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DRAFT PUBLICATION DISCLAIMER
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PURPOSE

« Why revise Publication 149?

« Where we are specific to signing and pavement markings.
« Where are we headed for signing & pavement markings?
 Key change highlights.




WHERE WE ARE

CHAPTER 13 - PAVEMENT MARKINGS AND SIGNS

13.1 Pavement Markings

Provide pavement markings (such as centerline, channelization, stop lines, crosswalk lines, and lane control
markings) as may be required to properly direct and control the flow of vehicular and pedestrian traffic
through the signalized intersection.

Pavement markings shall meet the provisions of Publication 35 (a.k.a. Bulletin 15), Publication 46,
Publication 111 (TC-8600 Series), Publication 212, and Publication 408.

For additional information consult the MUTCD Part 3, Markings.

13.2 Signs

Signs provide proper direction and control the flow of vehicular and pedestrian traffic through the signalized
intersection. Examples of such direction or control include turn prohibition, lane control, one-way,
overhead street name, and pedestrian control. Refer to the MUTCD, Part 2, Signs for guidance on selection
and placement of signs. All signs shall also meet the provisions of Publication 35 (a.k.a. Bulletin 15},
Publication 46, Publication 111 (TC-8700 Series), Publication 212, Publication 236, and Publication 408.
Note that the series numbers in Publication 236 supersede those of the MUTCD.

13.3 llluminated Signs

llluminated signs may be used where an engineering study shows that reflectorized signs will not provide
effective performance or where extraneous light makes it difficult to read reflectorized signs.

The traffic control signal shall be given dominant position and brightness to assure its target priority in the
overall display.

Changeable message or blank-out signs may be installed where the message is applicable at specific times.

Internally illuminated street name signs may be used as preferred by the local municipality. Please refer to
Publication 408, sections 936 and 1103.

For more information consult the MUTCD, Section 2A.07, Retroreflectivity and lllumination.
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WHERE WE ARE

NOTES:
LANE , EDGE ANWD CENTERL [NES
1. MAKE ALL LAME LINES, EITHER SOLID OR BROKEM 4° MINIMUM WIDE
WHEN ADD [ TIONAL LANES ARE ADDED TO WHAT 15 OTNERIrsE A TWO-LANE ,
THO-WAY MIGHWAY AND 6" WIDE OM ALL MULTI-LANE HIGHWAYS.
2. LAME LINES ONM AN APPROACH TO & $IGMN.IZED IMTERSECTION SHALL BE SOL1D WHITE FOR
A D[STME OF 150" MEASURED FHW THE
3. MES THAT DEL [MEATE T NG LANE ARE TO BE SOLID WHMITE

LINES E B
ltlEs WITH A LENGTH EQUAL 2x/3, un uor lEss THAN 173 THE LENGTH OF THE TuRN
LAKE , MEASURED FROM THE STOP BAR.
4. WAKE EDDE LINES SOLID WHITE LINES 4 WIDE, EXCEPT USE SOLID YELLOI
LINES WHEN ADJACENT 1O A MEDIAN WHICH SEFARATES OFPOSING IHRH’.T‘I&IS oF
VENTRUlNR TRAFFIC FLOR.
S, OM_TWO- o TWO-WAY Nlmnrs THE CEMTEA LINES ARE YELLOW, 4-
EITHER S‘H..[D BROKEN_OR A COMSINATION THEREOF. A SOLI0 BARRIER L]
PAECEDE ALL COMTROLLED INTERSECT|ONS BY THE MINIMUM DISTANCE NOTED IN T.nm.! A

6. ON FOUR {4) OR MORE LANE UNDIVIDED MIGHNWAYS, FOR CENTER LINES USE THE TWO-WAY
BARR[ER L [NES.

T. FCENTER LAME LEFT TURN OMLY " MARKINGS ARE TWO (21 SETS OF OME-WAY BARRIER LINES
WITH BROEM YELLOW LINES INSIDE OF THE SOLID YELLOW LIMES.

8. EXTEND TWE LANE LINES, EDGE LINES AND/OR CENTER LINES A DISTANCE OF 150° ® %73 DES[RABLE
FROM THE STOR BAR ON MINOR APPROACHES, WHERE COMDITIONS PERMIT. A3 MINIWUM

S1GNAL 1ZED
INTERSECT1ON

% OPTIONAL
D WHITE LINES THAT COMBLETELY TAAVERSE EACH TRAFFIC LNE. AT
"\udeE TuAN 36 tHou TNE HEAREST EBOE EFPWEE?uﬂn;!c??uc Bl ThE
MAXIMUM_SIGHT DISTANCE T0 VEHICLES ON THE CHOSSING ROUTE. BECOMES MANDATORY TURN LAxE
“LANE APPROACH TO A SIGNALIZED INTERSECTION, T
0-ASS 13T TURNING VEHTCLES ANG 10 INPRGVE SIGHT DISTANGE FOR PLAN
0 MAKE & TUR
AT A MINIM OF 4[N ADVANCE OF AND PARALLEL TO THE
YIELD L ]NE FOR DETAILS SEE SHEET 5' OFFSET TABLE
3
ws? SPEED LINMIT OR_B5™ | prstamce
1. YIELD LINES ARE T0 CONSIST OF A AOW OF S0LID WHITE ISOSCELES TRIANGLES POINTING L =—— FOR CONVENTIONAL ROADNAYS WHERE THE BS5™ PERCENTILE PERCENTILE SPEED phie
JOMAAD AFEAOACHING VENICLES EXTENDING ACROSS APPAOACH LANES 10 1 TE THE B0 SPEED IS 40 WPH OR LESS LMPH)
POINT AT WHICH THE YIELD 15 INTENDED OR REQUIRED 10 BE M 35 0R LESS 300
JED IAN MARK [NGS L = WS FOR CONVENTIONAL ROADNAYS WHERE THE B5™ PERCENTILE a8 [ 30 |
SPEED 15 45 WPH OR GREATER AND FOR ALL FREEWAYS I3 400
12, TRAMSVEASE MED[AM WARK[NGS ARE 24° WIDE YELLOW L INES SPACED AS_INDICATED AND EXPRESSHAYS 9 50
OM SHEET 4, WITHIN THO (2] SETS OF TWO-WAY BARRIER L INES. USE TRANSVERSE LINES "
QLY WiEM REQUIRED TO PROVIDE EWPHASIS [F THE SIGHT DISTANCE R VISISILITY IS WHERE: s+ BST PERCENTILE SPEED (UPH) 5 500
y ° TABLE A
RE MARK [N % = 25 PER 30 TURNING V.P.H, THE MINIWUM [5 T8 1 SEE NOTE 51
13. EDGE LINES ARE 41 SOLID WAITE LINES, USE VRANSYERSE OF DIAGONAL LINES
NLY BHEN DUITIONAL EWPHASIS TF THE SIGKT DISTANCE OR
14. AND oL | 5 HOT E)‘CEED THREE LINES OF INFORMATION. 1F &
P KING WORD MESSAGE CONSISTS OF MORE THAN ONE LINE OF INFORMATION
|T SHOULD READ IN THE DIRECTION OF T l\'EL‘ THE_FIRST WORD OF THE NESSAGE SHOULD
82 NeuREST TO THE HOAD USER. THE LONGITUDINAL SPACE BETWEEN WORD OR StWEL
MESSAGE MARK [NGS, [NCLUDING ARAOW MARK INGS, SHOULD BE AT LEAST FOUR TIMES THE
NETaT b T CHARACTENS FOR'LoN:SPEED ROads SUT'NOT MORE THAN, TEN_TINES THE
HEIGHT OF THE CHARACTERS UNDER ANY CONDITIONS. ON ALL APPROACHES, CENTER THE
LEGENDS WITHIN THE LANE.

ALIGN THE LEGEWDS TRAWSWERSELY ACROSS EACH PAVEMENT. THE

WINIMUM DISTANCE BETMEEW THE ARRON SYMBOL AND STOP BAR [5 20°. 30 I I
4

-
-

DOTTED EXTENSION LINES MAY BE USED TO DELINEATE TRAVEL
ATHS FOR TURNING TRAFFIC MOVEMENTS AT OFFSET, SKEWED OR 12" WIN,
CODFLE): INTERSECTIONS AND FOR MULTIPLE TURN L.ENES = m
24° DPTIONAL

ANE REDUCTION ARROW RA) 1— SEE NOTE 1
. FOR DETAILS SEE SHWEET 0. : T 30 1 30

@

WHITE
¥ 12" 3 12 3 EBQEEE | QHE IEE
| & . R = S
LEGEND e e | COMMONWEALTH OF PENNSYLVANIA
AUXTLIARY LANE L INE l 1 DEPARTMENT OF TRANSPORTATION
WITE BUREAU OF MAINTENANCE AND OPERATIONS
YELLOW [ SEE NOTE 5)
— DIRECTION OF TRAVEL « OR & 24n PAVEMENT MARK [NGS
(3)  WOTE REFERENCE NUWBER 41 mFiJ e o
/7= = = =2 = 3 CONVENT IONAL
DOTTED EXTENSION L INE TWO-WAY BARRIER | INES
(SEE MOTE &) RECO&M :E'” 2013 |RECONMENDED JUN- 13, 2013 | oy 3 pF 13
s'l'ul %{a‘ G IR | NG AMD |CH e TC'EGOO
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WHERE ARE WE HEADED

19.1 General

A traffic control signal design shall include the necessary pavement markings and signs as may be required to
properly direct and control the flow of vehicular and pedestrian traffic through the signalized intersection.

Pavement markings and signing shall meet the provisions listed in the following references:

v MUTCD
=  Pavement Markings (PART 3 Markings)
= Signs (PART 2 Signs)
v" Publication 46
= Pavement Markings (Chapter 3)
=  Signs (Chapter 2)
v" Publication 111
= Pavement Markings (TC-8600)
= Signs (TC-8700C, TC-8701D & TC-8702 series)
v" Publication 148
=  Signs on signal supports (TC-8801)
=  Ped signs on pedestal supports (TC-8803)
v" Publication 212 (Official Traffic Control Devices)
v" Publication 236 (Sign Handbook
Note, that the series numbers in Publication 236 supersede those of the MUTCD.

v Publication 408
= Pavement Markings (Sections: 901, 960-965, 1103)
= Signs (931,935,936, 971,975,976, & 1103)

v" ECMS Master Items

= Pavement Markings (0901, 0960, 0961, 0962, 0963, 0964, & 0965)
= Signs (0931, 0935, 0936, 0971, 0975, & 0976)

v"  Publication 35 (Bulletin 15)
v Form TE-974
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WHERE ARE WE HEADED

19.2 Typical Pavement Markings-Signalized Intersection

Pavement markings provide the motorist with guidance so that they remain in the appropriate lane as they
approach and travel through an intersection.

The designer should consider the agency responsible for maintaining pavement markings as part of the signal
design to avoid including optional markings which are unlikely to be maintained based on the agency’s
resources or logistics of refreshing the markings.

