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LCAP: Lane Closure Analysis Program

# LCAP is a tool designed to determine the available traffic
capacity under freeway work-zone operations and to
estimate the resulting queues from candidate work-zone

schedules.

# Developed by University of Maryland and MDOT SHA
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LCAP: Basic and Pro

# Two versions are available:

= LCAP-Basic: provides users a tool for quick
estimation of the queue/delay caused by freeway
work-zone operations using a capacity estimation
model from HCM 6t Edition.

= LCAP-Pro: integrates a microscopic simulation
module (i.e., TSIS-CORSIM), which can estimate the
Impact of the work-zone with consideration of various
factors, including complex geometry features, drivers
Interaction to work-zone warning signs, and traffic
conditions.
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LCAP - Basicv 1.3

’ Introduction of LCAP Version 1.3_Basi

1.3_Basic
g I f AP Version 1.3
T\ Basic
B

A Lane Closure Analysis Program

~Overview
LCAP is a lane closure analysis program developed for the State of Maryland for estimating the impacts
of lane closures and determining the best lane closure schedules with its friendly interface.

This program was developed by the University of Maryland under the contract to the Maryland
Department of Transportation State Highway Administration.

~Operation Instruction

Step 1. Create a new project file or load information from an existing file.
Step 2. Input demand information for the work-zone link and the traffic compasition if available.

Step 3. Provide basic work zone information, including criteria for evaluation and comparison. The user
can view results of the queue (or delay) analysis on the screen and print reports.

Step 4. Save the file. Be sure to use the "Save Case" button in the main interface to save the project,
instead of using any saving function from the menu bar.

~January 2019 Updates

1. Updated capacity models based on HCM 6th Edition.

2. Added input boxes for geometric conditions and HCM model parameters.

3. Added a notification to users to show the currently applied model.

4. Allowed the number of open lanes to be equal to that of total lanes to indicate shoulder only work zone.

|

# Users can quickly obtain an

estimate of the available
capacity for a typical freeway
work-zone configuration and
evaluate the resulting traffic
gueues.

Estimate the available
capacity of work zones for
general scenarios using a
model from Highway
Capacity Manual 6t Edition
for short-term work zone.
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LCAP - Basicv 1.3

’ Introduction of LCAP Version 1.3_Basic x

=, LC q P Version 1.3
g Basic

A Lane Closure Analysis Program

~Overview
LCAP is a lane closure analysis program developed for the State of Maryland for estimating the impacts
of lane closures and determining the best lane closure schedules with its friendly interface.

This program was developed by the University of Maryland under the contract to the Maryland
Department of Transportation State Highway Administration.

~Operation Instruction

Step 1. Create a new project file or load information from an existing file.
Step 2. Input demand information for the work-zone link and the traffic compasition if available.

Step 3. Provide basic work zone information, including criteria for evaluation and comparison. The user
can view results of the queue (or delay) analysis on the screen and print reports.

Step 4. Save the file. Be sure to use the "Save Case" button in the main interface to save the project,
instead of using any saving function from the menu bar.

~January 2019 Updates

1. Updated capacity models based on HCM 6th Edition.

2. Added input boxes for geometric conditions and HCM model parameters.

3. Added a notification to users to show the currently applied model.

4. Allowed the number of open lanes to be equal to that of total lanes to indicate shoulder only work zone.

sclaimer Next |

’ LCAP Version 1.3_Basic Screen

= L‘ : AP Version 1.3
E. Basie

A Lane Closure Analysis Program

~Step 1
Create A New or Open An
D Case Existing Case
~Step 2
Input ar Wiew Update Project
Demand Information
~Step 3
_ i Closure Analysis
2
~Step 4
Save Case [ ‘ Exit LCAP |
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Input Module (LCAP — Basic v 1.3)

& Demand Input *

Volume Type——— PCE Value
& Vehicles

P PCE Value for Trucks: l“— Return to Main * H O u rly VO I u m e

~Truck Percentage

v

0:00 1:00 2:00 300 4:00 h:00 6:00 700 8:00 9:00 10:00 11:00

Weekday | 005 | 001 | 008 | 013 01 | 032 | 005 | 001 | 042 | 015 | 02 .‘. T k t
12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Weekday | 0.05 012 | 012 | 002 | 02 023 | 022 | 022 | 022 | 022

e e i S S 2| % PCE value

~Demand Input

Crza0 | 1300 1400 | 1500 | 1600 | 1700 | 1000 | 1500 | 2000 | 2100 | 2200 | 2300 |

