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ABSTRACT

/

The purpose of this study is to make a comparison between a 
tunnel and a bridge as a harbor crossing facility between Hong Kong 
Island and Kowloon City from a transportation planning point of view.

The scope of this study is limited to:
1. Analysis of past and current cross-harbor traffic volume 

by ferry from which the selected design-year 1980 traffic 
volume may be estimated, based on vehicle crossing data 

available to the writer, and on the concept of traffic 

generation developed from selected similar facilities in 

the United States.
2. The selection of the most feasible crossing locations and 

approaches for both tunnel and bridge based on the writer’s 
knowledge of land uses and land values.

3. The selection of a tunnel, or a bridge, based on economic 

analyses for both types of facilities using data reported 
for similar types of crossings in the United States as the 
basis for cost estimates.

The selection of the type of a facility is.based on a compari

son of the advantages and disadvantages of bridge vs. tunnel, and on 

the tolls required to earn sufficient revenue to cover the costs of 

operation, maintenance, and debt retirement. Before final determina

tion, further considerations are given to: (1) special abutment device

iii



to protect bridge piers from drifting ships during typhoons, (2) the 
obstructing effect of bridge towers to the air traffic pattern at the 
nearby airport, and (3) the development of a double-deck bridge design 
in the future beyond the year 1980.
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I INTRODUCTION
3>1 General Comments

Hong KOng is an island across the Victoria Harbour about 
one mile from the Kowloon Peninsula in the South China Sea» The 
population of the whole dominion, including Hong Kong Island and 
the lower part of Kowloon Peninsula, has been growing rapidly in 
the past ten years» As a result, the traffic problem is becoming 
critical, especially the cross-harbour movement * The area and 
population statistics are shown in Table 1-1.

TABLE 1-1
Area and Population of Hong Kong (1)

District
Area

(Sq. Mi.)

, Population 
(1961 Census 
Mid-year)

Hong Kong Island 32 1,005,041

Kowloon. 3 726,976
New Kowloon • - 852,849
New Territory 355 370,976

Waters & Islands 177,289
Total: 390 3,133,131

The cross-harbour movement is of deepest interest to the 
writer, particularly the comparison between a tunnel and a bridge 
as a harbour-crossing facility* The selection of the most feasible 

type of crossing is the main objective of this study*

1



2
1-2 Purpose of Study

The purpose of this study is to make a comparison between 
a tunnel and a bridge as a harbour-crossing facility between Hong 
Kong Island and Kowloon City from a Transportation Planning point 
of view. ■

1-3 Scope of Study

The scope of this study is limited to:
1. Analysis of past and current cross-harbour traffic volumes by 

ferry from which design-year traffic volumes may be estimated, 

based on population, economic activity, and traffic volume 
data available to the writer.

2. The selection of the most feasible crossing locations and 
approaches for both tunnel and bridge.

3. The selection of a bridge, or a tunne1, based on economic 
analyses for both types of crossings using cost data reported 
for similar types of crossings in the United States as the 
basis for cost estimates.

4. Conclusions and discussion of limitations in the use of avail
able data. ,

1-4 Summary of Findings from Previous Studies

The suitability of building a tunnel or a bridge has been 
a long argument, and some studies are said to be still going on.

'It was reported in August last year by some newspapers that there 
were suggestions by different organizations. The bridge proposed



3
was estimated at about 3700 ft. long at a cost of HK $25630003000 
(about US $44 million @ 5.8:1 rate of exchange) and the capital 

•recovery period was estimated to be 14 years. The tunnel proposed 
was estimated to cost HK $283,000,000 (about US $50 million) to be 
repaid in a period of 16 years. Unfortunately, there were no 

further details reported.
The decision to build a bridge or a tunnel in United States 

practice is usually based on an economic analysis (including con
struction costs, operating and maintenance expenses, debt retire
ment, and anticipated income from toll revenue) and the importance 

of waterway navigation affecting the future economic development 
of the area.

In the cases of the tunnel under the Houston Ship Channel 
at Baytown, Texas, the Patapsco River tunnel at Baltimore, and the 
Elisabeth River tunnel at Norfolk, the principal determinant was 
waterway navigation because of the importance of shipping to the 
economies of these areas. (2) (3) (4). In the case of Hampton 
Road Crossing, Virginia, a tunnel was required beneath the ship 
channel because of the depth of the channel and the danger from 
storms to a high-level bridge in such an open location. Bridge 
approaches were used from each shore as an economy measure (5).

In those cases where bridges were selected, the decision 

was based on lower costs, when compared to tunnels. The Greater 
New Orlean Bridge, and the Passaic-Hackensack River Bridge,



beewen Jersey City and Newark„ New Jersey, were constructed as 
bridges rather than as tunnels on the basis of economic and engi 
nesting feasibility studies (6) (7).

In some cases, such as the Potomac River crossings in 
Washington, D. C. and the Golden Gate Bridge at San Franciso, 
economic and engineering feasibility give way to aesthetics as 
the most important consideration (8) (9).



If PROCEDURES
XX-l Selection of Design Year

The selection of the design year in this study was based 
on a study of data available for projection with reasonable accuracy 
A 20-year period of projection (1960-1980) was selected, and 1980 
was chosen as the design year- A longer period of projection would 

not be justified because the probably changes in the general economy 
population, and land development cannot be predicted with the neces
sary degree of accuracy.

XX-2 Establishing the Trend for Vehicle Crossings
1. History of Population Growth:

Population is obviously the most basic factor contribu
ting to traffic problems. A study of the history of population 
growth is an index to the growth in future traffic volumes.
The population data were obtained from the Demographic Year 
Book of the United Nations (10). The date were analyzed by 
the technique of regression and least squares to determine the 

best fitting curve and its equation for use in computing the 
design-year population.

2. Automobile Ownership:

Automobile ownership, as defined for this study, is 
, the ratio of total population to total vehicle registration.

5



6
The data were obtained from the Police Department of Hong 
Kong (11) . A study of the vehicle registration trend gives 
an index to the growth in future traffic volumes. The vehicle 
registration data for the past years were analyzed by the same 
technique of regression and least squares curve fitting as the 

population data, and the resulting equation was used in com
puting the design-year vehicle registration.

3. Vehicle Crossings by Ferry:
The data for vehicle crossings were obtained from the 

Yaumati Ferry Company of Hong Kong. They were analyzed by 

the technique of regression and least squares curve fitting, 
and the resulting equation was used in computing the design- 
year vehicle crossings.

4, Trends of Related Economic Factors:
Data of related economic factors, such as the consump

tion of electric energy and goods loaded and unloaded, were 
obtained from the Statistical Year Book of the United Nations
(12). Unfortunately, figures for river trade with the China 
Mainland were not included.

11-3 Forecasting Total Annual Vehicle Crossings
Future volumes of cross-?harbor traffic volumes were based

on projections of existing trends in such crossings. These pro-
. ■

jectioms were checked by determining anticipated increases in
vehicle use as indicated by increases in population and in vehicle



7
ownership. Finally, the projection of cross-harbor traffic volume 
was adjusted to reflect the traffic generation expected to result 
from the presence of a more convenient crossing.

II-4 Selecting Design Criteria for Bridge or Tunnel
1. Alignment and Grade:

The design criteria for alignment and grade were based 
on, unless otherwise stated, criteria published by the American 
Association of State Highway Officials (13) (14). Grade design 
for a tunnel was based on criteria established for the design 
of the Lincoln, Holland, and Queens-Midtown tunnels (15) (16)

(17).
2. Lane Capacity:

Design criteria for lane capacity were based on publi
cations of the Bureau of Public Roads, the American Associ
ation of State Highway Officials and on criteria for the New 
York tunnels (18) (13) (14) (15) (16) (17).

3. Clearance and Depth of Cover:
Design criteria for clearance and depth of cover were 

based on American Art Builders by Condit and Bond prospectus. 

States, of. Maryland and Virginia (19) (3) (5).
4. Cost Data:

The cost data for economic analysis tore compiled from 

different sources of selected similar facilities in the United 
States, and will be described later. In establishing unit 

prices for construction cost, the Engineering News -Records8
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construction index was used to convert all unit prices to 

April 11, 1963 ENR Index level (20). The average prices were 
taken for economic analyses. In establishing operating costs, 
including operation and maintenance, the reported figures from 
studies of the Hampton Roads Crossing, Virginia, were used ' 
as the basis, and the analysis given by S. Johannesson on 
Hackensack-Passaic River Bridge between Jersey City and Newark, 
New Jersey in "Highway Economics," McGraw-Hill, 1931, was also 
employed (5) (7).

5. Selection of Type of Facility:
The selection of the type of facility was based on a 

comparison of advantages and disadvantages of a bridge vs. a 
tunnel, and on tolls required to earn sufficient revenue to 
cover costs of operation, maintenance, and debt retirement.



Ill PRESENTATION OF DATA
The data are presented In the form of tables and graphs in 

the'following■series. They indicate either the historical trends 
of.some collected data or selected criteria developed for design 
purposes. The data presented here will be discussed in Sections 
IV and V.

1XX-1 Population
The population data (1921-1962, Table XXX-1,a) indicate an 

increasing trend (Fig, XXX-l.a) from 648,000 in 1920 to 3,476,000 
in T962. Population data were not-available during World War XI 
(1942-1945) as the' study area was under Japanese, occupation (10). - 

XXX-2 "Vehicle Registration and Automobile Ownership
The vehicle- registration data (1946-1961, Table XXX-2.a) 

indicate an increasing trend (Fig. XXX-2.a) from 2,797 vehicles 
in 1946 to 55,826 vehicles in 1961 (11).

XXX-3. Vehicle Crossings by Ferry ,,
The vehicle crossings data by ferry (1948-1962', Table 

XXX-3.A) indicate an increasing trend (Fig. XXX-3.a) from 400,010 
vehicle crossings in 1948 to 1,997,000 in 1962.

. The estimated vehicle crossings by ferry were adjusted by 
applying a trip generation factor for estimating the traffic 
volume which would use a tunnel or a bridge, as presented in

9
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Table IIX-3.b and shown graphically in Fig. III-3.b. The adjust
ment for traffic generation was based on a projection of ferry 

traffic volume. This figure was increased 20 percent for the first 
year of operation to account for anticipated trip generation. A 
further increase of 2 percent was applied each year to account for 
additional new trip generation resulting from the more convenient 
crossing facility (3) (4) (5).

IIX-4 Related Economic Data

The related economic data (1947-1959, Table IIX-4.a) 
including electric energy consumption, and goods imported, indicate 
increasing trends (Fig. XIX-4.a). Goods loaded show a slightly 
decreasing trend (12).

