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BACKGROUND 

Introduction 

This document is a program for plan

ning and designing a tire manufacturing 

plant for the Michelin Tire and Rubber Com

pany. Michelin with a French origin has 

expanded worldwide in eleven countries in

cluding several plants in production in 

the U.S. Michelin is still growing and supplementing the 

world's demand for high quality steel-belted radial tires. 

A Chicago consulting firm working for Michelin has research

ed and analized several south-western U.S. states choosing 

Texas for siting a tire molding plant and two supporting 

plants. Final selection chose Lubbock to site the tire 

molding plant and Temple and Midland for supporting plants. 

This program presents data and guidelines for the Lubbock 

Molding Plant owned and operated by Michelin Tire Manufac

turing Division. 

History 

The Michelin Tire Corporation had its beginning in 

France, earlier known as the Michelin Group. Michelin was 

first to market the radial-ply tire in the United States. 

This began shortly after World War II as an imported pro

duct from Europe. In 1950 Michelin incorporated in Lake 

Success, New York which today is its headquarters for the 

1 
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Commercial Division of Michelin Tire Corporation in the 

United States. 

On August 24, 1973 Michelin broke ground for two plants 

on a 290-acre site at Sandy Springs, South Carolina. In 

January of 1974, Michelin's first training center away from 

its mother soil in Europe was established in Greenville, 

South Carolina. In 1975 the first Michelin tire bearing the 

words "Made in the U.S." was produced.^ 

The latest radial tire plant was scheduled for comple

tion late 1979 in Dothan, Alabama. Michelin's most recent 

plans announce three new plants in Texas of which this pro

gram pertains to one of those announced.^ A steel cord 

manufacturing plant to be constructed at Temple, Texas and 

a rubber mixing plant to be constructed at Midland, Texas 

will ship their respective materials to the radial tire 

plant to be constructed at Lubbock, Texas. All three plants 

are on-stream in 1982, Michelin announced. The Lubbock 

Molding Plant will produce the final product, the steel-

fielted radial tire. 

Project Needs 

Michelin tire manufacturing in the United States is 

comparatively young with respects to some of the U.S. tire 

1"Michelin Corporation To Locate in Hub". Greater 
Lubbock, December 4, 1979f page 4. 

2"Michelin Will Add Three U.S. Plants". Rubber World. 
June 1979f page 25. 
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companies, Goodyear-l899i General-1915. Firestone-1900, and 

others. Michelin tire manufacturing began in Europe in the 

1890's. In 1948 Michelin marketed the first radial tire 

fifteen years before any other manufacturer. Due to this 

and their technology, Michelin has produced only radial 

tires and has been the world leader in radial tire design 

and performance. In the U.S. as of I98O Michelin has only 

three tire manufacturing plants. Two plants in South Caro

lina, Greenville and Spartanburg, and the newest plant in 

Dothsin, Alabama. Amoirng the U.S. leaders in tire produc

tion, Firestone has eleven plants, Goodyear has six plants, 

General has six plants, and Uniroyal has five plants. 

Michelin produces only radial tires, where as all 

other U. S. manufactures produce bias-ply and bias-belted 

as well as some radial ply tires. Tire trends are moving 

more so to the radial tire. Of 5^*5 million original equip

ment (OE) passenger car tires in 1978» 39 million were radial, 

10.2 million were bias-belted and 7*3 million were bias-ply. 

In the same year as estimated 147 million replacement pass

enger car tires were shipped. Radials accounted for 6I.7 

million, bias-belted numbered 33.8 million, and bias-ply 

numbered 51.5 million.^ In 1979. of as estimated 51 million 

OE tires, 38.7 million were radial, 4.6 million were bias-

^"1978 Tire Industry Facts". Modern Tire Dealer. 
Akron, Ohio, Hartman Communication, January 2^, 1979. 
page 26. 



belted, and 7.7 million were bias-ply tires. In that same 

year an estimated 135 million replacement passenger car 

tires were shipped. Radials accounted for 64.7 million, 

bias-belted claimed 25.7 million, and 44.6 million were 

bias-ply. 

OE 69 ?S 
radial 

13 % 
bias ply . bias 

18 % 
belted 

In 1978 from 5^*5 million tires 

7.3 million bias ply 
10.2 million bias belted 
39.0 million radial 

Replacement 

42 % 
35 % 7'\ cof radial 

bias ply , . ''J\. , ^ •̂  bias belted 

radial OE 

9 % 15 % 

"^hff.lll bias%glted 
" i i i i i m i n i n i i 

In 1978 from 147 million tires 

51.5 million bias ply 
33.8 million bias belted 
61.7 million radial 

In 1979 from 51 million tires 

7*7 million bias ply 
4.6 million bias belted 
38.7 million radial 

Replacement 

33 fo 
bias ply 19 % 

bias belted 

M 

48 % 
radial 

n 
In 1979 from 135 million tires 

44.6 million bias ply 
25.7 million bias belted 
64.7 million radial 

Table 1—1978 & 1979 Tire Construction 

^"1979 Tire Industry Facts". Modern Tire Dealer. Akron, 
Ohio, Hartman Communication, January 28,1980, page 26. 



From the statistics over the past three years pass

enger tire construction types resulted as shown in Table 2. 

1979 

1978 

1977 

bias-ply 

bias-belted 

radial 

bias-ply 

bias-belted 

radial 

bias-ply 

bias-belted 

radial 

OE 

15f» 

9io 

7(>% 

13% 

18 fo 

69% 

10% 

22% 

68% 

Table 

Replacement 

2 

33% 

19% 

48% 

35% 

23% 

42% 

36% 

26% 

38% 

These results show the increasing trend of the radial tire 

over the bias-ply and bias-belted tires. By 1982 radial 

tires will have 90% of the original equipment and 65% of 

the replacement tire market. So in order for Michelin to 

keep up with the pace of the trend and competition it must 

build additional plants and supporting facilities in the 

U.S. 



Scope 

The Michelin Corporation has purchased a 510-acre site 

in the industrial business district of north-east Lubbock. 

The site is bounded by Farm to Market Road (F.M.) 2641 on 

the north, the Santa Fe Railroad and Municipal Drive on 

the south, Olive Avenue on the east, and Guava Avenue on 

the west. The plant will employ 1800 to 2400 persons. 

City of Lubbock 

Figure 1 

i.w Mrwug] 
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The Lubbock Molding Plant is expected to be Michelin*s 

largest tire producing facility to date. Greenville, South 

Carolina plant at full operation is producing 25,000 tires 

a day. The Lubbock plant will be capable to more than 

double that production rate. The Greenville plant is in 

excess of two million square feet of covered space. As 

much as one-half of the Lubbock facility may be required for 

storage aind warehouse space before the tires are shipped to 

distribution centers throughout Texas and the United States. 

In addition to the plant's main function of molding 

radial tires, the plant will provide facilities and ser

vices for: 

Proper security General offices 

Fire brigade Proper maintenance 

Rail service for shipping Technical equipment/ 

and receiving handling & process 

Truck freight service Testing product 

Cafeteria/kitchen Quality Control 

Traffic circulation Economical H.V.A.C. 

Site Implications 

The site for the tire plant readily offers these 

implications noted earlier from Figure 1. 

*510-acres is ample area for project. 

*Rail service is offered from southern boundary. 

*The site offers security in that there are no 
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immediate adjacent sites connecting. 

•The entire site is bounded by streets, roads, and/or 

railroads. 

*The site offers topography to allow required ponds 

for cooling and emergency fire protection use. 

*The site offers ease of access, but requires up grad

ing of adjacent streets to improve circulation through

out area. 

•Urban locating factors benefit plant and employees. 

Agglomerating forces aid the area.^ 

•Environmental conditions are favorable to economic 

factors of plant up-keep amd maintencnce. 

•Topography of land aids handling of westerly winds 

and sandstorms which are typical of the South Plains. 

•Site location east of the city is favorable for what 

polution level that will exist. 

•The site is within city utility services which may be 

utilized. 

Social-Economic 

Michelin chose Lubbock for the molding plant site based 

on findings of a Chicago consulting firm. The firm research

ed and analized several alternate sites within Texasj and 

•^Ruddell Reed Jr., Plant Location. Layout, and Mainten-
ance. (Homewood, Illnoiil Richard D. Irwin., 1967;, p. 4. 
Agglomerating forces--Those which tend to cause industry to 
gather densely in a limited area: factors favoring urbain 
location. 



9 

even several sites within the Lubbock area. The consulting 

firm pointed out that Texas has the 'Right to irt/ork* legislated 

in its constitution and has no corporate income tax which 

Michelin favored. Michelin favored the Lubbock and vicinity 

labor force and plans are to attract the required labor. 

Lubbocks Planning and Zoning invites an urbanization 

of industries within and around the city limits in certain 

zoned areas. The square mile of land containing the site 

has been annexed into the city's boundaries. This will create 

advantages to Lubbock and to Michelin. 

Lubbock's soil conditions favored heavy load require

ments for foundations where as an alternate site at Austin 

had failed. Lubbock's location is favorable to its transporta

tion routes to supporting plants planned for in Temple, and 

Midland, Texas. The supporting plants' location were based 

upon available resources in respective areas. The Midland 

site is known for its raw material of carbon black, styrene, 

and butadiene, which are all necessary to produce synthetic 

rubber. Rail service and interstate highways aid the trans

portation between the three plants. See Figure 2. Shown 

are the three plants involves in the production of Michelin's 

largest tire molding facility. Midland sites the rubber 

plant. Temple sites the steel cord plant. Lubbock sites 

the molding plant. Also shown are railways connecting the 

three plant locations. 

Lubbock will benifit from the plant in an economical 
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boost. Also this addition will aid to the attraction of 

still other industries to the Lubbock area. 

Amarillo 
O 

Lubbock 

Ft. Worth 

Lubbock-
Molding Plant 

Midland-
Rubber Plant 

Temple-
Steel Cord Plant 

OWaco 

Temple 

Houston 

Figure 2 

Goals 

Goals of the project, aside from molding quality tires, 

are directed at services to benifit the employee's morale 

and working conditions. Many new plants feel that increases 

in morale justifies the expenditures and result in increased 
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quality production." This plant shall be self-contained 

in that services provided shall render the plant self-suffi

cient from city services (other than local area utilities). 

Services to the plant will consider these safety and 

working conditions, man-power requirements and man utiliza

tion to compliment the worker as well as plant operation: 

Direct labor operations 

Group leaders and stewards 

Supervisors and foremen 

Storekeepers or crib attendants 

Shop planners, dispatchers, expiditors 

Time keepers 

Process technicians, engineers 

Inspectors, quality control 

Maintenance personnel 

Janitors, cleaners 

Shipping & receiving clerks 

Plant protection personnel—guards, firemen,safety 

Line executives 

Set-up men 

Material handlers or stockmen 

Toolmaking, conditioning machine repair people 

Attendants for auxiliary service equipment, 

power plant 

Trainees and instructors 

Food disbursment personnel 
7 

General office personnel' 

6James M. Moore, Plant Layout and Design (New York, 
N. Y.: The Macmillan Company, 1962), p. 273. 

7Richard Muther, Practice Plant Layout (New York; 
N. Y.: The McGraw-Hill Book Company, Inc., 1955). p. 27. 
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Design Process 

The production of quality radial tires is naturally 

the primary objective of the molding plant. To start pro

duction a desired volume is determined from the market de

mand data for the area the plant is to supply. After the 

volume of production is determined the production process 

will then follow. 

1. Plan the operationa necessary to process the 
materials into the finished product. 

2. Decide on proper sequence of the necessary 
operation. 

3. Select machinery and equipment required to 
perform each operation. 

4. Specify or sketch necessary auxiliary equipment 
such as tools, jigs, and fixtures. 

5. Procure production standards in terms of units 
per hour. 

o 

6. Write up data as a production routing list.° 

Qlbid. page 121. 
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ACTIVITIES ANALYSIS 

Operations of the Michelin Tire Plant 

have primary activities of producing a 

radial tire. Aiding the production are 

secondary activities which assist in carry

ing out tire production. Generally speaking 

these secondary activities are business 

offices and maintenance functions. In analysing the plant, 

the primary activities are listed in their sequence of op

eration. The secondary activities then follow as listed. 

Requirements of both activities lists are analized. Human 

relations and a manpower yardstick is explained for each 

job activity. 

Service 
Provided 

\/_ 

RECEIVING 
& STORAGE 

Business 
Offices 

Figure 3 

O'ower Plaint^ ^Secondary Activities> 

Maintenance 
> 

Ĵ  

PRODUCTION 
PROCESS 

14 

> 

\ / 

WAREHOUSE 
& SHIPPING 

PRIMARY ACTIVITIES 

^ 

Communication \^ 
iioxh Ways / 
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Primary Activities Identified 

Receiving materials 

Store and hold materials 

Convey material through the process 

Breakdown the masterbatch for component parts 

Mix rubber with fabric to maJce plies 

Mix rubber with steel wire to make steel belts 

Mix rubber with beadwire to make bead whoops 

Convey rubber through tread to make tire treads 

Tire Assembly 

Tire building machine assemblies components into the 

"green" or uncured tire. Store green tires ready for 

curing 

Vulcanization 

Green tire is placed in curing molds and simultaneous

ly impresses tread design 

Trim tire, buff, white sidewall, inflate, balance and ap-

pearrance inspection 

Uniformity correction machine 

Automatically measures tire in every dimension, and if 

necessary buffs minute quantities of rubber 

Prepare tire for storage by sorting to pallets 

Convey tires to storage 

Ship finished tire from plant 
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Secondary Activities Identified 

Quality Assurance 

Laboratory Testing 

Waste Control 

Maintenance 

Material Handling 

Circulation—Man Movement 

Office Activities 

CafeteriaAi'tchen Activities 

Medical Services 

Personnal Hygiene 

Plant Protection 

Security 

Fire Protection 

Parking 
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Primary Activities Analized 

Receiving--Able to take material from delivering vehicle 

be it railroad, truck, or other means. Able to re

late to storage area for material and supplies for 

production process. 

Storage Material—Receiving area related. Should relate 

also to production areas. Storage of materials is on 

pallets, spools, and rolls. Lab testing is also sam

pled on materials. 

Convey Materials Through Process—Uninterrupted conveyance 

thru production process. Movement from materials 

storage is trucked by pallet carrying machine and/or 

forklift. Materials are trucked to their process 

areas and kept in holding areas ready for processing. 

Breakdown The Master Batch—The rubber material is brought 

to the plant on pallets. The pallets contain a con

tinuous flat sheet of rubber called the Master Batch 

stacked in a wig-wag fashion. Holding areas for these 

pallets must allow a rotation of stock to utilize the 

oldest rubber first. The pallets of Master Batch must 

go through a final mix where additional blending is 

done and then passed through a roller die and formed 

into flat sheets ready for use in production for tire 

components. Tire componant parts have their own pro

cess beginning where all use the Master Batch rubber. 
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Some textile and steel components have their begin

ning at various areas to eventually all arrive at the 

tire assembly area. Each component process is a de-

psirtment of its own and has adequate storage for its 

initial material and then finished component. 

Tire Assembly—Tire assembly is where the tire first begins 

to take form. At the tire building machine all com

ponents must be constantly stocked and have a smooth 

flow in and around the building area. 

Vulcanization—Tire curing forms and vulcanizes the "green" 

tire into its final shape. This operation is fully 

automated with exception of the placement of the"green" 

tire on the top hat aind adjusting the curing time for 

a psirticular tire type. One operator may be in charge 

of twenty or more curing molds. Tires leaving the cur

ing molds are automatically dropped onto a conveyor 

which takes the tires to final inspection. 

Trim Tire and Buff—At final inspection tires are trimmed, 

inspected, and buffed. Trimming the pin vents from 

the tires require frequent floor sweeping. From the 

trimming machines tires travel by conveyors to inspect

ors who check the tires inside and out. Treads and 

beads are checked to see that tires meet quality stan

dards. White sidewall tires are transported to grind

ers where the black rubber is buffed off to expose the 
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right amount of whitewall. The pin vent trimming and 

the white sidewall buffing stations are the messiest 

stations of the plant. 

Prepare Tire For Storage--From inspection and trimming 

tires are sent along a conveyor to be sorted by type 

and size. After sorting the tires are stacked on pal

lets then stored in holding areas awaiting warehouse 

entry. 

Convey Tires To Warehouse—An automatic towline transports 

carts carrying pallets of tires into the warehouse. 

The carts pass by a computerized warehouse locator 

system. An operator types input into the system and 

sets the cart to switch off at a proper spur in the 

warehouse. Forklifts stack the pallets from the carts 

until shipment. 

Shipping From Tire Plant—At time of shipment the computer

ize locator system provides information as to tire 

type and size as well as location in the warehouse. 

Orders are pulled and the towline transports the carts 

to proper shipping areas. Shipping is done by both 

rail and truck. As tires are stored and shipped the 

computerized locator systems instgintly keeps warehouse 

inventory accurate and current. 
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To Length 
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Secondary Activities Analized 

Quality Assurance—Quality assurance performs inspection 

and endurance test on tires. Tires selected for en

durance testing will never leave the testing area. 

Test tires are checked for tread wear, puncture test

ing, variable speed checks, x-ray, and other test. 

Quality assurance uses test equipment designed to 

simulate all road conditions under all weather con

ditions. 

Laboratory Testing--Laboratory testing is used to assure all 

raw materials meet the standards set. Lab testing is 

done on samples of in-process components of the tire 

before it is ever built. 

Waste Control--Waste material is maintained by maintenance 

and janitorial departments. Most of the production 

areas stay relatively clean. The waste which is re

cyclable is sent back through the mixers and other 

scraps and defective tires are rendered unusable as 

tires then sold to companies which adapt the scraps 

to other uses. 

