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Preface

Betwz2en 1970 and 1976 general inflaticn and per-
sonal incomes rose at an average arnual rate cf 6.6%.1
During similar periods:
Land prices rose at an average annual rate of 13.4%
(1967-1974) ,2

Home maintenance rose at an average annual rate of
9.3% (1967-1974) ,3

Construction firancing 1rose at an average annual
rate of 25.4% (1970-1974) .4

The cost of new hcme rose at ar average annual rate
of 11% (1970-1976) .5

The cost of an existing house rose at an average

annual rate of 8.,9% (1970-1976),°

This is just a sample c¢f the data documenting what
is commonly referred to as the current hcusing crisis in
the United States., What dces it all add wup to? In
short, the cost of housing is rising fastar than incomes
with the result that in 1975 orly 15% of all Americans
could afford a rew medium priced single family house. 7

(Compared to 70% in 1950). ®



In recent attemp*s to resolve +his prcktlem many
proposals have baen made at all levels: H.U.De's pro-
ject breakthrough, barnkers! introductior of new mortgagsz
terms, new products, introduction of new 1living styles
(condominiums), and industrializ=d housing ar2 only a
few examples that illustrate the concern of thosse
involved in th2 housing industry.

Because of the vast complexity c¢f the housing cri-
sis it is not likely that a soclution will 1lie totally
within one field of study, but rather a solution will
evolve from a concerted =2ffcrt by all involved tc under-
stand their rcle and respond to the cppertunitiss withir
their fields.

As a csntral link 1in the building industry, the
architectural protfession is a potential source of major
opportunities fcr progress within the housing crisis.
Thus the objectives of this study are to identify pcssi-
ble opportunities within the architectural rprofession
through which it may =2ffectively contribute to the reso-
lution of the housing crisis and to develop an architec-

tural responsz to thcse opportunities.



One of the major problems cconfronting the United
States today regarding the hcusing crisis is ths inabil-
ity of many people who are attempting to resolve the
problem to properly identify the problem. More often
than not proposals resolve symptcms rather than the
problem itself, The mobile home industry is a prime
example. Almost anyone that has 1lived in a mobile hone
can attest to the fact that thare is more tc the housing
crisis than just the cost «c¢f housing., Although the
mobile home industry has beer successful in greatly
reducing the cost of housing, the general disregard of
quality has removed mobile hcmes as a potantial alterna-
tive housing type tc a major portion of U, S. ccnsumers.
From this the 1importance of properly identifying the
problem becomes apparent.

In general, many belisve that the prckblem 1lies
mainly in the 1industry, its inefficiercies, codes,
unions, etc.. Others believe that <consumers, their
increasing demands and unwillirgness to accept changsz,

are responsible, There 1s no doubt that bcth of these



play a major role in the curr2n¢t crisis: but I Lelieve

v

it 1is iwmportant to urnderstard that th2 prcblem lies
wholy in neither the housing industry ncr its consumsrs
but rather ir the inccompatibility of the twc. We may
then generalize the housing crisis as simply: The dif-
ference between what the U, S. consumer is demanding of
the housing industry and what the housing industry is
able to produce., By stating it in this manner it is
emphasized that one must address both of thes:s ar=2as of
concern in atta2mpting tc r2sclve any part cf the housing
crisis, More impcrtantly it emphasizes the fact that we
should not talk akout the aksolute costs cf hcusing but
rather the relative cost., Illustrating <hat there is a
housirng crisis for all =2concmic groups rich as well as
poor.

More specifically, ir researching the housing
industry it beccmes apparent that although much of th=
criticism leveled at the industry has marit I believe
that the factor limitipg its success is not its ability
but rather its lack of dirscticn or more corr=actly its
misdirection. Even +though the building systemrs we use
today ar2 successful and built wupcn sourd reasoning,
they are becoming less cfficisrt (economically) as the

factors contributirg to the ccst cf construction change.



For ==xample, the <xtent to which inflaticr and the
enerqgy crisis have shifted a great deal of the total
building cost tc the tims related costs of ccnstructicn
has not yet been manitested in the building industry as
a whole,

Similarly, consumers ability to adapt cr accept
change is not currently the factor limiting progress but
rather the lack of reasonable alternatives, There is
little doubt in the minds of most consumers that the
days of single family detached housing is becoming less
and less an attainable reality. But unfortunately most
current alternatives fall so short of expectations that
they are not even seriously considered by many.

Although it is understood that these twc categories
do not encompass all of the factors effecting the hous-
ing crisis it is tfelt that they do in fact ccver a grea*
deal of the mors important consideraticns. It is upon

these two areas of thesis that this study will be built.



The Approach

Now that we have idesntified our two majcr ar=as of
concern and their relationship it is important that the
proper apprcach to resolving the prcblem is used.

It may at first be useful, in ordsr +*o gair an
overall wunderstanding cf the problem, to review the
building procass in general. {FPigure 1) It becomss
apparent that to adequately respornd to both the varisty
of user needs and the site specific requirements of a
project that it is necessary to allow these decisions to
take placa at the manipulatior stage of the procsss,
Conversely since the 1lcwer limits of a project's costs
are determined to a great extent upon the selectior of a
construction system any desire to significantly reduce
construction costs must be mad=2 prior to that decision.,

This points out a major stumbling blcck of many
proposals: proposals that produce a product at the con-
struction system stage (mobkile hcmes) reduce cor elimi-
nate their ability to respond to the changing regquire-
ments of different projects. Likewise proposals that

depend upon their ability to respond to the ussrs needs

-6~



and the site specific requirements of a prcject (many
architectural prorosals) often use existing ccnstruction
systems to implement their designs, <thus greatly limit-
ing their ability to reduce costs.

Thus what is desired is a system that responds to
the cost requiremants of construction withcut unrec=2s-
sarily constraining any of the decisions that will later
on allow the designer tc respond to the users needs and

site specific requirements cf any particular propcsal.
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In developing a construction system it is necessary
to at all times retain a clear set of objectives. The
overall objective of this proposal is to produce a sys-
tem which will reduce the ccst of housing while retain-
ing enough flexibility sc as nct to unnecessarily con-
strain decisions which are related to the specific user
or site.

The systems reduction in cost will result mainly
from the wuse c¢f standardization, rprefabrication and
close attention to facilitating efficient ccnstructior
management, The use of a prefabricated standardized
system of components that interfaces in a simple and
consistent manner using both conventional methods and
materials wculd best serve this purpose. It is desired
that the system will facilitats +the installaticn of all
necessary services in an efficiert and consistarnt man-
ner.

It is necessary to generate a numbar cf specific
requirements for the systems development. Tc do this,

it is helpful to identify the mannrer in which the systznm
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is to function with respact tc a number of critical con-
cerns. Those concerns are: structural capacity, design

load, ccnstruction methods, and electrical, HVAC, and

plumbing distribution.
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Requirements

General

The construction system is to be cf pcst and bean
type construction capablz of producing three story resi-
dential structures with live design loads and snow loads
of 40 pcunds per square foot. The use of highly indus-
trialized components should be minimized and a reliance
upon semi-skilled and unskilled labor for on-site fabri-
cation is desired. Any cff-site fabrication of compo-
nents is to be kept at an appropriate level of technol-

ogy as to permit local fatricaticn and delivery.

Electrical

Service to be delivered tc individual wunits will
consist of 120-240V, single phase 3 wire 100 amp
branches, Branch circuits will be 20 amps and are 0 be
delivered through 12-3 wire "BX" armored cable.

