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DE-COUPLING CLADDING INSTALLATION
FROM OTHER HIGH-RISE BUILDING TRADES:
A CASE STUDY
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ABSTRACT

This paper presents a sysem to handle and inddl exterior dadding on high-rise buildings. The
gysem is innovative in tha the cladding panels are ingdled from the building's exterior without
the use of a tower crane or maen lift, and without onfloor saging. Accordingly, dl work
pertaining to the pands effectivdly is decoupled from most other construction work going on
concurrently on dte. This results in flexibility and work that can progress at a fast, continuous
pace, thereby adso adlowing for project schedule accderation. The paper includes illudrations of
the use of this innovative cladding ingdlation system in the process of congtructing the 70-story
Trump World Tower in New York City. The sysem was developed recognizing that tight
handoffs between trades may lead to detrimentd performance. De-coupling of interacting trades
is one step towards implementing alean congtruction system.
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INTRODUCTION

One chdlenge in managing congruction projects is to coordinate the work of specidty trades
that are on gte during overlapping periods of time. Each trade is present for a contractudly
gpecified amount of time to accomplish a specific scope of work. While the magter-levd CPM
schedule may identify activities with only finishto-dtart relaionships, the sharing of resources
such as access paths and tower cranes creates interdependence. In addition, uncertainty such as
not knowing exactly when another trade will perform exactly what work%to name but one of
many¥sexacerbates the problem. If not managed judicioudy, interdependence and uncertainty
will lead to dgnificant deterioration in peformance of one or severd trades, as wdl as the
system as awhole (Crichton 1966, Tommeden et d. 1999).

Howdl et d. (1993) recommend that one step towards improving system performance is to
decouple phases or steps of work so0 that each can be performed independently of the others and
improved using work methods design. A follow-on step then is to synchronize al phases or steps
to the grestest extent possble, in order to achieve continuous flow (Bdlard and Tommeein
1999). Throughout this effort one must assess whether dl phases or geps in the system ae
needed and peformed by the party best suited to do so. This is the task of work sructuring
(Bdlad 1999, Tsco & d. 2000, 2001). Thee seps in combinaion with others support the
implementation of the lean product ddlivery system (LCI 2000).

To illusrate how decoupling may get implemented in practice, this paper presents a
technological innovation that makes it possble to de-couple the work of severa trades involved
in condructing a highrise building. The new system uses temporary structures and speciaized
equipment designed to handle, stage, and inddl exterior dadding. The ingdlation of exterior
cdadding follows the erection of the man building dructure Exterior cladding provides
enclosure, the building's skin, which is a prerequiste for much of the work peformed by
mechanicd-, dectricd-, plumbing-, drywal-, and other interior trades. Exterior cladding
inddlation comes early in the “Parade of Trades’ (Tommden & d. 1999). Control over this
process may thus prevent perturbations downstream.

EXAMPLE APPLICATION: TRUMP WORLD TOWER

The technologicad innovation presented in this paper was used for the firg time to congtruct the
Trump World Tower (Figures 1 and 2). This project is located between First- and Second
Avenue and between East 47" and East 48" Street a 845 United Nations Plaza in New York
City. It is a 72-story, concrete-frame, and the world's tdlest multi-resdentid building The
dender building, 863 feet (260-meter) high and 146-by-79 feet (45-by-24 meter) in footprint,
needed mgor shear wdls The resdentid-use and shear-wadl requirements led the designer to
break up the floor plan of the building. This product design restricted the potentia construction
process dternatives for the ingdlation of exterior cladding.

Congtruction of a cast-in-place concrete frame requires assembly and placement of formwork
and shoring for columns, wdls and dabs inddlation of reinforcing bars, then placement of
concrete. On this project, shores were placed 4 feet (1.2 meter) on center and 12,000 ps (83
MPa) concrete was required. After an gopropriate initid curing time, formwork can be sripped
for reuse on a floor higher up in the dructure. The dab is then re-shored to prevent sagging
during subsequent curing until sufficient strength is reached for the dab to hold up on its own
(eg., Hurd 1989). On this project, re-shores were placed 8 feet (24 meter) on center and they
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were removed after 1 month. Limited early-strength of concrete and the presence of re-shores
ggnificantly limit floor access. Contractors therefore schedule other trades to lag a number of

floors behind the floor where concrete is being placed, so their work will not be unduly
obstructed.

