THS

Thesis for the Degree of C. E.
Frederick William Trezise

149" "\_

o



THF_S\S

)
It

~
-~
o




UNIT COSTS AXD TINE LABCR UKITS
IN

REINFORCED COUCKITE MILL BUILDING CCNSTRUCLTICXH

Thesis for degree of Civil Engineer

Fredericx wWilliam Tregg§e



THESIS




™rTm
N

Tye

A.

g
L]
o

A.

3.

o

™TMI TV
LD iv

C237S and TIMZ LAB.A

of buildinge.
Site.
ssual conditions

Un

houl.nge ocad delivery

Sheet piling, punos,

2. Excavating

7. Concretin;
a. Forus
b. Pircing
c. Ste..1 fabrications,
esy of Work

Daily prosress record.
v o

1. Time lator

Material

[aN]

(W3]

. Divis . on of lavor

Ciircnolosical deta and for

¢ onilc recourd

\Y S Y. -2
Mothcod

5. Tine labor unils

Cost pur cu. Ji.

etc

~

DovTT T
U‘JJ\«;L.;

A s

etcCe.

oty

> v
Cadd e

One

~
a4

~ Y'f\
C..3TxUC

II‘J...



¢. Tlwe lodor units
3. Cost por sg. ft. of fomm surface.
C. Concreting
1. Footings, Wails, Colwins &nd Floors.

2. Stair

[in

, taunrs, ctc.
oL Fintohing

L, Tige lsbor wnics.

AN

. Cost =er cu. yo.

a. Conarative costs avove and below fre=zing,

il.ing.

Fiy

D. Removing formas and Bac:

1. Tine laoor units and unit cos-.s.

Reecapitulation and conclusions..
A. Study of graphs and procress.

1. As airected by wezthwr counuitions

2. Coaparis.n with avezilab.e data of similar construction

3. Abslication of results to siudllar constraction.

B. Biblicgraghy end aciknowleijemcnts.

-




A study of the Unit Couts and Time Labor Units in Re-
inforced Concrete Mill Building Construction.

Tee type of bullding discussed in this study is a re-
inforced concrete three and four story mill for the Riverside Fibre
and Paper Company at Appl=ton, Wisconsin. Tiis building &s in-
dicated in the acco.panying plens and elevations is to be used in
conjunction with the sulphite pulp mill of this conpany. he inte-
gial parts of the building as noted on the prints are: 1lst. the
four story stock bulliing where the puld stock is prevarea for
the two paper machines which are contained in (2nd) the basement
and double story machine room; the paper 1s then carried by sus-
pended trolley to the (3rd) finishing building. This latter section
is two stories in height. The paper is received on the second floor
where it is calendered, supercalendered, cut and prepared for pacic
ing. It 1s then transferred by elevator to the first floor where
it is packed for shipment. A Jas. Lefell and Co. turbine utilizing
a 13.7 foot head of water between the U.S. Government Canal and the
S. channel of the Fox River, owned by the Riverside Fibre and Paper
Co. was also installed on this floor. The forming, reinforcing and
concreting of this waterwheel is also included in this study.

The building was constructed on the site of a furniture
factory which was destroyed by fire soue years previous. Reference
to the various photogiraphs will inaicate more definitely the site
conaitions. It was necessary to drive 310 feet of sheet piling in
a cofferdam in order to set the piers under the north side of the
building in the South Chennel of the Fox River. Tae south side of
of the building borders the U.S. Governwent Canal which, with the
series of locks in the city of Appleton furnishes water transporta-

tion around the various power dawus of the city. Tais canal and the

(M e ~ \
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railroad spur between it and the building, which had been used by
the Riverside Company for the transportation of pulp and manufactur-
inz materials scrved admirably the needs of the contractor for the
transportation of euinment eni materials. Tue concrete materials
ware brought to the site by railroad entirely and unloaded directly.
Barze service on the canal was uced to a considerable extent for the
transportation of eguioment, form lumber and machinery.

