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6. The writer trusts that in the lianusl which is beling.

sent you, the School of liines may find a reference work of val

in problems connected with the executive control of civil engl.

neering projeccts on & large scale,

6. It is suggested that a copy of this letter be per-
manently attached to the book itself.
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The contents of this Manual have been ab-
stracted from the officiel Completion Report of the
Army Supply Base at “hiladelphia, a port terminal
develomment csrried through by the Construction Div-
ision of the United States Army, 1918-1919,

There is described herein a method of ad-
ministrative control that was used throughout the

"hiladelphia project, obtaining direct results which
I have outlined in the "rForeword".

Throughout the developmment of the Charts
a consistent etfort was made to g0 standardize them
that, ir in a iuturc emergcncy it were desired, they
could be made in general applicable to the planning
and administrastive control of other military con-
struction under the Construction Division.

Eo Bo M'):'-{DF‘:N, Tieut.CO].OI‘lel,U.S..'\a-
The Constructing <uartermaster
at Thiladelphia, renna.
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(*) PLsRNING aN_ PAOGRs33 SNGINZAR ING
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List of Illustrations
"rforeword" by The Constructing quartermaster

Py 1
The Progress _epartment, its Scope, and

the System of Reports andi Schedules

Paxy 11

eproductions of Progress Charts

Paxer III

Reproductions of Progress rorms

|

(*) This subject matter has been largely abstracted from an Article: :
"Planning & Progress on a Big Construction Job" by CHARL:S PINR0Si, !
Progress ingineer on the Philadelphia Army Base, which appeared
serially in ENGIRNIZRING NLWs-2iC0xZ, Karch 18 and 25, 1920.
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XIX: 6

TARTNRY

Ty The Constructing Tuartermaster

Dy way of prefuce, The Constructing ZJuarter-
master takes occasion to thank personally the members
o f the Supervising “ngineers' staff who so ably
developed and carried through this part of the =dminis-
trative work at the Thiladelphia irmy Base during the
entire period of construction, from the inception of
the project to its comrletion.

This particular branch of the work has been
invaluable as an a2id in proper administration: it has
been the means whereby the executive has been sble ot
211 times to keep in touch with the details of all the
WOork of a2ll the departments on the operation, and to
keep in touch at all times with the progress of actual

Construction in the field.
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XIX. 7

There are too many engineers mnd construction
men who are prone to let their various problems orise
day by day, attemptinz to solve them as they are reached.
The far more satisfuctory and logical way, obviously,
is to foresece the problems in advance, preparing for
them so that when they ariss the solutions alreody will
have been found. Such is particularly true on.a large
operation where there is a considerable mumber of organi-
zations that have to be correlated into one smooth working
administrative mechanism. The problems mist be clearly
foreseen.

During the construction of the ‘rmy Suprly
Ease et Thiladelphia, this need was particulecrly great
because there were the three distinct orgunizations in
the field, euach orguonization itself of considerable
size, These consisted of the Commissioned Staff wnd
administrative forces of The Constructing ‘uarter-

m2ster, the organization of the Supervising fngineers
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XIX: 8

and that of the General Contractor. These three
working bodies had to be coordinated so closely
that together they would work and plan as a whole,
and in order' too that every possible duplication of
w k should be eliminated. This was accomplished to
a large extent through the work of the Plamming and
Progress Department,

The extensive system of schedules, reports
and records as originated and developed at the Phila-
delphia project not only is applicable to this particu-
lar operation but might well be employed in*a consider-
able number of large organizations, from the stand-
points both of construction and productionm scheduling
and follow-up. It is a msans whereby the executive,
with the least possible effort, can keep in closest
touch with the essential factors of the work, as w1l

a8 with whatever further de tails he may regard ne cessary.
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XIX: 9

It will be recognized that this can be sccomplished
with a saving of effort and of time, both of which
are necessary to be conserved on large opersations.

To engineers as & class, the advantages of
using graphical charts are well known, but on the
other hand, far too many executives have yet to learn
the value of data presented in this form. Too many
executives, already overloaded, find it necessary
to spend time and effort in attempting to analyze
voluminous statistical reports, which if handled
through & central clearing house and presented in
the form of graphicsl charts with proper refereucs
both to past performance and future schedule, will
give the same and more informstion, almost at a
glance.

The type of administrative records which I

T e Mmoo ey
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XIX: 10

would recommend, is found in the graphical Progress

Charts descoribed in this Chapter.

