
NATIONAL BUREAU OF STANDARDS REPORT

10 141

LIVE LOAD STUDIES OF CONVEYOR SYSTEMS AND

POSTAL FACILITIES

Interim Report

for: Post Office Department

U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS



NATIONAL BUREAU OF STANDARDS

The National Bureau of Standards ' was established by an act of Congress March 3, 1901 . Today,

in addition to serving as the Nation’s central measurement laboratory, the Bureau is a principal

focal point in the Federal Government for assuring maximum application of the physical and

engineering sciences to the advancement of technology in industry and commerce. To this end

the Bureau conducts research and provides central national services in four broad program

areas. These are: (1) basic measurements and standards, (2) materials measurements and

standards, (3) technological measurements and standards, and (4) transfer of technology.

The Bureau comprises the Institute for Basic Standards, the Institute for Materials Research, the

Institute for Applied Technology, the Center for Radiation Research, the Center for Computer

Sciences and Technology, and the Office for Information Programs.

THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the United

States of a complete and consistent system of physical measurement; coordinates that system with

measurement systems of other nations; and furnishes essential services leading to accurate and

uniform physical measurements throughout the Nation’s scientific community, industry, and com-

merce. The Institute consists of an Office of Measurement Services and the following technical

divisions:

Applied Mathematics—Electricity—Metrology—Mechanics—Heat—Atomic and Molec-

ular Physics—Radio Physics -—Radio Engineering -—Time and Frequency -—Astro-

physics -—Cryogenics.

-

THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research leading to im-

proved methods of measurement standards, and data on the properties of well-characterized

materials needed by industry, commerce, educational institutions, and Government; develops,

produces, and distributes standard reference materials; relates the physical and chemical prop-

erties of materials to their behavior and their interaction with their environments; and provides

advisory and research services to other Government agencies. The Institute consists of an Office

of Standard Reference Materials and the following divisions:

Analytical Chemistry—Polymers—Metallurgy—Inorganic Materials—Physical Chemistry.

THE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to promote

the use of available technology and to facilitate technological innovation in industry and Gov-

ernment; cooperates with public and private organizations in the development of technological

standards, and test methodologies; and provides advisory and research services for Federal, state,

and local government agencies. The Institute consists of the following technical divisions and

offices:

Engineering Standards—Weights and Measures— Invention and Innovation — Vehicle

Systems Research—Product Evaluation—Building Research—Instrument Shops—Meas-

urement Engineering—Electronic Technology—Technical Analysis.

THE CENTER FOR RADIATION RESEARCH engages in research, measurement, and ap-

plication of radiation to the solution of Bureau mission problems and the problems of other agen-

cies and institutions. The Center consists of the following divisions:

Reactor Radiation—Linac Radiation—Nuclear Radiation—Applied Radiation.

THE CENTER FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research and

provides technical services designed to aid Government agencies in the selection, acquisition,

and effective use of automatic data processing equipment; and serves as the principal focus

for the development of Federal standards for automatic data processing equipment, techniques,

and computer languages. The Center consists of the following offices and divisions:

Information Processing Standards—Computer Information — Computer Services— Sys-

tems Development—Information Processing Technology.

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination and

accessibility of scientific information generated within NBS and other agencies of the Federal

government; promotes the development of the National Standard Reference Data System and a

system of information analysis centers dealing with the broader aspects of the National Measure-

ment System, and provides appropriate services to ensure that the NBS staff has optimum ac-

cessibility to the scientific information of the world. The Office consists of the following

organizational units:

Office of Standard Reference Data—Clearinghouse for Federal Scientific and Technical

Information '—Office of Technical Information and Publications—Library—Office of

Public Information—Office of International Relations.

' Headquarters and Laboratories at Gaithersburpr, Maryland, unless otherwise noted: mailinR address WashinRton, D.C. 20234.

> Located at Boulder. Colorado 80302.

Located at 5285 Port Royal Road, SprinRfield, Virginia 22151.



NATIONAL BUREAU OF STANDARDS REPORT

NBS PROJECT

4215418

NBS REPORT

10 141

LIVE LOAD STUDIES OF CONVEYOR SYSTEMS AND

POSTAL FACILITIES

Interim Report

by

J. 0. Bryson

and

L. E. Cattaneo

for: Post Office Department

NATIONAL BUREAU OF SI

f

for use within the Government,

and review. For this reason, the

whole or in part, is not authori

Bureau of Standards, Washingto

the Report has been specifically

IMPORTANT NOTICE

Approved for public release by the
director of the National Institute of

Standards and Technology (NIST)

on October 9, 2015

s accounting documents intended

subjected to additional evaluation

listing of this Report, either in

Office of the Director, National

y the Government agency for which

jpies for its own use.