Maintenance—Maintenance is constantly necessary on pro

cess machinery and maintaining handling equipment. 

The maintenance department requires ease of access 

to machinery for repairs. Routine maintenance such 

as lubrication and cleaning must be easily performed. 



22 

Equipment location must be accessable to limit down 

time while making repairs. The maintenance shop work 

area should locate to minimize the people walking 

through it.9 it should have easy access to storage 

indoors as well as outdoor storage areas. Some plants 

prefer to have various trades located in separate shops 

scattered throughout the plant. Other plants prefer 

to have all trades located in one centralized shop. 

The very large plants find a compromise is best, in 

which a fully equipped central maintenance shop is 

located at a focal point in the plant and smaller spe

cialized shops are dispersed to critical points for 

quick service on minor repairs. Maintenance will al

so performs services of electrical repairs, mechsmical 

equipment—heating & cooling repairs, power plant op

eration, and other general plant and grounds upkeep. 

Maintenance will carry out services rendered by the 

plant engineers. 

Materials Handling—Materials handling as defined by the 

American Materials Handling Society is "the act and 

science involving the moving, paksiging, and storing 

of substances in any form." Throughout history mat

erials handling has been an art and only recently have 

9james M. Moore, Plant Layout and Design (New York, 
N. Y.: The Macmillan Company,I962), p. 411. 
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attempts been made to develop scientific approaches. 

Materials handling in the case of a tire plant is 

moving raw materials through a process to create com

ponent parts; then, joining those components to make 

the tire; then, storing the tire in an economically 

retreavable fashion for later distribution. The 

activities of materials movement in a tire plant is 

such that each component is produced in a department 

and must be temporarily stored until ready for use 

by the tire assembly department. Handling must be 

delt with in each step of the processes and between 

processes. Plant layout and material handling must 

be designed simultaneously to achieve a most efficient 

and economical use of man and machine. 

Circulation—Man Movement—Circulation refers to the move

ment of personnel. Personnel here includes all within 

the plant boundaries, including work people, supervis

ory staff, maintenance, office personnel, first aid, 

guards, etc. and possibly visitors. Employees must be 

able to get at their work. At large plant facilities, 

multiple employee entrances save time and can aid in 

security from one department to the next. For super

visory personnel vehicular devices such as bicycles 

or even small motorize cgirts may be required for op

timum control over operations. Crossing paths of traf

fic should be minimal but where unavoidable such points 
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should be confined to paths of intermittent traffic. 

Purpose of Offices--The offices oversee, establish and con

trol production of tires and plant supporting functions, 

Some departmental offices deal with engineering and 

quality assurrance, and employee and public relations 

Office space at sin industrial plant may fall into three 

types; business offices, production offices and main

tenance offices. The:.business offices break down into 

areas of executive offices, general offices, and areas 

rendering employee services. Executive offices allow 

for activities of the plant managment, their secretar

ies, purchasing agent, plant engineer, plant personnel 

manager, security, public relations, payroll, traffic 

and transportation control, etc. General offices cover 

such activities as filing, accounting, production sche

duling, inventory control, data processing, key punch

ing, etc. Employee service areas would accomodate 

activities of medical attention, food service, credit 

union, conference space, training areas, etc. Product

ion offices relate to necessary activities dealing more 

directly with overseeing each department of the pro

duction process. Such offices activities would be 

that of a plant supervisor, department supervisors, 

production, engineers, quality assurance, lab testing, 

central control, receiving and shipping, etc. Maint

enance offices would administrate activities of 
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engineering and repair and upkeep on plant functions 

of and related to production. 

CafeteriaAitchen Activities—For a plant of 2100 employees 

food services are required. Food service in an indust

rial plant usually takes one of the four forms: 

1. In-plant cafeteria 

2. In-plant snack bar 

3. Lunch wagons 

4. Vending machines 

The cafeteria represents a large investment. It has 

been proven that productivity increases when workers 

eat substantial meals along with mid-mornir^ and mid-

afternoon snacks, thus justifying the expenditure. 

The cafeteria is under the direct supervision of a per

son thoroughly trained. He is responsible for menus, 

purchasing the food, and supervising its preparation 

and service. In addition to eating and serving fac

ilities, a complate kitchen may be provided, includ

ing food preparation areas; prepared and unprepared 

food storage sireas and refridgerator and freezer space; 

dishwashing facilities; garbage collecting and storage 

areas; area maintenance equipment; and office facili

ties for the cafeteria management. If a centrally 

located cafeteria does not suffice for feeding all 

10 Ibid., p. 273 
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personnel due to travel time and distance three alterna

tives are available: (1) separate cafeteria locations 

stratigically placed, (2) prepare all food at a cen

tral location and distribute the food to dispersed 

serving counters or, (3) food may be prepared in a 

central kitchen area adjacent to the cafeteria and 

service provided to outlying areas by means of food 

carts. 

Medical Services—Plant medical services may satisfy three 

functions: (1) to examine job applicants to determine 

past medical history and present physical and health 

conditions, (2) to provide first-aid for minor illness 

or injury occuring on the job, and (3) to provide for 

treatment of major injury or illness which may occur 

on the job. In general it can be anticipated that 3 

to 6 percent of the total plant force will be treated 

daily by the medical facilities in an eight hour day. 

A study by the National Industrial Conference Board 

indicates that medical authorities believe a plant of 

1,000 to 2,500 employees having few occupational haz

ards can function with one full time physician. At 

2,000 employees add one part time physician to the 

staff. The American Public Health Association sug

gests that the maintenance of a complete health ser

vice in industry requires one nurse for up to 300 

employees, two or more nurses for up to 600 employees. 
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and three or more nurses up to 1,000 employees.^^ The 

number of employees per shift will determine different 

medical staffing. Medical authorities suggest a min

imum of three rooms for a plant dispensary: a waiting 

room, a treatment room, and an examination room or con

sultation office. For handling pre-employment examina

tion additional space will be required. In this case 

these facilities should locate close to personnel off

ices. Overall the medical facilities should be easily 

accessable and near the greatest number of employees. 

Provisions should be made to handle first-aid treatment 

of minor illnes and injury. In a large plant these 

should locate within 200 to 300 feet of the employee. 

Often the foremen are required to be trained in first-

aid and their offices serve as the first-aid stations 

for "bandaid" type injuries. 

Personal Hygiene—Locker, Washrooin and Toilet—Locker, wash

room, and toilet facilities are personnal facilities 

most often used. Their planning and appearance best 

afford the company's attitude toward the employee. 

The employee has automatic reactions to the environ

ment and quality of space in such facilities. For the 

morales sake, the locker, washroom, and toilet facili

ties should represent a high degree of planning and 

lllbid., pp. 280,281. 



28 

sence of concern for the employees' well being. Lava

tory and toilet rooms in a large plant should be de

centralized in order to be easily accessable to workers. 

They should locate at heavy workload areas yet be clear 

of main traffic ways avoiding conflicts with production. 

Where lockers and showers make separate facilities from 

lavatories and toilets they may locate close to plant 

entrances with time clocks easily accessable. High 

humidity created by showers make it desirable to lo

cate showers in a separate room, but good ventilation 

can overcome this problem. A janitor's closet or mat

ron's closet for women's facilities should be provided 

for each set of washrooms. The activities of the jani

tor or matron is to service these personnal facilities 

and to assure their cleanliness and proper use. It is 

advisable to provide a lounge, equipped with couches 

and easy chairs, in connection with women's facilities. 

Plant Protection—Safety hazards to be watched for: 

1. Inadequate aisles 

2. Insufficient storage-space allowances for handling 

procedures 

3. In-sufficient handling equipment capacity 

4. Floor-load capacities 

5. Floor obstructions 

6. Slippery finish floors 
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7. Inadequate exits 

8. Inadequate stairs, ramps, & ladders 

9. Inaccessible fire extinguishers & first aid sta

tions 

10. Workers close to unguarded moving parts of equip

ment 

11. Workers located under or above hazards 

12. Sharp or moving equipment or material protruding 

into aisles or work areas 

13. Improper ventilation for removal of dangerous 

12 toxic gases 

Poor, unsafe arrangements in a layout will lower morale 

and also may incur heavy accident-liability costs. 

Security—Upon entry to the plant site all visitors and em

ployees must be screened and approved for admission. 

Any plant has to prevent loss through theft. This pre

vention includes the use of watchmen, police, high fen

ces, guard houses that view all plant boundaries and 

floodlighting, and patrolling of the grounds and the 

plant. Employees are identified by means of a badge 

with their pictures on it and visitors are directed 

to the principal plant entrance and are cleared for 

admission by whatever procedure seems appropriate to 

12ibid., pp. 296-297. 
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both the nature of the business and its need for securi

ty. The building location on the site is a factor in 

plant protection. Of the particular site sufficient 

land is available to set the buildings back some distance 

from the boundaries to serve security and opportunity 

of landscaping the grounds. Large buildings close to the 

streets are more difficult to protect and beautify. 

Fire Protection—A key defence to fire hazard is an installed 

sprinkler system, which reduces fire insurance rates 

considerably. The illustration below shows how a fire 

protection system would operate with connections to a 

storage tank, cooling pond, and public utilities. 

CITY H Y D R A N T 

(Illustration courtesy of Industrial Fire Brigades Training 
Manual I98O) 
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The system involves piping connected to an elevated 

storage tank which can provide gravitational water 

flow incase of a power failure caused by fire. An

other means of water source may be from cooling ponds 

located on the site. Water can be mechanically pump

ed directly to a burning area to aid in control. Other 

fire protection is an organized fire brigade, from em

ployees throughout the plant. The selected group of 

employees is required to take periodic fire-fighting 

training. The members are called upon by a plant-wide 

fire alarm. A clear understanding shall exist between 

the public fire department in the plant fire protection 

organization. Certain processes and areas of security 

may be such that the public fire department would not 

be familiar with plant procedure on handling certain 

fire control. In such cases, certain plant personnel 

may be more qualified than public fire department per

sonnel to handle certain situations. It is important 

that all parties concerned agree on who is to direct 

13 operations in the event of a fire. ̂  

Parking--Parking will accomodate employees of the plant and 

visitors as well. All parking will be within the area 

of the security femce. A minimum amount of paved 

^3charles A Tuck Jr, ed.. Industrial Fire Brigade 
Training Manual (Boston, Mass.: National Fire Protection 
Association, 1978), page 3. 
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parking will serve two of the three shifts. As one 

shift comes on to work another shift will just be get

ting off. Total employment of the day shift combined 

with the evening shift is just over 16OO employees. 

With an estimated 20% carpooling, parking for 1280 

employees vehicles must be provided. Allow for 20 

visitors parking spaces. A total of 1300 parking 

spaces required will need 9 acres of land excluding 

roadways and service paving. 

Human Relations To Areas 

As stated in the background statement, Michelin plans 

to employ between 1800 and 2400 employees. As required by 

function, Michelin has estimated manpower dispersment for 

their plants. From production goals set by Michelin, the 

employment was set at 2100 employees. The plant will oper

ate on three shifts, with 40% of the plant operating em

ployees working days, 33?̂  working evenings, and 27% working 

nights. The plant operating employees will consist of those 

in production functions & maintenance functions acting for 

88.7% of the 2100 employees. The non-operating employees 

will work the day shift and will account for 11.3% of the 

2100 employees. These jobs will be more business in nature 

as opposed to the blue collar type jobs. A breakdown of the 

manpower corresponding to each activity is shown in Table 3. 

the "Manpower Yardstick". 
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EMPLOYEE MANPOWER YARDSTICK Table 3 

Production Functions 59. 

General Administration 2.6 33 
Direct Production 85.1 1,079 
Materials Holding 2.3 30 
Storage Holding 1.6 20 
Indust. & Product. Engr. 1.1 12 
Lab Testing 1.2 I6 
Q. A. & Inspection 2.6 33 
Inven., Planning, Scheduling 1.4 18 
Budget & Cost Control .1 2 
Des. Const., Repair Tools .2 3 
Traffic & Transportation 1.5 12 
Warehouse .7 9 
Subtotal 1,267 

Maintenance Functions & Plant Engineers- 28.9% 
General Administration 7.1 42 
Electrical Maintenance 8.5 52 
Machinery & Equipment Maint. 46.3 284 
Structural & Mechanical Maint. 15.O 92 
Power Plant Operation 8.2 50 
Clean. & Sanitation 12.2 75 
Maintenance Storage 2.6 I9 
Subtotal 614 

Business Offices 11.3% 

General Administration 3.4 8 
Payroll 1.3 3 
Clinic 2.1 5 
Credit Union 1.7 4 
Kitchen 4.6 11 
Research 17.6 42 
Design & Development 29.3 70 
Purchasing & Produrement 5*0 12 
Finance/Acct'g/Compt'r 22.6 54 
Sales & Advertising 3*7 9 
Public Relations .4 1 
Legal .4 1 
Security 7-9 19 
Subtotal 239 

Total Plant Employment 100.0% 2,120 
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General Administration 

Production Process 

Materials Handling 

Storage & Holding 

Indust./Product. Engr. 
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Design/Repair Tools 
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MAINTENANCE/PLANT ENGR 

General Administratio 

Electrical Maintenance 
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BUSINESS OFFICES 
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Payroll 

Clinic 

Credit Union 
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Lavs/Shwrs/Lockers 
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Des. & Development 
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Sales 
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Legal 
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Key to 

Relationships 

4y Essential 
^y Desirable 

\^ Non-Essential 

Sy All Personnel 

Table 4 
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Activities Related—an evaluation of Table 4 

Key: (•) Essential 

() Desirable 

Production's General Administration—staff 33 

(•) Direct Production 

(•) Material Handling—shipping and receiving 

(•) Industrial and Production Engineer 

(•) Lab Testing 

(•) Quality Assurance, Testing and Inspection 

(•) Production Inventory--planning and scheduling 

^) Budget and Cost 

(•) Design Construction and Repairing Tools 

(•) Traffic and Transportation 

() Maintenance's General Administration 

() Cleaning and Sanitation 

0 Personnel's General Administration 

0 Research 

() Product Design 

() Security and Safety 

Direct Production—staff 1079 

(•) Production's General Administration 

(•) Materials Handling—shipping and receiving 

(•) Storage and Holding 

(*) Industrial and Production Engineer 

(•) Quality Assurance—testing materials and inspection 

(*) Production Inventory Planning Scheduling 
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(•) Design Construction and Repairing Tools 

(•) Electrical Maintenance 

() Building Structure and Equipment Maintenance 

() Power Plant Operation 

() Cleaning and Sanitation 

(•) Machinery and Equipment Maintenance 

0 Personnel's General Administration 

(») Clinic 

(•) Cafeteria 

(•) Safety and Security 

Materials Handling—shipping and receiving—staff 30 

(•) Productions General Administration 

(•) Direct Production 

(•) Storage and Holding 

0 Lab Test 

(•) Traffic and Transportation 

(•) Warehouse 

() Maintenance Storage 

(•) Machinery and Equipment Maintenance 

() Purchasing and Procurement 

() Security and Safety 

Storage and Holding--staff 20 

(•) Materials Handling 

^) Direct Production 

() Industrial and Production Engineer 

^) Lab Testing 

^ 
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(•) Quality Assurance--testing and inspection 

(•) Production Inventory Planning Scheduling 

() Purchasing and Procurement 

Industrial and Production Engineer--staff 12 

(•) Production General Administration 

(•) Direct Production 

() Storage and Holding 

^) Production Inventory Planning and Scheduling 

(•) Warehouse 

(•) Product Design 

Lab Testing—raw materials sind in-process materials--staff l6 

(•) General Administration 

() Materials Handling 

(•) Storage and Holding 

(•) Quality Assurance 

(•) Cleaning and Sanitation 

^) Research 

^) Product Design 

Quality Assurance—test and inspection—staff 33 

^) Production's General Administration 

(•) Direct Production 

(*) Storage and Holding 

(•) Cleaning and Sanitation 

(•) Product Design 

(*) Research 

(*) Security and Safety 
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Production Inventory Planning Scheduling—staff 18 

(•) Production's General Administration 

(•) Direct Production 

(•) Storage and Holding 

(•) Industrial and Production Engineer 

(•) Budget and Cost 

(•) Warehouse 

(•) Personnel's General Administration 

Budget and Cost—staff 2 

(•) Production's General Administration 

(•) Production Inventory—planning scheduling 

(•) Purchasing and Procurement 

(•) Finance and Accounting and Computer Process 

Design Construction and Repair Tools—staff 2 

(•) General Administration of Production 

(*) Direct Production 

() Maintenance's General Administration 

() Maintenance Storage 

(•) Machinery and Equipment Maintenance 

Traffic and Transportation—staff 12 

(•) Production's General Administration 

(*) Materials Handling—shipping and receiving 

^) Warehouse 

() Machinery and Equipment Maintenance 

(*) Security and Safety 
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Warehouse—staff 9 

(•) Materials Handling Shipping and Receiving 

(•) Industrial Production Engineer 

(•) Production Inventory Planning Scheduling 

(•) Traffic and Transportation 

(•) Mechanical Maintenance 

(•) Finance and Accounting and Computer Process 

(•) Security and Safety 

Maintenance's General Administration--staff 42 

0 Production's General Administration 

() Design Construct and Repair Tools 

(•) Electrical Maintenance 

(•) Building Structure and Equipment Maintenance 

(•) Power Plant Operations 

(•) Cleaning and Sanitation 

^) Mechanical Maintenance 

() Personnel's General Administration 

(»•) Clinic 

(•) Safety—Security 

(•) Maintenance Storage 

() Finance and Accounting and Computer Process 

Electrical Maintenance—staff 52 

(*) Direct Production 

(•) Building Structure and Equipment Maintenance 

^) Power Plant Operation 
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(•) Cleaning and Sanitation 