]

Figure 1: Trump World Tower in May 2000. Figure 2: Trump World Tower in New York City
View to the North (from (from http:/Aww.cityredty.com/building_guide/
http://members.nbci.com) building/index.page?d=7176)

The condruction manager on this $360 million project is Bovis Lend Lesse LMB. Hour City
Architectur Metds (Flour City Internationd Inc) won the $19 million contract to engineer,
manufacture, and install 375,000 ft (36,000 nf) of four-sided glazed curtain wal (Redty 1998).
Exterior dadding panels can be made in different szes. Size is determined based on architecturd
criteria but dso based on fabrication and logigtics criteria, such as shipping from fabricator to
dte, on-dte gaging, and hoiding for find inddlaion. The fabricator and ingdlation contractor
therefore must get involved early and provide input into the design development process, before
the desgn details can be worked out. Larger pands dlow for faster erection with fewer on-ste
labor resources, but they require more space for maneuvering and staging, and they are heavier
0 they require hoigts with grester capecity. This tradeoff will be revisted laer in this paper,
with the discussion of dternative cladding ingtdlation sysems.

The Trump World Tower project broke ground in 1999 and it is scheduled for completion in

2002. The inddlation of the project’s curtain-wdl pands was successfully completed in March
2001
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TRADITIONAL SYSTEM FOR CURTAIN-WALL INSTALLATION

The fabrication and inddlation of cladding for a high-rise building is typicaly contracted out to
a fabricator who in turn subcontracts out the indadlation work. The specidty contractor
responsble for dadding ingdlaion traditiondly will ingal curtain wal pands usng a rack-and-
pinion sysem combined with a maerids hois. More often than not, the contractor does not
provide their own, dedicated hoist but shares the project’s tower crane (or man lift) with other
trades.

Panels are shipped on edge 4-5 feet (1.2-1.5 meter) wide and typicdly 4 pands to a pdl€t,
though this depends on the pands weight and sSze. The crane lifts a pdlet off the flatbed truck
and then brings it to the floor where panels will be inddled one & a time. While the crane is
holding the pdlet a eevation and usng some kind of cat that may roll out and onto the floor,
the specidty contractor then brings the palet onto the floor area and Stages it relatively close to
the perimeter of the floor. The location of panels for staging is determined by the fabricator and
requires approva by the sructura engineer during the design process because the structure must
be able to support the palet’s weight.

The crew removes the pands from the packaging and then wedges a sdected pand 0 it can
be lad down on a furniture dolly. The pand is rolled to the edge of the floor. It is hooked to a
counterweighted crab (a very smdl craneon wheds see Figure 5 for an example) tha is
postioned one floor immediately aove. A worker manipulating the crab then pulls the pand up
until it isin position and another worker securesit to the structure.

This traditiond way of handling panels on dte requires tight coordination of the use of the
tower crane. Staged pands occupy perimeter space on each floor that must be left unobstructed
by other trades, for the ingdler will need working room to dide each pand individudly to the
edge of thefloor prior to lifting it in place.

INNOVATIVE CLADDING INSTALLATION SYSTEM

Greg Beeche and Roy T. Scrafford, both with Beeche Systems Corporation developed a new
technology for handling and inddling curtain wal panes on highrise buildings. The innovation
of ther sysem is to make it possble to inddl pands entirdy from the building's exterior
without use of the tower crane (or man lift) or on-floor staging, so that dl work pertaining to
curtain wal pands €effectivdly is de-coupled from most other condruction work going on
concurrently on site.

SYSTEM COMPONENTS

The Beeche exterior cladding ingdlation sysem (henceforth referred to as the ‘sysem’) sarts
by lifting panels off the truck, proceeds with a sequence of other handling steps, and ends with
theingallation of each pand initsfina location.