E. B. MORITN
It, Col., Q. M. C.
The Constructing Quartermaster
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XIX: 11

PART I

TiIE PROGRESS DEPARTMENT, ITS SCOIE
AND T!iE SYSTEM OF REPORTS

In order to co-ordinate the administrative direction
of the project, there was develored at the Philad elphia Tase
by instructions of The Constructing Quartermaster, a system of
Schedules and Progress Charts which were distinctive with this
project., Fy the aid of these the progress of the work was
planned and followed up from day to day and from week to week,
and future operations were lald out and controlled on the basis

of these reports and schedules,

At this port terminal development at Greenwich Point,
all matters pertaining to progress were delegated to a depart-
ment created for the purposse - the so-called Progress Depart-
ment, located in the field, and its persommel composed of a
force of engineers and assistants forming part of the field
staff of the Supervising Engineers, The department's organiza-
tion under the direction of a Progress Engineer is outlined in
the organization chart given in Section I: PLATE V, in Comple-

tion Report.

It is the purpose of this Chapter to describe the methods
by which the problems were attacked, and to give some detail

description of the system of construction schedules and progress
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XIX: 12

charts., Also, to explain the scheme that was worked
out for reporting data of considerably varied nature

and from & considerable number of sources.

The weekly charts were the form of report by
The Constructing Cuartermaster, to the Construction

Division of the Army at the headquarters in Washington.

The Scope of the Progress Work

The Philadelphia Base, while it entailed con-
struction work included under & considerable variety
of phases of engineering, was essentially a civil
engineering project, The predominating construction-
al operations of dredging, pile-driving, wharf work,
erd reinforced-=concrete warehouse construction were
readily zdapted to production scheduling &and progress
charting.

A1l of these operations were included in the
charts of physical or work progress to be described,
especially as they related to the engineering data on
the project. But there were other amnd readily
apparent factors that entered into the construction

organism. There was the material situstion to be
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XIX. 12

controlled, in itself at the time a complex situ-
ation; there was the human equation represented in
the requirements for labor, its estimated cspacity
for construction accomplishment, its probable "turn-
over" rate, the co-ordination of labor classifi-
cations and payroll rates, the necessary supervisory
force and other factors entering into labor supply
and demand; there were administrative features such
as the status of routine work in the purchasing
division, the equipment division, the transportation
division, the auditing division, and in other depart-
ments of an administrative nature at the project;
and, finally, there was the important item of unit

costs of construction in the field.

In view of the sbove, and after analysis, the
fdllowing phases were selected as those with which the
progress and planning work would deal, and each con-

stituted a section in the reports.

THZ PRINCIPAL MATERIALS entering into the pe rmanent

construction: namely, grepical informat ion

was to be assembled on the estimated required

quantities of masterials, and the quantities

TR awwr e o e e A xo
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respectively ordered, shipped, received, and "in
place". come forty materisls entering into the con-
struction were taken to be "principel meterials”,

LnBOA: Lhe estimated labor requirements and actual labor
supply, wage rates and expenditures, "m&n days'",labor
"turn-over", "bonus hours" or overtime pay, overhe&d
supervisory force, etc.

CONSLRUCLION S«UILLLIY: this section comprised reports on
equipment in service &nd idle, such as dredges, pile
drivers, rolling stock, concrete mixing plsnts, etec.,
both rented &nd government owned. 1Idle time for any
equipment was particularly called to attention.

SHIPKONTYS, CLallis, OkUsi3,etc.: date were grephically
shown which would give the status of routine work in
the respective administrative divisions handling these
phases,

PINalCIaL Jala: this section covered Government allotments
or appropriations for the project, funds, liesbilities,
payments, etc.

GOVILLLGLY COLYY: unit labor costs were shown graphiceally
from data compiled by the Government Costs Livision
that was meintained in the field.

£.A0GRESS O WOJRK: schedules and progress charts on a pro-
duction basis were prepered for all of the major

construction operations, &nd progress plens of the

T el amt eee e
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XIX: 15

generzl condition of the project were reported by

Zzones .

PROIGREDSS PHOITIGRAPHS were tuken weekly from un established

camera station.