^) Maintenance Storage 

(•) Safety and Security 

(•) Maintenance General Administration 

Building Structural and Mechanical Maintenance--staff 92 

() Direct Production 

(•) Maintenance's General Administration 

^) Electrical Maintenance 

(•) Power Plant Operation 

(•) Cleaning and Sanitation 

() Maintenance Storage 

Power Plant Operation—staff 50 

() Direct Production 

(•) Maintenance General Administration 

(̂  Electrical Maintenance 

(•) Building Structural and Equipment Maintenance 

(*) Cleaning and Sanitation 

(•) Maintenance Storage 

(•) Mechanical Maintenance 

0 Safety and Security 

Cleaning and Sanitation—staff 75 

0 Production's General Administration 

() Direct Production 

^) Lab Testing 

(•) Quality Assurance Test and Inspection 

(*) Maintenance's General Administration 
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(•) Electrical Maintenance 

(•) Building Structural and Equipment Maintenance 

(•) Power Plant Operations 

(•) Mechanical Maintenance 

(•) Clinic 

(•) Kitchen/Cafeteria 

(•) Lavs/Shower and Lockerrooms 

(•) Research 

(•) Product Design 

Maintenance Storage—staff 19 

() Materials Handling Shipping and Receiving 

() Design Construct and Repair Tools 

(•) Maintenance General Administration 

^) Electrical Maintenance 

(•) Power Plant Operations 

(*) Mechanical Maintenance 

Machinery and Equipment Maintenance—staff 284 

(*) Direct Production 

^) Materials Handling 

(*) Design Construct and Repair Tools 

() Traffic and Transportation 

(•) Warehouse 

(•) Maintenaince's General Administration 

(») Building Structural and Equipment Maintenance 

(*) Power Plant Operation 

^) Cleaning and Sanitation 
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(•) Maintenance Storage 

Personnel's General Administration--staff 8 

0 Productions General Administration 

() Direct Production 

(•) Production Inventory Planning and Scheduling 

() Maintenance General Administration 

(•) Payroll 

(•) Public Relations 

(•) Legal 

() Security and Safety 

Payroll--staff 3 

^) Personnel General Administration 

(•) Credit Union 

(•) Finance and Accounting and Computer Process 

(•) Security and Safety 

Clinic —staff 5 

(•) Direct Production 

(•) Maintenance General Administration 

(•) Clesining and Sanitation 

Credit Union—staff 4 

(•) Payroll 

(•) Finance and Accounting and Computer Process 

(•) Legal 

Kitchen/ Cafeteria—staff 11 

(*) Direct Production 

(») Cleaning and Sanitation 
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(•) Note: All Personnel 

Lavatory, Showers, and Lockerrooms—staff 75 

(•) Cleaning and Sanitation 

(•) Note: All Personnel 

Research—staff 42 

() Production General Administration 

(•) Lab Testing 

(•) Quality Assurance Testing and Inspection 

(•) Cleaning and Sanitation 

^) Product Design 

(•) Safety and Security 

Product Design--staff70 

() Production General Administration 

(•) Industrial and Production Engineer 

(•) Lab Testing 

(*) Quality Assurance Testing and Inspection 

^) Cleaning and Sanitation 

^) Research 

(•) Safety and Security 

Purchasing and Procurement—staff 12 

() Materials Handling Shipping and Receiving 

() Storage and Holding 

(•) Budget and Cost 

(») Safety and Security 

(*) Finance and Accounting and Computer Process 

(•) Sales 
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Finance and Accounting and Computer Process—staff 54 

(•) Budget and Cost 

(•) Warehouse 

(•) Payroll 

(•) Credit Union 

(•) Purchasing and Procurement 

(•) Sales 

() Maintenance General Administration 

() Safety and Security 

Sales—staff 9 

(•) Purchasing and Procurement 

(•) Public Relations 

^) Finance and Accounting 

Public Relations--staff 1 

(•) Personnel General Administration 

(•) Sales 

(•) Security and Safety 

Legal--staff 1 

(•) Personnel General Administration 

(•) Credit Union 

(•) Security and Safety 

Security and Safety—staff 19 

0 Production's General Administration 

(•) Direct Production 

() Materials Handling Shipping and Receiving 

^) Quality Assurance Test and Inspection 
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(•) Traffic and Transportation 

(*) Warehouse 

(•) Maintenance General Administration 

(•) Electrical Maintenance 

(•) Power Plant Operation 

(*) Personnel's General Administration 

(•) Payroll 

(•) Research 

(*) Purchasing and Procurement 

() Product Design 

W Finance and Accounting 

(*) Public Relations 

(•) Legal 
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SITE ANALYSIS 

Plant Location Theory is the general 

regional factors of transportation cost 

and labor cost, and the general local factor 

of the agglomerating force.^^ Lubbock 

planning invites an urbanization of in

dustries to certain zoned districts of the 

area. Lubbock provides the site to bring the materials re

quired for the tire industry. Pre-manufactured materials 

will find their ways from two other Michelin manufacturing 

plants. Midland will ship the rubber, and Temple will trans

port the steel cord. The Midland area is known for its raw 

materials of carbon black, styrene, and butadiene, which 

are all necessary to produce the synthetic rubber. 

Railroads and major highways will provide transporta

tion into the Lubbock area via Santa Fe Railway and U. S. 

Highways 87 and 84. 

The site chosen by Michelin in Lubbock is of the north 

eastern industrial district. The city of Lubbock's regional 

planning has zoned industrial districts throughout most of 

the eastern portions of the city. Much of the industrial 

zoned areas are currently occupied with farming acreage. 

The Michelin site presently exemplifies this. 

l^Ruddell Reed Jr., Plant Location. Layout, and Mainten-
ance. (Homewood, IllnoislRichard D. Irwin.,1967). P« 4. 

47 
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Industrial Locations Around Site 

Within the area between the Michelin site and Loop 

289 several sites are occupied by other industrial and busi

ness firms. Shown in the Figure 6 are locations of Flint-

kote Corporations Warehouse, T. G. & Y. District Offices and 

Distribution Center, Litton Industries Incorporated, Sears 

Retail Distribution Center, and Grinnel General Fire Pro

tection Systems. To the northwest corner of the site is the 

Canadian River Municipal Water Authority. Each of these 

facilities establish the nature of the zoning but none exemp

lify the scale to which the Michelin tire plant is to 

develope. 
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MAP EXPLANATIONS 

CITY LIMITS WNWN RAILROADS -

SCHOOLS AND SCHOOL PROPERTY 

PARKS AND PLANNED PARKS 
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Access and Circulation to Site— Figure 7 

Access routes to the site are quite adequate from any 

direction. Farm to Market Road 2641 is an existing main 

access. Municipal Drive is a through street along the Santa 

Fe Railway but paved only from the city to the southwest cor

ner of the site. Guava Avenue and Olive Avenue are neither 

paved streets bounding the site. So with some street pav

ing and maintaining around the site boundaries all access-

ways to the site are excellent and off of the main thourough-

fares. 

FM 2641 

Figure 7 
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Topography of Site--Figure 8 

At the site the terrain is dark browns to reddish brown 

soils generally sloping from the northwest corner at 3230.0 

feet to the southeast corner at 3198.0 feet. The western 

third of the site has its most critical slope at only an 

average slope of one foot drop in one hundred feet of run. 

A contained depression developes in the south-central por

tion of the site at 3196.5 feet. This area is a possible 

natural location for a cooling pond required of the plant 

facilities. The eastern half of the site has only a slight 

slope of one foot drop in approximately five hundred of run. 
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Soils: Dark brown to Reddish brown 

Neutral sands and Clay loams 

[ 
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2640' .10 Mile--528' each 

Topography of Site 

Figure 8 
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Sun Angle Shade and Shadow—Figure 9 and 10 

The site is located in pretty much a wide open area. 

Areas around the site are characteristically similar to 

conditions of the site. There is little vegetation. -Vhat 

little there is is located around existing farm houses and 

structures. The vegetation has little effect on sun shad

ing relative to the entire site. During the summer the sun 

angles are relatively high in the sky approaching an 80 de

gree angle to the site at noontime. During the winter the 

sun angle reaches a low 35 degree angle to the site at noon

time. The site is best suitable for northern indirect light

ing. Such orientation would be desirable for offices to the 

plant. 
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Winter 
35®December 21 

Winter Sunrise 

Summer /__J\ 
82*'june 21 r l P j \ 

Sun 

Angles 

Summer Sunset 

Summer Sunrise 

Figure 9 
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Figure 10 



57 

Climate 

Climate condition for the site and the Lubbock area are 

quite moderate. There are no real extreme climate condi

tions. Rainfall and temperature data are taken from the 

U. S. Weather Bureau. 

Month 

January 

Febuary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 

Rainfall 

.66 

.60 

.72 

1.36 

3.05 

2.45 

2.41 

2.12 

1.97 

1.83 

.61 

.73 

18.51 

Temperature 

38.2 

41.9 

48.4 

58.1 

66.8 

76.4 

79.7 

78.7 

71.4 

60.8 

47.3 

40.4 

59.0 

Table 5 

The late spring, in May, and early autumn, in September, 

majcimum precipitation periods, coupled with the low winter 

and summer precipitation periods are the climate patterns 
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of the area. From February thru April also characterize 

high westerly winds along with blowing dust. In May the 

winds have intermittently prevailed from the south to have 

carried great quantities of water vapor from the gulf coast 

to account for the maximum monthly rainfall. Figure 11 

shows the directional flow of the water run-off. 

Figure 11 
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Orientation, Winds, 

Noise, and Views 

Figure 12 
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Plant Services of Site 

Electrical services to the site will be negotiated 

among service companies of the area. Southwestern Public 

Service, Southplains Co-op, and Lubbock Power and Light. 

Water services for the site will be provided by the site in 

the way of wells for domestic use and cooling ponds for 

process use. Also an elevated tower should be provided 

for fire sprinkler service. Public water utilities are 

available if required. 

Diagram of Water 

Usage 

Sprinkler System 

im nnr fny irir TTIT fin 
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Figure 13 
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SPACn; SUMMARY 

The activities analysis has provided 

relationships to the activities of the 

plant. The site analysis has noted exist

ing environmental conditions. In this 

Space Summary required spaces as deter

mined by the activities and production 

requirements are sited in layout-diagrams based on conditions 

of the site. As shown by Figure 14 the basic directional 

flow diagram of the operations process, each node and its 

amenities will be expressed relative to its spaces and most 

optimum location. Arriving at the site one would meet first 

with the security at the plant entrance and note the enforce

ment throughout the entire plant. 

Receiving 
& 

Storage 

Business Offices ]} 

Warehouse 
& 

Shipping 

Iaintenanc( 

Figure 14 Direction of Flow 
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Security 

Security within the Michelin Company is strict with

in itself. Security begins relative to the boundaries of 

the plant site, which includes all 510 acres. A site lay

out must provide security to guard against unauthorized 

admission by visitors and even improper identified employ

ees. Security begins at the plant entrance. This would 

screen all vehicles of employees and visitors. This will 

grant security to both the company and each individual. 

Degrees of security are kept between certain depart

ments and their personnel. Michelin guards its research 

and development with the strictest of security. Due to the 

competitive nature of the tire industry and Michelin's 

supreme position as a world leader most employees are re

stricted to their particular job areas. This in itself will 

demand layout restrains in the design of the plant. j£x-

pressed security regulations must be contended within these 

production processes: (1) Quality Assurance & Laboratory 

Testing and Inspection, (2) Breaking down Master Batch 

rubber for component parts, and (3) Mixing rubber with 

fabric and steel wire in making tire plies. 

Business Offices 

As stated in the Activities Analysis the business 

offices breaik down into areas of executive and general of

fices as well as activities rendering employee services. 
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The business offices are grouped primarily as activities 

which require only a single day shift. 

The Plant Manager and secretaries will require some 

immediate clerical space. This clerical space may be pri

vate office spaces of the Plant Manager's or combined with 

clerical space of general plant offices. This space would 

include the Plant Manager and two maybe three secretaries. 

The Plant Personnel Manager will have private office 

spaces which will relate to new employee applicant ser

vices. Such services will deal with physical exams at cli

nic facilities, applicant testing facilities and training 

rooms. Other activities will relate to employee personnel 

files, payroll. Credit Union, food service, and legal ad

vise. Staffing will be about twenty-seven employees. 

The Comptroller will have private office space over a 

staff of twelve in purchasing and procurement, nine in sa

les and advertising, and a general office space of fifty-

four employees in accounting, bookkeeping and filing. The 

general office staffing will also staff the computer pro

cessing. 

Computer processing will be used primarily for produc

tion, inventory, planning and scheduling. This department 

is headed by the production manager. Data from central 

control in the production process is fed to the computer. 

The computer is able to store and read out at any given 
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moment exact figures on tire production, inventory stock, 

maintenance activities and more. Also the computers are 

programmed to assist functions of the Credit Union, Pay

roll, Bookkeeping, Purchasing, Sales and Advertising. 

Research Design and Development is the largest of the 

offices cells. It is a department of its own. It is hard

ly a business function, but grouped here because it will be 

a day shift operation only. This department is to be lo

cated with the strictest of security regulations in mind. 

The plant engineer heads this department. It will function 

closely analizing results of the plant laboratories and 

Quality Assurance. Its staffing will require forty-two 

employees in research and seventy employees in design and 

developing. 

Other executive private offices are required for a 

Traffic Manager who oversees the traffic and transportation 

activities. The activities concern the plant vehicular 

circulation and the scheduling of shipping and receiving. 
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CafeteriaAitchen 

Determining the required space for the food service 

is based on the determined meal load. The kitchen is deter

mined for a meal load of 400 to 800 meals. A coefficient 

factor of 3.5 is multiplied times the base meal load of 800, 

thus requiring 2,800 square feet for the kitchen. 

The lunch room is figured for a maximum of 300 for the 

largest lunch period. For each employee 17 square feet is 

required and multiplied times 30O equaling 5100 square feet. 

This estimate includes dining space allowing for seating, 

aisles, serving counters, dishwashing facilities and space 

behind serving counters. •̂  

This method is for estimating a central cafeteria facil

ity feeding 6OO employees in a two-shift noon meal: 

Kitchen area equals 2,800 sq. ft. 

Dining area equals 5»100 sq. ft. 

Total area equals 7i900 sq. ft. 

If a dispersed food service would best suit the plant, 

the same method may be used by just determining a suitable 

meal load. 

Personal Hygiene—lockerroom, toilets, and showers 

For a plant of this size a central lockerroom may or 

may not be desirable. Lavatories and toilets should locate 

15james M. Moore, Plant Layout and Design (New York, 
New York: The Macmillan Company, 19t)2;, page 275. 
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throughout the plant to best facilitate employees. The 

number of toilets required can be based on this chart and 

figuring each sex separately. 

Number of Persons 

1-15 

16-35 

36-55 

56-80 

81-110 

111-150 

151-190 

Water closet 

1 

2 

3 

4 

5 

6 

7 

One additional closet for every 30 persons. Urinals may be 

substituted provided that the number of water closets shall 

not be reduced to less than 2/3 of required.^^ 

Lockerroom and shower facilities should locate near 

plant entrances and time clocks. These too may be dispersed 

throughout the plant to best facilitate the employees. 

Shown in Figure I6 are typical washrooms to accomodate 120 

to 160 men; 1,000 men; and a 100 man and 60 woman facility. 

Designs are by Bradley Washfountain Company. 

loRuddell Reed, Jr., Plant Layout (Homewood, Illinois: 
Richard D. Irwin, Inc., I96I) page 282. 
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(Courtesy of Bradley Washfountain Co.) 
Figure l6a—120 to I60 Man Locker
room and Shower Facilities 
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(Courtesy of Bradley Washfountain Co.) 
Figure l6b—1,000 Man Lockerroom and Shower Facilities 

M B M ^ S 

(Courtesy of Bradley Washfountain Co.) 
Figure l6c—100 Man and 60 Woman Locker
room and Shower Facilities 
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Production Offices 

General administration of the Production Offices 

should locate at the heart of production. Production data 

is taken where the "green" tire is assembled. The "green" 

tire is the tire carcus before it goes to the curing molds. 

In this area the tire for the first time can be counted as 

a single unit. Production data begins to show what is be

ing manufactured. Here communication needs to be constant 

with every other location in the plant. 

The production's general administration will contain a 

plant supervisor's office and secretarial spaces which will 

be utilized by each shift supervisor and secretaries. In

dustrial Production and Engineering will require office 

space for as many as five of the staff. Their office must 

be able to communicate smoothly with all production activ

ities. A Budget and Cost Office is required in the produc

tion offices. A Design Construct and Repair of Tool Office 

is also required of each shift. Many of these offices are 

located here because they are required to work during each 

shift. 

Central Control is the nerve center of the production 

offices. It will staff as many as eight for the day shift. 

This area is tied into the Computer Center of the business 

offices. It's controls record operation of each tire build

ing machine and operation time. It aids in production count, 

down time, maintenance and more. 
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Other production offices may locate remotely through

out the production areas. Other office areas would include 

receiving, shipping, raw materials storage, and warehouse 

offices. Also department supervisors areas. Quality 

Assurance offices, test area, and laboratory spaces. 

Areas related to both business offices and production 

would be the food service area, lavatory, toilet, and shower 

facilities, and clinical services. 

Drafting 
200 s.f. 

Des. 
Constr. 
Repair 
• 150 s.f. 

£ 
Secretaries 
300 s.f. 

Industrial 
& 
Production 
Engineers 
750 s.f. 

'4-#i 
Shift 

Supervisor 
200 s.f. 

