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Planning and control of fime are. crucial issues in any construction

4

‘

project, especially in tirﬁes'bf. high inflation rates and sky-rocketing

s

" costs’ of construction. Some progress was made im fhat -field in' the

early 1960's, with the advent of corriputev:ized network techniques (PERT/ . - .

L] .

CPM). However, these planning tools have not gained general acceptance ' S

in the ‘entire construction industry, especially in high-rise bdilding

construction. ) !

~

’

The purpose of this thesis ds to develop a pl anning and scheduling

.system adapted to Ahigh-m‘se buiid~ing'construction. With . the cooperation

.

of Montreal-based ,medium-sized construétion companies, the study of . ]

7 s

high-rise building construction process was pe‘rforméd,.and led to the

formulatton of Specification for the system. Then, all the existing
scheduling tools and their afgom’thms were studied and analysed to see

their suitability to satisfy.these specifications. — ] :

»
e

.That analysis led to the .desi‘gn of the'system based on network
(CPM) and 1linear planning chart algorithms.  Other features include

correction of durations because of Tlearning curve and bad weather

' . o
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effects, arid' the possibility of generéting short cycle schedulgs and

procurement report;s,' -The algorithms were then incorporated in a

! 4

‘«conipuicer program which was tested. with an ex'ténsive-examp]e‘ of'uSe.
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CHAPTER 1
INTRODUCTION
1.1 BACKGROUND
’ \ ,
With the increasing density of population in urban areas and ——

advaﬁqes iﬁ building technology, the architecture of commercial and

residential buildings has evolved towards the slim,‘h}gh rise structureg

" that can be seen today in most modern cities. The increasing cost of

land Tn central gusiness districts . has aldo reinforced the need to

increase the rentable area of such buildings -which in turn leads’ to
high-rise architecture. '

n

-
e

At the same time, the development industry has beéﬁme very compet-

s &

itive and has exerted considerable pressyre on the construction industry

to deliver buildings as soon as possible. Of morée than five years at
the beginning of: fhis-century, the construction duration of building

ﬁ%ojects has decreased to one to four years, depepding on scale and com-

" plexity. o

' .

. In the last decade of high inflation rates, some developers became
very cautious in their investments, because of the sky-rocketing wages

of labour, cost of matgria]s\and interest rates. The completion .of a
+ , \

projecp on time and within budget became more than ever a crucial issue

for-a successful investment.

! .
v

The scope of these projects requires a “tremendous work force. of

trade specialists in many different disciplines. ~Few companies can ‘keep

such a .large work force. Over the years, more and more spectalized

\
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trade subconiractors came: into being. Currently, when a genera]\con—

tractor signs a contract with the owner, he subcontracts out a high

. \propoftion of the work which $ay reach 90-95 percenp’Eﬁ the projeét

value. Benefits are derived from_this mode of operating (ref. 55): the

i

highly specialized and experienced staff enables the subcontractors to

perform the job-more quickly and at less cost than the’ genéral con-

tractor; the general contractor can earn a mark-up on the work of the

subcontractor while keeping only a few of hiskown resources at staké;“he‘

- can process 2 larger volume of work with minimal expansion of staff; the
: ' @
fact that the subcontractor is 'bonded to the general contractor enables
X
the latter to share the risks of the job with the former, and perhaps to

transfer them to the subcontractors. \

However, such an approach has created an environment in which each

groUp is highly skilled and competent in_its own area but in which there

. is Tittle perspective on how all the pieces fit together. Tnis places

£

the generai contraézor,in a management role of controlling and integrat-
ing the work of the various subcontractors in a global process, thus

creating an information processing problem.
. ¢

This problem has been the main coﬁcern of . a research project at the

Centre for Building Studies of Concordia University. The goal of Ehe

research is to “develop .a comprehensive concept for a Construction -

4

Project Management Information System (CPMIS) tailored ‘to the needs and
capabilities of -the Canadian general building contractor who engages

in the construction 6f'high-rise buildings" (ref. 63). Several years

£
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-

ago, contractors Qere reluctant to use computer{zed 1nformation systems
because of their‘high“overhead costs and lack of'f1ex1bility. However.,
with the advent of cheap mfcrocomputers and the possibitity of having an
‘information system designed for their speci%ic needs, the use of such a

CPMIS 1is-becoming more attractive to general contractors.

Previous work in this research programme includes a thesis (ref.
30) focussing on ‘the need .for collecting, ané]ysing and reporting

information for use by the .contractorfé glients, sdank .and surety.

" Another thesis. (ref. 62) focussed on the analysis of several bdi]ding' -

contracting firms with respect to the problem of project planning .and

”

control, and it recommended that some work be done on the design ‘and
LI K
development of a project management informatjon system for the building

contractor which is basic in nature and simple to understand and use.

1

This recommendation was acted upon by Russell, McGowan and Katsanis
(ref: 55), at Concordia University, who developed a framework for a'éub—
contractor control system.for the general contractor. The goal of that
system was to nefine the present methods of managing subcontractors by
formd]ating “an integrated process for controlling their performance,
eépecia]]y in terms of cost and timé. Further work Ey Waldman (ref. 63)
led to.a refinement of the system ané tolsuccessful‘partia1 implement-

ation on microqomputers of the cost control aspect as reflected in

-initial price breakdown, progress manitoring and monthly progress claim ..

forms. ,

. \ . ’
Sqme other field® trials and refinements of the supcontractor

-
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control system are presently being dong, by Avichai Madeféon,.another

"member of the research team. His work cqnsists of studying the oper-
_ations of subcontractors and of seéing how the system fits into the mode-

of operations of general contractors and subcontractors, “

W

Orie of the attributes of the system is that it must interface with
a master plan and schedule for the project, and must allow for interplay
betwgen itself and the master planning and scheduling process (ref. 55).
It is the purbose of'th}s preseﬂt study to devise a p1aqn1ng and sched-

uling process for high-rise building construction.

A

1.2 METHODOLOGY

The methodology employed to achieve the above goal consisted of a’

combination of direct observation of the construction process and of an
in-depth review of the theory about current planning and schedu]ihg

techniques ds described in the literature.

~

-The examination of the construction process was made through

. ekposure to the personné] of fwo genéral contracting firms and of some

of their subcontractors, on two different sites in the Montreal area.

It consisted of several formal and informal meetings with thE'project

managers, the general contractors'-superintendehts and the subcantract-

ors' foremen.  For three months, the author visited weekly the con-
sfruction site of an offéice té&éé in downtown Montreal, and s£ died how
the job was progressing. Those weekly visits were aiso,accom anjed by
informal discussions with three subcontractor's foremen, in or er to get

’ r

their view of the process.

wt




& —

On another job, in‘Qantown Montreal, the author waslgfven pef—

mission -‘to attend the weekly subcontractor's coordination ﬁeetingslat
which the detailed .execution of the job and the short term schedu]e were

discusded.  Those meétings h1gh11ghted the 1nterfac1ng points between

the subcontractors and the need for a good project p]an.
’ |

¥
Il
I

Finally, |for about six months,'pictures of the two. job sites were
taken twice a week and studied’carefully by the ﬁuthor./ Some of these
pictures are included in the thesis to illustrate some of the points

explained in the description of the-hrocess. *

1

This exposure to acpua] construction sites led the author to form-
,u]ate'§peciffcations for a planning and scheduling model tailored to

hfgh-rise building construction.

¢

" The next step consisted of examining the literature to see how

current pianning dnd scheduling techniques could be used or adapted to

L

satisfy the épécjfi;ations developed. From that review, a model was

proposed and implemented on a computer.