In other words the Frogress Department, in addition
to its function of planning, was to be made a clearing house for
information pertaining to the engineering and rhysical progress
of the work, as well as for information relating to the status
of the whole gdministrutive mechanism necessary to a project of
the size. And as matters turned out, the department did become

just such a clearing house,

The Progress Reports themselves as worked out were of

two classes: the grarhicol charts and the statistical reports,

and were compiled daily or weekly, according to the particular
report. In every instance the form of grarhical chart was pre-
ferred over that of statistical tubulations, because the graph
by its use of curves and other symbols shows the rate of change
and growth, as wall as the present status, and moreover, permits

the conditions to be visualized.

A1l graphical charts, this is, charts in which curves
and progress symbols were employed, were made to standard dimen-
sions and on tracing cloth, from which the necessary blue prints
were secured. In those charts vhere color was used to advantage,

the colors were added to the completed blue prints. A1l of this
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XIX: 16

detail work was done by chart plotters and draftsmen.

Having determined upon the scope of the work and
upon the character of report, the next step in organization
weas to work out a system whereby data which &s already seen
was of widely varied nature and from & considerably large
numb er of sources, would be reported regularly to the Progress

Department.

How extensive 8 system was necessary, is told
in the chart called "Generic Diagram", reproduced in Fig. 1.
The number of report forms required (some of them reproduced
in Part 111 of this Chapter), by use of which the seversal
sources reported data to the department, was upwards of two
score! Referring to the figure it' is seen that Progress
Charts themselves are grouped at the periphery of the eir-
eular diagram, each being embraced under its respective
section designated by the Roman numerals, such as "I: Materials”,
etc., and these several sections are listed in the "Index"
also on the drawing. Obviously, the sections correspond
with the divisions that have been briefly described al-

ready.

The sources reporting data for each Progress Chart,

and the intermediate steps, are shown in order &s one starts at
the center of the diagram and works outwards. In other words,
the reader will observe that the 360 degrees of circumference

immediately about the central emblem are divided imto the three

A— i an
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orgunizations in the field: namely, Construction _ivision of
U. 5. army, scuerstl vontruclors, &nd Jupervising Zngineers,
sjacn of thess three aivisions will be seen to be subdivijed in
the dizgram into thelr severel departmsnis or engineering sec-

tions &s the c2ss muy be, I

I'ext in orier, still referrin; to the diagram and
proceed ing outwards, the nwme and form nunmber of the verious
printed or mimeographel forms (reprodauced later in rart 1I1I,
in this Chapter) for reporting statisticzl data Lo the irogress
cepariment are indicated, and &lso the fact whether a deaily or
weekly report. Cirectional lines with srrow neads show the
routing of the form, either directly to & Chart, where the date
is shown graphically, or through &n intermediste "computetion™
form necesssry for digest by srogress lepariment or for calcu-
lations of averages, percentages, etc,, by them. ‘he jurisdic-
tions of the two divisions of the irogress Zepartment - that
is, the Stetisticel Zivision &and the Jraphical Jivision = cre
2lso outlined. Jheir work was of considerably different cher-

acter.

rhis diagram may appear involvel., It is & facty,
however, thet the estublisnment of this definite routine for
reports, and the gener2l distribulion &nd rigorous enforcement
of & "touting chedule" which is asbout to be described, resultel

in the whole progress work being rendered practically automatic

{““r*‘*.‘ R RRRTRIE L R }
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XIX: 13

in its routine operation. It also allowed the number of men
on this pat of the 2dministrutive work to be materially
reduced after the development work of the department wus

completed,

The Routing Schedwle referred to above, is given
in *IG. 2. The schedule was designed to give both the "how"
and particularly the "when" of making reports. It was drawn
up on a 24 in. by 45 in, tracing, in poster form from which
blueprints were made and prominently posted in every office
and department that was to muke reports. Those reports vhich
were expected from each, were called attention to in a way
that could not be missed (¢) by large red cardboard arrows
pasted on the blueprint and pointing to the rarticular form
numbers, g¢iven in column headed "Reported on Form Ko.". 2n
each red arrow in large white lettering were given the day of

the week and hour when due at Irogress Lerartment.

Regarding severcl detnils of handling information: -
immediately upon arrival of these stutistical information
reports et Progress lepartment, a clerk stmnpéd them in with
time of receipt und filed them on the dats rack illustrat-
ed in FIG. 3. The rack was made up in terms of the Roman
numerals previously given in the Generic Ziagrim 'PIG. I),
and each section ot Iiles wnd thie correcponding section of

supporting rock wus painted in designuting colors, in such a
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LIL: 19

way that any file out of place would at once be evident.
Actual postings of the progress chart tracings, or computa=-
tions, etc., were made from the data to be found on the data
rack. The rack cut down the number of men necessary for
routine work. r

So much for the methods in general of keeping in , : ;
line from day to day and from week to week the diversified
reporting agencies.