I 
Central 
Control 
600 s.f. 

Clerical 
Workers 
750 s.f. 

Budget & 
Cost 
300 s.f. 

Traffic & 
Transportation 
750 s.f. 

PRODUCTION OFFICES 
(located at or near 
tire building) 

Figure 17 
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PRODUCTION FUNCTTON: 

Activity 

or 
Department 

General 
Admini strati on 

Receiving 
Storage materials 
Convey materials 

thru processes 
Banbury: breaJcdown 

Master Batch 
Liner calendering 
Mix rubber w/ fabric 
Mix rubber w/ steel 
Mix rubber w/ 

beadwhoops 
Tread tuber & 

white sidewall 
Tire assembly 
Vulcanizing/Curing 
Trim tire buff 
Uniformity inspection 
Shipping 
Industrial & produc

tion engineering 
Laboratory testing 
Quality Assurance 
Inventory/Planning/ 

Scheduling 
Budget & Cost 
Design construct & 

repair tools 
Traffic & 

Transportation 
Warehouse 

Totals of Production 
Employees 
. 

% 

2.8 
3.6 
1.6 

2.4 

4.0 
2.0 
5.1 
6.0 

4.8 

8.1 
32.4 
4.0 
2.4 
9.2 
2.4 

1.1 
1.2 
2.6 

1.4 
.1 

.2 

1.5 
.7 

100^ 

67.3% c 

h^% 
Day 
Shift 

13 
18 
10 

12 

23 
8 
24 
28 

24 

38 
180 
22 
12 
47 
12 

5 
7 
13 

8 
2 

1 

5 
3 

515 

MANPOWER BY SHIFT 
>f Total J 

33/0 
Evening 
Shift 

11 
13 
6 

10 

16 
4 
21 
24 

20 

32 
145 
16 
10 
42 
10 

4 
5 
11 

6 
0 

1 

4 
3 

414 

Employment 1881 

27% 
Night 
Shift 

9 
12 
4 

8 

8 
4 
17 
20 

16 

27 
125 
13 
8 

32 
8 

3 
4 
9 

4 
0 

1 

3 
3 

338 

100% 
Total 
Shifts 

33 
43 
20 

30 

47 
16 
62 
72 

60 

97 
450 
51 
30 
121 
30 

12 
16 
33 

18 
2 

3 

12 
9 

1267 
• 

Table 6a 
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MAINTENANCE FUNCTION: 

Activity 
or 
Department 

% 

General 
Administration 7.1 

Electrical 
Maintenance 8.5 

Machine & Equipment 46.3 
Building & Structural 

& Mechanical 15.0 
Power plant operation 8.2 
Cleaning & Sanitation 12.2 
Maintenance storage 2.6 

Totals of Maintenance 
Employees 1^0% 

32.6% i 

kOfo 
Day 
Shift 

17 

20 
115 

36 
20 
30 
8 

246 

MANPOWER BY SHIFT 
Df Total 

33f» 
Evening 
Shift 

13 

17 
95 

31 
16 
2$ 
6 

203 

Employment 1881 

27% 
Night 
Shift 

12 

15 
74 

25 
14 
20 
5 

165 

100% 
Total 
Shifts 

42 

52 
284 

92 
50 
75 
19 

614 

Table 6b 

Note: Design loads will generally be determined by the day 

shift employees' use. Due to being largest in size, 

the other shifts will sufficiently perform in the 

areas. Some machinery will be shut down in these 

cases. As production demands pick up, shut down 

machinery will be utilized. 
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Production Process 

The production process is the primary function of 

the plant. Production levels are computed for the plant 

and set for the tire builders who assemble all the com

ponent parts. From that required level of production, the 

necessary stock required are production levels of other 

departments are calculated. The production of this plant 

is based on 42,000 to 50,000 tires assembled a day. From 

that figure each department must supply and keep the process 

going on schedule to maintain a smooth operation. Area re

quirements for each operation are attained for case studies 

of comparable plants reported in Appendix B. 

Receiving 

As in every production process the first step is re

ceiving. The receiving department will receive all mater

ials necessary to maJce the tire component parts. The re

ceiving area must store and hold materials until samples of 

it have been analized by the test lab. 
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1,Photo courtesy of Dayton Tire & Rubber Co.) 
Figure 18—Receiving 

^Receiving Area 31,250 s.f. 

•^Receiving and Inspecting Office 2,500 s.f. 

•"•Holding Areas for Materials 40,000 s.f. 

Includes: Area for test stock 

: Area for approved stock 

Materials: Spools of steel wire 

: Wig-wag Master Batch rubber 

: Textile cord 

J Miscellaneous process materials 
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Test Lab 

Test Laboratory is where samples of all materials are 

tested. Each material is checked for properties required 

of its function. The stock of the samples are then re

leased to be entered into production. 

*Test Lab 3,750 s.f. 

Includes: Enclosed area sealed from all 

contaminants 

: All lab equipment for testing 

: Required office area 

Banbury Mixer 

The approved wig-wag Master Batch rubber leaves the re

ceiving holding area and goes to the Banbury mixer for a 

final step of rubber preparation before it can be used for 

componant parts. 

*Banbury mixing area 37,500 s.f. 

Includes: Storage area for final step rubber 

: Office area for department supervisor 

: Three Banbury mixers, eight employees 

each when operating 

Textiles and Steel 

Textiles and steel leave receiving holding areas as 

demand requirements of respective departments call for stock, 

Textile and some steel go to calendering mills for making 



78 

Tire plies. Other steel spools go to the wire bead wind

ing department. 

Wigwag Master Batch 

The wigwag Master Batch leaves the Banbury mixing area 

on pallets in continuous flat sheets. These pallets go to 

different departments and are stored. These component de

partments are: Tread Tubing, White Sidewall Tubing, Tire 

Innerliner Tuber, the Calendering Mills for tire plies, and 

the Wire Bead Winding Department. 

Tread Tubing 

Separate compounds are used for the tread and side-

walls of a tire since each has different and specific require

ments. Tread stock is compounded to provide traction, cut 

resistence and long wear; sidewalls must be flexible so a 

different stock is used. The stocks are conveyed from warm

ing mills and fed into two opposing feed hoppers at a tread 

extrusion machine. The tread and sidewall are usually ex

truded through one die in a continuous strip which is then 

stamped with an identifying code and check weighed. The en

tire underside of the tread and sidewall is then coated with 

a rubber cement. 

The continuous unit is conveyed over a series of belts 

for cooling and on to a tread cutter where it is cut to a 

specified length for a specific size and type tire. The 
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individual tread and sidewall units are then conveyed to 

"booking" stations where they are placed in trays and truck

ed to storage for aging before going to the tire builder. 

*Tread Tubing Area 65,000 s.f. 

Includes: All machinery—mixing mills, tubers, 

and cutters 

: Department supervisors office space 

: Holding areas for aging tread 

: Holding areas for process materials 

White Sidewall Tubing 

White sidewall raw materials are compounded on mixing 

mills. The batch of white rubber is the strip fed into one 

side of a dual extrusion machine. Black sidewall rubber is 

automatically fed into the other feed hopper. The extruded 

strip forms a white center section with black sidewall sec

tions on both sides. A sheet of protective black rubber 

called veneer is placed over the white sidewall. The strips 

are rolled into protective lines to prevent sticking and 

transported to the tire builder. 

*White Sidewall Tubing Area 22,500 s.f. 

Includes: All machinery—mixing mills, and tubers 

: Department supervisors office space 

: Holding areas for processing materials 
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(Photo courtesy of Dayton Tire & Rubber Co.) 
Figure 19—White Sidewall Tubing 

Tire Innerliner 

The innerliner of the tire is what acts as the innertube. 

This liner is what holds the air of the tubeless tire. The 

wigwag loaded pallets of rubber are sent through warming 

mills and feed mills. Here rubber sheets are laminated and 

rolled to proper thickness and warmed to be made pliable. 

Cememt is applied to the rubber to make it tacky for handling. 

The liner is then put into rolls of protective cloth and taken 
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to holding areas for later use at the tire builder. 

•Innerliner Department 12,500 s.f. 

Includes: All machinery required 

: Department supervisor's area 

: Holding areas for process rubber 

Calendering Mills 

The calendering mills are where all the fabric of tex

tile materials are rolled and pressed together with the rub

ber. Then these sheets of rubber are trucked to stockcut-

ting operations where the plies are precisely cut. 

•Calendering Mills 50,000 s.f. 

Includes: All process machinery 

: Storage areas for textile fabric and 

pallets of rubber 

: Department supervisor's area 

*Stockcutting 30,000 s.f. 

Includes: All process machinery 

: Storage and holding for materials 

: Department supervisor's areas 

Creel Room 

The creel room supplies the fine steel wire which goes 

into the manufacture of the steel belts. Rubber and steel 

flow separately into calender mills and are molded together 



(î hoto courtesy of General 
Tire & Rubber Co.) 
Figure 20—Creel Room 
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in flat strips. These 

strips are then cut at the 

stockcutting area. 

•''•Creel Room 

Includes: 

3,600 s.f. 

Storage areas of wire spools 

All other process machinery (cal

ender mills) 

Thermol control room 

Department supervisor's area 

Wire Bead Winding Department 

Copper plated high tensile steel wire is brought in on 

large reels. A specified number of strands are brought to

gether from the reels and guided through a die in the head 

of a small tube machine. Here a special rubber insulation 

stock is squeezed around and between the separate strands 

of wire. The rubber covered wire strip is then run into a 

^̂  ^^ -̂
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bead winding machine where it is wound on a collapsible 

ring. The number of plies or wraps of wire depends on the 

size of tire which the particular bead is for. The machine 

automatically winds the wire and ejects the bead onto stor

age arms. The operator presses the wire ends together to 

form a tight bundle which then goes to the tire builder. 

*Bead Winding Department 10,000 s.f. 

Includes: Machinery for about 30 bead winding 

stations 

: Area for storage of reels and storage 

arms 

: Department supervisor's area 

Tire Building Department 

As previously stated, this is the "heart" of the pro

duction process. Tire building is the largest of the staff

ed operations. Production levels and space requirements are 

key factors here. The tire builder brings all the componant 

parts together to build the steel belted radial tire. The 

plant has established a production level of 42,000 to 50,000 

tires per day in the tire building department at uneven 

shift production. The day shift produces at 40% equalling 

16,800 tires. The evening shift produces at 33% equalling 

13,860 tires. The night shift produces at 27?̂  equalling 

11, 340 tires. At 15 tires built per hour per building 

station with each builder averaging six hours of building 

iA 
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-(Photo courtesy of Goodyear Tire & Rubber Co.) 
Figure 21—"Green" Tire Inspection 



(Courtesy of Goodyear Tire 
& Rubber Co.) 
Figure 22 "Green" Tire 
Storage 
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time, the day shift will re

quire 180 builders, the even

ing shift 145 builders, and 

the night shift 125 builders. 

(Note: Three shifts'produc

tion at the day shift's level 

will produce over 50,000 

tires a day. Design loads 

of following steps in the pro

cess are based on this figure 

to keep up production levels.) 

•*Tire Building Dept. 

128,000 s.f. 

Includes: Day shift operators 

180 stations 

: Each operator re

quires 500 s.f. 

: Total operating 

area 90,000 s.f. 

: Storage of "green" 

tires 3,000 s.f. 

: Handling-6,000 s.f. 

: Inspection sta

tions 8,000 s.f. 

: "Green" tire 

storage-24,000 s.f . 

dik 
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Tire Curing—Vulcanizing 

Tire curing is where the tire gets its final shape and 

tread design. This area is semiautomatic. The "green" 

tires are trucked to the curing areas and an operator places 

the "green" tire on a lift at the curing molds. The machine 

picks up the "green" tire and places it in the mold. The 

mold closes, inflating a bladder which applies thousands 

of pounds of pressure and steam from the inside out. Curing 

time for each tire varies from fifteen to thirty minutes for 

passenger car tires. 

(Photo courtesy of Modern Tire Dealer, 
'January 28, I98O) 
Figure 23—Cured Tire 



f 

(Photo courtesy of Goodyear Tire & Rubber Co.) 
Figure 24—Inspecting Cured Tire 

l \ 
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*Tire Curing Room 247,000 s.f. 

(Required number of molds is based on 
the following.) 

50,000 tires per day divided by 30 minute 
curing time equals I6 cures per mold 
per shift. 

Each mold cures two tires during a single 
cure. 

Two tires per mold times I6 cures per mold 
per shift equals 32 cured tires per 
mold per shift. 

16,800 tires per shift divided by 32 cures 
per mold per shift equals 525 requir
ed molds. 

Therefore required floor area is based on: 

Each mold requiring 400 s.f. 

525 molds times 400 s.f. equals-2.10,000 s.f. 

Traffic area requiring 16,800 s.f. 

Handling from cure to trim 20,l60 s.f. 

Floor area total equals 246,960 s.f. 

Tire Trimming Area 

Tires arrive from the curing room along a conveyor to 

the trimmers. Trimmers shave off the rubber pin vents or 

"whiskers" left by the curing mold. 

•^Trimmers Area 6,500 s.f. 

16,800 tires per 8 hour shift from curing. 

2,400 tires per hour need trimmed. (7 man hrs,) 

! • 
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Operators can trim 3 tires per minute, or 
180 tires per hour— 13 operators 
required on day shift, 10 for eve
ning shift, and 8 for night shift. 

Therefore required floor area is based on: 

One operator 500 s.f. 

13 operators times 500 s.f. equals-6,500 s.f, 

Buff White Sidewall 

For tires with white sidewalls, these tires are sent 

to buffers stations. 

•Buffing Area 37,500 s.f. 

Includes: 10 buffing stations ia> 2,000 s.f. 
equals 10,000 s.f. 

Total storage area 27,500 s.f. 

Uniformity Correction and Inspection 

From trimming and buffing each tire passes on to in

spectors who check each tire inside and out. wVhen a tire 

is minutely out of round or balanceing, grinding can be 

made to correct this. If it cannot be corrected it is cut 

and stacked in rejected storage. When a tire is passed by 

an inspector, he stamps his inspection number on the side-

wall, and sends it along a conveyor to be sized and sorted 

for storage in the ware house. 
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(Photo courtesy of Goodyear Tire & Rubber Co.) 
Figure 25—Tire Buff 

i^\ 
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(Photo courtesy of Goodyear Tire & Rubber Co.) 
Figure 26—Final Touch 

rk 
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•Final Inspection and Uniformity 127,500 s.f. 

Includes: 50 inspecting lines 

: Storage areas before and after 
final inspection 

: Equipment for carrecting 

: Reject storage 

Warehouse 

From final inspection the tires are sorted, stacked 

on pallets, and are carried into the warehouse by an auto

matic towline system. At entry to the warehouse, information 

from each pallet is put into a computerized locator system 

(Photo courtesy of Dayton Tire & Rubber Co.) 
Figure 28—Computerized Locator System 

- ^ 
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and set to go to a particular area of the warehouse to 

await shipment. The shipping area is an extension of the 

warehouse. The towline transports the tires to the shipping 

room and there forklift equipment loads freight cars and 

trucks. 

(Photo courtesy of Dayton Tire & Rubber Co.) 
Figure 29— Warehouse 

•Warehouse 

Includes: 

1,615,625 s.f. 

Warehouse space—of .8 s.f. per tire 

Stores 1.75 million tires in 
1,400,000 s . f . 

Shipping a r e a r e q u i r e d 215,625 s . f . 

Ow ^ 
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Quality Assurance 

The quality assurance department make constant checks 

on the tires. Their functions undergo endurance checks of 

the tires. When a tire 

is picked to be checked 

it will never come out 

of the Quality Assurance 

Lab in one piece. Simu

lating machines perform 

tests which would be most 

like normal wear or worse. 

Test results are recorded 

for later use by the Re

search and Design Depart

ment. 

(Photo courtesy of Dayton 
Tire & Rubber Co.) 
Figure 30—Quality Assurance 
X-ray Testing 

•Quality Assurance Department 15,000 s.f. 

Includes: All test equipment, lab equipment 
and x-ray equipment 

: Personnel office and record data 

Maintenance Depar-tment 

The Maintenance Department will have general adminis

tration day shift staffing of seventeen. This staff will 

communicate and handle all work requisitions and see that 

^ A 



(Photo courtesy of Goodyear Tire & Rubber Co.) 
Figure 31—Testing 
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maintenance is performed. Departments within the maintenance 

functions will work from a central maintenance shop and also 

have dispersed location of storage and work areas for spec

ial conditions. Maintenance will employ 614 employees. 

(Photo courtesy of Dayton Tire & Rubber Co.) 
Figure 32—Maintenance, mold repair 

•Maintenance Department 83,125 s.f. 

Includes General office 

Electrical function 

Machinery and equipment 

Structural and mechanical 

Cleaning and sanitation 

Maintenance store 

Power house 

> . ^ ^ 
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Space Summary-- Table 7 

Business Offices 40,000 s.f. 

Production Offices 4,000 s.f. 

Receiving Area 31,250 s.f. 

Receiving and Inspection Office 2,500 s.f. 

Holding for Materials 40,000 s.f. 

Test Lab 3,750 s.f. 

Banbury Mixer 37,500 s.f. 

Tread Tuber 65,000 s.f. 

White Sidewall Tuber 22,500 s.f. 

Inner Liner 12,500 s.f. 

Calendering Mills 50,000 s.f. 

Stock Cutting 30,000 s.f. 

Creel Room 3,600 s.f. 

Bead Department 10,000 s.f. 

Tire Building 128,000 s.f. 

Tire Curing 247,000 s.f. 

Tire Trimming 6,500 s.f. 

Tire Buffing 37,500 s.f. 

Final Inspection 15,000 s.f. 

Production Total 890,100 s.f. 