\ n

1.3 LITERATURE REVIEW E .

'., "

Previous work which pertains to the problem examined 19 this thesis

is briéf]y described below and examined in more detail in chapters 3 and

4.

t

4

In a report’ prepared for the Canadian Construction Assosiégion

about broject planning and progress, control practices in the Canadian

Construction Industry, Revay and Associates Ltq,“(ref. 50) suggested

>
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that new models suitable for project planning and progréss control and,

which could be readily adaptable to the specific needs of industrial
contractors be developed. It was also suggested that these models be
tested on real jobs, in order to facilitate their désign and their

adoption by users. - f/

Russell and Triassi \(ref. 52) stud{ed general contractor project
control practiges and found that the building contractofs interviewed
used bar charts for planning and scheduling. However, these charts'were
rarely updated and sometimes abandoned &uring’the course of a job. How;
ever, controllablg causes of‘OQer-ryns cou]ﬁ be correlated with ident:
ified deficiencies in planning and control practices, showing a need for

more appropriate planning and'scheduling methods.

B1re11 (ref 8) stated that "the CPM/PERT concepts, while margin-

ally usefu], ‘are comparatively foreign to the construction process wh1ch
\ ’

his Heuristically evolved over centuries to satisfy the needs of the

sieuation‘of construction: it follows that a planning concept for con-

struction drawn from that heuristic analysis to the processes of con-

5

. struction can be a more realistic and thus more useful concept of plann-
4 i .

\ -
ing foﬁ\ the construction process“. While not suggesting a)ternate

mode1s, he sets out a methodology ‘to design planning models, which is .

s1m11ar t& the one of the present thesis.

\
\

Peer aﬁp Sellinger (ref. 44) suggested a model called Construction
Planning Techpique (CPT). This model is aimed at offering a practical

Al

solutfon to the problem of arranging the production process on site.

)
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Such a model has been treated in several publications (refs. 7,21,27,35,°

39,48) and is described in the third chapter of this thesds.

1.4 THESIS OVERVIEW

i

B

A étudy of the high-rise building construction process is described
in Chapter II. Alsor included in the last section of the chapter is a

general specification for the planning and scheduling model.

.

A review of various planning and scheduling techniques which could

be ysed in developing a model is presented in Chapter III. ' .

* Details bf_the model formulated in response to the needs of high-

rise construction are unveiled in Chapter IV.
o ‘ . ;

Chapter V contains a description of how the model was_computerized -

as well as an extensive example of its use.

-

Finally, the cgnc]us{on of the thesis and recommendations for-

future work are set forth in Chapter VI. Appendiced\contain part -of a

—éample session on the terminal, the 1ist of activities and dates for the

1ast update of the example in Chapterfv and the computer code ]{stings.

, ™)
[ 4 -2
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CHAPTER ‘11 , LN

k L THE'BUILDING'CQNSTRUCTION PROCESS

2.1 INTRODUCTION p

Most building projects are very similar in nature as to thé compon-
ents-and the processes inyolVed to puE them,toggther; It“1§ ¢clear,
however, that ‘a hotel or a 1ﬁxunx\59ndominium building Q111 nbt be done
with the same quality st;ndards ag for a commercial office building or

for an industrial facility. , 4

-

However; the planning process used by a general contractor for all
of these building types, is ;imilar. He has to coordinate the work of
numerous subcontractiors &na sequente it properly in pr&eg to limit co-
drdinatiqp prob1éms. The detailed activities that constitute one job
will obviously be different from job to job but the overall framework is

the same.

The pprﬁbse of this Fhapter is to identify tﬁe'kind of activities
that are- performed by the various trades during construction of 5
typical high-rise building. The various ‘character}stics of these
activities willfbe used as a basis for identifying the features that the
scheduling system should have. Then, a rough(description of .the main
éctivities performed\by the various trades will’ be givén.' A section on

the sequencing of activities will be presented'along with the problems

~ of coordination associated with it. ~Finally, specifications for a

planning system will be put down according to the characteristics
defined in the earlier parts of the chapter.

@
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2.2 DESCRIPTION OF ACTIVITIES | e

.

Activities are described here by listing them and explaining the |

methods involved in each of them. Each trade is treated separately as a

"sub-network" fig§t and in the next section, the sgﬁuenc%ng of activ-

ities and the interfaced between subcontractors is described.

L3

2.2.1 Preliminary Work R .

" schedule.

v

Although not part of the construction itself, the preliminéry work,
as described below, should be included in the general contractor's

schedule, espécia1fy if the owner chooses .a general contractor at the

_front end and gives him the mandate to manage the project from start to

finish. In a standard Tumpsum. price contract, in which the scope is

known and the plans are virtually complete, the preliminary work .is

.reduced considerably; the genéra] contractor will be asked to start the

< work soon after award of the contract and many variables® (soil éondit-

ions, processes required, etc:) will be known at this stage.

e

Howng;, in a "fast track" or a "turn-key" job, the owner will
involve the general contractor wery qulgk]y in the job and will ask him
to contribute to the design by suggesting alternatives or methods which

)

might reduce the cost and/or time of construction. Some demolition work

'is often requirgd, especially on sites 1oca£ed in an old residential or

commercial area. Specialized contractors can do such a job relatively

quickly but it has to be inc1udedoon.the gereral contractor's master

v -

X

3 -
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Thet research about the characteristics of the site and of the

surroundings has to be carried out. A soil testing firm may prepare a
geological report on the soil's condition by drilling bore holes and

analysing the samples for use by the soil's and foundation's engineers

-

in order for them to perform their design. Research’ will also include

the gathering of data concerning the location of surrounding tunnels,

electrical conduits, sewer and water pipes, etc. This' information

greatly influences the methods used to perform the excavation.

Finally, in a fast-track job, the design task Has to be’ scneduled
properly in order to minimize change orders due to problems of coordin-

ation and/or wissing design information and tne resulting claims.

Ipformation from suppliers and subcontractors should be. obtained so that

- !
lags between the awarding of the contrack, the issuing of shop drawings

i

and the start of the work itself, after all the required approvals, will

be scheduled adequately.

-~
-

4 f/\ v
Procedures for reporting progress in design and construction should

"be instituted at this ‘stage along with communication 1lines and the

hierarchy of responsibilities of the various groups involved. A1l these

operations could be labeled under a "general conditions" typé of activ-

_ity; even if they are not part of the operations on the buildings them-

selves (or direct costs), they constitute the basis of a successful

* start of the construction process. ' ’

o~

Finally, the generq] contractc‘)‘r #Mas to mobilize his staff and

equipment to the site and organize it. He will need a "site office",
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usually a large mobile home, equipped with phones, clerical equipment,
drafting tables and private rooms'. This- activity precedes any construc-

htion work on the site. '

2.2.2 Excavation and Foundation

In high-rise .building construction, the excavation work isusqaﬂy‘

extensive and requires several months. The depth of the excavation can
vary from 1 or 2 floors (10 o 20 feet) to several floors (40 feet and
more) that will be kused as parking spaces for the users of the bui({ﬂ?ln‘g,
storage area, and possib}y retail outlets. Such depths might rehuire
the use of earth ‘retention techniques to hold the sides of the é‘xcav-
.ation.  Sheet piling is widely used and is fairly simple to execute.

The driving of the steel beams has to precede the actual excavation of

material. If" the excavation is so deep that it 1is impossible for a

‘shovel to reach the bottom of it, t[le work should be planned to enable

trucks to go down into the excavation where they will be loaded. When
\ “ Y
all the possible work will be done, the shovel from the top will excav-

ate what it can and the rest will Se lifted by crane.

Before reaching the bottom of the excavation or the surface of the

J

bedrock, the beams of the sheet piling have to be“held in place by tie
backs or’ bj lateral inclined supports. In order to avoid deformation

ah.d movement of the earth to be retained, the engineers usually require

the beams to be braced ever 8 to 10 feet in 'depth. If tie-backs are -

used, the most logical sequencing is the.following: starting on one side

PRTLT TR )
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of the site, the steel beams for the sheet piling are driven in the
g;ound;“wﬁén a'su%fiCienf number of them are dane the,shovel can start
. excavating on that side of the excavation u;»to a depth of 8 to 10 feet
(or. as mentioned in the specifications). While the shovel keeps on
moving the same way as the driving eqﬁjpment, the drilling macnine can
start its work of installing the tie backs and follow the same péth
a]oné the sides as/his bﬁedecessors.- Once there is enough room to

operate, the excavation can continue at the starting point for ‘another

8-10 feet to enable the drillers to install the next set of tie backs.

