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INTRODUCTION 

The use of the bicycle in the United States is not a fad. The bicycle 

was used as a method of transportation long before the automobile became 
pop- 

ular. The advent of the lightweight, multi -speed bicycle in approximately 

1966 drastically changed the bicycle's image in America. Adults began to 

ride and the bicycle was no longer considered a child's toy. Since that time 

bicycle sales have increased at an astronomical rate, 13.7 million being sold 

in 1972 (12). The sales for the last 8 years parallel, and in some cases ex- 

ceed, new car sales (see Table 1). 

Although there has been this significant increase in the number of bi- 

cycles and users in the United States only a few communities have made pro- 

visions for them. This is not to say that there is not concern for the bi- 

cyclist. The government, for example, has provided funds for the development 

of bikeways. Still, the development of such systems is not meeting the 

needs of the bicyclist. The 

that there have already been 

( Is, 17). 

Adults use bicycles for recreation, exercise, and transportation. Some 

ride because they went to do their part in protectiong the environment. The 

high price of fuel has encouraged many to ride, since 30% of the trips in the 

country is under two miles, well within the range of bicycle travel (1.2). 

The bicycle is used by the shopper for the bread, milk, and beer runs. Forty- 

eight percent of the shopping trips taken in this country take less than 6 

minutes to complete (12). This weed seem to indicate the quantity of mer- 

chandise purchased is small and could be carried on a bicycle. 

Even though the bicycle is used extensively for shopping and recreation, 

the largest trip gneretors are the schools. Sixty-two percent (see DEMAND 

STUDT, Al) of the bicycle trips in Manhattan are to the University and the. 

City of Manhattan is also showing concern in 

two bikeway studies mode although not adopted 
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arious schools. Belly of the school riders are quite young, the youngest be- 

ing eight or nine years old (most schools forbid younger children to ride bikes 

to school). Children are probably more likely to become involved in car -bike 

accidents than are adults due to their lack of familiarity with the rules of 

the road. Table 2 shows the relation of accidents, age group and percent of 

population. Notice that ages 5 through 14 have a high ratio of accidents per 

person. Better education of the young might reduce this figure. The next age 

group (15-19) are mostly high school students who, we have found, make very few 

trips by bicycle. The college -age people, while having some accidents, have 

significantly fewer per person than do children. 

Table 1 

NATIONAL 
BICYCLE AND AUTOMOBILE SALES(12) 

Year 
Bicycle Sales 

(Millions) 
New Car Sales 

(Millions) 

1968 7.5 8.8 

1969 7.1 8.2 

1970 6.9 6.5 

1971 8.9 8.6 

1972 13.7 11.0 
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Table 2 

REPORTED CAR -BICYCLE ACCIDENTS AND AGE GROUPS* 
MANHATTAN, KANSAS 

% of Reported Persons per 

L22 pulation Accidents Accident 

5-9 7.1 3 656 

10-14 6.8 4 470 

15-19 11.2 0 0 

20-24 25.1 6 1154 

25-29 8.4 0 0 

*Data taken from the 1970 Census and the Manhattan 

Police Department 



SYSTEMS APPROACH TO THE PROBLEM 

In studying this problem we have used a "Systems Approach" which is an 

organised method for solving an open-ended problem. The steps of the pro- 

cedure are outlined below: 

1. State the Problem 

2. Research 

3. Examine various elements of the problem 

Is. Generate alternative solutions 

5. Evaluate alternative solutions and propose a final plan 

6. Implement plan 

These six steps represent the thought process behind the work which was 

done and, serve as an outline for the report. 
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STATEMMIT OF THE PROBLEM 

While a network of streets and roads has been built to accommodate ve- 

hicular traffic in Manhattan, 
it only marginally provides for bicycles. This 

situation causes considerable conflict 
between the two modes of transportation. 

Conditions such as the "energy crisis", inflation, and environmental awareness 

will tend to cause bicycle usage to increase. These conditions plus the 

fact that bicycle numbers have been increasing lead 
us to believe that bicycles 

are not only hare to stay, but that there probably will be 
more in the future. 

Three likely solutions to the bicycle -auto conflict are: (a) Restrict 

bicycles from the streets, (b) provide a bicycle system which will allow the 

two modes to coexist with a minumum of conflict, or (c) leave the situation 
as 

it is at present. The first solution was rejected as it limits the modal 

choices available to the citizens, and may be a hardship on young people 
and 

poor people who can most benefit from bicycle travel. The third solution is 

suitable only when there is not enough demand to warrant the expenditure nec- 

essary to implement a bikeway system. 

Our problem, then, was to evaluate the need so that a decision could bo 

made between providing or not providing a bikeway system. We feel that we 

have found enough need to warrant a bikeway system and have therefore proposed 

a system to meet these needs. 
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REMArtca 

A considerable amount of background research was accomplished prior to 

the time we presented our proposal (see Appendix E). This work continued 

throughout the project both to provide the necessary background upon which 

a practical design could be based and to guide the direction of the Demand 

Study. 

Demand Study 

A survey was conducted to determine needs and desires of the people in 

Manhattan for a bikeway system. The survey was of the origin -destination 

type which is oomonly conducted for other modes of transportation. A com- 

plete discussion and analysis of the survey can be found in Appendix. A, 

The survey indicated that bicycles are used in Manhattan on a typical 

work day as $ moans of transportation. Some 7,000 trips are made per day at 

precont. The trips per day would probably grow to 10,000 soon after instal- 

lation of a bikawey system. The 3,000 estimated additional trips are based 

on the tripe people indicated they would take if a facility ware available, 

Bicycle users and automobile drivers alike indicated a desire for bike- 

ways. With 814% of the people questioned indicating they want bikeways, one 

has a clear indication of approval by the oitisene. In addition, it was 

estabiiaied that a $3.00 annual fee would be considered reasonable if it 

were raven to build and maintain bikeways. A user tax of this nature would 

provide a considerable amount of revenue, $36,000 annually, if no other city 

funds can be made available. 

The fellowirg table shows the distribution of bicycle trips by purpose: 
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Clearly, most trips are for the purpose of going to school, both univer- 

sity and public. This would imply that a proposed system should serve the 

schools in our area. The next highest number of trips are for recreational 

purposes. The recreation, however, is not necessarily bicycling. Approxi- 

mately 96% of the bicycle trips surveyed had some specific destination. With 

the addition of the potential trips to the present trips the relative pro- 

portions change showing the largest percentage increase is for the purpose of 

work. Shopping trips would increase also. 

Bicycles are used by people of all ages. Further, all age groups in- 

dicated they would make more bicycle trips if facilities were available. 

These new bicycle trips would come principally from the automobile trips and 

would therefore reduce auto congestion. The total number of present bicycle 

trips represent approximately 14% of the auto trips. 

The average bicycle trip length was established at 1.03 miles. Approxi- 

mately 90% of all bicycle trips were under two miles. Studies conducted in 

other cities (13) have also indicated that bicycle trips tend to be short in 

nature. From this it is clear that biycles are used principally for short 

trips and that the reduction of automobile trips mentioned above would be short 

automobile trips, i.e., auto trips less than 2 miles. 



The number of zone -to -zone trips for each zone were obtained from the sur- 

vey data and plotted on a city map as desire lines (See Figure 1). From this 

map it is clear that bicycle activity centers around the university. 
The three 

zones which attract the most bicycle trips are the university, 
zone 15; nAggie- 

villa," zone 32; and the downtown area, zone 47. 

Financial Justification 

In order to warrant the implementation of any traffic system, there must 

be shown, with good reason, that the system is safe, efficient and financially 

Justifiable. While almost everyone will agree that the bicycle is a more econom- 

ical method of transportation than the automobile, there still remains the 

question of whether the benefits of a bikeway system in Manhattan will 
actually 

exceed the cost of implementing such a system. To answer this question let us 

look at a benefit -cost ratio for such a system in Manhattan. According to a 

recent study on bicycle travel (12), the trips made with the bicycle would 

save the individual approximately 60 per mile (as compared to 
making the same 

trips by car). Taking the number of potential bicycle miles per day to be 

3,791 as determined by the Demand Study (See Appendix A), the 
savings per day 

would amount to $278.00. Assuming that most bicyclists would not ride their 

bicycles on days which the average temperature dropped to h0°F or below, the 

bicycle season in Manhattan would be approximately 8.25 months long (See Figure 

2). Since there will be inclement weather (rain, drizzle, etc.) on approxi- 

mately 4.2% of the days in this bicycle season (14), the number of 
days on 

which bicycles would actually be ridden during the year would be 251. Multi- 

plying this figure by the amount saved per day, $278.00, would give the amount 

saved during the year by bicyclists, $54,000.00. Thin is the amount that the 

city can justifiably spend on a bikeway system in one year. Spending this, 

$54,000.00, during the year would give a benefit -cost 
ratio of one, the mini- 
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mum acceptable value. 

Many cities have found that they reduced bicycle -car accidents after in- 

stalling a bicycle system. This is clearly a benefit, but without before -and - 

after figures we hesitate to speculate on specific values. We mention it here 

for the intrinsic value of the thought alone. Another benefit -is the re- 

duction of mental stress caused by conflicts between bicycles and motorists 

when operating on the same street. This is indicated by the fact that cities 

with bikeway facilities have found that both their motorists and bicyclists 

like the bikeways and would like to see more (10). Although values are not 

placed on these benefits, they would tend to increase the benefit -cost ratio. 

Decision: Design Bikeway 

At this point we have shown that there is considerable desire end need for 

bikeways in Manhattan. Further, we have shown that approximately $54,000.00 

could justifiably be spent per year to provide a bikeway system. Therefore, 

we decided to design a bikeway system and to recommend phased construction of 

the system to keep the annual cost within reasonable limits. 
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ELEMENTS OF BIKENAYS 

Before we could separate a bikeway system into logical parts we had to 

define precisely what we meant by a bikeway. We feel that the following def- 

inition fully describes a bikeway system. 

Definition: A Bikeway System 

A bikeway system consists of the bicycle rider, his vehicle, the facility 

he will function in, and the body of regulations which will allow him 
to func- 

tion in the system with a minimum of conflict between himself and fellow tray. 

elers. The bicycle rider must be able to operate his vehicle with enough skill 

to perform the turning and stopping maneuvers which will be necessary on the 

facility. Further, he must have a knowledge of the laws which apply to him and 

his interaction with other vehicles. Auto drivers have been required to dem- 

monstrate a reasonable level of competence in these matters 
for years. The ve- 

hicle should be in a reasonable state of repair so that the rider can 
perform 

all necessary maneuvers. The bicycle should be visible at night for both the 

safety of the bicyclist himself and other travelers, whether 
bicyclist or auto 

driver. The bicycle facility should meet the needs of the rider himself. It 

must provide direct, safe, and efficient routes which are capable of meeting 

the demand level of usage. 

All supporting facilities and functions necessary for the proper 
operation 

of the bicycle system should be considered part of the system. In the broad 

sense this would include parking facilities, map', an 
education system, licens- 

ing, regulations, regulation enforcement, etc. To have a good bicycle system, 

all of the parts of the system must function well and must be planned 
to work 

well together. 

This definition shows the bikeway system to be made up of basically 
four 

interrelating parts: the rider, the bicycle, the bicycle lane or trail, and 
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supporting facilities and functions. The following sections discuss various 

aspects of these four parts and recommend 
modifications and additions which 

should be implemented to form a complete bikeway system 
in Manhattan. 

Enforcement 

In all traffic systems, there exists a problem of the enforcement 
of or- 

dinances and laws. A bikeway system is no different in this respect. Ordi- 

nances and regulations regarding bicyclists and bikeway facilities 
warrant 

enforcement. Such enforcement of laws and ordinances can serve as a means 
of 

insuring a safe system, and can also aid in bicycle theft prevention and 
re- 

covery. 

The one agency in Manhattan which seems to be best equipped 
to carry out 

an enforcement program is the Riley County Police Department. 
With this in 

mind, it seems fairly obvious that full responsibility 
for the enforcement and 

the administration of the bicycle ordinances and regulations 
should rest with 

this agency (in the case of the K.S.U. campus, responsibility should rest with 

the Campus Police). The importance of enforcement should be stressed 
to the 

officers of both agencies. 

Lincenninz and Education 

The responsibility for licensing bicycles and for educating the bi- 

cyclists could probably best be met if a single agency or organization ad- 

ministered these programs. The licensing program should include the regis- 

tering of bicycles, the issuing of licenses, the collecting 
of licensing 

fees, and bicycle safety checks (See Appendix D, Legal 
Considerations). In 

addition bicyclists and motorists mast be 
made aware of the bikeways and the 

ordinances which pertain to them. This may be accomplished through the news- 

paper, radio, and the distribution of free literature and maps. 

The distribution of literature on bicycle ordinances 
and the location of 
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bikeways is in itself an indirect form of education. In addition to this a 

program of direct bicycle education should be conducted. It should include 

presentations to civic groups when requested and regular visite to schools. 

Topics should include riding techniques, safety, regulations, etc. (See Ap- 

pendix D, Education). 

In order to insure that these programs are carried out, we feel that 

$1.00 out of the proposed licensing fee should be designated for this purpose. 

This should provide a sufficient amount of funds to pay a full time employee 

who could perform all necessary functions and administrative duties. 

Several of the agencies within the city and county are capable of ad- 

ministering this portion of the bikeway system. In our opinion, however, the 

hest agency to administer the above program would be the Riley County Police 

Department. If the licensing end education programs are conducted by a mem- 

ber of this agency, it should have the added effect of increasing the aware- 

ness, within the agency, of the ordinances pertaining to the bikeway system 

and the importance of enforcing them. 

Bikeway Ordinances end Ragulations 

In order for a bikeway system to operate safely and efficiently in the 

City of Manhattan, a uniform coda of bicycle ordinances and regulations must 

be written, implemented, and enforced. It the present time, Manhattan has 

some ordinances pertaining to bicycles (See Appendix D). These ordinances 

are few in number, and not enforced to any great extent. In order to keep 

pace with the proposed bikeway gyston, these ordinances may need to be altered 

and new ones written. 

Bicycle laws and ordinances which are difficult to interpret and compre- 

hend can cause problems with adherence and enforcement. Therefore, all amended 

and new ordinances ebould be of a nature so as to avoid this problem. 
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Some of the ordinances which we feel should be adopted concern the re- 

etriction of motor vehicles from designated bicycle lanes and trails; bicycle 

parking; the bicyclists adherence to traffic laws, i.e., stopping at stop 

signs, yielding right-of-way; licensing; and bicycle equipment requirements, 

i.e., headlights, reflectors, brakes. These ordinances and others will be 

instrumental in providing a safe environment for bicyclists, motorists, and 

pedestrians, alike. A complete list of recommended ordinances can be found 

in Appendix D. 

Bikeway Criteria and Guidelines 

The network of bicycle routes which will be designed should be thought 

of as bicycle arterials. They should function in the same manner as arterials 

for the automobile transportation system and should carry the majority of bi- 

cycle traffic in the city. Local streets will function as connecting links be- 

tween abutting property and arterial streets just as they do for automobiles. 

In terms of moving volumes of traffic, arterials are considered more im- 

portant than local streets. They are, therefore, given priority over local 

streets and signed to give the right-of.way to vehicles on the arterials. 

This same logic should be employed for bicycle arterials. Bicycle arterials, 

however, should be considered subordinate to automobile collectors and arter- 

ials in most instances. 

In our study of a bikeway system for the City of Manhattan, Kansas, we 

have ultimately considered three types of bicycle facilities. The three 

types are: A bicycle trail, which is a separate path used exclusively by bi- 

cycles; a bicyle lane, which is a designated portion of the roadway used ex- 

clusively by bicycles; and a shared roadway, which is a roadway that is of- 

ficially designated and marked as a bicycle route, but which is also open to 
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potor vehicular travel.' 

Designing any type of bikeway facility requires that certain criteria and 

guidelines be established end adhered to throughout the design of the facility. 

Bicycle paths may be specifically designed to satisfy the physical character- 

istics of the bicycle mode of transportation. Shared roadways and bicycle 

lanes design criteria may be influenced to a large degree by the characteris- 

tics of facilities designed mainly to accommodate other transportation modes. 

Many of these characteristics are acceptable, while others present the bi- 

cyclist with a less than adequate riding environment. 

The criteria and guidelines that we set forth to use in our actual design 

of the facility are en accumulation of criteria that were gathered in the ear- 

lier study of other bikeway facilities. These criteria are what we feel should 

be used in the design of the Manhattan bikeway system. The criteria cover 

such as drainage, lighting, design speed, radius of cerva- 

tare, grade, surface, signing, markings, location, safe sight distances, widths, 

clearances, and intersections. These guidelines are discussed at length in 

Appendix B. 

