Construction
Technologies

Richard L. Tucker

Richard L. Tucker

I’m not sure | agree with some statements
made in previous papers. Rather than disagree
with them, I'll just discuss the fact that there is
a concerted interest and concern, particularly
among the private community in this country,
over the cost of construction itself. Thisis prob-
ably evidenced most closely by the Business
Roundtable. The Business Roundtable is now
right in the middle of Phase Three of a rather
massive effort to look at the whole issue of
growing costs in construction projects.

Asyou know, the Business Roundtableis
made up of chief executive officers of the na-
tion's largest corporations. They've put several
million dollars of direct funding into this pro-
gram, just trying to get a handle on the cost of
construction and on what can be done to im-
proveit. | would encourage you to write to
them and get a copy of their reports. They have
23 separate reports that have been published.
The reports are free, including a summary re-
port entitled “More Construction for the
Money.”

They’re now into Phase Three with an effort
to try to educate the nation about al of the dif-
ferent factors relating to construction costs and
about what should be done to improve these
factors.

| have a different classification of construc-
tion than what John Eberhard presented, My
classification results from a purely technological
perspective. My four major categories include:
residential buildings;, non-residential buildings;
engineered construction; and industrial con-
struction. | would claim to you that these four
categories are very distinct in terms of the types
of workers that are involved in them, in terms
of the types of construction companies, and in
terms of the types of designers that participate
in the projects.

Residential construction is dominated princi-
pally by architects, if there are any profes-
sionals at al. There are many house designers
in the world that don’'t have any type of degree.
The people that work in residential construction

are relatively unskilled, compared to those that
work in the other types of construction.

MR. EBERHARD: Did you say residential
is dominated by architects?

MR. TUCKER: | say if there are any profes-
sionals, it's dominated by architects. It's really
dominated by the people that push and develop
them as far as the technical aspects of it are
concerned.

Now, I’'m not talking about the land devel op-
ment, John, I’'m talking from the standpoint of
the structura design, the components that go
into it. All of thisis atechnical classification
rather than a marketing classification.

Non-residental buildings are certainly domi-
nated by architects. The engineering component
in buildings is relatively small compared to the
architectural component.

The engineered construction probably should
be classified as civil engineered construction.
That is, it is dominated by the civil engineering
community: highways, dams, bridges, those
kinds of things.

Industrial construction is dominated by other
types of engineers. chemical, mechanica and
electrical engineers. These projects include
power plants, process plants, and other similar
areas.

The size of the industry is one of the prob-
lems that we have. We don’t know how to mea-
sure the size. Figure 1 came out of the Business
Roundtable study in which they tried to com-
pare the Census Bureau’'s numbers and their
own estimates. On the left, it shows the total in-
dustry in the United States comprised $229 bil-
lion for 1979. The Business Roundtable went
back and took data that they had from their
own companies and showed some rather major
changes in it and put the size at a round num-
ber of $300 hillion a year.

This also shows, if you believe these numbers
on the right, the relative magnitude of the dif-
ferent components of the industry, and it shows
perhaps a different set of numbers than what
John gave us yesterday in his presentation. Any
way you look at it, the industry is very large
and the opportunities for change are significant.



Similar data from the Roundtable show the
construction cost index and that it is, at best,
subject to dispute. It's part of the problem we
have; we can’t measure anything we agree on.
Nonetheless, the construction cost index, as you
look at numbers from back at 1967, shows that
over the past fifteen years or so construction
costs have gone up approximately 50 percent
more than the rate of inflation as a whole for
the nation.

The productivity index is just as controver-
sial. | could show a variety of statistics. They all
show the same kinds of trends, and that is that
over the past fifteen or twenty years or so, con-
struction productivity has dropped, again about
50 percent, compared to the rest of the econ-
omy.

Now, the Roundtable is very concerned
about this. In contrast to some of the things
that we were discussing yesterday, what these
companies are saying is they’re only going to
put a certain amount of money into construc-
tion, and unless the productivity goes up,
they’re not going to build as much. Indeed, the
nation’s larger companies have quit building as
much as they have. It's a crisis as far as they're
concerned.

One of the unique characteristics of construc-
tion isthat it's very heavily dependent upon job
site labor, and productivity amost translates to
the productivity of the craftman’s time. You're
not going to find the numbers in Figure 2 in the
literature because | made them up,

(Laughter.)

MR. TUCKER: But | made them up with a
certain amount of background, and you can
find a lot of numbers in the literature that are
compatible with these. I’ ve shown these figures
al over the world and to many of the compa-
nies in the United States, and what they tell me
is that if anything the top number, showing 40
percent productive labor time, is a little bit
high, and they feel that perhaps it realisticaly
should be lower than that.

That doesn’t mean that craftsmen aren't busy
more than 40 percent of the time. It means that
their time is not necessarily spent productively.