<NBS>

U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS





Live Load Studies of Conveyor Systems and Postal Facilities

Interim Report

Preliminary Results for Survey at

Greensboro, North Carolina

by

J. 0. Bryson and L. E. Cattaneo

1





Table of Contents

1. Introduction

2 . General Approach

2.1

Loads Imposed on the Structure

2.1.1 Definitions

2.2 Survey Techniques and Procedures

2.2.1 Ceiling-Suspended Conveyor Dead Loads

2.2.2 Mail Loads on Conveyors

2.2.3 Floor Loads

2.3 Data Reduction and Evaluation

2.3.1 Ceiling-Suspended Conveyor Dead Loads

2.3.2 Mail Loads on Conveyors

2.3.3 Floor Loads

3. Preliminary Results of Loads Study at Greensboro, N. C.

3.1 Ceiling-Suspended Conveyor Dead Loads

3.2 Mail Loads on Conveyors

3.3 Floor Loads

4. Tables and Figures

11





LIVE LOAD STUDIES OF CONVEYOR SYSTEMS AND POSTAL FACILITIES

INTERIM REPORT

Preliminary Results for Survey at

Greensboro / N. C.

by

J. 0. Bryson and L. E. Cattaneo

1. Introduction

The postal facility at Greensboro, N. C. was selected as

the first of 9 mail handling facilities to be surveyed in

connection with the program "Live Load Studies of Conveyor

Systems and Postal Facilities." This is a broad program

for an investigation of the existing loads on a

representative sample of mail-handling facilities located

across the nation. The program is planned to develop

comprehensive information on the magnitude and distribution

of actual loads imposed on facilities as the basis for

engineering recommendations concerning the appropriate

structural live loads to be used in the design of future

postal facilities. Also, loads and forces related to

conveyor systems will be measured and evaluated.

1
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The initial phase of the work was devoted to studies of

POD Engineering Design Standards and drawings , meetings and

discussions with POD officials and mechanization

contractors, and field visits to selected facilities for

on-site orientation. The purpose of the work in this

phase was to develop a sufficient background of information

on mail handling operations, process machinery, and

facility layouts, to formulate the most suitable measurement

techniques and evaluative methods for conducting the study.

Concurrently, load sensing devices and data acquisition

instrumentation for field measurements were being designed

and developed in the laboratory.

The information obtained from the preliminary studies

suggested that the number of stories in a mail handling

facility is an important denominator for live load

evaluation. Consequently, a schedule of survey work which

includes site visits to 9 postal facilities was prepared.

The 9 facilities were selected from a list of 15

facilities— originally suggested by POD for survey

consideration. The 9 facilities that were chosen will

provide a sample for facilities ranging in height from

1/P. O. Project 68257, Work Assignment I

.
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1

to 4 stories and are grouped according to their number

of stories to accommodate the work of field surveying,

data reduction and evaluation, and reporting.

The facilities selected for load surveying are listed below.

Number of
Group Facility Stories

I Greensboro, N. C. 1

Chicago (AMF) , 111. 1

Buffalo, N. Y. 1

II Los Angeles (AMF) , Calif. 2

Houston, Texas 2

New Orleans, La. 2

III Omaha, Neb. 3

Hartford, Conn. 3

Detroit, Mich. 4

The principal criteria for selecting a facility were: (1)

amount of mechanization equipment; (2) age of structure;

and (3) location of facility. The aim was to study the

loads in highly mechanized facilities of modern construction

and where possible, in those representing different regions

of the country.

3
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2 . General Approach

2 . 1 Loads Imposed on the Structures

2.1.1 Definitions

The loads that are being investigated in this study are the

occupancy loads imposed on the structure. They are defined

as follows:

(1) Mail load ~ all types of mail in various

containers being processed or stored within

the facility.

(2) Fixed mechanization load - load due to the

weight of mail processing equipment either

anchored to the ceiling or bolted to the

floor (i.e., storage conveyors, parcel and

sack sorting machines, letter sorting

machines, etc.)

(3) Mobile mail handling and miscellaneous

operating equipment - items that are used to

contain the mail that is being processed or

stored on the work floor, also including

different types of maintenance equipment

(i.e., baskets, hand trucks, tables, bag

4
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racks, motorized sweepers, etc.)

(4) People - the weight of the maximum number of

people assigned to a specific area.

These loads are ordered into two groups according to the

manner in which they are supported by the structure. They

are ceiling supported loads and floor supported loads as

follows

:

I. Ceiling Loads

1) Fixed mechanization (ceiling suspended

conveyors

)

2 ) Mai

1

II. Floor Loads

1) Fixed mechanization (floor mounted

conveyors) and workroom equipment.

2) Mobile mail handling and miscellaneous

operating equipment.

3) Mail

4) People

Obviously, in a multi-story facility consideration must be

given to the combined effect of the ceiling loads of one

story and the floor loads of the story above it.