Some of the general guidelines that we feel should be adhered to are as 

follows: All facilities in any one direction should be two lanes wide to 

provide a passing lane which insures safety and ease of maneuverability; con- 

flicts with vehicular and pedestrian traffic should be avoided if at all pos- 

sible; all facilities should be readily accessible to bicyclists. 

Almost all of the criteria in Appendix B are concerned with the safety of 

the bicyclist and the efficient operation of the entire bikeway system. These 

.11.00..11011110111011.111 

. 'Note that in some instances, it may be necessary (though not preferred) 

to implement a bike route on existing sidewalks. 
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standards should be adhered to as strictly as possible. 

parkin 

Bicycle racks are an integral part of the bicycle system. The bicycle 

racket serve three main purposes: First, to prevent damage to the bicycle; 

second, to aid in the prevention of theft (3); and third, to avoid conflicts 

between parked bicycles and pedestrian traffic. Racks should be provided at 

all major collectors. 

Bicycle racks will need to be installed as part of Phase I in the down- 

town area, Aggieville, the City Park, and CICO Park. The University and the 

schools, in most cases, already have adequate racks. For the present ve rec- 

ommend parking for 160 bicycles downtown, 110 bicycles in Aggieville, and 50 

bicycles in the City Park. CICO Park should be monitored during the summer 

months to establish its requirements for parking facilities. Specific 

cycle rack locations are indicated in Appendix D. 
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PROPOSED PLAN 

The bikeway system proposed for the City of Manhattan is designed to ac- 

commodate all types of bicycle travel. This system has bike routes for those 

bicyclists who use bicycles as a primary means of travel. These routes shoulc1, 

therefore, be designed to reet the requirements of these bicyclists. Routes 

Which we feel will best meet these requirements are routes to the University, 

to the local grade, junior, and high schools, and to many of the business 

areas in town. The bikeway system will not only be used by commuteral but by 

recreationalists. Therefore, the routes should provide access to the city's 

recreational areas and parks (including the future Linear Parkway System). 

Figure 3 shows the complete bikeway system. bore detailed information is 

presented in Appendix C. 

The complete system would be a major project if attempted all at one time. 

Phased construction will allow the system to be constructed over a period of 

years and thus lessen the impact on the city budget. The phases have been 

selected on a present need basis. The first phase includes the routes where 

the need is greatest. Phase I (See Figure I) links the three major centers Of 

bicycle activity; the University, downtown, and Aggieville. Further, it pro-. 

vides routes to some of the city parks, as well as some of the public schoo14. 

The second phase will expand on the first phase and encompass more of the 

city (See Figure 5). It will add routes to the system which are needed, but 

for which there is less demand than those in the first phase. More public 

schools are linked to the system. This should help provide for the students 

who would like to ride bicycles to school. The third phase will continue to 

expand the system around the city and the outskirts of the city. This phase 

includes the proposed recreational route through the future "Linear Park 

System" which was recommended by the City Planning Department ( 14). It should 

provide the city with an excellent recreational route. 
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A detailed discussion of the proposed plan can be found in Appendix C. 

The construction cost of Phase I would be approximately $38,000.00 at present 

prices. A detailed estimate can be found on page C8 . 
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IMPLEMENTATION 

It is not enough to just investigate the need for a bikeway 
system and 

to design a system to adequately meet these needs. 
The plan must take one 

more step)and that is implementation. 

Adoption of the plan is the beginning step in implementation. 
Adoption 

serves many purposes which are listed as follows: 

1. By adopting the plan certain commitments are made to provide 

for the needs of the bicycle users. 

2. The mere fact of having a plan meets one requirement neces- 

sary for the granting of Federal funds. 

3. It is understood that initial plans are not perfect and up- 

dating will be necessary to meet the changing conditions 
of 

the city. 

h. Phase I should begin immediately. Phase I will be the first 

positive step in providing for the needs of the bicyclist. 

It shall also provide experience which can be used to guide 

and improve the remainder of the system. 

Funding 

In implementing a bikeway system, considerations must be 
given to the 

possible sources for funding the program. Some of the sources to investigate 

are the Federal, State, and local governments, bicycle 
license fees, organ- 

isations, bonds, and fines. 

The Federal government offers several possible sources 
for money. The 

Open Space and Legacy of Parks programs sponsored by 
the Department of Hous- 

ing and Urban Development (HUD) and the Land and Water Conservation 
Fund of 

the Bureau of Outdoor Recreation (DOR) provide matching 
funds for bikeways. 

First priority for these funds is recreational bikeways. 
As a result, any 

city application for funding should stress the recreational 
aspects of the 

proposed bikeways. Money for the same program can only come from one federal 

program, so the city must decide which federal 
program, HUD or BOR, tits its 

needs more closely. 



The Federal High;:ay Administration has funds available for bikeway pro - 

sects connected with or adjacent to highway construction. Matching funds 

70% federal, 30% state or local) are available for bikeway construction on 

all new highway work except Interstate. 

So far this year there have been no bills passed in the Kansas legis- 

lature concerning the funding of bikeways. There was a bill drafted for in- 

troduction in 1974, but we received no further status report. This does 

indicate that the State Legislature is giving serious consideration to fund- 

ing bikeways and hopefully in the near future state funds will be available. 

The bicycle route in conjunction with Interstate Route 3511r planned through 

Wichita has construction costs shared by state and federal governments 
( 6). 

State and local resources might include the general revenue, sales tax, 

municipal bonds, revenue sharing, end bicycle license fees and fines. There 

are no federal restrictions on where the local money must come from. Housing 

developments should add bike paths as part of a total community plan. 

In looking at the various funding measures for several cities across the 

nation, it appears that some federal money was received by everyone who ap- 

plied. State sources are less predictable. 

A good local source of funds for a Manhattan bikeway plan exists. The 

licensing fee can be raised to three dollars per year (See Demand Study). 

This action would raise some $36,000.00 per year. If this action is taken, 

these funds should be committed to the bikeway system in Manhattan. Of this 

amount, $21i,000.00 would be available for the construction and maintenance of 

bicycle routes. Monies collected as fines could add to this figure. Addi- 

tions from the other possible sources could boost this figure beyond what is 

required. A good phased program will instill interest and cooperation for 

gathering funds in future years. 
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DEMAND STUD! 

Survey, 

A survey was conducted to gather information on the residents of Man- 

hattan. Two types of information were gathered: General opinion type in- 

formation and origin -destination information for design purposes. 

The city was first divided into 53 zones (See Figure 1A). These zones 

were selected on the basis of land use. Land use types considered were: 

Residential, commercial, industrial, school end public. The residential 

zones were coordinated with the public school zones so that the expanded 

grade school population for each school zone could be compared with actual 

school enrollment. 

A 1973 land use study which was conducted by a class in the Planning 

Department at K.S.U. provided an in-depth study of land use in Manhattan. 

This study was invaluable in helping select zones for our study. 

The zones were classified according to land use as follows: commercial, 

industrial, public -recreational, school and residential. The commercial zones 

are areas of concentrated retail and wholesale activities. These zones- 25, 

32 and 47, were isolated as it was anticipated that these would be major traf- 

fic generators. There is only one industrial zone in Manhattan -.Zone 24. It 

is largely vacant land for future industrial expansion and some commercial 

activities are conducted in this area. The city narks and recreational areas- 

-Zones 5, 8, 21, 33 and 41, were isolated in separate zones as it was antici- 

pated that these might be major attractions to bicycle users. 

The zones which are classified as residential zones --11 3, 7, 10, 13, 14, 

16, 18, 19, 20, 23, 25, 26, 27, 28, 30, 31, 35, 36, 38, 40, 43, 45, and 48, 

contain ell of the residences within the city limits and some outside the city 

limits (Zones 1, 49 and 50). The 1970 Federal Census was used to determine 

the number of dwelling units (D.U.) and the population in each zone. Five 
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percent of the D.U.s in each zone were selected 
at random. These residences 

were selected from a map furnished by the City of Manhattan, 
which showed all 

the lots throughout the city. Telephone numbers were then obtained for the 

selected lots from the Manhattan Cross Directory, 
which gives telephone num- 

bers by address. In all 353 D.U.' were sampled. 

"The Emerging Needs of Bicycle Users" (5) and other articles indicate 

that bicycle ridership increases with the installation 
of bikeways. This in- 

crease is due to the fact that most cities have a considerable 
number of res- 

idents who would ride bicycles if an adequate system were 
available to them. 

Thissi eftect,which is called'Platett demand' indicates that a etedrof present 

users would yield trip values which would be less than 
the number we could ex- 

pect to use the facility. We decided, therefore, to predict the number of 

potential bicycles which would be produced by the latent 
demand. 

The city part of the survey (all zones except 14 and 16) was conducted 
by 

volunteers from several service and social organizations. 
The American Associ- 

ation of University Women was of special service in that 
they contacted other 

organizations to obtain volunteer interviewers. Some wives of the class mem- 

bers and some members of The American Association of University 
-Woman, The 

University for Man - Bicycle Touring Group, The League of 
Women Voters, and 

Girl Scout Troop 312, participated in the survey. The forty volunteers each 

committed themselves for two hours of work. This provided the eighty man- 

hours which were necessary to conduct the survey. These interviewers met in 

groups to receive materials and to be instructed on how to conduct the inter- 

view and how to fill out the questionnaire. The interviews were conducted by 

telephone using the telephone numbers which were obtained 
by the method out- 

lined above. Cospleted questionnaires were returned to the University for 

coding. 



The students who live in the University dorms (zones 14 and 16) were in- 

terviewed in person by members of the class. A five percent sample was taken 

from each dorm. The students were interviewed in the various dorm lobbies 

during regular school hours. 

Zones 13, 19, 28, 30, and 31 were considered special zones as they con- 

tain the various fraternity and sorority houses associated with the Univers- 

ity. The population of each of these zones was reduced by the number of resi- 

dents of houses in these zones. A five percent sample of each house was inter- 

viewed. This data was recorded as coming from zones 60,61, 62, 63, or 64 

representing houses in zones 13, 19, 28, 30, or 31 respectively. The data 

collected for ten zones mentioned above was expanded separately. 

The Questionnaire 

The questionnaire (See Figure 2A), is basically a one -page questionnaire. 

Figure 3A shows an optional page which could be added to the questionnaire 
if 

needed. 

One questionnaire was used per dwelling snit (D.U.). The top portion of 

the questionnaire is a group of general questions which were answered by any 

adult in the D.U. The lower portion of the questionnaire contains information 

for each individual who lived in the D.U. As can be seen in Figure 2A, the 

questionnaire contains spaces for information for only two persona. The op- 

tional sheets (See Figure 3A) were added if more than two people lived in the 

D.U. If there were nine people in the family, the first page and three op- 

tional pages were used. If the spaces provided for -trip information were in- 

adequate for one individual, his trips were continued on the next section down. 

A large I was drawn through the age -occupation area to indicate that these 

trips were made by the person in the preceding section. The trips listed rep- 

resent all the trips made by the individual on the day preceding the interview. 



How many bicycles are owned by people livina in your home? 

How many people are living in your home? 

Family Income: Less than $2,000 $ 8,000 to $10,999 
$2,000 to $4,999 --- $- 11,000 to $13,999 
$5,000 to $7,999 --- $- 14,000 and up 

Yes No (Don't care --check both) 

Would you like Manhattan to construct a bikeway system!' 

Would you like Manhattan to keep its bus system? 

Would .you like Manhattan to increase its bus system? 

What would you consider a reasonable annual bicycle fee to finance and 
maintain bicycle lanes? (Check one) 

$0 $1 $3 $5 $7 More than $7 

What are the reasons you don't use a bicycle now or use your present 
bicycle more? 

Safety Physical effort Social pressure 
Cannot carry packages No bicycle racks 
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After all trips for that day were recorded, the individual was asked which of 

the trips he would have made by bicycle or but, if there were adequate facil- 

ities. A oheck in the appropriate box indicated the trips he would have made 

by these modes. 

The questionnaire was designed to serve two purposes: First, to provide 

general information on attitudes of the residents about bicycles and second, 

to provide origin -destination information on bicycles which would aid in plan- 

ning and designing bikeways. Normally, these two types of surveys are not 

conducted simultaneously. Separate surveys would allow one to investigate 

both areas more thoroughly, however, time considerations did not allow us this 

luxury. The time allowed for writing and executing the survey was one month. 

The following questions we wanted the survey to answer are a combination 

of questions we felt must be answered, questions raised at the time we pre- 

sented our proposal (See Appendix H), and questions asked by city government 

officials when they were interviewed. Interviews of city officials were con- 

ducted by members of the "Community Organization and Leadership" class, a 

sociology class at K.S.U. These students conducted interviews with the mayor, 

some members of the City Commission and the City Planner, as part of a semester 

project for their class. 

1. Do the citizens want a bikeway system and are they willing to 

support it? 

2. What type of facility is desired, recreational or functional, 

who would it be for --children, commuters, etc.? 

3. What characteristics of the present street 'system limit or 

prohibit the use of bicycles? 

4. What would be the effect of a bicycle system on the main ar- 

terial system of the city? 

5. Bow many bicycles are there in the city? 

6. Where are the present cyclists going and where would they go 

if there was a system? 
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What will the system coat and whet win be the benefits of 
the system? 

The questionnaire, shown in Figure 2A, asks these questions, some directly, 

some indirectly. Questions 1, 3 and 5 are asked directly. Question 2 and 6 are 

asked indirectly in the O.D. portion of the questionnaire. Questions 4 and 7 

are answered more with a combination of results of the O.D. portion and the 
pro. 

posed bikeway design. 

A typical O.D. study contains enough specific trip information to predict 

vehicle movements throughout an area. The area is divided into zones which are 

homogeneous. This allows one to sample some residents of each zone and say 

that these people are representative of all who live in that zone. The wimple 

trip data is then expanded and taken to represent the activities of everyone 

who lives in that 

current movements 

the future. 

In the case of 

reational purposes, 

zone trips would be 

would be indicated. 

tent reasons people 

lief, however, that 

zone. This method has proven effective not only for showing 

of traffic, but also for predicting traffic several years in 

bicycles, if the people were using them principally for rec - 

say an evening ride around the neighborhood, few zone -to - 

indicated and few trips for purposes other than recreation 

Other studies have indicated that some of the most impor - 

ride biycles is for recreation and exercise. It is our be - 

they are fulfilling these desires while taking a trip they 

must make anyway. That is, they must go to work and shopping, but the correct 

mode choice can fulfill their desire for recreation and exercise. 

The bus information collected in our survey (See survey, page A5) is not 

included in this report. It was gathered for the A.A.J.W. who assisted us in 

conducting the survey. They were studying the bus situation in Manhattan, as 

well as bicycles. 
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Data Processing 

The usable data received was processed by computer. The program, which 

will be discussed presently, printed two 
types of information: Tabulations 

based on sample data and tabulations based on expanded data. Data expansion 

was done on a zone -by -zone basis, using an expansion 
factor which was the zone 

population divided by the number of persons aampled. 
The program to accom- 

plish this was written in PL/I language by 
K. Joel Mason, a graduate student 

in the Planning Department at K.S.V. Both the program and data printout are 

shown on pages A18 to 130. 



A10 

Results 

The following is a summary of the date printed out by the computer. The 

expansion of this data and 
the conclusions we have drawn from it can be found 

in the next section, Conclusions. 

I. The ratio of bicycles per person was 0.4l bicycles per person. 

2. The percent of people who would like to see bikeways constructed 

in Manhattan. 

100 
100 

80 
85% 

Percent 
of 60 

Total 40 

20 4% 
11% 

0 
YES NO NO 

OPINION 

OPINION 

Figure 4A 

3. A reasonable fee to construct and maintain bicycle 
lanes. 

50 50 

Percent 40 
of 30 

Total 20 
10 

0 
4% 

12% 

35% 
30% 

2% 2% 

11% 

0 1 3 5 7 >7 NO 
OPINION 

AMDUNT OF FEE IN DOLLARS 

Figure 5A 
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h. The reasons people don't use bicycles or don't use their present 
bicycle more are shown below. The percentages shown are based on 

the number who answered, divided by the number of people questioned. 