III-5 Design Data
1. Criteria of Traffic Generation:

Table III-5.a. From the selected crossings, the estimated 
/: traffic generations range from 3% to 40% for the first year 
after opening of the facility; while the actual results were 

: 457o, 19% and 20% for Chesapeake Bay Bridge, Hampton Road Cross

ing and Elizabeth Tunnel respectively.

Traffic generation for selected crossings are shown in

2. Criteria of Alignment, Grade and Lane Capacity Design:

The design criteria for a bridge were based on the cri
teria published by the American Association of State Highway
Officials and the Bureau of Public Roads. The design criteria
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for a tunnel were developed from the selected materials shown 
in Table XII-5,b. The design criteria adopted for this study 
are summarized below: (13 to 18)
Maximum grade for tunnel -- continuous grade
Maximum grade for bridge -- 3 7= continuous grade

Design speed for both tunnel and bridge-- 30 mph 
Minimum radius of curve for both tunnel and bridge -- 290 ft. 
Design lane capacity for tunnel -- 1200 vph
Design lane capacity for bridge -- 1400 vph

3. Toll Booth Design Criteria:
The design criteria for toll booths were developed from 

the study shown in Table III-5.c (15) (21). The design criteria 
adopted for this study were as follows:

Vehicle Type Rate of Passage Through Toll Booth
Passenger cars 8.3 sec./car or 435 cars/hr.
Buses 11 sec./car or 327 buses/hr.

Trucks 15 sec./car or 240 trucks/hr.
4. Design Criteria for Clearance and Depth of Cover:

The design criteria for a bridge were developed from 

selected criteria shown in Table III-5.d (19). The design 
criteria for a tunnel were developed from the criteria used in 
the design of the Patapsco Tunnel at Baltimore, and the Hampton 
Road Crossing at Norfolk. The assumed tunnel section is shown 
in Fig. V-la(3) (5) (24), The design criteria are summarized 

;■'as follows:



12

III-6

-  71 ft.
' 5 ft.
16 ft. 

■- 24 ft.

1,500 ft.

185 ft. 
32 ft.

For Tunne1:
Lowest point, principal datum to top of the tube 

Depth of sand cover over the tube 
Vertical clearance 
Roadway width, curb to curb 

For Bridge:
Width of the main navigation channel 
Vertical clearance in main channel above 

the principal datum 
Roadway width, curb to curb

5. The Victoria Harbour Cross-section, Hong Kong:
The typical harbour cross-section between the Navy 

Dockyard and the Canton-Kowloon Railway Station is shown in 
Fig. III-5.a for tunne1 design. This is the only actual topo
graphic information available to the writer for design purposes. 
It shows the flat belt areas at 20 feet elevation above the 

principal datum on the Hong Kong side, and 16 feet on the 
Kowloon side.

Unit Prices and Operating Cost Data

1. Unit Prices for Estimating Tunnel Construction Costs:
A comparison of unit prices from selected tunnels are 

,. shown in Table .III-6,a (2) (5) (8). The unit prices range from 

$207 to $229 per square foot. The average price of $217 per >
■ square\foot was selected for economic analysis. '
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2. Unit Prices for Estimating Bridge Construction Costs:

A comparison of unit prices from selected bridges are 
shown in Table Ill-bob (5) (6) (8) (22) (23). The unit prices 
range from $53 to $102 per square foot. The average price of 
$82 per square foot was selected for economic analysis.

3. Operating Cost for Bridge and Tunnel:
The operating costs for bridge and tunnel were developed 

from the selected crossings shown in Table III-6,c (3) (5) (9). 
The initial operating costs were taken as 3%% of the total con
struction costs; i.e. at $1,780,000 for the tunnel and $1,270,000 

: for the bridge. After 10 years, the operating costs were assumed
to be stabilized for the rest of the useful life; the tunnel was 
assumed at $2,200,000 and the bridge at $1,630,000 which were 
developed from the Hampton Road Crossing and will be dealt with 
in Section V-2. The difference between the initial and the 
.stabilized costs were taken as 10 equal increments distributed 
over 10 years.



PRESENTATION OF DATA

14



15

TAME

Annual Population (1920-1962) Hong Kong-Kowloon Study Area
Population % Increase % Estimated Estimated

Year .(1,000) Based on 1921 by Equation Population
1920 648 3.8 0 62521* 625 0 3 64322 638 2.2
23 668 7.0
24 696 11.4
25 725 16.0 18.0 736.5 .

1926 710 13.6
27 725 16.0
28 753 20.5
29 785 25.6
30 821 31.3 38.0 862

1931*. 840 34.3
32 901 44.2
33 923 47.7
34 944 . 51.5 •

35 966 54.5 . 70.7 4,067

1936 988 58.2
37 1,232 105.0
38 * 1,479 136.5
39 1,750 179.9
40 1,786 185.8

1941 1,639 162.1 122.2 1,388
4'2 =»

43 at, at

44 «> e» => «,

45
1946 1,550 148.0 175.4 1,720
47 1,750 179.9
48 1,800 138.0
49 1,857 197.0
50 2,265 262.5 224.7 2,030

*Census year
Source: Demographic Year Book, United Nations.
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TABLE IXX-l.a (Coat'd.)

Population % Increase % Estimated
Year (1,000) Based on 1921 by Equation
1951 2,013 222.0
52 2,250 260.0
53 2,250 260.0
54 2,277 264.0
55 2,340 274.2 294.7

1956 2,440 290.2
57 2,583 313.0
58 2,748 340.0
59 2,857 356.5
60 2,981 377.0 374.0

1961* 3,128 401.0
1962 3,476 456.0

1965 462.9
1970 o  «=. w. «n 560.5
1975 «=e to «=. ca 668.5
1980 eo ca> e» to 785.2

Estimated
Population

2,465

2,965

3,520 
4,130 
4,810 
5,540

^Census year
Source: Demographic Year Book, United Nations.



8oo -

J>ata reported by th<5L 
D em ographic yiear Book 
of the. United N ations.

Values computed from 
regression R a tio n .

y =. 0-id7 ^  * 0.7x > / 2 2 - zyears, occupied 
by Japan
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TABLE III-2.a
Annual Vehicle Registration, Hong Kong-•Kowloon

Vehicle Auto % Increase % Est. Est. Vehicle
Regis- Owner- Based on by Regis Est. Auto

Year tration ship 1947 Equation tration Ownership

1946 2,797 554 Discarded
47 9,266 189 0 26.6 11,730 153
48 11,757 153 12.7
49 14,551 128 57.0
50 16,028 141 73.0 48.3 13,750 148

1951 16,746■ 120 80.7
52 18,291 123 97.3
53 19,826 114 114.0
54 22,162 103 139.0 142.3 22,450 105
55 24,986 94 169.5

1956 29,004 84 212.5
57 32,924 79 255.5 261.0 33,450 79
58 36,522 75 294.0
59 41,298 69 346.0 420.8 48,250 61
60 48,890 61 427.0

1961 55,826 56 502.062 57,304
(End Mar.)

1965 779.3 81,500 40
1970 1252.8 125,500 33
1975 1841.3 180,000 27
1980 2543.3 245,000 23

Source: Obtained from Hong Kong Police Department
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Fig.n-2-a Vehicle R egistration (/<946-/950;
Hong Kong — K owloon, *StM.dy Area.
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TABLE III-3-a

Annual Vehicle Crossings Data (1948-1962) 
Hong Kong-Kowloon

Year
Vehicle

Crossings
% Increase 
(Based on 
1948)

% Estimated 
By Equation

Estimated
Vehicle
Crossings

1948 400,010 0 43.5 574,000
49 680,648 70.1
50 817,422 104.3 85.9 743,500

1951 934,824 133.5
52 1,014,505 153.5
53 1,076,200 169.0
54 1,126,855 181.5 177.8 1,110,000
55 1,171,858 193.0 202.3 1,210,000

1956 1,251,000 212.5
57 1,387,000 246.5 253.0 1,412,000
58 1,426,000 256.5
59 . 1,492,000 273.0
60 1,706,000 326.5 333.5 1,735,000

1961 1,997,000 399.0
62 1,997,000 399.0

1965 479.3 2,320,000
1970 639.5 2,959,000
1975 815.3 3,660,000
1980 1004.6 4,420,000

Source: Yaumati Ferry Company
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Adjustment for Traffic Generation 
Y ■ Q71x2 + 1259000k + 2,928,000

Vehicle Crossings

21

TABLE III-3.b

Vehicle Crossings Adjusted for 20%
Adjusted for 20% Traffic plus 2%

Year Traffic Generation Generation Traffic Generations
1966 2,440,000 488,000 (20%) 2,928,000
67 • 3,054,171 58,560 (2%) over 3,112,731
68 3,182,690 61,083 previous 3,243,773
69 : 3,313,550 63,654 year 3,377,204
70 : 3,446,750 67,544 3,514,294

1971 3,582,300 • 70,286 3,652,586
72 3,720,200 73,052 3,793,252
73 3,860,450 75,865 3,936,315
74 4,003,000 78,726 4,081,726
75 4,148,000 81,635 4,229,635

1976 4,295,100 84,593 4,379,693
77 4,444,900 87,594 4,532,494
78 4,596,800 90,650 4,687,450
79 4,751,100 93,749 4,844,849
80 4,908,000 ' 96,897 5,004,897

1981 5,066,500 100,098 5,166,598
82 5,228,000 103,332 5,331,332
83 5,391,500 106,627 5,498,127
84 5,557,000 109,962 5,666,962
85 5,726,000 113,339 5,839,339

1986 5,896,000 116,787 6,012,787
87 6,069,000 120,256 6,189,256
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Tig. HT-3-a Vehicle Crossings
Hong Kong — Kowloon* Study Afefl.. 

'Ferry O peration Only.
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------ T&rry Wbkk. crossing
projection.