This sequence of activities'should be used as acstarting point ‘for
the excavation activities. The exact sequencing of the work of the

shovel and of installing the tie backs will be variable depénding on the

job site characteristics: its size and shape, its accessibility and its *

quality. "

o

If the nature of the surroundings of the site doesn't permit the
use of tie-backs, lateral supports have to be used to hold the beams.
The process of excavating differs in this case; the center of the hole

_ has to be done in the first place up to the bottom of the excavation and

earth has to be left on the sides, sloping downwafds t
Once this is done, é small abutment is poured on| the b dn~0€\xhe
excavation and the supportkng beams age .installed b w@ﬁﬁ/fhe sides of
the excavation and the abutment. The remaining"materia] is takeq‘out
for anothér_8-10 feet and another lateral support,.lying on the same

abutment is installed, if necessary. This is done Lp to the bottom of

?

a

)

the bottom.
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tpe,exca\?ation.’ Tie backs are preferred to 1ater'a[1 supports when
possib]g because. it clears the interior par‘f‘ of tﬁ—e lho]e where the work.
will betdone./ Blasting, if required, is the next activity of the excav-
ation wor);; Becau‘se,"of the stabi]jty of bedrd?ﬁ?, ’?10 earth retention - ‘

techniques are required when excavéting bedrock.

Once the excavation -work is completely finished, the foundations

have to "be done. On a high-rise building they u'suaHy consist #f piles,

ca1ssons, mat or féotir;gs, dependmg on the bearmg capacwty of the. /
soil. The stab111ty of the soil will a"i%‘tate if the caissons should be / .
u driven from the sur'face or from the bottom of the excavatwn, if, Jthe
soil is unstab]e,‘the ca1ssons should be dr1ven from the surface in
order to avoid equipment becqmmg stuck due to poor soﬂ conditions. It
costs more to do that but the risks ,ar'g,decre;sed considerably. ‘Piles
are driven from the bottom of ‘the excavation. Such work should be
st;rted as soon as:\there is eno.t\;@h room for "the driving machines to
. operate. - _ 3 : . * {
S Because_‘ of the unfaredict;b]/e nature of soils, in general, éxcav-
atignf‘and foundation will always remain difficult to plan agcurate’ly.
Ho»;l‘gzver, the outTined sequence of activitriés will hé]b to prevent errors
fof logic and -it should be 'used as a check 1list when the ~p1ann1'ng
is done. On big sites; the work could be broken down in different

dreas, which would be dohe by following the Same sequence °us1"ng several

equipment spreads.
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+2.2.3 Structure .

<

Among all the operations that have to be executed in a building

job, erection of the structure will be the one setting the rhythm of the

)

@

-

execution.of the work for the remaining trades. ‘Physica11y, the struct-

ural work has to be completed on any floor before .any ofREr trade can.

¢ -~

start its own- operations. Three main types of high-rise structures .are

. currént]y used in ~the industry: steel "or concrete used separately and

i

steel and concrete. The advantages and disadvantages of each are ident-

ified at the design stage by the structural engineers and the architects

_but the general contract9r~often suggests alternatives.. For example, in '

the Montrealﬁafea, most contractars are experiended'with poured-in place

[

v

reinforced concrete structures and will often “sell" it to.the owner ' and

\ to the architect. In general, a stée]’structure can. be erected, faster
than a concrete one, but it”césts more. Beyond’a ceriain number- of
stories (about 50), concrete becomes less advantageous because of the

‘ tremendous weight of the structure, so thét(ta]] stfuctures a}e usually

‘made of steel. But for .mgdium—sized‘ 5h%1d1ngs (20-40 storeys) the

4 . -
trade-offs are made between the duration of construction, the initial

tapital investment and alfo, the skills bf lTocal” general tontractors.

.

The cdnstruétion processes ‘involvéd in concrete Structure erection
differ from the ones of steel structuregj‘ They will be outlined“first.
Once.a suitable crane system is installed and working and the foungatioh
work compléted, the formwork. ééﬁ be started for the columns, the walls
of "the peFimgter ang_for the first slab-(Fig. 2.1).~ The plumbing épb-

27£ontractor shoula be preSent at that stage inhordef to embed in the slab

?
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the sleeves for the dramage pipes. To speed up -operations tie
concrete of the per1meter walls and columns could be poured directly
from_ the trucks or by using concrete pump§. Concrete for the remaining

areas could be poured by'using a crane and bucket system.

 The basement usually houses various vital equipment for the bui)ld- ‘

‘mg such as the main domestic water pumps, sprinkler pumps, sewer pumps, .
-e]ectmca] transformers smtches and auxiliary generator, etc.

Although the bulk of their work iay be months éway, those contractors

1

have to follow cl'osely all the concreting operations in order to be
on site on time to w~embed their sleeves or leave holes. open. For
example, transformer:s cannot be 'del\ivere‘d ‘soon after the contract is
g‘iven out. Usually, a hole. is left in the s]ab to facﬂltate their

instal]at]’oﬁ Jater on during the job. Commumcatmn pTays a big role in .

the execution of thése special areas. S

In general, all the basement floors will require more time than the‘
typica1 upper floors of 'a»buﬂ»ding for several reaéons these ﬂoors may
cover a greater area than the typ]ca] floor in order to m1mm1ze the
depth of the excavatmn and the presence of* concréte walls around the
perimeter of the basement floors and the riécessity of slopes between 'the
floors to facﬂitate car movem}ents increases the comp]exity and the
volume of the concreting operahons FmaHy, the contractors are
mobﬂ1z1ng their staﬁ and are organizing themselves on the site; a few.
‘

design details may also have to be reworked because they do not: f1t the

actual job.” A1l of these factors put, together slow down the product- -
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iv%ty of ‘the‘struc{ure of the basement floors.

-

13

" Normally, the ‘ground floor, in terms of quantities and complexity,

‘ ‘cannot be grouped with the typical floors. Its area again may cover

o a

a greater surface than the typical floor. 'Its characteristics include
accesses to the building, rémps for cars, loading and unloading docks,

a security control panel, and special requirements for specific tenants

(bank branch,‘ restaurant, etc.). Grouna floors are- also often

character‘*ized by high ceilings and sometimes by an atl:rihm (more than two
storeys high). "Nhen sepafatga from the tower(s) the atrium rhis\often
mfxde of steel which facilitates it;' construction. Ground floor columns
made of concrete add some difficulties to the p'rocess. They have to be

poured "in more than orde step and scaffolding has to be used to install

the formwork (Fig. 2.2) and to shore the forms for the slab of the

second floor or of the mezzanine.‘ S?chh a situation will a]ways~ happen, -

no matter the kind of building, and the schedule should treat the
situation accordingly. -

. The second floor represents usually ‘the _start of the typical

floor arrangement for the tower. All the'design corr\ections 'should be

1

made at that stage in order to 'repeat exactly fhe, same procedures on the

remaining slabs.' -Again, ‘the presence of the mechanical and electripal

1

subcontracfors,during the installation of the formwork is crucial.
o )

‘The general sequence of operations of the concreting of a floor is |

described as follows (Fig. 2.3). The pre-assembled column reinforcing

steel is hoisted up and installed on the top of the/previous columns;

~.

B
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formwork is ‘donexnext and braced properly. The reinforcing steel and
thé forms for the walls of the core (1’% made of concrete) follow next‘.
- Then,’ the slab forms are in;tal,led, covering the whole ar;ea of the
fldor.. When laH the carpentry work is firi%‘shed and levelled, the rein-
forcing bars. can be installed, along with all the -conduits, sleeves,
steel angles, etc., that have to be embeded in the slab. The pouriné of
the columns and of the walls 1is done first; followed by the pour1n~g of

the slab. Overnight curing should enable the workers to start on the

- ) next floor the day after the pouring. .
; ‘ T

» . o

Normally, large floors are broken 'down in twe or more sections

(Fig. 2.4) which are handled separately as explained above. Completely

independant. crews work on their respective sections~ which are not
. ° Q*}r’
. . . ¢
necessarily executed;exactly in parallel. It 1is preferable to have two

ey
«

‘or moré pouring sessions for the same floor instead of having a big one.