Lacizawonna sheet pilin; was delivered to the site in 18 ft.
lenstns which were cut by cxy-hyurozsen into 9 fu. Zensths. Cribs
w:.re constiucted at each end of the cofferdamn because of the im-
practicapility of driving the sheeting at these points; The piling
was driven in®o hardpan 3 to 4 feet by a steam hauer suspended frow
a breast derricx. Five men worked five and a half days to complete
the driving of this 310 feet of piling. A steam driven 6 inch
centrifuzal pwnp operated for about five minutes each hour was suf-
ficient to maintain dry workingz conditions within the inclosure
against a four foot water head.

The excavation for the entire substructure was by hand,
using pick and shovel. Footings for the columns and piers were set
on hard pan and bed rock. Most of the material removed was red clay
althoash this was overlaid with the ruins of the former mill which
occupied the site.

Reference to the various photographs of the operations
will indicate the type of concreting material., Because of the nature
of the clay it wos deemed unnescessary to use forms in the well foot-

in;s. The areas being placed witn concrete were kest reasonably

dry by means of sump and trench pusnps, operated by gas engines. The

(Four)
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spread footings o all piers and colunns were formed with two inch
materiale Thc foundation wall forms were cf henlock with 2 x b
verticals or studdin:. These were reinforced with 4 x 4 horizontal
headers. Wood sprenders and wire ties were used to mzintain wall
widths. The outsidie dimensions of the uwajority of the colums were
the same, 2" planking could be re-used for the side panels to be
fastened togoether «ith patent clamps. The forus for the exterior
of the builain; were in the prnel form, to be re-used as the work
procressed by raisinge The pilaster and curtain wall dimensions
were uniform throu hout the entire buildinz. The photogranhs talen
durinz the vork show very well the method of forming and re-using
the panel tynes vhich were constructed on the site.

Concreting. A 150 ft. Incley steel tower aszembled on the site was
the basis for the proner distribution and placing of the concrete.
The plan of the entire construction layout indicates the relative
positions of the various units. A half cubic yard Ransowe mixer
electric driven, was <o set in the base of the tower to receive the
concrete azcregates directly from the chsrgins bin which contained
aprrox:imately 200 cubic yards. Thais choerging bin was filled direct-
ly from railroad gondolas, by a dersiclz and clam-shell bucvet.

Steam was furniched for this unloading and hoisting by the owner.
Photogrranhs accomranying tnis work show very weli, I believe, the
menner of distributing the concrete from the to.er landing platform.
The spouting was of nececsity sup orted at various points ana counter-
balanced properly for even flow un:er a load.

Reinforcins., The reinforcing steel for the construction was fabricat-

ed by the manutracturer. How:ver, because of the adaifficulty of proper-

ly setting nuitered rods, the three way reinforcing for the flat slab



flosrs was cut and bent by the contractasr on the jovu.

Prosress of the ilork

Daily Pro-ress Record. A daily pro,cress record of the entire con-

struction was startet July 1tth 1923, Ti®s record incorporated
-~ - ~ -

various details and phases of the construction for eaca day, - the

£y

o

ivision of labor, amcunt of worix accomnlished and ladbor charzes to
eacl of the various construction account Thise envires, together
vith the wr.es of the labtor grouns, scerved as a basis for the data
from which the results of th's study were derived. Curreat uro-ress
chiarts cons.ructed and referred to during the wor< showing the per-
centize complcoted to date wos very valuzble in determining tie est-
imates fov “le poyuents 1o the contractor.

Incidently, these entries and data proved very valueble in
forecasting the reeds of meterial and lobor durin_ the constructicn.

Relative reqguiruients could te anticipated much more recdily after

©

tne labor ard vrog

ress had tezn correlated. lLicterial reguirenents

could better be delivered to the site with miniium delay and expense,
This can be noted particularly ir the requiremcnts for the vorious

k J q
a.resn~tes for concrete with the charging tin of 200 cubie yards,

capacity ond deily runs amountin: to cver 2950 cutic yarcs ¢f concrete.