It is necessary for delivery of power tc be possi-
ble at:

Any partition approximatz2ly 18" akcve finished

flocr for recepticals.



Any partition appreximately 12"-24" helcw finished
ceiling feor wall fixtures,

Any point in a ceiling for ceiling fixtures.

The syst=m is toc be able to accommodate forced air
hsating with delivery occurinrg at the base <cf exterior
walls with a maximum face velccity of 600 fpm.

To estimate the maximum h2ating load, a calculation
approximating ths worst pocssible conditions was made
assuming:

1500 sSQ, FT. unit

on grade

2x4 insulated stud walls

Flat insulated rocf

A wall to glass ratio of 4-1

A floor to wall ratio of .9

and a design temperature of -20 dsgrees

This translates into heat loss of 61,000 BTU which
would require approximately B00 cubic feet of air par
min.. Thus frcm this we find that the largest feeder
duct that the system must accommodate would be approxi-

mately 81 square inches.
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The plumbing demands of this scale of ccnstructiorn
are not likely to excesd 78 fixture units per stack
which would necessitate that a 4" waste stack and a 3"
vent stack be easily inccrporated into the system. A
slope ot 1/4" rper foot is necessary for all hcrizontal
waste lines and the stacking of plumbing needs is

desirecable.



Flexibility

(The relative extent to which three dimensional
decisiors may be made).

One contradiction that is quickly realized in
developing a construction system is that increased flex-
ibility runs contrary to both reduced cost and standard-
ization., That is: one would find that an extremely
flexible system would tesult from a lack of standardiza-
tion and would be relatively expensive. Thus it becomzs
apparent that the optimization, not the maximization, of
flexibility should be thes objective of this prcposal.

In determining <the optimal amount of flaxibility
two factors must be ccnsidered: factors ccnstraining

flexibility and the degree of flexibility needed.

Figure 2., Intardependent Flocrs:

The need to efficiesntly translate, to the grcund,
all loads crsatsd in a structure, necessitates close
attention to the location of tearing members. In mul+i-

story projects this is often resolved by simply stacking

-14-
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bearirg walls. This interdep2rndency cof flocrs greatly

censtrains spatial decisicns.

Figure 3. Standardizatiocn:

The most impcrtant factor ccnstraining flexibility
in most prorosals is the desire tc contrcl ccosts., It is
important to understand that flexitility and cost are,
in gensral, inversly proportioral and that through the
use cf a standardized framewcrk, this relaticnship may

be optimized.

Figure 4, Spatial Needs:

A major concern in attempting tc optimize the flex-
ibility of a systsm is detarmining the demands that will
be placed upon that system. It can be seen in devzalop-
ing a system for residential uss, that in general, thare
are only three types (and scal=s) of spacass that need to

be generated: Living, circulation/utility, and storaga.

Figure 5, Diminishing Returns:
It becomes apparent that, regardless of ccsts, each
successive increment of flexibility, within a fixed sys-

tem, results in a dimirishing useful return.

Figure 6., Increments of Space:
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It is important tc determine the increrent of flex-
ibility that is needead and which may be sutstantially
preceived. Again, the optimizaticn, not the maximiza-

tion, of this increment is desired.

Structures

There are a number cf characteristics inherant in
post and beam construction that should be considered
durirg both the design and cons*ruction phkases of the

building process. The following illustrate a few such

considerations.

Figure 7. Lateral Support:

The problems corcerning lateral support encounterad
when using post and beam constructicn result mainly from
the fact that all of +th2 components used are relatively
one dimensional. The introductiorn of a rigid two dimen-
sional component would resolv2 this prcblenm. If these
components can be used during construction the need for

temporary bracing may be minimized.

Figure 8., Plumb:

The use of rigid two dimensional components is also
necessary to insure that the vertical pcsts in post and
beam construction remain plumb. Again, if these compo-
nents can be involvad in early construction, the nead

for temporary bracing may be reduced.
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Figure 9. Vartical Tolerances:

To insure that the horizontal members of pcst and
beam construction are level, it 1is necessary to control
the tolerances of the vertical components, The toler-
ancas necessary will depend on the number of compcnents
involved: thus it is desireable to minimize the number
of components that comprise the vertical dimension of a

building.

Figure 10, Excentric Loads:

The loading calculations for pocst and Lzam con-
struction are somewhat different than mcst other s+ruc-
tural systenms. In transfering loads horizontally,
through the use of besams, to columns, as oppcsed to car-
ring loads vertically as in most bearing systems, the
connection between the beam and the column in many
instances produces excentric loads which reduces the
structural capacity of the column. In calculating
allowables lcads for esxcerntrically loaded columns it is
necessary to calculate a bending facter for the column.

bending facter = arza/section modulas
For wood columns:

Size Secticn Modulas Area Bending Factor

4x4y 7.94 13.14 1.65

4x6 19.11 20.39 1.066
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6x6 27.73 30.25 1.09
Thus, as may be seen akove, when using a 4x4 cclumn the
allowable load is reduced by 39% when the lcad is trans-
ferr2d to the column 1in such a way as to producz an

excentric as cppesed to arn axial load.

Lateral Support in Columns:

Another consideration necessary in making load cal-
culations in post and bsam ccnstruction is the lateral
support of a colunmn, As the proportion between a col-
umn'’s height and its smallest cross sectional dimansion
increases the allowable lcad d=creas2s. Causing allowa-
ble 1loads to be limit=d due to buckling rather thar
diract stress calculations,

This contingency may be calculated using the fol-
lowing formula:

P/A = .30 E/(L/D)?2
Where: P = Allcwable Load

A = Column's cross sectional are¢a.
E = Modulas c¢f elasticity.
L = Colunn's unsupported vertical length inches.
D = Column'’s smallest dimension inches.
Using this formula we may illustrate the dramatic c=ffect
the unsupported length of a «column has on its allowable

load.
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Colump Size Unsupported lergth Allowakle load
Lx4 8 Feet 9221 Pcunds
bxu 9 Feet 7153 Fcunds
4xy 10 Feet 5902 Pcunds
4x4 11 Feet 4877 Pcunds

Compenents

In developing a standard panelized system a rnumber
of problems inherant in panelized systems must be

Tesolved,

Pigure 11, Components in plan:

In locating panels along a standard planning grid
it becomes apparent that since the ©panels are thr=ae
dimensicnal spacial consideratior must be given to the

way in which the panels interface.

Figure 12. Conmpcnents in Section:

It also becomes apparent *hat considerable atten-
tion must be paid to the interface between vertical and
horizontal comporents to insure simple and consistant
constructior. This will reduce both the number of com-

ponents as wa2ll as the way in which they interface.

Figure 13, Three Dimensicnal Decisions:
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It is very importarnt in desigrning 2 standard panel-
ized system that the de=siqgrner not dwell too long in only
two dimensicns but that threze dimensional considerations

be investigated early in the d2sign process.

Figure 14, In*tegrating Structure:

Serious consideration must alsc be given to the,
manner in which, and the implicaticns of, the integra-
tion of structural elements into the panelized system.
This will, of course, be cffected by the sizz of the

structural compcnents,

Figure 15, Tclerance Control:

Since, in general, the <cost of a prcduct will
increase as the tolerances of that product increase it
is d=sirsable to attain c¢nly the degree of tolerance
neca2ssary to achieve the desired gquality. One way to
decrease the 1level of tolerances is to reduce the number

of points at which components interface.