Traftic signal plans shall include the required pavement markings | Section 19.2 clarifies the application of
pavement markings at signalized

needed for the signalized intersection design and be shown for at intersections when using the standards
least 150 feet from the stop line. Additional area should be e el T(g:-SGDD.
included where auxiliary lanes for the signalized intersection !
extend further from the intersection.

The typical pavement markings utilized at signalized intersections includes the following:

Lane lines (lane, edge, and centerlines)
Stop lines
Dotted extension lines

Crosswalk lines/markings
Pavement legends (word & symbol markings)
Median & gore transverse markings (when applicable)

LA RS

The following two Exhibits show typical pavement marking configurations encountered at signalized
intersections. Exhibit 19-1 shows typical configurations for one approach lane and Exhibit 19-2 shows
typical configurations for two approach lanes.

Pennsylvania
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WHERE ARE WE HEADED

19.3 Typical Signs-Signalized Intersection

TrafTic control signal plans shall include the required signs needed for the signalized intersection design,
which typically include the following (as described in the
following sub-sections): Section 19.3 clarifies the application of

L ) signs at signalized intersections when
v" Movement Prohibition & Intersection Lane Control | using the standards from Publication 236,

Signs Handbook of Approved Signs.
Traffic Signal Pedestrian and Bicycle Actuation
Traftic Signal Signs (Signs used fo supplement
traffic signal control)

No Tum on Red Signs

Traffic Signal Waming Signs

Pedestrian Signs

Street Name Signs

Adwvance Street Name Signs

Hluminated Signs (if needed, this is o special application which applies to one of the above typical
signs)

v" Warning Signs

AN

AN N Y

The signs should be the same on the traffic signal construction plan and traffic signal permit plan. Except for
projects where the traffic signal is the primary work and no other plan sets are being prepared, other signs
should be indicated on a signing and pavement marking plan and tabulated separately. Notes may be included
to cross-reference other plan sets including signs in the vicinity of signalized intersections. See Chapter 33
for more information on traffic signal plan requirements.

Signs at traffic control signals should be official traffic signs listed in Publication 236,

v" The MUTCD contains additional signs which are not approved for use in Pennsylvania.

v" Inaccordance with 67 Pa, Code §212.101, any custom sign message must be approved by the Chief of
the TrafTic Engineering & Permits Section in the Bureau of Operations. Custom signs may only
include custom messages and may not create custom symbols,

Pennsylvania
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KEY CHANGE HIGHLIGHTS

Exhibit 19-1 Pavement Markings for Signalized Intersection One Approach Lane -
Typical Configurations Encountered

Approach with
Two-Way
Left-Turn Lane
Right and Left

R3-8) at or near the beginning of full width turn bay.
Additional LANE USE CONTROL signs near the stop line for
confirmation / emphasis are optional.

Turn Bays
s
(L-S-R)
* Optional
R2-8A-1 Signalized
(L-S-R) Intersection
LI MY 5 e
. VLT
Right Turn Bay [
|
»-
Shoulder or Parking -
N .
\ N \?
wl
R3-8-
ot (L sxg
{(LS-R)
AL Signalized Intersection Tum Bays:
- Install solid white lane line for full length of full width turn
bay ohi P
Install 75 bay t ?
- Insta min apers.
i R3-8-1
y — * (L-SR)
« Upstream dotted extension lines adjacent to bay tapers to \ /
provide positive guidance for thru lane and define the turm
bay are optional.
- Wtilize either & minimum of two arrows - One at upstream
end of full width turn lane and one 20" upstream of the stop
line per Turn Lane Pavement Marking Option A or a
combination of turn arrows and ONLY legend per Tum Lane H Z Left Turn Bay
Pavement Marking Option B (see Exhibit 19-4) 5 i;
o
Install upstream advance LANE USE CONTROL (Series S )
é 4
3 3
&
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KEY CHANGE HIGHLIGHTS

Exhibit 19-2 Pavement Markings for Signalized Intersection Two Approach Lanes -
Typical Configurations Encountered

Left Turn Bay

AL Signalized Intersection Turn Bays: AL
- Install sofid white lane line for full length of full width

turn bay ‘ k L ';

Instadl 75° min bay tapers LER LS
(L-S-SK)

~ Upstream dotted extension ines adjacent to bay
tapers to pravide posttive gusdance for thru lane and
define the turn bay are optional, /

= Utilize either & minimum of two arrows « One at
upstream end of full wiath tum lane and one 20' * Optional
upstream of the stop line per Tum Lane Pavement

Marking Option A or & combination of tum arrows and

ONLY legend per Tum Lane Pavement Marking Option R3-8A-1
B (see Exhibit 19-4)

(L-5-SR)
- Install upstream advance LANE USE CONTROL e e X
(Seres R3-8) at or noar the beginning of full width ‘ \ - fiq'nallxo?
turn bay. Additional LANE USE CONTROL signs near . ntersection

the stop line for confirmation / emphasis are optional

- - -

s F F I
] | KA A 1T '1

i N 3 (L-LS-SR

—_— - — - % »
Ry 7R {?wJ k-’g“q* "3
RY-SR

Dual Left with
___Turn Lane and

Turn-Lane Drop Pavement Markings || Shared

Not Optional (See MUTCD Sec 38,07 SanL T
and Figure 38.12)
»
Notes
For additional guidance on Mandatory Turn-Lane Drop ﬁ;—_: D l'{l lkl
advance pavement markings see MUTCD Sec 38.07 and ONL Y
Figure 38,12, g 23-5L RI-6LS RI-65A

For additional guidance on overhead-mounted intersection
lane control sign requirements see Section 19.3.1.
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KEY CHANGE HIGHLIGHTS

Exhibit 19-3 Pavement Lines

References
Type Color Minimum Width (in.) Il"l"l’ MUTCD!
Longitudinal Markings>
Edge Li Whit 4
- e 3B.09, 3B.12
Edge Line Yellow 1
Solid Lane Line White 6 3B.06
Broken Lane Line White 6 g 6%;) 3B.06
Centerline Yellow 4 Sheets | 3p 0]
(Two-way barrier lines) 3&4
Dotted Extension Line White 6 (turn bay taper) 3B.06
Auxiliary Lane Line : 3B.07
(Wide dotted lane line) White 12
Transverse Markings®
Stop Line White 24 TC- 3B.19
Dotted Extension Line White 6 (lane line) 8600
_ Sheets 3B.11
Dotted Extension Line Yellow 4 (centerline) 3&4

IMUTCD 3A.04 provides general information on the functions, widths and patterns of longitudinal pavement marking
lines.

?Longitudinal markings run in the direction of travel.

3Transverse markings are those which run perpendicular to direction of travel. Dotted extension lines connecting lanes
through the intersection are considered transverse markings since they are crossed by vehicles.

See the following sub-sections for further information on each line type.
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KEY CHANGE HIGHLIGHTS

Stop Lines

Stop lines which are 24 inches wide shall be used to indicate the point behind which vehicles are required to
stop in compliance with a traffic control signal. A stop line shall extend over the entire width of each lane on
an approach.

24" Width 1: } 1

Stop lines when used on a multi-lane approach to a signalized intersection may be staggered to assist turning
vehicles and to improve sight distance for motorist desiring to make a turn on red.

The stop line shall be no less than 4 feet from the nearest edge of the intersecting roadway and any crosswalk
markings.

If the right turn on red movement is allowed, the stop line should be no more than 30 feet from the nearest
edge of the intersecting roadway to ensure maximum sight distance.

Stop lines should be placed considering turning paths of the largest expected design vehicle. The stop line
may be located further from the intersecting roadway when necessary to accommodate large vehicle turning
movements.

Pennsylvania
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KEY CHANGE HIGHLIGHTS

Lane Use Arrows and ONLY Word Markings

Pavement legends approaching signalized intersections include lane-use arrow markings and ONLY word
markings. In general, the number of markings should be the minimum necessary to provide positive guidance
for lane control due to ongoing maintenance costs for the signal owner.

At exclusive tum lanes (bays), Exhibit 194 provides two options (A or B) for installing required pavement
markings; designers must select either Option A or B. Intersection lane control signs (see Section 19.3.1)
shall accompany these pavement markings as shown in Exhibit 19-4.

v Option A (Arrows) — provides the minimum number of required lane-use arrows and distances for
various turn bay lengths, or

v’ Option B (Arrow/ONLY combination) — provides the minimum number of arrow/ONLY
combinations and distances for various tumn bay lengths. The ONLY word pavement marking shall be
located upstream of the lane-use arrow marking.

For lane drops, the ONLY word pavement marking shall be used (see Section 19.4.4).

While use of lane-use arrow markings for straight through lanes is optional, they should be considered for
through lanes adjacent to lane drops or other geometric conditions where additional direction may be
beneficial to the driver. See Section 19.4.4 for application of pavement markings at lane drops.

Pennsylvania
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KEY CHANGE HIGHLIGHTS

Exhibit 19-4 Lane Use Arrows and ONLY Word Markings for Various Turn Bay Lengths

Option A: Turn Lane Arrows Option B: Arrow/Only Combinations
Turn Bay > 164 ft. Turn Bay > 200 ft.
Minimum Three Arrows Minimum Two ONLY /fARROW Combination
[ . r r r r r 32 {min'} N
75" (min. per lane) 48" to 120" 48" to 120 20 75" (min. per lane) 32 120" (max.) 32 60"
- - . - - - - ————————————— .- ————————— .- e
A} A A F A
(or B) (or B)= {or B) (or BY*
Turn Bay 75 ft. — 164 ft. Turn Bay 112 ft. — 200 ft.
Minimum Two Arrows One ONLY /ARROW Combination
75" (min. per lane) 30'to 120' 20 75’ (min. per lane) 32-120" 60"
AF A F AF A F
(or B) {or B) ® (or B) {or B)
Turn Bay < 75 ft. Turn Bay < 112 ft.
Minimum One Arrow One ONLY fARROW Combination
Beginning of Full Width 75" (min. per lane) 32" 20-60°
Turn Bay (TYP.)
75" {min. per lane)
e —
alk ak
{or B) (or B)
Ak A F |
(or B) (or B) & * Optional

F Install R3-8-1 (A) or R3-8A-1 (B) lane use control sign
matching actual lane configuration.
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KEY CHANGE HIGHLIGHTS

Exhibit 19-25 Eliminating Parking for Auxiliary Lanes - Typical Applications

A - Elimination of Parking for B - Elimination of Parking for C — Elimination of Parking for
Development of Fully Development of Unsheltered Development of
Sheltered Left Turn Lane Left Turn Lane Right Turn Lane

(Urban =< 25 mph approaches with
curbside parking only)