• ----- 20% Traffic ganatotion
baead on 1#42 pnojactUn. /

- —— — 2% Annual T raffic ^ ^
generation. / •

X£or

fig . DI-3- b Projection for Vehicle Crossings 
Adjusted for Traffic Generation 
Resulting from a Bridge oX 
Tunne.1 •
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Exported* Imported-

/ea r

Fig. IK** 4  • <L Related Economic Factors
Hong Kong — K ow loon, Study Area.
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TABLE III-4.&

Related Economic Data, Hong Kong-Kowloon
Electric Goods Goods Goods Goods
Energy Loaded Loaded Unloaded Unloaded

Year (kwhxlO®) kwh/person/yr (10QQMT) (MT/per/yr) (1000MT) (MT/per/yr)
1947 106 60.6 .866 0.56 2,287 1.31
48 150 83.3 1,071 0.60 2,358 1.36
49 218 117.3 1,561 0.84 3,321 1.79
50 294 129.8 2,264 1.00 3,902 1.72

1951 354 176.0 1,701 0.85 3,136 1.56
52 391 173.8 1,535 0.68 3,407 1.51
53 436 : 194.0 1,511 0.67 3,344 1.49
54 492 216.5 1,509 0.66 3,638 1.60
55 568 . 243.0 1,686 0.72 4,169 1.78

1956 650 266.5 1,941 0.79 4,637 1.90
57 740 286.0 1,718 0.67 5,109 1.94
58 810 294.5 1,964 0.72 5,320 1.94
59 942 316.0 1,990 0.70 5,493 1.93

Goods (Loaded Goods (Loaded
& Unloaded) & Unloaded)

Year 1Q00MT MT/per/yr.

1947 3,153 1.80
48 3,429 1.91
49 4,882 2.63
50 6,166 2.72

1951 4,837 2.40
52 4,942 2.20
53 4,855 2.16
54 5,147 2.26
55 5,855 2.50

1956 6,578 2.69
57 6,827 2.65
58 7,284 2.65
59 7,483 2.62

Note: Goods loaded and unloaded, excluding internal river transportation
Source; Statistical Year Book, United Nations



TABLE III-5.a

Traffic Generation on Selected Toll Crossings 
(1st year after opening)

Crossings Traffic Generation 
Over Diverted Traffic Remarks

Chesapeake Bay Bridge

Opening date: July 31, 1932
(3)

Estimated Actual Last Ferry: 984,000
1st Year: 1,895,000 93% Increase
2nd Year: 1,943,000 98% Increase15% 45%

Hampton Road Crossing 

Opening date: November, 1957

(5)

25% 19%
Estimated Natural Increase:
4% -- 1954-1964
3% -- 1964-1974 per year not
2% -- 1974-1984 compounded
1% -- 1984-1994

Rappahannock River Bridge 
(5)

40% - - Estimated Natural Increase: 
Same as Hampton Road Crossing

Elizabeth Tunnel and Bridge System 

Opening date: June, 1952
J£L______

20%

Elizabeth Tunnel (Lower) 

(4)

10% - •

Estimated Natural Increase:
4% -- 1960-1964
3% -- 1964-1974 per year not
2% -- 1974-1984 compounded
1% -- 1984-1995

Patapsco Tunnel 

(3)

3%(Total 
Diverted)

10%(Total 
Diverted)

- -
Estimated Natural Increase:
4% -- over 1953

1954-1958 per year not
4% -- over 1958 compounded

1959-1972



TABLE III-5.b

Comparison of Some Physical Characteristics
c>f Selected Crossings

Length Traffic
Crossings Grade of Grade Speed Volume Remarks

Lincoln -3.5% 2700' 85 percentile 18 mph Pm t" T £3 n p p 1 85 percentile = 19 mph
Tunnel (Bottle- median 14 mph median = 16 mph
(South neck) Typical: ■.
Tube) +2.8% 2400' 85 percentile 32 mph 1000-1150 85 percentile = 31 mph
(15) median 27 mph veh/lane/hr. Us A i . median = 24 mph

+3.5% 5508 85 percentile 31 mph Maximum: Pnm'nocs it--? nn • passenger - 65.0%
median 24 mph 1238 WLlipVSl t- A. Vii , commercial = 35.0%

veh/lane/hr. Roadway = 21%' wide
Exit 4% --

Queen6 s -3.5% 1700' 85 percentile 40 mph 85 percentile = 20 mph
Midtown (Avg.) median 37 mph Ljitl L C2.11L.C o median = 17 mph
Tunnel
(North Bottle — 85 percentile = 38 mph Exit * 85 percentile ~ 38 mph
Tube) neck median = 31 mph Typical: median - 32 mph
(15) 1400

veh/lane/hr. Composition: passenger = 90%
commercial = 10%

+2% 500 s 85 percentile 44 mph
median 36 mph Maximum:

1485
+3% 2509 85 percentile 43 mph veh/lane/hr.

median 36 mph

+3.3% 2490' 85 percentile 38 mph
median = 32 mph



TABLE IIX-5.b —  (Coat'd.)

Crossings Grade
Length 

of Grade Speed
Traffic
Volume

Holland -2% 2550’ . 1350 Entrance:
Tunnel
(South -0.9% 2850’ Speed Range

veh/lane/hr.
1250 Exit: ,

Tube)
(16) Bottle

neck
under 20 mph veh/lane/hr. 

1240
veh/lane/hr. Composition

+2.3%

+2.1%
1300' 1250

veh/lane/hr.
1260
veh/lane/hr.
Maximum:
1248 .
veh/lane/hr.

Roadway

Remarks

= 1320 veh/lane/hr.

° 1280 veh/lane/hr.
passenger = 70% 
commercial = 30%

=20' Wide

fOoo
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TABLE III-5.C
Selected Toll Booths Design Criteria 

(During Peak Hour)

Crossing Description

Lincoln Tunnel
Queen's Midtown 

Tunne1
Washington Bridge 

N.Y.
(15)

Onside Lane Off-side Lane

Passenger Car 8 sec/car 9 sec/car 
Bus 9.5 sec/car 10.5 sec/car 
Truck 11 sec/car 12.5 sec/car 
Truck Trailer 14 sec/car 15.5 sec/car

Bay Bridge 
Calif 

(21)

Recommended Criteria
Passenger Car Onside Lane: 580 Cars/hr. - 6.2 sec/car
Passenger Car Off-side Lane:525 Cars/hr. - 6.9 sec/car
Bus: 360 Buses/hr.- 10 sec/car
Truck (cash transaction): 200 Trucks/hr.- 18 sec/car
Truck (credit transaction): 150 Trucks/hr.-24 sec/car

Recommended Width of Toll Lane 
Passenger Car Onside Lane: 816"
Passenger Car Onside-Offside: 8'6"
Bus: 10'
Truck: 10' to 10'7"
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TABLE III-5.d

Comparison of Vertical Clearances and Channel Span 
From Selected Bridges

Bridge Vertical Clearance Channel Span
(ft.) (ft.)

Brooklyn Bridge, N .Y . 133 1500
Philadelphia-Camden Bridge 135 1686
Golden Bridge, Calif. 220 4200
Bay Bridge, Calif. 185 2310
Chesapeake Bay Bridge 186.5 1600
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TABLE III-6.a

Tunnel Unit Price Comparison

Crossings
Unit Price 
(Sq.ft.)

Converted to 
April 11, 1963 

ENRM)86.31 Remarks
Proposed Constitution Ave. 

Tunnel--Washington, D. C.
Estimated: April, 1957

(8)

$137
ENR = 723.85

$229 tunnel: 5™>'(3$22.527,000
Approach: 2750'
Roadway: 21'
Total Area « 120,540 ft^

Hampton Road Crossing 
Tunnel--Virginia

Estimated: Sept., 1954

(5)

$151
ENR = 627.96

$214 Tunnel: 7 W ’(a$26,025,000
Roadway: 23'
Vertical Cl.:13%'
Total Area = 172,431 ft2

Baytown Tunnel, Texas 
Bid: 1949

(2)

$112
ENR = 477.02

$207 Tunne 3000'@$10,050,000
Approach: 11001
Roadway: 22'
Vertical Cl. 14'
Total Area = 90,200 ft^

Average Unit Price = $217 perftT



TABLE III-6.b

Comparison of Unit Price and Adjust for 
ENR Index for Selected Bridges

Crossings
Unit Price 
(Sq.ft.)

Converted to 
April 11, 1963 
ENR = 886.31 Remarks

Proposed Constitution Ave. 
Bridge--Washington, D.C.

Estimated: April, 1957
(8)

$52.1
ENR = 723.85

$64 Bridge : 2870' Total length = 5620'
Approach: 2750' @$22,000,000
Roadway: 6 lanes (assumed 75')

Rappahannock
River Bridge--Virginia

Estimated: Sept., 1954

(5)

$72.5
ENR = 627.96

$102 Length: 99851
Mam apan: 648' @$15 947 QQQ
Roadway: 22'

The Greater New Orleans 
Bridge--Louisiana

Bid: October, 1954
(6)

$65.4
ENR = 627.96

$92.3 Length: 1^428'@$43,854,000
Bridge: 3019'
Roadway: 50'

San Pedro-Terminal
Island Bridge--Calif.

Bid: May, 1961

(22)

$51.3
ENR = 847.05

$53.7 Prefabricated weld bridge 
Length: 6010' ®
Bridge: 2513'
Roadway: 52'

Benicia-Martinz Bridge-- 
California

Bld: 1955 (23)

$71.3
ENR = 659.72

$96 Length. 6215 @$27,500,000
Roadway: 62'

Average Unit Price = $81.6--say $82/sq.ft.



TABLE III-6.C

Comparison of Estimates for Operating Expenses 
From Selected Toll Crossings

Crossings

Percentage Factor 
Related to the Total 
Construction Cost

Increment Factor Per Year 
Related to the Percentage Factor

Hampton Road
Crossing, Virginia

About of the total
construction cost

The first 10 years * year
The subsequent 23 years = B-er~— ^ ^ e .̂Lac.t:.0.r per year

(5) Average at %% per year for 33 years not compounded
Patapso Tunnel 
Maryland

(3)

About 2% of the total 
construction cost

The first 2 years = 8% of the percentage factor 
The subsequent 8 years = 2% of the percentage factor 

Average at 3%% for 10 years not compounded
Golden Bridge 

California

(9)

About 3/4% of the total 
construction cost

The first 5 years = 87= of the percentage factor

The subsequent 35 years = at an average 0.667= of the
percentage factor per year

Conclusions: 
For Tuane1: 3%% of the total 

construction cost 
($1,780,000)

At an average 27= of the percentage factor for a 
10-years’ period = $40,000 per year.

After 1975 at a constant amount, $2,200,000 for 
the rest of the life.

For Bridge: 3%% of the total 
construction cost 

($1,270,000)
At an average 2.5% of the percentage factor for a 

10 years’ period = $36,000 per year.
After 1975 at a constant amount, $1,630,000 for 

the rest of the life.