Maintenance 83,125 s.f. 

•/Varehouse 1,615,625 s.f. 

Plant Total 2,633,600 s.f. 
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SYSTEM PERFORMANCE CRITERIA 

Criteria in this section states the 

performance levels to be achieved in the 

building systems. Such systems to be ex

amined will be Structiiral, Enclosure, Me

chanical, Electrical, and Life Safety and 

Security Systems. 

Structural 

General structural requirements most suitable for a 

plant may follow these conditions: 

1. Speed of erection 

2. Enclosure free of obstructions 

3. Adequate daylight 

4. Low maintenance 

5. Provision made for hea-vy fixtures 

6. Flexibility in use 

7. Ease of future expansion 

1. Speed of erection— Systems of prefabrication at a 

factory site are more economical initially, lighter, 

and less affected by foundation settlements. Examples: 

Steel triangulated trusses; portal frames, either 

steel or precast concrete; or laminated timber 

arches. 

100 
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The sequence of operation should be from prepared is

land footings to frame and bracing, followed by clad

ding, insulation, and service installations. 

2. Enclosure free of obstruction—For required spans 

and clearances of interior operations bay sizes may 

require clearing forty-by-forty foot spans. In some 

cases retangular bays may be preferable. For instance 

a 40x50, or 40X60 foot spans will house the tire build

ing machines as opposed to the small 40X40 foot square. 
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Figure 33 

In Figure 33, due to the column spacing in the 40X40 

foot bay, t i r e bui ld ing machines would not f i t between 

the columns thus a l t e r i n g the plan and wasting f loor 

space . For systems which cost qu i te ab i t more, the 

space framing or two curved s h e l l s and a s ingle curve 

s h e l l may span spaces 100 and 200 f e e t . 
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3. Adequate daylighting—Sawed tooth roof structure gives 

good distribution and an intensity of daylight beyond 

the range of single span structures. For example: 

(a) north light cylindrical shell (giving a 
daylight factor up to 20%) 

(b) north light steel roof trusses 
(c) conoidal shells 

Figure 34 

4. Low maintenance—Concrete structures generally do not 

require much maintenance, internally or externally, if 

adequate provision is made for good expansion joints 

and firm foundations. 

5, Provisions made for hea-vy fixtures—Apart from members 

incorporated in the building for this specific purpose , 



103 

framed buildings (steel or timber trusses) are most 

suitable. Provisions should be made in the design for 

such fixtures. 

6. Flexibility in use—The multi-span, single-story steel 

or concrete structure is most suitable, both function

ally and economically. It permits zoning of production 

guid storage areas, facilities even daylighting, and 

allows intermediate columns to serve as anchorages for 

subdivision. 

7. Ease of future expansion—Although almost all single 

story buildings may be conviently expanded, particularly 

where the walls are non-structural, cladded framed build

ings allow the easiest union of existing and proposed 

new structures. 

Enclosure 

An analysis of the various sections of almost any plant 

design will very likely reveal that each section follows one 

of the more or less standard designs. These standards are 

shown in Figure 35• 

Features—The building should meet requirements for 

the factory layout so that production activities can be car

ried on with low operating expenses. Yet to consider current 
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Figure 35 

trends of factory designs, a pleasing appearance, good 

landscaping and cleanliness are of primary importance. 

Current thinking takes into consideration the pride of the 

community in the plsuit as well as the effect of its appear-

anceon worker morale. Workers prefer to work in good look

ing plants. 

Trends—The use of basements for employee facilities 

can serve very valuable services. These may be only partial 

basements yet they can serve entrance tunnels, washrooms, 

lockerrooms, cafeterias, first aid stations, and the like 

at a lower cost-per-square-foot than any other location 
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would call for. The use of basement tunnels reduces the 

pedestrian traffic on the production floor, makes for safe 

worker circulation, and aids the confusion and congestion 

during each shift change. 

Mechanical 

Mechanical breaks down into services for heating, air 

conditioning, ventilation, and water. Heating purpose of 

the nature of this plant is through the use of steam. Steam 

is used to supply hot water, heat the building and provide 

heat for the curing process and warming mills. A steam 

power plant is the source of the service. A number of fac

tors affect the design of the power plant, including the 

fuel type, the prevailing climate, fuel cost, and require

ments for steam at various times of the year. The heating 

system's purpose is to maintain a temperature satisfactory 

to the process and conducive to high operator efficiency by 

overcoming atmospheric conditions and heat loss to surround

ing areas. 

Air conditioning primarily is used to condition air 

temperature and humidity to provide comfortable working 

conditions. Also such factors as dust, bacteria, odors, and 

toxic gases are given consideration in air conditioning a 

space. Air conditioning systems divide into (1) comfort 

air conditioning to human comfort and (2) industrial air 
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Throughout the plant all of these methods may be incorporated 

for the desired application. The plant offices which re

quire a concentrative atmosphere noise levels must be in

sulated by structured walls from the process operation noise 

levels. Baffles and sound absorbers may be used in the power 

house. Acoustical treatment is most always used in the gen

eral office areas. For noise of equipment out in the open 

shop sometimes the only immediate relief for operators is 

the use of ear protective devices. 

Water is certainly not thought to be mechanical by na

ture but water is most necessary for mechanical equipment. 

Especially for the production of steam. Water sources are 

achieved from wells on the site and from mam-made ponds to 

be located on the site. Also the municipal water system can 

be used as it becomes necessary. Domestic water, mechanical 

power, process water, and for fire protection. For fire 

protection an sprinkler system will be discussed in the 

catagory of life safety. 

Domestic water will be that which is used by plant per

sonnel in washrooms, toilets, shower rooms, clinic, cafeteria, 

kitchens, and drinking fountains. Mechanical power water is 

that which is provided for the power house for boilers and 

production of steam. Process water is the water used for 

the equipment of the shop such as warming mills and calen

dering equipment. Filtering and treatment facilities along 

with pumping and storage equipment will be provided for all 
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types of water use. 

Electrical 

The electrical power source is provided with a high 

degree of protection against normal service interruptions 

by interconnected distribution systems which allow varia

tion in distribution patterns as demand changes and expan

sion warrant. The plant process is critically affected by 

power stoppsLge, so stand-by and emergency power generating 

equipment is necessary. 

The reliability of service for in-plant factors is 

closely related to the flexibility of the plant distribu

tion system and reserve for plant expansion. The distri

bution of service must allow for changes in plant equipment, 

layout and production capacities. Growth conditions must 

be capable of achievement with minimum revisions of the 

power distribution. To reduce the likelihood of distribu

tional overloading affecting total or large segments of the 

plant, multiple distribution centers should be provided. The 

use of multiple centers permits restriction of local over

loads to the limited area served by the affected center, 

thereby eliminating interference in other plant areas. 

Employee comfort requires ample light as well as other 

comforting requirements. The design of the buildings, the 

size and location of the windows, the number, size and type 
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of artificial lighting fixtures, and colors of walls and 

ceilings are the principle factors of an employee's eye 

comfort. Artificial lighting systems should work together 

with natural light to enable an employee to see his work 

without eyestrain or injury. Factors of particular im

portance include: 

1. Illumination requirements 

2. Avoidance of glare and eye fatigue 

3. Type of lighting fixtures 

4. Location and height of fixtures 

Illumination requirements are dependent on the nature 

of the general work area and the direct needs of the local

ized jobs being performed. Proper illumination provides: 

1. Accuracy, ease, and speed of vision at the 
work station. 

2. Improved morale of the worker. 

3. Improved quality of product with reduced 
reworks or rejects. 

4. Improve housekeeping through improvement in 
maintaining order of goods and supplies in 
the area. Disorder is readily apparent in a 
well lighted area and corrective action csin 
be required by supervision. 

5. Reduced accidents.^' 

The plant lighting system must assure adequate lighting 

to satisfy minimum requirements for general areas and spe

cific work stations. Recommendations adopted by the 

"̂'̂ Ruddell Reed Jr., Plant Layout (Homewood, 111.: Richard 
D. Irwin, Inc. I96I), page 237. 238. 
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Illuminating Engineer Society in Table 8 are based on the 

findings of the Vision Research Laboratories, University 

of Michigan.IS 

Foot candle 
Industrial Area for acceptable 

plant lighting 

Exterior entrances active 5 

Inspection, ordinary 50 

Inspection, difficult 100 

Machine shop rough work 50 

Machine shop medium work 100 

Assembly areas, medium 100 

Rolling mill calendering 30 

Active storage rooms, 
rough bulky 10 

Active storage rooms, 
fine 50 

Stairways, washrooms, and 
other service areas 20 

Office:.mail-sorting, 
active filing, 
regular work 100 

Office: bookkeeping, 
tabulating, reproduction 150 

Office: detail drafting 200 

Table 8 

^ James M. Moore, Plant Layout and Design (New York, 
N. Y.J The MacMillan Company, 1962), page 285. 
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Glare and reflection is to be avoided at all times. 

General area lighting is improved if diffused or indirect 

lighting fixtures are used. Due to a hea-vy concentration 

of light in localized lighting, glare is more difficult 

to control. To avoid glare and reflection of localized 

lighting locate fixtures in a position to cause reflections 

away from an operator. Wrong window placement can also 

cause glare from natural lighting. Care in planning win

dow location suid plant operations in relation to windows 

must be exercised. Northern light may be obtained by use 

of a saw toothed roof. High windows with large overhangs 

may also reduce glare. When natural light is utilized it 

should be behind or over the left shoulder of an operator. 

Lighting fixtures are described according to the way 

they distribute light. The following five methods of light

ing seem to be most suitable for industrial uses: 

1. Direct lighting 

2. Semidirect lighting 

3. General diffused lighting 

4. Semi-indirect lighting 

5. Indirect lighting 

Two types of interior lighting use incandescent and fluor

escent light fixtures. Each of the five methods of lighting 

may utilize these two types. Each type has certain advan

tages as well as disadvantages to be considered as do the 

five methods of lighting. 
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Life Safety and Security Systems 

Life safety focuses on safe employee practices and 

proper supervision to direct safe operations. In design

ing facilities care and attention should be given to the 

operations required to achieve the plant task. Systems 

and processes of handling materials have been known to be 

related activities to accidents. Mechanical handling sys

tems primary purpose is increase efficiency but studies 

have also revealed lesson possibilities of personal injury. 

By reducing or completely eliminating direct worker material 

handling directly reduces his exposure to hazards and be

coming injured. 

A list of other safety hazsirds to be guarded against 

are as follows: 

1. Inadequate aisles—Traffic aisles for hand
ling equipment and pedestrian travel should 
be controlled to keep the paths from cross
ing as much as possible. 

2. Insufficient storage space—This allows for 
unsafe handling procedures. 

3. Insufficient handling equipment—Get the right 
tool for the right job. 

4. Floor load capacities 

5. Floor obstructions 

6. Slippery finish floors--Consider the activity 
on floors which allow slippage. Use traction 
materials for certain floors. 

7. Inadequate exits—Provide proper access and 
egress from spaces. 

8. Inadequate stairs, ramps, and ladders 
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9. Fire extinguishers and first aid stations in-
accessable—Although a plant clinic is provid
ed, immediate first aid treatment for "bsmd-
aid" injuries should be available in each 
depar"tment. 

10. Unguarded moving parts on equipment—Careful 
instruction should be given to operators. 

11. Improper ventilation of process machinery 

Poor safe working conditions will lower morale and poss

ibly incur heavy accident liability cost. Other means of 

life safety deal with security systems of the plant. Such 

systems deal with fire and disaster protection. Disasters 

so often ignored until they happen are floods, tornados, and 

hurricanes. For the location of this plant tornados and 

fire are of the most concern. Sprinkler systems are a must 

and also demanded by codes. The sprinkle system's water is 

provided by elevated storage and with the aid of pumps the 

plants cooling pond water can aid fire protection. Fire 

brigades are usually formed from the employees. The select

ed few are trained and drilled regularly. Tornados and high 

winds can only be guarded against to a certain degree. The 

main consideration here is to alert the employees in time 

to get to safety provided somewhere in the plant. Shelter 

provided may be a reinforced basement area simutaneously 

used as a cafeteria or something of that nature. 
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DETAILED SPACE LIST 

The Detail Space List provides basic 

catagorial detailing. Each functional 

space is identified and referenced with a 

facility number. Required assignable 

floor areas determined for the overall 

space, in some cases that overall area 

is detailed. A functional description, occupant load or 

staffing, space requirements, furnishings, and equipment 

are noted where applicable. The plant space identification 

is set up on the following system and tabled in a contents 

of each assignable space. 

Descriptive Title Space Number Series 

Business Offices 100's 

Production Offices 200's 

Production Process 300's 

Maintenance Departments 400's 

Warehouse—Shipping 500's 

Lav's, Lockerroom, Toilets 600's 
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lOO's-Business Offices—- lOi through 126 

101--Plant Receptionist 

102—Plant Manager 

103—Public Relations 

104—Traffic Manager 

105—Chief of Security 

106--Production Manager 

107—Data Process 

108—Key Punch 

109—Computer Room 

110—Conference 

111—Lounge/Breakroom 

112—Comptroller 

113—Accounting and Bookkeeping 

114—Sales and Advertising 

115—Purchasing and Procurement 

ll6—Personnel 

117—Testing 

118—Training 

119—Payroll/Time Keeping 

120--Credit Union 

121—Clinic 

122—Kitchen 

123—Dining 

124—Plant Engineer 
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125—Research 

126—Design Development 

200's--Production Offices 201 through 209 

201--Central Control 

202--Shift Supervisor 

203—Secretary 

204--Budget and Cost 

205—Industrial and Production Engineers 

206—Traffic and Transportation 

207—Design, Construct, and Repair Tools 

208—Drafting 

209—Clerical Workers 

300's--Production 301 through 318 

301—Receiving 

302—Receiving and Inspection Office 

303—Holding 

304—Materials Test Lab and in-process testing 

305—Banbury Mixers 

306—Tread Tubers 

307--White Sidewall Tubing 

308—Inner Liner 

309—Calendering Mills 

310—Stock Cutting 

311—Creel Room 
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312—Bead Winding Department 

313--Tire Building Department 

314—Tire Curing 

315—Tire Trimming 

316—Buff White Sidewall 

317--Uniformity Corrections and Final Inspection 

318—Quality Assurance 

400's—Maintenance 401 through 407 

401—Maintenance General Administration 

402—Electrical Maintenance 

403—Machinery and Equipment Maintenance 

404—Structural and Mechanical Maintenance 

405--Power Plant 

406--Cleaning and Sanitation Maintenance 

/4.O7—Storage and Supplies of Maintenance 

500's--Warehouse--Shipping 501 through 502 

501—Warehouse 

502—Shipping 

600's—Lav's, Lockerroom, Toilets 6OI through 602 

601—Male Facilities 

602--Female Facilities 
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(ion Plant Receptionist/Lobby 600 s.f. 

Function--This is the entrance to the Business Offices. 

All Business Office related personnel pass through 

with proper identification. Every visitor to the plant 

enters here for further clearance after admission 

through the plant security gate. The receptionist is 

also the communications operator. 

Occupancy—Expect one employee and allowances for ten 

visitors. 

Requirements—Provide typical reception area with a comfort

able area to accomodate waiting visitors. 

Furnishings—reception counter, chairs, couches, tables, 

Isunps, displays, etc. 

fl02j Plant Manager w/secretsuries 550 s.f. 

Function--This is the private office of the Plant Manager. 

The office space will have adjacent space for a Busi

ness Secretary, a Maintenance Secretary, £uid a Produc

tion Secretary. Each secretary will have a minimum 

of 50 s.f. 

Occupancy—Expect an occupancy level of four, one manager, 

three secretaries. 

Requirements—Provide typical comforts of an office. The 

manager's office will have a private lavatory and water 

closet. 
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Furnishings—Executive style furniture, and relaxing, infor

mal arangements for private consultation. The secre

taries may share a single space with or without par

titions. A common file area is used by all three sec-

retsuries. 

103) Public Relations 250 s.f. 

Function--This office space will relate to the public and 

plant interaction. This office function is responsible 

for plant and company promotion throughout the Lubbock 

area. 

Occupancy—One employee will fill this position. 

Requirements—This space will operate through the recep

tionist. 

Furnishings—typical office furnishings: desk, table, 

chairs, files, bookcases, storage, etc. 

ML04) Traffic Manager 250 s.f. 

Function—Traffic manager is responsible for daily vehic

ular movement in and out of the plant. 

Occupancy--One, the Traffic Manager 

Requirements--This space will operate through the reception

ist. 

Furnishings--typical office furnishings: desk, table, 

chairs, files, bookcases, storage, etc. 
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105; Chief of Security 500 s.f. 

Function--This space locates operations concerning security 

administration. It provides lock boxes for security 

guards and a meeting room for orientation meetings. 

Private office area is also provided for the Chief of 

Security. 

Occupancy—Locker occupancy will be for nineteen. Each 

shift must allow for occupant load of ten. 

Requirements--Locate this space near the business offices' 

entrance. 

Furnishings—office furniture, tables, chairs, small slide 

screen, chalk boards, etc. 

fl06) Production Manager 250 s.f. 

Function—This job is responsible for all production facts 

and data. Programming and determining production le

vels suid trends are among the responsibilities. 

Occupancy—One production manager is required of the plant. 

Requirements--This office is adjacent to the computer area 

and all supporting spaces. 

Furnishings—typical office furniture: desk, tables, chairs, 

charts, graphing display, etc. 
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107) Data Processing 800 s.f. 

Function--This space processes and formulates data to be fed 

into the computers. Also the computers' print-outs are 

analized. 

Occupancy--Eight is required of this space. 

Requirements—Data processing must locate at or near the 

computer center. Infonnation is classified and kept 

in strict confidence. 