2
Ji— , / , /
& ( I e
L (W L x (W L ‘q‘(
ONLY ONLY ONLY
it R3-8-1 * R3-8-1 ® R3-8-1
(L-SR) (L-SR) (LS-R)
*
L \ 4 ﬁ A (V
*
*% ONLY o ONLY ONLY
R3-8-1 g R3-8-1 T R3-8-1
(L-SR) E (L-SR) (LS-R)
- w
i E:" # Optional
& 3 #% Turn bay
ﬁ tapers should be
b3 White dotted extension 753" min.
3 line required for lane
shift when left turn lane Mote: Refer to TC-
development is not fully 8600 for guidance
sheltered with centerline on computation of
| | painted median. | |lane shift length L.
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KEY CHANGE HIGHLIGHTS

Exhibit 19-5 Crosswalk Types

MATERLAL WALTH

KAATERIAL WIOTH
EDGE OF ROAD WHITE 129 M, WHITE 17% MN,
20V HAK, e LT

WHITE PEDESTRIAN
CROSSWALK LINE
2 / EDGE OF ROAD

Hﬁlh. 247 Max, o — EDGE OF ROAD
, J__\\ - —
\ —

F4
3 H H
3
= iy %
| | u g
= 2ae waid-|
|
EBGE OF ROAD
EDGE OF ROAD EIGE OF ADAD
[
{NOT TO EXCEED
2.2 TIMES WDTH OF
LOWGITUDINAL BAR) |

TYPE C - LADDER
(HIGH-VISIBILITY)
e

TYPE A - TRANSWERSE

CHEVRON GORE MARKING

EDGE OF ROAD
MATERIAL WIDTH
WHITE & L.
128 A

ZFI'J."[ OF ROAD

WHITE PEDESTRIANR
CSSANAL

Cl E LINE
G M. (TYP.) 24% MK, o

2 AESTHETIC SURFACE TREATMENT =} :
¥ “\ £
.
= [
¥ H
SEACING) o whare B% 5 0 5 16
e EDGE OF RDAD —.r
WOT T FXCFED MIN, 0.5 TIMES WADTH OF WHITE
2.5 TIMES WADTH 0F u L
: AR PAIR) . BUT MOT LES EDGE 0F ACKD =
TYPE D - BAR PAJR

CROSSWALK WITH AESTHETIC SURFACE TREATMENT

SEE NOTES.

NOTE] BAR, P,
SUCH THAT T
TRAVEL BATH OF APPADN
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Department of Transportation




KEY CHANGE HIGHLIGHTS

Movement Prohibition Signs

Where specific movements are prohibited, Movement Prohibition signs shall be installed, except No Left
Turn and No Right Turn signs may be omitted where ONE WAY signs are mounted overhead near the
appropriate signal faces.

When used with overhead traffic signals, No Right Tum (R3-1), No Left Tum (R3-2), and No U-Tum (R3-4)
signs, should be installed adjacent to the overhead signal face closest to the direction of the prohibited
movement. A second No Right Turn (R3-1) or No Left Turn (R3-2) sign shall also be installed (post
mounted) at the near right-hand comer of the intersection. Additional post-mounted signs may be installed to
reinforce the movement prohibition.

An auxiliary sign with the same turn prohibition message may be used in advance of the intersection.

See Exhibit 19-6 for sample one-way intersections with minimum number of signals and signing for
vehicular traffic.

Exhibit 19-6 Sample One-Way Intersections Minimum Signals & Signing for Vehicular

Traffic
Sample One-Way Intersections
Minimum Signals and Signing for
l l‘ Vehicular Traffic I ‘l
A : A
- L —a
) I-"; IR
— . — -— = —
One One
W
L. Way L ay
H ©
-t t o, a 0B
= A o
B
N Slans 11
4 Overhead
Two Qne
Way L. Ground Mounted Way
| signA | signB | signc |  SignD |
RE-1R or R6-2R RE-1L or RE-2L RE-2R RE-2L
QMNE ONE
or E:E EE=) or E’E L"; ::_"
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KEY CHANGE HIGHLIGHTS

Turn-Related Signs

The following tum-related signal signs in Exhibit 19-11 may be installed as indicated in this section.

Exhibit 19-11 Turn-Related Signal Signs

LEFTTURN | (|LEFT TURN
YIELD | [Y1ELD ON LEFT

FLASHING TURN
ONGREEN | -2

O arrow | || SIGNAL

R10-12 R10-12A R10-10L

A Left Tum Yield On Green (R10-12) sign shall be installed adjacent to a shared signal face used for
protected/permissive left tum phase operation where permissive left-tum movements occur during the display
of a circular green (see Exhibit 16-14 B and C).

A Left Tum Yield on Flashing Yellow Arrow (R10-12A) sign may be installed adjacent to a signal face
which includes a flashing yellow arrow (FY A) display (see Exhibit 16-14A).

The Left Tumn Signal (R10-10L) sign should not be used when the separate left-tum signal face contains all
left arrow indications.

Prior to the 2009 MUTCD, a circular red indication was allowed for separate left-tumn signal faces. These
installations should be upgraded to comply with the current MUTCD by replacing the circular red indication
with a red arrow indication. Where the circular red indication from a pre-2009 installation remains in use in a
separate left-tumn signal face, the Left Tum Signal (R10-10L) sign shall be used on approaches where other
signal faces may display green or yellow indications while the circular red indication is illuminated for the
left turning movement.

The Right Turn Signal (R10-10R) sign shall not be used. Existing Right Tum Signal signs should be removed
whenever signal permits are revised. The Right Tum Signal sign is only used in cases where the right turn
signal face would display a circular red at the same time when the adjacent through signal faces would not
display circular red. A red arrow indication should be used instead. It is noted that right tum on red is allowed
in Pennsylvania when a red arrow indication is used.

Pennsylvania
Department of Transportation
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KEY CHANGE HIGHLIGHTS

19.3.6 Illuminated Signs

Iuminated signs may be used where an engineering study shows that reflectorized signs will not provide
effective performance or where extraneous light makes it difficult to read reflectorized signs. Therefore, an
illuminated sign 1s a special application to a typically required sign at a signalized intersection.

Designers should be aware that use of internally illuminated signs carry additional maintenance requirements
and costs to keep these type signs operating and functioning properly. Since illuminated signs are not
retroreflective and cannot be seen if the internal 1llumination fails, prompt maintenance of the illumination 1s
necessary. While such signs are allowed, the traffic signal permittee should be made aware of the additional
maintenance requirements, and potential liability, 1f mternally 1lluminated signs are not maimntained on a
timely schedule per Publication 191. In most situations, a retroreflective sign 1s sufficient and has both lower
installation and maintenance costs.

The sign display message character color, dimensions, and layout must be in accordance with Publication 236
and the MUTCD.

The traffic control signal shall be given dominant position and brightness to assure its target priority in the
overall display.

Internally Illuminated signs are referenced in Publication 408, Section 1103.03(g).

Exhibit 19-19 Illuminated Street Name Sign

= ey 31
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KEY CHANGE HIGHLIGHTS

19.3.7 Blank Out Signs

A “blank-out” sign 1s a sign that displays a single predetermined message only when activated. When not
activated, the sign legend 1s not visible.

As such, the size of a blank-out sign’s legend elements, overall sign size, and sign placement should comply
with the applicable provisions for the conventional version of the sign in Publication 236 and the MUTCD.

Blank-out signs used as part of a traffic signal design must operate in coordmation with the signal controller
50 that the sign 1s only ON (illuminated) when the specific condition for the sign message applies.

Examples of where blank-out signs may be applicable and beneficial with respect to traffic signals are:

v
4
v

ANENEN

Light Rail Transit Approaching (W-10-7 activated blank-out sign) (MUTCD Section 8B.17).
Preemption of highway traffic signals at or near grade crossings (MUTCD Section 8D.09).
Movement prohibitions during preemption (R3-1a & R3-2a activated blank-out signs) (MUTCD
Section §D.10).

Movement prohibitions during specific traffic signal phases (MUTCD Sections 2B.26 & 2B.60).
Traffic signal signs (MUTCD Sections 2B.59 & 2C.44).

Advance warning on approaches to traffic signals with restricted line-of-sight, sight distance
(MUTCD Section 2C.35). See Section 19.3.8 and Chapter 22.

Pennsylvania
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KEY CHANGE HIGHLIGHT

Exhibit 19-21 Overhead Lane Control Sign Options & Typical Applications

o (

Note: Add lane-specific Regulatory Restriction
sign if geometric or operational
restrictions necessitate.

See Note
FuS TRUCES
ONLY oMLY ONLY OMLY I

R3-5L R3-5L R3-5A R3-5A R3-65R

OR

Industrial Rd — " | ; ;
e B0 By Bt By

J

O Lk & L O
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KEY CHANGE HIGHLIGHTS

Exhibit 19-22 Channelized Right-Turn Yield Typical Applications

A — Channelized Turn
Without Merge Area

Signalized
Intersection

B — Channelized Turn
With Merge Area

* Optional

4
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KEY CHANGE HIGHLIGHTS

Exhibit 19-23 Transition from Two-Way Center Left Turn Lane to Exclusive Turn Lane
Typical Applications

BEGIN BEGIN

CENTER CENTER

" LANE " LANE

s by P A

" (L-5-SR) "
R3-5CP R3-9CP
.HHU' ANOD ns on HHG TINO s om
’l’ N - Illv (W

&%gg% R3-8A-1
(L-5-5R)

A‘lHﬂ' AINOD
Al A

L'IH'D AIND
* Optional i J \ T*
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Exhibit 19-24 Lane Reductions Typical Applications

A — Full Lane Reduction
Developed After Intersection

See MUTCD
Section 3B.12
for Additional
Guidance for
Fully
Developed
Lane Reduction
After
Intersection.

- ]:

-éﬂf—rDeIineators

ER

y

__//{\,J_

W4-2R *%

©

1 L% AHEAD
We-1R
wW1i6-103P

DI.,I. I‘P'

KEY CHANGE HIGHLIGHTS

B — Lane Reduction Developed Through
Intersection (Advanced Signing Required
Upstream of Intersection)

Mote: For guidance on
development of pavement
markings and signing
associated with lanes and
turn bays not related to a
lane reduction, see Exhibits
19-1 through 19-23 and
Exhibit 19-25.

* Optional

*#* Advance Distance
placement per MUTCD
Table 2C-3 (based on
posted speed).

amey

R3-8A-1
{L-5-5R)

Less than

advance

placement

distance

.

W4-2R
R3-8A-1
(L-5-SR)
WY Ml'?
f\\/ i R3-65R

R3-5L W16-103P

Bl
oot

~. R3-5A
e

S-1R
W16-103P
S

B.1 - Ground Mounted B.2 - Overhead and Ground W
Advance Signing Lult)

Mounted Advance Signing
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MST CHART CHANGES

(MOVEMENT, SEQUENCE, AND TIMING)
FOR TRAFFIC SIGNALS
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MST CHART

What is an MST Chart?