IV ANALYSES OF DATA
IV-1 Establishing the Design Year

The selection of a design year is usually based on project 
.tions' that can be made with reasonable accuracy from the available 
‘ data, and on the useful life of the facility under reasonable 

maintenance. Also, projections of available data become more 
accurate as the amount' of data increase or as the length of the 
projection period is shortened. Variability within the data also. 
affect the accuracy of projections. Generally, for a transpor
tation facility, a 20-year period of projection is acceptable. In 
this study, the period, of available data was 13 years (1948-1961)« 

The writer selected 1980 as the design year for a projection period 
of 19 years. This is in conformance with general practice and 
consistent with "the quality of available data.

IV-2 Establishing the Trend for Vehicle Crossings
1. Population growth projected to design year:

The population data (Table XXX-l.a) were analyzed by 
the technique of regression and least-squares curve fitting, 

and the resulting equation was developed for use in computing 
the design year total population. The yearly percentage 

increase in population was computed, using 1920 as the base 
year. The regression equation was derived from the yearly 

percentage increases in population which was used in turn to 

compute the total increase in population to any desired year

35
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by adding the increase to the base year population.

The resulting population curve, projected to the design 

year, is shown in Figure III-l.a. The detailed computations 
are presented in Table XII-l.A.a, Appendix. The results of 
the analysis of population data show:
1980 Population estimate -« 5,540,000

Projection equation -- Y = 0.187 -f 9.7x ~f 122.2
Coefficient of Determination -- r = 0.9 

2: Automobile Ownership Projected to Design Year:
Automobile ownership is the ratio of population to 

vehicle registration. Since the population projection was 
made in the previous section, the vehicle registration data 
were analyzed by the regression line technique and the result

ing equation was used to compute the design year vehicle regis

tration. The trend of automobile ownership was determined by 
the ratio of estimated population to estimated vehicle regis

tration.
The data of vehicle registration were shown in Table 

1X1-2.a, and curves in Figure IXX-2.a, and computation Table 

XXX-2.A.a, Appendix. The results are as follows:
1980 vehicle registration estimate -- 245,000 vehicles 

Projection equation -- Y = 2.3x^ + 32.7x 4- 142.3 
Coefficient of Determination -- r^ = 0.93
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3. Vehicle Crossings by Ferry Projected to Design Year:
The vehicle crossing data (Table III-3.a) were the 

most basic statistics available to indicate the trend in 
vehicle crossings from which design-year volumes could be 
estimated. The data were analyzed and projected by- means of 

the regression technique, and the resulting equation was used 
in computing the design-year vehicle crossings by ferry.

The computations are shown in Table XXI-3.A.a, and 

the projection curves shown in Figure XXI-3.a (in percentage). 
The results of the projection are as follows:
1980 vehicle crossings by ferry estimate -- 4,420,000

Projection equation -- Y = 0.295x^ -f 24.75x 4- 203.3
2Coefficient of Determination -- r = 0.95

4. Trends of Related Economic Factors:
Data on related economic factors (Table XXX-4.a) 

included electric energy consumption (in kwh/person/year), 

and port activity as indicated by goods loaded and unloaded 
(metric tons/person/year). The data were not analyzed by 
statistical techniques and only fitted with free-hand curves 

to show their trends as a kind of check (Figure XXX-4.a).

More comprehensive analyses of economic activity would involve 
the study of external economic forces including foreign invest 

ments and transhipments, at Hong Kong.
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5. Relationship Between Population, Vehicle Registration, and 

Vehicle Crossings:
The increase factor, I.F. for vehicle crossings by 

ferry, from 1965 to 1980 is
I.F. = 1980 vehicle crossings

vehicle crossing 1965 vehicle crossings

= 4,420,000 = 1.905 (Table III-3.a)
2,320,000

The reasonableness of this increase factor may be 
checked by comparing it with the increase factor for total 
traffic volume during the same period. The procedure is 
described in more detail by Hay (28)*

I.F. = I.F.p % I.F.y x I.F.u
where I.F. = traffic volume increase factor for 1965-1980.

I.F.p- population increase factor for 1965-1980.

I.F.V~ vehicle registration increase factor for 1965-1980. 

I•F .u~ vehicle usage increase factor for 1965-1980.
Assumed to 1.0 since data on vehicle usage, as 

measured by fuel consumption, are not available 
to the writer.

Then
T F = 5,.540,000 245,000/5,540,000 x x 0 = 3 005
T * '  3,520,000 81,500/3,520,000 1-U -i-UUb
(Table III-l.a and Table III-2.a).

The increase factor for vehicle crossings, 1.905, is 

less than that for general traffic volume increase, 3.005.
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This infers that vehicle crossings will not increase as rapidly 
as the overall traffic volumes in the study area. This infer
ence is quite acceptable as it is what one would expect. If 
the projection for vehicle crossings has been under-estimated, 
and the project is feasible on this basis, it only serves to 

, make the investment more sound than anticipated as the increased 
toll revenue will make it possible to retire the indebtedness 
at an earlier date. The increased volume would, of course, 
give rise to"congestion and delay if badly underestimated, 
but it is,not possible to evaluate this on the basis of avail
able data. At worst it would create the need for a new cross
ing facility so this consideration is minimized in this analysis

6. Vehicle Crossings by Bridge or Tunnel Projected to Design Year: 
It is a common experience that when a new facility is 

constructed, traffic volumes are greater than the number 

' accounted for by expected increases without the new facility, 
and this added increment of traffic volume increase is termed 
traffic generation. The usual method of estimating traffic 

generation is to study the history of other facilities similar 
to the project under consideration. In the case of facilities 

replacing ferries, traffic generation has been known to amount 
to several hundred percent of diverted traffic (25) (26).

In this study, the vehicular ferry is assumed to ter

minate its service upon the opening of the new facility, and 
therefore the traffic generation, in this case, involves no

traffic diversion.
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In a study of the selected toll crossings listed in 

Table XIX-5.a, the writer is of the opinion that the Hampton 
Road Crossing and the Elizabeth Tunnel and Bridge System = 
are comparatively, in nature, similar to the study area. ' The 
generated traffic at these crossings were 19% and 20% res
pectively. The writer concluded that traffic generation of 
20% should be applied to 1966 estimated traffic crossings for 
ferry operation only. The new facility was .assumed open to 

traffic on January 1, 1966.

A further consideration of an annual traffic generation 
of 2/c, reflecting the added convenience of a bridge or tunnel, 
is added to the projected volume of ferry crossings after the 
first-year increase of 20% has been added. This added traffic 

generation exists for a period of years after the opening of 
a new facility, and ceases when the capacity of the facility 
becomes overtaxed to such an extent that other means of accom

plishing the desired objective are developed.

The results of the projections are shown in Figure 
XXX-3.b and computations in Table XXT-3.b. The results are 

summarized as follows:

1980 vehicle crossing adjusted --5,004,897

Projection equation adjusted--Y = 1171x2 + 125,000X9-2,928,000 

Additional traffic generation--2% over each previous year,

due to convenience of bridge

or tunnel.
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XV-3 Estimate of Traffic Lanes Required by 1980 

,1. Assumptions:

(A) The facility is designed to meet 1980 crossing traffic 
requirement; that is, to accommodate an annual traffic 
volume of 5,004,897 vehicles.

(B) The average annual daily traffic would be of the
annual volume.

(C) Directions 1 distribution" of traffic during peak hour 
would be 60-40%.

‘(D). Traffic composition during peak hour would be 75% passen
ger cars, 15% buses, and 10% trucks.

(E) The design capacity would be:
For Bridge capacity * 1,400 vehicles/lane/hour 

For Tunnel capacity = 1,200 vehicles/lane/hour 
These figures are concluded from the selected crossings 

shown in Table III-5.b, and from the Congressional Hear

ings of the Potomac River Crossing, S.944 and S.1707 in . 
Washington, D. C., April, 1957 (15) (16) (8).

(F) The design speed would be 30 mph for both tunnel and bridge 
2. Estimate:

1980 vehicle crossings estimated = 5,004,897 vehicles.

The Annual Average Daily Traffic = 5,004,897/365

or AADT = 13,700 vehicles.,

From the Highway Capacity Manual of the Highway Research
Board (18) and from a study of the ’’Traffic Counting Program in
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Cincinnati,,9 by G. W. Howie and T. E. Young, Proceedings HRB, 
1957 (27), the design criteria for design hourly volume (DHV) 

may be expected to range from 0.09 to 0.17 of the AADT. On 
this basis, the writer selected a factor of 0.14(AADT) for 
computing the design hour volume.

Then

DHV = 0.14 x 13,700 ~ 1,918 vehicles.
DHV in direction of heavy flow ~ 0.6 x 1,918 = 1,150 vehicles. 
Number of lanes required by 1980:

For a Tunnel: Design capacity - 1,200 veh./lane/hr,

One lane is required in each direction 
to accommodate the directional DHV of 

1,150 vehicles.
For a Bridge: Design capacity = 1,400 veh./lane/hr.

One lane is required in each direction.
For Tunnel or Bridge: Two-lane facility is adequate.

I V Estimate of Toll Lanes Required by 1980

The estimate of the number of toll lanes makes no signifi

cant difference in the selection of a tunnel or a bridge, as the 
design factors are mostly based on the toll schedule, the design 

speed, and the length of the toll plaza (15) (21). . In this study, 
the toll plaza, from the entrance to the toll booths, is assumed 

to be 700 ft. long for either tunnel or bridge. Other factors are
assumed to be the same.
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From selected toll booth design criteria, shown in Table

III-5.C, the writer chose design criteria for different types of 
vehicles during the peak hour, for both tunnel and bridge, as

follows : 
Vehicle Type Rate: of Passage Through Toll Booth
Passenger cars - - 8.3 sec./car or 435 cars/hr.
Buses 11 sec./car or 327 cars/hr.

Trucks 15 sec./car or 240 cars/hr.
By 1980 peak hour traffic in the direction of heavy flow = 1150 veh./hr.
Passenger cars = 1150 x 0.75 (75% assumed) = 863
Buses = 1150 x 0.15 (15% assumed) = 172
Trucks ~ 1150 x 0.10 (10% assumed) = 115

Total vehicles per hour 1150 

Lanes required by passenger cars ~ 863/435 = 2 lanes.
Lanes for commercial vehicles:

Time in sec. required by buses = 172 x 11 = 1890 sec.
Time in sec. required by trucks - 115 x 15 = 1720 sec.