Off-loading and Staging of Panels

An duminum space frame grid creates a daging area for cutan wal pands (Figure 3). The grid
is erected on columns located on the ground or on a satback roof. The crew (Figure 4 lower-left)
can off-load pands directly from the ddivery truck. Panels laying down on edge in multi-pand
packages are dtached to lifting harnesses customized and mounted by the fabricator to
specificdly match the pand dimensons and shgpes. The packages are turned into ther find
position and then suspended (Figure 4 center) on a trolley-track system attached under the space
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frame. The sysgem dlows for rgpid unloading of trector-tralers with minimd handiing. It
eiminates the need to offoad to the ground or to a specific building floor for further handling,
thereby minimizing pand damege and enhancing productivity. This is paticularly important a
downtown, urban condruction stes like this New York City Ste, where dsaging space is
minima and dedling with traffic and pogtioning trucks for offloading is chdlenging.

B R
._r - .-
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Fgure 3: Aluminum Space Frame Figure 4: Pand's Suspended from Space Frame

Hoisting and Postioning of Panels

The second main gep is to hoigt the panels up to specific inddlation work leve. This is done
usng a crab (Figure 5), which is a versdile, yet rdativdy smdl ‘roof’ crane. The crab is
positioned on a floor leve, successively with 15-gtory intervas. It hoists panels suspended under
the space frame up to the devation of a monorail sysem, while making use of a cable-guide
system that prevents panels from swaying.

During hoidting, packages of pands are protected from damege through the use of a specid
hoiding carriage with spring-loaded rollers that ride a cable-guide system (Figures 6, 7, and 9).
This guide system is attached to the building structure to keep the panels secure and protected
from wind while traveling up the building face.
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Fgure5: Crab Figure 6. Hoisting Carriage and Cable-guide
System

After being hoised up, pands ae moved laedly to ther inddlation point usng a monoral
sysem, which is atached to the building's columns and wrgps around the building perimeter
(Figure 8). Curtain wdl pands are tranderred to proprietary trolley suspenders tha traverse the
monorall around the building's exterior to the indalation point (Figures 7 and 9). The tralleys
include hoigts for verticd adjusment of the panels for easy ingdlation onto the building.

Fgure 7: Wadking a Pand (picture from other Ste) Fgure 8: Corner Detall of Monorall
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Fgure 9: Hoiging Car Figure 10: Pand Suspended from Trolley
Ready for Find Ingalation

BENEFITSAND COSTS
The de-coupling of curtain wall erection from other trades work has numerous benfits.

1

The curtan wall contractor can schedule truck ddiveries a their convenience, as
opposed to having to coordinate these with the availability of the hoidt.

This specidty contractor can arange their offloaded pands and lift them into place as
needed, according to their own schedule, that is, independently of any other hoist or
tower crane thaa may have to be dhared among different, competing trades.
Consequently, the tower crane gets freed up, so other trades work may aso be
expedited.

A quick cdculation reveds the immediate savings in terms of avoided crane use for
the exterior cladding work. On Trump World Tower, 7,800 pands had to be ingdled.
Panels were shipped and hoisted in sets of 4, so 7,800/4 or 1,940 lifts would complete the
70-gtory building facade. Assume each package takes about 20 minutes to be handled and
assume hoist use costs $350/hour (a typica range is $300 to $600 per hour for using a
hoig car or tower crane). This yidds a totd hoiging costs $350/hour * 1,940 lifts * 20
minvlift or approximatey $226,000.

The GC on Trump World Tower recognized the benefits of decoupling the cladding
sysem inddlation from other work by giving about $200,000 to the specidty contractor
as an incentive for them to use the system.
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This specidty contractor needs only minima access gpace on each floor where panes
are being inddled, as opposad to blocking out tens of feet of perimeter floor space for
goring pands prior to moving them into place, thereby hampering other trades work
(eg., HVAC or plumhing).

The avoidance of handling of pands that are stored on each floor dso results in a
sgnificant decrease in the likdihood of damaging other trades work (eg., drywadl insde
the building) that dready isin place.