Shows how a Traffic Signal operates.
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MST CHART CURRENT FORMAT

What does it show? I Y A A |

vehiCUIar and PEdEStrian MOVEMENT, SEQUENCE, AND TIMING DIAGRAM

58 i L J..L: i L Lkl q 1 ik 9
- _—i — 1 - P — - |r— - |>—
e F - - | - 1 - H i
— = — [= —~ — — . - ! = - ! . T
4 < 4 = < < )
Movements and Phases. | - —= | N | ] |- e
TTT TTT trrr frrr TT | [rrrT frlld w
PHASE 1+5 1+6 2+5 2+6 3+7 3+8 4+7 4+8
NERVATS ™ 2 T 3 | 2 5 6 T B 0 O T I IS T o 6 T 810120127 12223128125 726127 28
1 LY RYG (6 Y LSRR IR PR IR IRIRLRIRIR SRR IR IR IR IR IRIR R R IR
2,3 RIR|[R[G[G|[YGRYGR|[R|R|R|G|GC|YJRYR R [R R|IR|R[R|R|R[R|R|IR[R|R]Y
- - - 4 S| YIRIRIRIRIR|G|G6|Y|RIRIRIR R IR |R RIRIR|IRIRIR|RIRIR|RIR|R
possible phase combinations
- 7 RIR|R[R[R[R[RIR|R[R[R[RIR|R[R[GC|YYRYG[6[Y|R|R|R|[R[R|R[R|R[R[R
8,9 RIR|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R]R G [YYRYR|R|R|R|G|G|Y|R|R
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Signal indications
PEDESTRIAN X (@) O 7116 (@) © 720
MEMORY [ NC NL NL MN NL NL NL NL

for each combination of phases.

Timings and phase settings In use for 504 years

for each combination of phases.
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MST CHART ISSUES

Signal

Timings:

Phase
Settings:

Format
Compatibility:




MST CHART ISSUES

Signal Not all timings are shown.
2 H Overlaps, Preemption, & Railroad.
Timings: P i

Cannot show /ndividual phase timings.

Timings can be misinterpreted.

Does not show what each signal

indication is controlled by.
Phase or Overlap.

Incorrectly shows the YELLOW and RED
times of left turns.
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MST CHART ISSUES

Signal
Timings:
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MST CHART ISSUES
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Timings:
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MST CHART ISSUES

Not all necessary settings are shown.
Recall, Dual Entry, Detector Memory

Phase Cannot show /ndividual phase settings.

b | 4
| 4
ﬁr s ettin g S: Ex. Different recalls or detector memory.

Does not show overlap configuration.




MST CHART ISSUES

Originally designed for
mechanical controllers.
1970s

Designed for interval-based controllers.

Modern controllers are phase-based.

Does not translate to modern controller

Format computer format.
=g mm= Settings and timings are in Table Format
Compatibility:
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MST CHART — PROPOSED CHANGES
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¥ R|R|R R|IR|R|R|R|R|R|R|[R[R|R|R|[R|R][R c |6 | YA RIR|R|[R|R|[G|[G]|Y]|R][R
12 R, 39 rY RBURI BRI R|IR[R|[R]R[R[R|[R]R[R]R c |6 | YO RYR|R|R|[R|[G|[c|[Y|[R][R
* 13,14 DW | DW | DW DW | DW | DW [OW | W |FD |OW |DW | W | FD | DW | Ow | DW | DW | Dw DW | DW | DW | OW | DW | DW | OW | DW [ DW | DW | DW | DW |OFF
* 15,16 DW | DW | Dw w | Fo | ow |ow|ow|ow|ow|[ow|w |[Fo|ow|ow|ow|ow]|ow ow [ow [ow [ow [ow [ow [ow [ow [ow [ ow [ ow | ow [oFF
* 17,18 DW | DW | Dw ow | ow [ ow [ow | ow [ ow [ow | ow |[ow |[ow | ow|ow|[ow]|ow|ow ow | ow [ow [ow | w [Fo [ow|[ow| w [ Fo | ow | ow [oFF
* 19,20 DW | DW | DW ow [ ow [ ow [ ow [ow [ow [ow [ow [ow [ow [ow [ow [ow [ ow | ow w |Fo [ow |ow|ow|ow|ow|ow| w [Fo|ow|ow|oFF
FIXED 3|3 4|3 i 3 5 | 2 3 | 2 4|3 4|3 4 | 4
MINIMUM 5 5 5 5 5
PASSAGE 2 2 2 2 2
MAX 1 15 25 20 60 15 25 20 60
MAX 2 15 25 20 60 15 25 20 60
PEDESTRIAN ® ® 7 |18 ® @® 7|15
MEMORY L NL NL MN L L NL NL

* UPON PEDESTRIAN ACTUATION ONLY, OTHERWISE DON’T WALK AT ALL TIMES

Pennsylvania

f Transportation



MST CHART — PROPOSED CHANGES

PHASE 1+5 PHASE 1+6 PHASE 2+5 PHASE 2+6 PHASE 3+7 PHASE 3+8 PHASE 4+7 PHASE 4+8

I il IT il i i T
BRI N W CR M A SO 8
GV M| IR R

- INTERVALS INTERVALS INTERVALS INTERVALS INTERVALS INTERVALS INTERVALS
SIGNALS 12341 ]2[3]4a]1]2 12 3]a|1]2[3]a]1[2]3]a[l1]2]3]a
1 G- |[«YD RO «R- |«R- [«R- |«R- [«G- [«G- «R- [«R- [«R- [«R- [«R- [«R- [«R- [«R- [«R- [«R- [«R- [«R- [«R-
2 R|R|R R|R|R|R|G |G R|R|R|R|R|[R|[R|R|[R|[R|[R|[R[R
3 R|R|R R | R G |6 KRB rR|IR|[R[R[R[R|R|R[R]R
4 <6 [«<YBRY  [<6- [«6- [«YDRY<r- [«R- <R~ [<R- | <R~ |«R- [<R- [+R- [«R- [<R- |[+R- [«R- |<R- [+R- |~R-
o 5 R|R|R R R | R R|R|R|R|R|R|R|R|R|R|R|R|R
D I a ra m 6 R|RI|R 6|6 R | R R{R|rR[R|B|JR[B|IR[R][R|R[R]R
7 «R- |«R- |«R- «R- |«R- «R- |«R- <R~ |«R- [«R- |«R- [«G- [«G- [«Y= [«R- |«R- |[«R- |«R- |«R- [«R-
8 R|R|R R|R|R|R|R|R|R|R|R|R|R|R|R|R|R R|R|R|R|Gc |6 |YHRYc|c|Y|rR|R
9 ENELERD RIR[R[R|EJRIZIRYR[R|R[R[R|R][R RIR|R|R[c[c [ YO RrRHG[c|[Y|[R][R
10 <R- |«R- |«R- “R- |«R- |<R- |<R- |«R- |[<R- |<R- |<R- |«R- |«R- |[«R- |<R- |«G- |<YB{«R®|  [«G- |«G- |«Y- |«R- |[<R- |«R- |<R- |<R- |[«R- |<R- |<R- |<R- |<R-
n R|R|R R|R|R|R|R|R|R|R|R|R|R|R|R|R|R G |6 Y R|R|R|[R|[Gc[c]|Y|[R[R
12 R.[ 89 rY RIRIBARYR|[R[R|[R|[R|[R|[R|R|R|[R][R 6| | YARIR|R|[R|R|[G|[c|Y[R[R
* 13,14 DW | DW | DW DW | DOW | DW [DW | W | FD | DW |DW | W | FD | DW | DW | DW | DW | DW DW | DW | DW | DW | DW | DW | DW | DW | DW | DW | DW | DW | OFF
* 15,16 DW | DW | DW w | Fo | ow | ow|ow|ow|ow|ow|[ w |[Fo|[ow|ow|ow]|ow]|ow ow | ow [ ow [ ow [ow | ow | ow [ ow | ow | ow | ow | ow|orF
* 17,18 DW | DW | DW DW | DW | DW | DW | DW | DW | DW | DW | DW | DW | DW | DW | OW | DW | DW DW | DW | OW | DW | W | FD | OW |DW | W | FD | DW | DW |OFF
* 19,20 DW | DW | DW ow | DW | DW | oW | ow | ow | ow | ow [ ow | ow [ ow | ow | ow | ow | ow W | FD | DW | DW | DW |DW | DW | DW | W | FD | DW | DW | OFF
. FIXED 3] 3 4] 3 4] 3 5 | 2 33 4] 3 4] 3 4] 4
MINIMUM 5 5 5 5 5 5 5 5
PASSAGE 2 2 2 2 2 2 2 2
MAX 1 15 25 20 60 15 25 20 60
MAX 2 15 25 20 60 15 25 20 60
PEDESTRIAN ® ® 7 [ 18 ® ® 7 [1s

MEMORY L NL NL MN L L NL NL
* UPON PEDESTRIAN ACTUATION ONLY, OTHERWISE DON’T WALK AT ALL TIMES

Pennsylvania
/ Department of Transportation



MST CHART — PROPOSED CHANGES

PHASE 1+5 PHASE 1+6 PHASE 2+5 PHASE 2+6 PHASE 3+7 PHASE 3+8 PHASE 4+7 PHASE 4+8

- i Iy il I} i I T T
----- - -----g- , . E A
L E =S B | B |\ | | B
B ( B = =N o= A e = BRI
& & [ oyened & & s & ' & |[co
I mo| ] ™| | mo Ll
- INTERVALS INTERVALS INTERVALS INTERVALS INTERVALS INTERVALS INTERVALS
SIGNALS 12341 ]2[3]4a]1]2 12 3]a|1]2[3]a]1[2]3]a[l1]2]3]a
1 <6- [«Y<RY  [«R- [«R- [«R- [«R- [«6- [«G- [«YT«rY] “R- [«R- [«R- <R- [«R- [«R- [«R- [«R- [«R- [«R- [«R- [«R- [+R- [«R- [«R- |«R-
2 R|R|R R|R|R|R|[G]|G®G & R© 5 RO R R|R|R|R|[R|[R|[R|[R|[R|R|[R[R][R
3 R|R|R R | R G| 6 ® RO D RO RARIBIRrR[R[R|[R[R]R][R[R|R][R
4 <6- |[<YBRDY [<«6- [«6- <R- |«R- <R- |<R- |<R- |«R- [«R- |[«R- |<R- |<R- [«R- |«R- |<R- |<R- |<R-
5 R|R|R R R | R R|R|R|R|R|R|R|R|R|R|R|R|R
6 R|RI|R 6|6 R | R R{R|rR[R|B|JR[B|IR[R][R|R[R]R
7 «R- |«R- |«R- «R- |«R- «R- |«R- <R~ |«R- [«R- |«R- [«G- [«G- [«Y= [«R- |«R- |[«R- |«R- |«R- [«R-
8 R|R|R R|R|R|R|R|R|R|R|R|R|R|R|R|R|R R|R|R|R|Gc |6 |YHRYc|c|Y|rR|R
@ 9 ENELERD RIR|R[R|BIEIBIRYrR[rR|R[R[R|R][R RIR|R|R|Gc |6 |YHRYc|c|Y|rR|R
10 <R- |«R- |<R- <R~ |«R- |<R- |<R- |[«R- |[«R- |<R- |<R- |<R- |«R- |«R- |<R- |«G- |«~YD[«RD| «G- |«G- |«Y- |<R- |«R- |[«R- |«R- |<R- |<R- |«R- |«R- |«R- |~R-
1 R|R|R R|R|R|R|R|R|R|R|R|R|R|R|R|R]|R ¢ |6 Ygzg R|R|R|[R|[Gc[c]|Y|[R[R
12 ENEREL RIRIB R r|[rR[rR[rR|[R]R[R]R|R[R]R 6 |c | YARIR|R|R|R|G|G|Y]|R|R
* 13,14 DW | DW | DW DW | DN | DW |DW | W | FD | DW |DW | W | FD | DW | DW | DW | DW | OW DW | DW | DW | DW | DW | DW | DW | DW | OW | DW | DW | DW | OFF
0Or * 15,16 DW | DW | DW w | Fo | ow | ow|ow|ow|ow|ow|[ w |[Fo|[ow|ow|ow]|ow]|ow ow | ow [ ow [ ow [ow | ow | ow [ ow | ow | ow | ow | ow|orF
:a; * 17,18 DW | DW | DW DW | DW | DW | DW | DW | DW | DW | DW | DW | DW | DW | DW | OW | DW | DW DW | DW |DW |OW | W | FD | DW | DW | w | FD | DW | DW | OFF
* 19,20 DW | DW | DW ow | DW | DW | oW | ow | ow | ow | ow [ ow | ow [ ow | ow | ow | ow | ow w |FD | ow | ow | ow|ow|ow|ow| w | Fo|ow]|ow|oFF