[R——
-

for the whole floor. Cranes and access facilities to the site are
« ' ‘ .
therefore used more effectiyely and confusion on the floor itself is

avoided.

The floor(s) which house{s) the ‘mechanical ‘equipmen.t for heating
and ventilation break(s) the repetitive cycle for typical floors.
Thicker slabs, numerous electrical conduits, holes for pipes, and

. embedded bolts characterize them. The mechaﬁical and electrical sub-

e s A TR e k0
I . :
. -

- contractors might s]ow,?own the rhythm of the 'concreting operations

n ?

because of the above-mentioned additional work.

s

Weather can influence substantially the progress of work on a

1
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reinforced concrete structure. In the summer months, the productivity. -
of the structural work reaches its pea1< because of the predominately
good conditions and high temp'eratur'es. Only intense rain might stop the’
worb but usually not for long periods of time. In fall, the probability

of rainy days increases, but not dramatically. However, canstruction

_costs are increased by the necessity of heating the areas of the build-

ing where the concrete is poured and where it is still curing. Con-
tractors normally use propane burners to generate the heat but the means
to insulate those areas are very limited. Usually the heating has to be

done for 7 days after the pour and 24 hours a day.

Winter monthé remain the most difficult ones for a construction
job, especially in areas wﬁere cold temperaﬂtures and heavy snow falls
predominate. Snow 'represents a major inconvenience because it always
has to be removed from the forms, meaning time lost and delays. If the
reinforcing bars are installed and it then snows, compressed’air is
often used to finish the cleaning job (Fig. 2.5'). When it snows during
the concrete pouring, one might prefer to cover it as soon as possible,
but the finishing of the slab suffers. Extreme cold weather and high
winds paralyze* job sites becausé of safety reasons. 'And it shodld be
remembered that the concrete has te "pe heated to a speéific temperature -
for curing&'f A1l these factors taken together have discouraged more than
one genera] contracfﬁr from working during the winter months. Although

direct construction costs are decreased when work is done only in summer

months, most owners prefer a shorter construction period (i.e..work all

" year long) because of the interest charggs and of the quicker delivery
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of the product which can generate funds.

Sq a subcdntractor should be able to predict a rhythm of productian

for the structure erection, based on its area and complexity. Moreover,

N

when the final schedule is prepared, some provision ,(cfbntingency) for
. ' i~ o

iost days should be included’ in order to evaluate better the real time

needed to perform the const_r\ucti,on work. From one or two days per month

' during the summer months, the provision for days lost dincreases to a |

peak of 4 or 5 days lost per month during the winter months.

The erection of a steel structure differs from a concrete one

because it is performed with tnree different sets of operations , " each

hsuaﬂy done by a different .subcontractord. 'The first of these activ-
iti"es consists of asser;lbh'ng the various columns, béams; joints, Brac'-
ing, etc., tha;c represent the skeleton of the building. These pieces of
steé] are prefabrica;ed in thel steel contractors shop and are shippéd to
the site where they will be 1ifted and® bolted and/or welded .together.
lAccurate shop drawings and corr:sponding fabh‘cat%on arel crucial to the
wccessfu{ erection of the structure. Everything has to fit perfectly

¥

in order to avoid creating unforeseen stresses in the structure,

v

The steel \sui)contractor usyally assembles the structure in two
steps. First, the “core", which consists of the main pillars of the
structure, is érécted. Sometimes, a crane system will be atta'ched'to it
ana will be used to 1ift the various pieces of the structure. Then,

once the core is finished, the perimeter of the structure can be assem-

bled (Fig. 2.6). The various elements are usually lighter in ;veight

Pl
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¢ Fig. 2.6 Erection of a Steel Structure.
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‘ , .
than the core's element because they don't have to bear t¥ load of the

mechanical systems and of ‘the elevators. Once this is terminated, the

steel work is cons&i‘dered done and the next set of operations can begin.

; Performed by a djf‘ferent subcontractor, the pouring of the ﬂoor’
slabs follows the erection of the steel. It resembles the operations
for a concretg structure except that: on]yﬁ the deck has to be .pm‘:red.
The following sequence of operations describes the process invo]ved: a
mét'a] deck is laid on the framing system and will staf there per‘man-
ently. The var‘*ious' reinforcing steel bars and/or grid, sleeves for
pipes and electri‘cal conduits. are then instélled by the variods subcon-
tractors. The pouring and finishing E;f concrete _fol]ow. A detail worth’
mentioning is that usually thc? crane system is owned aﬁd bpe,;ated by the
steel suBcontractor; because of “the time required.to haul a}ld to jnste'm'
the various piéces of 'the frame, the other subcontractors cannot depend
on it and should organize their work accordingly. In the case of the
cons:rete, an alternative wouad be a pumping system from' the ground

instead of a crane and bucket -one, depending on the height of the build-

ing. Time could deFinitely be saved and conflicts could be avoided.

Finally, the steel members have to be fire-proofed which involves

the spraying of fire proof material. While this task does not involve
; ; ) .

2 N
the use of compTex methods or .equipment, it has .to follow the rhythm set
by the structural steel erection. However, fire-proofing has to be done
at normal room temperature (20°C) 'in order for. it to adhere properly to

>

the metal. Therefore, when the work is performed during the cold winter
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months, the areas wheré the concrete is poured and cured and.whei;e the

a -
©

steel is fire proofed ‘have to be heated. Because the steel beams are

already installed, the plastic insulation sheets can be attached zaasily

on the perirﬁeter beams. In order to minimize the area exposed to the

¢

cold, it is ’preferable to ,execute the'\c‘Urrcreting and fire »proofing

activities back to back and to heat 3 or 4 consecutive N\oors; instead of
. -\ ~

having a gap between the heated areas (Fig. 2,6). N e
\ ‘ N\

While describing the activvity seque‘ncing‘ of a rei‘nforcec}) concrete

L . k‘ v
structure, all the different types of floor, grdund floor, mezzanine,
. ) ’ ) "

-

mechanical. ﬂoor‘s‘,”cypicé\ floors, etc., weré,amentidned nd their

. by

characteristics outlined.. These characteristics still exist ip the case
-~ \ -

. of a steel structure and the pl~ann1‘ng»operat'1'ons should consider them.

. . . . ° . ) v N i ;
The sequencing for other structural .configurations,- such as a .concrete

" core with a structural stgel frame for the perimeter is' not greﬂated ’

hefein. o , ~ .

P

. . \ .
® . .
i . ° n; ° ‘\"‘
. : N
' N

A !
12:2.4 "Mechanica] Work ) - '

Y

| (L ¢ "
The mechanical- work in bui}aingy'constructjon'1‘s_us%aﬂy broken down

three distinct sections, which in “some cases correspond to three

different subrcontrjagts: ventilation, plumbing  and heating and fire"

protection Qi spr‘i\n'kl ers).

i o ¢
g ~

° . o R

The ventilation work :is mbst]y repetitive and present on: each‘of '

,'Ehe f"lloo'r‘s in the form of ductwork,, divff"us“ers and . possibly a small

1

.mechanical” room. Special. mechanical floor{s) will contain components

e 0
i

i
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such as fresh air intake and “used air* evacuation along with the fans,

cooling towers, chillers, filters, etc.