Saturday
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Estimation Module (LCAP — Basic v 1.3)

@ Work-Zone Information x

Please click the ‘Work-Zone Capacity Reference

button after every change of inputs. Save Change Retumn to Main

~Output Type

* Queue

# Output type
- # Lane closure condition

Number of lanes: | Number of open lane(s): [ =l . ..
Geomeric Conditions # Geometric condition

Barrier type: Iooncrete and hard barrier seperation LI

Areatype:  [rural areas =] Light condition: [davigne =] . .
e [ T - = | % EStimated capacity

# Options (input/output

Capacity per lane: 1800 wphpl Work-zone capacity per lane: 1356 vphpl
Total capacity wfo WZ: 7200 vph Total capacity reduction due to WZ: 5844 vph d i S I a C 0 m ar i S O n)
\nrk-Tone Total work-zone capacity: 1356vph p y ] p
@ Capacity Reference Applied model: NjA
the Work Zone time (optional )
Start of Work-Zone End of Work-Zone
- Display Option
Approach Roadway Vehicles in

¥ Base Demand I i I r— I e ¥ work Zone Up

~Comparison Option

¢~ Compare with 10% ~ Compare with 10%

& i N
D AT More Volume Less Volume Show Analysis Results
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Estimation Module (LCAP — Basic v 1.3)

’ Work-Zene Infermation K ’ Work-zone Capacity X
Please click the Work-Zone Capacity Reference Return to Mai Flease select the below modsl for determining the work zone capacity. More models are to be
button after every change of inputs. Save Change S W VAREN integrated in LCAP.
~Output T : ;
utput Tvpe & Model 1: HCM 6th Edition Work Zone Model (2016}
* Queue

 Delay

Percentage drop in pre-breakdown capacity ot the work zone due to queueing condition(%4) I 134
Lane Closure Severity Index(LCS): I 4 Heawywehicle Percentage: I [ %

- Lane Closure Information

MNumber of lanes: |4 vl Number of open lane(s): |1 vl

- Geometric Conditions

Barrier type: Iooncrete and hard barrier seperation

Peak Hour Factar: 0.95 Capacity.: 1356 vphpl

Reference Cancel | Apply

Area type: Irural areas ;I Light condition:

Lateral distance: I 0 ft Terrain:

level terrain hd

# Reference Model for
5 Avalilable Capacity:

M capacity reduction due to WZ: I 5344 vph
Waork-Zone

NETE| e from the Highway
D Capacity Manual 6t
| = I = = =l

Edition for short-term
P work zones

- Capacity Information
Capacity per lane: 1800 wphpl

Total capacity wfo WZ: 7200 vph

I BaseDamand [ APproach ~

Volume ¥ work Zone Up

Volume Queue

~Comparison Option

¢~ Compare with 10% ~ Compare with 10%

& i N
D AT More Volume Less Volume Show Analysis Results
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Estimation Module (LCAP — Basic v 1.3)

’ Work-Zene Infermation K ’ Waork-zone Capacity %
Please click the Work-Zone Capacity Reference Return to Mai Flease select the below modsl for determining the work zone capacity. More models are to be
button after every change of inputs. SEveChEnge | | S W VAREN integrated in LOAP.

~Output Type ; =5 :
& Model 1: HCM 6th Edition Work Zone Model (2016):
* Queue
Percentage drop in pre-breakdown capacity ot the work zone due to queueing condition(%4) 134
 Delay
Lane Closure Severity Index(LCS): I 4 Heawywehicle Percentage: I [ %
r Lane Closure Information .
MNumber of lanes: |4 vl Number of open lane(s): |1 vl Peak Hour Factor 0.95 Capauty: 1356 Vphpl

- Geometric Conditions

Barrier type: Iooncrete and hard barrier seperation

Reference Cancel | Apply

level terrain - 4§ Reference for Worlkzone Capacity Estimation %

Model 1

Area type: Irural areas ;I Light condition:

