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PC-Based Pedestrian Flow Simulation Model for 
Grand Central Terminal 

GRRGORY P. BENZ, JOHN S. CHOW, and JEROME M. LUTIN 

ABSTRACT 

A pedestrian flow simulation model was developed to test and evaluate the pro­
posed underground pedestrian network for Grand Central Terminal's North End 
Access Improvements. The simulation model runs on a personal computer (PC) using 
the LOTUS 1-2-3 spreadsheet program. Based on the results of the simulation, 
pl~nners modified the design to increase the capacities of certain passageways 
and to develop a more cost-effective design solution. Also, the model was used 
to test nearly a dozen construction-phasing options to respond to capital fund­
ing availability and passenger flow needs. The model, although not as sophisti­
cated as some previous simulation programs, proved to be a useful and cost­
effective tool in the design process. It uses widely available, inexpensive 
personal computer hardware and software. The pedestrian flow simulation model, 
its essential components, and how it was used as a design tool are described in 
this paper. The advantages and disadvantages of this type of approach are dis­
cussed in the conclusion. 

The design of a new underground pedestrian passageway 
system is underway for historic Grand Central Termi­
nal in New York City. Metro-North Commuter Railroad 
Corporation of the Metropolitan Transportation Au­
thority is planning the North End Access Improvements 
to shorten the travel time for commuters and to re­
duce pedestrian congestion within and around the 
terminal. More than 150,000 rail commuters and subway 
riders will benefit from the improvements each day. 
A pedestrian flow simulation model that was developed 
to test and evaluate the proposed facilities is de­
scribed in this paper. The simulation model runs on 
a personal computer (PC) using the LOTUS 1-2-3 
spreadsheet program. Based on the results of the 
simulation, planners modified the design to increase 
capacities of passageways and to develop more cost­
effective design solutions. The model also was used 
to test nearly a dozen construction-phasing options 
to respond to capital funding availability and pas­
senger flow needs. 

The model, although not as sophisticated as some 
previous simulation programs, proved to be a useful 
and cost-effective tool in the design process. It 
uses widely available, inexpensive personal computer 
hardware and software. 

The pedestrian flow simulation model, its es­
sential components, and how it was used as a design 
tool are described in this paper. The advantages and 
disadvantages of this type of approach are discussed 
in the conclusion. 

BACKGROUND OF THE PROJECT 

Grand Central Terminal is located in Midtown Manhat­
tan at 42nd Street and Park Avenue (see Figure 1) • 
It serves as a "stub end" terminal for trains arriv­
ing from the north. The terminal is the southernmost 
point on Metro-North's Harlem, Hudson, and New Haven 
lines, and it also serves long distance Amtrak ser­
vice to upper New York State and the midwest. The 
only way for pedestrians to reach the train platforms 
is by walking through the main concourse at the south 
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(downtown) end of the platforms, as shown in Figure 
2. 

When Grand Central Terminal was opened in 1913, 
the southern orientation of its exits served its 
commuters well because virtually all of Manhattan's 
development was south of the terminal. However, over 
the past 70 years, dense office building development 
has occurred to the north of the terminal. This shift 
in land use means that 57 percent of all morning 
peak-hour Metro-North riders are headed for destina­
tions north of the terminal--between 42nd and 60th 
Streets in Midtown Manhattan. Most (94 percent) of 
those riders walk to their destinations (1). 

The terminal was designed to handle southbound 
pedestrian flows out of the terminal, but the 
majority of the people are now headed northbound. 
This shift has created several problems. One problem 
is backtracking--northbound passengers exiting trains 
must first walk south off the platforms and into the 
main concourse before they can reverse direction and 
walk north (see Figure 3), Another problem is the 
congestion and delay created at the exits, corridors, 
and vertical circulation facilities used by these 
northbound passengers. 