5
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2 . 2 Survey Techniques and Procedures

2.2.1 Ceiling-Suspended Conveyor Dead Loads

In order to investigate the extent to which the dead

weight of overhead mechanization contributes to ceiling-

suspended loads, sections of conveyor systems were

selected for examination which were representative of

ordinary and extraordinary mechanization construction. These

selected sections were chosen with particular regard to

their weight based on the apparent degree of complexity

of construction. Such choices included locations of

change of direction in conveyor systems, junctions,

crossovers, slides, sack sorting systems, etc. These

sample sections were chosen and examined at the facility

site. For the mechanization within the area (in plan

view) occupied by a selected section, field tabulations

were made of measurements of the quantities of structural

and other materials forming that section of the system.

Sizes of members were measured wherever possible;

inaccessible portions were estimated visually and checked

against engineering drawings when necessary. These field

data were later converted to weights by use of established

tabular unit weight values. Further reduction and

evaluation of the data are discussed in Section 2.3.1.

6





2.2.2 Mail Loads on Conveyors

Automated conveyor systems facilitate the handling and

processing of bulk mail. There are two main types of

conveyors corresponding to the two principal functions of

the system. They are, (1) transport conveyors and (2)

storage conveyors. The transport conveyors normally operate

continuously at a constant speed and are intended to move

incoming and outgoing sacks or parcels to and from facility

processing locations. Mail load density on transport

conveyors is affected by rate of loading. Storage conveyors

normally operate intermittently by being jogged forward

only when triggered by an oncoming sack (or parcel) and

provide temporary self-accommodating storage of mail

awaiting processing. In contrast with a transport conveyor

which carries mail separated by spaces of various lengths

along its belt, a storage conveyor belt is loaded solidly,

virtually without spaces along its length. In either case

the progressively variable loading condition makes it

desirable to know the location and magnitude of the mail

load in measuring total conveyor loads

.

A measurement technique was devised which made it possible

to conveniently determine the mail load on a conveyor at any

instant of time under a constantly changing state of loading.

7
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In order to circumvent the use of a massive amount of

instrumentation that would be required for a direct

measurement of the magnitude and distribution of loads

on conveyors, the technique devised takes advantage of

particular features of large bulk mail conveyors. These

conveyors have a transporting surface, which is a continuous

belt supported by rollers spaced along the length of the

conveyor. Since the belt is flexible and does not produce

moment transfer at the supports, the system acts as a series

of hinged spans. Therefore, the influence line for a roller

reaction from the mail load being transported along the

belt can be indicated by an analog trace of the reaction

force which varies with the movement of the load on the

belt. This means that by instrumenting a belt support roller

to continuously measure and record the magnitude of the

loads coming onto the roller and to correspondingly record

the movement of the loads with respect to the roller,

information is developed to determine the amount and spacing

of the loads for any partial or full length of conveyor

.

Figure 1 shows a calibrated load sensing "weigh-plate"

installed on one end of a roller. Two weigh-plates , one on

each end of a roller, were used to measure the load.

8
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The output signal from the two load transducers

(connected in parallel) was fed to the recording

oscillograph shown in Figure 2. Concurrently with the

analog load trace there was also recorded an accompanying

"parallel” belt-travel trace which contained pulses that

indicated the passage of a 2-ft. length of conveyor bolt

(the common spacing between load supporting rollers).

These pulses were triggered by an idler wheel arrangement

shown in Figure 3. The idler wheel was mounted in rolling

contact with the continuous conveyor belt at a convenient

location and had a circumference equal to the 2-ft. center

line spacing of the load rollers. A button-like tripper

on one face of the wheel depressed a micro-switch arm at

each revolution and triggered a low voltage signal which

was recorded as the trace spike. The spacing of the spikes

on the oscillogram was representative of the load-roller

spacing on the conveyor.

The instrumentation technique employed provided data for

determining mail loads over various lengths of a conveyor,

in particular: (1) lengths of conveyor mail load which

contribute to the load on a suspension hanger; and (2) total

conveyor lengths of mail load for correlation with

associated electric drive motor current.

9
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For comparison with the calculated hanger loads mentioned

in (1) above, independent measurements were made of the

live load force in a hanger by means of a small tubular

load cell (containing electric resistance strain cages)

shown in Figure 4. This tubular load transducer was fitted

over a selected hanger rod between its conveyor-supporting

cross-bar and bottom retaining nut. Such an arrangement

detected the load in one of a pair of hangers intended to

support a standard section length (10 ft.) of conveyor.

The output signal from this load cell was also recorded by

the oscillograph.

Measurements of electric current drawn by the conveyor

drive motor were made using an ammeter. A clamp-on

type ammeter was placed on one of the three lead wires

of the drive motor to measure its current. Figure 5

shows a view of the ammeter installed in a conveyor

control panel. The current measurement was fed to the

oscillograph as a calibrated signal and recorded as a

continuous trace concurrently with the others.

Further interrelationship and correlation of the oscillogram

traces are described under 2.3.2 Note: A fifth signal

trace (generated by a clock motor) was recorded to

indicate beginnings and ends of the automatically controlled

10
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recording periods (15 min. per hour). The circuitry was

designed so that the oscillograph would operate at those

times that the conveyor belt was moving during the 15

minute sampling periods. An override switch permitted

recording for longer periods when desired. In either case,

however, the oscillograph recorded only when the conveyor

belt was moving. Thus, the weigh-plate trace, was a

continuous record of the load passing over the instrumented

roller even though the belt might have stopped temporarily.