Lateral distance: I 0 ft Terrain:

- Capacity Information
Frewious Page 10f3 MNext Close
Capacity per lane: 1800 wphpl I 1356 vphpl Q

Work Zone Capacity (prebrpakdown flow rate)

M capacity reduction due to WZ: | 5844 yph %x 100

Total capacity wfo WZ: _
pacity vi/ Cox =0 —a

7200 vph

Wark-Zona Total work-zone capacity: 1356vph with

QDR,,; = 2,093 — 154 X LCST — 194 X fio, = 179X for + 9 X fLar — 59 X fou
Capacity Reference Applied model: Nf A Where

3 QDR = average 15-min queue discharge rate (pc/h/In) at the work zone bottleneck
@, = percentage drop in prebreakdown capacity at the work zone due to queuing conditions (%).

Start of Work-Zone End of Work-Zone The average value of this in work zones is 13.4%
I LI I LI LI LI fir = indicator factor for area type:
=0 for urban areas (ie, typified by high i densities or tions of
. . population), and
~Display Option =1 for rural areas (Le, areas with widely scattered development and low housing and
o employment densities);
[ Base Demand v bhae w0 =) I3 VETEESD ¥ Work Zone U fsr = lateral distance from the edge of travel lane adjacent to the work zone to the barrier, barricades,
Volume Volume Queue P fi 8= d
or cones (0-12 ft);
~Comparison Option
Cor ith 10% Col ith 10% s OR 1" N,
& 5 ~ Compare wi ~ Compare wi ) o
D AT More Volume Less Volume Show Analysis Results where
LCSI = lane closure s everity index (decimal);

OR = openratio, the ratio of the number of open lanes during road work to
the total (or normal) number of lanes (decimal); and

N, = number of apen lanes in the work zone (In).
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Output Module (LCAP — Basic v 1.3)

’ Analysis Report x
.
o | e | v | e | e | # Input: time, base demand,
Start Time | End Time Demand Volume Volume Qulgue I(‘::;gst; Up
0 ; approach volume and roadway
2| Mon-0:00 | Mon-1:00 1000 1000 1000 a a
Sforioofronzas o e L 3 3 volume
5| Mon-3:00 | Mon-4:00 1000 1000 1000 a a . .
. -5: L
B T i m——— 3 % Output: vehicles in queue,
8| Mon-6:00 | Mon-7:00 1000 1000 1000 a a -
S orsi00 T Mowaioo T a00 i i gueue Iength (m||es) or delay
10| Mon-8:00 | Mon-9:00 4000 4000 4000 a a .
11| Mon-2:00 (Mon-10:00 5100 1356 5100 3744 4.92 X (mln) WZ up
12| Mon-10:00( Mon-11:00 5100 1356 8844 7488 9.85 X ]
13| Mon-11:00 | Mon-12:00 5100 1356 12588 11232 14.77 X
14| Mon-12:00 | Mon-13:00 7000 7200 18232 11032 14.51
15| Mon-13:00 | Mon-14:00 7000 7200 18032 10832 14.25
16| Mon-14:00| Mon-15:00 7000 7200 17832 10632 13.98
17| Mon-15:00 | Mon-16:00 5000 7200 15632 8432 11.08
18| Mon-16:00 [ Mon-17:00 5000 7200 13432 6232 8.2 * WZ u p
19| Mon-17:00 | Mon-18:00 5000 7200 11232 4032 3.3
20| Mon-18:00 | Mon-19:00 5000 7200 9032 1832 2.41 11 3y = "
e 3 3 = "X"indicates that work zone
23fMon-21:00{ Mon-22:00 3000
IS set up and in operations.
= Help users to understand the
Impacts of work zone on
ave Results to o . N
e e < traffic condition (i.e., queue
CSV File Fiturn to Main form atl O n)
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LCAP -Prov 1.2

’ Introduction of LCAP Version 1.2_Simulaiton

L‘ : A Fersion 1.2
; Pro

A Lane Closure Analysis Program

Applied Technology and
Traffic Analysis Program

~Overview

Highway Administration.

LCAP is a lane closure analysis program developed for the State of Maryland for estimating the
impacts of lane closures and determining the best lane closure schedules with its friendly interface.