A solution to these problems is to build new exits 
leading from the north ends of the underground train 
platforms directly to the street. The North End Ac­
cess Improvements will provide this direct access 
(see Figure 4). Conceptually, the North End Access 
Improvements will superimpose a grid- of two north­
south and two east-west walkways over the existing 
platforms, allowing most passengers to reach the new 
northern exits. 

Two nonrevenue tracks will be covered over and 
converted into north-south walkways, or spines, that 
will run from the main concourse of Grand Central 
Terminal at 43rd Street northward to 47th and 48th 
Streets. The new north-south spines will replace 
tracks 22 and 31, currently used for maintenance, on 
the upper level. (Grand Central Terminal's tracks 
and platforms occupy two underground levels. The 
upper level tracks are numbered 11 through 42, and 
the lower level tracks are numbered 101 through 116.) 

Two east-west cross passageways will tie into the 
north- south spines to allow passengers from virtually 
all platforms to reach the spines. The two cross 
passageways will be constructed at a new level be-



Benz et al. 

Main 
Waiting 
Room 

UL Loop 

LL Loo p 

<1111 Sou th 
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FIGURE 2 Section of Grand Central Terminal. All passengers 
presently must walk south to the concourses. 

tween the upper and lower train levels--one under 
45th Street and a second one under 47th Street. The 
4 5th Street cross passageway will serve the lower 
level platforms by new stairs. The 47th Street cross 
passageway will serve the upper level platforms. The 
cross passageways range in width from 25 to 33 ft 
whereas each of the north-south spines is approxi­
mately 25 ft wide. There are eight proposed surface 
connections for north end access--four along 45th 
Street and four along 47th Street. In addition, two 
additional surface connections are possible as parts 
of proposed development projects. 

The North End Access Improvements were originally 
proposed and recommended in 1975 when the New York 
Metropolitan Transportation Authority issued the 
Grand Central Terminal Improvements Technical Study 
(~). In that study, the need, feasibility, and 
desirability of the improvements were established. 
For a variety of reasons--primarily the lack of 
funding--the Nor th End Access Improvements were not 
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advanced beyond the 1975 feasibility study. In 1984 
Metro-North contracted with Parsons Brinckerhoff 
Quade & Douglas, Inc., to prepare the necessary plan­
ning, architectural, and engineering analyses and 
documents to implement the proposed North End Access 
Improvements. 

The work program for the North End Access Im­
provements p r oject was undertaken in two phases. The 
first phase reexamined the 1975 concept in terms of 
need, effectiveness, costs and benefits, and imple­
mentability. These analyses provided Metro-North the 
information and materials it needed to gain approval 
and funding for the improvements. In the second 
phase, the architectural and engineering documents 
needed to implement the project are being prepared. 

As part of the work program, a means of examining 
peak passenger loads in the proposed pedestrian 
facilities was needed. Because the proposed facil­
ities are to be built within the confines of existing 
structures while maintaining peak-period train ca­
pacity, the sizes and configurations of new elements, 
and therefore their capacities, are physically con­
strained. Therefore, the key to the design process 
was to determine the performance and adequacy of the 
various elements of the North End Access Improve­
ments--corr idors, vertical circulation, and waiting 
areas--given their physical and operational con­
straints. The expected peak volumes within portions 
of proposed facilities were to be compared to the 
available capacities at a design standard level of 
service. 

No existing pedestrian flow simulation computer 
program was found to fulfill the requirements of the 
study scope and design process, particularly one 
that would meet the project's tight budget and 
schedule. Therefore, the study team decided to 
develop a passenger flow simulation model geared 
specifically to the needs of this study, based on 
readily available personal computer hardware and 
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FIGURE 3 Path of typical Metro-North commuter from midpoint of platform to northward destination. 
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FIGURE 4 North End Access concept. 

software. The program operates on an IBM PC using 
the LOTUS l-2-3 spreadsheet program. This program is 
a simplified model that traces its origin to the 
UMTA Transit Station Simulation (USS) model (l_). 