Pennsylvania

Department of Transportation




MST CHART — PHASING DIAGRAM

BARRIER

- -
RI n g & Ba rrl e r ACTIVE OVERLAP: I [ PHASE: 3 ACTIVE OVERLAP: PHASE: 4 ACTIVE OVERLAP:
. D . C
- &)
Phase ASS|gnments @
)
11,12
| - N D— - , —x / —
= 7 I n [ T (!
N :L = —'\ D :L o
G Vi % N=F7 = |
o %)
A 18,19,20,21 ( ( 24,25 (
GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED
: F ol - I -y~ - SIGNALS @ [ LPI |ACTIVE|CHANGE| CLEAR SIGNALS @ [ LPI|ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ | LPI |ACTIVE|CHANGE| CLEAR
= e () - 5 o1 G- [ «v- | - 1 22| R 6 Y R 13 03 «G- | <Y- | <R- 11,12 oa| - G Y R
o S1gnidl rcaas '
2.3 22| R G ¥ R 24,25 oap| - WEDW pw | pw
4 22| R G Y R
18,19,2021 [o2p| w [WEBW pw | pw
ENABLE BACKUP PROTECTION
TO PR RESERVICING OF @1 FROM 2. [ ,
PHASE: (5 J/C'IVEOVERTA: |/ PHASE: ACTIVE OVERLAP: PHASE: Q ACTIVE OVERLAP:  §
' B ‘ B we A
26\
N
6.7 10 ;
\ —~ —~ - ,
- o 1 - -
Movement Diagram 0 0
) - - - — R {5 &) ¢
I e = = \J = I
G 0 V] T /T
5 22,23 1 26,27,28,29 3
B \ ( ( \ ( \i
GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED
SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR
1 05 «G- [ «v- | - 4 06| R G Y R 10 07 «G- | «Y- | «R- 14,15 o8| - G Y R
5,6 26| R G Y R 26,27,2829 |oar| - WEDW pw | pw
W/FDW,
22,23 oep| w WEPW ow [ ow
ENABLE BACKUP PROTECTION
TO PREVENT RESERVICING OF @5 FROM @6. ‘ I

ennsylvania

epartment of Transportation



MST CHART — PHASING DIAGRAM

= u
|

- = BARRIER BARRIER
RII‘Ig & Ba Frier PHASE: 1 i PHASE: PHASE: 3 J e e PHASE: 4 [f s 2= 1

|Phase Assignments |-

I t- I 5 23 4 11,12
A C R A, jy — A . j —
N sl ey —— = =nN
G —. 1 = i —Ne
4 <3 5 :
o %)
A —[ 18,19,20,21 _V\ [(\ 24,25 [(
GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED ) GREEN|YELLOW| RED
: F ol - I -y~ -~ SIGNALS @ [ LPI |ACTIVE|CHANGE| CLEAR SIGNALS @ [ LPI |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ | LPI |ACTIVE|CHANGE| CLEAR
= e () - 5 o1 «G- | <= | - 1 22| R G Y R 13 o3 «G- | <Y~ | «R- 11,12 o4 - G Y R
Hr S101dl FCaddS »
2,3 22| R G Y R 24,25 oap| - WEDW pw | pw
4 22| R G Y R
18,19,2021 [o2p| w [WEBW pw | pw
ENABLE BACKUP PROTECTION
> TO PREVENT RESERVICING OF @1 FROM 02. < > _ < > <
. . ACTIVE OVERLAP: 3 ACTIVE OVERLAP: \ ACTIVE OVERLAP:
PHASE: § PHASE: © B PHASE: 7/ B PHASE: 8 i3

02 06 @
G
2 e
»/Movement Diagram I _ I, i A

= I

SR
ealcaks

10

=
e
o
G

w O2—>2

sighas | o | e |RRECN e CLEAR signas | o | e | RRACN AR CLEAR signas | o | e | RRECN EEANGE CLEAR sionas | o | pi |RRROR TANGE| CLEAR
1 05 «G- | -Y- | - 4 06| R G Y R 10 07 «G- | «Y- | «R- 14,15 o8| - G Y R
5,6 26| R G Y R 26,27,2829 |oar| - WEDW pw | pw

22,23 oep| w [WERW pw [ pw

ENABLE BACKUP PROTECTION
| 8 TO PREVENT RESERVICING OF @5 FROM @6.

Pennsylvania
Department of Transportation



MST CHART — PHASING DIAGRAM

3 5 BARRIER BARRIER
RI n g & Ba rrl e r PHASE 1 ACTIVE XVERLAP: PHASE 3 ACTIVE ODVERLAP: PHASE 4 ACTIVE ?:VERLAP:

| Phase Assignments
| Active Overlaps | T
| Barriers

I_] A

[

) A

----7 | —

I | T ”
—1F1¥ i RELEEE

> OZ2—>

—5°

GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED
xyr = - I — ~ SIGNALS @ | LPI|ACTIVE|CHANGE| CLEAR SIGNALS @ [ Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ [ Pl |ACTIVE|CHANGE| CLEAR
: F > )J e '_r_] e I 1 = I () ) 5 o1 «G- | «y- | - 1 22| Rr G Y R 13 23 «G- | «Y- | <R- 11,12 o4 | - G Y R

2,3 22| R G Y R 24,25 osap| - [WEDW pw | pw
4 22| R G Y R
18192021 [o2p| w WEDW pw | pw

ENABLE BACKUP PROTECTION
TO PREVENT RESERVICING OF @1 FROM @2.

PHASE: 5 PHASE: 6 ACTIVE cB)VERLAP: PHASE: 7 ACTIVE cB>VERLAP: PHASE: 8 ACTIVE ZVERLAP:
22 26 @
R R [\¢R-/]
)
&)
1 5 14,15

~/Movement Diagram Ir_— [ Tl T Jll

R y P Y
| | — = \J = |
G \ T T ; T ; >
' 22,23 ( i ( 26,27,28,29 '
B \ ( \ \
GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED
SIGNALS @ | LPl |ACTIVE|CHANGE| CLEAR SIGNALS @ | LPl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR
1 o5 «G |ey-| - 4 6| R G Y R 10 o7 «G- | «Y- | «R- 14,15 o8| - G % R
5,6 26| R G Y R 26,27,2829 |oap| - WEDW pw | pw
22,23 osp| w [WEDW pw | pw

ENABLE BACKUP PROTECTION
TO PREVENT RESERVICING OF @5 FROM @6.

Pennsylvania

Department of Transportation



MST CHART — PHASING DIAGRAM

= ) ~ o ’ BARIRIER BARRIER
@ JiJ -r_] \_CJ ‘Q\ ! _r):-:—] f—rJ a-r PHASE 1 ACTIVE (XVERLAP: E: 2 PHASE 3 ACTIVE lE)\VERLAF‘: PHASE 4 ACTIVE gVERMP:
% Y 47 ) )

|Phase Assignments
| Active Overlaps

@

] ) . A T

@@

6ol

2 /

7

R ;
m = 5 4%
- '
Barriers G /& @ 2 @ 3
o %)
A H 18,19,20,21 H( [( 24,25 [(
GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED
= SIGNALS @ | LPI|ACTIVE|CHANGE| CLEAR SIGNALS 2 ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ [ Pl |ACTIVE|CHANGE| CLEAR
Ig na ea S 5 o1 «G- | «y- | - 1 22 G Y R 13 23 «G- | «Y- | <R- 11,12 o4 | - G Y R
2,3 22 G Y R 24,25 osap| - [WEDW pw | pw

R

WEDW pw | pw

4 22

IWired to Phase

ENABLE BACKUP PROTECTION
TO PREVENT RESERVICING OF @1 FROM @2.

PHASE 5 PHASE 6 ACTIVE gVERLAP: PHASE 7 ACTIVE gVERLAP: PHASE 8 ACTIVE ZVERLAP:

s|(=|=|=
(2]
=<

= Y A ) @ N
R R \¢r-/
&)
2
@ @)
<G/
1 5 : 10 ;
~Movement Di an il ’
- - : 2AC -
riovement Diagram s jy I, A .
| =Fs I — === -  —
: \'H H H ‘W g
' 22,23 26,27,28,29 :
B \ ( ( V ( \
GREEN|YELLOW| RED ! GREEN|YELLOW| RED GREEN|YELLOW| RED ! GREEN|YELLOW| RED
SIGNALS @ | LPl |ACTIVE|CHANGE| CLEAR SIGNALS @ | LPl |ACTIVE|CHANGE| CLEAR SIGNALS o | o |RERVE| NG CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR
1 o5 «G |ey-| - 4 6| R G Y R 10 o7 «G- | «Y- | «R- 14,15 o8| - G % R
5,6 26| R G Y R 26,27,2829 |oap| - WEDW pw | pw
22,23 osp| w [WEDW pw | ow
ENABLE BACKUP PROTECTION
TO PREVENT RESERVICING OF @5 FROM 6.