Because of the size and r1g1d1ty of the duct work, its 1nsia1fation"
immediately follows the structural wopk After the shop drawings are
réady; the fabr{catioq of the duct work (sheet mgtal} will start in the
shop of the "subcontractor so fhat it will not aelay the start of his
wpak. This activity may not be saacifica11y‘indicated on t&gucon§truct-
ton schedule but it shquld be monitored. ‘The installation of the dd;tl
work consists of a simple method: its location on the ceiling is deter-

mined by precise measurémenté; several ‘metal hang rods are drilled at-

reguTar ﬁnterva1s in the .ceiling a1ong the way of the duct; the ducts.

clare then: auspended from on" these supports and carefu]ly 11nked one with

the other (Fig. 2.7). The workers normally use a small scaffolding

“which 1§ mounted on wheels so it can be .easily moved over the whale

_floor area. The start of a Ssubsequent floor=is not governed by the

finishing of a previous-one. For example, when a tenant wants to modify
Dus 4
the standard arrangement on floors he occupies or when some shoring is

st111 in place to d1str1bute the load of the tower crane, the duct work

g not 1nsta11ed and work on the. f0110w1ng floor is started A

-

& ’"“\\r, \

Compared to work on .the upger,floonsabf the building, work on the’
basement floors (which may be used for parking) is far less extensive.

It_consisfs of a\sma11 network of ducts which diffuses fresh- air and

14

evacuates. used, air\\from the basemeni. ~ This systeém is usually not

connected with the caﬁifol system that diffuses fresh air in the upbar
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°

floors and has its own fans, electrical coils and air intake and evacu-
. i

o

ation. The work on the ground floor and on.the mezzanine represents

more hours and more complicated processes because of the height of the -

ceiling and the normally special features of it.’ The ground floor is
/ I N LS

“also often used as &istorage area at the beginning of the job and so

renders work in that area more complicated. Hence the roughing-in work

of the ventilation subcontractor and of all subcontractors in general

-,

¢
~

usually starts with the second floor.

The repetitive roughing-in work in ventilation a150'iﬁc1udes, in
many cases for 1ar§é buildings, a small mechanicaf'room on each floor
containing a fan and a heat exchanger (Fig. 2.8). Duct work will also
be installed vertically for the fresh air and return air risers. The
retdrn air riser is usually located near the toilet area, where air is

evacuated.

4

The ﬁechanical floor(s) houses the heart of the ventilatioh system.
The duct work consists of the intake of the athospheri; air and the
evacuation of the impure air coming from the return air riser, with the
main fans and filters. The.venti1ation subcontractor has  usually fto
furnish .the equipment for air conditioning, mainly the chillers and
cooling towers. Although these items constitute alsubstantia1 portion
of the contract amouﬁt in terms of value, the labour associated with
them for the ventilation sub is usually very small. All that has to be
éone is to hoist them and put them at their respective locations. The

Work of connecting the pipes and wires is not included in the
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_ventilation contract.

s

After’ the duct work is properly fixed to the ceiling, it has to be

- insulated by gluing around :it fiberglass insulation or a material with

similar properties. One important feature of th;s work'is that the glue
has to be abplied at ndrma\ room temperature to be ef;ective. There-
fore, insulating work OUnder winter condit;ons ;equires heating. As
mentioned before, a trade-off has to be made between heating the flooﬁs
(§ometiwes twice - once for concrete, once for finishing) and procéed%ng

with the work, or waiting for warmer temperatures to execute the work.
y o ' -

Finally, the fiﬁishing work on‘each flgor consists of installiné

the diffusers and the f]exib]e ducts, if any, and linking-them to the -

()

main duct work, Start-up, testing and balancing of the various: com-

ponénts conclude the work of the ventilation subcontractor.

The plumbing work consists of the distribution of domestic water in

the structure and of the evacuation of sewage water from the'building.

It also includes the transport of heating and chilled water through e -

building. As mentioned before, the plumbing subcontractor™ should be
present on the job during the erection of the structure in order . to put
his sleeves in at the right p]éce in the deck. This is crucial for the

risers because they have to be plumbed.

.

Once the formwork is stripped, the various risers can be erected.
They can be listed under several catggories: domestic water (hot and

cold); storm water; éewage; heating and chilled water; and oil or gas
Y

@ .
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risers, Their installation remains relatively simple® because of the
T ’ \
.vertical nature of the work. The accuracy of the embedded sleeves plays

- .
an important role in the progress of these activities.
4

.
\

In the basement 6f a building, the plumbing work consists of a net-
work of drain pipes needed to evacuate the yater on park%ng f]ooré.
Because those floors are 1ocatéd beiow the main.sewer of the city, the
water hag to be réised by drain pumps which are installed at the 1owést
point.in the basement. Other equipment located in the basement are the
booster pumps that increase the pressure of the cit&'s domestic water
network,in order to guarantee a reasonable pressure at the highest level

of the building.

The distribution of domestic water differs a lot depending on the
type of building; on a typical floor of a high-rise commgrciaf office

building, the domestic water is used only for the washrooms and drinking

» B

fountains that are located in the core of the building. In a resident-

, 1al type of high-rise buflding, the network of distribution of domestic
water (and evacuation of sewer) is far more extensive because of the

numerous toilets, baths, showers and kitchens found on each floor. A

hbspita] or highly-technical building (eg. university laboratories) "

-

-

' Fequires extensive plumbing work because of the enormous, and ‘complex

pipe network on each floor. Although the above-mentioned examples each’

c
require a different plan of work from the plumbing subcontractor, the
ideas of keeping a constant production rate for the entire building and
[ 3 B

a constant workforce for the duration of the project are central to

¢
’
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.therefore result in de]ays for everybody. ’ - -
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»

all. This {is then accomplished by adjusting crew sizes so that the

"productioh rate- agreed upon with the General Contractor can be maint-

ained.

\V

" The mechanical floor($) usually represent(s) a large guantity of

" work for the' plumbing trades. Large pieces of equipment ‘su;h as

. boilers, hot water reservoir, circulating pumps and chimneys have to be

S
delivered and ipstalled by this subcontractor. All the networks of

pipes. linking the various elements of the air conditipning system (cool-

ing tower, chillers, .condensors, etc.) have to be fabricated and

installed by the same subcontractor. Coordination is very important at

this stage between the vent11at1on and plumb1ng trades; the latter needs

" the -exact d1mens1ons and locations of the various Un1ts in order to

issue his\shop drawings-so sleeves may be placed before the pouring of
o

" the deck.” Poor coord1nat1on could affect the a11gnment of the pipes and

/

1

The finishing work consists of insulating the pipes and installing

the toilets and the lavoratory equipment on each of the floors. The

~ commissioning of the whole systém is the last step before occupation,

With respect io the fire protection or sprinkler systém, the work
of the sﬁ;inkler subcontractor may start_very early erending on the
municipal laws for fire protection. For example, a municipality might
require that a fire hose be located not more than 3 floors below the
upper most floor of the structrue during 1its construction. Therefore

the stand pipe has to fdllow the structure cl@sely and a pipe has to
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link the riser to a connection at stfeet level, to allow a pump-truck to
produce -the necessary pressure. Also, the §ubcontractor has to follow
ciose]y the structural erection in order to put his sleeves in at thé

right location.

In the basement, the sprinkler subcontractor has to furnish .an
install booster pumps that. will provide the necessary pressure in the
pipe network. It should be noted that the domestic water network and

the sprinkier network are completely independent.

The roughing work consists of linking the already installed riser

to a network of smaller diameter horizontal pipes presept on each floor
of the building. Its installation resembles the.ductwork network; it is
'sﬁspended to the ceiling of the structure by metal supports and it is&
insta]lid by a crew using scaffolding mounted on wheels.. After the net-
vork is

properly installed, all the connections are tested to avoid any

leaks in the system.

‘ ;he'sprinkler work is finished by the installation ofdthe heads or
- pendants at the various 1ocat§oqs along the network of pipes. It also
includes the installation of hoses and extinguishers as fequired by
1oc;1 laws. At the street level, a cross-connection and valves are

installed permanently in order to link the system to the pumps of the

fire trucks in the case of a major fire.
2
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2.2.5 Electrical Work .