MODEL DESCRIPTION 

The basic components of the pedestrian flow simula­
tion model are network definition, trip generation, 
trip distribution, trip assignment, assessment of 
congestion levels, and sensitivity analysis (see 
Figure 5). Each component is discussed in the para­
graphs that follow. 

Network Definition 

The first step in the process is to define a pedes­
trian network in terms of links, nodes, sources, and 
sinks, as shown in Figure 6. Each link represents a 
portion of a pedestrian path such as a corridor or 
stair. The proposed Grand Central Terminal Improve­
ment network is modeled by 44 links. Each node 
represents either a point of intersection between 
links or a "source" or "sink." A source node defines 
a place where people enter the network systemi a 
sink node is where they leave the system. The net­
wo~k has 12 source nodes and 13 si~k nodes. 

In the model, the primary sources of pedestrians 
are the train platforms where Metro-North riders 
leave their trains and begin walking toward their 
destinations. Grand Central Terminal actually con­
tains 13 lower level platforms and 15 upper level 
platforms, but for modeling purposes, groups of 
adjacent platforms were aggregated, forming five 
source nodes on each level. Two additional sources 
represent entrances where pedestrians enter the sys­
tem from the street or adjacent subway stations by 
way of the main concourse of the terminal. 

There are 13 sinks or exits by which pedestrians 
can leave the Nor th End Access pedestrian sys tern. 
Ten of the exits are new ones created by the project 
(including the two potential connections with new 
development projects), and three represent existing 
exits through the main concourse itself. 

Trip Generation 

The number of pedestrians arriving at each source 
was estimated from train arrival schedules and pas­
senger loadings for a typical Metro-North weekday. 
Using Lotus l-2-3 as a database manager, train move­
ments for an entire day were entered onto a spread­
sheet. The database contains for each train informa­
tion about train arrival time, platform and track 
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FIGURE 5 Pedestrian flow simulation methodology. 
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FIGURE 6 Schematic Plan of North End Access flow network shows upper and lower level tracks (sources), passageways (links), transfer 
points (nodes), and exits (sinks). 
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location, the number of cars, the typical number of 
passengers, and the branch of the rail network where 
the train picked up passengers. 

The database of arriving trains was sorted by 
time of arrival and track location. For each 15-min 
period of the day the number of arriving passengers 
was aggregated in order to find the peak 15-min and 
1-hr periods in the morning and afternoon= Once the 
peak time periods were chosen, the passenger arrivals 
were aggregated by platform groupings making up each 
source in the network. Trip generation for future 
years was accomplished by applying various demo­
graphic growth rates representing growth in rail 
ridership and in Manhattan employment. 

In addition to peak direction Metro-North com­
muters, three other groups of potential users of the 
proposed system wer e included in the simulation 
model: 

• "Reverse" direction Metro-North commuters. 
• Non-Metro-North users walking in a north-to­

south direction. 
• Non-Metro-North users walking in a south-to­

north direction. 

Trip Distribution 

For the purposes of the pedestrian flow simulation 
model, Manhattan was divided into 24 geographic zones 
surrounding Grand Central Terminal. The arr1v1ng 
train passengers were distributed to these destina­
tion zones according to a passenger origin-destina­
tion survey completed for this project. 

The distribution of passengers walking to each 
zone was calculated by multiplying the number of 
arriving passengers headed for each zone by the per­
centage of passengers walking to that zone. The per­
centage walking was also determined from the rider­
ship survey. Trip distribution for future years was 
determined by applying employment growth factors 
that were specific to each geographic zone of Man­
hattan. 

Once the passengers were distributed into the 
geographic zones, they were distributed to North End 
Access exits. Passengers headed for each zone were 
:::iccinnon +-ha avi+- rr.-F-For-inn +-ho m.rr.~+- ~; .. ,,,,,,... .. M""l~in,.. ................ J··-.... ........... ............ ..... ............. &. '6.l&':j ............ ............... ..... ........ '-"'... " ................. '':ll 

path to that zone. Statistical analysis of the Metro­
North ridership origin-destination survey shows that 
on the current Grand Central Terminal pedestrian 
facilities, virtually all morning peak riders use 
the exit that provides the shortest path to their 
ultimate destination. Currently, these commuters 
walk through the exit best oriented toward their 
destinations. It was assumed, then, that given new 
North End Access facilities, riders would choose the 
new exit that is along the shortest path. 