Pennsylvania

Department of Transportation




MST CHART — PHASING DIAGRAM

-3 0 » aABaAR y )
@ -}.iJ -r_] \_CJ \Q\fi _rj:-:—l frJ a-r PHASE 1 ACTIVE (I)\VERLAP: \ PHASE § ACTIVE OhVERLAP: \ PHASE 4 ACTIVE ?‘VERLAP:
Phase Assignments O
I g ) \ 1 23 4@

| Active Overlaps T T T—
| Barriers O T

GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED
= SIGNALS @ | LPI|ACTIVE|CHANGE| CLEAR SIGNALS @ [ LPI |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ [ Pl |ACTIVE|CHANGE| CLEAR
Ig na ea S 5 o1 «G- | «y- | - 1 22 G Y R 13 23 «G- | «Y- | <R- 11,12 o4 | - G Y R

2,3 22 G Y R 24,25 osap| - [WEDW pw | pw

4 22 G Y R

IWired to Phase oo e P o o

ENABLE BACKUP PROTECTION

> OZ2—x

s|(=|=|=

TO PREVENT RESERVICING OF @1 FROM @2.

I Type PHASE: 5 PHASE: 6 ACTIVE gVERLAP: PHASE: 7 ACTIVE gVERLAP: PHASE: 8 ACTIVE ZVERLAP:

= N\ G ) )
R R
\ - E - J N\ ' / :
7'Movement Diagram
@ @
J JJ _/\.J-r_r - - — R O(o o(g L
, v =— = =\ = =
G :H H :H ‘W >
' 22,23 ( i ( 26,27,28,29 '
B \ ( \ \
GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED
SIGNALS @ | LPl |ACTIVE|CHANGE| CLEAR SIGNALS @ | LPl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR
1 o5 «G |ey-| - 4 6| R G Y R 10 o7 «G- | «Y- | «R- 14,15 o8| - G % R
5,6 26| R G Y R 26,27,2829 |oap| - WEDW pw | pw
22,23 oep| w MWERW pw | pw
ENABLE BACKUP PROTECTION
TO PREVENT RESERVICING OF @5 FROM 6.

Pennsylvania

Department of Transportation




MST CHART — PHASING DIAGRAM

BARRIER BARRIER

PHASE: 3 ACTIVE ODVERLAP: PHASE: 4 ACTIVE ?:VERLAP:

> OZ—>

—5°

I g ™  papan A B
@ JiJIJ{‘J :\'L _F)S_If_rjd_r PHASE: 1 ACTIVE'(&VERLAP:
] T, . T.
| Barriers

GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW[ RED GREEN|YELLOW[ RED

.
4 22| R G Y R

w

| Phase Assignments
I t_ : I 5 1 2,3 4
) L > L
-7 b I \ F i3 i
— !
——1./ = @ ~—T7 > @ ——
o %)
T 18,19,20,21 T( [( 24,25 (
= SIGNALS @ | LPI|ACTIVE|CHANGE| CLEAR SIGNALS @ [ LPI |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ [ Pl |ACTIVE|CHANGE| CLEAR
Igna ea S 5 o1 «G- | «y- | - 1 22 G Y R 13 23 «G- | «Y- | <R- 11,12 o4 | - G Y R
2,3 22 G Y R 24,25 osap| - [WEDW pw | pw
-
IWII‘Ed to Phase S
ENABLE BACKUP PROTECTION

TO PREVENT RESERVICING OF @1 FROM @2.

I Type PHASE: 5 PHASE: 6 ACTIVE cB)VERLAP: PHASE: 7 ACTIVE cB>VERLAP: PHASE: 8 ACTIVE ZVERLAP:

22 26 @

)
&)

| Indications

D)
eI

1 5 ) 10 14,15
ﬂ \J /amet i_, r - , .
- a 1 - -
410 agiiain
J JJ\JJJJ\JJJ-J _)Ju-]v R O(o o(g L
l o il i — = xJ = |
G \ T T ; T ; >
' 22,23 ( i ( 26,27,28,29 '
B \ ( \ \
GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED GREEN|YELLOW| RED
SIGNALS @ | LPl |ACTIVE|CHANGE| CLEAR SIGNALS @ | LPl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR SIGNALS @ | Pl |ACTIVE|CHANGE| CLEAR
1 o5 «G |ey-| - 4 6| R G Y R 10 o7 «G- | «Y- | «R- 14,15 o8| - G % R
5,6 26| R G Y R 26,27,2829 |oap| - WEDW pw | pw
22,23 osp| w [WEDW pw | ow

ENABLE BACKUP PROTECTION
TO PREVENT RESERVICING OF @5 FROM @6.

7 | Pennsylvania
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MST CHART — PHASING DIAGRAM

=:_ Ring & Barrier

| Phase Assignments
| Active Overlaps
| Barriers

Signal Heads

| Wired to Phase

| Type
| Indications
»/Movement Diagram

PHASE: 2

Phase

=
\R
-
.Y/
@
\.G /
2.3
=~ —
1 : =
| | S\t
18,19,20,21 H(
GREEN[YELLOW| RED
SIGNALS @ | LPl | ACTIVE|CHANGE| CLEAR
1 2| R G Y R
2.3 22| R G Y R
4 22| R G Y R
18,19,20,21 |@2p| w WEFVE\)/W DW | DW




MST CHART — PHASING DIAGRAM

=z Ring & Barrier

| Phase Assignments
| Active Overlaps
|Barriers

i1 Signal Heads
| Wired to Phase

|Type
| Indications

Movement Diagram

U,_

18,19,20,21
SIGNALS o [P | RCTIVE|CHANGE| CLEAR
1 22| R G Y R
2,3 22| R G Y R
4 22| R G Y R
18,19,20,21 |o2p| w MEDW pw | pw




MST CHART — PHASING DIAGRAM

=z Ring & Barrier

| Phase Assignments
| Active Overlaps
|Barriers

i1 Signal Heads
| Wired to Phase
|Type

| Indications

Movement Diagram

|Signal Assignments

G2

L
Y2

4
4___¢

J

I
]

18,19,20,21
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MST CHART — PHASING DIAGRAM
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MST CHART — PHASING DIAGRAM
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MST CHART — PHASING DIAGRAM
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Programming Tables
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Programming Tables




MST CHART PROPOSED TABLES

Programming Tables

2 <7
Green PHASE TIMING
Timin S' PHASES 1 2 3 4 5 6 7 8
g - MIN GREEN 5 12 5 5 12 5
AD"A\':;EKWALK - . Shows all individual
e 5 ” Phase TIMINGS.
VEH EXT 2 2 2 2 2 2
MAX 1 30 60 30 30 60 30
MAX 2 30 | 60 30 | 30 | 60 30 Shows all individual
VELLOW 414 3] 414 3 Phase SETTINGS.
RED 3 3 3 3 3 3
MIN RECALL
MAX RECALL
SOFT RECALL X X =
— Easier to Read
REST IN WALK
DUAL ENTRY X X
LOCKING X X

7 | Pennsylvania
o/ | Department of Transportation



MST CHART PROPOSED TABLES

Programming Tables

2 5%,
PHASE TIMING
T.Gr.een . I PHASES 1 2 3 4 5 6 7 8
ImlngS' MIN GREEN 5 12 5 5 12 5
Clearance I ADUANCE WLk : : Shows all individual
Times: m———— — > Phase TIMINGS.
VEH EXT 2 2 2 2 2 2
MAX 1 30 60 30 30 60 30
MAX 2 30 | 60 30 | 30 | 60 30 Shows all individual
YELLOW 44 3144 3 Phase SETTINGS.
RED 3 3 3 3 3 3
MIN RECALL
MAX RECALL
SOFT RECALL X X -
— Easier to Read
REST IN WALK
DUAL ENTRY X X
LOCKING X X

7 | Pennsylvania
o/ | Department of Transportation



MST CHART PROPOSED TABLES

Programming Tables

2 <7
PHASE TIMING
T.Gr.een . I PHASES 1 2 3 4 5 6 7 8
ImlngS' MIN GREEN 5 12 5 5 12 5
Clearance I ovmcewa L L L Shows all individual
Times: m———— — > Phase TIMINGS.
- VEH EXT 2 2 2 2 2 2
vRehICIII? I MAX 1 30 60 30 30 60 30
ecail. MAX 2 30 | 60 30 | 30 | 60 30 Shows all individual
gL veuow 44 3144 3 Phase SETTINGS.
! RED 3 | 3 3| 3| 3 3
MIN RECALL
MAX RECALL
SOFT RECALL X X Easier to Read
PED RECALL
REST IN WALK
DUAL ENTRY X X
LOCKING X X

7 | Pennsylvania
o/ | Department of Transportation



MST CHART PROPOSED TABLES

Programming Tables

E 7
PHASE TIMING
T.Gr.een . I PHASES 1 2 3 4 5 6 7 8
ImlngS' MIN GREEN 5 12 5 5 12 5
Clearance I ovmcewa L L L Shows all individual
Times: m———— — > Phase TIMINGS.
- VEH EXT 2 2 2 2 2 2
vRehICIII? Ii MAX 1 30 60 30 30 60 30
ecall: MAX 2 30 | 60 30 | 30 | 60 30 Shows all individual
Pedestrian | veLow | 4 | 4 3|4 3 Phase SETTINGS.
R ". RED 3 3 3 3 3 3
ecall. MIN RECALL
MAX RECALL
SOFT RECALL X X Easier to Read
PED RECALL
REST IN WALK
DUAL ENTRY X X
LOCKING X X

7 | Pennsylvania
o/ | Department of Transportation



MST CHART PROPOSED TABLES

Programming Tables

E2 7
PHASE TIMING
T'G I‘_een ) I PHASES 1| 23| a4]5s5s |6 7] 8
Imings: MIN GREEN 5 | 12 5 | 5 | 12 5
Clearance I ADUANCE WLk : : Shows all individual
Times: m———— — > Phase TIMINGS.
. VEH EXT 2 | 2 2 | 2 | 2 2
\Ilzehlclll? Ii MAX 1 30 | 60 30 | 30 | 60 30
St MAX 2 30 | 60 30 | 30 | 60 30 Shows all individual
Pedestrian :I YELLOW 4 14 31414 3 Phase SETTINGS.
R Il: RED 3 | 3 3| 3| 3 3
ecall. MIN RECALL
Side Street I corrrean T x :
Operatmn: ‘ ————— Easier to Read
"Bl REST IN WALK
Bl opuaLENTRY X X
LOCKING X X

7 | Pennsyl lvania
o/ | Department of Transportation



MST CHART PROPOSED TABLES

Programming Tables

E2 7
PHASE TIMING
T.G r_een . I PHASES 1| 23] 4| 5s] 6] 7] s
Imings: MIN GREEN 5 | 12 5 | 5 | 12 5
Clearance I ADUANCE WLk : : Shows all individual
Times: m———— — > Phase TIMINGS.
. VEH EXT 2 | 2 2 | 2| 2 2
\Ilzehlclll? Ii MAX 1 30 | 60 30 | 30 | 60 30
St MAX 2 30 | 60 30 | 30 | 60 30 Shows all individual
Pedestrian :I YELLOW 4 14 31414 3 Phase SETTINGS.
R Il: RED 3 | 3 3| 3| 3 3
ecall. MIN RECALL
sgesweet | e | x .
Operatmn: I ————— Easier to Read
"Bl REST IN WALK
BleteCtof I »J| DpuaLENTRY X X
LR/ Bl ocking X X