3610 sec.
Lanes required by commercial vehicles ~ 1 lane with 10 sec.

deficiency.
Number of toll lanes - required in one direction = 3



V DESIGN FOR TUNNEL AND BRIDGE
V -1 Assumptions and Concepts of Selecting Locations 

1. Assumptions:

(A) The maps attached and information on elevations (Figure 
IIX-5.a) were assumed accurate enough for scaling and 
design purposes.

(B) The land areas upon which designs were made were assumed 
to be redeemable by the authority.

(C) The cut and cover trench-type method would be adopted in 
tunnel design.

(D) The vertical clearance and roadway width for a tunnel was 
assumed as shown in Figure V-la.

(E) The present land-use 'pattern and land-values were, based on , 
the writer’s knowledge of these factors as an employee and 
were considered sufficiently accurate.

(F) The present traffic conditions on the street networks were 
based on the writer’s personal knowledge of these factors.

(G) The bridge was designed as a high-level type, and the 
width of the main channel was assumed to be 1500 feet 

(Table III-5.d).

(H) The vertical clearance for navigation in the main channel 

was assumed to be 185 feet above the principal datum

(Table III-5.d).

44
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(I) A 32-foot roadway, curb to curb, was assumed for bridge 

design.
(J) Light-powered trucks of 20,000 lbs. would be the dominant 

truck type in use on the new facility. A light-powered 

truck with gross load of 20,000 lbs., starting at 9 mph 
would yield a sustained speed of 28 mph, on a 3% steady 
grade bridge. (From Highway Capacity Manual) (18).

2. Concepts of Selecting Locations:

In the study of selecting locations for both types of 
crossings and approach systems, the writer is handicapped by 

lack of ,sufficient data for design purposes. In order to 
arrange the designs corresponding to the actual condition, 
the writer has confined himself to the following concepts.
(A) Topographic conditions--The generalized information shown

in Figure III-5.a is all of the topographic information s 
available to the writer. Under these circumstances the 

writer confined possible locations to the flat-belt area 
along the seawalls on both sides of the harbour.

(B) Land-use pattern--The writer has confined possible locations 

to those Government-owned lands which are considered redeem

able or feasible to accommodate an elevated structure, with 

consideration for the effect on future land-use patterns

in adjacent areas.

(C) Land-value--Land values of 30 dollars per square foot were 

used for estimating land acquisition costs on Hong Kong
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Island and 3 dollars per square foot on the Kowloon Penin-  ̂

sula for bridge. Land value of 100 dollars per square 
foot was used for tunnel on Hong Kong Island only.

(D) Traffic conditions of street networks--The writer has based 
the design of connections to the existing street networks 
on the concept of dispersing traffic rather than having it 

concentrated, thereby inviting congestion and delay.

(E) Shortest way to central business district in Hong Kong-- 
Generally, the central business district (CBD) of the Hong 

Kong side is the main point of travel desire, especially 
for those trips from Kowloon to Hong Kong. The shortest 
way to CBD is the most - economical way to road users, and 
justification has to be made between the shortest way, land 
use pattern, land-value, and traffic conditions.

V-2 Design for Tunnel

1. Design for Grade: (Figure XXX-S.a and Figure V-l>)

The lowest point of the channel bottom on the tunnel 
alignment is 66 feet below the principal datum.
The lowest elevation of the roadway surface = 66 4- 25 = 91? 
Total Rise:

Hong Kong side = 91 4- 20 = 111'
Kowloon side = 91 4- 16 = 107*
From the study shown in Table XIX-5.b, a steady grade 

design is used in order to minimize the bottleneck effects at 

changes of grades. A steady grade was adopted in grade 

design, except the bottom section of 0.76%.
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Hong Kong side: Grade Length Rise
Tunnel: 0.76% 2400' (under sea) 19'

2%7o 1000' (under sea) 25'
2%% 1870' (seawall-portal) 47’

Open ramp: 2%% 800' (portal-surface) 20'
6170' 111'

Kowloon side:
Tunnel: 2%% 1500' (under sea) 37.5

2%7= 1980' (seawall-portal) 49.5
2%7. 800' (portal-surface) 20.0

4280' 107.0
Total Tunnel System:

Tunnel length under sea = 3500 + 1500 = 5000 '
Length under land surface^ 2870 + 1980 = 3850 9

Lenth of open ramps - 800 + 800 = 1600 8

10450 8

The results of design are shown in Figure V-l, and the
locations shown on map attached.

2. Design of Approach System:
Confined by the design concepts as described pre

viously, the writer prepared an approach system as shown 

in Figures V-2.a and V-2.b with only one overpass system at 

Gascoign Road, Kowloon side, as shown on the map attached.
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i* A ŝuntd Tak>e cross-section



w loo n

V i c t o r i a  H a r b o u r

T u n n e I

/ wan Chai Pistrict
f  C business M ulti-Stor^

6 leand Vv g I

Roo^s for tKc proposed Bridge i  Tunnl Locations, 
HOMC| Kt-NGr Side.

|_Fig. 1C- 2'Q. Approach





51
V-3 Design for Bridge

1. Design for Grade:

The highest point on bridge above the main channel - 185' 
above P.D. '
Total Rise:

Hong Kong side = 1851 - 20’ = 165
Kowloon side = 1851 - 16’ = 169

Grade design: A 37, steady grade for speed of 30 mph as

. 6 - - —
explained under V-l (18).

Grade Rise Length

Hong Kong side: 37, 165’ 16570.03 = 5500

Kowloon side: 37, 169’ 169 70.03 = 5630

/ Main channe1: 1500

Total: 12630

Total Bridge system:
Hong Kong side: Main channel pier to seawall = 2300*

Ramp = 3200’
Kowloon side: Main channel pier to seawall = 1200’

Ramp = 4430’

Main channel = 1500’
Total length above sea: 5000’
Total length of ramps: 7630’
Total Bridge system = 5000 + 7630 =12,630’ 

The results are shown in Figure V-3(2.,and locations shown 
on the map attached.
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2. Design for ApproachJ System:

The designs and arrangements of the bridge approach 
system are shown in Figures V-2.a and V-2.b with one over
pass at Chatham Road.
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VI COMPARATIVE COST ANALYSIS
VI-1 Total Initial Cost of Facility

1. Assumptions:
(A) The average unit prices established from different types 

of selected facilities would be applicable for comparative 

purposes. That is, the unit price for construction would 
be $217 per square foot for the tunnel, and $82 per square 

foot for the bridge, including approaches (Table I1I-6.a 
and III-6.b).

(B) The land-value is required for bridge design on both the 

Hong Kong and Kowloon sides, and only a small parcel of 
land on the Hong Kong side is involved in the tunnel 
design system. The land-values are assumed as follows:
For Tunnel: Hong Kong side only @$100/sq.ft. (about HK$570)
For Bridge: Hong Kong side: @ $30/sq.ft. (about HK$170)

Kowloon side: . $3/sq.ft. (about HK$17)
(C) The overpass system for a tunnel is considered equal in 

cost to that of a bridge.

2. Estimated Cost for Tunnel:
Total tunnel system length 

Roadway width 

Total roadway area 

Estimated construction cost

» 10,450 ft.

= 24 ft.
= 10,450 x 24 — 251,000 sq. ft. 

= 251,000 x 217 = $54,500,000

54
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Land area from portal to Hurry Road - 50 x 80 = 4,000 sq. ft. 
Land value @$100/sq. ft. 25 4000 x 100 = $400,000 
Total Construction Cost = $54,500,000 -f $400,000 = $54,900,000 
Estimated Cost for Bridge:

Total bridge system length 

Roadway width 
Total roadway area 
Estimated unit price 
Estimated construction cost 
Estimated land areas required:

= 12,630 ft.
= 32 ft.
= 4045160 sq.ft. 
~ $82 per sq.ft. 
= $33,141,000

Area
Unit
Price Land Cost

Hong Kong side: (sq.ft.)

Ramp = 3,200 x 40 = 128,000
Plaza = 700 x 80 = 56,000

Total:

$30

3
$5,520,000

531,600
$6,051,600

Total Cost = 33,141,000 + 6,051,600 = $39,192,600
VI-2 Annual Operating Expenses

1. Establishing Annual Cost of Operation and Maintenance for 
Tunne1:

The construction cost of the Hampton Road Crossing 
is quite close to the tunnel under consideration. The annual

V

operating expenses for this study is assumed an average 3.25% 

of the initial construction cost. After 10 years this annual 

cost would stabilize at $2,200,000. The amount of $2,200,000
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is derived from the following assumptions. (Table IXI-6.c). 
Construction cost of Hampton Road Crossing = $478515s000
A constant annual cost after 33 years = 2,005,000

Construction cost of the tunnel in question = 54,900,000
If the annual cost is assumed proportionally to construction 

cost, then

The annual cost of the study tunnel = '4y*~Jfg* x 54,900,000

= $2,300,000

But actually annual cost is not quite proportional to construction 
cost, and usually increases*at a lesser rate. In this case, 
comparatively, the construction cost of the study tunnel is 
increased by 15% over that of the Hampton Road Crossing. It 
may then be assumed that the annual cost is conservatively 

increased by 10% over that of the Hampton Road Crossing; (i~e.3 
$2,005,000 x 1.1 = $2,200,000).
Total Construction Cost = $54,900,000

Annual Operation and Maintenance Cost at

3%% of the total construction cost = $ 1,784,000 say $1,800,000 
Total increment = $2,200,000 - $1,800,000 = $400,000 

In ten equal increments ~ $400,000/10 - $40,000 per year.
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TABLE VI-1

Schedule of Estimated Annual 
Operating Cost for Tunnel

Year
1966

1967
1968
1969 

19 70

1971
1972

1973 
19 74
1975 and beyond 

Total:

Annual
Operating Cost 

$1,840,000
1,880,000

1.920.000
1.960.000

2,000,000
2.040.000
2.080.000
2,120,000

2,160,000
2 ,200,000

$20,200,000
Establishing Annual Cost for Bridge:

S. Johannesson made a detailed analysis of the annual 

operating costs for a tunnel and a high-level bridge for 
Passaic and Hackensack River, New Jersey, in "Highway Economics' 

1931 (7). According to his analysis,[a comparison of operating
costs would be as follows:

14,800' tunnel annual operating cost = 1.35 
14,8001 high-level bridge operating cost

By applying this factor of 1.35, the annual operating cost for

the bridge under consideration may be established as follows:



The constant annual operating cost = $2,200,000
1.35

= $1,630,000
3%7° of total bridge construction cost = 0.325 x 39,192,600

» $1,270,000
Total increment of operating cost = 1,630,000 - 1,270,000

= $360,000

In ten equal increments = 360,000/10 = $36,000 per year 
The annual operating cost for a bridge is established as it 
was for the tunnel.

