Figure 4). For consistency of observation, the point of merging was considered to
be where the left front tire crossed the centerline stripe when merging to the left and where the right
front tire crossed the centerline stripe for merging to the right. These observations were later grouped
according to percentages occurring in 500-foot intervals,

TURN SIGNALS

Turn signals were counted and converted into percent of total lane changes. Originally, it was intended
to return to a site after the lane was reopened to count turn signals under normal conditions and also
to measure spot speeds one-half mile ahead of the lane closure site. A sampling of these "'secondary
studies” was made; but, for various reasons, these studies were discontinued.

At all times, observers attempted to be inconspicuous to the motorist (Figure 5). Tables 1 through
4 summarize these data.

FINDINGS

SPOT SPEEDS

Tables 5 and 6 show the mean speeds and mean decreases in speeds. The contractors' signs (Phase
1) were the least effective; drivers did not decrease speed as much and were therefore less obedient
to the contractors' signs than they were to new signs. There was no significant difference in driver
obedience toward the new vellow and new orange signs. Thus, the color of the signs had very little -
effect on speed. This is shown graphically in Figure 6. In general, other graphs not included here were
similar. The total effect is attributed to differences in quality or condition of the signs, Indeed the
condition of the contractors’ signs was inferior to the new signs shown in Figure 7. Unfortunately, such
signs are usually not adequately maintained if the construction or maintenance continues in time and
if the same signs are moved from one place to another (3}

Autce speeds at the first cone (Table 5) were approximately 6 to 10 miles per hour higher than
the advisory speed limit: that is, 45 miles per hour, posted 500 feet before the first cone. The mean,
85th percentile speed of all cars at the first cone was a little over 59 miles per hour. Table 7 shows
all mean, 85th percentile speeds.

TRAFFIC CONFLICTS

Figures 8 and 9 show conflicts per hundred vehicles at each site (Phase 2) for right and left lane
closures, respectively. From Figures 8 and 9, with volume effects excluded and everything else constant,
it appears that orange signs involved fewer conflicts than yellow signs, When conflicts at sites signed
by centractors were included in the analysis (Table 8), there was a statistically significant increase in
the number of conflicts at right lane closures. At left lane closures, only orange signs were significantly
lower. Here again, new orange signs are associated with fewer conflicts than new yellow signs, but this
difference was not statistically significant. Signs used in Phase 2 yielded greater consistency of results;
and ac¢cording to Hurst, Perchonok, and Sepuin (4), greater consistency in these statistics indicates less
driver confusion.

Most of the conflicts (about 87 percent) occurred within the half of the signed area nearest the




Figure 3, Typical Radar Installation for Spot Speeds Taken at the First Sign.
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TABLE 1

RIGHT LANE CLOSURE DATA
PHASE 1

VOLUME SIGET DISTANCE MEAN SPEEDS* MEAN DECREASE TRAFFIC CONFLICTS PERCENT LENGTH PERCENT MERGES
DATA SIGN ES 70 | DESIGN I N, SPEED, TOTAL TURN MERGES OF R i
NIMBER | COLOR FIRSY ELASHING FEATURES ABNORMAL FORCED | COMPLETE CONFLICTS SIGNALS WITH TURN SITEF o 300 1000'- 1500' 2000'
CARS TRUCKE | TOTAL SIGN ARROW CARS TRUCKS | CaRS TRUCKS BRAKE MERGE STOP SIGNALS (FEET) 00" 1000 1500 2000' 2500°
R 11 Yellow el 67 238 025 Downbilt 64.67 51.40 12.63 4.13 2z 1 1 4 44 1686 2200 2567 1763 1801 36.02 268
Cunve Left 5104 5327
R 12 Yellow ] 8 347 .88 Uphill 62.65 3859 10.78 BTL 16 3 1] it 46 2091 1570 955 .64 2046 4136 000
Straight SLET 4088
R 13 Yellow 516 [ 660 060 Uphill £6.68 027 13.86 .80 44 il 6 5 91 2087 1925 4682 15.23 2750 10.46 000
Curee Right 5252 42.47
R4 Yellow 95 B 450 085 .15 Uphiif 5147 G6B5 12.94 1035 14 9 o 25 3 23.05 2600 1287 18.38 1176 17.28 31
Stralght 5453 36.50
R 15 Yeflow 34 59 433 085 230 Lesel 8452 52,35 16 115 3 15 [ 47 63 2026 2085 36,01 12.36 1286 3087 288
Cueve Right 36.36 50.60
R 16 ellow 518 54 32 03¢ D40 Tphil 6624 £0.20 1142 1337 18 15 [ EE] 108 776 1825 14.90 EE) 4139 874 2.00
Curve Right 5542 46,93
R 17 Yellow £ &1 76 050 05 Uphifl &6.02 60.47 1066 1147 2% 18 1 45 98 2539 2000 3161 2487 2332 2021 0.0
Swaight 5536 49.00
R 18 Fellow 421 £ s LS 055 Down Corve Right | 70.40 63.10 1584 1040 1+ 5 o 15 95 26413 2958 9.1 1619 921 21.62 1778
Up Straight 5896 5470
RIE Yellow 540 68 o8 040 470 Struight 67,24 6000 1383 976 10 3 ] 13 75 2.7 24301 5.56 2011 26.67 2556 2111
Level 5341 5024