7 | Pennsyl lvania
o/ | Department of Transportation



MST CHART PROPOSED TABLES

Programming Tables

(& 7




MST CHART PROPOSED TABLES

Programming Tables

(& 7

R EVP éib., Queue aé (R;R”r%j)

* (Emergency Vehicle) (Ramp)




MST CHART PROPOSED TABLES

Programming Tables

<

kR

(Emergency Vehicle)

“& Queue

RR

Confirmation

Light

EVP PREEMPTION

I CONFIRMATION
SIGNAL

A

B

C D

DWELL
PHASES @

1,6

2,5

DWELL
OVERLAPS

B

EXIT PHASE @

1,6

2,5

4
A
4




MST CHART PROPOSED TABLES

Programming Tables

<

(&1
m o Queue RR
o™"®"  (Emergency Vehicle)
Confirmation
Light I EVP PREEMPTION
CONFIRMATION
4" SIGNAL A 5 ¢ >
- DWELL
Active PHASES @ 1.6 s i °
Phases it B .
OVERLAPS
EXIT PHASE @ 1,6 2,5 4 8




MST CHART PROPOSED TABLES

Programming Tables

<

E5
“a Queue
m (Emergency Vehicle) QU = RR
Confirmation
Light I EVP PREEMPTION
CONFIRMATION
I SIGNAL A B C D
DWELL
Active PHASES @ 1,6 2,5 4 8
Phases DWELL o X
OVERLAPS
—J| exiTPHASE 2 1,6 2,5 4 8
Exit
Phases




MST CHART PROPOSED TABLES

Programming Tables

(& 7
= EVP - QLgFgm%e A RR
Detector I
Number
QUEUE PREEMPTlON
Il DpetecTOR #
DELAY 30
DWELL 4
PHASES @
DWELL A
OVERLAPS
PREEMPT MIN 35
PREEMPT MAX 35
EXIT PHASE @ 4




MST CHART PROPOSED TABLES

Programming Tables

(& 7

2 EVP - QLgFgm%e A RR
Detector
Number I

QUEUE PREEMPTION

Delay |7 ——J| DETECTOR #
——] DELAY 30

DWELL

4

PHASES @
DWELL A

OVERLAPS
PREEMPT MIN 35
PREEMPT MAX 35

EXIT PHASE @ 4




MST CHART PROPOSED TABLES

Programming Tables

2 <7
2 EVP F=1
“e Queue RR
Detector
Number
QUEUE PREEM PTION
Delay |7 ——J| DETECTOR #
——] DELAY 30
- DWELL
Active I | PHASES @ 4
DWELL
Phases OVERLAPS A
PREEMPT MIN 35
PREEMPT MAX 35
EXIT PHASE @ 4




MST CHART PROPOSED TABLES

Programming Tables

2 7
2 EVP A
“e Queue RR
Detector
Number
QUEUE PREEM PTlON
Delay |7 ——J| DETECTOR #
——] DELAY 30
DWELL
Active I | PHASES @ 4
DWELL
Phases OVERLAPS A
Preempt I PREEMPT MIN 35
Timep I—‘ M| PREEMPT MAX 35

EXIT PHASE @ 4




MST CHART PROPOSED TABLES

Programming Tables

o
2 /7
2 EVP A RR
“e Queue
Detector
Number
QUEUE PREEM PTION
Delay |7 ——J| DETECTOR #
—] DELAY 30
DWELL
Active I | PHASES @ 4
DWELL
Phases OVERLAPS A
Preempt I PREEMPT MIN 35
Timep I—‘ M| PREEMPT MAX 35
| EXIT PHASE @ 4
Exit
Phases




MST CHART PROPOSED TABLES

Programming Tables

(& 7

= EVP “& Queue A RR

(Railroad)

RR PREEMPTION

| TRACK CLEAR

Phases

Clear I

PHASE @ 1,6

TRACK CLEAR
OVERLAP
TRACK CLEAR
GREEN
TRACK CLEAR
YELLOW
TRACK CLEAR
RED
RR DWELL
PHASES @
RR DWELL
OVERLAPS

EXIT PHASE @ 2,6

B

10

5

2

2,6

A

7 | Pennsyl lvania
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MST CHART PROPOSED TABLES

Programming Tables

(& 7

= EVP “& Queue A RR

(Railroad)

Clear
Phases

Clear
Duration

RR PREEMPTION

TRACK CLEAR
PHASE @
'| TRACK CLEAR B
OVERLAP
I TRACK CLEAR 10
GREEN
TRACK CLEAR
YELLOW
TRACK CLEAR
RED
RR DWELL
PHASES @

RR DWELL
OVERLAPS

EXIT PHASE @ 2,6

1,6

5

2

2,6

A




MST CHART PROPOSED TABLES

Programming Tables

(& 7

= EVP “& Queue A RR

(Railroad)

Clear
Phases

RR PREEMPTION

TRACK CLEAR
PHASE @
TRACK CLEAR B

OVERLAP

I TRACK CLEAR 10
GREEN

1,6

Clear
Duration

Clearance
Times

TRACK CLEAR
YELLOW
TRACK CLEAR

5

117

RED &

RR DWELL
PHASES @
RR DWELL
OVERLAPS

EXIT PHASE @ 2,6

2,6

A




MST CHART PROPOSED TABLES

Programming Tables

(& 7

= EVP “& Queue A RR

(Railroad)

Clear
Phases

RR PREEMPTION

TRACK CLEAR
PHASE @
TRACK CLEAR
OVERLAP
TRACK CLEAR
GREEN
TRACK CLEAR
YELLOW
TRACK CLEAR
RED
RR DWELL
PHASES @
RR DWELL
OVERLAPS

EXIT PHASE @ 2,6

1,6

Clear
Duration

Clearance
Times

B

10

5

2

Preempt

Phases 7

A

v 4 v
B | |

7 | Pennsyl lvania
o/ | Department of Transportation



MST CHART PROPOSED TABLES

Programming Tables

<

A

RR

(Railroad)

= EVP “& Queue
Clear
Phases RR PREEMPTION
TRACK CLEAR 16
‘ PHASE @ '
Clea_l‘ | TRACK CLEAR 5
Duration OVERLAP
TRACK CLEAR 10
'I GREEN
C|Ec::l rance TRACK CLEAR -
T|mes . YELLOW
TRACK CLEAR 5
= RED
reempt RR DWELL > 6
Phases ‘ PHASES @ ’
g RR DWELL A
Exit OVERLAPS
»8| EXIT PHASE @ 2,6
Phases I

4

nnnnnn (WELTES
Department of Transportation




MST CHART PROPOSED TABLES

Programming Tables

<

K2

EVP

(Emergency Vehicle)

e Q

ueue

(Ramp)

A

RR

(Railroad)

EVP PREEMPTION

CONFIRMATION

SIGNAL A B C D
DWELL
SHASES & 1,6 25 4 8
DWELL
OVERLAPS B A
EXIT PHASE @ 16 25 4 8

QUEUE PREEMPTION RR PREEMPTION

DETECTOR #
DELAY 30
DWELL 4
PHASES @
DWELL A
OVERLAPS
PREEMPT MIN 35
PREEMPT MAX 35
EXIT PHASE @ 4

TRACK CLEAR
PHASE @

1,6

TRACK CLEAR
OVERLAP

B

TRACK CLEAR
GREEN

10

TRACK CLEAR
YELLOW

5

TRACK CLEAR
RED

2

RR DWELL
PHASES @

2,6

RR DWELL
OVERLAPS

EXIT PHASE @

Department of Transportation




MST CHART PROPOSED TABLES

Programming Tables

Name:

<

OVERLAPS A B C D E
SIGNALS 2 4 5 9,10 12
R <R- <R- R
INDICATIONS Y «Y- «Y- Y “Y>
«G-G <FY- <FY- G G~
TYPE NORMAL FYA FYA | NORMAL | NORMAL
INCLUDED
HASES 0 5 ><>< 3,6 4,5,8
FYA - )
PROTECTED @
FYA
PERMISSIVE @ ° 2
FYA 5 3
START DELAY
LAG GREEN 0 0 0 0 0
YELLOW 0 0 0 0 0
RED 0 0 0 0 0

%

Pennsylvania
Department of Transportation




MST CHART PROPOSED TABLES

Programming Tables

Qg
o D

Name:

Signals &
Indications

I

<

OVERLAPS A B C D E
SIGNALS 2 4 5 9,10 12
R <R- <R- R
INDICATIONS Y «Y- «Y- Y -Y>
«G-G <FY- <FY- G -G~
TYPE NORMAL FYA FYA | NORMAL | NORMAL
INCLUDED
HASES 0 5 ><>< 3,6 4,5,8
FYA - )
PROTECTED @
FYA
PERMISSIVE @ ° 2
FYA 5 3
START DELAY
LAG GREEN 0 0 0 0 0
YELLOW 0 0 0 0 0
RED 0 0 0 0 0

Department of Transportation




MST CHART PROPOSED TABLES

Programming Tables

Qg
o D

Name:

Signals &
Indications

Type:

I

<

OVERLAPS A B C D E
SIGNALS 2 4 5 9,10 12
R <R- <R- R
INDICATIONS Y «Y- «Y- Y “Y>
«G-G <FY- <FY- G G~
TYPE NORMAL |  FYA FYA | NORMAL | NORMAL
INCLUDED
HASES 0 5 ><>< 3,6 4,5,8
FYA - )
PROTECTED @
FYA
PERMISSIVE @ ° 2
FYA 5 3
START DELAY
LAG GREEN 0 0 0 0 0
YELLOW 0 0 0 0 0
RED 0 0 0 0 0

/
(]

Department of Transportation




MST CHART PROPOSED TABLES

Programming Tables

Name:

Signals &
Indications

Type:

Phases:

T |

<

OVERLAPS A B C D E
SIGNALS 2 4 5 9,10 12
R «R- <R- R
INDICATIONS Y «Y- Y- Y -Y >
«G- G <FY- «<FY- G -G~
TYPE NORMAL FYA FYA NORMAL | NORMAL
INCLUDED
FYA . .
PROTECTED @
FYA
PERMISSIVE @ ° ’
FYA 5 5
START DELAY
LAG GREEN 0 0 0 0 0
YELLOW 0 0 0 0 0
RED 0 0 0 0 0

Pennsylvania
Department of Transportation




MST CHART PROPOSED TABLES

Programming Tables

Name:

Signals &
Indications

Type:

Phases:

FYA
Operation:

RN

<

OVERLAPS A B C D E
SIGNALS 2 4 5 9,10 12
R <R- <R- R
INDICATIONS Y «Y- «Y- Y “Y>
«G-G <FY- <FY- G G~
TYPE NORMAL FYA FYA | NORMAL | NORMAL
INCLUDED
HASES 0 5 ><>< 3,6 4,5,8
37 - )
PROTECTED @
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PROJECT SCOPE