Consideration will next be given to the Progress

I*Y‘.T‘.‘- LS PECNEN

Charts themselves, & photograph of a typical set of weekly
reports being given in FIG, 4, bound &8 sent weekly to Washing-
ton; and a statistical set of curves outlining the development
of the Progress Department's work being reproduced in FIG. 5.
UHE REPORATING OF MATSIRIALS

As already indicated, out of the total number of
kinds of material which entered into the construction of the
project there were selected some forty odd which were consid-
ered as the "Irincipal Materials", and were so designated in
the system of reports developed by the Progress Department.
Obviously, for purposes of raeporting, it was necessary to
classify these exactly. Such a classification was compiled
and is reproduced in FIGS. 6-a and 6-b, In this MATERIALS
CLASSIFICATION the "Principal Materials" are enumerated and
defined, and the unit given in terms of which each shall be
reported; for instance: Piles were reported in linear feet;

sand in 2000-pound tons; Cinders in cu. yd.; etc.



N
4
.
"
‘.
"
v
s
v

.- et e e
—mrtiee e — e e e el oo oL . R e




XIX: 20

For econvenience in classifying, an item number or
symbol was given to each maeterial; for instance: "LWMBAiR,
Decking" was designated as Item #2; "LUMBZR, Formwork" as
Item #3; etc.

Furthermore, for the information of those making
the reports, & column was given which explained where in the

eonstruction each of the "Principal katerials" was used.

Based upon information given in routine statistical
report forms which will later be described, is one of the
weekly Progress Charts in the materials section, reproduced in
FIG. 7, (in Part II of this Chapter). Data graphed in these
nests of curves for six of the "Principal Materials" were
reported to the Progress Department by five different divisions;
namely, "material required" was reported by the Designing ZIngi-
neer in the supervising engineers' organization; "material
ordered”, by the Purchasing iAgent of the general comtiracters;
"material shipped", by the Traffic Department of the general eon-
tractors; "material received", by the Government's material .
inspectors; and "material in place”, by the Field Zngineer in the

supervising engineers' organization.

As seen in this Materials Chart, so marked was the
effect of the signing of the Armistice upon various features of
the werk as a whole, that the date of cessation of hostilities
was specially indicated throughout the Progress Charts.
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The small "therm-meter" scsle in each laterials

Chart gave the equivalent yercentace of the material

"in-place™, and was based upon the data which the correspond-
ing curve gave in terms of unit of quantity. These thermom-
eter scales likewise were found useful to be employed through-

out the Charts.

Two tabular sheets are shown in Part III of this
Chapter, in ?IG. 20 ’a) and 25 D), which together comprise one

of the statistical rerort forms by vhich materials data were

reported weekly by the various sources, and from which the

corresponding curves were plotted. The units used were printed

on each form. The report form that has been included here is
seen to be that for reporting the quantities of materials
shipped, was compiled by Traffic Iepertment of General Con-
tractor and was printed on red stock. TLifferences in the
colors of these material forms aided in their handling, and

the series was printed as follows:

‘a) Material Required - printed on blue
(p) " Jrdered - printed on white
fe) " Shipped -~ printed on red
a) " Received - printed on green
e} " in !lace - printed on canary

The convention of color was extended to the ink used
in plotting these respective curves on the material report
tracings, and so the curve of material received was plotted with
blue ink, that of material shipped with red ink, and that of

material received with green ink.
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FIG. 8 illustrates one other type of graphical
chart in the msterisls section, namely, the churt of Value
of Naterials Ordered &nd leceived, expressed in two sets of
curves, one as estimrted on a VWar basis, and the other in
terms of actual conditions. 7~This chart, plotted in terms of
dollars and cents, served well as & general thermometer of the
job as & whole.

THZ RUPORTIHG OF LABCR

‘lhat were the estimated labor requirements for the
project? Or stated more precisely: how maeny workmen were to
be necessary at differcnt times &nd in different parts of the
work during the construction, in order to complete the project
on time? This was the first problem in the labor section of

the Progress work - a labor program had to be propurel.