TABLE VI-2
Schedule of Estimated Annual 
Operating Cost for Bridge

Year
1966

1967
1968

1969

1970

1971
1972

1973
1974

1975 and beyond

Annual
Operating Cost 

$1,306,000
1.342.000
1.378.000

1.414.000

1.450.000

1.486.000
1.522.000

1.558.000
1.594.000

1.630.000 

$14,680,000Total:
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VI-3 Establishing Tolls for Retiring Indebtedness and Maintaining 

Facility
1. Establishing Tolls for Tunnel:

The rate of interest at which bonds are sold for toll
facilities varies from one facility to the next. In order to 

■ simplify the estimating process, the following assumptions
are made for approximating tolls:
(A) The estimate is based on the sale of serial bonds at an 

interest rate of 4% compounded annually. The bond amount 
is assumed to be $60,000,000, including bond discount, 
legal expenses, office expenses and other contingencies»

(B) The bonds are assumed to bear interest upon the opening 
of the facility, and the retirement of the first bond 
would occur at the end of the first year of operation.

(C) The interest earned by vehicle revenue before retirements 
are made, is not counted.

(D) The operating expenses, including maintenance,, were assumed 
as estimated in Table VI-1.

(E) The toll charged on one commercial vehicle, including bus 

and trucks, is 3 times that charged for passenger cars.
(F) The optimum capacity of the tunnel is assumed at the level 

of 5,200,000 vehicles per year (about 1200 veh./lane 
during peak hour), and the level would be reached by 1982„



60
(G) The contingent factor or marketable factor (the ratio of 

debt coverage to debt retirement, excluding operating 
costs) is usually 1.75 to 2.00. This factor is not con
sidered in this study, based on the assumption that the 
bonds issued are warranted by the government.

The estimate process is shown in Table VI-3 and 4 for
different periods of bond obligation, and the results
summarized as follows;

Year of Bond Obligation
Passenger

Car
Commercial

Veh.
per car per veh.

20 years (1966-1985). $1.06 $3.18

25 (1966-1990) 0.94 2.82
30 (1966-1995) 0.88 2.64

35 " (1966-2000) 0.84 2.52

40 (1966-2005) 0.82 2.46
2. Establishing Tolls for Bridge:

The assumptions set forth for tunnel tolls are also 
applicable for the bridge tolls, except for the following:
(A) Bond amount would be $45,000,000.

(B) Operating expenses are assumed as set forth in Table VI-2

(C) The optimum capacity of the bridge would be assumed at 
the level of 6,100,000 veh. (or about 1400/lane during 

peak hour), and this level would be reached in 1987
(Table III-3.b).
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The method of estimating tolls is shown in Table VI-4 

and 5 for five different periods of bond obligation* and the
results are summarized as follows:

Year of Bond Obligation
Passenger

Car
Commercial

Veh.
20 years (1966-1985)

per car 
$0.77

per veh. 
$2.31

25 " (1966-1990) 0.67 2.01
30 " (1966-1995) 0.61 1.83
35 " (1966-2000) 0.58 1.74
40 " (1966-2005) 0.56 1.68



TABLE VI-3
Estimate of Tolls for Tunnel

Bond Amount - $60,000,000

Year

Estimated Vehicle Traffic
Operating
Expenses

Debt Retire
ment at 4% Int 
Serial Bonds

Annual
Expenses

Estimated Tolls

Vehicles
Veh. in Terms 
of Pass. Cars Pass Car Cora Veh.

20-Yr. 
Bond 
Obll- 
gatior

From Table 
III-3 b 
Com. Veh.
25% of Total 
Traffic

1 Com. Veh. = 
3 Pass. Cars

Col. (A)

From Table 
VI-1

($1,000)

$3,000,000 
per yr.

(1)
($1,000) ($1,000) 

Col (B)

$ $

1966 2,928,000 4,392,000
(Accumu
lated)

1,840
(Accumu
lated)

3,120
(Accumu
lated)

4,960
(Accumu
lated)

1.130
Col.(B) /(A)

3.390

1967 3,113,000 4,669,500
(9,061,500)

1,880
(3,720)

.3,245
(6,365)

5,125
(10,085)

1.098
(1111)

3.294
(3.333)

1968 3,244,000 4,866,000
(13,927,500)

1,920
(5,640)

3,375
(9,740)

5,295
(15,380)

1.089
(1.103)

3 267 
(3 309)

1969 3,377,000 5,065,500
(18,993,000)

1,960
(7,600)

3,510
(13,250)

5,470
(20,850)

1.080
(1.100)

3.240
(3.300)

19 70 3,514,000 5,271,000
(24,264,000)

2,000
(9,600)

3,650
(16,900)

5,650
(26,550)

1.071
(1.093)

3.213
(3.279)

1971 3,653,000 5,479,500
(29,743,500)

2,040
(11,640)

3,796
(20,696)

5,836
(32,336)

1.065
(1.088)

3.195
(3.264)

1972 3,793,000 5,689,500
(35,433,000)

2,080
(13,720)

3,948
(24,644)

6,028
(38,364)

1.060
(1.081)

3.180
(3.243)

1973 3,936,000 5,904,000
(41,337,000)

2,120
(15,840)

4,106
(28,750)

6,226
(44,590)

1.053
(1.079)

3.159
(3.237)

1974 4,082,000 6,123,000
(47,460,000)

2,160
(18,000)

4,270
(33,020)

6,430
(51,020)

1.050
(1.077)

3.150
(3.231)

NJ



TABLE VI-3 (Cont'd.)

Year

Estimated Vehicle Traffic
Operating
Expenses

Debt Retire
ment at 47. Int 
Serial Bonds

Annua1 
Expenses

Estimated Tolls
Vehicles

Veh. in Terms 
of Pass. Cars Pass. Car Com. Veh.

1975 4,230,000 6,345,000
(53,805,000)

2,200
(20,200)

4,441
(37,461)

6,641
(57,661)

1.047
(1.071)

3.141
(3.213)

1976 4,380,000 6,570,000
(60,375,000)

2,200
(22,400)

4,619
(42,080)

6,819
(64,480)

1.038
(1.069)

3.114
(3.207)

1977 4,532,000 6,798,000
(67,173,000)

2,200
(24,600)

4,803
(46,883)

7,003
(71,483)

1.030
(1.065)

3.090
(3.195)

1978 4,687,000 7,030,500
(74,203,500)

2,200
(26,800)

4,995
(51,878)

7,195
(78,678)

1.023
(1.061)

3.069
(3.183)

1979 4,845,000 7,267,500
(81,471,000)

2,200
(29,000)

5,195
(57,073)

7,395
(86,073)

1.018
(1.057)

3.054
(3.171)

1980 5,005,000 7,507,500
(88,978,500)

2,200
(31,200)

5,403
(62,476)

7,603 
(93,676)■

1.012
(1.053)

3.036
(3.159)

1981 5,167,000 7,750,500
(96,729,000)

2,200
(33,400)

5,619
(68,095)

7,819
(100,495)

1.009
(1.040)

3.027
(3.120)

1982 5,200,000 7,800,000
(104,529,000)

2,200
(35,600)

5,844
(73,939)

8,044
(109,539)

1.031
(1.049)

3.093
(3.147)

1983 5,200,000 J,800,000 
(112,329,000)

2,200
(37,800)

6,077
(80,016)

8,277
(117,816)

1.060
(1.049)

3.180
(3.147)

1984 5,200,000 7,800,000
(120,129,000)

2,200
(40,000)

6,320
(86,336)

8,520
(126,336)

1.091
(1.050)

3.273
(3.150)

1985 5,200,000 7,800,000
(127,929,000)

2,200
(42,200)

6,573
(92,909)

8,773
(135,109)

1.125
(1.058)

3.315
(3.174)

(1) By use of compound interest table.

O'u>



TABLE VI-4

Estimate of Tolls for Tunnel and Bridge

Yrs. of Obligation 
for Equal Retire
ment Serial Bonds

Total
Operating
Expenses

Total Debt 
Retirement

at 4%
Serial Bonds

Total
Expendi
ture

(2)
Total Est. Veh. 

in Terms of 
Pass. Cars

Estimated Tolls

Pass. Cars Com. Veh.
For Tunnel 
Bond Amount: 
$60million 
20-Year
@$3,000,000 per yr. 
(1966-1985)

($1,000)

$42,200

($1,000)

$92,908 $135,109 127,929,000 $1.06 $3.18

25-Year
@$2,400,000 per yr. 
(1966-1990)

$53,200 $103,948 $157,148 166,929,000 $0.94 $2.82

30-Year
@$2,000,000 per yr. 
(1966-1995)

$64,200 $116,657 $180,857 205,929,000 $0.88 $2.64

35-Year
@$1,715,000 per yr. 
(1966-2000)

$75,200 $131,485 $206,685 244,929,000 $0.84 $2.52

40-Year
@$1,500,000 per yr. 
(1966-2005)

$86,200 $147,500 $233,700 283,929,000 $0.82 $2.46

For Bridge 
Bond Amount:
$4J> million 
20-Year
@$2,250,000 per yr. 
(1966-1985)

$30,980 $69,680 $100,660 130,231,500 $0.77 $2.31

25-Year
@$1,800,000 per yr. 
(1966-1990)

$39,130 $77,950 $117,080 175,851,000 $0.67 $2.01



TABLE VI-4 (Cont'd.)

Yrs. of Obligation 
for Equal Retire
ment Serial Bonds

Total
Operating
Expenses

Total Debt 
Retirement 

at 470
Serial Bonds

Total
Expendi
ture

(2)
Total Est. Veh. 

in Terms of 
Pass. Cars

Estimated Tolls

Pass. Cars Cora. Veh.
30-Year
@$1,500,000 per yr. 
(1966-1995)

$47,280 $87,500 $134,780 221,601,000 $0.61 $1.83

35-Year
@$1,285,000
(1966-2000)

$55,430 $98,615 $154,045 267,351,000 $0.58 $1.74

40-Year
@$1,125,000
(1966-2005)

$63,580 $111,175 $174,755 313,101,000 $0.56 $1.68

(1) By Formula: S I t i i i i
\ n+1 -1 -1R which is modified from 'Principles of Engineering,"

By E. L. Grant, and use of Table 33. (29)
(2) Assumed one commercial vehicle is equivalent to 3 passenger cars.

c\in



TABLE VI-5

Estimate of Tolls for Bridge

Bond Amount - $45,000,000

Year

Estimated Vehicle Traffic
Operating
Expenses

Debt Retire
ment at 4L Int. 
Serial _,onds

Annua1 
Expenses

Estimated Tolls

Vehicles
Veh. in Terms 
of Pass. Cars Pass. Car Com. Veh.