Safety 19% 

Physical Effort 15% 

Social Pressure 1% 

Time 20% 

Theft 5% 

Cannot Carry Packages 11% 

No Bicycle Racks 3% 

Weather 20% 

No Bike 21% 

5. Bike User Age Distribution 

50 
50% 

Cumulative 40 _ 35% 
41% 

% of Each 30 _ 28% 2'7% 
29% 

Age 20 _ 

10 10% 11% 11% 13% 
4% 

2% 0 

0 

0-5 6-10 11-15 16-18 19-24 25-49 50 -up 

Potential Users 

Present Users 
r ---- 

AGE DISTRIBUTION 

Figure 6A 
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6. The distribution of bicycle trips by trip purpose 

Percent 
of 

100 - 

80 _ 

60 _ 

PRESENT 

62% 

100 

80 _ 

60 _ 

PRESENT & POTENTIAL 

56% 

Trips 40 _ 

20 10% 5% 

23% 
40 _ 

20 - 18% 9% 
17% 

0 
0 

Work Shop School Rec. Work Shop School Rec. 

PURPOSE 

Figure -7A 

7. Trip Length Frequency Diegram 

3000 
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Median Trip .85 miles 

Aver. Trip Length 1.03 miles 

TRIP LENGTH IN MILES 

Figure 8A 
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Conclusions 

The number of dwelling units sampled represent approximately 3% of the 

D.U.'s in the city of ?Manhattan proper. These D.U.'s are distributed evenly 

throughout the community and represent a good cross section of the community. 

This sample represents 2,582 people. 

The automobile is clearly the main choice as a mode of transportation in 

this city. The number of bicycle trips represents about 12% of the combined bi - 

*yule -auto driver tripe in the city. This number, however, represents some 

7,300 bicycle trips per day at present. 

How do the citizens feel about bikeways? The "Bicycle Questionnaire Pro- 

ject" 9), conducted in the fall of 1973, indicated that 
the citizens wanted 

bikeways and that the desire for bikeways was shared 
equally by auto drivers 

and bicyclists. Our questionnaire, based on a larger sample, indicated that 

84% of the people questioned wanted Manhattan to construct 
bikeways. Clearly, 

this represents approval for the idea of constructing 
bikeways in Manhattan. 

Often times the public wants some type of facility, 
but is =willing to 

provide the funds necessary to construct it. 
This is not the case with bi- 

cycles. The "Bicycle Questionnaire Project".( 9) indicates 
that the bicydl- 

fats are willing to pay a reasonable fee to help build 
and maintain biycle 

facilities. We would assert that if they are willing to pay for 
a facility, 

then they mast really want it and they will use it. We tried to tie down 

more closely what a reasonable fee might be. Our questionnaire asked what the 

people felt was a reasonable fee, and allowed 
a choice of $0.00, $1.00, $3.00, 

$5.00, $7.00, >$7.00, and no opinion 
(See Figure 5A). The largest number of 

people, 35%, indicated that $3.00 would be a reasonable fee. Those above 

$3.00 represent 3L%, while those below represent 
16%. If one assumes that 

those who indicated an amount greater than $3.00 would be willing to pay $3.00 

per year, there results a combined group of 69% of the people willing to pay 

$3.00 per year to build and maintain bikeways. Our estimate of the number of 
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bicycles in the city proper, is 11,610. With the additional 1,200 bicycles on 

campus, a $3.00 fee would provide about $35,000 to $40,000 per year for bike- 

ways. 

Who is the average bicycle rider? Is he a person on his way to work, or 

is he a person exercising in his spare time? Is he a young person or an older 

person? The actions of the bicycle riders speak for themselves. Only 23% of 

the bicycle trips are made for recreation while 77% of the trips are made for 

some specific purpose. Further, 96% of the bicycle trips are interzonal trips 

with a definate destination while only 4% of the bicycle trips are interzonal 

trips. This means that the bicycle in our community is not functioning as a 

toy for use in off -hours. Rather, it is a means of transportation. 

At present the bicyclists are operating on the streets with the automo- 

biles since the streets are the only place they can ride to get easily from one 

area to another. If the number of bicycles increases at its present rate we 

can expect to see more bicycles operating on the streets. The university at 

present is planning to demotorize the carpus (7). Many streets on campus are 

scheduled for closing. This will make it much less desireable to use an auto- 

mobile around campus, and will probably result in an increase in bicycle usage. 

The resulting increase in bicycles in the streets will cause increased conflict 

which will probably result in an increase in the number of automobile -bicycle 

accidents in 19713 over the 13 reported accidents for 1973. 

Bicycle users are of all ages (See Figure 6A). For the young people, 15 

and under, it is their only independent mode of transportation other than walk- 

ing. As a child grows older his interests expand and he is allowed to go 

further from home. The further he goes the more attractive is a bicycle as 

compared to walking. This probably accounts for the increase in bicycle usage 

from 0 to 15 years of ago. The sharp drop in bicycle usage at 16 is probably 

the result of being able to use an automobile. At the college level 
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there seems to be increased interest. This is probably due to the fact that 

the bicycle is an ideal vehicle for getting around the campus. From college 

age on up there is a decrease in bicycle usage. This will probably continue 

as people show less interest in activities Which require physical effort as 

they grow older. 

All age groups show an interest in bicycle facilities by the number of 

trips they say they would make by bicycle if there were adequate facilities. 

In numbers this would represent a 380% increase in bicycle trips. The com- 

mensurate drop in automobile trips would be 50%. This level of usage is rare 

in the United States, but not unheard of. One college town of 24,000 people 

has developed into a bicycle con unity with this level of usage (10). With 

enough time Manhattan might develope into a community of this type, but for 

the present one should discount these values. The values do, however, illus- 

trate the principal of latent bicycle demand (5 ). Upon completion of a bi- 

cycle system we can expect an increase in oicycle usage. The increase, how- 

ever, will probably be more on the order of 50% of the present bicycle usage. 

This amount of increased bicycle usage would correspond to epproximately a 5% 

reduction in auto driver trips. The 50% latent demand mentioned above is in 

keeping with values determined in other cities (5). 

While the number of potential. bicycle trips may be too large there is 

nothing to indicate that their relative proportions are incorrect. If they 

are correct then we can expect work trips and shopping trips to increase fas- 

ter than school trips and recreation trips. 

The trip length frequency diagram (See Figure 8A) is derived from the 

expanded zone to zone trips (See Figure 9A). The curve which has been drawn 

fits all of the data quite well except for the trips of 1.5 mile in length. 

The curve is indicative of a normal trip length distribution curve. The place 

where our data differs from a normal shaped curve is probably due to inadequate 
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sone data. The average zone simple size was 49, which is a small number, 

statistically speaking. In spite of the discrepancy the remainder of the data 

seems normel. The median trip length is .85 miles only slightly less than 

the 1.03 mile average trip length. There are few trips shown to be longer 

than 2 miles which is normally accepted as the upper 
limit for bicycle trips. 

The two points made above justify the use of this data 
for design purposes 

even though the sample size was less than desired. 

The data collected in the survey certainly represents significantly 

better information than was available prior to the survey. 
This information 

will serve as a guide for the selection of the initial bikeway 
routes of a 

Manhattan bikeway system. Knowledge gained through experience with the first 

phases of the system will help improve the quality and workability 
of later 

phases. 

Recommendations for Future Surveys 

An 0.D. survey is a relatively complex and expensive survey to conduct. 

Due to this complexity only well trained interviewers should 
conduct the survey. 

The expense involved in a more thorough survey might be prohibitive unless 

the survey is combined with a survey for another mode of 
transportation. It 

makes a great amount of sense to gather bicycle data at the same 
time an auto- 

mobile 0.D. study is conducted. 

If funds are not available to conduct an extensive 0.D. survey, then 
a 

user survey of the type outlined in the proposal (See Appendix 
E) should be 

considered. A user survey is limited in that it will supply imformation on 

the activities of present bicycle users only. It would, however, be less ex- 

pensive and this type of survey has been quite successful 
in other cities (13). 
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KSUIS Pill NEATENEIt AND PRECOMPILER PAGE 

(soBscRIIIT:zANGE,ST'41W,AN6LI:01.: 
PROCE1)U4E 0211(1'61141Th 
ON INDFILFASYSIN; 
GO TO PT; 1 3 

CN EtikoR 
REGIN; 2 5 

PUT si(12 rgTITItt-RPoA----> 'ow A(14),A(1)); 2 6 

EP T.!:>10-1111\1--3 -7 

GO To EN'); 3 

FKR=t-RP+1; 2 9 

GO 1:4 Gl; 2 -1-0 

END; 2 11 

DECLARE i! ETXE.7(2),(X,R)CHAACTP?(1),(NOIPIG.DEST,T)FIXED 1 12 

(21,(PT!IIPTS)CHAiACT2.P(1)04S CoMzACTER;41.(1C,10,O.P.'10.1,P 1 12-- 

LITYA3))PIXFO(1),(T1;0,YNI')( i,3),Pfilq),AU(1.2),PIPOOS4,21111X10(4 1 12 

)1( FEE(1: 6), IN 0:(,) )1:1x)(4),AGri )1-: 171r)( ),1F(65)FIXFD(3),SPLRP FIxr0( 1 12 

4,21,IP51(65,65),PST(65,65101165,65)16ST(65,651.APRW.1651)F1ki5(41,; 172 
CSP2(65),GSKPZ(t!..),2PL(35))1IXED(4),7 FIXED(2/.; 1 12 

EKR=0; 1 13 

TN,TNP,NS,U,PLN); I --r4 

fFE=o; t 15 

YNT=0; 1 16 

RN0.8=0; 
51=0; 1 18 

PRT=O; 1 19 

851=0; 1 20 

P4ST=0; 1 21 

ADR=0; 1 22 

PURPOSF=0; 1 -2-3- 

AD=O: 1 24 

10=0; 1 25 

;3;11=1; 1 26 

GSKPL=o; 1 27 

csPz=o; 1 28 

AGE=0; 1 29 

EE=1; 1 30 

EF(31=2c; 1 31 

EF(1)=31; 1 -V7 

EF(10).23; 1 33 

EF(12)=21; 1 34 

EF(11)=50; 
EF114)=47; 1 36 

FF;161=65; 1 37 

EE(1P)=74; 
EF(19)=24; 1 39 

EE(201=21; 1 40 

EF(?1)=31; 1 41 

F1123)=31; 1 42 

FF(26)=2(1; 1 43 

EE;?/)=1'i; 1 

FF(21)=16; 1 45 

Ef("401=27; 1 46 
I -47 

EF(1'0=44; 1 48 

FF(.36)=42; 1 49 

Er(3,3)=1! -1 50 

FF(4(1).12; 1 51 

1`E(43)=':3; 1 52 
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KSO'S PL/1 NFATENER AND PREEUMPILER PAGE 

EF(45)-140; 
I 53 

CU I431=4'); I 54 
EF(601=22; 

1 55 
FF(61)=20; 1 56 
(1(6?), -21; 1 57 
Ef(631=25; 1 50 
ruTt41-16; 1 59 

GO: GET SKIP FOITM(A(8)); 
IF SHfST"IX,5,41-,=.0000* THEN 
GO TO NCI; 

GET (.4,i,:\;0,1c 9,1:o)( x( r12 ), X ( 3) ,f(2),X( 31,F ( 

11.1 ,Y(?.),Fl ,x( ,A(A1): 

1--60 
2 61 
2 62 

1 63 
INO=TNItiNI; 

1 64 
INP=INP+NP; I 65 
NS=NS+I; 1 66 

00 1=1 TO 3; 

----YNO(IlYNIII)=YNO(1,YN(I))+1; 
2 67 
2 63 

END; 2 69 
FEE(1)=FEE(F)+1; 

1 70 
00 1=1 TO 8; 1 71 

IF stosTRTR,I,TT--, ' THEN 3 72 
RNR[1(1)=PNR8(1)+1; s 73 

END; 2 74 
INIC1=10(1C1+1; 1 75 
GO TO GO; I 76 

NCI: IF SUBSTRIX9r-9-2T-71101r-inEN 2 7/ 
Do; 3 78 
GET E1)TTI8I(XI1Z),4(4)); 3 79 
GO TO NNP; 5-- g-611 

END: 3 81 
GET STRINGIXIFDIT(Z)(F(2)); 

1 82 
PPZ(Z)=PPZ(71+1; 

IF U=1 THEN 2 84 
ANA,1)=A0(A,1)+1; 2 85 
IF PU=1 THEN 2-- 86 
ADIA,21=AOIA,21+1; 2 87 

U=0; 1 88 
PU=0; 1 89 
GET EDITIA,O,FOIXI6/IF(1),X(4),F(1)014/1; 1 90 
AGE(A)=AGE(A1+1; 1 91 

IF A=2 THEN 
GSKPL(Z)=GSKPLIZI+IT 2 93 
IF A>4r..0.4 THEN 2 94 
CS17(t)=ESDZTZTFT; 

NNP: GET EDITCP,o!t1G,DEST,TOOTtl,PToSI(F11I,X141,1-(?),x(1:),E(2)013 
I 56 

I,F1210(111,F(1),X(4),AII),X(4),AIIII; 1 96 
GET STkTN(Ax)C011(7.111,(2)); 1 TT 

IF M=3 THEN 2 98 
00; 3 91 
0=1; 1--ID7 
81(M10,rESTI=MOIIG,OFSI)+ITtECI1)1; 3 101 
PUPPOSFIP.11=PIMPUSE(P,1)+T; 3 10? 

IF m=1, THEN 2 104 
8STIOMG,1)FSTI=STIORIGIDEST1+114,FFI/J1; 2 105 

1-THUN 7--TTG---- 
P3STIORIGOESTI=P0S11.-PIc,,OFSIMI*FFIMI 2 107 
IF P113,=1 * THEN 2 103 
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Ohl I ttt4/titdtvtttirilt-tas o if11o3tetdtm Ind 

1 (_147)3, p+ )11 j liji6 1/11(AtZW)_190 
6C1 l :(V)(aINE)2.13d J-A1)1103161d1g3Ind 
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KSU'S PL/I NEATFNFP. AND PRECOMPIIER PA6E 

PUT SKIP(211)1T1' 1,111(01)1A1,111,11411; 1 163 
-------PuT-S!<1100-1POITIr LESS -TO -AN I?10-6- -T,INIM4123),F(4)); 

PUT SKIPMEAIT(' $2,000 To 0,4,999 IfIL112111A1)11,1(411; 1 165 
PUT SKIPI2IF)ITII i5,J1) To $7,999 't1o(31)1A(2i1,014)); 1 166 

--PUT SKPMCDITI, 'S8,90J To .0,1109q -0,10(4)11A(23)11(4)1; 
PUT SKI0(210-01T(11,11,000 10.t13,99 . 0,IO1:01(A(21),014)); 1 168 
PUT SKIP(21F-OITtl¶14,000 ANJ OP 1,1016/114(211,P141); 
PUT PAc.; 

1 169 

DO 1=1 TEl I; 2 171 

(1- 4GF(I)=0 TOO 3 172 

Gn To LI; 173 
AIX 1,11=1 iont 4(CI:il )/AGI t ; 

7 A0(1,2).(100*A01/11/AGPSII; 171 1-3 1 

END; 2 176 
PUT SKIP(9)F31T(0--A) USERS POTENTIAL USERSII(A); I 177 

PUT SKIP(2)FOITI0 0-:!1 0,ADI1,1),A0(1121)(A(61,F(4),XII24/)1 

PUT SKIPI21F0IT(0 6-10 0,A0I2,11,A0(2,2)1(4(6),F(4),X(12),1-(4)1 1 179 
1 179 

--111.1T .5k-10-M-UltTP1:1-A5-TTAD-MTT;:4-01- 3;7111 Ana i-r-r-41-Trurn 7F T247-1: 
1 160 

PUT SKIPI2I17OIT(016-19 lIAD(4,1),A1)(4121)1A(61,F1411X(12),F(41) 1 181 

PUT SKIP(21FDIT(119-24. l'AD(5,1),A0(5,2)114(5),F(41,X1121,F(4)1 1 182 
1 16? 