It will be rec2tllel ag noted elsewhere in this Com-
pletion Report, that until the signinz of the armistice, work
at the Philadelphia Base was pusheld on & Var rush basis look-
ing to the completion of the construction in eight months time
- a comprehensive schedula for & port terminzl of its magnitude
under the conditions of labor supply which then existed. iThe
work had been organized throughout on this Var basis, adminis-
trative body und construction eduipment and facilities provided,
and the whole weight of the threc organizations in the field
thrown into the effort to better even the schedule that had been

set,
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ifter the signing of the Armistice, the “War basis
of utmost speed gave place logicsally to a peace basis of
greatest economy. Py governmental direction all overtime

work with its accompanying boms pay was immediately elimin-

ated; and schedules were rearranged,

A graphical chart of the Preliminary Labor Program
on a 7ar basis is given in FIG. 9, Referring to the chart,
the curve of estimated number of men required is shown in

broken line, and the curve of actual number of men at work in

s01lid 1line,

The conditions of labor scarcity during the Wartime
period are clearly indicated in the diagram by the amounts by
which the actual number of men fall short of the required
numbers. The shortage had its effect upon the general rate of
progress, and consequently upon the program. So slso did the
Army decision to omit the warehouse superstructure from Pier
"C" and to omit the extensive railroad yards planned for ‘one

" B" .

Referring still to ¥®IG. 9, it should be explained
that in the preperation of this preliminary program the main
constructional operations first were analyzed and tabulated,
and then their sequence, the expected dates of start and com-

Pletion, and the estimated number of men required for each
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operation, were set down in conference belween The Construct-
ing duurtermuster, the generul contractors &nd the supervising
engineers. Uhe results only of these gnzlyses of labor require-

ments are given in the progrem chuart,

1n the vurious other charts in the labor section -
eénd the generic disgrum (#1%. 1) has shown how muny there were -
the datia reportel ure of so varied nutures &nil of such exten-
siveness, that only the geancrwl plen can be explained here &nd
three typiccl charts reproducaed, those termsi "Summury of lsily
laber Graphs", "Supervisory .Jolls &nd Miscellaneous lLabor", und

"Zonus Hours ani .pounts'.

Yhe genersl plan was this: &ll labor at the Philadel-
phia base was cluassified in a wuge schelule which pgave symbols

(and retes) to some one hunldrad und twenty different clussifi-

cations of wazxe enrnoers. Thesa one hundred and twenty classi-

fications were grouped into the relatively few mnin divisions
of labor on the worx, namely: corwuon labor, carpenters, dock-
builders, coacrete workers, &nd miscellaricous. Pregress date
were arrangel to be reported in a sasparute Chart for euch
group, tozether with the sunwsrcy Chart covering all groups &s
well &3 the supervisory and sdministrativse forces in tha three
orgenizutions in the field. In all of this, the use of the
labor symbols, ruther than lhe clussificitions thewsslves,

soee?rel up the routine of whait othervise woull have been a
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cumbersome reporting.

In the "Summary ot Daily Labor Graprhs", repro-

ducea in FIG. 10, the general character will be seen of

those Progress Charts which relate to Labor, ana examples

will be touna or the tollowing aata, graphically expressea:

Number ot Men at work - Daily fluctuations ana
weekly averages.,

"Man Days" tor the week, ana total "Man Days"
to date or report.

Daily Payroll.

Labor Expenditures to aate (Cumulative Totals).

Estimatea Total Labor EZxpenaitures, to ena of job.

Average Labor Fxpenditure per Workman per Day
(averaged weekly).

Weekly Percentage Rate ofr "Turn-Over", (or
replacement in working torce).

Yumber ot Men in Administrative and General
Supervisory Forces (daily).

Administrative ana General Supervisory Payrolls
expressed as percentage or Total Payroll
(weekly and cumulative computat 1ons)

Fluctuations in FPasic Labor Rate.

Normal York-Day (8-hour Day, 9-hour Day, etc.).

Weather ana Temperatures, as aftecting the work
pertrormea by Labor.

Not shown in this particular Chart, but ot more
than passing interest, is the curve ot weekly "turn-over"
for common labor, which on one occasion reachea the surpris-
ing‘value or 99.2 per cent, 1ror the week. In other woras,
there was the equivalent ot nearly one hunared per cent.
replacement ot workers unaer the classitrication ot common
labor, auring a perioa of six working days (week endea Janu-

ary 7, 1919), Nor was any strike on.