Because access needed to each floor is so minimd, the system makes it possble to
ingdl curtain wdls on floors of concreteframe buildings that Hill have shoring or re-
shoring. As a result, curtain wal erection can follow closdy behind concrete placement,
thereby dlowing for an expedited schedule. By contrast, a traditiond method for erecting
curtain walls would lag sgnificantly behind the concrete work. The sysem adso lends
itsdf well for use on buildings with constrained floor access, such asretrofit projects.

The system may reduce labor codts to erect the curtain wal sysem. These codts are
much more difficult to quantify because they depend on labor sills avalable and the
specifics of the dternative methods that may be used.

On curtain wal work, breskage of glass is on the order of 5-7% on average. Of the
aoproximately 7,800 glassand-duminum panels placed on Trump World Tower, 25
were broken a the time the project was 80% complete. These numbers suggest a
sgnificant reduction in breskage and thus avoided rework. Of coursg, it is impossble to
determine exactly wha fraction of this improvement is dtributeble to the innovative
system rather than the consequence of other project factors.

Accordingly, the new system results in flexibility and work that can progres a a fag,
continuous pace, thereby aso dlowing for project schedule acceleration.

The costs for deployment of this system are significant:

Feld personnd on the Trump World Tower project expressed the need for specid
training of the union laborers that are usng the sysem. As is dso the case for many other
innovative processes, one needs to learn how exactly to perform dl required steps. In
addition, the system requires quite a few equipment components and they al need to be
cared for. A consequence of usng a nove system is, of course, the steep learning curve.
A union hdl is unlikey to have provided that very specific, gpecidized training needed
to meke any one proprietary sysem work. That dso was the case on Trump World
Tower. Training of locd craftamen will remain a chalenge to the widespread adoption of
any new system, induding this one. The system itsdf is rented out to a project, but labor
will dways be drawn from a geographicaly restricted pool.

The GC's incentive to encourage use of the system condituted about 40% of the
equipment rental cost of the system.

While the system does not use any other materid handling means but its own, it tekes
time to set up, erect the space frame, mount the guiding cables, and ingdl the monoralil.
It aso takes time to disassemble those components. By contrast, the crab is very easy to
move.
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4. The efficiency of this new technology depends to a large extent on the ability of the
contrector to do the work as they would like to, but other project consderations may
govern. For example, the GC asked the cladding contractor to move the monorail up
more frequently than was origindly intended, so the spacing was sometimes significantly
less than 15 dories (this represents a large batch dze). Given that moving the monoral
from one floor to another takes on the order of one week, this led to a sgnificant increase
in setup time,

5. Specid condgderation must be given to high winds while ingdling curtain wal pands a
the highest levels of the building. This condderation dso gpplies to hoiting usng more
conventiona means

6. Ingdlaion of curtain wal panels for the top floors of the building required a different
olution because no monorail could be mounted higher up. In addition, the Trump World
Tower design included a mgor blind wal, so workers did not have floor access to secure
pands to the structure.

DEVELOPMENT OF INNOVATION AND OTHER USESOF SYSTEM COMPONENTS

An innovaion of this magnitude in scope in terms of the number of required components and
ther intefaces does not get deveoped overnight. This sysem innovaion came into being in
dages, with the development, deployment, and testing of each component (the space frame, the
crab, monorall, and guiding system) over a 25-year period. The Beeche sysem was nominated
for aNova Award and was recognized as an Award Findist (Nova 2001).

The space frame has numerous other applications where other kinds of scdfolding may be
used, for ingance, as working platforms during bridge repair. The crab in and by itself can be
used when erecting cladding panelsin the traditiond way.

Competitors have developed dternatives to, for ingtance, the space frame and crab. However,
to our knowledge, no one but the sysem presented here has to date fit achieved the same high
degree of automation with minima re-handling.