PUT SKI D 2 ) EDTTP ?5-4 CCI r17-td.)P7a ) (-6-1 F-1-41-,-ATITYTFT4 ) 1 ; 
1 143 

PUT SKIP(7)rOIT(15-0-UP '1ADI7,11,A9(7,2111AI6),11411X(12),F(4)1 1 114 

PUT SKIPI9IEDITIIPORPOSE TRIPS POTENTIAL T1IPS01(4); 1 185 
PUT SKIPMFOIT(IWORK 1,POPPOSF11,1),PoP6STI1,21)(AI111 1 186 

-,Tfia-OaTP1,F(41)) 18o 
PUT SKI2(?)FOITI'SHOP 01PURPOSE(2.1),POPPOSE(4,i)HAIII1 1 187 

,F(4)eXt121.F(4)); 1 187 
SKIP(21EOIT('SLODOL 0 , PURP tin 13 ,T) Pule PucilT372-111 4 ITT) -1-1.8-8- 

( 4), X ( 12),F( ) 1 183 
PUT SE IP (2)EDIT( IPECPEATION 'tPUPPOSF(4.1),PURPOSE(4,2)1 ( A ( 1 11 1 189 

,r(4),X(12),P(4)); T-1119 
PUT PAGE; 1 190 
PUT SKIP EDIT(04ICYCLE TRIPS',(A); 1 191 

(=1 To 65; r 2 -T92 
DC) J.1 To 65; 3 193 

IF RT(I,4)-,-.0 THEN 4 194 
DT; 5 195 
PUT SKIP EDIT(I,J0T(I,J1)(1(2),X(5),r(2),X(61,F(4) 5 196 

1; 

FNO; 
FND; 
PA6r; 

PUT SKIP FDI1(000TiATIAL 6ICYCLE TPIPS')IA11 
DO 1=1 TO 951 

5 196 
5 197--- 
3 199 
2 199 

--I -70-0 

1 201 
2 20? 

IF P8111,J1-,T) THEN 4 204 
00; 5 205 

-PIOT-SKIP FOITIT:J01:1T(I;j1)1112/;7(15);TC2FiX451;-F14---5--21.16---- 

11; 5 706 
ENO; ' 5 207 
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KSU'S PL/I NEATf.V; ANO PPECuMPILER PAGE 

_ . 
ENO; 3 208 

END; 2 209 
PUT PAGE; 

I 210 
PUT SKIP EDIT(i3JS TRIPS')(A); 1 211 

DO 1=1 TO 65; 2 211 
DJ J=1 TO u5; 3 213 

IF isST(I.J),=0 THEN 4 ;14 
DO; 5 215 
PUT SKIP EDITII,JOST(11J1)(E(2),X(5),E12),X(5)0-(4 5 216 

) ) ; 5 216 
END; 5 211 

END; 3 218 
FND; 2 219 

PUT PAGE; 1 220 
PUT SKIP EDIT(IPOTtNTIAL 3US TRIPSII(A); 1 221 

DO 1=1 TO 65; 2 222 
DU J=1 TO 65; 7" 3 223 

IF POSTI1J1-..=0 THEN 4 224 
DO; 5 225 
PUT ( I ,J,PBST I JITTFT2),KB) (2) X -M71----5 226 

4)); 5 226 
END; 5 227 

END; 3 220 
END; 2 229 

PUT PAGE; 1 230 
PUT SKIP EDIT('AuTO DRIVER TPIP1r°1-05--; 1 ?31 

DO 1=1 Tn 65; 2 232 
DO J=1 To 65; 3 233 

IF ADR(I,J)-,=0 THEN 4 234 
DO; 5 235 
PUT SKIP EOIT(1,J,ACRII,J1)(E(2),x(5),E(2),X15),F(4 5 236 

) ) ; 5 236 
ENO; 5 237 

END; 3 238 
END; 239 

PUT r'AGE; 1 240 
PUI SKIP EDIT(' ZONE TOTAL GRADE Cull:0E1)M; 1 241 

DO 1=1 TO 65; 2 242 ---- 
PUT SKIP FO11(10PL(I),GSKPZITI,CSP2IMIX(5),F(2),X(5),F(4) 2 243 

0(1511F(4).X(5),F(411; 2 243 
END; ? 244 

END: END DL; 1 245 



BICYCLES 

PEOPLE .. . 

BICYCLES PER PERSON 

1082 

2582 

0.141 
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REASONS PERCENT 

SAFETY 19 

EFFORT 15 

PRESSURE 1 

TIME 20 

TES NO DON'T CARE THEFT 5 

814 14 10 PACKAGES 11 

68 7 214 RACKS 3 

la 25 32 OTHER 147 

FEE PERCENT INCOME PERCENT 

11 37 

0 14 LESS THAN $2,000 ... 3 

1 12 . $2.000 TO $14, 999 9 

3 35 $5,000 TO $71999 ... 30 

5 30 $8,000 TO $10,999 ... 9 

7 2 $11,000 TO $13, 999 . .. 6 

> 7 2 $114,000 AND UP 23 
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AGE USERS POTENTIAL USERS 

04 ' 5 10 

6-10 11 28 

11-15 27 35 

16-18 11 41 

19-21s 13 50 

25-49 is 29 

50 -UP 0 2 

PURPOSE 

WORK 

TRIPS POTENTIAL TRIPS 

192 

SHOP 12 91 

SCHOOL 157 516 

RECREATION 57 151 
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BICYCLE TRIPS BICYCLE TRIPS 

Zone Zone Trips Zone Zone Trips 

3 4 156 31 25 58 

3 15 52 31 34 142 

3 22 156 31 41 116 

3 32 52 31 42 116 

7 11 62 31 46 232 

7 33 62 33 60 22 

7 42 62 36 37 84 

7 45 124 36 47 84 

7 49 62 40 15 64 

7 55 62 hip 46 64 

10 10 46 45 47 280 

10 12 46 45 48 8o 

lo 15 138 48 48 45 

lo 25 46 60 15 132 

3.2 11 42 60 47 22 

12 12 84 61 15 280 

12 15 378 61 32 4o 

13 15 250 61 47 ho 

13 32 100 62 15 546 

ih 15 235 63 15 700 

15 13 5o 63 32 loo 

16 15 26o 64 15 4 

16 32 130 
16 46 13o 
16 47 130 
18 15 48 
18 48 48 

19 30 48 
23 4 62 

27 15 198 

28 28 16 
28 46 64 

3o 15 54 
30 30 81 

30 33 162 

30 47 54 
31 15 200 



POTENTIAL BICYCLE TRIPS 
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POTENTIAL BICYCLE TRIPS 

Zone Zone 

,.........- 

Trips Zone Zone Trips 

2 19 24 14 2 94 

2 32 24 14 15 2773 

2 63 25 14 16 94 

3 4 104 14 25 188 

3 11 52 14 32 94 

3 15 306 14 47 141 

3 22 156 15 3 26 

3 24 104 15 13 50 

3 25 104 15 28 16 

3 32 52 15 31 29 

3 42 250 15 32 27 

3 46 104 15 45 42 

3 47 156 15 47 78 

3 49 52 15 51 32 

7 46 62 15 55 31 

7 47 124 16 2 260 

7 48 62 16 13 130 

7 55 62 16 15 8320 

10 10 138 16 24 130 

10 11 92 16 31 130 

10 12 46 16 32 780 

10 15 713 16 33 130 

10 17 46 16 47 325 

10 25 280 18 15 72 

lo 46 18 36 24 

10 30 46 18 48 24 

10 39 46 19 2 48 

10 42 322 19 15 144 

10 46 92 19 30 48 

12 11 42 19 32 48 

12 12 21 19 40 24 

12 15 1764 19 42 96 

12 16 42 19 47 96 

12 25 168 19 55 48- 

12 26 42 20 1]. 84 

12 42 84 23 19 2 

12 44 42 23 32 93 

12 46 84 23 36 62 

12 49 84 23 42 124 

12 50 84 23 48 31 

12 51 42 24 14 47 

12 55 42 25 13 50 

13 15 300 25 16 65 

13 30 100 25 32 16 

13 32 300 26 15 370 

13 45 100 26 42 160 



POTENTIAL BICYCLE TRIPS 

A27 

POTENTIAL BICYCLE TRIPS 

Zone Zone Trips Zone Zone Trips 

26 52 40 4o 15 614 

27 

27 

11 
13 

66 
132 

40 
4o 

35 
36 

24 
64 

27 15 66 40 46 32 
28 6 32 14o 51 32 
28 11 32 40 52 64 
28 15 96 42 28 16 
28 24 32 43 42 196 
28 25 48 43 46 196 
28 28 16 45 15 2800 
28 33 64 45 31 42 
28 42 80 45 42 280 
28 46 96 45 47 591 
28 47 64 46 26 48 
28 51 32 46 35 44 
28 52 32 46 ho 32 
30 15 351 46 45 64 
3o 25 108 47 24 47 
30 28 54 47 25 6q 
30 30 54 47 45 31 
30 31 54 47 48 76 
3o 32 54 48 35 24 
30 
3o 

46 
47 

51 

270 

54 

154 

48 
48 

48 

36 

47 
49 

31 

90 

31 30 
3o 55 54 48 55 90 
31 15 1399 49 23 31 
31 20 147 51 15 32 

31 28 16 51 28 27 
31 32 u6 51 40 32 
31 34 58 52 28 16 
31 35 58 52 36 16 
31 42 58 55 23 31 

31 
32 

47 
2 

174 
25 

60 
60 

15 
25 

396 
44 

32 19 24 60 32 176 
32 3o 27 61 15 200 
32 

32 

35 

35 

31 

55 
19 
24 

16 
31 

24 
88 

61 
61 
61 
62 

32 

55 
35 

15 

40 
40 
ho 

210 
35 36 88 62 24 42 

35 46 44 62 47 42 

35 48 88 63 15 Boo 
36 15 84 63 25 50 
36 28 16 63 32 25 
36 47 31 63 47 50 
36 48 24 614 15 128 



AUTO DRIVER TRIPS AUTO DRIVER TRIPS 
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AUTO DRIVER TRIPS 
IMMreemw....---...rmorombroromoraims 

Zone Zone Trips Zone Zone Trips Zone Zone Trips 

1 55 214 10 146 92 15 45 74 
2 30 27 10 47 532 15 147 172 
2 32 24 10 148 184 15 48 27 

2 63 25 10 49 146 15 51 32 

3 4 10/4 10 51 46 15 55 101 

3 10 52 10 52 46 15 60 22 

3 15 728 10 55 368 16 13030 

3 17 208 11 147 16 16 2124 

3 22 208 12 11 42 16 31 130 

3 24 1014 12 15 672 16 32 1455 
3 25 260 12 17 142 16. 33 130 
3 26 1014 12 25 441 16 147 1455 

3 30 52 12 26 126 16 55 195 
3 32 52 12 30 42 17 2 27 

3 142 312 12 35 814 17 12 21 

3 143 1014 12 42 84 17 16 65 
3 45 260 12 46 84 17 19 24 
3 46 182 12 1:7 12 17 35 1414 

3 47 51414 12 49 84 18 3 148 

"3 55 156 12 50 814 18 15 72 
$ 140 32 12 51 126 18 20 148 

6 4 0 32 12 52 142 18 25 72 
7 13 62 12 55 2% 18 36 148 

7 15 91 13 3 150 18 
?475 

96 
7 25 62 13 10 50 18 214 

7 
7 

31 

32 
29 
62 

13 
13 

15 
17 

500 
100 

18 
18 

147 

120 148 

7 39 62 13 214 100 18 55 96 
7 142 62 13 25 200 19 1 24 
7 147 1214 13 26 50 19 2 214 

7 148 62 13 30 100 19 10 48 
7 55 1214 13 35 1co 19 15 148 

10 6 146 13 36 150 19 25 72 
10 7 115 13 42 200 19 26 24 
10 10 207 13 45 100 19 30 148 

10 11 138 13 147 100 19 32 72 
10 13 92 13 55 200 19 140 24 
10 15 805 114 2 914 19 142 148 

10 17 115 114 10 . 94 1475 216 
10 19 24 114 15 18872 1919 

10 24 115 114 214 94 20 15 42 
10 25 648 114 25 210 20 25 42 
10 26 115 14 28 16 20 30 27 

10 30 46 14 32 188 20 32 142 

10 31 146 114 147 235 20 38 84 
10 32 146 15 3 26 20 141 142 

10 35 46 15 3.3 50 20 42 21 

10 36 45 15 25 76 20 47 142 

10 37 146 15 28 3.6 23 10 62 
10 39 146 15 30 81 23 15 248 
10 140 23 15 31 29 23 18 124 
10 141 46 15 32 514 23 19 2 
10 42 391 15 38 16 23 25 93 
10 145 92 15 140 32 23 27 62 



AUTO DRIVER TRIPS 

Zone 
40 
140 

140 

40 
40 
40 
40 
40 
140 

40 
41 
41 
41 
41 
42 
42 
42 
143 

43 
43 
143 

43 43 
43 
143 

43 
143 

43 
143 

43 
43 
44 
44 
44 
145 

45 
45 
145 

145 

45 
45 

Zone Trips 
18 148 

24 614 

25 64 
35 24 
36 96 
40 64 
46 32 
47 56 
51 32 
55 614 

15 22 
25 16 
38 15 
55 142 

28 16 
32 21 
la 66 
13 196 
15 196 
25 196 
26 392 
30 196 
31 196 
36 2143 

41 15 
113 196 
145 196 
46 392 
47 196 
51 
55 

1 
39296 

25 29 
38 58 
41 16 

3 1142 

15 3080 
18 148 

19 24 
28 81 
31 71 
36 32 

45 
45 t3a 1422 

8 1114 

45 145 32 

145 46 280 5 47 
5 6 

14 

45 48 145 

45 55 39 
146 26 16 
46 36 15 
46 40 32 
46 45 64 
/47 2 50 
47 10 214 

AUTO DRIVER TRIPS 
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AUTO DRIVER TRIPS 

Zone Zone Trips Zone Zone Trips 
147 13 100 61 15 120 

47 15 27 61 22. 40 

147 16 65 61 25 140 

47 18 48 61 32 120 
47 19 72 61 47 40 

47 20 27 61 55 80 

47 214 63 62 3 42 

47 25 92 62 114 814 

47 30 24 62 15 168 

147 32 88 62 214 84 

47 33 16 62 25 42 

47 140 148 62 32 84 

/47 142 16 62 147 166 

47 145 71 62 50 42 

147 148 1214 62 55 252 

47 55 54 62 62 /42 

148 10 145 
63 10 50 

148 15 32 63 15 100 

/48 20 90 63 24 50 

48 28 16 63 25 50 

148 

48 
30 
35 

27 
24 

63 
63 

32 
36 150 5o 

)48 36 99 63 147 200 

48 145 84 63 55 350 

148 47 114 614 15 32 

48 48 90 614 32 32 

48 149 31 
148 55 360 
149 23 31 
50 
50 

36 
6o 

214 

22 
51 15 32 
51 40 32 
52 214 23 
55 17 65 
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BIKEWAY CRITERIA AND GUIDELINES 

In the City of Manhattan, Kansas, four types of bicycle facilities were 

ultimately studied. The four are: 

1. "Bicycle Trail"-- A separate trail or path which is for the 

exclusive use of bicycles. 

2. "Bicycle Lane"-- A portion of a roadway which has been designed 

for preferential or exclusive use by bicycles. 

3. "Shared Roadway"-- A roadway which is officially designated and 

marked as a bicycle route, but which is also open to motor ve- 

hicular travel and upon which no bicycle lane is designated. 

"Pedestrian Bicycle Path"-- A sidewalk or path intended for use 

by both pedestrians and bicyclists. Use should be limited (see 

page B5 ). 

Several forms of criteria and design guidelines are utilized in the de- 

sign of the four previously mentioned bikeway facilities. The bicycle trail, 

mainly because of the safety it affords the bicyclist, is a preferred method 

of providing for bicycle travel. But, because of the cost of implementing 

such a facility and the lack of available land, bicycle lanes and shared road- 

ways must be given added consideration. The design of bicycle lanes and 

shared roadways are determined to a large degree by the characteristics of ex- 

isting facilities designed mainly to accommodate other tranaportation modes. 

Some of their characteristics are acceptable, while others present the bi- 

cyclist with a less than adequate riding environment. 

What follows now, are certain criteria which have been gathered from 

different bikeway studies, and which are recommended by people knowledgeable 

in the field of bikeway design. 

Location 

Where bicycle trails utilize highway right-of-way, they Should be located 

as far from the traveled way as possible so as to minimize bicyclist -motorist 
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conflicts. A recommended distance of separation between the trail and the 

traveled way is 20-30 ft. (1 ). This separation may be less if some type of 

natural or structural barrier is available such as a hedge, ditch, fence, 

guardrail, etc. 

Figure 1B below shows three different cross sections of bicycle trails 

located along the right-cf-way. 
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iLaLLN7"" 
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Figure 1B 
Typical Bicycle Trails along Highway with Shoulders 

The bicycle lane along street right-of-way is delineated by means of 

pavement markings or physical barriers. Pavement markings are passive in 

nature and may be easily crossed by motor vehicles but experience has shown 

these to be quite effective in limiting vehicle incroachmentof designated 

bikeway space and in reducing accidents (2 ). The markings include striping, 

full -width pavement coloring or painting, pavement markers (dots) and re- 

flectorized raised pavement markings. Some form of curb, bumper block, or 

vehicle parking lane provides a more positive means of controlling motor 
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vehicle encroadment, however, such barriers are not beneficial in all in- 

stances. They Are recommended for use only under special circumstances (2). 