Proto,rophic RBecord. The phols_roanhs acco. janyin. ona referred to

in this study are selccted frcw those tolzen durirng the pro:ress of

the vork. Thecse

frequent intervals during the
construction perisd and resulted in a sirong personal interest in
the -orlz.
Construction Un"t Cucts and Time Lebor Uulls,
Tre striy of the constiruction costs and tiuse labor units
fer the worl is consicered in the chronola;icnl seguence as nvarly

as pos.itle,
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Excaveting. Tre t; e of meterizl excavoted determires largely the
cost and time reqguired. As inlicated above tris umatcrial was for
the most part stiff clay. The methou used was 'pick and shovel!.
It was necessary to use trench puips in this work to control the
wa.er scepagce and the labor charges for the care of these pumps is
included in the cost items.

Cost was determined ir dollars per cu. yi., both for ex-
cavaticn and backfill. This cost is graphically shown on Grazh 1.
Variations in cost show a minimum of $1.34 per cu. yd. to a maximum
of $2.47 per cu. yi. The latter period, the weck of Au ust 20th,
vas during the excavotion of the piers in the machine room there the
woric was confined to a sinsle pit the size of the rier fcotings and
where t:-0 han.lin s of the excoavoted material wes necessery. The
minimun charges for excavated waterial trensierred is indicoted at
the time of baciril.in; where the cost is $1.40 and $1.34 per cu. yd.

Relative unit costs are of little value to other oncrations
of tl.is nature unless one cin ectstlich a ratio tetwecn the lavor
charces. Corwon laver was peid 40¢ per houre Gan: bosses received
54 ana mechinics 8048 per hour.

A study of the amount of work accomplished by each man per
rour :ill furnish more veluable data upcn which to base charges and
estimates under similar circu.siances. These units will vary in-
versely as the unit cost. A mon according to the data compilcd will
excavate 258 to . 284 cu. yus. per hour.with one hanaling. Dcuble
handling reuduces thls yardage to 172, Bauktfiliing is less expensive

as irdicated at .21l to 258 cu. yds. per hour. The avera e man

traencferred naterial on this job at the rate of .28% cu. yds. per



N

As noted by Mr. Gillette, there is no phase in construction wori
which involves so many varying facters as eicavation. e Hanibock
of Construction Cost by lr. H. P. Gillette gives :.8 cu. yards per ten
hours per men in wet clay and 2.5 cu. yords in nerd pane. Thess filures

are tascd on an emperical formulca.

Cu. Y.s. por 10U hours ecuils

70 in wet clay anad
.5 oplus L3(1.3) nel st in ft.

C in hard pen.
lc) neight in tt.
In spite of the varying fectors in excavation workx tie actucl

in this stuly of .237 cu. y.s. anc Vr. Gillette's cuperical
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results of 328 and .fH cu. ¥ os. in.icate a wurth vhile reletionshir,.
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y Buildin: and Placings
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Becouse of the noture of the constiuction of the forms and

tre nccessity of proserly placing reinforcin_ ena thoring tiere is

e corsiocrable vorlation in the ectusl a.ea erec.ed per diy and the

—
w

cost poer unit of arca. Wall forus, ropresented Ly the foandat on wa
and the exterior surface wo'ls, show in theuselves a wije cost di-
ver voce, and why ve studied as a definite tyre of forni. Thie colun
for s, built of 2 x & anu piv, crly claied and sup, orted, may be
rescréded as cnother tyre. Ths tyne of Ilour used in tnhis constiuction,
tiic flat sieu, with threc way reinforcin; demrnds in its foruwirk a
large amsunt of cenverin;, felsewnrik or choriunsg, ena it pirosents
otner probvlens for stu.y. Sgecial forming; - stairs, tanks, turbine
casin.: anl wmoechine sun.orvs initroduce factors of increased cost whicn
determine tie ultiuote unit cost and tiie rates in the averzses for
tlze entire constiuction.

If it were at all possible to desi.m the freueworizs for the

verious tynes of concrete loris, the centeri:, supports, etc. at the

(1ine)
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time of the desi_n of the building in the architects or engineer's
ofrice it wouid be well worth-while as indiceted by the large
variations in unit cost and men Lisurs necessary for form construction.
However, «t present, forw cost estinmate 1I0or concrete consiruction is
tased unon area of concrete to be furmed, thct is, contact arca. Re-
fercnce to Dissram #4 shzus unit lebor costs aloae verying between
11.14 to 51.&f oor square foot. Corr-olation of these fisures -ith
the ty o of romun .orc unaer construction will justify to a large
extent trie larze difierence of cost units. Furtlicr discussion of

the possibility of econowmies in furw work will be mzle later.