Figur= 16. Securing Components:
There are three reasons for sacuring ccmponents:
structural intz2gqraty, insuring permanernce c¢f lccation,

and for quality.
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A Systenm

Components

Figure 17. Ccmpcnents:
At this level of development there are nine dis-
tinct sizes of ccmponent parts to the system. Three

wall, three floor, two beams, and one column ccmponent.

As was indicated =earlier, it 1is our desires to
incorporate the structural cclumns of this system into
the space defined by the intersection ¢f the structural
walls, Let us investigate the constraints this plac=s
on the systems size if we choose to use wood columns,

Using a combined live and dead 1load of 53 /Sg. ft.
and an unsupprted length of 87" the allowable axial load

on a 4'x4' column would bhe:

Allowable axial load {.30) (E) (A)

(LyD)2

{30)(1.760,000) (13, 14)
(87/3.625)2

12,045

[}

-36-
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Thus 4"x4" wood cclumn will support ar axial load

of 12.045 or 12,045/53 = 227 sq. ft. of living space.

Figurz 18, Ccnnection D=tail:
The use of <clips, to cortrol any lateral movemant
of the wall ccmponents, is simple ard requires a minimum

degree of tolerances.

Figurs 19. Ccnstruction:

These nine components may then be used within the
systems bounds to fcrm a variety of spaces, The next
consideration is in determiring the =2xact manner in

wvhictk the components intarface.

Figure 20. Ccnrection Detail:
The need for consistantly interfacing wall compo-
nents and the ability to control their lateral movement

to ensure quality are two very important considerations.

Figure 21. Conna2ction Detail:

Where a nonstructural wall comporent intersects a
structural compon=nt it is nct possible tc use the same
type clip as above since the structural component has
already been drywalled, Instead, a surface mcunted clip

may be used.
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Flexibility

Figure 22, Bearing Wall System:

Although stacking the bearing walls of ccnsecutive
floors (A) is successtul and allows for some flexibility
{B), when the structural requirements of the two floors
do not coincide (C, D, E, F, &§ G) the loads cf the sec-
ond floor must be resolved into concentrated lcads (cir-
cles)., This relative lack cf standardization results in

high constructior and supervision costs.

Figure 23, Axial Loads:

The need tc standardize the structural system while
retaining a reasonable amount of flexibility may be
realized througk the use of a system which resolves all
loads into concentrated 1loads. The 1loads are thern
transferred to the ground axially: thus requiring only

columns rather than constraining bearing walls.

Figure 24, Building Grids:
Through the use of beoth a structural and a planning
grid a grzat d=al cof flexibility may be realized using

three component sizes.

Figure 25. Spatial Variaticn:
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A total of 23 uniqu2 spaces ranging frcem 10 sq. ft.
to 288 sq. ft. may ba used without the interfesrance of
any columns. 4 spac2s (225-289) may be used with only
one column, and 5 (285-493) may be used with the inter-

ferance of two columns,

Figure 26, Component Detail:

By handling the intersection cf walls on both
structural and planning grid similarly, through the use
of columns contained within the walls, there is no need
to differentiate between betwe2r the twc, or walls that

make inside or ocutside corners,

Figure 27. Column Detail:

Through the use of unint=arrupted columns +the con-
trol over vertical dimensions is mecre than adequate. By
hanging the walls from the columns the cpportunity to
use the walls for both temporary anrd permanent lateral

support presents itseslf,

Figure 28. Resolving Loads:

The need tc resolves live and dead loads into con-
centrated axial loads at columns while ccentrolling var-
tical toleranc2s posses a number c¢f interesting prob-

lens.
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Figure 29. St=2el Vs. Wood:

Since wood members have relatively lcw tclerances
and steel has potentially high tolerances it is advanta-
geous to use a stsel component to transmit the load from

the beam o the cclumn.

FPigure 30. Static Equilibrium:

In order to avoid the uses of bolts cr screws in
fastening the steel connector to the wocd beam it is
desireablz to use a connection which will result ir

static squilibrium withcut the use of fastemners.,

Figure 31, ~Non-Rigid Conrection:
To insure the load is axial and that nc mcments are
ransferred through the connecticn to tha <c¢clumn: the

use of a non-rigid connection is necessary.

Fiqure 32, Critical Diwm=nsions:
The use of this type of connection d=mands that the
tolerances of a number of dimersions be carefully con-

trolled.

Figure 33, Critical Dimensions:
To insure that loads remain axial in nature the
dimensions c¢f the dimersicnally stabls rectilinear com-

ponents must be carefully controlled.
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FIGUAE 572 > MODEL - GENERAL VIEW
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Evaluation

Although the success of this type of ©[proposal is
ultimately ¢tested in actual applications it is often
very helpful and informative to gererate a theoretical
model with which to test the proposal.

To do this a hypothetical project was developed and
both corventional approach to construction and the con-
struction system proposed within this paper were applied
to the project and evaluated as to their effectiveness.

Since it is difficult to evaluate the relative
gualities (assthetic, sccial, etc.) of the separate
solutions it was assumed that rneither system would nec-
essarily be superior in this respect. Thus leaving ecc-
nomics as ths major tool with which to measure the rela-
tive success of the proposal,.

Project Description

Location Blacksburg, Virginia
Land 15 Acres

Number of Buildings 25

Number of Apartments 300

Number of Bedrocams 540

Gross Building Areca 307,800 sqg. ft,.

Net Living Area 267,660 Sq. ft.

-89~
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OUTLINE SPECIFICATION

Exterior Walls
2 x 4 Construction on 16" certers
1/2" Intermediate density fiberboard
Texturz 1-11 siding
3 1/2" Fibarglass insulaticn R-11
Ccrner Bracing required

Interior Walls
2 X 4 Construction on 16" centers
1/2" Dry wall

Floor Framing
Floor Joist 2 x 10 16" 0O, C.
Wood Bridging with angl:z cuts for

Joist spans ovar 8'0O"

1/2" C-D Plywood Sub-flooring
5/8 x 4'8' partical board for underlayment

Roofing

172" C-D Plywood sheating on starndard wced
trusses 24" 0. C.

15 Felt

235 Asphalt class "C" self-seaving shingles.

Heating

Electric
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It was next necassary to estimate both the value
and the cost cf these prcjects,

Since there are numerous examples cr residential
construction in the Blacksburg area similar tc that out-
lined here, relatively accurat2 construction ccsts could
be easily attained. Sirilarily documentaticrn of the
construction process as a function of time were also
available,

For simplicity in handling the data, the ccnstruc-
tion process was divided intc eight stages as outlinad
below,

Stage Ore - Foundation 5.3% Total Cost

$8,157 per building
Excavaticn - backfill
Footings
Permits and Fees
Slabs
Underflcor plumbing
Block wortk
Stage Two - Rough carpentry 20.9% Total Cost
$32,169 per buildirg
Structural steel
Rough hardware

Framing lumb=sr



-9~

Rough carperncry
Stage Thr2e - Insulation Ready 22.7% of Tctal
$34,939 per building
Rough plumbing
RougLk heat
Rough electric
Roofing
Windows/doors
Siding
Stage Four - Drywall 11.7% of Total
$18,008 per building
Insulaticn
Drywall
Stage Five - Interior Trim 9.4% of Total
$14,468 par building
Trim carpentry
Kitchen cabinets
Finished hardware
Stag=2 Six - Paint 2.4% of Total
$3,694 per building
Interior paint
Exterior paint
Stage Seven - Finish 24.4% of Total
$37,556 par building

Sh=et goods
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Finish HVAC
Finish plumbirg
Finish electric
Carpet
Appliances
Stage Eight - Clean Up 3.2% of Total
$4,925 per building
Clean up
Fine grade top scil
Landscape
Punchlist
Total cost per building $153,543,
Each building has 12 apartments,

Average Sq. ft. is 10,706 per building.