TYPICAL CONSTRUCTION WORKER TIME

PRODUCTIVE

UNPRODUCTIVE

Personal
Jurisdictional

Poor Methods
Administrative Delays

40%

5%
15%
20%
20%

US CONSTRUCTION INDUSTRY SIZE

1979 Government

Figures

{billions)
Industaial $ 1495
Gtiice Binidings 946
Comirercial Buldings | 546
Other Pavata Business 299
Farm and Prvate Institutional 11 59
Pubiic Utilities 26.47
Residantial 9903
Government 4900
TOTAL NEW CONSTRUCTION $22895

Estimate (1979}

Study Team

{billions)
$690
142
232
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146
265
990
490

$3000
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However, we have alot of work sampling stud-
ies and other data that show — | guess the par-
ticular extreme is the nuclear power plants —
that 30 percent is about all of the time that
they're busy at al on some projects.

If you look at the sources of the other 60 per-
cent of craftsman time, then some of it perhaps
is personal. | put five percent down there. Some
people might claim that it's higher. Ten percent
is about as high as you can find anyone that
would redlistically claim that it is on the aver-
age.

Jurisdictional problems may be due to
unions, but not necessarily so. Even the merit
shop companies have akind of artificial juris-
diction that they’ ve established where one craft
does one thing and one craft another thing.
Carpenters don't put in conduit, for example,
even though they’re quite capable of putting in
conduit. There are lots of jurisdictional prob-
lems. Operators can't unload the truck, It takes
a particular craft that has the stuff on the truck
to unload their stuff. Perhaps that’s some wast-
age of time.

Perhaps the ones that we should focus on are
mostly the bottom two, the poor methods and
the administrative delays. The methods them-
selves are the things that relate specifically to
technology and the technology of putting the
work into place, that of physically making the
attachments.

Administrative delays relate pretty closely to
the computer issues that Harry was talking
about yesterday. These projects have many par-
ties participating in them, and the communica-
tions are very tough. | could show you some
other figures that would show you magnitude,
but | won't because of time.

If we want to see the opportunities for im-
provement from a technological standpoint,
then we probably should look at the different
areas of a project as they take place. These are
shown in Figure 3, as well asindicators of in-
efficiency.

Then if you look at the sources of ineffi-
ciency, and the things that might be indicators
of inefficiency, how difficult isit to estimate
costs for an area, how sensitive is that area to
design, what’s the lead time for schedule in the
area, how much rework takes place, and so

forth, then you can begin to get some kind of a
feel for it. The numbers in Figures 4-7 represent
the opportunities for technological improve-
ment. The manner in which we developed quan-
titative numbers was to survey rather
knowledgeable people in some of the nation’s
largest companies and ask them to rate these on
a scale of one to ten. The number one meant
that it was very easy to do something, aten
meant that there was a lot of difficulty and had
alot of inefficiency associated with it.

Then we took those average ratings and mul-
tiplied them by the percentage costs of a total
project and broke them into four sectors. The
power sector is one, and if you look at that sec-
tor (Figure 7), then it’s obvious that the length
of the bar, which is a combination of the rela-
tive cost impact and the difficulty on a project,
it falls into the piping and mechanical equip
ment installation and electrical category.

Heavy industrial projects (Figure 6), such as
process plants and steel mills, show the same
major areas. piping, mechanical equipment, in-
stallation, electrical. Piping shows up much
more dominantly. As a matter of fact, piping is
not only the largest portion of those projects,
but also the most inefficient element of those
projects, and so the length of that bar is rather
obvious.

Now, remember this is a $60 billion per year
industry. So it’s not something to sneeze at. It is
comparable to the size of the housing industry.

Light industrial plants are more building ori-
ented, and as a result, the things that relate to
buildings and some other things begin to be-
come prominent. The structure, for example,
begins to be a prominent area in light industrial
buildings.

Then the structure, the enclosure skin and
the interior finishes, are al very prominent, and
as you can see, electrical is relatively more im-
portant in buildings than you would think. From
the presentations we heard yesterday, electrica
is going to be increasingly important in build-
ings.

WEell, these are where we should probably be
putting our attention. If you look at the areas of
highest technology potential, then in buildings it
fals into the structure, enclosure skin, interior
finishes and electrical; in the other sectors, into
these other three areas.
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Even in buildings, | might advise you that
plumbing, piping, those things are not insignifi-
cant. They’'re areas that justify attention.

If you look at an industry-wide basis and try
to focus on the areas that have the greatest po-
tential for this $300 hillion a year industry,
strictly from a technological improvement
opportunity, then the piping, mechanical equip-
ment, installation, electrical are the highest ar-
eas of potential. This is aweighted scale. The
high areas of potentia involve the structure and

setting of vesselsin the HVAC systems, install-
ing specia equipment and instrumentation, and
are not incompatible with the things that we
heard yesterday.