Furnishings--tables, chairs, typewriters, files, etc. 

(los) Key Punch 800 s.f. 

Function—Data card punching and other computer functions 

are prepared for at this space. 

Occupancy—Occupant load will utilize as many as eight per

sonnel borrowed from Accounting and Bookkeeping. 

Requirements--This space will locate adjacent to the Data 

Process and the Computer Room. Electrical outlet 

supplies must be sufficiently provided to accommodate 

ten key punch machines arranged throughout the floor 

area. Storage of materials also is required. 

Furnishings--Provide ten key punch machines, desks and work 

tables with ample seating for each function. Files 

and storage cabinets for supplies are required. 



124 

1̂09) Computer Room l,2oo s.f. 

Function--This area will house the computers which perform 

functions of the warehouse's locating system, produc

tion scheduling, production levels, etc. 

Occupancy—This area is operated by those of the data process 

auid key punch operations. 

Requirements—This space must operate 24 hours. Downtime 

must be minimal to any portion. Emergency power must 

be available. Proper structural footings are required. 

Furnishings—Provide computer space with allowable work 

stations. Stations are to be equipped with tables and 

chairs. 

© 110) Conference 750 s.f. 

Function—This space to hold executive meetings, and other 

business presentations. 

Occupancy--The meeting space should accomodate seating 

for 30. 

Requirements—The space is of executive quality and equipped 

with a projector booth and screen. The space is versa

tile in that it will accommodate a single table con

ference or rows of seating for presentation. 

Furnishings—Executive low back swivel chairs are provided 

for single table conferences and presentation. 
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A projector screen behind a raised platform for speak

ing is also required. 

flllJ Lounge/Breakroom 500 s.f. 

Function—This area is for restroom facilities and morning 

and afternoon break periods. 

Occupancy--Restroom facilities will follow guidelines ex

pressed in the Space Summary subheading: Personal 

Hygiene, and shall accommodate according to each sex. 

Break area shall accommodate groups of no more than 15. 

Requirements—The Lounge/Breakroom shall serve executive 

personnel and their guest. 

Furnishings--Breakr00m furnishing will feature table and 

chair arrangements, vending machines, money chsingers, 

and lounging couches. 

112) Comptroller 250 s.f. 

Function—This is a private office space of the comptroller. 

His job is to oversee the expenditures of the plant. 

Occupancy--One comptroller's position is required of the 

plant. 

Requirements—Typical functional duties must be attain

able. The space need not be of.high executive 

finishes. 

Furnishings—Typical offices furnishings and required 
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A projector screen behind a raised platform for speak

ing is also required. 
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Function—This area is for restroom facilities and morning 

and afternoon break periods. 
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Break area shall accommodate groups of no more than 15. 

Requirements--The Lounge/Breakroom shall serve executive 

personnel and their guest. 

Furnishings—Breakroom furnishing will feature table and 

chair arrangements, vending machines, money changers, 

and lounging couches. 

II2J Comptroller 250 s.f. 

Function—This is a private office space of the comptroller. 

His job is to oversee the expenditures of the plant. 

Occupancy—One comptroller's position is required of the 

plant. 

Requirements—Typical functional duties must be attain

able. The space need not be of.high executive 

finishes. 

Furnishings—Typical offices furnishings and required 
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A projector screen behind a raised platform for speak

ing is also required. 

Ill) Lounge/Breakroom 500 s.f. 
@ 

Function—This area is for restroom facilities and morning 

and afternoon break periods. 

Occupancy—Restroom facilities will follow guidelines ex

pressed in the Space Summary subheading: Personal 

Hygiene, and shall accommodate according to each sex. 

Break area shall accommodate groups of no more than 15. 

Requirements—The Lounge/Breakroom shall serve executive 

personnel and their guest. 

Furnishings—Breakroom furnishing will feature table suid 

chair arrangements, vending machines, money changers, 

and lounging couches. 

(112) Comptroller 250 s.f. 

Function—This is a private office space of the comptroller. 

His job is to oversee the expenditures of the plant. 

Occupancy—One comptroller's position is required of the 

plant. 

Requirements—Typical functional duties must be attain

able. The space need not be of.high executive 

finishes. 

Furnishings—Typical offices furnishings and required 
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equipment at an accountants level are required. 

113) Accounting and Bookkeeping 4,750 s.f. 

Function--Accounting and Bookkeeping is an open office area 

which accomplishes the plant's book work and paper work. 

Occupancy--Required personnel for this department is 38. 

Requirements—Special consideration should be given to 

acoustical treatment. This area relates directly with 

the comptroller. 

Furnishings—typical office furnishings; desk and chairs, 

typewriters, calculators, copying machines and direc

tional lighting are among required furniture for each 

of the personnel. 

0 114) Sales and Advertising 9OO s.f. 

Function--This space handles and controls all sales data and 

is responsible for all forms of advertising. It has 

sub-functions dealing in art and printing techniques. 

Occupancy—Nine employees will operate sales and advertising. 

Requirements—The advertising area will require plumbing of 

wash sinks and photography equipment, dark room, etc. 

The sales portion will be similar to bookkeeping and 

need wall space or portable fixtures for charts and 

graphs. It will also utilize computer information. 

Furnishings—Typical office furnishings with drafting tables 
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dark room equipment, and copying machines are required 

© 115) Purchasing and Procurement 1,200 s.f. 

Function—This department uses data from other departments 

to establish supply needs and determines financial 

expenditures. 

Occupancy--Purchasing and Procurement will employ 12 on the 

staff. 

Requirements--The data received in this department will be 

a t t a ined through the plsuits computer system. 

Furnishings--Typical off ice furnishing and hook-ups with 

the computer center are required. 

fll6j Personnel 250 s.f. 

Function—This office is concerned with the plant employ

ment. Each employee upon hiring passes through here. 

Job record files of each employee are the personnel 

manager's responsibility. 

Occupancy—One personnel manager is required for this office. 

Requirements—This office is at or near the plant clinic, due 

to required physical examinations required by plant pro

cedure. Also the training and testing facilities should 

be easily accessible. 

Furnishings--Provide typical office furnishing with ample 

file space for plant personnel. 
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117) Testing 750 s.f. © 
Function—Testing is a requirement of pre-employment. Test

ing is to determine particular job skills. Different 

test qualifications are required on different jobs. 

Occupancy—One testing clerk is required and testing facili

ties to accommodate ten applicants. 

Requirements—The testing area will check intelligence and 

coordination. Areas for seating and test materials are 

needed. 

Furnishings—Ten private testing tables, a test clerk desk, 

storage, and chalk bosurds are required. 

(lis) Training 750 s.f. 

Function—This area is for training and giving orientation 

to new employees for job description and procedure. 

Also company policy and instructional meetings are ex

plained to new and old employees. 

Occupancy—One training clerk is required and a capacity 

to train 10 employees at a time. 

Requirements—This area shall require some simulated train

ing equipment. Much of production training though is 

done in the manufacturing area. Office training is 

done in this area. 

Furnishings--tables, chairs, office equipment, smaller scaled 

models of manufacturing equipment, etc. 
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\119j Payroll/Timekeepers 450 s.f. 

Function--This office function computes and calculates the 

employees' weekly paycheck. This area uses the computer 

center for much of its data. 

Occupancy—Three clerks operate this office. 

Requirements—Much of the data is filed and stored on tapes 

used by the computer. Files are kept to record each 

employee. 

Furnishings—files, desks, chairs, storage, cabinets, set. 

120) Credit Union 900 s.f. 

Function—This provides one of the benifits auid services to 

the employees. It operates as any company credit union 

does. 

Occupancy—A staff of four will operate the credit union. 

A waiting area for six is necessary to accommodate 

employees. 

Requirements—This space will provide semiprivate cubicals 

to carry out the business of the employee. Storage, 

filing, and computer center storage are all utilized. 

Furnishings—typical office furnishings to accommodate 

staff, waiting area pieces, cubical pieces, etc. 

file:///119j
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© 121) Clinic 3,600 s.f. 

Function—Plant medical services examine job applicants, 

provide first aid for minor illness or injury, and 

provide treatment for major injury or illness. 

Occupancy--The design load will consider one doctor suid one 

nurse per shift. 

Requirements—Required rooms of the clinic will be a wait

ing room, two examination rooms, two treatment rooms, 

x-ray, male and female dressing rooms, lav and toilet 

rooms, medical history file room, and doctors' office. 

Furnishings--provide clinic office furniture, chairs, tables, 

lamps, medical equipment, x-ray, examining tables, 

lighting, supply cabinets, drug safe, files, etc. 

122) Kitchen 3,000 s.f. 

Function—The kitchen provides food preparation for each 

shift of employment. 

Occupancy—Kitchen staffing will require four full time 

staffing for the day shift. Additional help may be re

cruited from the maintenance personnel. 

Requirements--Provide areas for food prepguration, prepaired 

and unprepaired food storage, refridgerator and freezer 

space, dishwashing facilities, garbage collecting and 

storage, maintenance equipment, and cafeteria management 



pp 

131 

office. 

Furnishings—soda fountain, salad unit, grill stand, work 

tables, french fryer, range, broiler, steamer, ovens, 

dishwashing equipment, pot sinks, refrigerators, dry 

storage, ice msiker, lockers, etc. 

(123) Dining 5,100 s.f. 

Function—Feeding employees and providing areas for before 

lunch and after lunch break periods are functions of 

the dining hall. 

Occupancy—Majcimum meal load for a single setting is for 

300 employees. 

Requirements—A central dining hall will locate most access-

able to the Isurgest number of employees. If the central 

dining hall does not accommodate all employees, prepare 

food at the central kitchen and distribute the food 

to dispersed serving counters. 

Furnishings—tables and chairs, salad display, beverage 

stands, roll warmers, soup stations, silverware storage, 

etc. 

ri24j Plant Engineer 250 s.f. 

Function—This office position heads the research, design 

and development department. 

Occupancy—The plant employs one plant engineer. 
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Requirements—This office is within the Research, Design and 

Development departments. It will function closely 

with the results of the testing lab and quality as

surance . 

Furnishings--typical office furniture, desk, chairs, cabi

nets, files, etc. 

(125) Research 4,200 s.f. 

Function—Personnel explore the composition, structure, and 

properties of natural and synthetic rubbers, textiles, 

steel cord, chemicals and other materials of a radial 

tire. 

Occupancy—Within the Research Department, there are 42 

employees. Many of these are scientist of various 

disciplines, such as chemists and mathematicians. 

Others are engineers, technicians, office personnel 

and more. 

Requirements—Test labs to research various functions, 

office space for different research scientist and 

engineers, computer hook-ups, library space, materials 

storage are required. 

Equipment—lab equipment, test equipment, simulators, 

office equipment, files, storage 
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\126j Design and Development 7,000 s.f . 

Function—This department uses the results of the Research 

Department and experiment with new designs to improve 

the tire. 

Occupancy—Seventy Design and Development personnel staff 

this department. Job titles vary: Draftsmen, Design

ers, Lab Technicians, Documentary Workers, Secretaries, 

Engineers, etc. 

Requirements—Design and Development is mostly laboratory 

spaces, drafting, and printing. Other supporting 

spaces are office space for secretaries, presentations, 

documenting reports, and restroom facilities. 

Furnishings—Office and lab furnishings and respective e-

quipment. Drafting tables, printing machines, test 

equipment, recorders. 

201) Central Control 600 s.f. 

Function—This is the nerve center for the production 

offices. It is tied into the Computer Center of the 

business offices. It records the operation of each 

tire building station. 

Occupancy—Day shift operates with five on the staff. The 

evening and night shifts each operate with four at the 

controls. 

Requirements—Central Control should locate at or near the 

file:///126j
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Tire Building Department. For the most part it is a 

controlled room with counters and timers for every 

tire building ststion. Disc tapes record the activ

ity of each station. Information is fed and stored 

into the Computer Center for later use. 

Furnishings—Control equipment, seating, work tables, and 

chairs to accommodate staffing. 

(202) Shift Supervisor 200 s.f. 

Function--This office space accommodates each supervisor 

of the production offices. 

Occupancy—There will be one supervisor for each shift. 

Requirements—This office will strive to accomplish its 

purpose and not afford executive finishes. Locate 

accessable to most of the other production offices. 

Furnishings—chairs, desk, files, work table, bookcase, etc. 

^203) Secretary 300 s.f. 

Function—The secretary will serve all of the Production 

Offices and work directly with the shift supervisor. 

Occupancy—One secretary each will work the day and evening 

shifts. No secretary will be required of the night 

shift. 

Requirements—The secretaries are located adjacent to the 

shift supervisor and serve as an entering space to the 
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production offices. 

Furnishings—secretarial desks and chairs, files, cabinets, 

book shelves, etc. 

fzQM Budget and Cost 300 s.f. 

Function—Budget and Cost works with financial statistics 

of materials costs and trends of the market and indus

try. 

Occupancy—Two personnel will provide the staffing for this 

office. This office is a day shift function only. 

Requirements--This office works from computer print-out 

sheets and requires proper furnishing for these ma

terials and supplies. 

Furnishings—office furnishing table, desks, chairs, chart

ing and graph boards, etc. 

205) Industrial and Production Engineers 750 s.f. 

Function—This office of engineers oversees the production 

functions and direct and resolve rough operations of 

the process. 

Occupancy—Five engineers staff the day shift, four staff 

the evening shift and three staff the night shift. 

Requirements—Area requirements provide 150 s.f. of floor 

space for each engineer on the day shift. 
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Furnishings—desk and chairs, work tables, files, cabinets, 

storage, etc. 

2̂06̂  Traffic and Transportation 750 s.f. 

Function—This office concerns are with safe and efficient 

traffic and transportation of employees, product, and 

materials. 

Occupancy—Five employees staff the day shift, four staff 

the evening shift and three staff the night shift. 

Requirements—Based on the day shift staffing, 150 s.f. is 

provided for each employee. 

Furnishings—typical office furniture with desk, chairs, 

work tables, files, cabinets, storage, etc. 

207j Design, Construct and Repair Tools 150 s.f. 

Function—This office is responsible for designing tools 

and improving inferior tools. 

Occupancy—One employee will be at this position for each 

shift. 

Requirements—This space will relate directly with the draft

ing office adjacent to it. Also a direct line of commu

nication will be necessary with the maintenance machine 

shop. 

Furnishings—desk, table, chairs, files, storage, etc. 
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(208) Drafting 200 s.f. 

Function—This drafting room will make the shop drawings 

for the tool design and repair. 

Occupancy—Each shift will have one personnel to fill this 

position. 

Requirements—This space is adjacent to the design, con

struct and repair tools office. The draftsman will 

work through the designer only. 

Furnishings—drafting table, proper lighting, stool, chair, 

desk, work table, flat files, etc. 

'209) Clerical Workers 750 s.f. 

Function—The general production office workers handle the 

correspondence, records, and accounts. 

Occupancy—The clerical staff will consist of five day shift 

workers, four evening shift workers, and three night 

workers. 

Requirements—This is the general office of production op

erations. It is an open office space, possibly with a 

central location among the rest of the production staff

ing. 

Furnishings—typical office furnishings and equipment, 

tables, chairs, desks, etc. 
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® 301) Receiving 31,250 s.f. 

Function—All materials and supplies are received and check

ed in through this department; three shifts daily. 

Occupancy—The day shift staffs 13. The evening shift 

staffs 10. The night shift staffs 10. 

Requirements--A minimum clear ceiling height is 20*0". A 

dock 2u:*ea will be sheltered from bad weather. Materials 

are received by rail and truck. 

Equipment—pallet handling equipment, pallets, storage 

racks, etc. 

(302) Receiving and Inspection Office 2,500 s.f. 

Function—This office handles paperwork for received freight. 

Also administrates inspection procedure of materials. 

Occupancy—Day shift staffing is five employees. Evening 

shift staffs three. The night shift staffs two. 

Requirements—These offices may have nine foot ceiling 

heights. They should locate near or efficiently close 

to the receiving entrance. 

Furnishings—shop office furnishing, desks, chairs, work 

tables, closet, etc. 

(303) Holding for Materials 40,000 s.f. 

Function—This area is required for pretested stock and 
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approved tested stock. 

Occupancy—Ten day shift, six evening shift, and four night 

shift personnel are required for handling materials 

here. 

Requirements—A floor area of 40,000 s.f. is required with 

a ceiling height of 20'0". This area includes aisles 

for circulation. 

Equipment--pallet handling equipment, pallets, storage 

racks, etc. 

(304) 304J Materials Test Lab and In-process Testing—3,750 s.f. 

Function—This space is a laboratory for testing materials 

before going on to the production process. Also sam

ples are taken of in-process materials to check for 

standards set by Michelin. 

Occupancy—Lab technicians work all three shifts. Seven 

day shift employees, five evening shift employees, and 

four night shift employees are required. Testing is 

done around the clock, as materials are constantly 

coming in at receiving. 

Requirements—Testing is done in a controlled atmosphere. 

The lab is located at the receiving storage area. 

Furnishings—lab equipment of all kinds, tables, chairs, 

desks, x-rays, etc. 
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Requirements—After the tread is processed it is held in 

holding areas in the area. Tubing requires a 20'0" 

ceiling height cleaurance. Department supervisor needs 

office space at this location. 

Equipment—all machinery: mixing mills, tubers, and cutters, 

portable storage trays; supervisor office equipment. 

'307) White Sidewall Tubing 22,500 s.f. 

Function--This area's function is to produce the white and 

black sidewall rubber of the tire. 

Occupancy—Employees of this function are the same staff

ing of the tread tubing depsirtment. (see 306 tread 

tubing--occupancy) 

Requirements--Sidewall tubing is adjacent to the Tread 

Tubing Department. The same employees work both de

partments. An additional department supervisor's 

office space is required. Holding areas for processed 

materials is also included. 