"‘"‘"Irt T . e e w TR
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How the payroll expenditures varied for the
supervisory and administrative forces of The Constructing
Quartermaster, of the Supervising ingineers and of the
General Contractor and the Sub-Contractors; what was the
number of men in these supervisory forces from day to day;
and what was the percentage of "turn-over" covered by this
ochart; are all given in the "Chart of Supervisory Rolls and

Miscellaneous Labor" reproduced in FIG. 11l.

Another phase of the reports on Labor: "Bonus"
hours, as is well understood, are those hours which are
credited to & worker because of overtime that he has made,
and are granted according to the overtime rate. Obviously,
they do not represent actual hours that he has worked. For
example: & worker has worked ten hours and the rate of over-
time beyond an 8-hour day is "time and one half";rthen he
gets as & bonus one-half the difference between 10 hours and
8 hours. 1hat is, he is credited with one bonus hour, and
agecordingly is given a total of eleven hours' pay for that

day's work, on which he actually has worked temn hours,

The overtime situation at the Philadelphia Base was
closely watched and was made the subject of the Progress

Chart reproduced in FIG. 12,

Referring to the chart, it is seen that when over-
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XIX: 27

time work was eliminated, or practically eliminated,
directly after the signing of the Armistice, the dollars
and cents paid because of "bonus" hours dropped from 17.9
per cent., of the total payroll for the week preceding
November 1llth, 1918, to three-tenths of one per cent. for

the week following! The ar basis of utmost possible speed
had been supplanted by the peace basis looking toward great-

est possible economy.

Seven forms for reporting and computing labor data
are given in Part 11I of this Chapter, in FIG3. 26, 27, 28,

29, 30, 31 end 32.

I*r‘t MBS B m m nmrm s am . e B
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THE REPORTING NF P YS3IU: L PROGRESS

The reporting of physical progress in the field
at the Thiladelphia port terminnd development was obviously
the backbone of the rogress Pepartment's work, and it was I
made to embrace all of the major constructional operations, s,
such as dredging, pile driving wnd wharf work, concreting,
bricklaying and other building construction, power plant ersc-

tion, "utilities", etc. b

is a first step, the Govermment Reservation vas
divided off into zones. The extent of the territory oécupied
at Creenwich Point by the reservation was roughly twenty (20)
Tity squares long by twelve (1Z2) (ity squares wide, and it was
seen in plan in the "Key llap to “ones” reproduced in 1L:iTiE IT

fin Section I of Completion Report).

A vrogress Plan for each zowne wus drawn up, to a

larger scale than used in the Xey Liup, and thece progress
rlans were reported from postings made each week directly in

the field,

Such a plan, for the zone in which are located the
large piers and warehouses at the -ase, is reproduced in color
in FIG. 13, and exhibits the physical progress in thut zZone to
the date of report, viz, the Govermnment week ended May 27, 1919,
in terms of a legend of progress symbols also given. Ey using

colors, progress made during the week immediately preceding the
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date of report was distinguishel from prozress made previously.
The acre, to scale, shown in the diagram gives some idea of
the extent of the grounld floor plan of the two larger piers;
and the variety of progress symbols some idea of the variety

of constructionnl operations.

It was found convenient also to indicate the loca-
tion of all temporary buildings, ani these were numbered and

tebulated in a roster on the respective zone plen, as is seen.

Complemzcntary to the Crogress ?Plan just referred to
were the lLongitudinal Sections of ./arehouse . Buildings, shown
in 13, 14, Similarly, these were brought up to date each weesk
by postings m:de directly in the field. 1In the figure, por-
tions of the siructure showvn in solidé black denote completed
concrets construction.

.

In the other zones of the Govermment resarvation, the

same general method of reporting was employz?, n&noly: by'
Prozgrass 2laus, and one other is reproduced, in FIG. 15, namely
the Progress 2lan for Zone "3" in which were. located the tempo-
rory Administrative Buildings and the extensive Cantorment
structures for housing various bodies of trbops and worlmen

during the period of construction.

liowever, the progress plans, while they gave complete

general information to the date of report, &nd in & sense gave
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a "bird's eye view" of the work, did not and were not intended
to give analysis of the component operations, nor could they

indicate the rate of progress.

Analyses of construction progress, the work schedules,
and where and how the various parts of the project either were
going ahead of or falling behind the Government program, were
given in the Craphical Charts. These graphical charts, to be

later described, included the ma jor operations of dredging,

pile driving, concrete construction, etec.