Some areas have lower potential, We com-
plain alot about roofing in buildings, and it cer-
tainly has an impact from along-range
operation standpoint. It has very little impact
from the standpoint of efficiency of installing
the project itself. The same thing is true with
insulation and painting. Those are relatively
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small portions of projects, and they’re relatively
efficient compared to the other aspects of the
projects.

We went through some number systems and
tried to take just those three areas of highest
potential and estimate the savings on a nation-
wide basis per year, if you could just make
those three areas no more inefficient than the
average of the rest as awhole. So thisisn't the
potential that we could improve those, but just
bringing them down to the same level of ineffi-
ciency as everything else, and as you can seein
Figure 8, the potential savings are significant.

If you' re wondering what the average cost of
these projectsiis, thisis based on a $25 million
building because that was what was reported by
the companies, and it shows an average savings
of $91,000, even though those three areas aren’t
the highest potentials for buildings.

Incidentaly, the structure is only an area of
potential because of its relative magnitude in
the project. It's arelatively efficient area of a
project compared to the other areas of a build-
ing project.

| think the average cost of light industrial
projects was about $120 million, and the heavy
industrial, about $200 million, and power
plants, about $500 million. On a nationwide ba-
sis for the gross industry then, the figures show
that we could save about two billion dollars a
year by just improving those three areas, not to
say the other areas that are of higher potential
in buildings.

Then you can go back and look at the activi-
ties that go into each of these areas. We picked
six of these areas: electrical, instrumentation,
piping, equipment installation, and then we
broke the structure into two areas because con-
crete and steel construction have distinctly dif-
ferent characteristics.

WEe've investigated them pretty carefully.
(Figures 9-14). We took the activitiesinvolved
in steel construction, for example, setting the
columns, setting the beams, making the connec-
tions as shown in Figure 14. The temporary
connections and the final connections, putting in
shims and cleaning the anchor bolts seem to be
the major things in steel construction. We deter-
mined how much time each of these takes. Set-
ting the column takes about 35 percent of the

time in the cycle; setting the beams, 25 percent;
final connections, 20 percent; temporary con-
nections, 15 percent. | wouldn’t claim to want
to bet a lot of money on the accuracy of these
numbers, but they’re as good as I’ ve seen.

Then we asked the people in the field, the su-
perintendents in charge of these operations, to
rate each of these areas on the basis of how
complicated it is, the complexity of that par-
ticular activity, how much skill, the level of
skill required for that activity, and then the de-
pendence on accurate technical information for
that activity because of this interface between
design and construction that takes place, and
that’s what the ratings here indicate.

Invariably, what we find is that the ones that
take the most time are also the ones that rate
highest on al three of these areas. So it’s possi-
ble to determine which kinds of activities tend
to lend themselves to thisinefficiency. It is
somewhat subjective, but about as quantitative
as we can make it at this stage.

Figure 13 is for concrete; constructing the
form, setting the reinforcement, locating the
forms, placing the concrete, aligning the forms,
removing the forms after you' ve got the con-
crete placed, and so forth.

From this we focused on six activities and ex-
amined technological improvements that would
lend themselves to mgjor changes.

What we find in concrete work is that the de-
signers, the structural engineers, architects, and
so forth, tend to design the concrete structure
asit’sgoing to be in the final building. They
don’'t tend to put much detail in design on how
it getsin place. They will show where the re-
inforcement is located. They don’'t say anything
about imbeds. Architects love to put a lot of im-
beds in places for electrical boxes and those
sorts of things, and those just play havoc with
the construction crews because those imbeds
somehow are supposed to be there when it’ s fin-
ished, but they’re not designed on how they’re
attached to the forms while you place the con-
crete in them. When you put some kind of elec-
trical box into the concrete form, and you
depend on the workers in the field to somehow
hold it in exact position while you place the con-
crete around it and push it around, it causes a
lot of difficulties.
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The lack of communication between design-
ers and the people physically constructing these
things causes lots of problems. Well, in the cost
of concrete structures, the cost of the concrete
form work itself is roughly eguivalent to the
cost of the concrete, the cost of the concrete
and the steel. The cost of just the form work is
roughly half the total cost, and it’s the most vol-
aile thing. If you talk to a construction com-
pany, they’ll always tell you that they could
care less about how much concrete it takes be-
cause they can figure that up pretty good, but
they put al of their attention on figuring out
how to design the form work and how to reuse
the forms.