Equipment—all machinery: mixing mills, and tubers; super

visor's office furnishings. 

'3O8) Tire Innerliner 12,500 s.f. 

Function—This area produces the innerliner of the tire 

which holds the air of a tubeless tire. 

Occupancy—Eight employees staff the day shift, and four 
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employees staff both the evening and night shifts. 

Requirements—This department requires a minimum ceiling 

height of 18'0". A department supervisor's office 

space and materials holding area are required. 

Equipment—warming mills, lamination and rolling machines, 

supervisor's office furnishings. 

'309) Calendering Mills 50,000 s.f. 

Function—All the fabric of textile materials sire rolled 

and pressed together with the rubber. 

Occupancy--Twenty-four operate the day shift crew. Twenty-

one operate the evening shift. Seventeen operate the 

night shift. 

Requirements—The Calendering Department requires a super

visor's office space, a minimum ceiling height of 

20'0", storage and holding areas for materials. 

Equipment—process machinery, pallets, supervisor's office 

furnishings. 

© 310/ Stock Cutting 30,000 s.f. 

Function—Stock cutting cuts the plies to their precise 

lengths to fit a particular sized tire. 

Occupancy—Staffing for stock cutting are recruited from 

the calendering mills. 

Requirements—Stock cutting requires storage and holding 
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for materials and a department supervisor's office 

space. 

Equipment--cutting machines, storage racks, pallets, office 

furnishings. 

311) Creel Room 3,600 s.f. © 
Function—This room holds the spools of individual strands 

of steel wire for the steel belts. 

Occupancy—The creel room staffs 28 on the day shift, 22 

on evenings, and 20 on nights. 

Requirements—This room is thermolly controlled to reduce 

all moisture content from the steel wire. Moisture 

can prohibit the bonding of the rubber and steel. A 

supervisor's office space is required. 

Furnishings—supervisor's office furnishings, equipment of 

wire spool storage, calendering mills. 

[312) Wire Bead Winding Department 10,000 s.f. 

Function—This area produces the bead of the tire which 

hold the tire on the rim. 

Occupancy—Staffing for the bead winding department includes 

24 day shift employees, 20 evening shift employees, and 

16 night shift employees. 

Requirements—Twenty-four bead winding stations are requir

ed. Provide storage for large reels of copper plated 
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Occupancy—Day shift staffing is 22 employees. Evening 

shift staffing is l6 employees. Night shift staffing 

is 13 employees. 

Requirements—525 molds are required. Each mold requires 

400 s.f. and a ceiling height of 26'0", totaling 

210,000 s.f. Traffic area required equals 16,800 s.f. 

Handling from curing to trimming equals 20,l60 s.f. 

Equipment--525 curing molds, conveyance equipment, heat 

exhaust ventilation, "green" tire handling equipment, 

supervisor's office equipment. 

(315) Tire Trimming 6,500 s.f. 

Function—Tire Trimming trims off the pin vents which the 

curing molds leave on the tire. 

Occupancy—The day shift requires 13 operators. The eve

ning shift requires 10 operators. The night shift 

requires 8 operators. 

Requirements—Each operator requires 500 s.f. A ceiling 

height of 26'0" is required. Maintenance cleaning 

is constantly necessary here. 

Equipment—thirteen trimming stations, department super

visor's office and furnishings. 

616) Buff White Sidewall 37,500 s.f. 

Function—This area buffs the white sidewalls of tires 
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requiring this. 

Occupancy—Day shift provides 20 employees. Evening shift 

provides 12 employees. Night shift provides 8 employees. 

Requirements—10 buffing stations at 2,000 s.f. each equals 

10,000 s.f. Storage sireas require 27,500 s.f. Super

visors's office sirea required. 

Equipment--buffing equipment for ten stations, vacuum system, 

conveyance system, storage pallets, supervisor's office 

furnishings. 

317) Uniformity Correction & Final Inspection-127,500 s.f. 
@ 

Function—This area performs final inspection and makes any 

possible corrections or touch up to each tire. 

Occupancy—Day shift staffs 47 employees. Evening shift 

staffs 42 employees. Night shift staffs 32 employees. 

Requirements—Provide 50 inspecting lanes, storage gureas 

before and after final inspection and reject storage. 

20'0" ceiling height is required. 

Equipment—equipment for balancing and correcting, touch 

up, reject cutting, conveyance, pallets, etc. 

nis) Quality Assurance 15,000 s.f. 

Function—Quality Assurance is a controlled area of endur

ance testing. Various test are performed on sampled 

tires. A few of the testing areas include X-ray, 



147 

endurance, puncture, bruise, high speed, tracking, 

treadwear, etc. Other supporting functions are stor

age and holding, records, and the personnel office. 

Occupancy—Three shift staffing is required for Quality 

Assurance testing; 13 on day shift, 11 on evening shift, 

and 9 on night shift. 

Requirements—Quality Assurance best locates near the end 

of production, at or near final inspection. Due to 

various simulated testing, special conditions must be 

available to supply the test equipment. 

Furnishings—Furnishing is required only in the personnel 

office. All other is test equipment. 

(401) 401J Maintenance General Offices 4,125 s.f. 

Function—These general offices will communicate and handle 

all work requisitions and see that maintenance is per

formed . 

Occupancy—The day shift office staff will employ 17 employ

ees. The evening shift will staff 13. The night shift 

will staff 12. 

Requirements—The General Offices will provide private office 

space for a manager of each department of maintenance. 

Each office will have approximately 300 s.f. There 

are 7 managers' offices to provide for. Other spaces 

will be for clerical workers, secretary-receptionist. 
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and restroom facilities, which will account for the 

remaining floor areas. These are the spaces as listed 

401-1 General Manager 300 s.f. 

401-2 Electrical Manager 300 s.f. 

401-3 Machinery & Equipment Manager 300 s.f. 

401-4 Structural & Mechanical Manager 300 s.f. 

401-5 Power Plant Manager 300 s.f. 

401-6 Cleaning & Sanitation Manager 300 s.f. 

401-7 Storage & Supplies Manager 300 s.f. 

401-8 Clerical Workers 1,800 s.f. 

401-9 Secretary/Receptionist 225 s.f. 

401-10 Men's Restroom 100 s.f. 

401-11 Women's Restroom 100 s.f. 

Furnishings—typical office furniture and equipment: 

desk, chairs, bookcases, files, work tables, and 

office machines. 

402) Electrical Maintenance 8,000 s.f. (402) 

Function—Electrical maintenance shop is equipped to main

tain all plant electrical problems. It maintains 

lighting, power and communications systems. 

Occupancy—The day shift crew staffs 20 electricians. The 

evening shift staffs 17. The night shift staffs 15. 

Requirements—Provide locker storage space for 60 employ

ees, accounting for all three shifts. Provide office 
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space for electrical plan room, work requisitions, and 

other paper work. Provide washroom and toilet facili

ties for men and women. Provide approximately 3,000 

s.f. for an electrical power shop, 2,000 s.f. for a 

lighting shop, and 2,000 s.f. for communication and 

computer repair. These are the spaces as listed: 

402-1 Office 200 s.f. 

402-2 Plan Room 400 s.f. 

402-3 Wash Room & Toilets 200 s.f. 

402-4 Lockerroom 200 s.f. 

402-5 Power Shop 3,000 s.f. 

402-6 Lighting Shop 2,000 s.f. 

402-7 Communications,Computer Shop 2,000 s.f. 

Equipment—electrical trouble shooting equipment, gauges, 

meters, fixture replacement parts, etc.; office e-

quipment and furnishings etc. 

(403) 403J Machinery and Equipment Maintenance 25,000 s.f. 

Function—This shop is responsible for production equipment 

and all vehicular transports for material handling. 

Occupancy—The day shift staffs 115 employees. The evening 

shift staffs 95 employees. The night shift staffs 74 

employees. 

Requirements—This is the machine shop of all the maintenance 

departments. This shop is capable of all machinery re

pairs. Its actual machine shop area is 20,000 s.f. 
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other shop areas include office space consisting of 

general paper work, drafting, files, shop drawings, 

wash room and toilet, lockerrooms, all accounting for 

5,000 s.f. This department breaks down as follows: 

403-1 General Offices 1,000 s.f. 

403-2 Drafting 1,200 s.f. 

403-3 File Room/Shop Drawings 1,000 s.f. 

403-4 Wash Room and Toilets 1,000 s.f. 

403-5 Lockerrooms 1,000 s.f. 

403-6 Machine Shop 20,000 s.f. 

Equipment—drills, grinders, shapers, lathes, mills, lifts, 

hoist, tool storage, presses, overhead cranes, and 

overhead hoists; office furniture typical of the rest 

of production! shop ceiling height 24'0". 

^04) 404) Structural and Mechanical Maintenance 12,000 s.f. 

Function—This Maintenance Department is responsible for 

the physical character of the plant itself. This 

covers the structural elements of all structures on 

the site, the heating ventalating, and air condition

ing (H.V.A.C), painting, grounds maintenance, water 

tower and cooling ponds, and fire fighting equipment. 

Occupancy--The day shift staffs 36 employees. The eve

ning shift staffs 31. The night shift staffs 25. 

Requirements—The structural and mechanical shop is 10,800 

s.f. Assisting areas to the shop are washrooms and 
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toilets, lockerrooms, and general office. Each area 

breaks down as follows: 

404-1 General Office 400 s.f. 

404-2 Washroom and Toilets 400 s.f. 

24.04-3 Lockerrooms 400 s.f. 

404-4 Shop 10,800 s.f. 

Equipment—paint supplies and equipment, H.V.A.C. equipment, 

gauges, tools, fire fighting equipment, lawn and grounds 

keeping machinery, office equipment and furnishings. 

(k05) Power Plant 17,000 s.f. 

Function—The Power Plant serves as the energy source for 

the entire plant. 

Occupancy--The day shift crew will staff 20 employees. The 

evening shift will staff l6 employees. The night shift 

will staff 14. 

Requirements—The power plant will provide emergency elec

trical generator, boiler room for hot water and steam, 

the cooling system, compressed air, and gas. Addi

tional space includes offices and a control room. 

Equipment—emergency generators, boilers, heating and cooling 

units, overhead cranes, control equipment and office 

furnishings. 

f406J Cleaning and Sanitation 8,000 s.f. 

Function—The cleaning and sanitation department primarily 
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are responsible for maintaining the lockerrooms, 

toilets, and showers. Also plant waste is of its 

concern. 

Occupsuicy—The day shift staffs 30 employees. The eve

ning shift staffs 25 employees. The night shift 

staffs 20 employees. 

Requirements—The cleaning and ssunitation department pro

vides areas for equipment storage, incinerators for 

burning trash, washroom, toilets, and lockerroom space 

for staffing, and office space. 

Equipment—cleaning equipment, storage equipment, shelving, 

waste disposal equipment, incinerator, etc. 

(407) 407) Storage Supplies 9,000 s.f. 

Function--The storage and supplies provides special tool 

storage for any department of maintenance, storage of 

stocked parts and materials for all maintenance de

partments, and office space to control check-in and 

check-out of its inventory. 

Occupancy—Staffing for this area requires 8 day shift em

ployees, 6 evening shift employees, and 5 night shift 

employees. 

Requirements—Security and smoothness of this operation is 

quite essential to protect the inventory of supplies, 

materials, and tools. Office space for control of 

operation and storage make up floor area use. 
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Equipment--storage bins, office equipment, files, etc. 

(501) Warehouse 1,400,000 s.f. 

Function--The warehouse stores the finished tire before 

shipping it from the plant. 

Occupancy—Each shift staff 3 employees. 

Requirements—The warehouse has integrated in its process a 

computerized locator system which tells an operator 

where to send certain pallets of tires in the wsirehouse. 

An automated towline carries specialy design carts 

throughout the warehouse earring pallets of pre-sorted 

tires to particular spurs in the track. The pallets 

are then removed from the cart and stacked into place 

by forklifts. 

Equipment—computerized locater system, towline in floor, 

tow carts, pallets, office equipment and furnishings, 

etc. 

(502) Shipping 215,625 s.f. 

Function--The Shipping Department fills orders from distri

bution centers and loads the tires into railroad cars 

and/or truck trailers. The Shipping Department has its 

own shipping offices which handle all paper work and 

procedures. 

Occupancy—The day shift will staff 18 employees. The 
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evening shift will staff 13 employees. The night 

shift will staff 12 employees. 

Requirements--Shipping will require holding areas for com

pleted orders for intervening periods awaiting load

ing. Office space is required for handling the ship

ping orders and recording tire shipments. 

Equipment--towline (used by Warehouse), tow carts, pallets, 

office equipment, computerized locator system tie, 

other furnishings, etc. 

(6oy Male Facilities () s.f. 

Function—These spaces will accommodate areas of dence male 

staffing for restroom facilities, and lockerrooms, 

which ever is required by user. 

Occupancy--This is a design option, to consider the occupant 

load of a particular department. 

Furnishings—Required furnishings and/or equipment require 

toilet fixtures meeting standards of the earlier men

tioned space analysis sub-heading: personal hygiene. 

(602J Female Facilities () s.f. 

Function—See function to space 601. 

Occupancy--See occupancy to space 601. 

Furnishings—Furnishings and equipment require toilet fix

tures meeting requirement of furnishing in space 601. 
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COST ANALYSIS 

The cost analysis for the project is 

based on the 1978 Dodge Construction Sys

tems Costs. The Michelin plant is group

ed into five building types which include 

Office Buildings, Computer Centers, Re

search Labratories, Heavy Manufacturing, 

and Warehouse buildings. Each of these building types are 

analyzed by their building systems to provide a preliminsiry 

average cost estimate. Each of the building types are com

bined to determine the entire plant's estimate. This esti

mate serves as a check to the calculated cost of each build

ing system against the average cost of building systems. 

Escalated estimates are based on the midway point in 

construction at 1% a month from the bid date to that midway 

point. Construction will begin the sixth month after the 

bid date and will run three years hence. The mid-point of 

construction is eighteen months. The cost is then calculated 

on escalation of five months from bid date to construction 

start plus eighteen months to the mid-point, totaling 23 

months at 1% per month. 
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Building Type: 

Building System: 

Office Building 
24,000 s.f. 

$/s.f. % Total Cost 

Foundat ions 

S u b s t r u c t u r e 

S u p e r s t r u c t u r e 

E x t e r i o r Closure 

Roofing 

P a r t i t i o n s 

Wall F i n i s h e s 

Floor F i n i s h e s 

Ce i l i ng F i n i s h e s 

S p e c i a l t i e s 

Conveying Systems 

Plumbing 

F i r e P r o t e c t i o n 

H.V.A.C. 

E l e c t r i c a l 

General Cond i t i ons 

Net B u i l d i n g Cost 

Equipment 

Gross B u i l d i n g Cost 

S i t e Work 

C o n s t r u c t i o n Cost 

2.89 

1.10 

7.22 

6 .61 

1.04 

3 .72 

1.83 

1.97 

1.66 

.63 

1.66 

2 .15 

.36 

6 .28 

4 .32 

2.36 

45.80 

.78 

46 .58 

2 .17 

48 .75 

6 .3 

1.0 

15.6 

14.5 

1.9 

4 .0 

4 .3 

1.4 

3 .7 

1.4 

3 .7 

4 . 3 

.8 

13.8 

9 .5 

5.2 

99 .0 

. 1 

100?J 

4 . 8 

1,117,920 

2,499 

1,120,419 
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Building Type: 

Building System: 

Computer Center 
3,050 s.f. 

$/s.f. % Total Cost 

Foundations 

Substructure 

Superstructure 

Exterior Closure 

Roofing 

Partitions 

Wall Finishes 

Floor Finishes 

Ceiling Finishes 

Specialties 

Conveying Systems 

Plumbing 

Fire Protection 

H.V.A.C. 

Electrical 

General Conditions 

Net Building Cost 

Equipment 

Gross Building Cost 

Site Work 

4.27 

1.60 

7.70 

4.88 

1.51 

1.78 

.66 

3.60 

.68 

.20 

0.0 

2.01 

2.60 

8.87 

7.33 

2.39 

50.08 

.38 

50.46 

3.84 

8.7 

2.7 

13.1 

10.0 

3.1 

3.6 

1.3 

7.4 

1.4 

0.4 

0.0 

4.1 

5.3 

18.1 

15.0 

4.9 

99.2 

0.8 

100?J 

7.9 

153,903 

925 

Construction Cost 54.30 154,828 
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Building Type: 

Building System: 

Research Laboratory 
11,450 s.f. 

$/s.f. % Total Cost 

Foundations 

Substructure 

Superstructure 

Exterior Closure 

Roofing 

Partitions 

Wall Finishes 

Floor Finishes 

Ceiling Finishes 

Specialties 

Conveying Systems 

Plumbing 

Fire Protection 

H.V.A.C. 

Electrical 

General Conditions 

Net Building Cost 

Equipment 

Gross Building Cost 

Site Work 

2.57 

1.52 

8.70 

6.16 

1.34 

5.39 

1.19 

1.39 

1.50 

.71 

.61 

5.24 

.96 

11.85 

8.24 

3.02 

60.39 

3.50 

63.89 

2.08 

4.2 

2.2 

12.0 

10.1 

2.2 

8.8 

1.9 

2.3 

2.4 

1.2 

1.0 

8.6 

1.3 

18.7 

12.8 

4.6 

94.3 

5.7 

100% 

5*7 

731,540 

1.357 

Construction Cost 65.97 732,897 

I 
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Building Type: 

Building System: 

Heavy Manufacturing 
973,225 s.f. 