2.2.3 Floor Loads

The structural loads imposed on the work floor are directly

associated with floor processing activities and the

equipment used in carrying out and supporting the

activities. The mail processing activities on the floor

are carried out in an essentially open bay floor area

lined with regularly spaced structural columns. The floor

is divided into designated work areas of different sizes,

depending on activities, usually covering a number of bays.

Survey techniques and procedures were devised to obtain

and record the weights and approximate horizontal locations

of all items on the workfloor areas. Floor plans of the

building were used to note work area layouts and locations

.

11
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A further breakdown of the floor area was made by defining

the areas bounded by column lines as grid squares. The

grid squares were then divided into 1/2-span mid-strips

and 1/4-span column-strips corresponding to the structural

strips considered in bending moment design of a two-way

flat slab. The overlapping of the strips in the two

directions formed a pattern of grid area sectors which

provided a general location scheme (see Figure 6) . In

cases where the boundary of a work area did not coincide

with a column line, the work area then contained partial

grid squares

.

During the planning stage for the floor loads survey work

a reference catalog was prepared which describes items of

mail handling equipment and furniture normally used in mail

processing operations. Each catalog entry included a

color photograph of the item, an assigned numerical code,

dimensions, composition, empty weight and other pertinent

descriptive information.

The determination of the loads in the survey involved

either direct weighing of items or estimation of the weights

.

An estimate of the weight for any item is based on the

known empty weight plus an estimate of the amount of

content in the item. Contents were categorized as (1)

12
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letters, ( 2 ) flats and circulars, or (3) parcels. These

contents were estimated either in terms of percent of

capacity or in terms of linear feet of content. Soecific

items had previously been load-calibrated for 100 percent

capacity or for weight oer unit length. Very helpful

information and data on mail weights were orovided by

post office officials at the facilities visited.

The floor loads data were coded and logged on forms in a

format suitable for direct transcription onto computer

cards for automatic data processing.

2 . 3 Data Reduction and Evaluation

The first level reduction of the loads data collected in this

study is designed to provide a broad description of the

characteristics of the loads as related to either conveyors

or work floor areas. The type of reduction that the data

receives has to do with the type of loading that i

t

represents. For fixed nonvarying loads (i.e. weight of

suspended conveyors) a rather simple process of data reduction

for obtaining discrete load-area relationships is sufficient.

For the varying load of bulk mail acting on a conveyor the

data is reduced to aive information on the magnitudes and

variations in distributed loadings over various lengths of

13



'"'y'
., V' Av. A'AAj,

,

,

.,•• - '
'"'Sa'''V£!

"S

f>, 'l<

i'l

Wi
'

- ",, '^ '''

V

S3 •
-

.’f' 'i;- A 4- •'
’

,.»i:3i _

* ‘,|= ^ -1^ i~ t# .j)£yEife> -;,
|
s

5^^

m
fir \.-

„ * i,|=

;, r,., .«!!;>.fi'f 7." J ,7^
'C/' ;

*!*'.

"jy 3:wgr2g>:-.
:.:..K-—,- • ^1, -to;

..,
,-• -

-

..V.

> I,.' C >. -3t

•5^‘..V.. m A -S- r;. -

-«
'.

:;' ^
.

' - A ' _ J ,

'.

-ci'
'

.T-J

-"’ .

-

A- 'ak -Ti

:av,a',„ ,'a
_, , ;

:

.,;
^ .‘'^’i';:!.,. :,

..*,

.
"v ) ^ -

. _
. “ I-

''
. ''

. I ’'.'*^v > J '''''''/v^ . ^ ||M| . • j. .-^ ''d '”' .IMbRIIH^ f

'

«'i

•''"'
.V si i

i i&CI "f ' v^£^"f1'^

_7::;:;';;: ;:
:;'7

:

:i-: ;i:^ysc":;f ,,

-:
,:$1*

^ X' vu.*.^•:^.':4•!7.''.'7...!;.A
.' 'ky -i a,.

..A , S¥". 4

>1. ^.

‘S!!9Pi^n 1
'

'^u:lii%jSl' < "
"ti.-.'

”_4»i '’’iV
• ‘

,.' V'A, .«« , ir,
,«^' '

'..

J^Ky*A.; '-Uj- :: * k

<•* fc*-'-V--
~

*>t<

:|!.v



the conveyor and for the forces induced in the conveyor

suspension rods. The reduction of this type of data is

directed toward determining the loading spectrum for the

resolution of the mean and upper limit extreme values and

the relationship between the two. The most involved

reductions are for the data from the floor load survey where

information on the loading spectrum related to several

different elements of the floor area is the first level

objective

.