-9y -

To astimate the total ccst of such an undertaking
it is necessary to estimate expenses such as firancing,
land, closirg costs, etc., To do this we must first
evaluate the value of the proj=ct. One m2thcd tor doing
this is called the irnccme approach tc value.

First the income fror the property is estimat=zd.

Number
of Rent Per Yearly
Units Type Sq.Ft., Sq. Ft. Rent
30 1 br. 626 31.6 $ 71,280
60 1 br. & den 764 28,5 $156,960
120 2 br. 894 26.7 $344,160
60 2 br. & den 1065 24,3 $186,480
30 3 br. 1062 25.8 $ 98,640
Total Units 300
Total Rentable Sq. Ft. 267,660
Gross Annual Income $857,520
Less Vacancy/Collection Lcss (4%) -34,300
Auxiliary Income +13,739

Total Gross Incoms $836,959
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From this figur= is subtract:d the operating expenses

and tha interest cn the land:

Gross Annual Inconme $836,950
Less Operating Expenses (approcx. 38%) -$318,044
Less Interest on lLand ($450,000 10%) -$ 45,000

Total Annual N2t Income for Interest
On and Recapture of Value of
Improvements = $473,914

This figure rTepresents the value of the building
not of the project., Tc find this figure the building
value is capitalized at the current capitalization rate

(9.8%) and the value of the land is added.

Building Value 473,914
Building Value Capitalized 9.8%

$473,914,,098 $4,835,857
Plus the Value of the Land 450,000
The Valu2 of the Project $5,285,857
First Mortgage Loan 75% of value $3,964,392
Loan Requestad $3,965,000
Floor of Loan (3,965,000:85) $3,370,250
Construction Loan (3,37C,350:80) $2,696,200

With this information we can =stimate the tctal cost of
the project:
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Land $94,000
Direct Building Ccst $3,8u7,900
Landscaping 322,000
Taxz2s (during ccanstructior) 8,595
Misc. closing costs 29,737
Overhead & Profit (Buildars) 192,395
Contingency 96,197
Financing
Perminant
Bank Discount 1% 39,650
Loan Brokerage 2% 79,300
Construction
Interest at 11% 272,900
Bank Discount 2% 53,900

TOTAL PROJECT COST $5,036,574
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Project Schedule

Before w= can cutline the entire prcject schedule
it is necessarcy that we have a feeling for the amount of
time this type cf project would take to plan and organ-
ize, Since this typs of responsibility is that of the
architects it will be helpful to study the architects

budget and allocaticn of fees:

Budget for Construction $2,696,200
Basis for Architectural Fee 6.25%
Estimated Architactural Fee 168,512
Allocation of Fees
Profit 17% $28,6u47
Consultants
Construction Management 10% $16,851
Landscape Architect 8% $13,481
Direct Expenses (other than
Salaries) 3% $ 5,055
Indirect Expenses 30% $50,553
Direct Salary Expenses 32% $53,924
Allocation of Direct Expenses
Hours
Project Administration 5% 3$15/hour 180
Master Planning/Programming 8% $15/hour 287
Schematics 15% 3$10/hour 808
Design Develcpment 17% $10/hour 916
Working Drawings 35% $8/hour 2559
Specifications 5% $8/hour 337
Bidding 5% 3$8/hour 337
Construction Administration 10% $8/hcur 674

The actual time this project wculd bs in the archi-
tects office would ¢t course be dependent upcrn the size
of the offic2 and the amcunt of other werk it is
involved in. Fcr the ©purpcses of +*this rrcject it is

assumed that there are 8 full time people involvad on
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the proj=act: the project architect, a jcb captaizn, a
designer, a field mar, and four draf+smen,

Pigure 65 represents the fproject schedule fronm
inception through completion.

In Figure 66 a more detailed diagram of the sched-

ule may b= seen.
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Proposal

It bzscomes obvious that there are two ways in which
time savings may be realiz=d during the ccnstruction
pProcess.

Figure 67 represent the possiblity of reducirg the
duration of a number of process. This may be done
through the uss of standardization, fgrefabrication,
industrialization, etc.

Figure 68 represents the possibility cf reducing
the time lag between different buildings. This presents
a major opportunity to reduce construction time. Sincz
the times lag between buildings 1is det2rmined by the
process with the greatest duration if that [frccess may
be reduced significantly it will result in a sizable
savings in tim=.

For example the processes with the lcngest dura-
tions ir this type of constructicn are rough carpentry
and drywall., Rough carpentry has besn allocated 17 days
for completion in the precadirng schedule. If this time
is reduced significantly one of the other prccass, dry-
walling, becom2s the limitirng factor.

For example if the time 1lag bstween buildings is
reduced by 6 days per building the overall savings would

be 6(25) or 150 days.
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Figure 69 reprasents a schedule that reflects a
reduction from 17 days to 9 days in time lag betwesn
buildings. This 8 day reduction is the result of using
the penalized system proposed in this papar which effec-
tively reduces the time needed for rough carpentry and
drywall process to take place.

Feduction of construction time to or Leyond this
point would of <course require efficient ccnstruction

management, Thus a reallccation cf arckitectural fees,

Budget for Censtruction $2,696,200
Basis for Architectural Fes 6.25%
Estimated Architactural Fes=z $ 168,512
Allocation of Pees
Profit 17% 3 28,647
Consultants

Censtruction Managsment 15% $ 25,277

Landscape Architect c 8% $13,u481
Direct Exp=nse (other than

salaries) 3% $5,055
Indirsct Expenss 30% $50,553
Direct Expenses 27% $45,498

Allocation of Direct EXpghses
Hours
Project Administration 5% $15/hour 181
Master Planning/

Programming 13% $15/hour 472
Schematics 20% 3F10/hour 1089
Design Development 22% $10/hour 1199
Working Drawings 20% $8/hour 1362
Specitfications 5% $8/hour 340
Bidding 5% $8/hour 340

Construction Administra-
tion 10% $8/hour 681
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As indicatesd in Figure (69) “here has been a change
in the staging cf the project.
Stage One - Pre-fabrication
Fabrication of all structural and ncn=-structural
walls
Fabrication of floor/roof compcnants
Siding
Drywall
Stage Twc - -Foundation
Excavaticn backfill
Permits and Fses
Footings
Slabs
Underfloor Plumbing
Block work
Stage Three - Erection
Erection of Compcn2ants
Structural steel
Stage Four - Insula<-ion F=zady
Rough plumbing
Rough heat
Rough electric
Roofing

Windows/doors
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Finish Siding

Stage Five - Drywall
Finish Drywall

Stag2 Six - Irtericr Trim
Trim carpentry
Kitch=2n cabinets
Finish hardware

Stage Seven - Paintirg
Interior Paint
Exterior Paint

Stage Eight - Finish
Sh=zet gocds
Finish HVAC
Finish plumbing
Finish electrical
Carpat
Appliances