$/s.f. % Total Cost 

Foundat ions 

S u b s t r u c t u r e 

S u p e r s t r u c t u r e 

E x t e r i o r Closure 

Roofing 

P a r t i t i o n s 

Wall F i n i s h e s 

Floor F i n i s h e s 

Ce i l i ng F i n i s h e s 

S p e c i a l t i e s 

Conveying Systems 

Plumbing 

F i r e P r o t e c t i o n 

H.V.A.C. 

E l e c t r i c a l 

General Cond i t i ons 

Net Bu i ld ing Cost 

Equipment 

Gross Bu i ld ing Cost 

S i t e Work 

C o n s t r u c t i o n Cost 

4.16 

2.76 

13.87 

4 .24 

1.72 

3.30 

.62 

1.25 

.59 

1.69 

.58 

2.12 

.70 

4 .29 

6 .25 

2.40 

49 .94 

1.91 

51 .85 

1.60 

53 .45 

7 .1 

4 .3 

21 .2 

7*5 

3.2 

6 .1 

1.1 

2 .3 

1.1 

0.6 

1.1 

8.0 

1.3 

11.8 

11.5 

6 .5 

94 .5 

5*5 

100% 

.2.9 

50 ,461,716 

45,157 

50 ,506 ,874 
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Building Type: 

Building System: 

Warehouse Building 
1,615,625 s.f. 

$ /s . f . % Total Cost 

Foundations 

Substructure 

Superstructure 

Exterior Closure 

Roofing 

Partitions 

Wall Finishes 

Floor Finishes 

Ceiling Finishes 

Specialties 

Conveying Systems 

Plumbing 

Fire Protection 

H.V.A.C. 

Electrical 

General Conditions 

Net Building Cost 

Equipment 

Gross Building Cost 

Site Work 

Construction Cost 

2.03 

1.79 

7.86 

6.04 

1.56 

1.54 

*75 

.63 

.43 

.23 

.87 

1.35 

.40 

1.93 

2.88 

1.62 

31.91 

.44 

32.35 

1.01 

33.36 

6.5 

5.2 

18.4 

25.9 

3.8 

4.9 

2.4 

2.0 

1.3 

0.6 

2.8 

4.3 

0.9 

5.8 

9.1 

5.1 

99.1 

0.9 

100% 

3.2 

52,265,469 

52,217 

52,317,686 
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Totals 

Building Type: Areas Cost 

Office Building 24,000 s.f. $1,120,419 

Computer Center 3,050 s.f. $154,828 

Research Laboratory 11,450 s.f. $732,897 

Heavy Manufacturing 973,225 s.f. $50,506,874 

Warehouse 1,615,625 s.f. $52,317,686 

Total Construction 2,633,600 s.f. $104,832,704 

Site—@ $l,000/acre 510 acres $510,000 

Total Job $105,342,704 

Escalation—© 23% 24,228,822 

Estimated Job Bid $129,571,526 
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Texas Tech University 

Division of Architecture 

Thesis Topic Proposal Submitted by Wayland Schroeder 

MICHELIN TIRE MANUFACTURING DEVISION 
THE LUBBOCK MOLDING PLANT 

I. THE USER GROUP: 
a) Employment for approximately 2500. 
b) Grouped by functional and spacial needs. 
c) Employees will commute from Lubbock and local south 

plains areas. 
II. A REAL SITE: 

a) Site selection criteria: Proper zoning, the indus-
trial district; ample area, future expansions; rail
road service, imports materials, export product. 

b) Site location: Lubbock,Texas (see attached map) 
Boundaries: North--F.M. 2641i South--Santa Fe Rail
road; East—Olive Ave.; West--Guava Ave. 

c) Site Area: Approximately 510 acres. 

III. PROJECT SCOPE: 
a) Square footage: Undetermined at this time. 
b) Service provided: Overall the project's purpose is 

manufacturing a finished product, steel belted ra
dial tires, and ship to commercial distribution cen
ters. Rubber will be received by rail from Midland, 
Texas. Steel cord will be received from Temple, 
Texas. The Lubbock plant will mold the final pro
duct and ship to distribution centers. 

c) Plant services provided: General offices such as 
plant manager, personnel, safety, plant security, 
fire department, maintenance, shipping and receiv
ing, molding, etc. 

d) Services other than function: Create jobs in Lubbock 
and surrounding areas. Boost area economy. 

e) Technological purpose: The project will include 
complete manufacturing processes of all necessary 
machinery. It will include all necessary general 
offices and supporting functions to establish and 
maintain its corporate level. Energy efficiency 
must be considered to meet federal regulations. 

f) Economical purpose: Research to result possible 
economic aid to local area; aid unemployment; in-
hance industrial-business district. 
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g) Architectural creativity: Due to variety of ser
vices involved in the project, creativity of the 
spaces has limitless potential. 

IV. ARCHITECTURAL RESEARCH: A "state of the art" 
During the Industrial Revolution a "state of the 
art" expressed the development and wide use of 
cast iron in structure and design. The indus
trial Revolution expressed much of this in its 
factory design. 

A "state of the art" today yeilds a greater vari
ety of structural and design materials. Also en
ergy efficiency is a must in factory designs, for 
corporations to spend initial millions at construct
ion it can save millions in the long run. 
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Case Study» 173 

PIS 

The Pirelli Tire Plant 
Settimo Torinese, Italy 

h 

> • — • , . " . -. > 
/•''•'•••^ r-f-^.i:'•m-:.-

r\ 

-fl 
Ground Plan of Whole Plant: Scale 1" = 200' 

1. Turin-Milan highway 
2. Gatekeeper 
3* Control section 
^', Bicycle racks 
5. Heat-generating plant 
6. Raw materials store 
7. Mixing installation 
8. Vulcanising plant, control and finishing sections 
9. Store for completed tires 
10. Despatch 
11. Control points 
12. Linking bridge 
13. Cloakrooms £Uid washing facilities 
14-. Office rooms 
15. Pipe gantry 
16. Space for future extension of production buildings 
17* Space for future extension of ancillary plants 
18. Canal and railway line 

k 
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Activities Analysis 

Client: Pirelli Tire Corporation 

User Group: Plant employees 

Primary Activities: 

* Production of tires 

- Receiving and raw materials storage 

- Mixing installation 

- Curing control and finishing 

- Warehouse storage of completed tires 

- Despatching 

Secondary Activities: 

* Security 

* Power Paint 

* Lavatories, toilets, lockerrooms, & showers 

* Lunch room 

* Business offices 

* Canal and railway services 

Production departments are housed in one large build

ing. Various department staff about 100 workers each. 

Each dep2U?tment is divided by aisles. A central access 

aisle with control points for communication run the length 

of the building. 

To one end of the production building linked by two 

connecting passageways, secondary activities are housed in 
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a separate building. This building serves as a visual 

plant entrance quite naturally housing the plant offices 

and other functions other than production. 

The Power Plant serves as a third building about 

220 feet south of the production building. I t s energy 

supplies are piped to the production faci l i ty through a 

pipe gantry. 

Power Plaint 

Building Systems Analysis 

The production building i s a s teel framed structure. 

The exter ior skeletol frame i s faced with brick work. The 

sloping roof l igh ts are glazed on both sides and at each 

end to provide excellent natural l ighting. Ventilation 

is handled through individual venti lators arranged in the 

roof s t ruc tu re . 
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Longitudunal facade of the production building 

Longitudinal 
Section thru 
the production 
building: 
Scale 1" = 20* 

1. Two-piece 
steel 
columns 

2. Roof-light 
joists of 
welded roll
ed steel 

3. Concrete roof slabs 
4. Corrugated asbestos-cement slabs 
5. Glazing 
6. Brick cladding on steel framework of outer walls 
7. Ventilator 
8. Reinforced concrete panel; flooring surface of hard 

rubber slabs 
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Site Analysis 

The plant is located in Settimo Torines, Italy on the 

Milan-Turin highway. The site is approximately 560 feet 

by 1,150 feet. The overall site is planned and laid out 

to utilize open space areas for future expansion. The 

present location of the power plant allows for a lOOjS in

crease in the production facility. Area is also planned 

for to extend the ancillary plants. The building orienta

tion works quite well to allow the roof-lights to admit a 

maximum amount of natural light for the production area.^ 

production building 

19 Walter Henn, Building for Industry (New York, N.Y.: 
Hayden Book Co., Inc., 1965) pages 246, 247. The case study 
has been extrapolated in its entirity from this text. 
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Case Study: 

General Tire Plant 
Waco, Texas 

General Tire Plant at Waco, Texas is the company's 

second oldest. It began in 1944. Daily, the plsuit pro

duces twenty-one thousand tires. The plant has just over 

two million square feet under roof and employs nearly 1,700. 

Activities Analysis 

Client: General Tire and Rubber Co. 

User Group: Plant employees 

Primary Activities: 

* Production of tires 

- Raw Materials Storage 

- Lab 

- Banburys 

- Tubers 

- Stock Cutting 

- Tire Building 

- "Green" Tire Inspection 

- Curing 

- Buffing and Trimming 

- Final Inspection 

- Warehouse 

- Shipping 
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Secondary Activities: 

* Offices 

* Maintenance 

* Power House 

* Cement House 

Due to the age of this plant, no credible future ex-

panision is planned for. The plant is 36 years old sind the 

layout has pretty well covered the site. Warehouse space, 

administrative offices and maintenance shops are of the most 

recient expansions. The plant is virtually at full capacity. 

Building Systems Analysis 

In the plant's early ages the building's structural 

system consisted of structural steel framing sheathed with 

brick exterior walls and partitions. This system applied 

to Production areas. Offices, Power House and Cement House. 

Most recent plant expansions in areas of present warehouse 

and curing space utilized structural steel framing and pre

fabricated wall panels. The maintenance shop sind office 

building utilized a total steel building system, walls, 

roof, and structure. 

The architecture of the plant's earliest beginning ex

pressed a "state of the art" for its time. Newer additions 

to the plant express a more updated "state of the art" but 

may fail architecturally in joining the original architec

ture. The newer plant designs express the economical state 

of construction. 
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(Plant plan courtesy of General Tire & Rubber 
Company Waco, Texas) 

Plant Layout 
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Site Analysis 

tesy of General Tire & Rubber Co. Waco, Tx.) 
Areal view of plant and site 

The site at present is near full capacity. Shown in 

the photo is the entire site less the northern corner cut 

off of the picture. The site utilizes easy access being 

located on the south portion of the city's loop. Rail ser

vice is made available along the plants northwest edge. A 

centrally located cooling pond provides the plant with a 

cooling water supply. The built portions of the site are 

graded basically flat with the rear of the site sloping 
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down and away. Across an adjacent southeast side road the 

acreage is grass and brush land with gentle rolls mixed in. 

The orientation of the site adapted well according to the 

function and functional organization of the plant. ̂ ^ 

20 
This case study was developed from material courtesy 

of General Tire and Rubber Co., Akron, Ohio and the General 
Tire Plant at Waco, Texas. 

. )r*»T 
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down and away. Across an adjacent southeast side road the 

acreage is grass and brush land with gentle rolls mixed in. 

The orientation of the site adapted well according to the 

function and functional organization of the plant, 20 

20This case s tudy was developed from mater ia l^cour tes j . 
of Gene ra l T i r e and Rubber Co. , Akron, 
Ti re P l a n t a t Waco, Texas . 
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down and away. Across an adjacent southeast side road the 

acreage is grass and brush land with gentle rolls mixed in. 

The orientation of the site adapted well according to the 

function and functional organization of the plant. 

20 
^^^^m?^^® ^J^o^vv^^ developed from material courtesy 

of General Tire and Rubber Co., Akron, Ohio and the General 
Tire Plant at Waco, Texas. 
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Case Study; 

Dayton Tire Plant 
Oklahoma City, Oklahoma 

The Dayton Tire and Rubber Company, in I969, built one 

of the most modern tire plants in the world at Oklahoma 

City. The considered ultra-modern high-quality facility, 

after four expsinsions since its original construction, 

encompasses nearly 

2.5 million square 

feet under roof. Dur

ing the time of this 

study a fifth expan

sion was underway, to 

add 218,000 square 
Curing room expansion 

feet. The plant employees 1,900 and operates three shifts 

around the clock. Production is on an average of 22,000 

tires a day. 

Activities Analysis 

Client: The Dayton Tire & Rubber Co. 

User Group: Plant employees 

Primary Activities: 

* Production of Tires 

- Receiving raw materials 

- Stock mixing 

- Fabric and innerliner calendering 
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- Wire winding 

- Tread and sidewall extension 

- Tire assembly 

- Curing 

- Trim, buff, and grind 

- Final inspection 

- Warehouse 

- Shipping 

Secondary Activities: 

* Die shop 

* Power house 

* Production scheduling 

* Maintenance 

* Quality assurance testing 

* Laboratory testing 

* Mill room control 

* Kitchen/cafeteria 

* Clinic 

* Security 

* Business offices 

- Truck and rail traffic planning 

- Payroll 

- Personnel 

- Purchasing 

- Computer processing 

- Employee sales store 
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Plant Layout Scale 1"=300' 
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Building Systems 

The plant architects considered that a growing plant 

of this nature would be constantly expanding with available 

growth area. The Dayton plant architects developed a way 

to construct the walls with single "T" precast concrete wall 

panels. As an expansion de

velops the wall panels are re

moved and relocated by tall 

cranes. Each panel weighs 

12,000 pounds. The struct

ural frame is steel columns 

and trussing with poured con

crete footings and floors. 

Many factors proved this sys

tem advantagous for the Okla

homa City plant. With the 

near linear departmental 

Exterior wall panels 

Curing and final inspection expansion 
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planning, and location on the site the plant is relatively 

quite easy to expand upon. Expansion can be achieved by 

adding adjacent additions to each department and never in-

terupting production. 

Site Analysis 

» < » t y y y y X. }C K, x > < X 

;: 
e 

' « 

V 

) L 1 2 

^̂  

): 
V 
r 
'̂  
y 

). 

), 

.I4 r^-

North 

13 

K K '< X X^x y K V 
>• • I ) H—I I I I 1 I fn > t ' I r 

%y " rv vY^a^ryy-^^Y. 
Council Road 

^ \ 
Site Plan: Scale: 1" = 800 

1. Production building 
2. Business offices 
3. Employee parking 
4. Receiving materials by rail and truck 
5. Shipping finished tires by rail 
6. Shipping finished tires by truck 
7. Security/plant entrance 
8. Rail spurs 
9. Rail services 
10. Future development 
11. Fifth expsuision 
12. Security fence 
13. Land holding leased for farming 
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The site area covers 300 acres. The building area 

covers 57 acres. One third of the acreage is north of the 

railroad tracks and is leased out for farming at present. 

The rail service enters the site from the north and serves 

the production area along the north sides of the plant. 

The layout is designed to grow southward on the site. 

Additional warehouse and shipping space is available to the 

northeast of the existing warehouse and shipping areas. 

Production flow follows a path from receiving at the west end 

of the plant to shipping at the east end of the site. 

The plant is entered through a single plant entrance 

on the west side of the plant. All parking is accommodated 

at the west end of the plant and presently is in excess of 

what is required for future expansions. 
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The Design Solution 

The design solution dealt strictly with requirements 

set forth by the programming phase and Michelin's processes 

to manufacture the world famous Michelin steel-belted radial 

tire. Other consideration of industrial design placed 

a great deal of imphasis to attain an environment plea

sant to the employee which in the long run would be 

beneficial to Michelin production wise. 

From the site analysis, access to the plant resulted 

in a single west side entrance for all who enter the 

site. Through the use of time scheduling, shipping 

and receiving traffic is to stagger around employee 

traffic during shift changes. Rail service is uninter-

upted by level changes of vehicular and rail traffic 

ways. 

The "U" shape in plan allows for shipping and re

ceiving to locate on the east end of the plant isolating 

this exterior operation to a more remote location. 

Within the "U" shape plan is a landscaped courtyard 

area. Other exterior locations strived to meet design 

patterns in a park like fashion as deem necessary by the 

Lubbock Department of Planning. 

The employees' plant entrance is located in a park 

like design area to be developed for outdoor recreation. 

A split in the traffic after reaching the entry station 

allows better control of security and is an initial 

step for dispersed parking. Visitors and administrative 
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and some production employees would park west of the 

plant at the main entrance of the administration. 

Other personnel would park on the south side of the plant 

in dispersed lots and pass along sub-grade paths to 

reach their particular department entrances. 

Security within the plant itself is strongly de

manded by Michelin and achieved by grouping depart

ments into separate but connected buildings. Control 

points between departments are handled by the connections 

between the buildings. 

To aid in circulation throughout the plant and 

to attain security, a cat walk looping the inside cir

cumference of the "U" shape design is incorporated. 

This cat walk is at a roof level over production areas 

and held within the warehouse at a mezzanine level. 

Each has visual contact to the courtyard area within 

the "U" shape design. 

The empoyees' recreation and leisure time during 

break periods and their lunch hours are featured in the 

court yard area. This area is deemed as a security con

trolled area by the arrangment of the plant structures 

around it. The sunken land scaped area has sub-grade 

level service entries and a main employee entrance from 

the dining and kithen facilities. Other means of access 

are achieved from the cat walk. 
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Architecture is expressed in the design of the din

ing hall and recreation facility as well as the power 

plant located within the courtyard. The power plant 

utilizes cascading water and a circulating pond for a 

cooloing process. This simultaneousy enhances the 

courtyard area. 

The design of the courtyard is a feature to the plant 

design which makes this Michelin tire molding plant 

unique within the company and the tire industry on 

the whole. Activities of the plant are directed to the 

enjoyment of the employees to lift moral and to keep 

Michelin on the top of the steel-belted radial tire 

industry. 

TEXAS TEC« 
LBRAJW 
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