Relation of tre cost and time labor per unit area of vor-

ious foruis,

Weck of Cost mer Tyve of S.u. I't. ver
s.u. ft. Comstruction man hour
Au-. © 19.9¢ foundation wall 3.22 1" board forms

Sent. 4 11.9 floor, flat slab 5.4 1" boarls, 3 wey

reinforcing
Oct. 2 11.1 wall, first floor Y.GQ2 ponel forms
Oct. 20 28,8 sp;1l. tenks, etc. 2.28%
- < . - . 7 o
Iove 13 25,9 wall, secon. floor 2.09 , penel foiwns

Dec. 11 25.4 second floor sla' 3.93

Two references could be found relative to the cost per
square fout of wall forms, Gillette in 'Han.boolx of Construction Datal
cives one instance where tre cost was 24.3¢ per square foct for
labor alone, with com.ion labor at Z0# and cerventers at 5 ¢. A refer-
ence to Concrete Custs by Taylor and Thomuson Puse & gives an avera e
laber cost of €, # per sq. ft. of forms with carpenter wazses at 50¢
per hour for the form work alcone, whereas the above tatulation is
based upon the 65¢ per hour rcte. Tiis book also lists other tyge
costs such as colwin anl founcetion formis at 104 per sq. ft. conpared

with 15.9¢ in the fore:oing table.












The cost and ti = labor units subsegient to tie periols

lis.ed abvove varied c .nsiderabvly anti tre . ork teca e wmuch more ex-

. e a ~ - . . v, . -
penslive wLich fact way e noved in Dic : Durinz tie latter

part of the concroting poricd staleci;u, stoc™ ton's, washiin.ry
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bares reguiring scilled lobor was a strong faclsr in increasing
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of 204 ax the labir cost per sy. It. wilh the avere e man courleting
7.2% s3. I't. ver hour., Thsee cotpuiations are based on the eutire
forming oseration including waloauin ard the plocecent of all
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reinforcing steel reacy for concrete.

No set volues can te iven for tne concrete labor cocts

3 in .einiorcei cuncrete c . nstructin. Varicus
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coni'tions and relationshiics must be considerel in the efiort to
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deteraine these units. However, 17 the ty.e of construction and
tiie cite conditions are sindllatead as Iar as poscsivie, the results
will ve notatly uniforu.

The concretin: eunient whiich was used has been notel.
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Tre location of thie eguipment rel.tive to th
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shiown in plan. The fostins of the builain -, walls ani coluins are
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2t concrete tut tne entire construction above these footins
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is of 1:2:4 wmix. Proto_rahis of the pro.ress of the rork will also
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neference to Diz ranm #5 and 7 sio ins cost per cu. yd.

indicates tlie relative cosis ot the various puases and vy es of

&
construction. The cost of comcreting mor cu. y.. increases guite

unifornly durin; the construction periode The consideration of

1 N : T 0
)

0 ) . ~N) A . . e -
such pealss units as shs.on darin: Dec. 24th and Morca 17th ani two
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ing tiece times was unappreciable os noted on Diaran #5, shoving
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oncrete vlaced por weel.
This increase in cost 1s due in a large measure, first,
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of tke increzcsed hei:lit of the building. Second, the special

methols of concreting necessary in finishing floore, stairs, tanls
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Lavor costs in an exauple prezented in Gillettel's Handbolk
of Construction Coscts, per cu. yi. labor costs averagced from $1.21

- . . Y, - T T
to $2.32 with the ledor charges at 34¢ per hour, compared with ~of

avers~e on thils job. Mr. Gillette also indicates a labot cost of

1.48 ani $1.79 for a mill end waoceouse .ith the concrete prured
from a tover suclh as was usea on this jov. Messrs. Teyior and
Thomason in Concrete Cocts states that on a Paper Mill Construction
at Milforl, N. J. the labor cost on the concrete was $1. 0 per cu. yde
Afiter the w.er cf Nov. 20th on this jobo a very avpreciable increase
in the unit cost of the c:ncrete was evidenve This is a fact wnich
was <ue to conditions which rust be reclzoned with in all concrete
construction, however, the data derived irom these observations can
not be chargeable to concrete cost per cu. yai. or the time rate.
The increased cost and the decreased rate of wuroduaction is simnificent
only in that thcse items were derived during the period of grouting
in th: stezl window froames, forziing vinadcw sills, tank walls and
when 1t wos necessary to provice protection for thie concrete to
prevent fresziug.