Staga Nine - Clean Up
Clean up
Fine grade topsoil
Landscaps
Punchlist

To compare *he costs of these

factors were considered: material,

gency (resulting from uncertainty of

two systems three
labor, and contin-

tuture prices).
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The following 1is a comparison of the two systenms
costs.
% Contingency Contingency Projected
Cost <change Category Factor % Cost
Description L,M,H
Excavation
Backfill 500 L 3 485
Footings
Slabs 3350 | 3.5 3232
Block 2716 M 3.5 2621
Structural
Steel 2296 +30% H 7.5 2760
Framing
Lumber 22585 + 5% M 3.5 22884
Rough
Carpentry 15797 -20% | 3.5 12195



Rough

Plumbing 7858

Rough

Electrical 4860

Rough
Heat 6322
Roofing 1769
Doors
Windows 5677

Insulation 3025

Drywall 11150

Internal
Trim 6687
Tile 1498

Paint 3701

-10%

-10%

-109-

7583

4222

5847

1636

5421

2858

9483

6319

1385

3497



Kitchen

Cabinets 5072

Finish

Hardware 2712

Finish

El2ctrical 3578

Finish

Heat 5836

Finish

Plumbing 7785

Appliances 10654

Carpet 7600

Landscape 2156

Misc. 8733

Total 153917

5%
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5.5

4843

2563

3212

5398

7356

10068

7182

2059

143361
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With this information we may estimate the total

ccst of the project:

Land $ 94000
Dir=act Building Ccst 3584000
Landscaping 322000
Taxas (during construction) 5814
Miscellaneous Clcsing Costs 29737
Overhead and Profit 179200
Contingency 89600
Financing
Permanent
Bank Discount 1% 39650
Loan Brokerage 2% 79300
Construction
Interest a11% 123575
Bank Discount 2% 53900

B ————

Total Project Cost $4600776
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Thus comparing this fiqure with *that cf the conven-
tional cost of $5036574, we realize a savings cf approx-

imately 9.47%.

Summary

As has been demonstreted ir the above example, the
cpportunity to reduce the total cost of a project
through reducticn of construction time is one which has
a substantial return,

In evaluating the success of this prcpesal, ons
must keep in mind the implications of the 9.47% figure
and realize that it 1is dependent upon a number of fac-
tors,

For example, if this system was applied tc a larger
project, the 9,47% figure would increase almcst propor-
tionately. That is if the ©prcject was twice the size
this figure may be as large as 15 or 16%. Similarly, if
the economy becomes lzss stable, this figure will rise.
Of course the <converse of both these pcecints is also
true.

Finally, one must consider the oppcrtunities pres-
ented here for further res=arch. The most important
opporturity to act upon here is that of further reducing

the constructior tim=2 lag discussed earlier. Through
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study 1into and resoluticn of inefficiencies, further
savings due to reduced construction time may be real-

ized.
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Appendix - Ths Tiwmely Ccst of Construction

The concept +that "Time is monsy" 1is ty no msans
new, but is of increasing importance, especially in the
fizld of constructiorn,

As the time related costs of constructicn increase
they mak2 up a larger porticn of the overall cost of a
project. As this proportion becomes larger it provides
a greater opportunity throughk which to rzduce the cost
of housing. For example: in the middle 60's the dif-
ferance batween the cost of a prcject completed in 8
months as compared to ore ccmplated in 24 o@©mcnths may
have been only 5%. But ir the 70's with high inflation,
high interest ratss, and market fluctuations the differ-
ence in price between these two projects may be 20% or
more.,

Wwhat follows is a discussicn of a number of time-
related costs of ccnstructiorn and an evaluaticn of the
effact of construction duraticn on the ultimate cost of
a project.

For convenience in illustrating some of the follow-
ing concepts a feasibility study will be used. The
study, conducted bty a New York broker/realtor, involves
a 795 unit apartment community situated or 45 acres of

land 25 miles Ncrth-West c¢f Chicagc. Considerirg loca-
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tion and the fact that +*he study was conducted for a
1973 completion date, th= data should be conservative if
anything.

Although it is nct indicated in the study, I feel
that it is re2asonable to assume that the case study
would have taken approximately 24 months tc¢ complete.
To illustrate the =ffect c¢f ccnstruction duration on
total projesct cost I will <ccmpare the figures from this
project to thoss of the same project with an 8 month
construction duration. I understand that at this point
a 66% reducticn c¢f construction time may be cptimistic
and this must be kept in mind inr reviewing the following

conclusions.

Construction Funding

The basic concepts involved ir the financing of a
construction prejsct are fairly simple. After a commit-
m=nt for a long term mortgage is obtained, the borrower
must obtain a construction loan; a loan to pay the bills
during construction, This 1loan is short term ard will
be paid off by the mortgage loan upon the ccmpletion of
construction. To minimize risks, the amount of the con-
struction loan is wusually only 75-80% of the permanent
financing, which in this case 1is $13,500,000. The con-

struction loan would then be approximately $10,800,000.
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A portion of this amount would be disbursed in monthly
draws to take care of bills that have accumulatzd to
that tim=, The ccst of this construction lcan has taree
components: a ftrokerage fez, the banks disccunt, and
interest,

The brokerage f=22 and the bank's discount are both
constant, and must be paid irn advance., For this reason
these costs are not affected by the duraticn of con-
struction. The interest is however, and the following

equation estimates the interest costs of a ccnstruction

loan:
ioan amount inrerest rate
months of lcan X 1 X 1+42+3+4 ,.. months -1

By substituting the prcper numbers and using a cur-
rent interest rate of 11% we find that for a 24 month
completion date the interest wculd amount to $800,055.
The same calculation using arn 8 month completicn date
would result in $243,495 or a savings of $556,560,

$556,000 is approximately 3.2% of the tctal project
cost, a figure which would become more significant dur-

ing periods of higher inflaticn.

Taxes
Ths taxes levied on land during ceonstruction can

amount to a sizable sum. In the example <study thess
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taxes totaled $190,000, Taxes are usually stated as a
propertion of tax per $100 of assessed value per year
and thus a constart rate ovar time, The result of
reducing the constructicn duration to B8 mcaths would
effectively reduce this tax figure to $63,333. This

represents a .7% reduction in tctal project cost,

Unrealized Profits

In comparing a project that 1is completed in 24
months to one complsted in 8 months it can be seen that
the 8 month project is prcducing a return tc¢ its inves-
tors for 16 months betore the 24 month project is conm-
pleted., This is referr=d to as unr=alized profit, and
may be comput=d rfor cur zxample study by subtracting the
annual expenses and the annual mortgage payments from
the annual income and multiplying by the difference (in

years) in completion time.

(2,540,832 - (889,673 + 949,152)) x 4/3
(2,540,832 - 1,838,825) x 4/3
702,007 x 4/3
$936, 009 would bs the total unrealized profit.

If the prcject investors were in a 10% leverage
position this would result in the investors recouping
52% of the2ir original investment in the 8 menth project

before the 24 mcnth project was completed.
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Although the impact ©f unrealized profit on the
initial cost of a project depends on many factors and
would be very difficult to quantify, a g2neral statement
may be made to the effect that: In comparing the cash
flows of these two projacts from an 1investors pcint of
view the 8 mornth project is considerably mcre desireable
and in most cases would reduce the risk asscciated with
that investment. By reducing the risk c¢f an investment
investors in an efficient market would be willing to
accept a lower return on investment., This may amount to

as much as 2% or $364,6(8.