Among the trades present in a building” construction job, the
g - s

electrical work probably contains the most items. One just has to think

about all the wiring, pane]s, switches, plugs, lights, etc:, that have

to be delivered and: 1nst$lled by this subcontractor The breakdown and

the plann1ng of the e]ecér1cal subcontractors job is therefore complex.

Actually, the electrical subcontractor shows up on the site right
at the beginning of the construction because he usually supplies tempor-
ary power to ihe various facilities used by the general contractor and
the 'subconEractoré. He hés to contact the local e\ectric31 J#ﬁﬂer
company in order to schedule suitable dates with them for }he connection
to the area's netwo}k. 'Temporary power is also provided for power
cranes, outlets on each f]obr for the hand tools and equipment and, when

“the forms are stripped, témporary lighting.

As mentioned for the mechanical subcontra&tors, the electrical sub-
contractor has to'follqw daily the structural work in order to embed. in
the slab the conduits that will eventua]lx contain wires. This oper-
ation requires more ti than the work of the mechanical subcontractors
" because the path of the conduits has to be laid out carefully on the

forms as compared to locating only a specific point for the sleeves.
! .

w

Every major building has a main electrical room that contaips the
main transformers and switches along with auxiliary power units in case
of failure of the area's network. This room is normally located in the

basement near the incoming power location. Because of the size of the
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electrical elements and the long 1lead time necessary for their

(rm'ght not be

fabricatiop and delivery, the slab over the electrical room
poured u?til their installation is completed (Fig. 2.9). Close cé—
ordination. between the electrical and formwork subcontractors is there-
fore crucial at this stage. Preferably, the final pouring should be
done when all units al:e_found to be properly working. Considerable work

is required 1in the electrical room to connect the transformers and

‘switch gear to the main feederg/and-)bus duct. Agreements have to be
/ .

reached with ether subcontrqctors on dates at which they need permanent

power for their use during the construction period (elevator motors,

ventilation equipment, etc.) in order to avold delays and conflicts

between the various trades.

Large pieces of electrical equipment (control panels, switches) are
also found in the main mechanical room and in the elevator contro]u
room(s). Again good lines of communication are ‘essential between the
electrical and concerned subcontracton:s in order to deliver electrical .
equipment at a .suitable time for everybody. Inforfhiation on the lead
ti‘\r:e necessary for this equipment should be available "early in the

5 ‘ .
project to avoid procurement problems for the electrical subcontractor.

E2

As the strﬁctur/'e goes up and is stripped, the r:epet1t1\7e roughing
work can be executed. It consist_s of putting in place -the vertical
feeder cond‘uits and the bus duct that wi/H carry the power to the
various flooré and equipment. These eléments run vertica]]} through the

building so their installation remains relatively simple. On each
c~ -
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floor,- the branch wiring for the fixtures and the services has to be
‘pulled in the conduits up to the breaker boxés where they/ all join. Tne

panel containing the breakers themselves is installed/ later when the

~

finishing is done. A;: the same time, the wiring'for the various com-
ponents of the fipe alarm system (exit psigns, bells, |switches) can'be
installed. : \ '
R
Major; electrical connections have to be made on each floor to

2
various pieces of equipment depending on the 1level [in the building.

Switch gear for Ventilation units, electrical heating eleva)or motors

and control rooms, etc¢. has to be connected and someti es, asf/mentioned
. - .
earlier at a specific date in order not to delay the| progress of the

|
\ a

manent power in his motors in order for nim to use his| platform to do

various trades. For example, the elevator contractor will need per-

the finishing on each floor. ' \ ' \\

1
i

Finally, the finishing of the work on each floor ,cgr&, be summarized
by installing fixtures and .lamps on t‘het ceiling grid an\d" the various
outlets (switches, 1lights, speakers).’ Beceu‘se the roorp“ between the
acoustic ceiling and the concrete slab is limited, close\‘\ coordination
between the ventilation shop drawings (duct work and diffugers) and the
electrical shop drawings is of great importance if major prioblem in the
arrangements in the ceiling is to be avoided. Fixtures| have to I;e
connected to the wires and brgﬁd(er‘s have to be praperly instlalled on the

above-mentioned boxes.

Meanwhile, the temporary power network is slowly dismantled as.the

: ?
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finishing work progresses in the'strdcture. " The telephone system is

usually 1nsta1ied~ by, the IOCH] telephone company (although the slab

. conduit may be installed by the electrical subcontractor). .The requ%re—

ments of tenants (if they are known at the time of construction) might

o create several delays in both the electrical and.communications net-

3

works. Their impact on the execution of the job might necessitate a

[

rescheduling of the work.

« 2.2.6 Enclosure

2

. Enclosure'systems of buildings have changed considerably over the
last half century. From heavy, thick, brick and /or, stone bearing
exterior walls they have evolved to systems of light precast-concrete or

> metal curtain walls. The reasons for change include the increase in the
. N ; "

costs of materials and labour and changes in architectural styles. New

materials and techniques are filling in for previous ones. Prefabric-

«

ated materials, like curtain walls' and precast panels have a great

3

a controlled environment .,and on-site installatien 'requires far~less
o ' L}
Tabour man-hours. The effects of bad weather on the progress of the

enclosure are therefo%e diminished considerably.

1
- 4

‘The importance of the installation’ of the enclosure of a building

depends largely on the §everity of, the climate and on the materials used’

for the interior fimishing. In cgld climates, it is preferable to speed

up the 1n§tg11ation of the enclosure to protect the workers from cold

-
+

4

advantage over traditional masbnry walls in that they are fabricated in

o]




OntractOh has to be present on the s1te when the §

order to embed 1n ‘the slab. the brackets .or angles that will hold the

b

re-is poured 1n

a

‘~ e : - ing u'ver the jurisdiction of the formwork subcontractora However, the

o

10cat1on in the slab of the brackets has to be known early in the job in
-order to put them exact]y at’the r1ght place and to coordinate the sizes .

'K\\ " of the prefabr1cated items accord1ng1y.

3
o <

i

‘In the ‘case of orecdst panels, the bulk of the work lies in the
P of the eontraot Qe1ue.i The sequencecof operations ‘for their install-
9 ' ' qtion‘depends on the hoisting equipment available. For example, if a
¢ ;mibj1ey crane working from‘ the sides of the builqing is used; it s
| preferable to do several floors on one side thxé the crane is there and
to move around the bu11d1ng with the crane 1nstead of. working on one -
floor and do1ng 3t all around. However, if an overhead crane 1is used,.

‘ K
it wou)d be more practical to do one‘floor at a time all around to avoid

ryﬁng the welding equipment up and down. The installation of windows

aid the sealing (cag]king) of the joints signai the end of the enclosure

wall .to the"structure Sometxmes, the subcontractor will on1y be

responsible for the supplying of those brackets, thevinsfallaiion fé]]-

:fabnication of the panels. uThe?n installation represents less than 20%-

S il RNt 3 e
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" ifstallation. . | . T

The installation of metal curtain walls involves a more detai]éd

sequence of activities and requires more labour on site than for a pre-

cast concrete enclosure. The attachment of the grid to  the structure
leads off the sequence. . The 1light material pieces of the grid are

hoisted onto tﬁeir‘respective floors and are then we]ded to the brackets
/

‘embéhded in the slab. Because of their light weight, no hoisting device

‘is needed during the installation of the grid. The patterh of install-

ation dépends on various factors that are different on each job. For

b S

‘progress meashrement purposes, the geneﬁa]3tontractor~might prefer that

the subcontractor installs ever&thing that is “5bssib1e on one floor
. N TN—— -

before moving to the next one.

w
©

n

’The installation of the rest of the curtain wa]]Acén be done by
Jusing light scaffolding suspended'froh upper floors. If'the structural
'worg is noﬁxcompléted, the enclosure‘subcontractor should install, prior
to any work down below, security panels that would stop anj fa]1iﬁg

object from hitting his workers. . The curtain wall consists of basically

three companents: the insulation panel,.the glass and the-exterior panel

covering Rhe pans (could be élass’ or' metal). . THe sequence of

installation remains very flexible; ctearly, the insulation pan has to’
‘ 1

precede the exterior pamel, otherwise the pattern of ‘installation. is

. dictated only by the logic of the subcontractor's project manager or

v
I

superintendent (Fig. 2.10).

o0

However, through visual inspection on several sites in the Montreal
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F1§. 2.10 View of a Curtain Hall
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..