This program was developed by the University of Maryland under the contract to the Maryland State

- Operation Intruction

instead of using any saving function from the menu bar.

Step 1. Create a new project file or load information from an existing file.
Step 2. Input demand information for the work-zone link and the traffic composition if available.

Step 3.  Provide basic work zone information, including criteria for evaluation and comparison. The
user can view results of the queue (or delay) analysis on the screen and print reports.

Step 4. Save the file. Be sure to use the "Save Case" button in the main interface to save the project,

Disclaimer |

Next |

# Precisely estimate the
available capacity of freeway
work-zone operations on a
complex roadway segment,
Including ramp impacts.

# Embedded ability to execute
CORSIM.

# Perform detailed simulations
of work-zone traffic
conditions and compute the
MOESs at a microscopic level.
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LCAP -Prov 1.2

’ Introduction of LCAP Version 1.2_Simulaiton X

%L‘ L‘ : AP Fersion 1.2
~ ! ; Pro

A Lane Closure Analysis Program

’ LCAP Version 1.2_Simulation Main Screen s

Applied Technology and

Traffic Analysis Program e I ‘ AP Version ;—2
- ro
- Overview A Lane Closure Analysis Program | »,jicd Technology and
Traffic Analysis Program
LCAP is a lane closure analysis program developed for the State of Maryland for estimating the
impacts of lane closures and determining the best lane closure schedules with its friendly interface. - Step 1
This program was developed by the University of Maryland under the contract to the Maryland State _ Create A New Or Open An
Highway Administration. Cee ety Cest
- - ~Step 2
- Operation Intruction .
Input o *iew Update F'r_oject
Step 1. Create a new project file or load information from an existing file. Demand leiaiiidivi
Step 2. Input demand information for the work-zone link and the traffic composition if available. ~Step 3
Step 3.  Provide basic work zone information, including criteria for evaluation and comparison. The : }
user can view results of the queue (or delay) analysis on the screen and print reports. -f_J] Ggsuie aiilysic
Step 4. Save the file. Be sure to use the "Save Case" button in the main interface to save the project, ~Step 4
instead of usi ing function fi the bar.
i of using any saving function from the menu bar. - [ & Eice |

Disclaimer | Next |
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Input Module (LCAP —Pro v 1.2)

& Demand Input *

Volume Type——— PCE Value
& Vehicles

P PCE Value for Trucks: l“— Return to Main * H O u rly VO I u m e

~Truck Percentage

v

0:00 1:00 2:00 300 4:00 h:00 6:00 700 8:00 9:00 10:00 11:00

Weekday | 005 | 001 | 008 | 013 01 | 032 | 005 | 001 | 042 | 015 | 02 .‘. T k t
12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Weekday | 0.05 012 | 012 | 002 | 02 023 | 022 | 022 | 022 | 022

e e i S S 2| % PCE value

~Demand Input

Crza0 | 1300 1400 | 1500 | 1600 | 1700 | 1000 | 1500 | 2000 | 2100 | 2200 | 2300 |

Saturday
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Estimation Module (LCAP —Pro v 1.2)

’ Work-Zone Information =
Please inputwork-zone information, then click the buttonta— |§ | <‘;-'::
show analysis result. Sawve Change
Feturn ta Main

Number of lanes: [4 +| Number of open lane(s): [z ~| Lanes closed at: [right _~| * Lan e C I O S u re

"Lane Closure Information

Choose the Work Zone time o
Start of Work-Zone |Monday LI Ig;oo LI Simulation Hours before start of Work_Zone: |2 vl C O n I tl O n
End of Work-Zone |Monday LI |12:00 LI Simulation Hours after end of Work_Zone: |? vl

Geometry Information [MOT in Scale]

-
ok Speetin # Work-zone time plan
P peed Limil
ET [s00 S%dn';:::‘ Tl Diecton o= o | [500 Ww
—_—
v On Hamf v 0Off Ramp Ramp | Fiamp v Dn.%mp p' Off Ramp
Info. Infa.
[ | — [ Taned[m] —
= lane3lzz |

lane2

# Geometric condition

Lanel dro

o DnF!glnllp ol DfF!amp|15E|D ¥ OnRamp W Off Ramp * O utp ut type

R amp Unit: feet = =| Ramp
fo. | e [Ean i [Ean i [0 I Info. |

e # Options (input/output
g | avinees Kl display, comparison)
- Display Option ]
[ Base Demand ¥ ngﬁ_:‘:h v m ay v \éﬁl;lseles in ¥ Work Zone Up
- Comparison Option
& No Co . ¢ Compare with 10%  Compare with 10% Show Analysis Results
mparisen More Volume Less Volume
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Estimation Module (LCAP —Pro v 1.2)