Inflation and Unpredictakble Prices

"The Unit2d States 1l=arnad to 1live with the pra-
dictable and uniform inflation <cf the 60's and early
70's. But unfortunately this has changed in r=2cent
years, although inflatiorn is still with us it is no
longer predictabls and far from being unifcrm",? The
sudden emergence of ernargy shcrtages has combined the
wcrld market fluctuations and price controls tc produce
random scarcity in material and supplies with corre-
sponding price jumps.!9 This new unpredictability of

prices affects many everyday decisicns of most busi-
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nesses especially small onrnas and business that have long
lead timzs.

For exampls in the 60's predicting the price of a
product to be produced and deliversd a year from the
present data was simple. The current Erica was
increased by the current rate of inflation plus some
measure for contingency which may have been 1 or 2%
depending on a number of factors., But today with prices
sometimes doubling in a ysar the process of predicting
the future has become more difficult and often hazard-
ous, This prcblem may be mirimized in businesses which
are adequately diversifi=d but what about small business
who's total investment may be affected by such a price
jump, What is the effect of time on the uncertainty of
such decisions.

The result of this new unpredictability is that
small business, in an attempt to protact their own
interests, hava vresorted to high contingency bidding.
In som2 cases, as documented in a March 26, 1974, Wall

Street Journal article titled Broken Promisises - Many

Contracts Now Aren'it Worth Paper They're Prin

many small businesszs are simply backing cut of con-

tracts thay do not fesl they car not =2conomically fill.
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This problenm is cfter compcurded whsn, for
instance, in the building indus*ry th2 gsneral contrac-
tor, realizing that he may have trouble enfcrcing his
contracts, must alsc resort to high cortingency bidding
in an attempt to protect his cwn interests. Ccntingency
on top cf contingency of course must bz paid somewhers
along the line, c¢ften by consumers in th2 fcrm of high
artificially inflated prices.

To determine the effect cf this unpredictability of
future prices we may s2t up a series of seguentially
probable evants, Figure 70 represents such a series of
events., Fach «circle represzsnts a possible rate of
inflation and each squarz2 represents the ccnnecta2d prob-
ability of its occurance., Thus by assigning values to
each circle and <cach squars we may determine the
expacted value of the sequence by summing the products
of the conditional probabilities and the expected value
of each possible ocutcome.

It is then possible thrcocugh properly manipulating
the interest rates and their prcbabilities of cccurance
tc simulate different situations, For example: VFigure
71 represents a situation in which every 8 mcnths there
is a possibility of inflation beirng 6%, 9%, or 12% with

the probability c¢f each cccuring 3,10, 4,10, and 3/10
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respectivaly. The expected value after 8 months is 1.09
and after 24 months 1is 1.295. These values are ra2pre-
sented in Figure 73 by vertical black linss ard are both
labeled 1.09, Lst us accept this as the actual (most
probable) rate of inflaticn.

We may now model the actions of a risk averse per-
son by changing ths squares inr Fiqure 70 from probabili-
ties to decision points, Now we can see in Figure 72
that we may simulate the same irflation rates as were in
Figure 71 but represent the aversity through weighting
the individuals choice to the higker inflation rates.
The expected value of +this series will represent the
value this particular individual would d2mand in return
for taking the risks shown., We may then change thess
decision points to model increasing or decreasing
degrees of aversity.

We may also change the rates of inflaticn to illus-
trate the effects of different possible outcomes. For
example, a distribution of 6%, 9%, and 12% would b= a
more stable situation (investment) than a 6%, 9%, and
18% distributicn since the possibility o¢f an 18%
increase exists in situation 72 where the worst possible

outcom2 is only 12% in situation 71.
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Referring to Figure 73, ths first szt <¢f 6 curvss
repres2nt the expected values of 4 progressively risk
averse people (horizontal lines) in 6 situaticns of var-
ying stability (curves). For example point "a" rapre-
sents the situation depictad in Figure 74.

In evaluating tha curves if ycu read from lzft to
right along the horizontal lines the intersection of
these 1lines with the curves rTepresent the expectad
return of a certain level of risk aversity in a particu-
lar level of stability. For example: point "c" repre-
sents the expected return (17.2) of a very risk averse
(9, 1, 0) person in a situation where the worst pcssible
outcome would be an 18% rate of inflatior. {Of the
three possible rates of inflation only the highest has
been changed in generating the data for this graph. The
first two have been held constart at 6% and 9%).

If this graph is read up and down along the curvszs
we see the affect of incrzasingly risk averse people on
an investmert with a constant stability.

The second set of six curves repr2sent the same
process only over three 8 month periods. Ncw W2 may
evaluate the effect of time or the expected value of an
investment., For example: Points "b" and "c" represant

the same invester invasting ir  twc projects of the same
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risk but over a diff=rent periocd cf tim2., Prcject "c"
is to bz completsd in 8 months and project "b" is to be
completed in 24 months. The outcome of the 8 month
investment is that th2 1investor requires a 17.2% r=turn
on an investmant who's most protable cutcome is 1.09.
Thus a contingency of 8.2% is demanded. The 24 month
investment requires a 61.5% return on an investment
who's most probable outcom2 is 1.295 or a contingency of
32%.

The difference between these two ccntingencies
(23.8%) represents the price one pays this dinvestor to
enter into this investment for 24 months instead of 8.

For sxample: if the investor represented here was
a plumbing contractor who is approached for a bid on a
project whose [present value 1is approximately $100,000
and he was asked +to bid the job for completion in 8
months and in 24 ponths. His bid for 8 months would be
$117,200 and for the 24 month project it would be
$161,500. If the rate of inflatiorn for the plumber did
remain approximately at the expected value c¢cf 9% the
plumber would have over bid the 8 month project by
$8,200 and the 24 month project by $31,977., So the cost
to the purchasar of *+his plumbers services 24 months in
advance rather than 8 mornths was $23,777 or 21% of the

projects value.
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It is difficult to translate this rather general
model irto hard figures that we may use in the real
world but rather the model's values lies in its illus-
trative power, It illustrates that when dealing in a
business such as the corstruction industry wherz many
ccntractors and subcontractors are small nondiversified
businessmen, in an unpredictable economy such as it
exists in the Unitsd States today. The premium that is
paid for work to be done at increasingly distant dates
in the futurz is very high. Conversely the reward for
reducing this period of time is equally high,

Thus thes cpportunity here is tremendcus. If an
architect can reduce the construction tims by, as in our
example, 66% from 24 months to 8 months a savings of as
much as $3,007,000 or 16.5% of the total prcjscts cost

may be realized.
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"Construction management is that group c¢f manage-
ment activities, over and abcve normal architectural and
enginzering services, related to the ccnstruction pro-
gram - carried out during the pre-design, dssigrn, and
construction phasss - that contributes to the ccntrol of
time and costs in the constructicn of a new facility."
11

It should be understood that through the us2 of
this definitiorn it 1s not inferred that ccnstruction
management will always be apparert in the pre-design,
design, and ccnstruction phases of a project nor it is
inferred that ccnstruction management 2xists only in
large projects but that it is an integral part of all
successful prcjects 1large and srpall and may exist in

many forms.

-132-~
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Need or Valus

(o]

The need for efficient «construction management can
be lirked tc one fact: time is morey. The ability tc
organize men, materials, and activities in time may
determina thae success or failure of a project.