-area, the work seemed to be done more vertically than horizontaily. In

fact, once the scaffolding was-installed on one "face" of the building,.

the trend was' to do several floors on that face and then move the

scaffolding to another face in order to repeat the process (Fig. 2.11).

Because the .sjcart of the nexf floor is not dependant on the comp]e‘gion
of the previous one,~th’e pl arvmihng of "the job and the process of progress
measurement should be adapted accordingly. For gxamb]é, if the desired
.rate is 1 floor/week, one would expect the enclosure subcontractor' to
prbduce an equivalent area of enclosure corresponding to 1 floor/week.

Once agaip, caulking of the var%ous joints would be the_ last activity

for the curtain wall enclosute. - ' .

2.2.7 Vertical Transportation

- A1l modern high rise buildings have fast, modern, motarized:

‘”.transpo/r‘tation systems composed of e]e'\;ators (moved by e]ectm’ca-l mofors
or hydraulic bistons) and escalator.s., Hydréulic elevators are very
. strong but ,ver'y/ slow. One of their’major characteristics (and inconven-
ience) \-h'?s in the fact that the cyh’ngier containing the piston has to
go as deep l\ne1ov~) the first eievapion a.lc, the distance between th}e’ lowest
and highest elevation_ of the cab's travel. As buildings b‘ecame higher,
hydrauh‘p elevators\were. r:eplaced by elevators moved by cables and
e1'ec‘tric motors for cost reasons. However, some hydraulic elevators are

still used for short 1if requiring great load capacity. Motorized

stairways (escalators) are ksed when a great number of individuals have
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constantly to be moved for one floor or two. '(hzy are found especially

in department stores, subway stations, etc.‘ :In high-rise buildings,
. 7 -
' ! ’ : -/ .
elevators require the most attention at the ﬁllanmng stage compared to
‘ T4

other vertical transportation facilities.

Elevator work is characterized by a long-lead time needed for °
fabrication and de1~1'very of all the ~components, but especially ‘the

motors and the elements of the very\comglex control room. Therefore:

initial decisions as to the capacity, the number and the type of elevat-

ors have to be taken .very early‘.in‘ the project's life to ensure the

timely delivery of the above-mentioned items. The accuracy of shop,

‘drawings makes the -difference between successful and unsuccessful

installation. Thlose drawings have to be issuéd and a‘ccepted as the
structure starts going ‘up. As for several other trades, the elevator
subcontractor has'to follow the erection closely in order for Him to
embed and/or inst’ﬁﬂ precisely the ‘beams that wildl hold the rails of the .

cab. Tremendous precision is i‘equired at that stage in order to avoid

prbbl ems later.

Buildings composed of more than\ twenty floors often have several
groups of elevators, each of the@» serving a section of the building
(eg. low-rise, high-rise).J This arrangement is preferable for several.
reaso:ns. In terms of transportatioh efficiency, the tenants of the high

rise portion are better served than with a conventional arrangement.

" For the owner 'and the tenants, such an arrangement produces a larger

area on the upper floors because the location- of the ]ow-rise(s)
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shaft(s) is (are) ‘replaced by rentab]é— Sspace .area. Finally, the
installation work'lis better spread over the 1life of the‘project and
.enables the elevator subcontractor- to levél his manpower requirements, )
especially for the installation of the control room's equipment which

requires highly skilled and competent tradesmen.

The first activity in the installation of‘ the eleva‘tors after the

/ structure is finished is to i\nst‘aH _the rails in the shafts that guide - " -
the cabs and coun‘te;‘weights. The‘,l complexity of this operation lies in
‘the t'remendous precision required. The "rails have to be perfectly
p1umbed to; ensure ‘proper travel of the cab and of the counterweight.
Simu]taheous]y,“ the oil‘buffer‘s at the bottom of the shaft can be
installed. These servé as "shock abéorbers" in case the cab goes\ beyond

the first floor.

As soon as the s]ab can receive the motors, they should be lifted
so that their installation can start as soon as possible. Again great
p’recision is required in order to ensure their proper operation. " The
structural frame of the cab and the platform wfﬁ’ch’ are actually the
skeleton of the fi\m'shed car, can be ihstaHed on the rails along with
the cables and the counterweight. Meanwhile, work in the control room
can be initiated as soon as the equipment is delivered in order to make

- the necessary connections required to operate the motors. When this is

done, the platform is eguipped wjth;;imph‘e switch to govern the move-

ment of the platform in the s ft/

¥
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ins_tan the frames and the doors on each of them. They can also prepare
the wiring that will go from each-call button and any overhead sign to
the central control room. Once all the work on each floor is completed,
the 'cab'can be finished by installing all the walls, the ceiling with
its lighting and ventilation system, the doors and the control pane]
with all tr;e buttons.  Last, but not least, all the components,
especially thg control room, have tp be aﬂjusted to work properly. The
e]ectfonic work is performed by highly skilled technicians which might

be hard to find in times of great volume of work. The idea of having

.control rooms in several locations in a building (low and hign-rise)

-

facilitates the planning of the adjustment work and enables the tQw-rise
) ~

.

elevators to be ready at a much earlier date than the higher ones. ~

Installation of the rails, the doors and the finishing on each
floor are repetitive activities. The remaining activities of the
. 4 ,
e]ev?f"é'r:(subcdntractor are mainly non-repetitive and require substantial

lead time. The characteristics of such a job should be reflected in the

scheduling systenm.

. 2.2.8 Inferior Finishing ' ) ‘ .

¥ 32 ' l ‘ «
' Before describing the activities involved in the actual finishing .
ofithe interior of a buﬂ?ﬁ'ng, it is *appropriate to include in thjs

se ‘jn'on the activities that cou1d'be labeled under "Misce]]aneous}iron
. 'p‘

Can &;v‘ar"chitecturﬂ metal." . These include ‘all the iron and steel members

) : .

thay are supplied and installed by a contractor other than the
( - - . ‘

Y
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structural {steel or concrete) subcontractor.

L 4

. Metal stairs, .if any, represent the ;nost important items for the
_ miscellaneous iron coﬁtfactor. | The’y’ are found in all structural steel
framed building and sometimes in reinforced concrete ones where the
architects decide not to have pouréd-in-p]ace‘ stairs. 'Sometimes local
security laws will require that a .functional stairway should be located
within a certain number of floors from the last one during the erection
of the structgre. So "this subcontractor has to follow carefully the
progression of the structure in order to respect these rules. In the
case of a concrete stairway, the iron work in the stairways is limited
to the installation of the steel rails. However, sleeves have to be
carefully located in the concrete in order to attach the rails; there-
fore, shop drawings for the rails, indicating the 1location of sleeves
should be’ ready in advance. Other miscellaneous iron work includes
frames, inserts and.anchors that have to be installed before the
concrete pouring. These activities havé been mentioned before as fall-
ing under the jurisdiction of other contractors. Each job and contract
breakdown is unique. The specific features and needs of a building will

govern the dehvery and installation of the mwsceHaneous iron 1tems.