2.3.1 Ceiling Suspended Conveyor Dead Loads

The field data for suspended mechanization loads were recorded

in the form of dimensions and types of construction materials

for selected sections of conveyors and other processing

machinery. The area occupied by a mechanization section

and its location within the plan of the building were also

recorded. These data were reduced to total weights of

sections located within specific horizontal areas. Calcula-

tions were made to determine values for the total load

equally distributed over the horizontal area for each

mechanization section. In addition, the hanger loads for

conveyor suspension rods were calculated for two different

support arrangements: (1) with suspension rods located at the

four corners for small conveyor sections; (2) with suspension

14
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rods supporting large conveyor sections every 5 ft. in a

rectanqular coordinate grid. The four corner support

calculations were made for conveyor sections with areas of

75 sq . ft. of less (the smallest section examined was 5 ft.

by 5 ft. = 25 sq . ft.). The 5 ft. rectanqular grid support

ooints were choosen since they conform to the POD

specification for the arrangement of insert anchor points

for the support of suspended mechanization systems.

2.3.2 Mail Loads on Conveyors

The field data pertaining to conveyor mail loads consists of

an oscillogram record containing 5 traces described in Section

2.2.2: (1) instrumented roller load trace; (2) belt

travel trace (i.e., 2-ft. interval marker); (3) drive

motor current trace; (4) hanger load-cell trace; and (5)

recording period end point marker trace. It might be noted

that the amount of data (i.e., the physical length of the

oscillogram) varied from one observation neriod (15 min. each

hour) to the next, depending on the total time of belt

movement which occurred during the 15 minutes.

For simplicity, the length of a conveyor and other length

dimensions along it, determined in the field, were referred

to in terms of load roller intervals (i.e., 2-ft. intervals).

15



‘•V^>•.'li .vtf' > •,- • '

' -Triewri-^r,

r
" “ -' ^ '

,
- ^

i-*"'
."-1

.

’^A.;
*-..

.

'

‘ . .‘^' '..-^ ’f
'

.'i-f

>

—/

,

^ ^ V--
'

»|.'S,.,
•
-'

,
>7^ ;v .VV '

y:

^- .' ->•
.: Xs«^’

€:



Infrequent departures from this standard roller spacing in a

conveyor were disregarded, and the conveyor was considered

to have as many 2-ft. intervals as its measured length

(rounded to the nearest 2 ft.) divided by 2.

Mail loads over a <~fiven length of belt can he determined hy

summing scaled values from the weigh-plate load trace

opposite the appropriate number of pulses f spikes) on the

belt travel trace. A knowledge of certain other length

dimensions, made possible some additional correlations

between the oscillogram data. They were the distances from

the beginning of the conveyor to the instrumented roller and

to the hanger load cell. The distance between these two

locations and the "purge" length were also known. The

"purae" length was the length of a conveyor belt beyond the

instrumented roller to the end of the conveyor which had to

be cleared of unrecorded mail load at the beginning of a

recording period before known, full-length belt loads

could be determined. The location of the 2-ft. interval

marker wheel was unrelated but remained fixed, once

established. Knowing these dimensions made nossible a

comoarison between recorded hanger loads and the associated

lengths nf belt load which were recorded through the

weigh-plates at a different point in time. Also, it was

possible to correlate the maximum and minimum currents

16
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observed during a recorded interval (i.e., belt travel of

2 ft.) with the total mail load on the conveyor at that

time; this included instances of belt starting and stopping.

Data from the oscillogram were translated to digital form

and were processed by a computer program written to provide

the information described below. Ooerations were performed

on the data within one recording period and/or groups of

periods

.

(]) As a first examination of how mail loads

passing through a 10-ft. section of a long

conveyor might varv , a tabulation (Table 2i

was made of sums of 5 consecutive weigh-plate

readings, =?hifting the grouping of 5

interval values from beginning to end of

the listed data by an increment of 1 interval.

This was equivalent to observing the loads

on a 10-ft section changing as the mail

passed through, 2 ft. at a time. The values

presented in this table are oounds of load

and are in order by rows starting at the top

of the oage and reading from left to right.

(2) These above values of 5-interval sums were

reduced to values of Uniformly Distributed

17





Load in Ib/sq. ft. (over occupied belt area)

and printed out as a frequency distribution

(Figure 8) along with its statistical

characteristics such as mean value, standard

deviation, etc.

(3) To determine the effect of length of belt load

on average and maximum values of loading,

basic statistical characteristics for load-

ings over different lengths of the conveyor

belt were computed (see Table 3) . The

statistical properties determined were: (1)

maximum value; (2) specified tolerance limits

(for confidence in the distribution) ; (3)

mean value; (4) standard deviation. These

properties were determined for loadings on

belt lengths ranging from 10 consecutive

intervals (representing 20 ft) and increasing

by 5 interval steps (10 ft) up to the nearest

length greater than the overall belt length.

The values computed are in psf.

(4) The data presented in Table 3 are shown plotted

in Figure 9. This plot shows the mean and

plus and minus one standard deviation for

samples of loadings on different lengths of

the conveyor. The load properties are plotted

18
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on the vertical axis against conveyor belt

length in 2 ft intervals on the horizontal

axis .