Flease inputwork-zane infarmation, then click the button to <:—'Z::
show analysis result. Sawve Change

Feturn ta Main

’ Work-Zone Information >

"Lane Closure Information

Number of lanes: |4 vl Number of open lane(s): |2 vl Lanes closed at: |pight

Choose the Work Zone time
Start of Work-Zone [monday | [:00  ~]
End of Work-Zone  [monday  ~| [1200 ~]

Simulation Hours before start of Work_Zone:

| ’ Ramp Information

Geometry Information [MOT in Scale

“whork_Zone
Sp imil

300 ze‘jnﬂ‘ UpStream Left Ramps
¥ On Hamf CTGE i
F% — On Ramp Yolume [PH]:

| Fercentage of vehicles
exizting Off Bamp

Lanel dro [

A
¥ OnFamp W 0 fF!amp|15E|D

Save and Cloze

=
A
|;§_”| e [500

30 Miles

IT Miles

* Queue ¥ Show in red if QUEUE >

 Delay ¥ Otherwise, show in yellow if QUEUE >
- Display Option
Approach Roadway Vehicles in
[ Base Demand ¥ Volume v Volume v i ¥ Work Zone Up
- Comparison Option

Compare with 10%
More Volume

Compare with 10%
Less Volume

& No Comparison Show Analysis Results |

# Allow to input detalled
geometry features

= Both before and after
work zone

= On-Ramp and off-Ramp

# Analyze using CORSIM
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Output Module (LCAP - Pro v 1.2)

‘ Analysis Report =
:
o o | eem | e= | e .. || % Input: time, base demand,
Start Time | End Time Demand Volume Volume QuI:ue (Lm;-t)h Up
1| Sun-23:00 [ Mon-0:00 3000 3000 3000 1] 0 approaCh V0|ume and
2| Mon-0:00 | Mon-1:00 1000 1000 1000 0 0 d I
D = 3 3 roaagway volume
5| Mon-3:00 | Mon-4:00 1000 1000 1000 0 0 - -
. 51 L
B i " — 3 # Output: vehicles in queue,
8| Mon-6:00 | Mon-7:00 1000 1000 1000 0 0 :
S Tioa | Hors 00 000 i i gueue Iength (m||es) or delay
10| Mon-8:00 | Mon-2:00 4000 4000 4000 0 0 .
11| Mon-2:00 | Mon-10:00 5100 1356 5100 3744 4.92 X (mln) WZ up
12| Mon-10:00| Mon-11:00 5100 1356 8844 7488 9.85 X 3
13| Mon-11:00| Mon-12:00 5100 1356 12588 11232 14.77 X
14| Mon-12:00| Mon-13:00 7000 7200 18232 11032 14.51
15| Mon-13:00| Mon-14:00 7000 7200 18032 10832 14.25
16| Mon-14:00 | Mon-15:00 7000 7200 17832 10632 13.98
17| Mon-15:00 | Mon-16:00 5000 7200 15632 8432 11.09
18| Mon-16:00| Mon-17:00 5000 7200 13432 6232 8.2 * WZ u p
19| Mon-17:00| Mon-18:00 5000 7200 11232 4032 5.3
20| Mon-18:00| Mon-19:00 5000 7200 9032 1832 241 11 3y = "
e e e 3 = "X"indicates that work zone
23{Mon-21:004 Mon-22:00 3000
IS set up and in operations.
= Help users to understand
the impacts of work zone on
=y traffic condition (i.e., queue
Csv Rl Returm 1o hain fo rm ati 0 n)
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# LCAP
= User friendly interface
= Help perform a quick analysis on freeway work zones
= Capable of running CORSIM with simple data input

= Capable of improving for any changes
 Car following factors, rubber necking factors

Capable of capturing impacts from ramps
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