For a basis for the graphical curves, as well as &
means to keep in immediate daily touch with all work, compre-

hensive daily reports were compiled in stetisticael form, adapted

to analysis. 4“he form of report for deaily performance of pile
drivers is reproduced in Part III of this Chapter, in FIG. 33,

that for dredges in FIG. 24, and that for concrete mixing plants

in FIG. 35. All are reproductions of actual reports and in each .

cage the date is indicated.

In all of these operations, the various crews engaged
in the same kind of work were pitted 2gzinst one another in
good-natured competition, and the daily performances, best
records, and averages, as given in the reports were publicly
posted by The Constructing Quartermaster every 24 hours. This
so-called "Posting Blackboard" is shown, in the photograph repro-
duced in Section I1I: FIG. 75, in Completion Report.

e
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leferring a#gain to the pile driver form in r13. 33,
the report is observel to have been wale up in terms both of
number of piles driven per crew and equivalent lineuar feet
of piling measured below the point of "cut-off" of the pile.
‘That had been driven previous to date of report, what was
driven that day, anl the total to date and the nuwber of
days at work were shown Ly crews, as well as each crew's best
previous day's record, anl particularly the dally &verage per-
formance of each to date. It was an easy matter to clussify
these statistics according to type of pile driver, whether
land drivers, water drivers (flouting machires), batter or
spur pils drivers &nd land traveling rigs. %“his was done in
the summary which eppears in lower portion of the report, and
gave opportuanity for better comparison of the results of the

day's work with past performance.

In 81l three of the forms reproduced here (#IG3. 33,

34 and 35) the emphasis is apparent as laid on daily everage

performance of pile driver crews, or of dredges, or of concrete
mixer plants, rather than especial importance being attached to
sporadic day's '"records". 1t was considered that averages

rether than record performunces tell the true story.

In the daily report for dredges (#¥I1G. Z4), made up in
terms of yardage &nd dred3ze hours, particuler attention was

given to the important feature of idle time of equipment,

i v w
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analyzed as to csuses and whether the Govermment's liability

or the contractors' liability.

On the other hand, in the daily report for concrete
mixing plants (FIG., 35), the classification of work donme was
acecording to location of pour and part of structure, because
this allowed the percentage completion of the several struc-
tures to be shown on the basis of yardage. In the report the ;
designations "F-1", "F-2", etc., found in column head ed
"Mach. No.", denote the floating concrete mixer plants employed

on this project. These consisted of material bins, mixer _
plants and gravity distributing towers all erected on floating

barges.

The several daily reports Jjust described are seen to
summarize the performance of all crews, These respective
reports were assembled by the Field Engineer's Office in the

Supervising Engineers' organization, from individual inspectors'

daily reports specially designed for this purpose, com-

piled each day right in the field by the inspectors, and re-
produced in FIGS. 36, 37, 38, 39 and 40, in Part III of this

Chapter.

In order to calculate the averages and percentages and
classify the data reported by these several daily report forms, ,
into such shape as was required for purposes of analysis in the '

graphical ocharts yet to be described, it was necessary to make

PN L
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use of a considerable number ot intermediate forms such as
are reproauced in IG5, 41, 42, 4¢ end 44, in Yart III of
this Chanrter. These may be considered self-explanatory vhen
eXamined in their relationshirs to the various frogress

Charts, as symbolized in the Generic Tiarram (FIG. 1).

is mentioned already, the statistical reports ot
daily pertormance ofr crews, etc.,, formed the basis for the
Graphicel Charts ot work progress, and four of these charts
will be described, those ot I'ile Driving, Dredging, Concrete

Wwork, and "Utilities" Progress.

o .2 AN
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Clalds O PILD DQIVINS

‘fne graphieal chart of 2ile .riving is shovm in
*I5, 1¢. . zZlance will sdwit that herc little tracing cloth
28 been left blem - to go to waste! LHowever, 11 of the
data have a significance anil these particular curves were

amony the closest wuatched.