The number of activities necessary to build even a
small project like a single family hcuse requiras a high
level of organiza*icn., Without this organization, time
works against you, increasing the time-related costs
involved in coastruction such as; interest cn loans for
constructior, and 1land, taxes, inflation, c¢verhead and
profit., In large multi-million dcllar projects these
costs can amount to a sizeable percent of a building's
cost. For e€xample, in Miami CM Associat2s, a construc-
tion Management firm, was responsible fcr the schedul-
ing, cost control, =avaluaticn of design decisicns irn
terms of time and cost, and managing the procurement and
construction of a 250,000 square fcot high schoocl. 1In
comparing this project with a siwmilar 238,000 square
foot high schoocl built at thke same¢ time, in the same
coupty using a general contracting apprcach and a linear
sch2dule it was found that the wuse cf coustruction man-
agement not only built the highschool ten months faster

(21 months as compar2d to 31 months), but saved approxi-
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mately 1.5 rilliorn dcllars or 15% of the tctal budget.
12 From this we may conclude that ccnstructicn manage-
ment is a possible alternative through which sizable

savings in constructior costs may be realized.

Ecrns

It should be understood that constructicn manage-
ment is used as a general term and may Trepresent many
different situaticns,

The example cited ecarlier invclved a ccnstruction
management firm, CM Associates, a gqroup of highly
trained professicnals using sophisticatzd techniques,
and included invclvsment in =very phase of a project
from ths early planning stages to ccastructions end. Or
the other hand, there is the field superintendent of a
builder/d2veloper ccncern whose involvement is oftar
only in construction. Although the sophistication and
scope of these jobs vary grzatly, the objzctives are the
same and they are both involvad in constructicn manage-

ment,

Architects and Ccnstruction Management

It is obvious that the field superintendent of a
devaloper/builder has very little control over the early

decisions that are made concerning <+the units he builds.
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This is alsc trus in some 1Iespec*ts c¢f construction man-
agement firms that are allcwsd tc participate in the
evaluation of =2arly architectural proposals, #hat I am
referring to h2re is the fact that constructicn manage-
ment is limited in 1its affect on construction by the
extent to which existing constructicn systems facilitate
their objactives., The developm2nt of a ccnstruction
system that facilitates the cbjectives of ccnstruction
management may prova econcmically desirable cverall even
though it may be awkward, inefficient, or more expensive
at particular states of construction. For example, as
discussed earlier, a construction system that would
reduce constructicn time by 66% could be 10% mcre expan-
sive and still provide a savings of about 15% in the

overall cost of a project.

Obj2ctives of Comstruction Mapagement

",.. th2 contrecl of time and costs in thée ccnstruc-
tion of a new facility." 13: H2re in lies the major
objective of construction manageament,. There are many
techriques that have been develcopsed to handle this type
of problam, Because these techniques fall within the
specialized fi=ld of construction managemernt and out of

the scope of this discussior we will not pursue the

individual technigues. Instead I will handle the tech-
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riques as a ccnglomerate, iden*ifyirg characteristics of
the whole rathar than c¢f the parts.,

To gain control over the ultimate time and costs of
a project it 1is first necessary to identify, corganize,
and coordinate the smaller components that ccntribute to
the overall time and cost.

Identifying the component parts of a ccnstruction
project 1is rather straightfcrward though &Lty no means
simple, The compcnent parts of a project fcr the pur-
poses of this parper will be referred to as activities.
These activities include all necessary Jjobs in the com-
pleticn of a project; all subcontracts, supervision,
accounting, expediting, inspection, ordering, etc. The
number of activities is of ccurse deperdent cn the type
and size of the project undertaken and for even the sim-
plest of projscts there may be 100-120 necessary activi-
ties. For this reason the efficient organization and
coordination of the activitieis in time beccmes a com-
plex task,

The three most iImportant factors limiting the effi-
cient organizaticn and <coordiration of activities in
time are; the numker of activities, the duration of each
activity, and the relationships between the activities.

Of course by the time a project has reached the con-



-137-

struction phase the majority c¢f these factors are
already determin=d, However, 1let us identify sone
alternatives that would tacilitate more efficient time
and cost effactive organization and coordiraticn during

the construction thase,

Number of Activities

Intuitively, all cther things being equal, if we
could reduce the number of on-site activities necessary
to build a project we could simplifty construction man-
agement., This could be achieved ir at 1least two ways;
reducing the variety of activities or by decentralizing

activities.

Duration of Ac

In discussing the duration of arn activity it must
be kept in mind that duration carn be measured in at
least two ways. It can be measured in mar hcurs which
is job r=lated, or it can be measured in activity hours
which is time related. The difference between these can
be illustrated by the example of a plumbar who, because
of outside circumstarnces such as weather or a scheduling
mistake, did a <c¢ne man hour job in 7 days. Tc control

the duration of activities we must then cortrcl both of

these factors.
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There ar2 at 1lz2ast two ways to corntrcl the man
hours required to do a task through either simplifica-
tion or standardization. Simplification refers to the
relative number of compcnent parts and standardization
refers to the limited numkber of ways in which the compo-
nent parts may be used together. The relative simplifi-
cation and/or standardization will have a direct rela-
tionship to both the time required and the level of
skill ne=2ded to exscute an activity.

To control the other component of duraticn we must
become as independent as possible from outside circum-
stances, Although this is sometimes impcssible and
oftan not beneficial, we should attempt to dc so when
circumstances prescribe, Of course the majer circum-
stance which is beyond our control is the weather. It
may prova to be tc our banefit to decentralize some con-
struction activities that are easily affected ty weather
and are capabla of being moved off site,.

Another fac*cr to be considered when discussing
activity duration is the concept of trip generation.,
This refers to the fact that some trades must go to a
sit2 on four separate occasiorns tc complete one general
activity. Por example: plumbers, for a single family
house, must show up early in the constructiocn procass to

do the under floor, 1later they must return to do the
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rough plumbing, they must returr. again tc ccanrect gas
lines and tap intc th: meter, and their last <rip is to
install -~he fixtures: a total of four trips. If this
could be reduced to twc or three everyone wculd benefit

because of easier scheduling and fawar costly delays.

The Relationshifp cf Ssparatz Activities

The relationship between s=parate activities 1is
probably the single most determining factor contributing
to the organization of a construction project. Thz fact
that a converntiorally built house can not ks framad
until the foundatiors have been poured is a relationship
that obviously constrains the cocordinatior <¢f a con-
struction project. Interdependert and cverlapping
activitiss are two =xamples of types of ccnstraining
relationships in the organization of the «ccnstruction
process.

Interdependant activities are activities that
depend on eithar the ccmpletion of ancther activity or
proper decisions made during arother activity before
they may procead. Fcr example: a plumber is depending
on the <carpentser to plan for the plumber's needs.,
Oftan, for one reascn or ancother, thke carpenter does not
and the construction process is slowed down while either
the carpenter corrects the prcblem o¢r the plumber works

around it.
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Overlapping activities are situaticrs where the
same space has a number of uses, For example; when an
electrical crew arrives on a job to rough «cut a house,
one of the electrictions spends the better part of a day
drilling holes through floocrs, plates, s*tuds, joist,
etc. Although all overlap is not necessarily ineffi-
cient, there are <cartainly sorme areas in which sonme

improvement could be realized.
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Summary

It has bean shown that in many instances that time
is bzcoming a nmajor compcnent of a projscts ccst, For
this reason construction management has been successful
in reducing overall costs of projects.