Equipment
Upgrades

Retiming

Minor Alterations

Major Alterations

New Construction/
Replacement

Replacement, upgrade, or addition of traffic control signal equipment
which does not impact information shown on the traffic control signal
permit condition diagram

Limited to timing/phasing modifications which are accomplished with
existing equipment

Modifications to items shown on the traffic signal permit condition
diagram, but does not include replacement or installation of mast arm,
strain pole, or pedestal traffic control signal supports

Modifications to the traffic control signal which include replacement or
addition of mast arm, strain pole, or pedestal traffic control signal
supports, but retain some existing traffic control signal equipment

Installation of:

= a new traffic control signal at an unsignalized intersection, or

= full modernization/replacement of all traffic control signal equipment
at an existing signalized intersection




PROJECT SCOPE: HIGHLIGHTS
0 |1/2[/3 |4
¢ o

Left turn phasing evaluation
New CADD drawing * o

Markup of existing permit is acceptable ¢
Construction Plan *® o o
Permit Plan ® 6 o o
No plan required 4

Vulnerable Road User Study * o
Must add backplates ¢ o o




LEFT TURN PHASING: MODES

* Permissive Only mode

* Protected Only Mode
— Protected-Prohibited
— Split Phasing

 Protected/Permissive Mode
 Variable Left-Turn Mode
 Prohibited

('

| ARROW

LEFT TURN |
YIELD

ON FLASHING

YELLOW




LEFT-TURN PHASING: MODE SELECTION

* Protected-only mode (permissive left turns always inappropriate)
— Left turn can be made from more than one lane
— Three or more opposing through lanes
— Multi-legged intersections with more than four approaches

—Approaches with significant non-correctable sight distance deficiencies,
including deficiencies created by stopped opposing left-turn vehicles

« VVariable mode (permissive left turns inappropriate sometimes)
— Approaches with 5+ crashes susceptible to correction by protected-
prohibited phasing
—Min. 2 lefts per cycle AND conflict factor

= >50,000 with one opposing lane
= > 65,000 with two opposing lanes

—Opposing speed limit > 45 AND 3+ left turns per cycle

— Across two opposing through lanes and bike lane or crosswalk when > 1.5
permitted left turns per cycle with high potential for conflicts with ped/bike




LEFT-TURN PHASING: MODE SELECTION

 Other factors
—Vehicle characteristics
— Adjacent traffic signals
—Delay
—Induced demand
— Left-turn storage
— Intersection geometry
— Pedestrian conflicts
— Bicycle conflicts
— Existing phasing




PEDESTRIAN INTERVALS

** The Walk interval may be reduced under some conditions (see MUTCD Section 41.06). “Zero” point of
*** The Buffer Interval may be used to help satisfy the pedestrian clearance time. countdown display
Steady Flashing with countdown Steady Steady
Pedestrian .
T B 2 I3
Displays
Pedestrian Walk Interval Pedestrian Change Interval Buffer
Intervals Tw Teqw Interval
Ty = Tye— V=R T
7 seconds o : 2 seconds
— <~—Calculated pedestrian clearance time***— -
MIN.** T ! MIN.
pcC : :
r L ! :
Relationship to associated vehicular phase intervals: re g

+ Red Clearance Interval = Buffer Interval

Yellow thange Imtervel T e T v [ R (IR

Legend
G = Green Interval Y = Yellow Change Interval (of at least 3 seconds) R = Red Clearance Interval

Red = Red because conflicting traffic has been released

Engineering judgment should be used to
determine when it is appropriate to subtract
the yellow change and red clearance interval
from the calculated pedestrian clearance time.
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OVERSIZE PEDESTRIAN INTERVALS

» When in coordination, pedestrian Rhase When pedestrian times are not
time should be mcorporated into the accommodated within the split
background cycle if pedestrian phase is time during coordination, each

expected to be served 25% or more of the CYﬁ'e Whef;hped_estrilans a;e_ set_rved
cycle on average while the coordinated e e e O LOCCRIE IO

to go into transition.
tlmmg pattem S in effect. v The transition typically takes 3-

« When pedestrian actuation is rare (less 4 cycles to return to
than 25% of the cycles), split time may be synchronized coordination.
set below the necessary pedestrian time, v Therefore, if pedestrians are
and signal may go “free” to serve served more than 1 in every 4
pedestrian phase and then transition back (25%) of cycles, the signal will
to coordination. Controller features to effectively be in transition all
minimize transition due to pedestrian TS W e s eSSl @
times exceeding the split time should be oIl e il fet 22

hieved.
used where available. achieved




LEADING PEDESTRIAN INTERVAL

 Incorporated content from

SOL 494-21-09 e = ;
* Decision to use LPI: ‘ !
i _JJ S

& -

- Engineering judgment
—Document in Form TE-674 “
« Should use LPI first before |
implementing a new '

exclusive pedestrian phase

* APS should be installed at
locations with LPI. If not,

walk indication should be L e s S
displayed for LPI + 7 sec.




FILASHING OPERATION

 Turn-on Flash
—Yellow for approaches uncontrolled prior to signal being activated
—Red for approaches which have stop signs prior to signal being activated

* Emergency Flash
— Flashing red should be used for all approaches - all-way stop

— Engineering judgment may be used to justify yellow/red flashing at a select
location

» Scheduled Flash

— Not recommended
— Evaluate for removal during next permit update




VEHICLE SIGNALS
e e o

Ii « All vertically-arranged signals should
G use a configuration shown in Exhibit
B — Left-Turn Vehicular Signal 1 6 - 2
e | remse R - 12-inch signal indications for all new
@ - @ signal faces, with limited exceptions
@: | 0 -@d: « All signal faces may be
©: ] post-mounted if:

C — Right-Turn Vehicular Signal

Protected/Pemissive
R R D R
6 Y 6 sy o Y @ Y
G s FY G DD G
CE

D — U-Turn Signal E — Single-Section

@ Use of R10-12A sign
D Continuous Movement Signal is optional
R

Protected Only

— 1 thru lane and posted speed <25
remise oy — Stem-approach of T-intersection if

S directly in line with approach lanes
FY

« Adopt MUTCD distance for
supplemental heads (180 ft)

0 @) veotri s » PA typicals for various phasing

is required




ADAPTIVE SIGNAL CONTROL TECHNOLOGY

 Incorporated content from SOL 494-25-06

« Systems engineering process uses Form TE-153 (Pennsylvania
Traffic Signal Systems Solutions Toolbox)

 Describe use of Pub 408 Master Items in Section 0957
—Hardware Adaptive Signal System
— Software Adaptive Signal System
— Intersection Adaptive System Detection System




SCHOOL ZONE FLASHERS

TYPE 1 TYPE 11 TYPE 111

MUTCD 11th Edition O O O

NPA Preamble

SCHOOL] s43r |SCHOOL SCHOOL
438. In Section 4S.01 (existing Section 4L.01) General SPEED SPEED SPEED
Design and Operation of Flashing Beacons, FHWA LIMIT | r2-1 LIMIT LIMIT
proposes to revise Standard P4 to discontinue the 1 5 [E [E
existing allowance of a beacon within the border of | WHEN
a sign for School Speed Limit Sign Beacons. FHWA Sa-4p | FLASHING
proposes this change because under certain light and Q
weather conditions, the flashing beacon causes irradiation Q O

that can obscure the sign message if the beacon is within Notes:
. . %) T 1. Any of the illustrated types of signs may be installed at the locations indicated
the sign or too close to the sign legend. L.

on the Permit diagram.

2. Typelis comprised of standard signs having the PennDOT designation numbers
indicated. It shall have 8” diameter signals mounted externally.

3. Type II must have a PennDOT certificate of approval. The sign shall have
minimum dimensions of 24” x 48" and 8" diameter signals mounted externally

and a blank-out speed message.

4. Type III must have a PennDOT certificate of approval. The sign shall be the
changeable message type with minimum dimensions of 24” x 38" and 8"
diameter signals mounted externally.

5. When the signals are flashed in Types II and III, the speed message “15” shall
be visible.

6. The closest part of the signal housing should be 12" from the edge of the sign.

7. If a school zone flashing warning sign is installed overhead on a mast arm, the
beacons should be mounted horizontally. This exhibit shows pedestal mounting
of the school zone flashing warning sign.

7 Pennsylvania
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VEHICLE SPEED FEEDBACK SIGN/PLAQUE

Vehicle Speed Feedback Plaque Vehicle Speed Feedback
with Speed Limit Sign WORK Sign Supplementing
I SCHOOL] s4-3° ZONE | c20-5np Horizontal Curve Warning
SPEED SPEED SPEED Advisory Speed
LIMIT | ., LIMIT | ., LIMIT | .

YOUR
SPEED|  \13-20

YOUR SPE

W13-20AP W13-20AP

» Speed display sign - Vehicle speed feedback sign/plaque | @

» Typical application will need to be a plaque mounted on
same post with R2-1 speed limit sign Vot

 Flashing warning device permit required for permanent installations

« Shall not flash, strobe, change color, or use other animated elements
integrated into the changeable legend display

* No other changeable messages (Slow Down, Thank You, red/blue lights)
Yo B of Transportation

30 W13-1P
MPH




FUTURE CHANGES

» Chapter 12: Supports
—Update design criteria from AASHTO 2001 to AASHTO LRFD

 Chapter 33: Digital Model
—3-D model as deliverable for traffic signal construction projects




STATUS

* Clearance Transmittal T-25-001 Step 2
—Issued December 3, 2025
— Comments due January 9, 2026

—Documents available on PennDOT's Traffic Signal Portal
www.penndot.pa.gov/signals

— All comments addressed by April 3, 2026

« Submission to FHWA for final approval
— April 7, 2026

* Final publication in 2026



http://www.penndot.pa.gov/signals

	Slide 1: PennDOT Pub. 149 Traffic Signal Design Handbook
	Slide 2: Speakers
	Slide 3: Draft Publication Disclaimer
	Slide 4: Publication 149 Structure
	Slide 5: Major Policy Changes
	Slide 6: Publication 149 Signing/Pavement Markings (Chapter 19) 
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31: mst chart CHANGES  
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116: THANK YOU! 
	Slide 117: Publication 149: Other Major Updates
	Slide 118: Project Scope
	Slide 119: Project Scope: Highlights
	Slide 120: Left Turn Phasing: Modes
	Slide 121: Left-Turn Phasing: Mode Selection
	Slide 122: Left-Turn Phasing: Mode Selection
	Slide 123: Pedestrian Intervals
	Slide 124: Oversize Pedestrian Intervals
	Slide 125: Leading Pedestrian Interval
	Slide 126: Flashing Operation
	Slide 127: Vehicle Signals
	Slide 128: Adaptive Signal Control Technology
	Slide 129: School Zone Flashers
	Slide 130: Vehicle Speed Feedback Sign/Plaque
	Slide 131: Future Changes
	Slide 132: Status