‘the Chart shows a considernable number of features
affecting the everyday performence of the driving of wooden

les, &s well &s overall factors which &t the Creeawich

o]
[uY

20int project larzely zoverned progress and economy in this

part of the construction,

“he d«tu shown graphically in 1'15. 1o represents
prooress day by day over a period of cisht months, in the
Ariving of somo L0,000 woolen piles in the piers and the
warehouse founfations. .s is seen, with & meximum of 27 pile
drivers of all classes a4t the work simultaneously, somewhat
over 2500 pile driver days were consumed, giving @an overall
average of 20 piles driven per day per crew, and & maximum of
628 piles driven in any ons day by all crews. On this work
of driving piles anl its closely related docikbuilding, up to
1200 men were engagzed at one time. The Chart shows both lhe
schelule curves and the actual performance curves; in the

former, the general formule for scheiule? rate of prosress

was: 155 of the work to be uccomplished in the first 305 of

et & adedm
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time elapsed, 10% of the work to be accomplished in the
final 205 of time elapsed, &nd the rate of progress for
remainder of work was to be slong & "straight-line curve".
Eow the shape of the actual curves spproximated the scheduls

formula can be observed,

In addition are shown: daily and average perform=-
ances of pile driving (as distinguished from cumulative
totals), average pile length, percentaze wastage due to "cut-
off" of pils, and data on number of machines at the job,
both active and idle. Certain tabular data complete the

Chart.

& commentary of engineerinz interest may be made on

the performance oe certain large traveling pile driver rigs

which were arranged for driving land piles from tracks that
permitted travel of the driver for 25 feet in one direction
and 100 feet in the lateral direction. 41hese large machines
mounted on trucks could drive some 160 piles without a new
set-up of the long 100 ft. tracks, yet their averaze per-
formance over the period during which they were employed was
only 38 piles driven per day, &nd their best performance was
90 piles per day. It was to show exactly what conditions
wera in such facts as these that the Progress vepartment
fulfilled one of its functions in respect to work progress.

L1lthough not reproduced here, two other graphical
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charts ot pile driving were regsularly compiled and gave

analysis ot progress (a) by piers, and ib) by subdivisions
into 3C0 ft. sections of the two warehouse piers including
also the operations of capring end timbering in these sub-

structures. ,

.
1]

CE:RTS 7¢ DRUDGILG '

The operation of dredzing for the deep water docks

at the Rase entailea the removal oY close upon two million

,"“"F—“ﬂvv—wa - m o

cubic yards ot material, and required that two cuts be made

because ot the depth ot finul dredging plane. The operction
was carriea through with as many as tfour hydraulic dredges at
work at one time in the Delaware River, discharging into 300

acres ot impounaing basins,

In the graphical chart in FIG. 17, is given the daily
record of about a year's work or dredging. The two prominent
curves are those 0of yardagze dredged daily - a heavy Jagged
curve, ana ot totel yardage dreaged to date. The smooth
curve or original scheaule on a war basis may be observed,
ana subsequent scheaule revisions., 4l1lso, there is the light

Jaegged curve or aaily average pertormance, by weeks.

4t the Dbottom or the chart are recorded slso by weeks,
the percentages of working and idle time for all dredges.

This resolved itselt into three percentages vwhich are shown

by rectangular areas. These are: dredge working time; idle
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time for which the contractor was liable; and idle time for
which the Government was liable. 4 curve of percentagzge of
total idle time for all dredges, taxen cumulatively, is seen

superimposed upon the three sets of areas just described,

It is of interest to note some of the final averages
shown in the table in right of chart: liourly averacge per
dredze, 268 cu. yd.; best day's work any dredge, 15,089 cu.
yd.; number dredge working days, 494 ; maximum day's work all
dredges, 24,912 cu. yd.; percentage of total idle time all

dredges, 40.9 per cent.

In addition to the graphical chart just described,

the Progress Department compiled prorress pluns of dredzins,

rhese showed by means of washes in color the extent and
depth of the cut and the extent and level of the fill; also,
the prozgress of diking around impounding basins ashore, and

of laying pipe lines, often & mile long.

FI5. 18 reproduces one of these plans, namely, of the
area dredged in Zone "A", and of the permanent fill in Zone

"B", An isometric perspective of the progress of cut is seen

at right-hand end of the chart, and when worked up weekly in
colors on the blueprinted reports sccording to the legend,
this perspective gave a vivid picture of the exact subaqueous

conditions of the work.
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CHARTS OF CONCRZSTE WORK

In order to schedule and follow up the mixing and
placing of some 120,000 cu. yd. of concrete in the project
ag curtailed to the needs of Peace, the curves given in
FI1IG. 19 were made use of. The curves for the 1500 ft. Pier
"B" show & division into the quantity of_concrete placed in
the substructure or pier, and the quantity placed in the
3=-story superstructure or warehouses. The curves for the
1220 ft. Pie<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>