Tr i p Assig nment 

The trip assignment was undertaken in two steps--the 
determination of a probable path for each source-to­
exit pair, and the assignment of a number of pedes­
trians to the probable paths. For each source-to-exit 
pair, a shortest path through the network passageways 
was assigned, based on survey results that showed 
that commuters overwhelmingly choose the most direct 
path to their destinations. The path assignments 
were completed manually by inspecting the network, 
and they took into account distance and ease of pas­
sage. Many paths require walking up or down stairs 
to get to another level. When there was a choice 
between two paths of roughly equal distance, but one 
path required traversing more flights of stairs, the 
p ath with fewer level changes was chosen. In no case 
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did the chosen path involve more than two level 
changes. The path was coded into the simulation pro­
gram as a probability that trips between a source 
and exit would use a particular link. 

A table of probable paths was coded for each of 
the 13 exits. In order to simplify the coding process 
and to visualize the paths more clearly, one network 
diagram was drawn for each exit. Each diagram high­
lighted all the links that a pedestrian would walk 
through to reach that exit from each of the 12 
sources (train platforms). In cases where two or 
more paths were equally desirable, the pedestrians 
were assigned proportionally to those paths. 

The pedestrian assignment model was completed 
using the Lotus 1-2-3 spreadsheet. The entire network 
was represented on the spreadsheet in tabular form 
with 44 rows representing links and 12 columns 
representing sources. One such table , or base as­
signment matrix, was set up for each of the 13 exits 
(see Figure 7). 

The network tables were used to represent the 
probable pedestrian paths to each exit. Using the 
probable path diagrams created above as a guide, the 
tables were filled in with ones and zeros; a 1.0 in 
a spreadsheet cell represents a link traveled on the 
probable path f or the source-exit pair, and a zero 
represents an untraveled link. In cases in which 
there were two equally likely paths, a factor of 0.5 
was used for each of the two links involved. 

The second step of the trip assignment is to as­
sign a number of pedestrians to the probable paths. 
Pedestrians are assigned to the links by multiplying 
the base assignment matrices by two factors--the 
number of pedestrians coming from each source, and 
the percentage of all pedestrians headed for each 
exit. This matrix multiplication process results in 
one table for each of the 13 exits. Each exit table 
contains link volumes headed toward that exit, with 
44 rows of links and 12 columns of sources. These 13 
tables were summed together cell by cell, according 
to the rules of matrix addition, which resulted in 
one table of link volumes for all exits. The result­
ing link volumes for the various morning and after­
noon period simulation scenarios were plotted on 
diagrams of the proposed facilities. An example is 
shown in Figure 8. 

Asse ssment of Congestion Levels 

The pedestrian assignment model simulated pedestrian 
flow volumes on each link. The volumes were for 15-
min and 1-hr intervals, depending on whether 15-min 
or 1-hr source volumes were used in the assignment 
process. Pedestrian level of service (LOS) guidelines 
were used to determine the carrying capacity of each 
link at LOS C (4). The ratio of volume-to-capacity 
(V/C) on each link is used as a measure of conges­
tion. The V/C ratios are calculated by the model for 
both 15-min and 1 hr intervals. The resulting V/C 
levels were then used to determine the ability of 
particular North End Access facilities to handle the 
expected peak pedestrian volumes at LOS C. A V/C of 
1.0 indicates that during the period simulated, the 
links operated at full capacity at level of service 
c-o. A ratio greater than 1.0 means that the level 
of service degrades below the design standard, pos­
sibly resulting in some delays or queuing, which may 
be acceptable if they are of short duration. A V/C 
of less than 1. 0 means that the facility is func­
tioning at a level of service better than C-D and 
has capacity available for additional flow volume. 