A compilation of the total unit costs ana time rates is

~

3., Tusre is a pronounced variation

given graphicelly in Diasrom

N

in the coct per cu. yi. from 'u.l5 to $10.77. The latter cost is
due to increased cost of fownins with its accompanyin: skilled
labor cuarges. Tae cu. yads. placed per mon hour is a variation

from .062 to 146, Narrow curtain walls, flat slabs and oiher

w

ections of the construction where ithe ratio of the square ft. of
forn surface to the cu. yardege of the concrete inclosed im large
is more expeonsive tran the massive foundalion walls of the mono-
lithic tyoe.

No discussion or refereunce to tiais fact has becn found
in tue bivliogr:shy, lNr. Gillette however, points out a labur

(T2 s maad )



coust of $1.22 in ceuncreting clons ~1ith a total coot of $2.10 Ler cue
yde waiich lo tie lobor inelusive of Iowuin, placing stecl and con-
creviu .
iocasituletion and councinclione,
Cost &nd lavor data derived froow actunl recoris during

the construction are of 1itile valile unlzegs conditions are Clasir-ed
in orier “lrt coocaricions mioWy Te nole reedily any the atooop liae
to ollicr jou Tivoonly accearate mo Lol of weriln ;s estinctes is tie
conelleration of unit costs and tine labor waits,

the woricd tie index was
P

-
(2

luring the time of the caustructdi
labor cost was given as <edol and ¢
Belative pro~resc. One can

Diacroa #5 that certain factsrs
< J

strikin:ly effect such a drop in the nuwuler

coericrete pla S During

ced per wveslls
- " < A~ -
the 20th of Dece~bter, 4CCZ.3 cu.

4 . 5 : .
€35 a» roxirately had becn placed

stroncest reason for tili's decrease in actunl constru

cold weather when it was necessary to protect the vorks

Ia a coopiiation of

on

notice by awvrely & pa
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labor cost variaticn
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set at 100 for 1917. In 15u0-4,

of

ell.3

ssing glance at

werating on tle joL to so
of cublc yards of
thie first tweniy weelis wo to

A

Y

of the total of 4917.7 or

QS

. ) 5 Lo .
in s4p the tize., Probably the

ction wos tne

Tiis un=

balanced proportion can be accounted for in some degres because

of the limite: area of oreraticn

buildinz alone. A coaparision of

ani ¢ftcr Dec. 20th will re

of the

-
53 vnich we

sult in a ra

amount of concreite vlaced under favorctle weatner

re confined to tre stock
the relative progress vefore
io soumewhat indicative

coniitions

to the tize vhen the ‘ouserature is suv-{reezing.
Ratio of for:s to Concrete. The total muaber of sq. ft. of forus

- .
T;‘.!‘;

placed is showvn as 124,957,

total concrete volwie amounted to

. |



L217.3 co. yus. This ratio f sy. f£i. of fors to cu. yis. of
concrete is 5.6, Tie total averaze cost of Zoruzs for the construction
as coaxputed on Diagrau fu is 20¢. The cost of feruing one cu. yde

then of concrete will averzze 33.0 tiues 204 or $7.62. In a con-
struction project, wn: r ciuilar con itlons the area in sg. ft.

ol forms necessary will averzge 5.0 tilmes the cu. rards of con-

crete and the cost of forming, plocing the steel havling form materials

te $7.92 por cu. yd. Some

etc. couplete for concrete will approxiuuie §
estimate of the nuuter of tines thoet lwiier for Joruidn:: woy te

re-used can be nale usuelly chichn will vary with the rate of coastruc-
tion. This is labor cost of ¢7.52 on forus for each cu. yd. of
concrete.