Top speeds were at first sign (2500 sign); bottom speeds were at first traffic cone.
Distance between first sign and first traffic cone.
Measured from first cone to first sign.

- —-




TABLE 2

LEFT LANE CLOSURE DATA
PHASE 1

VOLUME SIGUT DISTANCE MEAN SPEEDS® MEAN TECREASE TRAFFIC CONFLICTS PERCENT LENGTH BERCENT MERGES
DATA SIGH IN MILES TQ DESIGN (MPH) I¥ SPEED TOTAL TURN MERGES OF OCCURRING WITEIN +

NUMBER | COLOR FRST FLASHING FEATURES ABNGRMAL |~ FORCED | COMFLETE CONFLICTS SIGNALS | WITH TURN SITE o - 600 1500~ 2000~

CARS TRUCKS | TOTAL SIGN ARROW CARS TRUCKS|  CARS TRUCKS BRAKE MERGE sTop SIGNALS (EEET) so0' 1o0g' 1500° 20000 25000

L LI Yellow 437 B 495 6.0 Llo Uphil 6752 59.60 1340 1393 i5 3 a 18 16 1429 2500 642 o 210 1927 4220
Stralght $4.52 45.67

L1z Yellow 539 7 12 .40 050 Up Straight 55.48 3607 £.56 254 5 2 0 7 35 2500 3015 s 1900 2100 2200 00
Down Curve Lefs 5382 53.53

13 Xellow 513 1 600 035 035 Towrm. Stesight §7.08 56.40 T4 +0.05 1 3 ] “ 2 EEY 2238 2036 1390 2781 241 02
Curve Left 0.04 5663

L4 Yellow 724 54 8 Dowshil 652 5473 [£) 147 12 3 ] 18 45 1844 2238 e 1835 25462 320 543
Curve Left 9.60 5326

Lis Yellow 532 54 s8¢ .80 100 Up Curve Lefe 012 5493 2130 1733 13 2 0 15 23 1144 71 1550 2462 1646 1538 25.64
Curve Right 4812 47.60

L6 Yellaw 480 & s43 D40 040 Up Straighe 65.60 6050 1108 655 1 3 8 14 ) 3048 2788 £ 16,08 1329 1049 3007
Down Curve Left 5452 5595

L7 Yellow #9 EE] 522 LR 055 Cumve Left 6782 6255 5.34 7.15 4+ o [ 4 % 22.05 2181 .09 1332 1260 438 205
Curve Right 5848 5540

L 18 Yollow 28, “ 267 215 Downbll 6426 56.08 5.34 513 3 & ] 1 14 1581 3200 5114 1931 1477 1250 227
Curve 5742 5175

Lig Yellaw &9 64 763 018 855 Bowbill 6636 5673 1812 .66 1 1 o 2 k2] 1250 2260 17.71 1515 7396 .60 1458
Curee Left 50.24 07

*  Top speeds were at first sign (2500' sign); bottom speeds were at first traffic cone.
t Distance between first sign and first traffic cone.
¥ Measured from first cone to first sign.
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LEFT LANE CLOSURE DATA