Figure 9 shows an example of the simulation pro­
gram summary table output that provides information 
on each link: (a) facility type and characteristics, 
(b) capacity. (cl flow volumes , and (d ) V/C. 
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Matrix describing paths through links from a given origin (source) to a given destination (exit). 
1 signifies that the link is on the Origin - Destination pair 

EXIT NODE IEA (383 Madison) 
S o u r c e N u m b e 

Platform group, 
r 

and Source 
I D 

( Platform letter, source number) 
Le.x Shuttle 

SbWy Subway 
Link ID 

I Location 

l Roos Pas 
2 Roos Pas 
3 Roos Pas 
4 Roos Pas 
5 Stair to Pas 
6 Helmsley Wlk.W 
7 45 Xpass 
8 45 Xpass 
9 45 Xpass 

10 45 Xpass 
11 4 5 Xpass 
12 45 Xpass 
13 Depew St r 
14 Spine 31 GCT 
15 Spine 31 
16 Spinestr-45Xp 
17 Spine 31 
18 SpineStr-47Xp 
19 Spine 31 
20 MfrHan Str-Park 
21 Spine 22 GCT 
22 Spine 22 
23 St r to 4 5Xpas 
24 Spine 22 
25 Str to 47Xpas 
26 Str to 47Xpas 
27 Spine 22 
28 Roos Pas 
29 Helmsley Wlk.E 
30 Spine 22 
31 Westvaco Stair 
32 383 Madison 
33 47 XPassage 
34 4 7 XPassage 
35 MfrHan Pass 
36 MfrHan-Vand Str 
37 47 XPassage 
38 47 XPassage 
39 47 XPassage 
40 47 XPassage 
41 47 XPassage 
42 47 XPassage 
43 AmerBrand Stair 
44 Roos Pas 

Nodes 
A to B 

R4 -R3 
R3 -Rl 
Rl -R2 
RO -RS 
Rl-V45 
ES -312 
R3-V4 5 
V4S-L45 
L4 5-J4 5 
J45-H45 
H4 5-E4 5 
E45-C45 
C45-E6 
310-311 
311-312 
J45-312 
312-313 
313-04 7 
313-314 
314-E2 
220-221 
221-222 
E45-222 
222-223 
223-J47 
J47-224 
223-224 
Rl-RS 
222-E3 
224-226 
226-E7 
EA -V47 
V47-T47 
T47-S47 
S47-SE1 
SEl-El 
S47-Q47 
Q47-047 
047-L47 
L47-J47 
J47-G47 
G47-E47 
E47-E4 
R5-R2 

FIGURE 7 Base assignment matrix. 

Sensitivity Analysis 

E FGHI KLMN PQR 
E47 G47 L47 Q47 

1 2 3 4 

l 
1 
1 

1 
1 
1 
l 
l 
l 

1 
1 
1 

1 
1 
l 
1 
1 

1 
1 
1 

l 
1 
1 

1 
1 
1 

1 

The simulation model was used repeatedly for sen­
sitivity analyses. "What if" testing was performed 
to examine the effects on V/C ratios of eliminating 
or adding links, sources, and exits. This was done 
by changing the factors in particular rows and 
columns of the spreadsheet. For instance, if a link 
was to be removed from the network, the network 
diagram was inspected to determine if any probable 
paths would change as a result of the elimination. 
The base assignment matrices of probabilities (ones 
and zeros) were then modified to reflect the new 
probable paths. The rest of the analysis process was 
then repeated. It was also easy to examine the ef­
fects of building narrower passageways or of in­
creasing demographic growth factors by changing the 
appropriate cell values. 