If it 1s at all possidle, sreat savings muy te realized,
as noted herainbefore, if the office of tiie architect or designing
engineer could so plan the structure in order that the forms mizht
be re-need with minimua cost to the largest extent ian view of
the extreme hich labor cost per cu. yd. of concrete. Projer desirn

of shoring and falsework in the office will be well rejaid in

econouies,

[&

Comparissn of labor and cost units. Mention misht well be made

o

of the relative value of the time labor units and unit costbs.

)

Tae Engineerin:; News-Record Couparative Labor Costs and also those
of the Auerican Ap raisal Co. assi n 100 as the index of labor
Cost in 19213%. This index in June, 1920 reached 27:.% as the hish
wege perisd end remained 210 (plus or minus) during the last half
of 1326, The exireue variction from &7.4 to the 27%.8 shows the

unsatisfactory methed of using unit costs without very definite

information rejarding labor charges.

(P +oon)






Labor in general is a constant factor under similar coniitions
and the amount of worlz perfirned by an averase man 1s much tha same,
This unit time chould be the better basis upon which to estinate cests.
The unit is »rimal, it seews to wne, and in the last anazlysis is the
basis upon wihich the unit labor ccct is derived and the wozres fixed.
Tucre is a sirong tendency in curreut construction practice to base
estinztes on this unit, buv very little data has becn accuculated
frou actuzl practice at tiie present time, lle standardization of
concrete construction to the extent waich this has been accomplished
in other construction work guch as frawe bulluing and briciwork will

eventualliy brins uniform results.

Acimovled o nts and Biblio rashv,

I wish to exypress my gratitude to Mr. Eugene Orbison of
Orbison anl Orbison, Engineers, for the use cf the plans from
nich the accompanying phaotostats were made, to C. R. Moyer and
Sons Co. for use of poy-:roll dala.

1’0 N

Biklio:

Gillette: Hin:book of Construction Cost.
" Hinibook of Cost Data.

Teylor ani Thompsons Councrete Costs,

Din man: Estimating Bailding Costse.
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#1 July 30.1923.
Construction tower up to 120'. Ul-
timate height 160'. Cement shed com-

plete.Excasating for.S.wall footings.

#2 View of the concrete distribution spouting. Counterbalance.



#2 July 3Cth,1623.
Excdvating for south wall footings. Removirng old trestle

Driwingz Sheet Pilirng with steam hammer at extreme right.

Avgust 2,1923.
Coffercam completed arnd pumped out. Excavating for wall

between wachine and finishing bldgs.






Looking east fr

Arn

Vil

| =T
puip mill

August 11,1823,

& Avgust 11,

CA .
Tower at 100'. Chargirg

and derrick to right.

dame

1 -

LJc )
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=] ’
Forming basment floor of finishing building. Note pier

(] F g YO 7f th oot
View from tower of the foot

inforcing aowels set in footings.



Sept.12,1923.

ke

First floor of finimhing bldg. ready for reinforcing

steel.
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#15 Sept.1l4,1c23,
Critbing end cofferdam. Method of bracing north wall

forms.

#10 Sept.15,1 23
West end of buildirg. View from 160'. Base of stock

building.



#17 Sept.15:1323.
Ready to pour floor slab in finishirng building. Note

three way reinforcing, spouting froum tower.

#18 Sept.29,1923.

Placing wall in machine building. Note construction of

wall forms and pilasters.



#19 : Sept.20,1523,
Piers under finishing building. Tailrace of water wheel

inforeground.

#20 October &,1¢23.
Preparing to pour walls of finishing building in background.

Note platform for concrete'buggies!.
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#27 Dec.15,1G28.
Bolting, riveting setting roof steel in machine building.

#28 Dec.18,1523.

Forming stock building floor,(rain) Setting roof steel in
machine buildinge.



#29 Dec. 19,1923,
View from the southeast.

#30 Dec.21,1-28.
Stock building walls beirg formed. View from the northwest.
Setting steel sash.
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Setting steel sash. Stock builuiing walls going upe.

o o o

y

2 April 341924,
3uilding practically complete. Pouring last concrete on

roof of stock building.
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