(5) A frequency distribution was plotted for

theoretically calculated loads which occurred

in a single hanger rod of pairs of rods spaced

at 10 ft. along the conveyor (Figure 10)

.

This calculation was also a sioimning-shi fting

operation through the weigh-plate load data

but took into account the proportionate

influence of loads at different distances

within 10 ft. to either side of a hanger.

The frequency is shown on the vertical scale

with hanger loads on the horizontal scale.

(6) A plot was made of various total belt loads vs.

associated drive motor currents (Figure 11) .

Again a summing-shifting operation was employed

to obtain the full-length belt load existing

at the time of the recording interval of the

two associated current values. However, these

related load-current readings were correlated

only for every 10th interval of observation.

(7) A frequency distribution was plotted for

maximum measured hanger load occurring in an

obervation period (Figure 12)

.
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(8) A comparison was plotted of the above maximum

measured hanger loads vs . calculated hanger

loads computed from the appropriate weigh-

plate values (Figure 13)

.

2.3.3 Floor Loads

A computer program has been prepared for evaluating the data

to provide meaningful information on the loads related to

work activity and the aeometry of the structure. The following

is a list of the principal output of the computer program for a

preliminary analysis of the data:

(1) Table of the total loads on the floor uniformly

distributed over the floor area for each floor

level

.

(21 Values of the uniformly distributed loads for

each work area.

(3) Table of the uniformly distributed loads for

each grid square.

(4) Table of the percentage of occupied space for

work areas

.

(5) A plot of cumulative fractions of loaded area

supporting discrete loads equal to or greater

than a specific value.

20





(6) Frequency distribution of uniformly distributed

loads for all grid squares giving basic

statistical characteristics for the distri-

bution .

(7) Frequency distributions of the uniformly

distributed loads for arid square sectors with

basic statistical information.

(8) Frequency distribution of the occupied space

in grid squares as a percentage of grid

square area

.

3. Preliminary Results of Loads Study at Greensboro,

North Carolina

The Greensboro Post Office facility is a one-story structure

for mail handling operations with approximately 9 8,000 sq

.

ft. of workroom floor area. It i s a highly mechanized

modern facility with a network of roof-suspended

mechanization equipment covering a large portion of the

ceiling area. Figure 14 is a photograph of the facility

showing a view as seen by the general public with the

office wing of the complex dominating the picture. The

Dlain surface wall extending to the right of the office

wing encloses the mail processing portion of the facility.

Also, a portion of a platform area for unloading mail can

21
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be seen to the left of the office wing. Figure 15 shows the

olan view of the building with the workroom area indicated;

the labeling of the co-ordinate column grid square system

is shown in Figure 16. This floor is divided into

specific work areas as shown in Figure 17. The work areas

outlined are those defined by officials at the facilitv.

Figure 18 shows the plan view of the fixed mechanization

equipment for sack sorting, parcel sorting, and bulk

conveyors

.

3 . 1 Ceiling-Suspended Conveyor Dead Loads

Table 1 presents values of uniformly distributed and

concentrated loads caused by conveyors and their structural

support, calculated as described in Section 2.3.1 and

located as shown in Figure 7. At a aiven location (encircled

on the floor plan) the labeled overall section referred to

is marked by heavy straight lines bounding the convevor

system. This area was further subdivided for more specific

consideration of included loads. The subscript letters of

area designations refer to cardinal directions, (F^=F,

Westerly)

-

In area A (Figure 7) , the easterly portion A_ contains a
£i

crossover area involving twelve conveyors, TSS-1 thru 5,

22
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each structurally supported take-up roller areas for their

respective conveyors SS-1 thru 6.

SPS-1 thru 5. A slide area between areas and B_ is

totally supported between them and its weight is so

apportioned. The following areas are conveyor corners or

junctions and contain conventional conveyor, support, walk,

and mechanical construction for the indicated conveyors

:

Area H contains a typical section of a 4-track over-under

carrousel parcel sorter PSM-1 thru 4, together with tail

ends of conveyors T-6 and 7. Area K contains a typical

section of a 2-track over-under carrousel sack sorter SSM-1

and 2, together with tail ends of conveyors SD-7 and CSS-1.

It is to be noted that values for uniformly distributed

loads (UDL) were computed for dead weights of mechanization

sections alone (UDL^) and for mechanization sections with

In area B, B^^ contains conveyor SP-1 and its traveling

deflector; area B contains the tail ends of conveyors

Area Conveyors

C
D
E
F
G

S-5 to SS-7
S-6 to S-7
S-3 to S-4
S-9 to SS-8
RRD-9 to RRD-10

23
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design live load added on to the conveyor belt areas where

they would occur (UDL
2

) . The design live loads (mail) used

are those currently specified by POD. The computed hanger

rod loads for the 5 ft-spaced coordinate grid support points

is based on one suspension rod supporting that portion of

the total load which is uniformly distributed over 25 sq. ft.