As explained earlier, the possible benetits that
may be obtained through efficient constructicn manage-
ment are in many ways limited by the extent to which
existing ccnstruction systems facilitate ccnstruction
management's objectives. 0f course by changing con-
struction systems to better facilitate =fficient con-
struction management we will no dcubt infringe on set
patterns of construction in other fields which may Lave
adversas affects., Por this reascn proposals that modify
construction systems =shculd attempt tc¢ make changes
within the existirg framework.

Wwhat I am propesing is that even though the con-
struction systems we use today are successful ard built
upon sound rsascning, they are becoming less esfficient
(econcomically) as the factors contributing to the cost
of construction change. For =example; the extent to
which the time related ccsts of ccnstruction have become
an increasingly large porticn of censtructicn costs has

not yet been reoflescted in the basic responses cf archi-
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tecture in gerneral. This presents a recalistic opportu-
nity for the architectural prcfession tc improve the

cost of housing in the U.S..



Land

In r=cent years land prices have risen faster tharn
any other major component of housing in the United
States. Between 1967 and 1974 developed land prices
rose at the average yearly vrats of 13.4%.14 Althougk
the price of land can not be controlled by the architec-
tural profession its efficient use presents a major
opportunity through which the cost of housing may be
reduced.

It is clearly demonstrated, ir many prcjects, that
scme pecple think that since the cost of land per unit
will decrease as the intensity of land us2 is increased,
the simple solution to high land costs is tc increase
the density until the cost is sufficiently diminished.

However, thz limit to which we may increase thz use
of land, and in so doirg decresas2 the cost c¢f housing,
depands upon many complex considerations, considerations
which ares primarily basad within the concept o¢f human
response to the built environment,

Although a study c¢f human environmental factors is

outside ths scop2 of this research the general implica-
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tions of human factors shculd be kept in mind while
devaloping and evaluating increased density hcusing pro-

posals,



———— ———

Interest in unit size stems mainly frcm the fact
that uni+t size is approximatzly directly propcrtional tc
unit cost. Sinc=2 an architect can control unit size he
may thus control unit cost.

The problem then becomes one of determiring an
apprepriatz unit sizz. Unfortunately in developing a
system which is to be applicable at a raticnal scale it
is found that the spatial requircmernts of pecple in dif-
ferent parts of the ccuntry, different eccncmic situa-
tions, =tc., will wvary greatly. Ever within similar
demographic groups living in different areas of the
United States we fird large differernces, Fcr example:
The average size of a 3 bedrccm apartment in Washington,
D. C. may be 40% smaller than a similar apartment in
some part of the northwest,

Frem this it becomes apparert that any decision
urn2cessarily restricting wunit size will diminish 1its
usefulress, Unforturately scm2 restrictions are neces-
sary mainly as a result c¢f cur desire tc standardize.

As we will find, the primary ccrstraints that will
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restrict unit size, such as the systems structural
requirem=nts, will raduce unit sizz flexibility.

The responsitility of the architect at this point
is to produce a standardized framework that resgonds, to
these primary ccnstraints, while allowing the secondary
constraints, i.e., unit size, as much flexibility as

possible,



Scale of Production

In recsnt years many proposals have beern made that
attempt to resolve the rising ccst of housing through
the use of large scale prcduction. These proposals have
had relatively 1little real success., In most cases this
is the result of applying a good sclution tc the wrong
problem, More specifically: mass producticn has a lim-
ited number of applications, and when improperly applied
will not be succassful.

It must be realized that the implicaticns of mass
producing products ar= many and that therz is not always
an economy of scal=z. As we move from onsite construc-
tion through local prefabrication to regional mass prod-
uction w2 find wany factors, not just scale of prod-
uction <changing., Factors such as capital structure,
relationships of working carital to sales, assets to
sales, raising allocatiny and acccunting for capital and
managemant techniques to rame a few, A sirple example
may illustrate this point best,

Lets examine the ccmponernt costs (material, labor,

capital investments, management and transpcrtation) of
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three Dbuilding ccmpcnents at 3 scales of fprceduction:
(on site, local ©prefabricated, and regional mass prod-
uction)

l) A non=-standard stud wall

2) A standard flight of stairs

3) A vitrified chira water closet

It would b2 found in prcducing thea ncn-standard
stud wall that the increasing transportaticn, capital
investment, and especially the management costs could
not offset any economies rz2alized in materials and labor
at the local or resgional scalas of producticn. In fact
the management costs c¢f producing such ncn-standard
products alone would mcst 1lik21ly be prohibitive. Thus
for a non-standard product such as this on-site con-
struction wculd usually be most economical.

In the case cf a standardized flight of stairs; if
an appropriate scale of production, over which capital
investments may be deferred, can be achieved, the eccno-
mies realized ir material and labor at the lccal scale
may offs=2t the capital investment. But since in this
case the product being produced is of relatively 1low
technology few further 2concries may be realized at a
regional scale of production which with its increased
transportation costs would mcst likely be unfeasible.

Thus for standard products which have a sufficient vol-
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ume over which the capital investmant may be defzrred
local pr=fabrication may b2 mcst eccnomical.

Products such as toilets 1lend themselves best to
mass production, Being cf relatively high technology,
the capital investment necessary tc prcduce them must be
deferred over a large volume of products; thus effec-
tively prohibiting on-site or local prefabrication.

These examplées may be scme what oversimplified but
begin to point wup a mistake cften made: assuming that
there are always economizs tc scale.

The responsibility of ar architect at this point
then is to realistically evaluate all the implications
of different scales cf producticn for each ccmpcnent and

mak2 proposals *hat are as realistic as possible.



The value of standardized components has Leen knowrn
and used widely for many generations in the building
industry. Components coma in mary shapes and sizes
ranging from the wuse of pre-cut studs, prefabricated
roof trusses, and the us2 of entir2 rcems as ccmponeuts.

The value c¢f a system of standardized components
may b2 illustrat=2d by Figure 75 in which the uss of
standardized wall sections are used. Figure 75A repre-
sents the wall layout of a conventioral hcuse. It can
be seen that the dimensions of nearly all cf the compo-
nents are unique. In Figure 75B nearly the same spacss
are formed using only four componerts. It may be seen
that there is little lost through the use ¢of a standard-
ized system of components., Th2 quality and quantity of
space do not rnecessarily suffer, But what is to be
gained through thsz us: of standardized compcnents?

Although the benefits frcm standardizing this scale
of building ccmpenent for one house is neglagable if the
components were to be used in a 400 unit apartment com-

plex ths benetits become apparent., Berefits are real-
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izad through the possible wuse of prefabrication, an
economy of scale, and a gereral simplificaticn of the
entire project.

Standardizing components and the way in which they
interface can resolve a complex project intc a rela-
tively small number of simple tasks. But what do we

standardize?



Fliaune
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An Architectural RespcLse to the Hcusing Crisis

ty
Richard L. Carlisle

(Abstract)

An investigation intc the characteristics of
the housing crisis was conducted to identify a num-
ber of opportunities througk which the architsc-
tural profession might ccntribute to the resolution
of the housing crisis., These opportunities were
evaluated and used as organizing elements in the
developmzent cf an architectural resconse.

It was decided that a construction system was
needed which would reduce the cost <¢f housing
through the use ¢f standardization, prefabrication,
and a close attention to faciiitating <efficient
construction management while nct urnecessarily
constraining decisions which were related to the
specific user or site,

It was determined that a prefabricated systenm
of standardized componerts that interfaced in a
simple and consistant manner usirg both conven-
tional m2thods and materials would best service

this purpose.



Such a system was proposed and a numbar of

sample applications were develcoped and evaluatad.
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