If you look at al of the other elements of
construction, whether it's electrical, instrumen-
tation, equipment setting or anything else, you'll
find that the common thing is making connec-
tions; that is the common problem that wastes
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al of the time in the construction industry:
making any kind of connection, whether it's a
beam to a column, a beam to a beam, electrical
wire that you're putting terminations in, what-
ever. The connections are the things that have
the very high level of inefficiency. We haven't
yet learned how to do that with robotics or any
other kinds of machines. It till takes people
and is a very inefficient operation, alot of
standing around all the time they’re doing it.
Now, | want to talk about the breakdown be-
tween design and construction. | spent a lot of
time studying a large precast erection project a
few years ago in Houston. It had about 2,500
beams and columns and double-Ts that had to
be put in place. We were studying the effi-
ciency of the erection operation rather care-
fully. The vertical scale on Figure 15 is the
number of pieces that were erected each day.
The horizontal scale is time. As you can see, the

Figure 4
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pieces/day varies al over the place. The factors
that cost time are fit-up problems.

Figure 16 illustrates that if you put a dou-
ble-T on aledger beam that you have some tol-
erance. One inch is typical. We took severa
structures and compared them. The one-inch
tolerance that these were designed for resulted
in a five-inch bearing area plus or minus a half
inch. You can see the range shown in about
seven thousand measurements. What this says is
that we need to integrate the design, definition,
construction sequence much more and have a
lot more interaction between the designers and
the others. This is the potential impact of that
integration. I've also put this on the handout.

In terms of combined impact of all of these
things, | suggest to you that we're going to see
some rather magjor changes. I’'m claiming that
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technological changes are going to be made in
the construction aspect of the industry, regard-
less of whether there’s a Government program
or not. The climate is here, We're going to have
to have more integration of the design and con-
struction. We're even going to get the owners
into these things. We're going to find more ma-
chine-driven construction processes instead of
people-driven construction processes, and we're
going to find some major revisions in contract
strategies. Instead of completing a design and
putting the thing out for competitive bids, we're
going to have to get the contractorsin on it at
an earlier stage. We'll have to have contracts
that will speak to that point.

Richard L, Tucker is Director of the Construction in-
dustry Institute at the College of Engineering, Univer-
sity of Texas at Austin.
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Individual Project Basis ($ millions) B = = = Total
Buildings (25 million) .006 .039 046 $ .091 million
Light Industrial ($120 million) .241 174 .258 $ 0.673 million
Heavy Industrial ($190 million) 3.802 1.002 1.410 $ 6.214 million
Power ($470 million) 5.060 3.046 2.744 $10.850 million
Gross Industry Basis ($ billions)
Buildings ($69 billion) .017 .108 128 ¢ .253 hillion
Light Industrial ($33 billion) 067 .048 .071 $ .186 bhillion
Heavy Industrial ($33 billion) .667 176 247 $ 1.090 billion
Power ($27 billion) _.292 176 158 $ .626 billion
Total ($162 billion) 1043 508 .604 $ 2.155 billion

*Assumptions

1. Labor component is 25% of a project.

2. Improvement would allow Piping, Mechanical

to achieve average indicator ratings.

Equipment and Electrical

3. Numbers in parentheses are total project costs.

Figure 8
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Figure 11
1.0
20 "‘0------“)‘
”,
’
»°
K
2 130
ot [ TERRTIE QL
M
=1
o
4.0
Q \ fo,‘ ens ¥V
¥ \
: .
o S 7
> 5.0 > P
< v S P
e
6.0
U
o E
g @ A
U ‘6 E“ o \0 (d
[= e e e NS 2
T " " ) n ) P
9] — o~ o~ o~ — —
[YR'WRNS)
v O >
=] O
—
[=% <
] 1
o s
w )
4
g 3 2 :
| .H w oy g
o (Y (=Y (=% Q. o )
7 o ) - E
Q tal & o Fe) o) o
5 (=% (3] 9] [=% b
23] V] c [ [0} >
[=] [=] o =% c (9]
w o o ) « s}
o (e} — [« [ !
- (&] < — [ 2] o
Complexity
0 --0-- Skill Required

Dependence on Technical Information



99

Richard L. Tucker

Figure 12
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Figure 14
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Bearing length Frequency For Parking carafes

in inches NS SS DP BH CcB
(1) (2) (3) (4) (5) (6)

2 - 2/4 2
2 - 3/4 2 1
3 13 9
3-1/4 26 15 1
3 - 2/4 64 39 1
3 - 3/4 109 64 5 1
4 162 180 6 1 6
4 - 1/4 217 240 13 6 15
4 - 2/4 240 301 16 9 49
4 - 3/4 256 368 45 26 89
5 266 324 59 66 166
5 - 1/4 208 248 108 110 187
5- 2/4 135 147 128 200 175
5 - 3/4 82 73 182 314 89
6 28 41 180 335 35
6 - 1/4 191 294 2
6 - 2/4 174 144
6 - 3/4 128 66
7 96 15
7 - 1/4 42
7 - 214 6

Total _ 1,808 |_2,052 | 1,381 | 1,587 [ 813

Note: 1in = 25. 4 mm

Figure 16
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