20-Yr. 
Bond 
Obli
gation

From Table 
III-3.b 
Com. Veh.
25% of Total 
Traffic

1 Com. Veh. = 
3 Pass. Cars

Col. (A)

From Table 
VI-2

($1,000)

$2,250,000 
per yr.

($1,300) ($1,000) 
Col. (3)

$ $

1906 2,928,000 4,392,000
(Accumu
lated)

1,306
(Accumu
lated)

2,340
(Accumu
lated)

3,646
(Accumu-
latec)

0.830
(Col.B/A)

2.490

1967 3,113,000 4,669,500
(9,061,500)

1,342
(2.64c)

2,434
(4,774)

3,776
(7,422)

0.808
(0.319)

2.424
(2.457)

1968 3,244,000 4,866,000
(13,927,500)

1,378
(4.02o)

2,531
0,301)

3,909
(11,331)

0.803
(0.813)

2.409
(2.439)

1969 3,377,000 5,065,500
(18,993,000)

1,414
(5,440)

2,632
(9,937)

4,046
(15,377)

0.797
(0.810)

2.391
(2.430)

1970 3,514,000 5,271,000
(24,264,000)

1,450
(6,890)

2,738
(12.675)

4,188
(19.565)

0.794
(0.806)

2.382
(2.418)

1971 3,653,000 5,479,500
(29,743,500)

1,436
(8,37b)

2,847
(13,522)

4,333
(23,898)

0.790
(0.803)

2.370
(2.424)

1972 3,793,000 5,689,500
(35,433,000)

1,522
(9,898)

2,961
(18,483)

4,483
(28,381)

0.788
(0.800)

2.364
(2.400)

1973 3,936,000 5,904,000
(41,337,000)

1,558
(11,456)

3,079
(21,562)

4,637
(33,01b)

0.785
(0.798)

2.355
(2.394)



TABLE VI-5 (Gont'd.)

Year

Estimated Vehicle Traffic
Operating
Expenses

Debt Retire
ment at 4% Int. 
Serial Bunas

Annua 1 
Expenses

---------------------- -
Estimated Tolls

Vehicles
Veh. in Terms 
of Pass. Cars Pass. Car Com. Veh.

1974 4,082,000 6,123,000
(47,460,000)

1,594
(13,050)

3,202
(24,764)

4,796
(37,814)

0.783
(0.797)

2.349
(2.391)

1975 4,230,000 6,345,000
(53,805,000)

1,630
(14,680)

3,330
(28,094)

4,960
(42,774)

0.782
(0.795)

2.346
(2.385)

1976 4,380,000 6,570,000
(60,375,000)

1,630
(16,310)

3,464
(31,558)

5,094
(47,868)

0.775
(0.793)

2 325 
(2.379)

1977 4,532,000 6,798,000
(67,173,000)

1,630
(17,940)

3,602
(35,160)

5,232
(53,100)

0.771
(0.791)

2.313
(2.373)

1978 4,687,000 7,030,500
(74,203,500)

1,630 
(19,570)

3,747
(38,907)

5,377
(58,477)

0.765
(0.788)

2.295
(2.364)

1979 4,845,000 7,267,500
(31,471,000)

1,630
(21,200)

3,896
(42,803)

5,526
(64,003)

0.760
(0.786)

2.280
(2.358)

1980 5,005,000 7,507,500
(88,978,500)

1,630
(22,830)

4,052
(46,855)

5,682
(69,685)

0.756
(0.784)

2.268
(2.352)

1981 5,167,000 7,750,500
(96,729,000)

1,630
(24,460)

4,214
(51,069)

5,844
(75,529)

0.753
(0.782)

2.259
(2.346)

1982 5,331,000 7,996,500
(104,725,500)

1,630
(26,090)

4,383
(55,452)

6,013
(81,542)

0.752
(0.780)

2.256
(2.340)

1983 5,498,000 8,247,000
(112,972,500)

1,630
(27,720)

4,558
(60,010)

6,188
(87,730)

0.751
(0.777)

2.253
(2.331)

1984 5,667,000 8,500,500
(121,473,000)

1,630
(29,350)

4,740
(64,750)

6,370
(94,100)

0.750
(0.775)

2.250
(2.325)

1985 5,839,000 8,758,500
(130,231,500)

1,630
(30,980)

4,930
(69,680) <!

6,560
100,660)

0.749
(0.769)

2.247
(2.307)



VII CONCLUSION AND DISCUSSION OF LIMITATIONS
VII-1 Comparison

A comparison of advantages and disadvantages is listed
below:

Tunae1

Traffic
1. Traffic flow would be tem

porarily blocked by acci

dents and disabled cars.

2. The drivers* psychological 
effect of braking action 
would cause bottleneck at 

downgrade and cause conges
tion.

3. Less roadway capacity, max

imum about 1200 to 1250 
veh./lane/hr.

4. Higher possibility for 
traffic use during the 

typhoon hours.

Bridge

The wider width of roadway 
(32 ft. curb to curb) would 

allow the traffic flow to pass 
the accidents or disabled cars. 
The broader roadway gives less 
psychological effect to drivers

Higher roadway capacity, about 

1400 to‘1800 veh./lane-per hr.

No traffic during typhoon hours
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Tunne1 Bridge

5. The maximum roadway capac- The broader roadway can be con
ity is fixed. verted to three lanes facility, 

with center lane for reversed 
traffic during peak hours.

Navigation

1. No effect to navigation. Major navigation is limited to 
main channel and those ships 
with mast lower than 185 ft. above 
mean sea level.

2. No effect during typhoon With high possibility of being

hours. damaged by drifting ships during 
typhoon hours,

Airway

No effect to airway» The high-level design obstructs 
landings and take-offs at a • 
nearby airport, especially during 

the fog seasons.
Esthetics

No effect to the esthetics May contribute or does harm to
of the harbour. the harbour esthetics. Usually 

: esthetics cannot be justified by

additional cost.
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Tunne1 Bridge

Economic Aspect
1. Higher construction cost. Less construction cost.

2. Requires less right-of-way. Requires more right-of-way.

3. Higher operating cost, 
(about 35% higher)

Less operating cost.

4. Higher tolls and longer Less tolls and shorter time of

time in bond obligation. bond obligation.

5. Usually contributes to Usually depresses land-value
higher land-value, and and slum areas develop In the
future prosperous develop
ment in the nearby areas

(8).

vicinity in the future (8).

6. Its closeness to central Being farther away from the
business district would G.B.D. would contribute to
sustain the C.B.D.'s domi
nance in future.

wider dispersion of business.

7. An invisible asset of the 
community.

A visible asset of the community

8. Provides more job oppor Provides less job opportunities
tunities to local working to the local working people, as
people during the construc steel frames must be ordered
tion period. and prefabricated by foreign

steel manufacturers.
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Tolls that drivers are willing to pay, are usually 
dependent on the time saving which can be estimated from zone 
to zone movements, based on an origin and destination survey. 
Owing to lack of traffic survey data in this study, the writer 
can only discuss the mileage saving qualitatively.

Generally, for trips from Kowloon to the C.B.D. in 
Hong Kong, the road users would save about 4 miles per round 
trip via the proposed tunnel system. For trips from Hong Kong 

to Kowloon the savings are difficult to judge, as the heavily 
populated residential areas in Hong Kong are widely spread.
The writer is of the opinion that, if it can be assumed that 
drivers in the study area are similar in their desires to 
those in the U. S., the tolls that drivers would be willing 
to pay would be around $1.00 for passenger cars and $3.00 
for commercial vehicles (Hampton Road Crossing, $1.25 for 
passenger cars, and an average of about $3.50 for trucks. 

Chesapeake Bay Bridge, $1.40 for passenger cars, and an aver
age of about $3.50 for trucks) (3) (5). This means that the 
building of a tunnel is economically feasible and that the 

bond obligation could be retired in about 20 years.
Importance of Geographic Conditions and Effects in Future 

Development

In considering the selection of a bridge, the frequent 

occurrence of typhoons is of paramount importance. Drifting

Comparison of Tolls that Drivers are Willing to Pay
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ships in the harbour during a typhoon may be severely damaged 
from colliding with the bridge piers. Another hazard is that 
presented to low-flying aircraft* especially during periods 
of fog. As to the effects on future development* experience 
in one study (8) indicated that land values in the vicinity 
of a bridge are usually depressed and the surrounding area 
develops into a slum. A tunnel* on the other hand, contributes 
to higher types of land development and to correspondingly 
higher land values. It appears that the selection of a tunnel 
system in the study area would contribute to further develop

ment in the vicinity of the C.B.D. area* or at least* would 
sustain the C.B.D.'s dominance without adversely affecting the 

future development of adjacent areas.

VII-2 Gonelusion

Based on the above comparison* if the effect of drifting 
ships during typhoon and the effect of bridge towers obstructing 

landings and take-offs at the nearby airport are the most important 

factors* the writer would conclude the adoption of a tunnel system 

rather than a bridge system. However* before making a final selec
tion between a tunnel or a bridge system* , the following special 

engineering designs for a bridge system and their related economic 
analysis are worthwhile detailed studies:

1. An analysis of the additional construction costs to withstand 
high wind velocity and special abutment devices to protect the 
piers from being damaged by drifting ships.
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2. A study of the air traffic flight pattern of the nearby airport 

to. determine the effect of the selected bridge location.

3. A study of the additional construction costs for a double-deck 
bridge design in future development beyond the design-year 1980

VII-3 Limitations in the Study and Design
The main limitations and drawbacks in the study and design

are outlined below:

1. Lack of Traffic Data— Traffic study and analysis should be 

based on factual survey data. The study of traffic crossing 
should be based on an origin and destination survey from which 

zone to zone movements, traffic patterns, and traffic compos
ition can be determined. The assumptions used in this study 
are based on the criteria developed in the U. 3., and there

fore the analyses and conclusions are limited to comparisons 

where conditions are similar to those found in the U. S.
2. Lack of Engineering Design Information--Engineering designs 

should be based on actual field information. The most basic 
topographic information, and a dependable map for design 

purposes are very important. In the selection of locations, 
having limited topographic information, the writer has con

fined his study to the flat belt along the seawall. The lack 

of topographic information prevents the writer from making 

comparisons between some possible better locations.
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3. Lack of Street Network Traffic Data--The study of the approach 

system connecting to the street system should be based on 
present traffic counts and the physical conditions of streets * 
such as street width, intersection conditions, turning move
ments, parking conditionss etc. to determine their capacity
for future use. In this study, the writer has confined himself 

to the concept of dispersing traffic rather than concentrating 
it.