TABLE 4

PHASE 2

VOLUME SIGHT DISTANCE MEAN SPEEDS* MEAN DECREASE TRAFFIC CONFLICTS FERCENT LENGTH PERCENT MERGES
DATA SIGN N MILES. 10 DESIGN ¢ IN SPEED ] TOTAL TURN MERGES OF OCCURRING WITHIN +
NUMBER { COLOR FIRST FLASHER OR |  FEATURES ABNORMAL FORCED | COMPLETE CONFLICTS SIGNALS | WITH TURN SITEL [ 500 1000 1500% 2000
CARS TRUCKS | TOTAL SIGN FIRST CONE CARS TRUCKS | CARS TRUCKS BRAKE MERGE sTop SIGNALS (FEET) s00' 1000" 1500' 7060' 2500"
Lai Fellow 431 £ 47 045 035 Up Straight §7.42 56.21 13.66 1095 4 [ 14 2 18.03 2500 10.00 167 000 .| 3500 4333
Bown Curve Right | 5376 4526
L OCrange 482 a0 502 085 035 Up Stmight G840 58.21 1608 758 3 2 10 14 20.00 2500 333 16.67 333 1833 56.67
Down Curve Right {5232 5062
L322 Yellow 326 “* m 035 035 Up Straght €B.64 37.20 14.16 447 17 H 0 0 12.49 500 575 1034 1725 2299 42.68
Down Curve Right | S48 50.73
Laz Orarge 334 33 381 085 033 Up Straight 65.48 5840 15.40 593 15 4 19 12 1435 2500 243 723 1208 19.28 53.01
Down Curve Right | 5408 $2.47
L3 Yellow s64 93 757 050 Uphilt 69.73 5413 2173 1346 § 5 n 26 1408 S000 37.38 561 541 056 3084
Straight 48,00 027
L 23 Drange 360 7% 637 080 Uphst! 69.10 6452 1487 16.00 1 ] 1 [ 775 5000 18.31 £.45 127 29.58 kR
Straight 5413 48.32
L24 Yeilow 456 4 4 030 .40 Downhit 4 0 L] 14 2706 8.3 1216 1351 1456 3108
Curve Left
L2724 Gange 576 58 =) 530 0.40 Downhill £5.00 54.67 EX 314 o ] o b 1487 2700 1210 637 13.38 2454 4331
Curve Left 5510 5153
L25 Yellgw ] 54 592 0.3 0.30 Down Straight 7126 6511 2384 15.44 15 + 18 44 1930 2536 265 18.42 23.68 0,18 2807
Up Curve Righe 142 .61
L5 Otange 532 58 580 020 030 Down Swalght 69.89 &4.00 18.95 13.18 4 n 4 10 476 2536 13.33 2000 1810 23.51 2476
Up Curve Right 5054 5082
L2§ Yellow 340 % 416 040 030 Straight 66.80 6195 15.68 1620 1 2 3 10 o2 3470 676 1757 37.84 17.57 wnn
Love] SL12 4575
L26 Omnge 315 57 a2 0.40 080 Strmight a8.h2 6343 1842 15.06 z ¢ b 1 1039 3 1076 2206 19.42 1912 794
Lavel .60 4807
L7 Yellow 556 54 610 0.40 040 Lavel Curse Right | 6658 E0.87 13.42 1661 n 583 2383 14.56 13.59 2621 1748 2806
Curve Left 53.16 44.26
L2t Orange &00 10 670 0.40 LE fewel Curve Right | &7.20 5009 1787 1045 3 1635 2383 1250 10.58 2508 2892 2652
Curve Lelt 4933 49.64

Top speeds were at first sign (2500' sign); bottom

T  Distance between first sipn and first traffic cone,
¥ Measured from first cone to first sign.

speeds were

at first traffic cone.
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Figure 7. Contractor's Sign (top) as Contrasted with Test Sign.
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PHASE

[ R S

COLOR

Yellow
Yellow
Orange
Yellow
Yellow
Orange

LANE CLOSED

Right
Right
Right
Left
Left
Left

TABLE 5

AUTO SPEEDS

Significance and level of significance are indicated by brackets.
Left and right lane closures were not tested together,

PHASE

bd B = B B

COLOR

Yellow
Yellow
Orange
Yellow
Yellow
Orange

LANE CLOSED

Right
Right
Right
Left
Left
Left

Significance and level of significance are indicated by brackets,
Left and right lane closures were not tested together,