STU ABCDE 
T47 C45 

5 6 

1 
1 

o.s 
o.s 

1 

0.5 
o.s 
o.s 

0.5 
0.5 
0.5 

1 
1 
1 

1 
1 

o.s 
0.5 

EF GH IJ 
E45 H45 J45 

7 8 9 

0. 5 
0.5 

0. 5 
o. 5 
0.5 

0.5 
0.5 
0.5 

1 
1 
1 

1 
1 

0.5 
0.5 

1 

1 
1 
1 

1 
1 
1 

1 
1 

1 
1 
1 

1 
1 
1 

1 
1 

ROLE IN DESIGN PROCESS 

JKL 
L45 

10 

1 

1 
1 
1 

1 
1 
1 

1 
1 

220 310 
11 12 

1 
1 

1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 

1 
1 

1 
1 
1 

1 
1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

•rhe simulation model results were used to evaluate 
the adequacy of the proposed facility to handle the 
anticipated flow volumes at several stages of the 
design process. In the planning concept stage, the 
overall system was tested and found to work well. 
Several components were found to require additional 
capacity. Among these components were certain verti­
cal circulation areas where the available corridor 
width is divided between stairs and/or escalators 
and corridor space. During the definitive design 
phase, the widths of several stairs and corridors 
within the total width available were adjusted to 
balance the relative capacities with the flow vol­
umes. Escalators were added or removed. As detail 
design and engineering of the North End Access Im­
provements proceeded, several modifications were 
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FIGURE 8 Pedestrian flow volumes through North End Access passageways and exits in the year 2000, 8:00 to 9:00 a.rn. 

required by structural or operational constraints, 
and the changes were tested using the simulation 
model. 

Phasing plans were d eveloped in the event that 
the total capital funds required to build the entire 
project suddenly do not become available. More than 
a dozen different options were simulated to test 
their ability to handle the anticipated pedestrian 
volumes in future years. Several options proved to 
be unworkable based on the results of the passenger 
flow program and were eliminated from consideration. 

CONCLUSION 

The approach to analyzing pedestrian flows for Grand 
Central Terminal North End Access was to take a 
rather sophisticated pedestrian flow model framework 
and simplify it. The simplified model provided a 
means for evaluating and comparing many alternatives 
within a tight budget and schedule that precluded 
the use of a more detailed simulation model approach. 
As such, the microcomputer model was shown to be 
quite flexible and applicable to a variety of pedes­
trian planning and design problems. It is easy to 
use and is relatively portable because of its reli­
ance on Lotus 1-2-3 or similar common spreadsheet 
package s . 

In the design process, therefore, the model was 
used as an evaluation tool, functioning in a "what 

if ••• " mode. Analysts could vary the input train 
schedule and aggregate passenger volumes, the net­
work (by inserting and removing links and exits), 
a nd the capacities of network elements. 

In the Grand Central project, the new access pas­
sageways had to be shoehorned into a very tight 
existing infrastructure between beams and columns 
carrying streets above while maintaining clearance 
for trains below. Consequently, the ability to eval­
uate the impact of dimensional changes on the capac­
ity of the pedestrian system was of prime importance. 
The flexibility and ease of use of the program al­
lowed it to be used as schemes were being developed 
and as design constraints were being discovered. For 
example, 12 variations of construction phasing were 
analyzed. The model thus became a key element in the 
design process. 

The simplified. approach of this model has several 
disadvantages when compared to a more sophisticated 
model, such as the UMTA Transit Station Simulation 
(USS) program. First, the stochastic element of the 
real-time simulation is not available. The simpli­
fied model is purely deterministic, allowing no 
random flow variations that would be expected in 
real life. Second, the paths are determined manually. 
Although the manual path assignment process probably 
requires less time for a simple network than coding 
for use by a computer algorithm, it would be cumber­
some for a large network. Nevertheless, in spite of 
these shortcomings , the PC-based flow simulation 



Loe Totill Vol Nominal Effective Lengtb racil1 ty Total Vol Capacity Vol/Ca'' 
L i n k I D lode 1 Hour Width Width Type 15 Hin. 15 Hin. 