4. Lack of Economic Information--Information of cost of materials, 

cost of labor, and the engineering design details, such as
the main structure, foundation details, etc., are the basic 

elements for economic analysis. The cost estimate used in this 
study is based on criteria developed from selected facilities 
located in the U. S., and therefore, the study is limited to 

the average conditions of the selected U. S. sites.



VIII RECOMMENDATIONS FOR FURTHER STUDY
The solution of Transportation Engineering problems should be 

based on factual data. A complete traffic survey in the study area 

is recommended for further study.

For more accurate forecasting of future traffic, the writer 
is of the opinion that further study into the relationships between 

population, vehicle ownership, vehicle crossings, and local economic 
conditions, is desirable.

A further study of the factor of traffic generation for a 

series of years after the opening of a new facility, is recommended.

Based on origin and destination data, a benefit-cost ratio 
analysis using distance and time of movement between zone to zone is 

necessary for each facility.
A cost analysis of a special abutment device to protect bridge 

piers from being damaged by drifting ships during typhoon is recommended

A study of additional initial construction cost required to 
develop a double-deck bridge in the future beyond the design-year 1980 

is suggested.
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TABLE III-l.A.a

Least Squares Analysis of Population Data
Year 7o Increase Y2 X(1941=0) XY X2 x4 2X Y
1920 3.8 14 -21 -79.7 441 194,481 1,67721 0 0 -20 0 400 160,000 022 2.2 5 -19 -41.8 361 130,321 794
23 7.0 49 -18 -126.0 324 104,976 2,268
24 11.4 130 -17 -193.8 289 83,521 3,295
25 16.0 256 -16 -256.0 256 65,536 4,096

1926 13.6 185 -15 -204.0 225 50,625 3,060
27 16.0 256 -14 -224.0 196 38,416 3,135
28 20.5 420 -13 -266.5 169 28,561 3,465
29 25.6 655 -12 -307.0 144 20,736 3,685
30 31.3 980 -11 -344.2 121 14,641 3,785

1931 34.3 1,190 -10 -343.0 100 10,000 3,430
32 44.2 1,955 -9 -398.0 81 6,561 3,585
33 47.7 2,275 -8 -381.5 64 4,096 3,055
34 51.5 2,655 -7 -360.5 49 2,401 2,525
35 54.5 2,970 -6 -327.0 36 1,296 1,963

1936 58.2 . 3,390 -5 -291.0 25 625 1,455
37 105.0 11,025 -4 -420.0 16 256 1,680
38 136.5 18,630 . -3 -409.0 . 9 81 1,228
39 179.9 32,350 -2 -359.8 4 16 718
40 185.8 34,550 -1 -185.8 1 1 186

1941 162.1 26,280 0 0 0 0 0
42 —  — 1 «. — *= —

43 —' — 2 —- «o ____

44 — — 3 — coo w  —

45 —  ” 4 «=» —



TABLE III-1.A.a (Cont'd.)

Total

Y
Year % Increase X( 1941=0) XY X4 X2Y
1946 148.0 21,900 5 740 25 625 3,700
47 179.9 32,350 6 1,079 36 1,296 6,470
48 188.0 35,350 7 1,316 49 2,401 9,215
49 197.0 38,800 8 1,576 64 4,096 12,610
50 262.5 69,000 9 2,362.5 81 6,561 21,250

1951 222.0 49,300 10 2,220 100 10,000 22,200
52 260.0 67,600 11 2,860 121 14,641 31,450
53 260.0 67,600 12 3,120 144 20,736 37,450
54 264.0 69,650 . 13 3,432 ■ 169 28,561 44,600
55 274.2 75,200 14 3,840 196 38,416 53,700

1956 290.2 84,300 15 4,353 225 50,625 65,700
57 313.0 98,000 16 5,008 256 65,536 80,100
58 340.0 115,700 17 5,780 289 83,521 98,250
59 356.5 127,000 18 6,417 324 104,976 115,500
60 377.0 142,200 19 7,163 • 361 130,321 136,000

1961 401.0 160,801 20 8,020 400 160,000 160,400
62 456.0 208,000 21 9,576 441 194,481 201,500

N=39 5,996.4 1,602,971 0 63,343.9 -6,592 ■■ 1,833,940 1,149,180

SXY = b$X2
. b -..S.3QL = 63,343.9 = 9_̂ 7

6,592

SY = Na +citX2 5,996.4 = 39 a + 6,592c (1)
SX2y = aSX2 4 cSX4 . 1,149,180 = 6,592a + 1,833,940c (2)
Solution of equations

(1) and (2) a = 122.2

c = 0.187
The second-degree equation Y = 0.187 + 9.7 X 4- 122.2



TABLE III-l.A.a (Cont'd.)

Determination of the correlation coefficient:

r = NZXY - (%X)(EY)
/N£Xk - (2X)2/N2y^ - (SY)2

= 39x63,343.9 - 0___________
/39x6,592 - 0 ^36x1,602,971 - (5996.4)2

= 0.95

r2= 0.9

00



TABLE III-2.A.a

Total:

Least Squares Analysis of Vehicle Registration Data

Year % Increase Y2 X(1954=0) XY X2 X4 X2Y.
1946 Discarded
47 0 0 -7 0 49 2,401 0
48 12.7 161.3 -6 -76.2 36 1,296 457
49 57.0 3,250.0 -5 -285.0 25 625 1,425
50 73.0 5,330.0 -4 -292.0 16 256 1,168

1951 80.7 6,513.0 -3 -242.1 9 81 726
52 97.3 9,745.0 -2 -194.6 4 16 389
53 114.0 11,300.0 -1 -114.0 1 1 114
54 139.0 19,310.0 0 0 0 0 0
55 169.5 28,720.0 1 169.5 1 1 170

1956 212.5 45,200.0 2 425.0 4 16 846
57 255.5 65,250.0 ! 3 766.5 9 81 2,300
58 294.0 86,400.0 .4 1,176.0 16 256 4,710
59 346.0 119,800.0 • . 5 1,730.0 25 625 9,100
60 427.0 182,500.0 6 2,562.0 36 1,296 15,380

1961 502.0 252,000.0 7 3,514.0 49 2,401 24,600

N=15 2,780.2 835,479.3 0 9,139.1 280 9,352 61,385

S.XY = bZX2 b = Z X Y  . B,139.1-- ---- ----  5- 32.65
Z  x2 280

2.Y = Na + cZX2. 2,780.2 = 15a + 280c (1) Solution of equations
Z X 2Y = aZX2 + clX4

(1) and (2) a a
61,385 = 280a + 9,352c (2) C  “

The second-degree equation: y = 2.3X^ + 32.7X + 142.3

05M



TABLE IXI-2.A.a (Cont’d.)

Determination of correlation of coefficient:

- (2X)(%Y)

■_______15x9,139.1 - 0
/l5x280 - 0 /l5x835,479.3 - (2,780.2)2

= 0.965

Y2 = 0.932

00w



TABLE III-3.A.a

Least Squares Analysis of Vehicle Crossing Data
Y

Year % Increase :y 2 X(1955=0) XY X2 X4 X2Y(based on 194S)s •
1948 0 ■— tv—v*u -7 0 49 2,401 0
49 70.1 4,914.0 -6 -420.6 36 1,296 2,523.6
50 104.3 10,878.5 -5 -521.5 25 625 2,607.5

1951 133.5 17,822.3 -4 -534.0 16 256 2,136.0
52 153.5 23,562.3 -3 -460.5 9 81 1,381.5
53 169.0 - 28,561.0 -2 -338.0 4 16 676.0
54 181.5 .32,942.3 : -1 -181.5 1 1 181.555 193.0 37,249.0= 0 0 0 0 0

1956 212.5 45,156.3 • 1 212.5 1 1 212.5
57 246.5 60,762.3 2 493.0 4 16 986.0
58 256.5 65,792.3 3 769.5 9 81 2,308.5
59 273.0 74,529.0 4 1,092.0 16 256 4,368.0
60 326.5 106,602.3 5 1,632.5 25 625 8,162.5

1961 399.0 159,201.0 6 2,394.0 36 1,296 14,364.0
62 399.0 159,201,0 7 2,793.0 49 2,401 19,551.0

Total: N=15 3,117.9 827,173.6 0 6,930.4 260 9,352 59,458.6

$  XY = b Z X 2 b = = 6-930-*, 24.75
.. " - ..

2; x2 280

Z Y  == Na + c 2_X2 3,117.9 « 15a + 280c (1)

2 X 2y = a Z X 2 + c Z X 4 59,458 6 = 280a 4- 9.352c (2)
- Solution of equations (1) and (2) : a = 202 3

c = 0.295
The second-degree equation Y = 0.295X2 + 24,75X4- 202.3
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TABLE III-3.A.a (Cont'd.)

N%XY - (£ X) (Z. Y)
/ n x x ^.(t x )2 / nIy2-(z y )2

________15x6930.4-0_______________
/l5x280-0 )/l5x827 ,173 ̂ 6 - (si ll? 9 p

0.974

0.95
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Adjustments for Traffic Generation 
Original projection of Vehicle Crossings:

TABLE III-3.A.b

1966 1970 1975 1980

2,440,000 2,960,000 3,660,000 4,420,000
Let X = 0 4 9 14
Fitted with second-degree curve:

Y = a%2 + bX + c

X = 0 Y = c = 2,440,000
X = 4 2,960,000 = 16a'+ 4 b + 2,440,000 (1)
X - 9 3,660,000 = 81a + 9b + 2,440,000 (2)
Solutions of equations (1) and (2): 

a = 1,171 
b 5= 125,000

Yc = 117IX2 + 125,000% + 2,440,000 ' '

Check when X = 14 Y = 4,419,000

20% traffic generation over 1966 = 1.2 x 2,440,000 = 2,928,000 
The new curve should parallel the above curve.

Y = 117IX2 + 125,000% + 2,928,000
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INDEX to the Streets and Places on the Map
T he Letters A fter the N am e in the Index Direct to 

the Square U pon the M ap in W hich the Name will be Found. 

T h u s : Wellington Street A6 will be Found in the 

i Square U nder the  Top M arginal Letter A  and Along 

From  the Side M arginal N um ber 6.
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