3 . 2 Mail Loads on Conveyors

The conveyor chosen for observation of conveyor mail loads

at Greensboro, N. C., was SS-7. Its length for load

calculation purposes was taken as 91 2-ft. intervals

(actual length, 182 1/2 ft); its cross section is 36" high

by 42" wide. It operates at one speed of approximately

2 1/2 ft. /sec. either continuously for transport or

intermittently for storage, and is driven by a motor rated

at 5 H.P., wired for 480 volts, 6.4 amps, 3 ph . To

illustrate the results, the largest and most representative

sample of heavy mail load on the conveyor was selected as

examples. The processing of the data was carried out with

a computer program and the results are shown by the following

computer print-outs.

1. Table 2 is a tabulation of 443 sums of strings

of 5 consecutive weigh-plate readings obtained

24
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from 447 individual consecutive scaled

values (not '^hown) . Note the occasional

occurrence of =;tretches of empty belt during

continuous operation.

2. Figure 8 is the frequency distribution for the

values of Table 2 reduced to Ib./sq. ft. The

data of the illustrations are among the

higher intensities of loading encountered so

far in the reduction of Greensboro data.

3. Table 3 lists the data used in plotting

Figure 9 for investigating at what length of

belt examination the determination of loading

characteristics appears to stabilize.

4. Figure 10 is a frequency distribution of

calculated hanger loads with consideration

aiven to the proportionate influence of roller

loads (as measured by the weigh-plates

)

within 10 ft. (5 intervals) to either side

of the hanger.

5. Figure 11 is a plot correlating full length

belt loads (which may include empty stretches)

with the amount of current being drawn. The

plot is for every 10th interval of belt

travel. For each interval observed the

25
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maximum and minimum currents were plotted for

a common belt load value. A slight trend of

increase in current with increase in load is

detectable with greater variation noted at

higher loads

.

6. Figure 12 is a frequency olot of maximum

load-cell-measured hanger load per period for

11 periods.

7. Figure 13 is a comparison of maximum observed

hanger loads (Figure 12) with the associated

theoretical loads (Section 2.3.2, item 8).

It should be noted that the reaction force in

the observed hanger rod was influenced by the

loading and supporting conditions of nearby

conveyor sections. Further consideration will

be given to the correlation of these values.

Most of the computer graphical displays and tabulations

can and will be applied to multiple period groupings as

data are accumulated, such processing being limited only

by the computer memory capacity.

3 . 3 Floor Loads

The floor load results are presented in the form of computer

output which is the first level reduction and evaluation of

26
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the data. The computer prints out tables and graphs of

principal output information and data relationships. Only

a part of the output is presented here as examples of the

results since the program is still in the debugging stage

with a few output errors to be corrected.

Table 4 gives the percentage of space occupied by the items

encountered in each work area and for the total building

(workroom) . The work area codes correspond to the

designations shown in Figure 17. Note that the floor area

occupied by all of the mail handling and processing items on

the work floor (Bldg. T.) is about 1/5 of the sum of the

work areas . Not included in this fraction are the people

and a few specific fixtures. The floor space occupied by

load items within designated work areas varies from about

18 percent for work area 6 , to 31 percent for work area 10.

Table 5 lists all of the grid squares or partial grid squares

having uniformly distributed loads of 10 Ib./sq. ft. or more.

Fifteen grid areas out of a total of 85 surveyed contained

2 /loads greater than 10 Ib./sq. ft.— The grid square with

2/At the Greensboro facility, a grid square defined by the

building column lines had dimensions of 33 ft. by 33 ft.

and contained 1089 sq . ft.
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the heaviest uniformly distributed load was CIO with 16 Ib./sq.

3 /
ft. Table 6 lists the grid sectors— supporting loads of

50 Ib./sq. ft. or more. Only three were found. Figure 6

shows grid sectors and their identification codes layed out

in relation to a grid square.

Figure 19 is a histogram for the frequency distribution of

uniformly distributed loads for all grid squares in the

survey. Statistical computations of the distribution give

a mean of 6.7 Ib./sq. ft., standard deviation of 3.1, and

tolerance limits for 75 percent of the data with a 90

percent probability of from 2.9 psf to 11.0 psf.

Figure 20 shows the frequency distribution of the percentage

of grid square area occupied by the load items.

An important factor in the study of floor loads is the

relationship between floor area and loading. Figure 21

shows a plot of work area vs. uniformly distributed load

for all work areas.

There were many different types of load items encountered

in the survey, and they varied widely in weight and in

3/See Section 2.2.3, page 12 for definition.
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size. The weight of a given item divided by the floor area

that it occupies is defined as its discrete unit load. It

follows that items of different weight may produce the same

discrete load on the floor depending on the respective

item size. The sum of the floor area occupied by load items

is defined as the loaded area. Figures 22 through 32 show

the relationship between loaded area and discrete load

values for each of the work areas and for the combined areas

in the survey. The area supporting discrete loads greater

than a specific value is given as a ratio of the total

loaded area on the vertical axis and the values of discrete

load are given along the horizontal axis. Therefore, these

plots indicate the fraction of the loaded area which supports

loads greater than a particular value of discrete load. For

example, it is seen in Figure 22 that 40 percent of the loaded

area in work area 1 supports loads greater than 30 Ib./sq. ft.

and the largest discrete load in this area is 90 Ib./sq. ft.

on about 2 percent of the loaded area (note that the ratio of

loaded area to total area is given on the plot)

.