PHASE

[N R S S

COLOR

Yellow
Yellow
Orange
Yellow
Yellow
Orange

LANE CLOSED

Right
Right
Right
Left
Left

MEAN SPEED (MPH) MEAN SPEED (MPH) MEAN
AT FIRST SIGN AT FIRST CONE DECREASE
66.21 54.50 11.71 —1005 B
68.73 51.58 17.15 025 .005
68.76 52.02 1674 |
66.96 55.21 1L75 — 2 T
68.41 51.32 1700 % .05
68.16 52.21 1595 |
TABLE 6
TRUCK SPEEDS
MEAN SPEED (MPH) MEAN SPEED (MPH) MEAN
AT FIRST SIGN AT FIRST CONE DECREASE
59,03 50.40 8.63 71 ]
61.38 4995 1143 " 10
60.58 4999 1059 e ]
58.73 51.65 708 T A
60.91 47,66 1325 9
60.40 5021 1019
TABLE 7
MEAN 85th PERCENTILE SPEEDS
AUTOS TRUCKS
MPH AT MPH AT MPH AT MPH AT
FIRST SIGN FIRST CONE FIRST SIGN FIRST CONE
70.7 60.5 64.6 553
733 58.8 65.5 55.6
14.4 58.8 64.4 55.7
71.6 61.0 63.3 57.1
73.8 58.4 65.3 53.0
73.4 58.1 64.8 56.1

Left
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TABLE §

MEAN CONFLICTS PER 100 VEHICLES

MEAN
PHASE .. COLOR LANE CLOSED CONFLICTS/100 VEH

1 Yellow Right 5.64 1 1
2 Yellow Right 233 .+ .00
2 Orange Right 137 — |
| Yellow Left 2.59 7

2 Yellow Left 225 .20

2 Orange Left 137 4

Significance and level of significance are indicated by brackets.
Left and right lane closures were not tested together.

TARBLE 9

PERCENT OF MERGES WITHIN 500 FEET
OF THE FIRST TRAFFIC CONE

PERCENT MERGES WITHIN

PHASE COLOR LANE CLOSED 500 FT. OF FIRST CONE
1 Yellow Right 21.30 T2 T
2 Yellow Right 1000 3% 05
2 Orange Right 8.68
1 Yellow Left 1921 —1
2 Yellow Left 16.07 .20
2 Orange Left 11.39 |

Significance and level of significance are indicated by brackets.
Left and right lane closures were not tested together,
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cones. The most frequently recorded conflicts were abnormal brake applications.

MERGING MANEUVERS

Merging maneuvers were difficult to analyze because driver behavior and predisposition are so
integraily involved. Hurst, Perchonok, and Seguin {4/ tested many variables to determine gap acceptability
in a merging situation. They computed 27 alternate expressions based on position and velocity information
for lead, following, and subject vehicles. This merely illustrates the complex nature of merging maneuvers.

Ideally, if motorists were adequately warned in advance of a lane closure, there would be relatively
few merges within the last few hundred feet approaching the barricade. Adequate warning enables a
driver to choose his own gap rather than be forced into the through lane at the last second. Fewer
merges near the cones complement the safety of the work crew and flagman as well as the motorist.
However, as traffic volume increases and as gaps become smaller, more and more drivers will be trapped
in the closed lane -- thereby delaying otherwise normal merging and very likely causing an increase in
forced merging. Also, there are always some drivers who will stay in the closed lane longer than they
should just to pass ome or two more cars -- that is to say, the more aggressive driver might remain
in the closed lane to take advantage of the reduced lane volume at the cost of encountering higher
risk when he ultimately changes lanes {5/ Consequently, where traffic is not congested, those drivers
who deliberately disobey the messages and those who are not attentive may account for most of the
merging within the last 500 feet approaching the barricade. Indeed, dangers increased at those sites where
the merging in this last 500 feet was unusually high (see Tables 1 through 4). In general, those sites
were complicated by short sight distances, high volumes, or poor traffic control; but no cne factor was
consistently dominant. For example, in Phase 2 there were five instances wherein more than 20 percent
of all merges occurred within 500 feet of the barricade. The hourly volumes varied from 188 to 757;
sight distances ranged between 0.2 and 0.8 mile; percent trucks varied from 9.5 to 28.7; the length
of the site was generally about 2500 feet, but one was 5000 feet in length; various design features
were included. It may be of interest to note that yellow signs were in use during four of the periods
of cbservation, whereas orange signs were used during only one. Table 9 gives the percentage of merges
occurring within 500 feet of the first cone. This table shows again that new signs are an improvement
over the contractors' signs. Orange signs seem to be slightly superior to yellow signs in Phase 2 but
not to a statistically significant extent.