Plans have been developed to deploy the system on other projects. These include the Borgada
project in Atlantic City (10,000 rdativey smdl window pands tha will be made double-sized)
and two other New York City projects. 731 Lexington has no ground space avalable for staging
and the gpace frame will be as high as the 9th floor, cantilevered out over the street. Columbus
Center-Time Warner Building will use the monoral-and-crab system for the 24th floor and up,
where the sted skeleton of the building ends and the cagt-in-place concrete sarts.

DISCUSSION

PRODUCTION-SYSTEM DESIGN CONSIDERATIONS

Given the design of Trump World Tower, it would have been difficult if not impossble to use
curtain wal pands of any dgnificant Sze and sage them on each floor for inddlation in the
traditiond way. Larger pands were fabricated and no floor space was needed for pand daging
on this project, because the fabricator and erector were able to develop an innovative ingdlation
gystem. This is of course a chicken-and-egg problem: had this sysem not been avallable, pands
would likely have been fabricated in smdler 9zes. As mentioned, larger sizes dlow for increased
productivity during ingdlation. It appears that this project will complete 6 months ahead of
schedule. The system is said to be amagjor contributing factor to this success.
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The development of this system is based on the recognition that the shared use of the crane
condraints the inddlation of the cladding sysem as wdl as other trades. The rhythm of the
crane sets the pace of the project. By adding a separate hoisting system, the crane gets freed up
0 that other trades can use it more and have it avalable more reiably. Adding ancther crane to
this project would not have been possble. Moreover, offloading of trucks would have remained a
chdlenge.

The sysem’'s setup and especidly the relocation of the monoral higher up in the dructure as
the work progresses, define ‘batch szes for work to be performed most economicdly. Various
project condderations may prevent this most optima beatch size from being feasible, in which
case the economics of the system will be lessfavorable.

The system can hoig materids other than cladding, but such use has been limited, due to the
sysem’s cost and the logidtics involved in erection and disassembly. Other trades will continue
to rely ether on the tower crane or on man lifts to bring their materids to the right floor for find
ingalation. They could share the use of the system once the cladding contractor has it in place,
but on projects where trade boundaries are strong and al subcontractors fend for themseves,
ghaing is not an option. Sharing would re-cregte interdependencies between work that now has
been decoupled. From a lean production standpoint, a next step is to am for continuous flow of
work between trades (eg., Bdlad and Tommeen 1999) but even the thought will teke a
consderable change in mindset over current practices.

OTHER ADVANTAGESAND DISADVANTAGES
Other advantages and disadvantages of the system are the following.

1. The sysem is not limited in application to concrete-frame buildings. The monoral and
guide system conggts of equipment that is clamped on to columns so it can be used with
ded-frame buildings as wel. Shoring is not an issue in tha case but spray-on
fireproofing may impose a lag beween ded erection and dadding ingdlation.
Freproofing on columns may hamper ingdlation of the clamps and be required patching
after damp removal.

2. In the configuration used on Trump World Tower, the system can handle pand loads up
to 2,000 Ibs (900 kg). Technicdly spesking, the system can be designed for larger loads
a wdl, but much dricter rigging regulations become in effect once that limit is
exceeded.

3. A limitation of the sysem is that it assumes the building is rectangular and has no
sethacks. Usng the sysem on a building with setbacks will require multiple steps for
hoisting panels to the upper, recessed levels. Pands flown by a crane could more easly
swing to the right location.

CONCLUSIONS

The system for exterior cladding inddlation, which was presented in this paper, is innovdive in
that it makes it possble to inddl pands dmog entirdy from the building's exterior, without the
use of a tower crane and without on-floor staging. Accordingly, al work pertaining to the pands
effectivdly is decoupled from most other congruction work going on sSmultaneoudy on ste.
This resultsin work flexibility and schedule acceleration.
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The sysem dealy illusrates indugtry prectitioners concern with dependencies  between
trades and managing vaiability and uncertainty of handoffs in order to improve performance.
The presented solution illugtrates the advantages of decoupling work processes, which is
advocated by lean production theory for processes that cannot be synchronized. It is exciting to
see that theory can explan new deveopments or innovative practices in congruction. Theory
might help steer further developments aswll.
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