I Location A-B Peale ( feet} (feet) (re et) Peak 

------------ ----- -------- -------- -------- -------- --------- -------- -------- ------
1 loo• P•• Rll -13 1777 1 0 8 s 553 1200 0.116 1 
2 looa Paa R3 -R1 62 1 5 c 13 1125 0.01 2 
3 looa Pu R1 -R2 1022 12 1 0 s 318 1500 0.21 3 
II l ooa Paa RO -R5 765 1 3 1 1 c 222 21175 0.09 II 
5 Stair to Paa R1-Vll5 26 03 6 5 s 816 750 1. 09 5 
6 HeluleJ Vlk. V ES -312 1717 1/6 1/5 E/S 5110 2250 0 .211 6 
7 •5 lpaaa R3-V115 17 1 4 4 1 E 540 1500 0.36 1 
8 115 lpa .. V115-Lll5 11317 311 30 90 c 1356 6 75 0 0 .20 8 
9 •5 lpaaa Lll5-Jll5 6632 34 30 60 c 1980 675 0 0.29 9 

10 115 lpaaa Jll5-Hll5 61158 34 30 95 c 1568 6 75 0 0.23 1 0 
11 •5 lpaaa H45-Ell5 5 96 4 34 30 95 c 111811 675 0 0.22 1 1 
12 •5 lpaaa E115-C115 24111 34 30 10 c 233 6 750 0.03 1 2 
13 Depew Str Cll5-E6 746 8 7 s 233 1050 0.22 1 3 
1• Spine 31 GCT 310-311 2204 27 1 6• 20 1130 c 698 11500 0. 16 111 
15 Spine 31 311-312 21110 1 3 8 95 c 793 1800 o. 1111 15 
16 SpineStr-•5Ip Jll5-312 6599 1/6 1/5 s 196 6 2250 o.87 1 6 
17 Spine 31 312-313 5776 27 I 6 II 20 360 c 1717 11500 0.38 17 
18 SpineStr-"71p 31 3-0117 6157 1 0 9 s 2026 135 0 1 • 5 0 18 
19 Spine 31 313-3111 3114 3 10 I 6 N 9 c 1077 2025 0.53 19 
20 MfrHan Str-Park 3111-!2 34113 1/6 1/5 E/S 1077 2250 0 .48 20 
21 Spine 22 GCT 220-221 5518 28 19 1130 c 1312 11275 0.31 21 
22 Spine 22 221-222 5518 1 0 6 95 c 1 31 2 135 0 0.97 22 
23 Str to ll51paa E45-222 6349 1/6 1/5 s 1592 2250 0.71 23 
211 Spine 22 222-223 5175 28 19 350 c 1222 11275 0.29 211 
25 Str to 1171paa 223-J117 3053 11 1 0 s 7 39 1500 0.119 25 
26 Str to 1171paa J117-224 2116 3 1 1 10 s 9111 1500 0 .6 3 26 
27 Spine 22 223-2211 2121 10 9 c 1183 2025 o. 211 27 
28 looa Paa R1-R5 1715 9 1 c 526 1575 0 .33 28 
29 Hel•aley Vlk.E 222-E3 735 6 5 s 231 750 0.31 29 
30 Spine 22 2211-226 115811 15 I 6 N 111 c 1If2 5 3150 0.45 30 
31 Veatvaco Stair 226-E7 4 584 1/1/6 1/1/5 E/E/S 11125 3750 0.38 31 
32 383 Hadiaon EA -V"7 28 911 1/8 1I7 E/S 896 2250 0 .II 0 32 
33 0 IPaaaa1e Y117-Tll7 2894 28 1 8" 25 115 c 896 5625 0. 1 6 33 
3• 0 IPaaaa1• T117-Sll7 3727 28'8" 25 60 c 14 38 5625 0.26 311 
35 MtrHaa Paaa Sll7-SE1 34117 11I8 • 10 s 1066 1500 0.71 35 
36 HfrHan-Yand Str SE1-E1 31141 1/5 1 8• 1/5 E/S 1066 2250 0. 117 36 
37 0 IPaaaa1e Sll7-Qll7 6775 28 1 8• 25 70 c 221111 5625 o. 110 37 
38 ,7 IPaaaage Qll7-0117 7238 28 1 8• 25 70 c 21125 5625 0. II 3 38 
39 117 lPaaaage 0117-Lll7 6952 28 1 8• 25 95 c 2332 5625 0. II 1 39 
110 •7 IPaaaa1• L117-J"7 61130 28 1 8• 211 95 c 2075 51100 0.38 II O 
111 0 lPaaaage Jll7-Gll7 5007 28 1 8• 25 100 c 1555 5625 0.28 111 
112 0 IPaaaag• Gll7-E117 2032 28 1 8• 25 65 c 4 511 5625 0.08 "2 
113 &aarBrand Stair Ell7-E4 11165 5 I II 8 5 s 11511 750 0.61 113 
U looa Paa R5-R2 1022 9 1 R 318 1215 0.26 1111 