First, the street should have few or no midblick breaks (driveways, loading 

zones, taxi or bus stops, etc.). Second, the street should have at least 

:one of the following characteristics: legal speed over 35 m.p.h., average 

daily traffic over 8,000, parking turnover is high, or inadequate roadway 

width. This type.of protected bike lane has created problems in some cities. 

Ovve installatials have resulted in increased pedestrian -bicycle accidents, 

while other; hale_ resulted in two-way bicycle traffic where one-way traffic 

was intended (2). In general this type of lane will not be necessary in Man- 

hattan._ They should be recommended only after careful consideration of all 

aspects ofthe problem. 

There are three general locations for bicycle lanes with respect to the 

vehicular roadwdy, depending on the parking condition along the street, as shown 

in Figure 2B. Of the three shown, we recommend, because of the effective width 

of the streets in Manhattan, Figure 2B (c). If Figure 2B (c) is not feasible, 

we then recommend a modified version of it, in which a one-way bike lane is 

located along one side of the street and parallel parking along the opposite 

side of the street (a one-way bike lane in the opposite direction may be located 

on a parallel street one block from the previously mentioned bike lane). 

Figure 2B( 1) 

curb pavement markings 
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(a) Parking permitted --Bicycle lane located between 
sidewalk and parking lane. 
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Figure 2B (Cont.) 
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Modified 2(c) Parking permitted on one side --Bike 
lane located on opposite side between sidewalk 
and motor vehicle lanes. 

The shared roadway differs from the bike lane in that no portion of Lhe 

roadway is set aside for the exclusive use of bicycles. The sheered roadway 

.hss no barrier --either symbolic or physical --to delineate a portion of the 

roadway for bicycles. It is identified by posted signs or works or symbols 

printed upon the pavement. We recommend that only streets with very low ve- 

hicular thru-traffic be designed as a shared roadway. 
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This type of bikeway is suitable for residential streets where traffic 

13 normally low. Streets selected for this type of bikeway should be pro- 

tected from cross traffic with stop or yield signs. This signing may in - 

courage additional auto traffic which would negate the reason for selecting 

the street in the first place. For this reason, these streets should either 

be signed for 20 m.p.h. traffic or be provided with some device which will 

allow through movement of bicycles only. Two examples of the latter are il- 

lustrated in figure 3B. 

A pedestrian -bicycle path is any sidewalk or trail intended for use by 

both bicyclists and pedestrians. When moderate to heavy pedestrian traffic 

will be encountered, separate lanes on the path should be provided for bi- 

cycles and pedestrians. In general pedestrian and bicycle traffic does not 

mix well (16). Pedestrian -bicycle Paths should, therefore, be used sparingly. 

They are recommended for use in the following situations: (a) Pedestrian 

traffic is light, (b) path is long (greater than 2 blocks) with few interrup- 

tions (drives, cross streets, etc.) and little or no retail commercial activ- 

ity is present, (c) channelization at intersections where there is insufficient 

space on the streets for bicycle lanes, and (d) areas where only pedestrian 

and bicycle traffic exists such as parks or campuses. 

Design Speed 

The speed that a bicyclist travels is dependent upon several factors. 

Among these are types of bicycle and gearing, grade, surface, direction and 

magnitude of wind, air resistance, physical condition of the bicyclists and 

bike paths, and length of trip. 

Studies have shown that most bicyclists travel within a range of 7-15 

m.p.h., with the average between 10-1lm .p.h. On downgrades, speeds are 
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higher than average speeds. 

Therefore, the minimum design speed should be 10 m.p.h.. On long or 

steep downgrades a design speed of 15-20 m.p.h. should be used. Design speeds 

from 15-25 m.p.h. would be preferable. 

Radius of Curvature 

The minimum radius of curvature must be consistent with the design speed 

of the bicycle facility. Bikeway radii, in most cases, are governed by the 

road alignment on which the bikeway facility is implemented. Since the curves 

on these road alignment were designed to accommodate motor vehicles, they 

should be extremely adequate for bicyclists.. 

For separate bicycle paths, the radius of curvature varies from 15 ft. to 

125 ft. depending upon the design speed of the facility. 

The minimum radius of curvature can be calculated from the formula (16) 

R=1.25V + 1.J4, where nitft is the =braked radius of curvature in feet, and 'IP 

is the design speed in m.p.h. For the City of Manhattan, Kansas, we recommend 

a minimum design speed of 10 m.p.h. for bike lanes and shared -right-of-ways on 

existing streets and roads, and a 15 m.p.h. minimum design speed for all bi- 

cycle trails and for bike lanes on future streets. 

Grades 

The grade which a bicycle can be expected to negotiate is dependent upon 

the length of grade, characteristics of the bicyclist (age, weight, condition- 

ing, etc.), characteristics of the bicycle (type, gearing, weight, etc.), wind 

velocity, air resistance and road surface. Since most of these factors are 

variable, it is difficult to specify definite design grades. Taking all these 

factors into consideration, though, grades should be kept to a minimum. 
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Most surveys recommend a maximum grade of 3%, with 5% maximum grades for 

wshortn sections. European practice indicates that a 10% grade over very short 

sections is allowable, but a 14.5% grade is generally accepted as maximum and 

this only for short sections. The design values in Table 1B, are values which 

generally are acceptable for most bikeway facilities. We feel, that in most 

cases, these values are -reasonable for the City of Manhattan, Kansas. 

Table 1B 

Bikeway 
Gradient 

Desirable 
Length 

Normal 
Lenath 

Maximum 
Length 

10.0% Not Recommended 33' 66' 

5.0% Not Recommended 131' 262' 

4.5% 82' 167' 334' 

4.0% 102' 203' 410' 

3.5% 148' 295' 590' 

3.3% 148' 295' 590' 

2.9% 200' 400' 800' 

2.5% 262' 525' 1,050' 
1.7% 590' 1,800' --- 
1.4% --- 2,100' --- 

Source: Ref . 16 

For bike paths located on steep grades, "switchbacks" may possibly be 

used (rest stops may also be provided along long steep grades). 

The designer is offered some latitude in selecting profile grades for bi- 

cycle trails, but this is not the case for bicycle lanes and shared roadways. 

Thus, the maximum grades, as recommended above for design, will be considered 

important factors in locating these latter two types of bicycle facilities. 

Sight Distance 

To insure safe and efficient operation, all types of bicycle facilities 

should be designed so that there is adequate sight distance for safe stopping. 

Design values for stopping sight distance on bicycle facilities may be con- 
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puted in the same manner as for highways. Sight distance length is dependent 

upon design speed and profile gradient. Design values of stopping sight dis- 

tance for various design speeds and grades are provided in Table 2B. 

Table 2B 

Stopping Sight Distances 
For Downhill Gradients of: 

Design Speed 0% 5% 10% 15% 

mph Feet Feet Feet Feet 

10 50 50 60 70 

15 85 90 100 130 
20 130 140 160 200 
25 175 200 230 300 
30 230 260 310 400 

Source: Ref. 1 

The values in Table 2B are based on a coefficient of skid resistance of 

0.25 and a perception reaction time of 2.5 seconds (1 ). 

In general, there is no problem in attaining adequate stopping sight dis- 

tances for shared roadways and bicycle lanes because the roadway alignment 

usually has been designed to accommodate motor vehicle speeds which are equal 

to or greater than bicycle speeds. Exceptions do occur, though, and the stop- 

ping sight distance should be checked in locating such facilities. 

Bikeway Width's and Clearances 

The width required for a bikeway facility is one of great importance in 

designing a safe and adequate facility. Since the cost and feasibility of 

providing the bikeway varies with its width, it is necessary to determine 

minimum specifications, subject to the space required for cyclist and cycle, 

allowances for lateral movement between cyclists, allowances for lateral 

clearance to obstructions (curbs, signs, etc.) and to hazards (shoulders, 
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gratings, etc.), and for a "comfortable" maneuvering allowance. 

The approximate average dimensions of an adult -size bicycle are 2 ft. in 

width at the handlebars and 5 3/4 ft. in length. The vertical space occupied 

by a cyclist on a cycle (adult -size) is 7 1/2 ft. Vertical pedal clearance 

above the roadway is one-half foot (1). 

In choosing the specifications that we will use for the City of Manhattan, 

Kansas, there were several factors that we first had to consider. To cite 

two: If the level of service of the bikeway facility is a prime consideration, 

it is recommended that the liberal standards be adopted as a minimum. If the 

bikelane is to be "squeezed" into the least space, and anticipated volumes are 

not excessive the conservative standards should be used. As previously men- 

tioned, cost and safety are factors affecting the choice of design width 

specifications. 

Bbst of the specifications that we have looked at, are actually German 

(16) specifications (modified or unmodified). These specifications hit the 

following space requirements. 

1. A vertical clearance of 0.8 ft. This 0.8 feet clearance 

added to 7.5 feet previously mentioned occupied by the bi- 
cyclist on his bicycle, represents a vertical space requie.' 
ment of 8.3 feet. 

2. A comfortable maneuvering distance requirement of 0.67 ft. 
of paved surface on each side of the handlebars for one-way 
operation. 

3. A lateral clearance of 0.8 feet between the edge of the 
bikeway pavement and a static obstruction alongside of the 
bikeway. 

h. An interior maneuvering allowance of 1.33 feet between bi- 

cyclists, regardless of the direction of each. 

A UCLA (16) study has indicated, though, that in contrast to the 1.33 ft. 

maneuvering allowance recommended in the German specifications, a 2.5 feet 

maneuvering allowance between cyclists is preferred by most bicyclists. This 

distance, 2.5 feet, was arrived at as a mean distance at which bicyclists, 



traveling at 10 m.p.h., felt was a comfortable maneuvering allowance. 

Table 3B gives the minimum effective width for bikeway pavement as a 

function of number of bikeway lanes. We recommend that these values be used 

for the design of effective bikeway widths. 

Table 3B 

Minimum Effective Width 

. 

Number of Lanes 
(1 way) 

Minimum Effective 
Bikeway Width (ft.) 

Widths Based Upon a 
Comfortable Maneuvering 
Allowance at a 10 mph 
Design Speed (ft.) 

1 3.3 . 3.3 

2 5.3 6.4 

3 8.5 10.9 

4 11.8 15.3 

In order to satisfy the bicyclists requirement for safe and comfortable 

maneuvering there should be a minimum lateral clearance of 0.8 feet. Table 

).B lists some of the clearances that should be added to the effective widths 

of the bikeway lane to insure their safety and comfort of the bicyclists. 

Bicycle trails may be readily designed using the criteria mentioned below. 

The minimum widths listed in Table 3B, along with the clearances mentioned in 

Table 0, are directly applicable (it may be necessary to adjust minimum widths 

and clearance to allow for maintenance vehicles). 

Bicycle lanes should be restricted to one-way traffic. If possible, at 

least two lanes ahould be provided so as to allow for a pasaing lane. The 

minimum width and horizontal clearances depend un the location of the lane 

within the roadway and the parking conditions. Figure 4B shows the four types 

of bicycle lanes being considered and the minimum width and clearances required, 

for Manhattan. 
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Table 4B 

Adjustments to Basic Bikeway Widths 

Condition 
Additional Width (feet) 

Minimum Desirable 

Raised curb on one side 0.8 1.6 

Parked cars adjacent ("dynamic', ob- 
structions) 2.0 2.0 

Soft shoulders 1.6 11111,111M. 

Horizontal Clearance to obstructions 
(tree, pole, signs, etc.) 0.8 2.3 

Horizontal Clearance to sloped drop- 
off 0.8 1.0 

Figure 4B 
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Lane 
Motor Vehicle Moving 
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Bike Parking 1 

(b.) Parking Permitted - Bicycle lane located between 
parking lane and motor vehicle moving lanes. 
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Figure 0 (Cont.) 
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(d.) Parking permitted on one side - Bicycle lane 
located on opposite side between sidewalk and 
motor vehicle lanes. 

A street should be designated as a bicycle route for operation as a 

shared roadway only in those cases where the width of 
the outer lane is greater 

than 10 feet where volumes are light, or greater than 12 feet whore 
volumes are 

heavier ( 1). 

Bikeway Surface, Base and Subgrade 

Bicycle lanes and shared roadways normally will be located 
upon existing 

surfaces provided for motor vehicles. These surfaces are usually more than 

adequate to meet the needs of a bicycle and also of 
maintenance equipment. Any 

widening of the pavement to provide a bicycle lane should 
be done according to 

the standard street practice. 

The basic criterion for the roadway structural 
section of a bicycle trail 

is that it be adequate to support the wheel loads of riders 
and bicycles as 

well as maintenance vehicles or other types of motor vehicles 
which may cross 
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or use the facility. Therefore, the type of material and depth of the base 

cover is of utmost importance. Also, the roadway should be surfaced with a 

material which is traversable and stable, even in wet weather. With these 

things in mind, a desirable surface would consist of an asphaltic material or 

portland cement concrete. 

Most Manhattan street surfaces consist of a portland cement concrete, 

although a few of, the roadways are brick streets. The majority of these 

concrete streets are adequate for bicycle lanes and shared roadways, based 

upon the condition of the concrete surface --holes, cracks, etc. 

Bicycle trails, if at all possible, should be composed of aspaltic ma- 

terial 3 to 6 inches in total thickness. This total thickness includes a 3 

to 4 inch aggregate base of gravel, crushed stone or clay placed on the sub - 

grade, over layed by a 1 1/2 to 2 inch asphaltic surface. The asphalt con-. 

tent may be 1.2% higher than used for roads since the bikeway will be sub- 

ject to lighter loadings than would a typical motor vehicular roadway (16). 

Listed in Table 5B are suggested hot -mixes and thicknesses to be used in the 

construction of bike paths surfaces (16). 

Drainage and Grate Hazards 

For bicycle lanes and shared roadways along existing road right-of-ways, 

the existing drainage systems will usually suffice. For bicycle paths, a 

1/4" to 3/8" per foot slope along the surface course will normally insure 

water runoff (either to oneside or crowned) (16). Ditches should be pro- 

vided in flat areas with poor soil drainage properties. 

The problem of grating hazards is not as !simply handled as one would 

imagine. Drainage grates normally consist of separated slats running par- 

allel to the curb. Even the narrowest grate slat separations can entrap the 

narrow tires of today's modern light -weight bicycle. One solution to the 
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Table 5B 

Quality of 
Existing Sub -Grade 

Very Good 

Good 

Poor 

Material 
(AASHO System) 

Gravels and sandy gravels: 
A-1, A-2-4, A-2-5, A-2-6 

Silts and 
A-4, A-5, 

Silts and 
A-4, A-5, 

clays: 
A-6, A-7-5, A-7-6 

clays: 
A-6, A-7-5, A-7-6 

V 

Total Thickness 
(Inches) 

3 

4 

6 

Silts and clays rate poor only under the following conditions: 

1. When they occur in low lying areas with poor natural drainage. 

2. Where conditions of the water table and climate are such that 
severe frost heave can be expected. 

3. Where high percentage of mica -like fragments or diatamaceous 
particles produce a highly elastic condition. 

4. Where it is desired to "bury" highly expansive soils deeper 
in the section to limit the effects of seasonal variation in 
moisture. 

problem would be to replace the existing grates with sig-sag or perpendicular 

configurations, although this is not hydrodynamically efficient. Another so - 

lution, one that should be considered as a last resort, would be to provide 

clearance around the grate with warning stripes and signs. Probably the best 

solution would be to weld cross strips on the grate. In the interest of 

safety for the bicyclists, we recommend that the City of Manhattan make all 

grates on bikeways bicycle safe, with no exceptions. Also, sufficient drain- 

age should be provided so as to insure that ponded water may be eliminated. 

Bridges 

A bridge designed exclusively to carry a bicycle trail over a natural 
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barrier or across a highway should have a minimum width of 8 feet, particu- 

larly where two-way traffic is to be accommodated. Past experience has shown 

that bridge structures designed for pedestrian live loading are adequate for 

bicycle loading. 

Where separate bicycle routes are located parallel to a street or road, 

it is sometimes necessary to carry the route across an existing street or 

highway bridge structure. On low volume, low speed roads and highways where 

the roadway shoulder is carried across the bridge, the bridge shoulder can 

be used as a bicycle trail. On high volume, high speed roads and highways, 

the bicycle route should be separated from the bridge shoulder by a physical 

barrier (fence, steel railing or concrete parapet). The minimum effective 

width of the bikeway can be determined from the values in Table 5B and Table 

liB. 