Various frequency distributions were obtained by plotting distances (measured from the first cone)
against the percent of merges occurring at each distance. There were peaks in these distributions at
or near the 1000-foot sign and near the first sign (2500 feet). Some distributions showed three peaks.
No explanation for these behavioral modes is offered here, but some interesting possibilities may be
found in Hutchinson and Roberts’ (6} work on high, intermediate, and low expressive self-testers (risk
takers). At sites where both sign colors were used, the two distributions roughly followed the same
pattern (Figures 10-12), Orange signs usually lessened the amount of merges nearer the cones and,
therefore, in some cases tended to skew the distribution slightly more to the right (see Figures 13-15).

TURN SIGNAL INDICATIONS

Table 10 shows the mean number of turn signal indications for the various site situations. The
smaller percentages of turn signal actuations in Phase 2 may merely indicate the superior quality of
the signs. There was no significant difference in turn signal usage with respect to yellow and orange
signs in Phase 2.

DRIVER INTERVIEW

A total of 62 drivers were interviewed after they had passed through a lane closure. Sign colors
were alternated (2500-foot and 1000-foot signs were yellow; 1500-foot and 500-foot signs were orange)
so drivers could make comparisons. Of course, total recall would be most unlikely. The questions and
replies are shown in APPENDIX A. Of the 62 people interviewed, 38 (61 percent) noticed two different
colored warning signs. Of the 38 who noticed two colors, 27 (71 percent) said orange was more effective.
This is assuming the four people who said red was more effective were actually referring to the orange
signs. Ten people responded to question No. 6 with one or more complaints. The most common complaint
(given six times) was that there is not enough prior notice or advance warning. Two complaints were
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TABLE 10

TURN SIGNAL INDICATIONS

MEAN PERCENT OF MERGES

PHASE COLOR LANE CLOSED WITH TURN SIGNAL
1 Yellow Right 2321 “—CH)_(“; ol /]
2 Yellow Right 13.98 . 00001
2 Orange Right 1312 |
1 Yellow Left 17.05 __I"'O 1
2 Yellow Left 1231 J0
2 Orange Left 1274 1

Significance and level of significance are indicated by brackets.
Left and right lane closures were not tested together.
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against flagmen. Others, each occurring once, were: signs are spread out too much, flashing arrow should
be nearer the beginning of the cones, and signs are often in place when no lane closure or maintenance
is in progress. This last complaint could account for the fact that in question No. 8 almost 20 percent
of the people interviewed said they wait until they see the actual lane blocked-off before merging.

DISCUSSION

No one factor was consistently responsible for undesirable conditions at the lane closures examined.
High incidences of traffic conflicts and last-sccond merges were generally attributed to: 1) short sight
distances, 2) high volumes, 3) poor quality of signs, and 4) driver insensitivity.

The adoption of the new AASHO Manual on Uniform Traffic Control Devices (2) provides, for
the first time a standard scheme for signing single-lane closures on interstate highways. The manual specifies
the use of orange signs at construction and maintenance sites. The results of this study tend to substantiate
the change in color. Figure 16 shows the signing scheme specified by the new manual (2). Kentucky
plans to use this scheme supplemented with additional signs 500 and 1500 feet from the first barricade.

An example of deceptive signing is depicted in Figure 17. These signs literally say that there is
road construction XXX feet ahead. However, this distance is actually measured to the beginning of a
project or to the white ''Your Highway Taxes at Work'" sign, and thus convey a false meaning to the
road user since there may be no construction visible for several miles. This may cause a driver to doubt
the validity of or to unconsciously disregard the next set of warning signs at an actual lane closure.
The "Road Construction Next XX Miles' sign (Figure 17), or several signs to this effect, would be
adequate for the beginning of an extensive project. On several occassions during the course of this study,
research personnel noticed warning signs in place but no maintenance or lane closure ahead. This practice
also creates disrespect for maintenance signs, Such signs should be neatly covered or removed when
work is suspended.