4. List of Tables and Figures

Tables

Table 1 - Table of ceiling loads calculated from estimated

dead weight in selected sections of mechanization.
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Table 2

T able 3

Table 4

Table 5

T ab 1 e 6

Fig. 1

Fig. 2

Fig. 3

- Sums of strings of 5 consecutive weigh-plate

readings

.

- Statistical characteristics of frequency distri-

bution of belt loadings in Ib./sq. ft. based on

sums of strings of 10, 15, to 95 consecutive

weigh-plate readings.

- Percentage of occupied space in work areas

.

- Table of grid-squares loaded with more than

selected minimum uniformly distributed load of 10

lb . /sq . f t

.

- Table of grid-square sectors loaded with more than

selected minimum uniformly distributed load of

50 lb . /sq . ft

.

F igures

- One end of a conveyor load roller with one of two

instrumented weight -plates (load transducers) which

replace standard hanger plates.

- Electronics console containing strip-chart

oscillograph and related equipment for measuring

output from transducers installed on conveyor.

- Idler marking wheel in rolling contact with

conveyor belt for registering passage of 2-ft.

intervals of belt.
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Fig. 4 - Tubular load cell slipped on over hanger rod

between conveyor-supporting cross-bar and lower

retaining nut.

Fig. 5 - Interior of control panel for conveyor drive motor

showing clamp-on type ammeter encircling motor

lead wire.

Fig. 6 - General scheme for locating items on floor of P.O.

within a column grid square.

Fig. 7 - Plan of Greensboro P.O. mechanization showing

sections selected for estimation of mechanization

dead weight.

Fig. 8 - Frequency distribution of observed belt loadings

in Ib./sq. ft. based on sums of strings of 5

consecutive weigh-plate readings

.

Fig. 9 - Plot of [mean belt loadings (Ib./sq. ft.) +

standard deviation] vs. [belt length in 2-ft.

intervals]; values from Table 3.

Fig. 10 - Frequency distribution of caculated hanger loads

based on observed weigh-plate readings.

Fig. 11 - [Load (lbs.) on entire length (91, 2-ft.

intervals) of conveyor belt] vs. [current (amps)

measured in drive motor line]

.

Fig. 12 - Sample of frequency distribution of maximum

measured hanger loads in 11 periods

.

Fig. 13 - Plot of calculated hanger loads (from weigh-plate
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Fig. 14 -

Fig. 15 -

Fig. 16 -

Fig. 17 -

Fig. 18 -

Fig. 19 -

Fig. 20 -

Fig. 21 --

Fig. 22 -

Fig. 23 -

readings) vs. maximum measured hanger loads in 11

periods

.

U. S. Post Office at Greensboro, N. C.: City

P.O., National Distribution Center, Central

Distribution Unit, and Sectional Center.

Floor plan of P.O. at Greensboro, N. C., showing

mail handling work room.

Method of labeling column grid squares.

Greensboro P.O. floor plan showing designated

specific work areas.

Plan of overall mechanization system at

Greensboro, N. C., P.O.

Frequency distribution for distributed loads by

grid squares for total workroom area.

Frequency distribution of percentage of occupied

space by grid squares for total workroom area.

Relationship between size of work area and

intensity of uniformly distributed load.

Plot of cumulative fractions of loaded area

carrying loads greater than a discrete value for

work area 1

.

Plot of cumulative fractions of loaded area

carrying loads greater than a discrete value for

work area 2

.
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Fig. 24

Fig. 25

Fig. 26

Fig. 27

Fig. 28

Fig, 29

Fig. 30

Fig. 31

Plot of cumulative fractions of loaded area

carrying loads greater than a discrete value for

work area 3

.

Plot of cumulative fractions of loaded area

carrying loads greater than a discrete value for

work area 4

.

Plot of cumulative fractions of loaded area

carrying loads greater than a discrete value for

work area 5

.

Plot of cumulative fractions of loaded area

carrying loads greater than a discrete value for

work area 6

.

Plot of cumulative fractions of loaded area

carrying loads greater than a discrete value for

work area 7

.

Plot cumculative fractions of loaded area

carrying loads greater than a discrete value for

work area 8

.

Plot of cumulative fractions of loaded area

carring loads greater than a discrete value for

work area 9

.

Plot of cumulative fractions of loaded area

carrying loads greater than a discrete value for

work area 10

.
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Fig. 32 - Plot of cumulative fractions of loaded area

carrying loads greater than a discrete value for

total workroom area.
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