On many existing bridges, it is usually necessary to widen the existing 

structure. This widening can be accomplished by attaching a cantilevered 

bikeway to the bridge structure. Where it is anticipated that a bicycle 

facility will be provided in the future, new bridges should be designed to 

provide the necessary effective bikeway widths. 

Intersections and Crossings 

Because the number and severity of bicyclist -motorist and bicyclist - 

pedestrian conflicts are the greatest at intersections and crossings, great 

care must be employed in designing crossings and intersections which are to 

accommodate bicycle traffic. This design problem is further complicated by 

cost and by the usual lack of available space. The safest and most effective 

way of eliminating the before -mentioned conflicts is grade separation, a so- 

lution which usually proves to be economically unfeasible. Therefore, a design 

which utilises existing at -grade street intersections usually must be provided. 
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As channelization is used for motor vehicles and pedestrians at inter- 

sections, some form of channelization with specific routings for bicycles 

should be provided so as to minimize conflicts. Such at -grade channelization 

is usually necessary for bicycle lanes (See Figure 5B thru 8B). It is not 

usually necessary for shared roadways except where motor vehicle and bicycle 

traffic is heavy, motor vehicle speeds are in excess of 30 m.p.h., or where 

there is a high percentage of motor vehicles making right turns out of the 

shared roadway (16). Channelization may take several forms, but it usually 

takes the form of a path delineated by striping or pavement markings. In 

most cases, these delineated bicycle crossing paths should be adjacent to, 

but striped separately from, the pedestrian crosswalk. 

To minimize conflicts between right -turning motorists and straight - 

through bicyclists, the bicycle crossing path may be offset some distance 

from the intersection. To minimize the conflict between left -turning bicycl- 

ists and motorists, it is recommended that bicyclists be made to cross the 

cross street first, and then proceed left on the proper delineated bicycle 

cross path. 

In all cases of bikeway facilities intersecting with streets or high- 

ways, safe sight distances for bicyclists and motorists must be considered. 

This is so that the bicyclists will have sufficient time to safely cross the 

roadway. This may require an intersection channelization as in Figure 5B, so 

as to insure safe sight distances. 

In most cases, each intersection of the proposed bikeway facility with 

a street or highway, must be treated separately. Different motor vehicle and 

bicycle volumes, Varying speeds, land availability, costs, and different types 

of streets (arterial, collector, or local) require a separate design for each 

intersection. 
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Illustrated below, are typical examples of channelization 

arrangements at street intersections. 

Figure 5B: 
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(Used where there is a heavy vehicular 
right -turn movement) 
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Figure 8B: Bicycle Lanes Continued on each Cross Street 
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Almost all, if not all, of the intersection designs for Manhattan will 

be at -grade, channelization designs. The only probable place where grade 

separation (overpasses, underpasses) may be employed would be on bicycle trails 

where at -grade street intersections aren't physiographically feasible. 

Bikeway Signing, Markings, and Signals 

As in all modes of traffic, adequate signing procedures are required in 

order to insure the safe and efficient operation of all classes of bikeways. 

These signs and markings will be needed to delineate the bikeway right-of.ways, 

to warn bicyclists of hazardous conditions and obstacles, to exclude undesired 

motor vehicles from the bikeway, and to warn pedestrians and motorists of the 

existence of a bikeway facility. Enforced local ordinances, in addition to 

the signing, are necessary to insure that the bicyclist's right-of-way is 

not violated by motorists or pedestrians. 

Standard signs and markings should be used in order to facilitate better 

comprehension by bicyclists, motorists, and if the case be, pedestrians, and 

also to insure the uniformity of the system. With improved comprehention and 

uniformity, the overall safety and efficiency of the system will also be im- 

proved. 

At present there is little uniformity in signing practices for the bicycle. 

To insure uniformity for the City of Manhattan, the standard signs and markings 

shown in the Manual on Uniform Traffic Control Devices (11) should be used. 

These standard signs consist of the following: 

1. BIKE X-ING (WII, black on yellow) --used for warning motorists 
in advance of a point when an officially designated bike route 
crosses a roadway. See Figure 9B(a). 

2. BIKE ROUTE (DII-I, white on green) --used for marking an offically 
designated bicycle trail, bicycle lane, or shared roadway. The 
sign is intended to guide bicyclists along a predetermined route. 
When necessary, a supplementary sign with a directional arrow may 
be placed below the BIKE ROUTE sign. See Figure 9B(b). 
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3. MO BICYCLES (R 5.4), PEDESTRIANS PROHIBITED (R 5-3), and PEDESTRIANS 
AND BICYCLES PROHIBITED (R 5-10) are selective exclusive signs that 
regulate types of traffic which may or may not enter a particular 
right-of-way. See Figure 9B(c), (d), and (e). 

4. Any standard warning sign for bicyclists which is relevant to sap. 
orate bicycle trails may be considered ("Curve", "Winding Road", 

"Stop Ahead", "'field", etc.). 

In many situations, symbolic or lettered white pavement is a very useful 

supplement to the posted signs. At intersections, directional markings (arrows) 

on the pavement have proven particularly effective in channelising bicycle 

traffic. Lettered markings with the message BIKE ONLY are desirable legends 

on bicycle trails and bicycle lanes to reinforce the signing along the route 

and discourage motorists from encroaching upon the bicyclist's right-of-way. 

Other markings that can be used include "PED 1-ING", "SLOW", "STOP", and 

MELD". Pavement markings of this type are described in Section 3B-18 of 

the Manual on, "Uniform Traffic Control Devices. 

The AASHO Standing Committee on Engineering and Operations recommend that 

the following principles be applied in the design of signing along bicycle 

routes (1): 

1. Adequate signing should be provided at all decision points along the 
route, i.e., signs informing the bicyclist of upcoming directional 
changes and confirmation signs to insure that route direction has 
been properly comprehended. 

2. Route or guide signs should be provided at regular intervals so that 
bicyclists are informed that they are traveling on an officially des- 
ignated bicycle route. 

3. Adequate motorist warning signs should be posted wherever a bicycle 
route crosses a roadway, when a bicycle route begins or ends, or at 

any other points where large numbers of bicycles may be encountered. 

4. In urban areas, warning signs directed to the motorist should be po- 
sitioned a minimum of one-half block in advance of any point where 
bicycles may be encountered. 

5. Warning signs informing bicyclists of potential haserd, should be 
positioned along all types of bicycle routes not less than 50 ft. 
in advance of the hazardous condition. 
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A minimum of 10 and possibly as many as 20 signs per mile could be re- 

quired, depending upon the type of facility and the before -mentioned prin- 

ciples. 

The signs should be placed from 1 to 3 feet from the edge of the bikeway, 

depending upon the type of facility (one foot for bicycle trails, and 2-3 ft. 

for bicycle lanes and shared roadways. This lateral displacement is measured 

from the edge of .the bikeway to the nearest edge of the sign). The vertical 

displacement of the signs should be approximately 7 feet from the lower edge 

of the plaque to the ground. 

In addition to the signs previously mentioned, it is recommended that 

several appropriate signs be installed so as to direct cyclists to the bike- 

way facility. 

In all instances, signs and pavement markings should be reflectorized in 

order to improve their visibility at night. 

The signal system for the street or highway network should be considered 

in the planning of bicycle routes. Routes that must cross heavily traveled 

arterials or collector streets where grade separations are not feasible, should 

do so at signalized intersections. Where bicycle routes cross streets at 

signalized intersections, some modification in the signal phasing or control 

mechanism may be necessary so as to insure the safe and effective flow of bi- 

cyclists. 

Where the marked route deviates somewhat from a direct crossing it may be 

desirable to add an additional signal face; however, it is usually undesirable 

to provide separate signal faces and exclusive phases for bicycles during the 

signal cycle, since they tend to confuse the motorist as well as the bicyclists. 

Signals may be warranted at a bicycle trail crossing of a vehicular roadway 

where there is no existing signal installation. Such signals should be of the 
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semi -actuated type with pedestrian "push-button type" detectors provided for 

the bicyclists. 

Bikeway Lighting 

To insure the safe operation of any bikeway for which considerable night- 

time travel is anticipated, adequate lighting is a definite requirement. Bi- 

cycles do not have headlights powerful enough to illuminate the bikeway any- 

where near the distance required for a design speed of 10 m.p.h.; therefore, 

the bikeway must be illuminated from fixed luminaires. These luminaires must 

not only light the path, they also must reveal the presence of the bicyclist. 

In some portions of the bikeway facility, shared roadway or bicycle lane, 

existing roadway illumination may be adequate. In most portions of the facil- 

ity, though, existing illumination is inadequate. Fixed obstacles such as 

storm drains and gratings, and route features (ramped curbs, sidewalks, and 

crossings) are usually inadequately illuminated for nighttime use by bicyclists. 

There seems to be a lack of published criteria regarding bikeway illum- 

ination requirements. Of criteria that is published, most deal with inter- 

sections and bikeway crossings. These two bikeway features are potentially the 

most hazardous for nighttime bicycle usuage. 

It is concluded from published studies that back lighting (silhouette 

type) is indispensable for all bikeway crossings. At the crossing, roadway 

illumination should be between 0.2 and 2.0 foot-candles, depending on the 

roadway (16). Luminaires should be asymmetrically positioned, shaded and 

broad beamed. For both crossings and intersections, transition illumination 

should be provided on the bikeway not less than 330 feet on either side of the 

bikeway feature. 
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ROUTE LOCATIONS 
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DESIGN PDOCEDDNE 

In order to select bicycle routes, we first determined what we felt were 

the primary attractors of bicyclists; schools, shopping centers, parks, etc.; 

and located these on a city map. Following this we examined our street cri- 

teria, and determined which factors should be taken into consideration for de- 

sign. These were found to be width, surface, grade, and traffic volume. Know- 

ing these criteria we codemarked each street that did not meet one of the re- 

quired factors with a color that corresponded to each factor. This marking al- 

lowed us to readily see which streets were not acceptable, and allowed us to 

rate streets that only had a few bad features. We overlayed the same city map 

with a transparency and drew various on -street bikeway systems that would get 

the most riders where they wanted to go without going too far out of their way. 

Next, we drove each of the proposed streets and checked for bad spots such as 

curb inlets and rough surfaces; we also checked for adequate right-of-way, al- 

lowing separate bike paths. With this knowledge we evaluated all the routes 

ander consideration. The final network of routes (See Figure 1C) was selected 

on the basis of directness, and present and future usage (A.D.T.), as well as 

the criteria mentioned earlier. 

Types of Bikeways 

In designing a bikeway system for the City of Manhattan, we considered 

four main bikeway facilities. Our first consideration was given to bicyolo 

trails, which are forms of bicycle routes completely separated from other forms 

of transpertational facilities. These trails would allow for a high degree of 

safety for the bicyclists. They would also solve the difficult problem of con- 

flicts between bicyclists and motorists. These bicycle trails could be imple- 

mented only where there is adequate right-of-ways, and available land. 

Our second choice of a facility was bicycle lanes. This type of facility 
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is a lane designated by signs, markings, and striping on the roadway, for ex- 

clusive use by bicycles. If properly designed and implemented, bicycle lanes 

provide an extremely safe riding environment for the bicyclists. 

Still another choice is the use of "Shared Roadways". This type of facil- 

ity could be easily employed on streets with low vehicular traffic volumes. 

The success of "Shared Roadways" could be further enhanced if deterrents were 

employed to keep the motor vehicular traffic at both low speeds and low volumes 

(See Appendix B, Page B5 ). 

Our fourth consideration was a combination pedestrian -bicycle path. This 

type of facility would be implemented only if the three previous designs proved 

too difficult to implement. This facility, because of the conflicts between 

pedestrians and bicyclists, is not generally preferred but could be used if 

adequate space is available and pedestrian traffic is light. 

These are the four main facilities which we have considered in designing 

a bikeway system for the City of Manhattan. In designing the system, we looked 

at each possible route location, and attempted to select the facility best suit- 

ed for that location. 

Phases 

The bike system should be implemented in phases. Using phased implementa- 

tion would allow a lower initial cost, with the system being able to pay for it- 

self over a period of time. Also, phasing enables the system to be trial test- 

ed before going to the expense of implementing the entire system. The phases 

were selected on a need basis. The zone -to -zone daily trip volumes from the 

Demand Study were assigned to the most direct route from origin to destination. 

A total daily volume for each section of the network was obtained by adding the 

traffic contributed by each of the zone -to -zone volumes (See Figure 2C). 

The first phase routes (See Figure 30 were selected because of the large 
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demand for them. They will carry the highest volumes of traffic on the bike- 

way system. The second phase (See Figure 4C) will expand on the first phase 

and encompass more of the city. It will add routes which are needed, but have 

less demand than those in the first phase. The third phase will continue to 

expand around the city, stretching to the outskirts, including Tuttle Creek. 

When these phases are finally completed, the city should have an adequate safe 

bike system that will serve most of it a people. 
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PHASE I 

Phase I consists of the following streets: 

Juliette Ave. - Bertrand to Poyntz 

Bertrand - Juliette to Manhattan 

Vattier - Juliette to 17th Street 

Poyntz Ave. - 3rd Street to 14th Street 

11th Street - Bertrand to Poyntz Ave. 

14th Street - Poyntz to Anderson 

Laramie - Manhattan Ave. to Sunset 

Path from Laramie across Anderson to K.S.U., east 

of Union (16th Street addition) 

Sunset - Laramie to Claflin 

Jarvis Drive - Claflin to Jardine Dr. 

College Hts. College Ave. to 17th Street 

Jardine Dr. - Hillcrest Dr. to Mid -Campus Dr. 

Dickens Ave. - CICO Park to Hillcrest Dr. 

N. Manhattan Ave. - McCain Lane to Claflin 

Claflin - N. Manhattan Ave. to Mid -Campus Dr. 

Hid -Campus Dr. - Vattier to Dennison 

COST ESTIMATE - PHASE I 

Paint Striping 
14 mile @ $300(mile $ 14,200 

Signing 
14314 @ $25/sign 10,850 

Curb Cuts 
28 $100 2,800 

Bicycle Racks 
17 @ $72 
25 @ $ 3 1,299 
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COST ESTIMATE - PHASE I 

(Cont.) 

Pedestrian Activated Signal 
1 @ $2,200 $ 2,200 

Culvert 300 

Grading 3,000 

Asphalt Paving 
.75 mile 2" thick @ $2.50/sq. yd. 13,200 

$37,0049 

Values for the preceeding items were obtained from the Riley County and 

Manhattan City Engineering Offices. 

PHASE II 

17th Street - College Hts. to Claflin 

Claflin - 17th to Mid -Campus Dr. 

Vattier Juliette Ave. - 3rd. 

Fremont - lath - 3rd. 

Manhattan Ave. - Fremont to Laramie 

Yuma - 17th - 2nd 

Juliette - Poyntz - Yuma 

11th Street - Poyntz - 'Lima 

14th Street - Poyntz to Yuma 

Poyntz - 14th to Sunset 

Sunset - Poyntz to Laramie 

College Ave. - Dickens to Kimball Ave, 

Kamball Ave. -Denison to College Ave. 

Jardine Drive to intramural field 

Browning - Dickens to Kimball 

Beachwood - Dickens to Nest Loop 
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PHASE III 

Phase III consists mainly of recreational routes. They are: 

Bike paths in the Linear Park Network 

Routes to Tuttle Creek: Tuttle Creed Blvd. 

Casement Rd. 

Old UPER Right-of-way 

Kamball Ave. from College Ave. to CICO Park 

Hayes Dr., McCall Rd. and Northview Area 

New Bridge across Kansas River 

South Manhattan Ave. to Hunter's Island 
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DETAILED DESCRIPTION OF BIKEWAY BY PHASES 

Phase I 

Poyntz Avenue: Poyntz, being a major arterial in Manhattan, has a large 

volume of traffic, while at the same time being the widest street in town. Be- 

cause of its width, the large number of businesses, the City Park, and the 

Junior High School along the route, it has the potential to make an ideal bike 

route. The diagonal parking from Juliette East would have to be changed to 

parallel parking. This would eliminate about 11 parking spaces per block. An 

alternate to Poyntz would be one-way paths running on Humboldt and Leavenworth 

North of Poyntz and one-way paths on Houston 

alternate streets would eliminate 96 parking 

of marking paint required. 