Other common errors in traffic control were observed during the data collection, Adjusting sign
placement, i.e., lengthening distances between signs and between signs and cones, to compensate for
poor sight distances is practical only to a certain extent. If the distances depicted by the signs are not
within reason, drivers may tend to disbelieve the messages. Cone placement can be used to compensate
for short sight distances. A simple example of this is shown in Figure 18 (7, 8). At one site (R 1.7),
the contractor positioned a flashing arrow on the downhill side of a hill, and it did not come into
view until the driver reached the crest of the hill, This accounted for the large number (45) of traffic
conflicts recorded at this site. Figure 19 shows a portable flashing arrow in operation at a lane closure.

The situation presented in Figure 20 could prove confusing. The overlay message had become
unfastened on one side and presented an ambiguous choice as to where the construction actually was.
It is a foregone conclusion that such errors must be avoided if safety and respect for warning signs
are to be improved.

Since the new Manual on Uniform Traffic Control Devices (1971) specifies the use of orange signs
for construction and maintenance sites, a distinction has been made from the standard, stationary, yellow
warning signs (Merging Traffic, Fallen Rock Zone, Bridges Freeze Before Roadway, etc.) in more common
use on highways. The new manual should also create a higher degree of uniformity in traffic control
at lane closures. However, it is the responsibility of field personnel to enforce the standards and to
insure the signs are highly legible.

Perhaps the most astonishing finding from this research issued from the driver interviews.
Approximately 20 percent admitted or confessed that they deliberately delayed merging, This is willful
disobedience and may be related to the driver attitude which results in speeds 5 to 10 mph greater
than posted limits. Unfortunately, the conflict involvement rate of these drivers was not determined
specifically and separately when field observations and interviews were conducted.

CONCLUSIONS

1. Orange signs produced a slight improvement over yellow signs in reducing traffic conflicts and merggs
near the barricade.
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Figure 19,

Portable Flashing Arrow

in Operation

at a Lane Closure.

30



Figure 20.  Errors which Cause Confusion and Disrespect for Warning Signs.

31




10.

New signs of either color produced a significant improvement over signs of lesser quality, Presumably
signs maintained in a like-new condition, or nearly so, would suffice as well.

Driver attitudes toward lane-closure signs appear to have compounded and confounded the total
problem of effective signing. Other, more daring innovations seem to be needed. Temporary rumble
strips, chatter bars, or other disquieting devices may be necessary to adequately impress the message
on some drivers.
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RESPONSES TO DRIVER INTERVIEW

Did you notice two different colored warning signs prior to the lane closure?

Yes 38
No 24

If yes, what colors did you notice?

Yellow 34
Orange 25
Red 13
Other 4

If only one color noticed, what was it?

Yellow

Orange

Red

Red-Orange

Other

Uncertain 1

o

If two colors were noticed, which one seemed more effective? (Only asked people who replied
"yes" to question one).

Yellow 9
Orange 23
Red 4
Uncertain 2

Do you think you are adequately made aware that a lane is closed ahead at sites like this?

Yes 56
No 6

What is your biggest complaint about these sites?

Nothing 52
Other 10

Do you think the warning signs are usually spaced properly so you can rely upon what they say?

Yes 58
No
Uncertain 1

Do vou actually merge into the open lane when you see the first warning sign, whenever you can,
or when you actually see the lane blocked off?

First Sign 31

Whenever 19
Actual Lane Blocked 12
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STATISTICAL THEORY

When testing hypotheses concerning two means, two tests for statistical significance were applied.
These were the so called "z"' test and the well known "t" test (9, 10). The hypotheses tested and
the formulas for both tests are shown below.

HO:X1=X2 HI'XI%XZ

Z = (X; - Xp) |V S HND + (S2Ny)

HO:X1=X2 HI:XI?EXz

t = (X| - Xp) VN No(N] + Ny 2)/(N; + NNy - 1) 8,2 + (N, - 1)S,°

For both tests:

Xy = mean of first sample,
X22 = mean of second sample,
S = variance of first sample,

1
822 variance of second sample,
size of first sample, and
gsize of second sample.

z 2z
B
n
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