FIGURE 9 Spreadsheet showing pedestrian flow volumes through North End Access passageways and exits in the year 2000, 8:00 to 9:00 a.m. 
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model produced good results in a short time and 
fulfilled the needs of the designers. 

On balance, the model documented here provided 
many of the advantages of more sophisticated pedes­
trian simulation models while offering added flexi­
bility of analysis, simplicity of spreadsheet pro­
gramming, and quick response associated with personal 
computing. It is expected that the software and 
methodology described here will be refined and used 
on further projects. 
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Application of the Time-Space Concept to a Transportation 

Terminal Waiting and Circulation Area 

GREGORY P. BENZ 

ABSTRACT 

Demonstrated in this paper is the application of the time-space concept to the 
analysis of pedestrian activities in the waiting and circulation area of a 
transportation terminal. It is intended to show how this approach can address 
situations and problems not adequately handled by the use of other methods. The 
time-space concept is described first. It is a new procedure for analyzing 
pedestrian activities (especially those associated with transportation facil­
ities and dense urban centers) in which the following factors are taken into 
account: (a) the total amount of space required for the various activities of 
people within an area, (b) the amount of time they require that space, (c) the 
amount of available space, and (d) the amount of time that'space is available. 
Following the discussion of the time-space concept, a case study is presented 
to demonstrate some of its capabilities and features. The problem is analyzed 
first by using the traditional flow rate approach and second by using the new 
time-space method. Finally, the two analyses are compared and the situations in 
which the new approach would be advantageous are pointed out. 

The time-space concept is a new approach to analyzing 
and evaluating facilities for handling pedestrian 
activities, especially those associated with tr;rns­
portation terminals, transit stations, and dense 
urban centers. The time-space concept, first intro­
duced as a method for examining sidewalk corners and 
crosswalks (.!_-£) , can be applied to any facility 
where pedestrian activities--walking, waiting or 
queuing, and processing--occur. This approach can 
address many situations and problems that cannot be 
adequately addressed using other methods. 

Basically, the time-space concept considers the 
total amount of space required by the people involved 
in various activities within an area, and the amount 
of time that they require that space, At the same 

Parsons Brinckerhoff Quade & Douglas, Inc., One Penn 
Plaza, New York, N.Y. 10119. 

time, it considers the amount of space available for 
these activities and the amount of time that the 
space is available. 

Demonstrated in this paper is the application of 
the time-space concept to the analysis of pedestrian 
activities within a proposed facility for a trans­
portation terminal. The time-space concept is de­
scribed first. Then, a case study is presented that 
demonstrates some of the capabilities and features 
of the time-space concept. The same problem is 
analyzed using the more traditional flow rate tech­
nique and the two approaches are compared. 

PEDESTRIAN PLANNING AND DESIGN FUNDAMENTALS 

Most of the material presented here is based on three 
sources (£-!). It is readily recognized that people 