Juliette Avenue (Bertrand South to Poyntz): This street provides a 

and Pierre South of Poyntz. These 

spaces and would double the amount 

good 

North -South arterial. It has good width (35 feet of usable width) for on - 

street bicycle lanes. At the intersections of Bluemont and Juliette, and 

Poyntz and Juliette, separate, off-street trails should be provided. These in- 

tersections have three lanes of traffic, and should be avoided with on -street 

lanes. The intersections, however, would provide adequate crossings for pedes- 

trians as well as bicyclists. 

Vattier (West from Juliette to 17th): This street would be ideal for a 

shared roadway bikeway due to low traffic volumes. It provides direct access 

to the campus. The campus section (Manhattan Blvd. to 17th) is scheduled for 

closing to vehicular traffic (7) which will make. it an excellent bikeway. The 

intersection at Manhattan Ave. poses a potential hazard due to vehicular traf- 

fic on Manhattan Ave. The anticipated level of bicycle usage does not warrant 

a traffic signal, but special signing should be employed. The Vattier traffic 

should be signed to stop and the Manhattan traffic should be warned of cross 
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bicycle traffic with the appropriate sign. This intersection should be checked 

periodically for changes in traffic which may indicate a need for a traffic 

signal. An alternative plan for Vattier would be bike lanes on Vattier which 

would require the removal of parking on this street as well as the removal of 

existing ramps over gutters. A second alternative would be to build protected 

bike lanes on Bluemont for which there is adequate space between the curbs and 

sidewalks. This alternative does not have the route continuity through the 

campus which Vattier offers and may channel some bicycle traffic onto Anderson 

Avenue. 

Bertrand (West from Juliette to Campus): This street would be adequate 

because it is newly paved concrete and is wide enough to provide for an on - 

street bike lane. Presently, parking is allowed on the north side of the 

street only. This would have to be removed. This street provides a route in- 

to campus from the north end of the residential section east of campus and 

could tie in with Petticoat Lane for route continuity through the campus. An 

alternate to this design would be a shared roadway design. The intersection 

with Manhattan Blvd. presents the same problems as the Vattier-Manhattan inter- 

section and should be solved in the same manner. 

Eleventh Street has adequate width for on -street bike lanes from Bertrand 

to Poyntz. This route provides access to Aggieville and to the City Park. 

At the intersections of Eleventh and Bluemont Avenue, and Eleventh and Poyntz 

Avenue, signals are available for the safe crossing of these two main arter- 

ials. Pedestrian -bicycle paths will be required at these intersections. 

Parking will have to be prohibited from the street. 

Fourteenth Street (Poyntz North to Anderson): This street has adequate 

width to provide on -street bike lanes. It provides a route into campus from 

the south and gives access to the City Park. At the intersection of Fourteenth 

and Anderson, pedestrian -bicycle paths should be provided. This street hes 
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some bad curb inlets that should be repaired to allow bicycles to ride over 

them with the least amount of difficulty. Parking will have to be removed 

from the east side of the street. 

Laramie Street (West from Manhattan to Sunset) will intercept bicycle 

traffic corning from the south to the campus and tend to funnel this traffic 

through the protected intersections at 14th and Anderson, and the "16th Street 

Addition" and Anderson. This should help eliminate bicycles from the high 

volume section of Anderson from Manhattan to Sunset. Due to the high pedes- 

trian activity around the Christian College and the narrow width of Laramie a 

shared roadway with devices to restrict through vehicular traffic is recom- 

mended. 

Moro Street (East from Manhattan to llth Street): This, through Aggie- 

villa, is a heavily used bicycle route. Bicycle lanes should be provided by 

eliminating parking from one side of the street. 

Sixteenth Street Addition: A two-way combination pedestrian -bicycle 

trail should be constructed running from Laramie to Anderson, between 1623 

Anderson and 1627 Anderson, where now exists only a sidewalk. This trail 

would allow a direct entrance to campus from the south, passing just east of 

the Student Union. Because of the large volume of traffic on Anderson, a push- 

button type traffic signal should be installed to allow the bicyclist and 

pedestrians a safe crossing. 

Sunset: Sunset North from Laramie has adequate width, good surface, and 

on -street parking. On -street bike lanes should be constructed on this street. 

It ties into Jarvis Drive and College Heights which provide direct access to 

the University, and intramural fields, for the large number of students that 

live near the route. Pedestrian -bicycle paths will be required at the inter- 

section of Sunset and Anderson. Like Laramie, this route will tend to inter- 
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cept bicycle traffic approaching the University and direct it onto College 

Heights. 

College Heights Road: College Heights, although a little steep, meets 

the design criteria on adequate width and surface for on -street bike lanes. 

Further it provides a direct route to the University which would accommodate 

the many university students who live along this route in fraternities and 

sororities. The completion of construction on Dickens will probably increase 

traffic on that street to such a degree that a traffic signal will be required. 

In the interim, College Heights should be signed with a yield or stop sign and 

Dickens signed with bicycle crossing. signs. 

Jarvis Drive (Claflin to Jardine Drive): Jarvis is principally an ex- 

tension of the Sunset Ave. route. It will provide a westerly approach to the 

University for the many students in the University's married student housing 

complex. 

The Dickens - Jardine Drive route from Wreath to Mid -Campus Drive provides 

an excellent east -west route for many uses. It provides access to CICO Park, 

services Marlatt Elementry School, and provides a bicycle link through the 

university for the northwest section of the city. Dickens from Wreath to 

College Avenue should be provided with bicycle lanes. A bicycle trail should 

be built to connect Dickens with Jardine Drive. A two-way, off-street bike 

lane should be constructed on the South side of Jardine from University to 

Mid -Campus Drive to complete the route. 

College Avenue: College Avenue from Claflin to College Heights has ad- 

equate width and a good surface for on -street bike lanes. It also has at the 

present time, parking eliminated from both sides of the street. From Claflin 

to Dickens Avenue a new pedestrian -bicycle path could be constructed on the 

east aide of College Avenue. Later phases will extend this path to Kimball Ave. 
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North Manhattan: On North Manhattan Avenue from McCain Lane to Claflin 

there is adequate room on the east side of the street for a separate two way 

bike trail. This path would provide access to the University for the many 

students in that area. 

Campus-New Routes 

Claflin: Claflin from Denison to North Manhattan Avenue has adequate 

space on the north side for a pedestrian -bicycle path. This would provide a 

direct path through the campus. The intersection of North Manhattan and 

Claflin should receive special consideration with possible signing and marking. 

From Claflin to Denison, along Mid -Campus Drive, there is adequate room for a 

two-way bicycle trail on the northeast side of the street. This path should 

be connected to a bicycle trail running on University land parallel to Denison, 

from Mid -Campus Drive to Kimball. This path would provide access to the new 

Veterinary Medicine Complex, Jardine Terrace, and the intramural fields. 

The present streets and some of the wide sidewalks on campus can be used 

as bike lanes and trails because of the low volume and the low speed traffic 

that is now using them. 

Phase II 

Yuma (Second West to Tenth): This street has adequate width (30 ft. of 

usable space) fur on -street bike lanes. Parking will have to be removed from 

the north side of the street. From Tenth Street West to Seventeenth, Yuma is 

39 feet wide, which would provide excellent space for bike lanes. Parking 

would have to be prohibited at all times on Yuma. This route provides access 

to Long's Park and to the Douglass Center. 

Fremont (Third to Fourteenth): This road has good width (33 feet of usable 

space) for on -street bike lanes. It also has a very smooth surface. Parking 
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will have to be removed from the north aide of the street. This street pro- 

vides access to Aggieville and the park. We feel Fremont is better than Moro 

and Laramie because of the condition of its surface and extra width, although 

it is not as direct a route into Aggieville. 

North Manhattan Avenue (Fremont to Laramie): 

and a very good surface for on -street bike lanes. 

Aggieville from Fremont. 

Jardine Street Number Three (East from Jarvis 

This road has adequate width 

It would provide a route into 

to Athletic Dorm parking 

lot): On the north side of the street there is enough room to put a separate 

trail between the street and the tree line. 

Just west of the Athletic Dorm, on top of the ridge, would be the last 

leg of the route to intramural fields, etc. A bike trail could be constructed 

to lead directly to the complex from the intramural fields. A route to Denison 

from this area should be provided. Another bike trail can be placed on the 

north side of the parking area at the complex. 

College Ave. (North from Dickens to Kimball): The pedestrian -bicycle 

paths on College Avenue should be extended to provide bicycle access to major 

athletic events. 

Kimball Ave. (West from Denison to College Ave.): Kimball Avenue has suf- 

ficient space on the shoulders to provide for bicycle lanes. This section 

would complete a loop of the K.S.B; athletic fields providing for bicycle 

traffic to major events. 

Browning (Nevada to Kimball): This road should be widened to 36 feet 

and curbing should be constructed. Presently, Browning is 36 feet wide from 

Dickens to Nevada and has adequate space for bike lanes. If the road is widen- 

ed further north, bike lanes could be installed to provide a route to Marlatt 

School; 
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Beechwood Terrace (South from Dickens to the West Loop Shopping Center): 

This route will connect the West Loop Shopping Center, a major generator, to 

the bikeway system. 

Vattier Street (East from Juliette to 3rd Street): The Vattier route 

should be extended to the light commercial area on 3rd Street. 

Poyntz Avenue (West from 14th Street to Sunset Ave.): The Poyntz route 

should be extended to provide an easterly approach to the highschool. A con- 

siderable desire for bikeways to the highschool was indicated by the students. 

Sunset Avenue (South from Laramie to Poyntz): Extension of the Sunset 

route will provide a northerly approach to the highschool. 

Phase III 

The Linear Park Network, previously proposed, is an excellent opportunity 

for a recreational bike trail. In the final plans for the Linear Park, pro- 

visions for a bike trail system, as proposed in the study Bicycle Paths by 

the Planning Department, City of Manhattan, should be incorporated (ti). 

Another recreational system that should be investigated thoroughly is the 

R(W of the Old Union Pacific Railroad. This would provide an excellent bike 

trail to Tuttle Creek Reservoir. An alternate route to Tuttle Creek is Case- 

ment Road. This road would have to be widened before it could be used for on - 

street bike lanes. When the new bridge over the Blue River is designed, pro- 

visions for an adequate bike path should be included. Use of the right-of-way 

may provide a separate bike trail. Another alternative for the route to Tuttle 

Creek is the use of Tuttle Creek Boulevard. The shoulders of the highway could 

be used for bike trails. This route would provide an additional link between 

the Northview Area and Manhattan proper. 

New Bridge over Kansas River: The final plans for the bridge should in- 

clude a one-way bike lane. On the old bridge, one of the sidewalks could be 
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utilized as a bike lane, leaving the other walk for pedestrians. The bridge, 

as it stands now doesn't have enough room for a bike lane. If this is adopted, 

it would provide o route southeast of Manhattan. The important thing to note 

is that plans should be made now for lanes on the new bridge. 

An on -street bike lane or, if possible, a seperate bike trail on the RAT 

of South Manhattan Avenue should be installed to provide the residents of 

Hunter's Island access to Mhnhattan proper. 

Planners should be aware that bicycling is becoming more popular. With 

this in mind, provisions for the bike trails or lanes should be included in the 

plans for any new development in or near the City of Manhattan. 

Kimball Avenue (West from College to Wreath): The Kimball route should be 

extended west to CICO Park. In addition to serving the park, this route will 

provide a grade separated crossing for Seth Child's Road (K 113), a bicycle 

route to Marlatt School Annex, and a bicycle link to the city for the expanding 

northwest section of the city. 

Anderson Avenue (West from College Heights to Wreath): An Anderson route, 

while expensive, will yield three benefits: (1) It provides a direct bicycle 

route to the West Loop Shopping Center, (2) it provides a second grade separat- 

ed crossing of Seth Child's Road, and (3) it provides for bicycles on one of 

the two logical routes to link the area Southwest of Wildcat Creek to the city. 

Northviow Area 

Griffith Road: This road has good width (30 ft. of usable space). Park- 

ing will have to be removed from the north side of the street. Inlets will 

have to be reworked and grates provided. There are a few rough spots. This 

road has access to Northview School, the new swimming pool, and the softball 

diamond. On -street lanes can be installed on this street. This route should 

be extended one block north on Tuttle Creek Blvd. to provide a link to the 
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Blue Hills Shopping Center. 

Hayes Drive (Casement Road South to McCall Road): This road has good 

width for on -street bike lanes (30 feet of usable space). There is no park- 

ing. This road is in very poor condition and would have to be repaved before 

a bike lane could be effectively utilized. This road provides the only feas- 

ible route for people in the Northview area to get into Manhattan proper. 

McCall Road .(Ilayes Drive to Bluemont Avenue): This road connects Hayes 

Drive to Bluemont Avenue. This could be extended to Wal-Mart Shopping Center. 

It finishes the loop from Northview to Manhattan proper. This road will have 

to be widened to provide on -street bike lanes. 

To provide the cyclist in the Northview Area a feasible route into Man- 

hattan proper, Hayes Drive will have to be resurfaced and McCall road West 

from Hayes Drive will have to be widened. 
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COMPUTERIZED ROUTES 

There is, in addition to the route system that we designed, a comput- 

erized route plan that we received from William L. Smith and Jerry S. Murphy, 

consulting engineers in the firm of Van Doren, Hazard, and Stallings, from 

Topeka. We used this computerized plan as a type of check on our plan. Their 

design was based upon five parameters (values for which we furnished); grade, 

cost, street characteristics; systems continuity; and node access. The values 

for these parameters were run through a computer, and each street (the com- 

puter was not used to determine possible bicycle trails) was rated accordingly. 

The streets which were finally chosen by the computer are shown in Figure C. 

The computerized plan differs in some respects, but is similar overall to 

our design plans. One of the differences between the plans is whether or not 

to use Poyntz Avenue or to use parallel side -streets, Houston end Pierre. Our 

plan would call for two bicycle lanes on Poyntz, while the computerized plan 

calls for one-way lanes on Houston and Pierre Streets. We feel that the Poyntz 

route is superior because of its direct access to the downtown area, and be- 

cause of its width. We also believe that, even though the volume of traffic 

may be heavy, the slow speed (20 m.p.h.) of the motor vehicles will help con- 

siderably to reduce possible hazards at intersections. It also seems reasonable 

to believe, that most bicyclists would prefer to travel in both directions on ' 

the same street, rather than to ride one or two blocks out of the way to change 

directions. 

Another difference in the plan is the use of Twelfth Street versus using 

Eleventh Street for on -street bicycle lanes. We are aware that Twelfth Street 

allows direct access to Aggieville and to the City Park, but it does not have 

traffic signals at its intersections with Poyntz and Bluemont. If this street 

were used for on -street bicycle lanes, a traffic signal would have to be in- 
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stalled. This is a needless expenditure of money, since Eleventh Street al- 

ready has a traffic signal and it also meets the design standards for on -street 

bicycle lanes. 

One other basic difference between the plans is whether to use Juliette 

Ave. or Eighth Street for bicycle lanes. We feel that because of its greater 

width (5 feet) and because of it having traffic signals at each major arterial 

intersection, Juliette Ave. is best suited for on -street bicycle lanes. 

The two plans have some basic differences, but in general, the computer- 

ized plan checks with the design plan for route locations. 
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Parking Facilities 

Every complete transportation system must have some sort of terminal f a- 

cility. For a bicycle, the necessary terminal facility is simply a bicycle 

rack. This facility, while low in coat, is invaluable to a bikeway system. 

The bicycle rack functions: First, as a stable parking facility where the 

cyclist can leave his vehicle to avoid any damage occurring to it from fal- 

ling over; second, as a fixture to which the bicycle may be chained to pre- 

vent theft, and third, as a means of providing a parking space which will not 

conflict with pedestrian, auto, and bicycle movements. 

None of the following racks have any distinct theft -proof advantage, as 

almost any bicycle can be liberated with a pair of boltcutters. The purpose 

of these racks is to keep a passerby from climbing on a bicycle and riding off. 

A near theft -proof rack can be purchased (the cyclist furnishes only the pad- 

lock, not the chain) but it is economically unfeasible on a project of this 

nature, as it costs $20.00 to $25.00 per stall. 

The bicycle rack recommended for the downtown area and Aggieville is 

manufactured by Ron Bales, Inc., Emporia, Kansas (See Figure ID). This rack 

comes in eight and ten foot sections and costs $72.00 and $89.00 respectively. 

The eight foot section will fit in the parking space provided for one car and 

will park sixteen bicycles. No holes need be made in the pavement as the rack 

is not anchored on posts. The ten foot section could be used in parking lots 

where more room is available. The ten foot section parks twenty bicycles. 