Architectural metals are ;Jsed in the finishing of the interior and
‘of the exterior ofl ai building. A detailed description of the various
poésibi]it'ies would be ruseless at this stage because of the enormous
differences between buildings (hotel versus commercial or resi&entia]).
But the general 'approach to these items remaiﬁs the same: shop drawings

v
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. " (if any) =should be issued and approved early in the project's er;;
orders should be placed to suppliers in order to give tf/\gm enough time '
to fabricate the required components; detivery and installation are then

- performed according to schedule.

o
The interior finishing as such can be divided in two categories

n labelled “wet trades® and "dry trades". According to Stillman (60)

“basically, thé meaning of ‘'wet' trade is a trade that erects or
. g -

oot

1
installs a material which requires water in the process." However, the

problem with these trades is the amount of debris left by them and the

w

humidity that goes along with the use of water. These two factors might :

become a source of coordination problems between "wet” and “dry"- trades. {
Generally, "wet" trades include masonry, plaster, terrazzo and ceramic \;

~ tile and possibly several other materials.  For the purpose of this {

description, these four are adequate.

The masonry items mentioned at this stage do not include the o \
enclosure altho&gh it could be 'performea by the same subcontractor.
Concrete block walls are ereéted in several areas in a building in order ’
to partition them. They are used extensively in the basement floors of
the building because of the aesthetic gnd functional characteristi_c’s of
these areas (backing, storage, equipment rooms) and because of the high
level of humidity which could damage "dry" materials. On typical
floors, masonry can be found in elevator shafts, équipm‘ent ‘rooms, etc.”
in order to keep the transmission of noise and vibration through the

walls to a minimum. In terms of plaming, careful coordination is

7

)x
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required betwéen ;he:masonry subcontractor and the contractors concerned
with the rooms created by the masonry walls. In general, before enclos-
ing a room for good, the subcontractors involved should make sure that

all the major pieces of equipment are delivered in time.

Because of the increased use of weasily .nstalled and cheaper
products, the use of plaster for walls and ceilings has decreased con-
siderably along with the nﬁmber of good plastering subcontractors. The
sequence of work depends on the chara;teristics of the buildings and
thus the planning.should be done accordingly. It shou'l'd be remembered
' that plaster has to 'be completely dry before any paint can be applied

(more than 30 days). This time could be shortened by moving the air
t .

with fans and by applying moderate heat .

Terrazo 1is a nice and long lasting finishing material for slabs
composed of marble cr;ips and a binder which could be a Portland cement
mixture or more recently an epoxy or an acrylic material. A]thouug";h very
attractive once finished, its installation remains a very messy process.
Basically, the described fm'xture of.terr‘azo is’ poured or cast on a base.
After it is cured, the ‘surface is 'ground and levelled with a
grinding machine creating a great amount of unuseable "slurry" that has

to be thrown away. Because of these characteristics, terrazo should

only be used in the special areas of a building (ground floor Tobby,

luxury areas, etc.). The above-mentioned characteristics dictate at

“what  stage it should be installéd in order to diminish as much as

possible the effetts of its installation on other finishing work(.
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Ceramic tiles seem to be the only suitable material for the finish-

ing of the walls and floors of toilet rooms and showers. The'square
pieces of tile are appl ied directly to the partitioning walls (gypsum

board or masonry) and. to the floor by using a waterproof tile cement.
» ,

‘Those tiles are expensive so it 1is.in the subcontractor's interest to

minimize waste as much as possible. Soon after the tiles are installed,’

the entire room should be cleaned perfect]y\to avoid any debris drying

and damaging permanently the tile and to clear the way for the plumber

. to undertake the last part of his work.

The activities labelled "dry" trades include dry-wall partitioning

and studding, hollow metal doors and bucks, hardware, acoustic ceiling

and wall covering.

=
,

Dry wall partitioris are made of metal studs, which are set in a

metal tracl;, with gypsum board attached with specia1 drive screws.
Because of its cheap price and the Tower skill level required to install

it properly {(compared to plaster) it has become very popular and is

- omnipresent in building construction. The structure and properties of

the wall can differ depending on 10c'at1’on. For _example, partitioning
between offices would only require one layer of board on each side of
the stubs. In the case of walls separating toilets, mechanical rooms or

corridors, the noite absorption level has to be increased gn order- to

guarantee a good quality environment’. This is done by putting a second

©

']ayer. of gypsum board on the initial ones and/or by adding some insulat-

ing material (e.g. fibreglass) between the vertical metal studs. When
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those boards -are used in potentially "wet" areas (like showers ), the
"greeﬁ"‘moisture resistant type is wused. Besides the partitioning
required by each tenant, which is unpredictable, dry wall is installed
on the interior part of the enclosure, on the cdlumns and oﬁ the various
parts of the "core" (toilets, mechanical, and electrical r;ooms, elevator

hall and shafts).

The process for installing a piece of gypsum board remains very
simple: the exact location of the wall is outlined on the slab using a

chalk line along which a metal track is carefully installed. The studs

are then fixed to it along with the door bucks (prefabricated frames)

4
which are described later. - Once everything is carefully plumbed, .the

board is fixed to the studs by special screws and joints arg taped and
filled to make a uniform surface. Gypsum board ha’s‘ to be ﬁnsta]]ed ‘in a
completely dry environment or it could be wasted. Work in ‘co1der months
might necessitate heating f;r the joints, which have to be applicated at
normal room temperature. The sequence of installation of the dry-wah

remains discretionary. However, the preceding work has to<be carefully

identified in order to avoid conflicts during the execution of the work.

Hollow metal doors and bucks and hardware items should be apprdach-
ed the same way because of their similar characteéristics. In terms of
importance, thé bucks (meta\‘1 door frames) lead those ite;s because of
their required preSence during the partitioniné. The doors themsel‘ves

can wait but their fabrication should get underway as soon as possible,

especially ifvit is a large building. The process' of issuing and
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app’?oving'shop drawings again Lp]ays a big role in the timely delivery of
these items. Ha’r.dware‘ includes many small _' items, like lock, sets,
hinges, door plates, door bumpers; etc. ? C]oée coordination_be{:ween
their shop drawing and, the doors are crucia‘1 for timely finishing.
Unless the architects asks. for very special materials, these pieces -

should be readily available-and even in stock. Howg\},er, they should be

ordered rel étive]y soon in order to avoid delays in delivery.
« "2‘

# T

Suspended acoustic ceilings are very popular in h”igh-rise, commer -

cialﬁoffice buildings. All fhe services .(electricif"_y, te]ebhone,
mechanical systems) are located in the space bet@:gen thekﬁgcoustic ceil-
ing and the slab. This allows gr"eat ‘flex_ibility faor tr\\\eﬂp\artitioning,
which is not part of the ceﬂing, in the case of changes in the arrange-
ment of the‘ floor. Residential buﬂdingg ‘and hotéls are usually
designed with nicer, but less flexible ceiling. Moreaver the partitions

in such buildings seldom, if ever, change. I

™

The procéss for 1'nskt'a11“1'ng a sﬁspended ceih‘n‘g' remains fairly
simple. The suspending device (either a wire or a thi'n’ rod) are located
and fixed to the slab above. Along Qith being at the right elevation,
the ceiling has' to be leveiled with‘ great carel.‘ Formally done by using
tapes and surveying instruments, elevations can now t;e given by a rotat-
ing. 1aser beam set and r1evelled on a tripod. The resultant time savings
are beneficial along with the increased precision. Once the structure
n(grid) of the ceiling is pro\p‘er]y i‘nstalléd, room is giv—en to varﬁ'ou's<

trades to perform their finishing work. The job of finishing the %
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ceifing:(installing tile or else) is then.only a formality.

< Wall covering and painting should be executed with great care
. because their qua]%ty will directly reflect on "the appearance of- the

building. It is thé last operation before occupancy so priority should

be given to the areas with the earliest occupation dates. Good lines of

communication should be established finraorder— to avoid mistakes in

colours, quality, material (1f not paint) etc. If non-standard mater-

ials arg)used an early order should be placed to the supplier in order

to avoid delays which are unforgivable at this stage.

o
5 . M -

2.2.9 Testing and Commissioning —~ *

‘

o

-

.Once ai] £Ee.qpmponents”of ; nuilding‘are'instalTed‘and connected,
they' have to be started up and tested to ensure properu oufput énd
that the deswred bu11d1ng environment can be obtained. Mechanical
(ventilation, plunb1ng and spr1nk1er), electrical an