The steel post rack (used by housing at K.S.U.) is a very economical and 

versatile method of parking. The rack consists of a regular steel fence post 

with a small ring set in one flange (See Figure 2D). The rack parks two bi- 

cycles for about three dollars. One major advantage to this rack is that it 

can be pulled and moved to another location as demand changes. 
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Several other racks were looked at and although these were not specified, 

they might serve as alternate solutions. One of these, is the chain rack used 

et K.S.U. (See Figure 3D). It consists of 2! feet of chain spanning two posts. 

This rack is practically maintenance -free and costs only about $35.00. It 

provides room for approximately twelve bicycles. This rack might be a good al- 

ternate solution for the parks. It was not specified for street -side park- 

ing because the posts might represent a hazard to the motorist. 

The University of Iowa has used an excellent bicycle rack (See Figure !1D). 

It parks twelve bicycles for about $100.00. Very little maintenance is re- 

quired for this rack. Trash and leaves can easily be raked from beneath it. 

One of the circular tree type racks that are common in Europe has been 

built at K.S.U. (See Figure 5D). This rack has space for eight bicycles and 

can be built for approximately $125.00. Trash and leaves way accumulate be- 

neath it making it more difficult to maintain; however, it offers the distinct 

advantage of being able to park several bicycles in a congested area. This 

rack seems to be very popular with the student as there are usually several 

bicycles parked in it. 
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Parking Recommendations 

Downtown 

The downtown area has a bicycle traffic count of 440 vehicles per day. 

These trips are mainly work and shopping trips, with about twice as many be- 

ing work trips. Multiplying this number by 1.5 to arrive at a future demand 

and dividing by the 4 hours when most traffic occurs,' results in 160 bicycles 

per hour. These bicycles could best be parked in the Bales 8 ft. rack. This 

rack could be placed in an average size parking space and would accommodate 

up to 16 bikes. A total of ten racks would be needed. Locations recommended 

are as follows: one per block between Second and Sixth Streets on the south 

side of Poyntz; one per block between Second and Fifth Streets, along the north 

side of Poyntz; two located on Houston between Penney's and Sears, and one 

located in the city parking lot west of the Federal Building. 

Aggieville 

The expanded bicycle count in Aggieville is 657 bicycles per day. By 

using the 1.5 factor to obtain the future demand and dividing by the 6 most 

traveled hours, the traffic volume becomes 164 bicycles per hour. Since 

Aggieville is so close to the college and to much of the student population, 

the length of the trip should be shorter. If we assume the average time the 

bicycle is to be parked to be about 40 minutes, we would need to park 110 bi- 

cycles. This could be done by using seven of the Bales 8 ft. racks. 

The locations for these racks would be one per block on both sides of 

libro between North Manhattan and Eleventh; one located on the east side of 

North Manhattan south of Bluemont, and two located in the city parking lot 

south of Bluemont. 
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2117 Park 

The expanded bicycle count for the City Park is only 84; however, the 

survey was conducted on a weekday when the bicycle volume to this area is 

. not large. Also, the survey was conducted in the spring before the swimming 

pool WDS open. Bicycle parking could be handled with the steel posts similar 

to those used at K.S.U. A ball park figure to start with may be 25 (50 bi- 

cycles). More could be added if the demand were greater. 

CICO Park 

Parking should be provided at CICO Park. This class has no information 

of relative numbers due to the fact that our survey was conducted in the 

spring before CICO was in use. 

Schools 

It is the responsibility of the schools to provide adequate bicycle park- 

ing for their students. 
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Lersel Considerations of Bikeway Development 

There are certain legal considerations which are associated with the 

development of the proposed bikeway system. The Manhattan bicycle ordinances 

were obtained and reviewed to determine if they were adequate for the pro- 

posed system. lie feel that the existing Manhattan bicycle ordinances must be 

altered to keep pace with the proposed plan. These alterations can take the 

form of amendments and new ordinances to insure the proper implementation of 

the plan. 

The amendments and new ordinances concern the physical development of the 

Manhattan bikeway system, the safety and welfare of Manhattan people, and pre- 

vention of bicycle thefts. Legislative proposals from many cities across the 

nation were studied. Ideas were gathered from these proposals end were cor- 

related with the uniqueness of the proposed Manhattan bikeway system to arrive 

at recommended regulations for Manhattan bikeways. 

Bicycle laws which are difficult to interpret and hard to understand can 

cause problems with obedience and enforcement. The Manhattan bicycle ordinences 

are not specific in reference to the traffic laws applying to persona riding 

bicycles. Such an ordinance is an essential foundation for other laws. An 

ordinance similar to one stated in the Uniform Vehicle Code (15) would clearly 

state this. 

Bicycle lanes separate flows of motor vehicle and bicycle traffic, and 

reduce mid -block car -bike accidents when used properly. Bike lanes provide a 

sense of security for both the bicyclist and the motorist along with improving 

flow of vehicle traffic by removing bicycle traffic from motor vehicle lanes. 

In order to ensure that bicycle lanes are respected, ordinances will have to 

be enacted that will prohibit motor vehicles from driving in designated bike 

lanes. Also it is recommended that cyclists be prohibited from riding in traf- 
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Preface 

The Civil Engineering Design Project class was formed and organized in 

order to gain practical experience and knowledge in project planning that would 

be useful to the students in their professional careers. The procedure the 

class will use is as follows: 

1. To practice a methodical approach for attacking en open-ended 
problem.' 

2. To define, solve, and then submit our arrived at solution to 
a problem originating outside the classroom. 

3. To work as a team in accomplishing a given goal. 

This class is composed of students in Civil Engineering and Landscape 

Architecture. Consultation is available from the faculty and individusla knowl. 

edgeable within the realm of the problem. 

The class agreed to investigate the possibility of a bikeway system for 

Manhattan, Kansas. 
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Definition of the Problem 

Local law enforcement agencies have registered over 4,000 bicycles. They 

estimate this to be roughly one-third of the total number of bicycles in Man- 

hattan. 

While a network of roads, streets, and highways have been built to accom- 

modate the private automobile, these only marginally provide for the bicycle. 

Add to these the advent of the "energy crisis", environmental awareness, rising 

inflation, and a public demand for recreational facilities; this class feels a 

bikeway system in the City of Manhattan is worthy of consideration. Two bike- 

way studies have already been proposed for Manhattan. While neither of these 

has been adopted, they do indicate an interest in bicycle transportation. 

Background Research 

Prior to this proposal, the projects class has spent six weeks in back- 

ground research. This has been research not only in the problem area itself, 

but also in the methods of how to approach the problem. The information gath- 

ered has come primarily from previous studies of bikeway systems in 
many cities. 

Additional information was acquired from discussions with quest speakers. 

Goal and Objectives 

The goal of this projects class is to design a safe and effective bike- 

way system suitable for the community of Manhattan, Kansas. 

Objectives 

Our objectives, the steps we feel will be necessary to accomplish our 

goal, are the following: 

1. Define a bicycle system. A bicycle system is more than just the rider 

ari=7/71777177YEere are Ifigal considerations, financing, design 
criteria and other matters which must be considered. A full defini- 

tion of the system will be necessary so that we can fulfill all its 

needs with our proposed solution. 
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2. Determine the need. How many people want, and would use a bicycle 

1377371117ranhattan? Where are bicycle riders going and where are 

they coming from? What type of trip; recreational, commuter, shop- 

ping, etc., should we provide for? The answers to these questions 

end others will aid in defining the bikeway needs Of Manhattan. 

3. Plannirg and desien criteria. Planning criteria must be established 

TrivaluaLW-71:075711= sufficient to warrant the economic ex- 
penditure necessary for construction a facility or portion of a fa- 

cility. Design standards must be determined to control the design 

of the system so that the system pill be within the physical cap- 
abilities and limitations of the bicyclists. 

14. Financing. Federal funds are presently available for some bicycle 

CarcIfires. Those shall be investigated and recommendations made so 

that as much of the proposed system as 'possible will be able to 

qualify for Federal funding. The availability of state funds will 

be investigated in a similar manner. The matter of local funding 

will be researched and a recommendation made also. 

5. Phased construction. The construction of a complete project et one 

i is sa.61Eil possible. We will plan and design a comprehensive 

bicycle system, but will likely rocorrnend a phased construction plan. 

This will be based not only on the magnitude of need, but also on the 

availability of funds. 

6. Mort and presentation. A written report will be made which will 

show rg-1%ults of our investigations. Further, it will contain a 

recommended plan with recommendations for possible phased construc- 

tion and implementation. 

Planning and Design Criteria 

Planning Criteria 

The location and extent of the bikeway system will be dependent upon (a) 

estimates of usage by bicyclists (b) the need for continuity in the bikeway 

network (or system) (c) safety considerations for bicyclists, vehicular traffic 

and pedestrians (d) physical constraints (particularly grades) (e) costs vs. 

benefits. 

The decision, by the City of Manhattan, to provide a bikeway system could 

be based simply upon "demand" by bicyclists for certain routes from home to 

generator. On the other hand, it may well be that provision of "bicycle mobil- 

ity" as part of the transportation system for the citizens of Manhattan may be 

reason enough for provision of bikeways. 
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Design Criteria 

Design criteria will be adapted for control and evaluation of proposed 

plans. These will be selected primarily from current design criteria estab- 

lished for other areas in the United States. These, however, will be care- 

fully screened to determine whether they are suitable for Manhattan. 

Demand Study 

Normally, a denand study is conducted before designing begins. In this 

way, the project design can be based on actual demand or need. 

The length of time available for this study does not allow us to follow 

this procedure. We, therfore, propose to locate and design the bikeways by an 

inductive logic method (see inductive logic, page E7) and then check the loca- 

tion and design with the results of the need study. Areas of disagreement can 

then be adjusted. 

Most articles and publications on bicycles recommend some method of de- 

termining the need for bicycle lanes. The following list is indicative of the 

type of methods suggested: 

Bicycle sales 
Bicycle tire sales 
Bicycle registration 
Questionnaire 
Previous surveys 

The first three methods will give a good indication of the total amount of 

activity, but they do not give any indication of where the bicycles are being 

used. The Manhattan police registered over 4,000 bicycles in 1973, but they 

estimate that this figure represents only 30% of the bicycles in the city. A 

search for past surveys yielded nothing. This leaves us with only one suit- 

able solution: conduct a survey. 

A user survey was conducted in Iowa City. There they blanketed the city 

by leaving a questionnaire on every bicycle. This was done in one day which 



was a typical bicycling day. It required the coordination of many service clubs 

to distribute the questionnaires. This approach resulted in a 90% return of the 

questionnaires. This method was considered for our study, but we feel that cold 

weather has reduced bicycle use to a level which would yield poor results which 

will not be indicative of the normal level of bicycle usage in this city. We 

have decided, therefore, to conduct a telephone survey. 

The questionnaire will be a typical origin -destination (0-B) study. It 

should answer questions about who is riding and where they are riding. Further, 

it should show the relationship of bicycle usage to other modes of travel, as we 

will be collecting data on tripe by all modes: Auto driver, auto passenger, walk- 

ing, bicycling, bus and taxi. 

General information will be collected as well as pertinent 0-D information. 

We will attempt to determine the following: 

A. Number of bicycles in Manhattan. 

B. Do the residents want a bicycle system? 

C. Who would use the system? 

1. High School students 
2. Grade School students 
3. College students 
13. Commuters 

D. Are the cyclists themselves willing to financially support the system? 

E. What are the reasons they don't use bikes now? (Perceived safety, no 
bike, etc.) 

Many articles stress the importance of "latent bicycle demand." Nest 

areas which have constructed a bicycle lane system have discovered that bicycle 

usage has increased immediately upon completion of their system. They feel that 

this happens because many people would like to ride bicycles, but do not feel 

it is safe until a system is constructed. We will attempt to assess latent bi- 

cycle demand in Manhattan by asking which of the trips the people have taken by 
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another mode would have been taken by bicycle if a bicycle lane grate= were al- 

ready established. 

Zones for the survey will be selected on the basis of land use. In this 

way, major traffic generators can be isolated in separate zones and the amount 

of bicycle traffic to those generators can be estimated. The zones will also 

be coordinated with the public school zones so that school bicycle traffic can 

be clearly established. Zone populations will be determined from the 1970 

census, which contains population data on a block -by -block basis for the City 

of Menhattan. 

The sample size will be five percent of the city population. This sam- 

ple will be expanded to the zone population of the 1970 census. Total trips 

will be compared with the 1963 origin -destination study for Hanhattan and the 

population of children within school zones will be compared with school enroll- 

ment. The total number of college students will be compered with college en- 

rollment. The data from each zone will be adjusted to obtain the best fit 

with the comparative data. 

The trip data thus obtained will be plotted as a desire line map. The 

desire lines are are actually the ideal least time path for the bicyclists. 

These need only be adjusted to meet the existing street and geographical con- 

straints, and bicycle lane network constraints. The section of the network 

which most closely follows the desire line can be assigned the traffic from 

that desire line. Adding the traffic for each desire line will yield the an- 

ticipated traffic volume for each segment of the bicycle network. Phase con- 

struction of the network can then be recommended on the basis of need as well 

as network considerations. 

It should be noted at this point that some members of the Local Chapter 

of American Association of University. Women (AAIJW) have agreed to assist our 

class in this project by helping to conduct the 0-D study. Their interest in 
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bicycling is an extension of this year's study program on environmental prob- 

lems and solutions. 

Inductive Logic Approach 

The Inductive Logic Method Was introduced by Mr. Jerry Murphy, on the 

staff of Van Doren, Hazard and Stallings, a consulting engineering firm in 

Topeka, Kansas. 

The Inductive Logic approach is basically the same system devised by Mr. 

Murphy's firm in determining the location of highwgy corridors. Mr. Murphy 

has indicated that his firm wishes to test this method in locating bicycle lanes 

and in return has offered us their expertise and services. 

The method works on the principle of measuring the least social cost to 

the environment and the maximum benefits that the system will provide. Models 

will be furnished to the class by Mr. Murphy in order for the class to gather 

thedatanecessary in deriving the measurements. At present the class has been 

asked to study two importent elements; the trip generators (Pieces or )-rtitsa 

which attract bike riders) and the streets. The streets will be broken down 

into three categories: Local, collectors, and arterials. Local streets are 

those that serve individual homes end neighborhoods and have the least vehic- 

ular use. Collectors gather the traffic from the local street and carry it to 

the arterials, the streets whose principal purpose is to move people and goods. 

Logically, streets with the heaviest vehicular traffic arterials will be avoided 

while streets with the lightest traffic, local streets, would be preferred. 

Other elements taken into consideration in this approach will be as fol- 

lows: 

1. Grade - the amount of steepnees of a siope. 

2. Safety - protection of bicyclist, motorist, and pedestrian. 

3. Travel time - the time one will spend to go from one place to another. 
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4. Mode interface - interaction between one mode of travel to another. 

5. Aesthetics - pleasing to the eye and the surrounding environment. 

6. Reduction of pollution - less air and noise pollution. 

7. Cost - amount of construction cost. 

8. Standards . the standards necessary to meet present and future 
conditions. 

9. Level of service - the provision needed for health, welfare, and 
safety of the bicyclist. 

Planning a bikeway is a fairly new concept and the possibility of select- 

ing a perfect bikeway to meet all the needs of all the people in one plan is 

pretty remote. The class will therefore design a bikeway which we feel would 

meet the conditions that have been previously sot. The class will use the in- 

formation gathered by the inductive logic method and design accordingly. At 

the same time the same data will be sent to Br. Murphy's firm so that it may be 

key punched. Computerized models will make use of the information and will in- 

dicate, hopefully, the most desirable bikeway routes. This will serve as a 

check with the class's plan and by overlaying the two, will come up with a 

composite plan. The information supplied by the demand survey will then be 

incorporated in order that the plan will meet the needs brought out in the 

demand survey also. 

The final plan will then be selected and specific recommendations loped 

out, all to be presented in the final presentation. 

A time schedule has been constructed and will be closely followed in 

order that the project can be brought to completion within the allotted time. 

With the aid of a flow diagram, the basic steps in our procedure can be kept 

in order. A time schedule end flow diagram are attached. 
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ABSTRACT 

A bikeway system for Mnhattan, Kansas was designed. Bikeway routes were 

selected on the basis of node access, and feasibility within the existing 

street network. A demand study was conducted to determine bicycle move- 

ments throughout the city, and to determine public opinion on bikeways 

and related matters. Phased construction was recommended and phases were 

selected on the basis of the priorities established by the demand study. 

Support facilities and functions (education, enforcement, ordinances, etc.) 

were recommended. Design criteria appropriate for the City of Manhattan 

were selected. 


